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I. Deciduous Qrchard Diseases
b. Thrasholds, monitoring & sampling
1. Apple scab and fireblight, Apple and Pear

Thomas A. Green
Pest Management Supply Inc., P.O. Box 938, Amherst MA 01004

Demonstration of the Metos® Electronic Weather Station and Pest Forecasting System

In cooperation with several research groups throughout the US, Pest Management
Supply Inc. has completed iwo years of evaluation and deveiopment of the Metos®
(Mode!s D, DL, Gottfried Pessi, Wiez, Austria) eleclronic weather station and pest
forecasting system. The Metos was developed in Austria by fruit growers and an
agricultural engineer io assist in controlling apple scab. The Metos precisely maonitors
leaf wetness, temperature, humidity, daylength and rainfall, and processes these data
with an internal computer, presenting danger of scab infection as well as other
weather statistics in a readily interpreted format (Fig. 1).

The Melos sensor unit includes 2 leaf-wetness sensors, a photocell, an air
temperature probe {-20 1o 60 C range) and capacitative RH sensor mounted in a
radiation shield, and a tipping bucket rain gauge (0.2 mm sensitivity). This unit can
accomoedate up to 3 additional temperature probes (ie. scil, air), and one analog and
one counter device (ie. wind speed and direction, solar radiation). The leaf wetness
sensors are ceramic mounted, gold-piated electrodes which can be placed one in the
interior tree canopy, and one in the exterior canopy ic measure the entire range of
the weiting period, from first weiting 1o last drying.

The recording unit is available in two configurations: (‘i) a full-function, stand-
alone model with internal processor, expandable 7-day memory, numeric keypad,
printer, and 4-line LCD display, and (2) a data-logger model with 4-week memory and
RS-232 port for downloading data to a PC for interpretation. Both units record
weather parameters every 12 minutes, interface with PC's via direct cable, Ram
card or modem, znd are powered by battery, solar panel,-or AC current. Seftware for
both models is updated annually. Models are now available for grape and turf diseases,
and fire blight in tree fruit by special order.

The Metos is now used in over 30 research institutions worldwide, in the US by
D. Gubler, Univ. of Calif. Davis, W. MacHardy, Univ. of N. H. Durham, and P. Steiner,
Univ. of Md. College Park for 2 seasons, and by D. Polk, Rutgers Univ., Cream Ridge,
N. J., and D. Gadoury, Cornell Univ., Geneva, N. Y. for one season. These researchers
have found good correspondence between measurements by the Metos and actual
conditions. Seven U. 8. commercial growers used the Metos during the 1991 season,
including one grower who was alerted by the METOS to an infection period he would
have otherwise missed. Fruit injury due to scab was heavy in neighboring orchards
which received no treatment for this infection period. A 7-year study (Funt et al.
1990) using similar technology with comparable cost reported annual savings of $62-
84 per ha annually through elimination of unnecessary treatments and improved scab
centrol.




Reference

Funt, R. C., M. A. Ellis, & L. V. Madden. 1990. Economic analysis of protectant and

disease-forecast-based fungicide spray programs for control of apple scab and grape

black rot in Ohio. Plant Disease 74: 638-&342f
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I. Deciduocus Orchard Diseases
a. Chemical Control
Eastern filbert blight (Anigogramma ancmala}) on
European hazelnut (Corylus avellana).

K. B. Johnson, J. W. Pscheidt, J.C. Jenkins, S. A. Cluskgy
Dept. of Botany and Plant Pathology, Oregon State University
Corvallis, OR 97331-28902

SYSTEMIC FUNGICIDES FOR CONTROL OF EASTERM FILBERT BLIGHT, 1991: Two year old hazelnut trees {cv. 'Ennis’')
were interplanted during November 1989 in a 49 yr 'Barcelona' orchard heavily infected with eastern filbert
blight. The experimental design was a randomized block with & replications. There were 2 trees per plot
and the design included twe sets of non-treated controls. All plots that received treatments were sprayed
on 28 March, and 13 and 30 April 1990, which corresponded te partial leaf emergence, full leaf emergence and
shoot elengation, respectively. Fungicides were applied to runoff with a backpack sprayer equipped with a
hand wand. Nufilm-17 was used with all treatments at a rate of 1 tsp/3.17 gal.

Eastern filbert blight has an incubaticn period of 13-15 mo from inoculation to symptom expression.
Canker development was first cbserved in late spring of 1991. Disease incidence, and number and total lengt
h of cankers per tree were measured on July 25 of 1991. Plots treated with Banner, Elite, Mustar, Nustar
plus Benlate, Rally, or Rubigan had significantly {P = 0.05) lower disease incidence, fewer cankers per
tree, and less total canker length per tree than non-ireated controls. Recent research has shown that
infection of hazelnut by A. anomala occurs on vegetative tissues in the period from bud bréak through shoot
elongation. Nustar, Rubigan, and Rally were appiied in another experiment in this orchard conducted over
the same time frame. In that experiment, treatments were appiied on 28 March and ¢ April but control of £FB
was not satisfactory. Thus, for this experiment, the applicatiocns on 13 and 30 April probably contributed
significantly to the relatively high degree of disease control that was obtained.

Treatment and Rate/100 gal : : Total
Incidence Dfl 2 Humber of 13 canker Iength1 3
disease ' cankers/tree™* per tree {cm)" '~
Non-treated 1 ... . .. .. ... 93.3 a 1.6 a 15.0 a
Hon-treated II . . . . . . . . ... 98.2 a ‘ 3.2 a B 14.1 a
Elite 1.2EC 4.0 fl.oz . . . . . .. 25.0 b 0.5 b ’ 1.5 b
Rally 40W 2.5 02 . . . . . . « . . . 25.0 b 0.5 b 1.9 b
Mustar 200F 2.0 0z ... . . . . . . . 6.6 b 0.2 b 0.3 b
Rubigan 1£C 4.0 fl. 0z . . . . . . . 1.7 b 0.1 b 0.5 b
Nustar 200F 2.0 oz +
Benlate 504 0.75 1b . . . . . . . . 3.0 b 0.0 b 0.0 b
Banner 1.1 EC 4.0 fl. 0z . . . . . 0.0 b 0.0 b 0.0 b

lTreatment means followed by the same letter are not significantly different at the 5% level (P = 0.05)
according to Duncan's Multipie Range test,

ZAnaIysis of Variance was based on arc sin (square root (x)). values presented as back transformed means.

3Ana1ysis of Variance was based on log (x31)}. Values presented as back transformed means.

This report contains information concerning
experimental use of non-labeled fungicides on
hazelnuts. The results should not be interpreted as
recommendations for use. Use of fungicides on
commodities for which they are not labeled is against
both Federal and State Law.




I. Deciduous Qrchard Diseases

| a. Chemical Control

| . Eastern filbert blight {Anisogramma anomala) on
European hazelnut (Corylus avellana}.

N K. B. Johnson, J. W. Pscheidt, S. A. Cluskey,
- J. ¢. Jenkins, and J. N. Pinkerton
Dept. of Botany and Plant Pathology, Oregon State University
and "USDA Horticultural Crops Research Laboratory
- Corvallis, OR 87331-2902

FUNGICIDE TIMING TRIAL FOR CONTROL OF EASTERM FILBERT 3LIGHT, 1991: One yr old potted hazelnut seedlings
grown from open pollinated seed of cv. 'Roval® were expaséd to inoculum of Anisogramma anomala in winter and
spring of 1990. The experiment was located on the SH Washington State University Experiment Statien located
in Vancouver, WA. Experimental design was a randomized block design with 15 treatments, § repiications, and
5 trees per plot. Inoculum exposure was accomplished by randomizing the potted trees under wooden frames 3
m x & m) that were elevated 2 m, above the ground. The frames were topped with wire fencing and diseased
hazelnut nut branches (20 per mz) that were collected in early winter from an orchard heavily infested with
eastern filbert blight. The diseased branches were approximately 1 m in length and 2-5 am in diameter. Two
systemic chemicals {Mustar and Rubigan) and one protectant {Bravo) were evaluated. Each treated plot was
sprayed to runoff on one o four dates with a backpack sprayer equipped with a hand wand. Nufilm 17 wes
used with all treatments at a rate of 1 tsp/3.17 gal. Treatment dates were 18 October 1989 (before leaf
drop and placement under the inoculum structures, systemics only}, and 27 February (pre-bud break, Bravo
only), 12 March {partial leaf emergence), 27 March (fuli leaf expansion), and 13 Apri} 1990 (shoot
elongation). Trees were placed under the wooden frame structures- in December 1989 and removed on 30 April
1990. After vemoval, the trees were planted in an irrigated field and grown until symptoms developed in
spring/summer of 1991, Trée mortality, incidence of cankers, and number and totai length of cankers per
tree were recorded from 11-15 July 1981,

Many of the experimental trees died before cankers developed. Data was analyzed by first performing an
ANOVA on the proportion of trees that died in each treatment. Subsequent ANOVA's to evaluate effects of
treatments on disease incidence, number of cankers, and total canker length were done with data from which
dead trees had been removed. Tree mortality was significantly affected by treatment {P = 0.05} with the
highest proportions of dead trees occurring in the non-treated control and treatmenis that received only one
or two fungicide applications. Three and four applications of Bravo significantly (£ = 0.05) reduced tree
mortality, incidence of cankers, cankers per tree, and total canker length compared te the non-treated
control. In other studies, Sravo, Rubigan and Mustar each have been effective fungicides for control of EFB.
Recent research indicates that furcpean hazelnut is susceptible in the period from mid-March to late-May.
Because trees in this study were exposed te a relatively high dose of ascospores of A. anomala for 17 days
beyond the last fungicide treatment, the superior results obtained with Bravo may be due to Tonger
persistence of this chemical on trees compared to the Rubigan and Hustar. )

|

i

| This report contains information concerning

- experimental use of non-labeled fungicides on

% N hazelnuts. The results should not be interpreted as
| recommendations for use. Use of fungicides on
commodities for which they are not labeled is against
both Federal and State Law.




Treatment Timing of Percentagi 3 incidence Number of Total 2.4
and Rate/100 gal fungicide 1 dead/tree”r~ of cankers™'~ cankers/tiree canker length®’
appiication
Hon-ireated None 46.6 abc 92.5 ab 11.5 ab 122.2 ab
Bravo 720F 32 fl.oz. Spring 1 42.6 abc 83.3 ab 11.3 b 85.5 ab
Spring 1,2 35.5 be 93.3 ab 13.1 ab 95.5 ab
Spring 1,2,3 9.3 de 97.6 bc 4.6 ¢ 30.7
Spring 1,2,3,4 1.8 e 75.3 34 ¢ 31.8
Nustar Z20DF 2.0 oz. Fall 5.4 a 98.3 a 13.7 ab 152.4 a
Spring 2 47.9 abe 97.3 ab 18.7 a 127.9 ab
Spring 2,3 39.7 abc 95.3 ab 13.0 ab 111.4 ab
Spring 2,3,4 2.1 «cd 100.0 a 11.4 ab 74.5 b
Rubigan 1EC 4.0 fl.0z. Fall 54.5 ab 96.4 ab 15.7 ab 100.7 ab
Spring 2 53.8 ab 093.5 ab 14.9 ab 97.1 ab
Spring 2,3 42.5 abe 100.0 a 15.1 ab 109.1 ab
Spring 2,3,4 34.5 bc 100.0 a 13.1 ab 95.1 ab
Bravo 720F 32.0 fl.oz./
Rubigan 1EC 4.0 f1.0z. Spring 1/2.3 29.2 bed 896.0 ab 11.0 b 100.7 ab
Spring 1,2/3,4 32.6 bed 97.3 ab 11.7 ab 102.3 ab

1 fall = 18 October 1989, spring 1 = 27 February 1990, spring 2 = 12 March 1990, spring 3 = 27 March 1990,

and spring 4 = 13 April

1950.

2 Treatment means followed by the same letter are not significantly different at the 5% level (P = 0.5)

according to Duncan's Multiple Range Test.

3 Analysis of variance are based on arcsin (square root (x)). Values presentéd as back transformed means.

4 Analysis of variance based on log (x+1). Values presented are back transformed means.




I. Deciducus Orchard Diseases
a. Chemical Contrel :
Eastern filbert blight (Anisogramma anomala) on
European hazelnut (Corylus avellana).

K. B. Johnson, J. W. Pscheidt, .
S$. A. Cluskey, J.C. Jenkins, and J. N. Pinkerton
Dept. of Botany and Plant Pathology, Oregon State University
and "USDA Horticultuxral Crops Research Laboratory
Corvallis, OR 97331-2902

PRE AND POST-TROCULATION CONTROL OF EASTERN FILBERT BLIGHT ON SEEDLINGS OF EUROPEAN HAZELWUT: Three-
week-old hazelnut seedlings grown from open pollinated seed of cv. 'Royal’ were inoculated with ascospores
of Anisogranma anomala {1 x 10” spores per ml} and then incubated for either 4, 7, or 14 days in an
intermittent mist chamber constructed over a greenhouse bench. The fungicides Nustar, Rubigan or Bravo were
either applied to trees before inoculation or after the period of post-inoculation mist. Hand-held pump
sprayers were used to apply the chemicals to runoff. Individual replicatiens of the experiment were
initiated on 5 April, 19 April, and 31 Hay 1980. Each replication had 10 seedlings per treatment
combination. After incubation im the mist chamber, trees were grown and overwintered in an unheated
greenhousa for 12-13 mo. The initial determination of disease incidence was made in March 15991 by examining
each tree for a chocolate brown discoloration in the cambial layer, which is indicative of infection by A.
anomala. These determinations regquired stripping 20 to 30% of the bark from the lower siem of each
seedling. Experimental trees were then incubated for an additional 2 mo during which time stromata of A.
anomala developed on most trees (»80%) that showed browning in the cambial layer. 0n trees with discolored
cambium but no stromata, hand sections were made of xylem tissue just below the discolored cambial layer and
examined microscopically for characteristic hyphas of A. anomala. Trees were considered jnfected if
stromata of f. anomala were present on stems or if hyphae of the fungus were present in xylem tissues. To
surmarize results, disease incidence data from pre-inocuiation and post-wist fungicide treaiments were
analyzed separately because within-treatment variances differed gualitatively among the fungicide
application times. Each data set was analyzed as a balanced split plot design with fungicide as the whole
plot and duration of the mist treatment as the split plot. The transformation arcsin (square root {x}) was
applied to both data sets before analysis to reduce non-homogeneity ef within-treatment variance.

In analysis of the pre-inoculatien fungicide treatments, the main effect of fungicide was significant
(P < 0.0001). Disease incidence in the inoculated control averaged 53.4% across mist treaiments, wihereas
incidence of eastern filbert blight in Brave, Mustar, and Rubigan averaged 1, 3, and 2%, respectively (Tabie
1}, 'Differences among fungicide treatments were not significantly different (P > 0.05). For each
fungicide, the highest incidence of diseass occurred on trees misted for 14 days but the effect of mist
duration on disease incidence was not significant (P = 0.53) (Table 1). Analysis of the data in which
fungicides were applied after the mist periods resuited in significant main effects for fungicide {E =
0.012) and wist duration (P = 0.007). Overall incidence of disease in trees treated with Nustar and Rubigan
averaged 18 and 32%, respectively, compared to 53% in the inocuiated control {Table 2). Disease incidence
in trees misted for 4 days averaged 23% compared to 44% in plants misted for 7 or 14 days {Table 2}, Far
trees misted for 4 days and treated with Bravo, Mustar, or Rubigan, disease incidence was 25, 5, and 23%,
respectively, compared to 47% in the inoculated control. Mist treatment. for 7 days followed by treatment
with Nustar or Rubigan resuited in disease incidence values of 16 and 33%, respectively, compared to 60 and
68% in inoculated control and Brave treated trees, respectively.

Fach tested fungicide effectively controlled eastern filbert blight when applied prior to inoculation.
Post-inoculation fungicide treatments resulted in partial control of the disease, possibly up to 7 days
after inoculatton for Nustar and Rubigam. The temperature of the greenhouse during inoculation and misting
was comparatively warmer (in the range of 17 to 25 C) than usual spring conditions when hazelnut is infected
in the field (mean daily temperature in the range of 10 to 20 C). Tthe effect of these cooler temperatures
on post-inoculation efficacy of Brave, Hustar, and Rubigan requires further investigation.

This report contains infeormation concerning
experimental use of non-labeled fungicides on
hazelnuts. The results should not be interpreted as
recommendations for use. Use of fungicides on
commodities for which they are not labeled is against
both Federal and State Law.




Table 3.

Treatment and rate/100gal

PRE-INOCULATION

Duration of
mist treatment (days)

Incidence gf
inféction

Inoculated Control

Bravo 720F 2 pt . .

Nustar 200F 2 oz

Rubigan IEC 4 fl. 0z . . . . . . ..

46.7
60.1
- 53.4 -

oh S o Cad b D
. . PR
~J ~d ~ =

[y
s
e

lAnalysis of variance based on arcsin (square root (x)); values presented are back transformed means.

Treatment and rate/100gal

POST MIST

Duration of -

Incidence of

mist treatment {days) infection 1
Inoculated Control . . . . . . .. .. .... 4 46.6
7 60.1
14 53.4
Bravo 720F 2 pt . . . ... ... P 25.0
7 68.4
14 43.2
Nustar 20DF 20z . . . . . . v . v v v v v .. 4 ‘ 4.5
7 16.4
14 39.9
Rubigam 1EC 4 fi. 0z . . . . . . . . ... .. 4 23.1
: 7 32.9
14 39.4 -

lAnalysis of variance based on arcsin (square root {x)}; values presented are back transformed means. -




I. Deciduous Orchard Diseases
d. Chemical control
1. Venturia inaegualis; Apple

Peter L. Sholberg
Agriculiure Canada
Research Station
Summerland, B.C. VOH 1Z0

Leaves collected from the orchard flogr in March of 1288 from eight orchards in the
North Okanagan Valley were stimulated by wetting to release ascospores into sterile
water. Fifty single ascospore colonies were obtained from each orchard. Bits of
mycelium from each colony were tested on potato dextrose agar amended with 0-3.0
ug/mL dodine, 0.0.1 pg/mL flusilazol and 0-1.0 ug/mL myclebutanii.

Dodine results were extremely variable ranging from a high ED50 value of 18.210 a
low of 3.03 ug/ml. Six of the eight orchards require more testing with a higher range
of dodine concentrations in order to accurately predict their EDS0 values. The EDS0
values of flusilazei and myclobutanil changed very litile from orchard to orchard. The
overall EDBO for flusilazol was 0.04+0.008 and 0.175x0.075 for myclobutanil.
Tharefore V. inaggualis mycelium is 4.38 times more sensitive to flusilazol than
myclobutanil. Of the eight orchards, the one with least sensitivity to myclobutanil and
flusilazot was most sensitive to dodine.

Table 1. ED50 values (ug/mlL) of dodine, tlusilazol and myclobutanii in V. ingegualis.

Crehard Dodine Flusilazol My clobutanii
1. Gienmore 8.06 0.04 0.12
2. Glenmore 10.12 0.04 0.20
3. Kelowna 18.20 0.04 0.13
4. Oyama 9.87 0.04 0.23
5. Glenmore 5.20 0.02 0.12
6. £. Kelowna 3.03 0.05 0.33
7. Oyama 5.92 0.04 0.13
8. Vernon 574 0.04 0.14
Mean 8.2714.68 0.04+0.01 0.18£0.08

esticides in report

are dodine = Cyprex; flusilazol = Nustar; myclobutanil = Nova
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Pome Fruits
a. Biology - Dispersal
1. Pandemis pyrusana (PLR), apple

Jay F.Brunner & Larry Hull
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, DISPERSAL OF PANDEMIS LEAFROLLER LARVAE, 1991. PLR moths were
confined to one branch in nylon cloth cages (August 15) on each of three apple trees (Red
Delicious) in the center of a 9 acre apple orchard (Fig. 1). The orchard was in its forth leaf,
planted on an 18" x 12' (5.4 x 3.6 meters) at 201 trees per acre. This orchard had been treated
with encapsulated methyl parathion (Penncap-M) at a rate of 6 pints per acre on June 14. Post-
treatment samples showed that the average PLR density was 0.19 larvae per tree. Trees on
which moths were caged were 56 to 60 meters apart (9 to 10 rows). After sufficient time was
allowed for mating and ovipostion the cages were removed along with any remaining live moths.
Leaves on the limb were examined and the number of egg masses recorded. Egg masses were
examined daily until hatch at which time they were removed and the number of egg per mass
determined by counts made in the laboratory under magnification, On November 3, 50 leaves
containing mines of the western tentiform leafminer (WTLM) were collected from the iree
containing egg masses (release tree) and from the 34 wrees immediately surrounding the release
ree (Fig. 1, small square). Mines on these leaves were examined in the laboratory under
magnification and the number of PLR larvae recorded. This sample was taken because PLR
larvae had been observed to inhabit unoccupied WTLM mines in samples taken for this insect
earlier in the year. From Nov 3 to 10 foliage on the release tree and each of 34 trees surrounding
it (Fig. 1) was examined and the number of PLR larvae recorded.

The number of PLR larvae per tree and and the distance from the release tree is shown in Fig. 2.
Most larvae, 68.7%, of the total larvae recovered were found on the release rees. There was no
relationship between distance from the release tree and number of larvae per tree. The solid line
shown was fit to data from trees at different distances from the release tree.  The slope is not
different from zero indicating that there was no relationship between distance from the source and
number of larvae per tree. 10.0% of the larvae recovered were on trees closest to the release tree,
within the same row or the next row 1o the release tree {shaded squares in Fig. 1). 8.8% of the
larvae recovered were found by moving away from the release tree one additional tree (cross
hatched squares in Fig. 1), There was no strong directional orientation to the distribution of
larvae. Wind in this orchard generally came from the west. However, 11.2, 11.8, 9.2, and
8.4% of the larvae were found to the west, east, north and south of the release iree, Tespectively.
A similar pattern of larval distribution was observed in other orchards where trees containing
naturally deposited egg masses were sampled for PLR larvae. It appears that larvae are capable
of dispersal as first instars but that chance of successfully establishing on a tree was not related to
distance, at least under the orchard conditions so far studied. '
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[I. Pome Fruits
a. Biology
1. Lesser appieworm - Apples

D. 0. Hathaway & H. R. Moffitt
Fruit & Vegetable Insect Research, USDA-ARS
3706 W. Nob Hill Blvd.
Yakima, WA 98902

T. Darnell
0SU Cooperative Extensicn
418 N. Main St.
Milton-Freewater, OR 97862

The Japanese government has requested information on the lesser appleworm,
Grapholita prunivora (Walsh) (Lepidoptera: Tortricidae}, as a quarantine
pest of apples from the western United States. The lesser appleworm has
been reported as an occasional pest of apples in the eastern United States
but has rarely been encountered as a pest in the West.

In 1990, we, in cooperation with the Washington Depariment of Agricuiture,
conducted & Timited survey for the lesser appleworm in selected areas of
Washingten and Idaho. In 1990, lesser appleworm adults were trapped only
in the Bellingham and Snohomish areas of Western Washingion and only in
small numbers. MNo infested fruits were found.

In 1991, our survey was expanded to include the Walla Walla, Washington/
Milton-Freewater, Oregon area of southeastern Washington/northeastern
Oregon, where the lesser appleworm had been studied as a pest of prunes
and other fruits in 1948-52 but had not been considered a pest since.
Pherccon IC traps baited with {Z)- and (E)-8-dodecenyl acetate were placed
in thickets mostly composed of wild apple, hawthorne, and wild rose, each
a reported host of the lesser appleworm. No traps were placed in
orchards.

In our 1991 survey, as in 1990, a few lesser appleworm adults were again
trapped in the Bellingham/Snohomish area of northwestern Washington. For
the second year, no lesser appleworm adults were caught in the same appie
tree Tocations in central Washington as in 1990,

Relatively large numbers of Tesser appleworm adults were found in the
Walla Walla/Milton-Frewater area. The first adult was trapped in the area
the first week in May, when the traps were first placed. -Flights in the
area continued through October 22. Peak catches of 204 males per trap the
first week of July and of 98 males per trap the third week of September
were recorded. Qur pheromone trap data indicate that there are 2
generations in the area. It was earlier reported from the studies using
bait traps in 1948-52, that there were two complete, and sometimes a
partial third, generations in the area.

It had also been earlier reported that lesser appleworm adults respond to
dimalt bait traps. In an attempt to capture females, we tried both the
standard molasses bait and a diastatic barley malt extract bait but caught
no lesser appleworm with either bait.
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While we caught relatively Targe numbers of lesser appleworm adults in
these thickets, we found no concentration of larvae. Adults were reared
from apples, hawthorne berries and wild rose hips but in small numbers.

A small laboratory colony has been reared to the third generation on
immature apples and hawthorne berries. If we are able to maintain and
increase this laboratory colony, we should be able to conduct the efficacy
tests required to meet MAFF-Japan’s import quarantine requirements for
apples.

A second approach to meeting Japanese import quarantine requirements is
the establishment of "lesser appleworm-free" areas. The Washington
Department of Agriculture, in cooperation with the Washington apple
industry, initiated a survey in 1991 for the lesser appleworm in apple
orchards throughout the state where the grower wishes to have the fruit
considered for the Japanese market. Two consecutive years, including the
current year, of no detection of the lesser appleworm will be needed to
meet quarantine requirements.
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Pome Fruits
Biological Control
Spider Mites, Apple
lan V. MacRae and Brian A. Croft
Dept. of Entomology
Oregon State University

Interspecific Predation and Cannibalism in Metaseiulus occidentalis and Typhlodromus pyrs
{Acari: Phytoselidae) .

Although both Metaseiulus occidentalis and Typhlodromus pyri are used individually in
biocantroi programs for apple pest mites in Oregon, there has been little published on the
potential of using these two predators together. A research program to evaluate this potential is
underway at Oregon State University which involves the establishment of a variety of prey
combinations exposed to both predaters individually and together. This plots were established
in early 1890 and have been maintained through the growing season of 1990-1591.

Resuits from the 199C field season indicated that contral of apple pest mites in plots
with both predators present was as good or better than ithat seen in plots with either of the
phytoseiids alone. In 1991, plots with both predators started the year with very low levels of
pest mites. Metaseiulus occidentalis populations in -plots where 7. pyri was present never
developed to 1390 levels and eventually were displaced from the system. As this occurred only
in the plots where both predators were present, a competitive interaction was suspecied to be
the excluding factor.

Rates of predation of fernales of M. occidentalis and 7. pyri on immatures of their own
species and those of the other phytoseiid were assessed and compared at 3 temperature
regimes representative of early and mid summer temperatures in the Willametite Valley.

The rates of predation of 7. pyr females on immatures of M. occcidenralis and its own
were alwavs higher than the rates of predation of M. occidentalis females on immatures cf its
own of the other phytoseiid. At lower temperatures, 7. pyrf was still preying on both its own
immatures and those of M. gcoidentalis while M. occidentalis evidenced little if any predatory
behavigur at these lower temperatures.

The feeding of T. pyri on M. occidentalis immatures may, therefore, be the principal
factor suppressing M. occidentalis popuiations in our mixed plots in 1991,
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II. Pome Fruits
a. Mating Disruption
1. Cydia pomonella, apple

Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Cénter
Wenatchee, WA 98801

Alan Knight
Agricultural Research Service, U.S. Department of Agriculture
Yakima, WA 98902

Mating disruption (MD) as a control for codling moth (CM) in Washington was evaluated at 13
study sites. Test sites were comprised of one to three pheromone treated orchards plus an orchard
treated with either conventional or organic insecticides. A total of 11 apple and 2 pear orchards in
the Wenatches area {75.8 acres) and 8 apple orchards in the Yakima area (147 acres) were raated
with Isomate-C (Biocontrol Lid.) dispensers. Application rates of 400 dispensers per acre (d/a),
and 800 d/a were evaluated. In some orchards dispensers were applied two times, effecuvely
doubling the treatment rate. Dispensers were applied by ladder, trailer or ground, and ir all cases
were hung in the upper third of the canopy prior to CM biofix. Application of the pheromone
required 1.7 to 5.3 person hours per acre.

Pheromone trap catch: Pherocon 1CP traps baited with Img of codlemone in a grey septa
were used to monitor the effectiveness of mating disruption through the season. Four traps, one
per quadrant, were placed in each of the main test orchards and two were placed in the smaller
blocks left as untreared controls. The number of male CM captured was recorded twice a week.

50 7

45 4 Non-pheromone

40 - Pheromone

35 -

30 -
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20 4

CM per trap

13 4
10 5
5.
0+

4002 800e 2
4 Wenatchee sites 6 Yakima sites Wenaichee site

Figure 1. Average total capture of CM males in pheromone traps placed in MD test sites in
Wenatchee and Yakima in 1991. '
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Septa were changed at four week intervals and trap bottoms were replaced every four weeks, more

often if dirty. Trap catch was significantly greater in the non-pheromone treated orchards as

compared to the pheromone treated blocks (Figure 1), indicating that the Isomate-C dispenser .
successfully disrupted male orientation to codlemone and thus, to calling females.

A potentially unfavorable effect of treating an orchard with pheromone is that the inhibition of trap
catch interferes with our ability to monitor the seasonal development of CM populations. Thus, we
examined the potential for increasing moth capture in MD orchards by loading septa with 10 mg or
20 mg of codlemone and by placing traps high in the tree-canopy. To compare load rates, orchards
were divided into quadrants and either a 1mg and 10 mg baited trap ( at 12 sites) ora I, 10 and 20 - .
mg baited trap ( at 1 site) were placed in each quadrant. To minimize position effects, within a

quadrant traps were rotated twice a week or three times a week depending on the number tested.
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Figure 2. Capture of male codling moth in traps baited with 1 mg or 10 mg of codlemone.

Table 1. Capture of male codling moth in orchards treated with pheromone and in traps baited with
1 mg,lO mg and 20 mg of codlemone.

Codling moth catch per trap per season!

oM 400+400 dfa 800+800 d/a No pheromone
Site genertation 1mg 10mg 20mg Img 10mg 20mg 1Img I10mg 20mg

W5 st 4.50a 13.25ab21.00b 4.50a 18.25ab32.25b 47.25a 68.23a 65.25a
2nd 025a 0.50a 1.50a 0.00a 0.75a 0.50a 2.50a 7.00d 15.50b

1 mean pairs followed by the same letter are not significantly different (Student-Newman, p< 0. 05), dfa dISpensers .
per acre. :
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Capture of males in MD orchards in traps baited with 10 mg or 20 mg of codlemone was
consistently greater than in traps baited with the standard amount of the sex pheromone (Figure 2
& Table 1. There was about a 3 to 4-fold increase in moth capture in traps loaded with 10 mg.
Increasing the dosage of codlemone from 10mg to 20 mg did not significantly improve trap catch
in pheromone treated orchards. Trap catch in 1 mg,10 mg or 20 mg baited iraps placed in non-
pheromone treated orchards were not significantly different (Figure 2 & Table 1).

Placing traps in the upper third of the canopy also had a dramatic effect on trap catch in pheromone
treated orchards. Capture of males in traps hung in this optimum position was 7 1o 8-fold greater
than in traps placed lower in the canopy (middle third). Trap catch in the upper third of the canopy
in the pheromene treated orchard was equivalent to that in the same location in the non-pheromone
treated orchard. The increase in sensitivity of traps placed high'in the canopy was recorded when
traps were baited with either a 1 mg or 10mg septa. Next year we will continue efforts 1o develop
guidelines for monitoring CM in pheromone treated orchards with the long term goals of being able
to 1) follow the seasonal developiment of CM and 2) predict the potential for CM damage.

Fruit damage: The most critical measure of MD success is the armount of CM injury to fruit at
harvest. Control in 12 of 13 crchards treated with pheromone at the rate of 400 d/a was at least
equivalent to that in the non-pheromone treated orchards (Figure 3). Only one of the 12 orchards
had fruit injury greater than 0.5%. Moreover, two of the orchards were at orgamically managed
sites where high CM pressure resulted in 10.5% and 36.2% fruit injury in adjacent non-pheromone
(organically) weated orchards. An unacceptable level of CM injury (7.4%) occurred in one MD
orchard in Yakima. At least three factors contributed to the glaring failure of MD in this orchard.
First the pheromone was applied to a large portion of the orchard at only half the recommended
rate. Second, dispensers were not applied in areas with missing wrees or where trees were heavily
grafted. Third, the orchard had a history of high CM injury suggesting that suppiemental controls
against first generation should have been used. Excluding this orchard, frult injury in

40 ~
Non-pheromone

30 - Pheromone
A=
E
] i
O o
5
i
@)
=R .

10 T

* Conv. Conv. Conv. Organic  Organic = Organic
() (Wen.))  (Yak) (Chelan) (E.Wen) (Yak)

Figure 3. Codling moth imjury to fruit in pheromone and non-pheromone treated orchards at MD
' test sites in Wenatchee and Yakima in 1991.




MD orchards occurred primarily along the borders. Where border infestations were heavy a source
of CM could easily be located nearby. This was especially apparent in a Wenatchee orchard that
was treated with §00 dispensers per acre. A gradient from hight to low CM injury extended from
the border adjacent to the organically treated orchard (10.5% damage) into the interior of the
pheromone treated orchard. Although the average level of fruit injury for the entire orchard was
2%, the average fruit injury in the interior was less than 0.4%.

Levels of control were similar in orchards reated with a single (400 d/a) or double (800 d/a) rate
and with one or two applications of Isomate-C. However, greater than 10% injury to fruit has
been reported from some commercial orchards in Washington that received a single application of
pheromone and had high CM pressure. At one test site in Wenatchee, with a known history of CM
problems, two applications of pheromone were made to MD orchards. In addition, a partial
organic insecticide program was applied against first generation CM. As a result, good controk of
CM was achieved. Currently, we believe that one application of 400 d/a is sufficient where M
levels at the end of the first generation are low. Supplemental chemical controls may be required in
some pheromone treated orchards. If satisfactory control of the first generation is not achieved a
second application of pheromone and/or supplemental chemical controls during the second
generation may be required.

Impact on non-target species: Population densities of leafrollers, aphids, mites, white apple
leathopper (WALH), western tentiform leafminer (WTLM), and the natural enemies of each were
determined. In the first year of MD, similar densities of most species were recorded in pheromone
wreated and non-pheromone treated orchards. Mite and WTLM populations were maintained at low
densities by natural enemies, while high numbers of aphids and WALH were detected at most
sites. Leafrollers were absent or at low abundances in all pheromone treated and conventionally or
organically treated orchards at Wenatchee test sites. However, they were detected in fairly high
densities in several of the test sites in Yakima. Levels of fruit injury from pandemis leafroller were
high in 4 pheromone treated orchards in Yakima, and failure to control this pest accounted for the
majority of crop loss for these growers. Growers used a variety of chemieal controls for pandemis
including Lorsban and Penncap-M. Both materials are highly toxic to the major parasite of westem
tentiform leafminer, Pnigalio flavipes. Thus, insecticide control of pandemis in MD orchards may
disrupt the biological control of leafminer. Leafminers did not occur in high densities in the
Yakima test sites, but there was some indication of the potential for this to eccur. The lowest
levels of parasitism were recorded in orchards receiving multiple insecticide treatments for
pandemis leafroller and these orchards also had higher densities of western tentiform leafminer.
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Il. Pome Fruits
a. Mating Disruption
2, Pandemis pyrusana, apple

Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, WA 98801

Mating dismption (MD) as a control for pandermnis leafroller (PLR) in Washington was evaluated at
two study sites in 1991. A total of seven non-bearing apple orchards (34.2 acres) were treated
with Hamaki-Con (Biccontrol, Ltd.) dispensers (Table 1). These dispensers contained ca. 150 mg
of Z11-14Ac, which is the main component of PLR pherornone. Application rates of 400 d/a, 800
d/a, and two reatments of either 400 d/a or 800 d/a were evaluated.

Trap catch and larval density: Pherocon 1C traps baited with 5 mg of PLR pheromone
(96%:Z11-14Ac, 4%:Z9-14Ac) in a red septa were used o evaluate the effectiveness of mating
disruption through the season. Four traps were placed in each orchard in late May. Traps were
monitored and maintained as described for CM. Trap catch was lower in the pheremone treated as
compared to the non-pheromone treated orchards (Table 1). The major exception was in the 800
d/a orchard at W7 during the summer flight, where a relatively high trap catch was recorded.
Sirmilar levels of trap shutdown were observed in 1990 MD trials, suggesting that reatment with
Hamaki-Con dispensers successfully interferes with the ability of PLR males to orient to fermales.

Table 1. PLR trap catch and larval density in pheromone and non-pheromone treated orchards.

Mean moths/trap after the Mean larvae/iree for the
indicated applicadon date  indicated generation!

_ Orchard Trees
Site  Treatment  size peracre Ist 2nd Overwintering Summer

W6  Untreated 2.9 389 6.5 17.0 1.02* 3.58%*
Conventional
Lorsban + Penncap-M 4.9 201 11.0 32.0 0.67* 0.19%
Lorsban + Lorshan 49 201 22.5 50.0 0.50 4.14
Pheromone
400 x 2 5.1 389 0.5 1.3 0.42 0.51
Fenoxycarb + 400 4.5 269 0.5 2.3 0.11 0.19
Fenoxycarb + (400x 2) 4.6 269 0.5 2.3 0.08 0.17
Lorsban + 800 4.7 201 2.5 8.8 2.32 4.61
{Lorsban x 2) + (800 x 2) 4.7 201 7.0 7.0 1.46
2.97

W7  Conventional (Lorsban) 5.3 242 5.5 9 ND ND
Pheromone
400 5.3 242 1.5 7.0 ND ND
800 5.3 242 2.8 18.0 ND ND

1 Mean pairs followed by an asterix are significantly different (paired t-test, p< 0.05).
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Changes in leafroller densities from one generation to the next provided the most direct measure of
MD success. Larval sampling was conducted toward the end of each generation when most were
in the 4th or Sth instar, but before pupae were present. Sampling consisted of dividing each
orchard into quadrants, exarnining an equal number of trees in each, and recording the total number
of larvae present. The first application of pheromone was targeted at adults of the overwiniering
generation which were active from May to July. In all pheromone treated orchards at W6, PLR
levels at the end of the summer generation did not differ significantly from levels at the end of the
overwintering generation (Table 1). This was in contrast to the increase in PLR densities in the
untreated orchard and in the orchard treated with Lorsban only. PLR population level appeared to
have more effect on the MD success than the number of dispensers applied per acre. The two
orchards treated with pheromone at the rate of 800 d/a had the highest pre-treatment (overwintering

* generation) larval counts, 2.32 and 1.46 larvae per tree, and showed the greatest increase in

density the following generation. These data suggest that the initial density of PLR was to0 high
for MD to operate effectively and data on egg mass distribution tend to confimm this conclusion.

Figure 1 shows the distribution of the total number of egg masses observed on each ree in a
segment of four orchards at W6, As shown in Figure 1A high numbers of egg masses were found
in the orchard (H) that was without any treatement while in the pheromone treated orchard (I) only
6 egg masses were found. In Fig. 1B both orchards had about the same number of egg masses.
In one case the pheromone treatment (only 400 d/a) suppressed mating and thus oviposition while
in the other it did not, even though the dispenser density was twice as high.

The best evidence for the success of leafroller mating disruption comes from orchards H and 1 at
site W6, MD was begun in orchard I in 1990 with a single application at 400 d/a using the
Hamaki-Con dispenser and repeated in 1991 but with 2 applications. Orchards H was an untreated
control in both vears. Both orchards were planted in 1990 and thus PLR densities were zere prior
to the first application of pheromone. In orchard H larval densities were 0.67, 1.02 and 3.58 per
free in three consecutive generations. During the same period larval densities in the pheromene
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Figure 1. Distribution of summer generation PLR egg masses in the north ten rows of two pairs of .

adjacent orchards with or without a pheromone treatment at site W6 in 1991.
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treated orchard, I, were 0.35, 0.42, and 0.51 per tree. Starting with low populations of PLR the
MDD disruption tactic has slowed the increase in the leafroller population, even when the pheromone
treated area was directly adjacent to an untreated area with a high leafroller population.

Comparison of pheromone blends: Some research in MD suggests that the best results will
occur if the complete pheromone blend of the target species is used in a dispenser. Shin-Etsu
provided dispensers loaded with the reported blend of PLR, a 96:4 mixture of Z11-14Ac and Z5-
14Ac. The Hamaki-Con dispenser used in mating disruption trials contains 100% of Z11-14Ac.
To evaluate the effectiveness of single and two-component dispensers for MD of PLR small plot
trials were conducted during the flight of the second generation in 1991. The test was conducted in
an orchard at W6. It was divided into 18 35-tree blocks. Six blocks were treated with Hamaki-
Con dispensers at a rate equivalent to 400 d/a, six were meated with the PLR pher_omone biend at
the same rate, and six had no pheromone. Treatments were evaluated by comparing rap catch.
Three pheromone traps, cach employing a different attractant, were placed in each block. Traps
were baited with either a red septa loaded with 5 mg of Shin-etsu PLR pheromone blend, a pair of
virgin PLR females, or a red septa loaded with 5 mg of the Trece Inc. pherormone blend for the
three-lined leafroller (Pandemis limitata) 2 91:9 blend of Z11-14Ac¢ and Z9-14Ac as reported in the
titerature. Trece has since indicated that the pheromone blend in the P. limirata septa was actually
the 96:4 ratio of Z11-14Ac and Z9-14Ac, the same as the Shin-etsu PLR pheromone. To reduce
position effects, the three wraps were rotated within a block three times a week. Capture of males In
waps baited with the Trece pheromone or virgin females was significantly reduced by both _
pheromone treamments. Treatment with the Shin-etsu pheromone reduced catch in traps baited with
the same biend, while treaiment with Hamali-Con dispensers did not significantly inhibit moth
catch in traps baited with the Shin-etsu PLR pheromeone. In all treatments the Trece pheromone
was the most attractive lure (Figure 2).
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Figure 2. Comparative capture of PLR moths in orchards treated with: 1) Hamaki-Con dispensers
(100% Z11-14Ac) at the rate of 400 d/a, 2) PLR dispensers (96%:Z11-14Ac, 4%:Z9-
14Ac) at the same rate, or 3) no pheromone




II Pome Fruits
c. Biological control
Pear psylla, pear

. Steven R. Booth

Derek Lactin
Raoul Powlowski
| Linda Edwards
1 . Integrated Crop Management, Inc.
‘ Okanagan Centre, B.C.
|
|

L - THE POTENTIAL OF EARWIGS AS PEAR PSYLLA NATURAL ENEMIES

Four investigations were conducted to answer the following questions: 1) Do earwigs consuie pear
psylla? 2) Can earwigs impact psylla population development in the field? 3) Can a small-scale release of
earwigs augment the indigenous population? 4) Do earwigs disperse and forage in the pear tree canopy?
These studies are briefly summarized below, '

The functional response of earwigs to pear psylla eggs was determined under controlled laboratory
conditions. Although the best-fit curve did not precisely fit the typical Type Il model, it indicates that earwigs
consunie pear psylla eggs under the experimental conditions.

Earwig impact on psylla was estimated by comparing the seascnal dynamics of pear psylla among
small trees of differing earwig density. Earwig numbers/tree were 1) enhanced by placing an earwig shelter at
the base of each of 12 trees, 2) excluded by continually removing earwigs from the shelters, and 3) left
unmodified on four trees. Psylla immatures were monitored on both terminal and spur leaves and Barwigs
were counted weekly from late June until mid Auvgust. Psylla egg densities were highest in trees where
earwigs were excluded, lower in trees receiving shelters, and intermediate in unmodified trees.

To monitor within-orchard movement and estimate orchard population size, a mark/recapture study
was conducted at a commercial pear orchard under a program of "soft” chemical control. A single earwig
shelter was placed on each of 113 adjacent trees aligned within a quadrangular grid. Earwigs were collected
from another orchard and, to provide a replicated release, were separated into three popuiations of 280

. earwigs each. Members of each population were marked on the nota with one of three colors and then
released onto three separate trees near the center of the grid. To provide another estimate of the size of the
resident earwig population, an additional 231 earwigs marked with two different colors and were released in
sets of three/tree at a later date. To account for mortality among marked earwigs, marked earwigs were
enclosed and maintained in the orchard as controls. Shelters were monitored at least weekly. Most
observations were terminated in early September, when all earwigs were removed from all shelters as they
were sampled, deriving a third population estimate.

In general, marked earwigs released from a point source had dispersed throughout the study grid in
under a month. The mean dispersal rate gradually increased during the first month, but later declined to a
consistent rate. After the first few weeks, a consistent and precedented pattern of insect dispersal emerged.
Numbers of unmarked earwigs, however, increased sevenfold during the study, suggesting that earwigs
aggregate to areas of high earwig density. If so, augmentation of indigenous populations could enhance
earwig immigration. ‘The three estimates of the indigenous earwig population size were similar and showed
that the resident earwig population was smail enough to be substantially enhanced by the addition of 850
earwigs.

The vertical distribution study consisted of 18 shelters placed among 12 trees according to two
treatments: 1) shelter height (ground level vs mid-canopy vs upper canopy), and 2) number of shelters/tree
(one vs three)., Each combination of shelter height and number was replicated three times. Earwigs were
counted and returned to each shelter at least twice weekly. Neither number of shelters/tree nor shelter height
significantly affected numbers of earwigs. Accordingly, further analysis of treatment means is not formally
required. However, among the trees with only a single shelter/tree, the high shelters held significantly more
earwigs than those at the other two heights. Although earwig density in the canopy was not greater in trees
with three shelters compared to trees with one, relatively higher numbers at mid-height may indicate greater
movement among the three traps,
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Ii. Pome Fruits
C. Biological Control
1. Pear Psylia - Pear

James L. Krysan
Bradley S. Higbee
USDA-ARS
3706 W. Nob Hil1l Bivd.
Yakima, WA 98902

Rearing and release of Anthocoris melanocerus for control of pear psylla.

A rearing method has been developed that allows production of A.
melanocerus, a predator of pear psylla in the Pacific WNorthwest, in
sufficient quantities {1000-2000 insects/week) and with minimal labor (10-
15 hours/week) for Tlaboratory studies on biology and limited field
evaluations of effect on orchard populations of pear psylla. The method
is aiso suitable, with modifications, for rearing another predator of pear
psylla, the mirid Deraeocoris brevis,

Laboratory studies of A. meljanccerus comparing biological atiributes of a
laboratory reared colony (30-40) generations) to adults obtained from
field collected nymphs, showed statistical differences in male longevity
{1ab reared = 7.4 days t .8, field collected = 13.4 days £ 2.0, (x £ S.E.}
and per cent hatch {1ab reared - 62%, field collected = 86% (Arcsine
transformed for analysis) but no significant differences in female
Tengevity, total eggs laid, or pre-cviposition period.

Field releases of 100 first to third instar A. melanocerus nymphs per
pear tree at weekly or bi-weekly intervals within a young {4-5 years)
orchard reduced adult and immature populations of pear psylla 40-50% in
trees receiving A. melanocerus compared to control trees through early
July {Figs. 1 and 2)}. At that time a large immigration of D. brevis
rapidly depressed:the psylla population so any further effects of the
released A. melanocerus would have been obscured. Control trees were
colonized in significantly greater numbers by 0. brevis than trees which
received A. melanocerus (Fig. 3).

27



Psylla/tLeaf

Adult Psylla

D. brevis/A. melanocerus

FIG. 1 Mean Number of Immature Psyllo per Leaf,

.10
T _ @ — @ Control
8 1= - A——a Refease
8 - T
A 8
- N
4 s A
8
N Y \
7 il ~w
A *\2:‘:;
0 ‘ W EES S i T
130 150 ' 170 150 210 230 250
Jultan Date
FIG. 2 Mean Number of Adult Psylia per Beating Tray
25 _
. ) ® -~ @ Cantrol
20 - .[ ]‘ ‘ 4 —— A Ralease
o—@ _
15 o J.\
L\
10 - ) T/ i\h
N A
: I ;
1 - L 2 ' |
A e, g |
. P 4-4&/ _ : . k,.._,_._,:g& 2\2\‘ . sotii . & :
T 1 1 1 [
130 150 170 190 - 210 235 250
' Julian Date
FIG. 3 Mean Number of Predctors per Beating Troy
12 C—Q Cantrol C. brevis
104 ® — @ Relagas D. brevia
A — A Control A, melanocsrus l :
Pl 4 — A Raleaga A. melanccerus ‘ /i\ )
6 - 7 Reieases - - l \% 7
' v ¥ v v v ‘ /E/J' i\
44 1 \T
| £ 2
I 3
oz 4 - - . )
: /A\E'-";\ . Q;Q—-O—{ k
A AT T e g
130 150 170 130 210 230 250
Julian Date

28




JI. Pare Fruits
d. Chemical Control
1. Pest Conplex and Bereficials on Pear
Control of Pear Pests Under Organic and Conventional
Programs, 1991

Juraj Halaj] and Heliut Riedl

Cregon State University

Mid-Columbia Agricultural Research and
Extension Center

3005 Experiment Staticon Drive

Hocd River, COR 97031-9512

This was the 2nd vye=ar of a multi-vear study to compare the effectiveness
and economics of crganic and conventional pest control programs in mature
Anjou pear orchards of the Hood River Valley., Organic growers used oil,
sulfur, pyrellin and rotencne in their prebloom programs and frequent soap
sprays, some BT and rotencne diuring the summer. Conventional growers
relied primarily cn oil, sulfur, Thicdan, Zaythroid and Morestan for
prebicom control and on Guthion, Agridek and Mitac for foliar
applicaticns. Orchards were sampled every two weeks from mid-ltiay until
early Octaber, Growers were provided with monitoring information on pest
levels and beneficials, but made their own decisicons as to type and timing
of pesticide applications,

Pear psylla (PP} control was satisfactory in cne organic block.
Beneficials supplemented by frequent soap sprays kept population levels
low enough to prevent honeydew russet on the fruit. The other organic
block was a cooler site and was treated with a similar spray pregram of
soap and occasional rotenone, However, beneficilals did not build up early
erough ard failed to respond to a large PP increase in July which caused
extensive russet. A ccol spring prevented early establishment of
keneficials., PP control in the two orchards under conventional programs
was gocd. One of the two blocks experienced PP resurgence in late
September. The major natural enemies in organic blocks were the mirid
Derasocoris brevis, the parasitoid Trechnites insidiosus, lacewings and
spiders. Few beneficials were present in conventicnal orchards: primarily
spiders, Trechnites and lacewings.

Pear rust mite became again a major problem in cne crganic bleck. Codling
moth ircreased from the'year before in one organic block, but was well
controlled in conventicnal blocks inspite of minimal spray programs.

In a handoun trial at the MCAREC, AgrilMek and socap sprays were least
disruptive to beneficials. The OP insecticide Imidan was cnly moderately
disruptive and allowed substantial survival of D. brevis nymphs. Mitac
(amitraz) was the most disruptive to beneficials of ail materials tested.
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ii. Pome Fruits
. a. Chemical conérol

Larry J. Gut
Washington State University
. Tree Fruit Research & Extension Center
- Wenaichee, WA 98801

- The term porphyric insecticides has been proposed to define a new class of insecticides which act
by modulating the porphyrin-heme biosynthetic pathway in msects. ‘When used alone or in
combination with 9-aminolevalinic acid (ALA), they induce the accurmulation of protoporphyrin IX
(Proto) in darkness. Treated insects are killed very rapidly upon exposure 10 light by the
photodynamic action of the accumulated tetrapyrroles. Larval death is associated with loss of body

fluids, followed by rapid dessication. The uncontrolled Proto biosynthesis and accumulaton
probably causes death of the treated insects via singlet oxygen formation or by inducing the

premature release of the highly reactive superoxide (Oy7) and hydroxy ("OH) radicals.

Table 1. Effects of ALA and substituted 1,10-Phenanthrolines on proto accumulation and larval
mortality in Trichoplusia ni. ALA and modulators were incorporated into 7. nf diet to final
concentrations of 4mM and 3mM, respectively. Proto contentis expressed as nmoles per 100 mg

of protein.
I Modulaior alone Modulator + ALA
% larval moriality after % larval mortality after
the indicated length of time the indicated length of tme
in the greenhouse in the greenhouse
Treaunent Proio comeml 2hours lday  3days Prow content 2 howrs 1day  3days
Control 152 a 00a 0.0a C.0a 29%a 00a 00a 50ab
29DM47DPOPRDS 08la 00a 00a 00a 1.97 a 00a 00a 0.02
PHIN 1.03a 00a 00a 6.0a 387a 00a 1.7a 10.0ab
29DM47DPOPh 1.22a 006a 00a 0.0a 162a 00a 00a 6.7 ab
47DPOPH 134a 0.0a 003 0.0a 8.64a 67a 10.0a 26.7bc
5C10Ph 2042 00a 0.0a 100ab 13385 ¢ 93.3b 96.7c¢ 96.7d
3478TMOPh 506a 0.0a 1.7a 8.3 ab 117.02¢ 91.7b 950c 9350d
OPh 8.53a 17a 1.7a 5.0ab 207.004d 983 ¢ 1000c¢c 100.0d
- 47DMOPh 1593 a 0.0a 33a 8.3ab 13146 ¢ 90.0b 967c 967d
- SNOPh 503706 33a 230b 367c 190.14 d 98.3¢ 983c¢ 98.3d
Regression Coefﬁciemz 0.95 0.94 0.51

1 .
Means followed by the same letter within a column are not significantly different at the 5% level of significance.
2Line::u: correlation of Proto content and larval mortality at the 5% level of significance.
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Table 2. Effects of ALA and substituted 2,2'-Dipyridyls on proto accumulation and larval
mortality in Trichoplusia ni. ALA and modulators were incorporated into T. #i diet to final
concentrations of 4mM and 3mM, respectively. Proto content is expressed as nmoles per 100 mg

of protein.
Modulator alone Maodulator + ALA -
% larval mortality after % larval mortality after. _
the indicated length of time the indicated length of time T
in the greenhouse in the greenhouse
Treatment Proto comem1 2hours -1day  3days Proto content 2hours 1day  3days
Control 0.85a 00a 00a 00a 288a 00a 00a 1.7a
22ZDTh5SNP 073 a 00a 00a 0.0a 1.75 a 00a 0.0a 1.7a
BQ 093a 00a 00a 0.0a 195a 00a 00a 00a
DPyDS 096a 00a 0.0a 0.0a 155a- 0.0a 00a 0.0a
22'DThPNG 070 a 00a 00a 00a 1046 a 183ab 417b 46.7¢
44'DPDPy 1.22a 00a 00a 1.7a 229a 00a 00a 0.0a
Ph2PyKO 148 a 00a 00a 172 2187a 200ab 21.7a 283b
| 44 DMDPy 187a 00a 00a 00a 18.07 a 100ab 133a 233ab
| TPy 622a 1.7a 50a 10.0a 181.10 b 9.7¢ 96.7c 983d
| DPy . - 1500a 250b 467b 483c¢ 176.33b  100.0c 100.0d 100.0d
‘ ‘Regression Coefficicnt> - 099 094 093 .

1 M : . . . oo T ,-- ,,7;, ———
Means followed by the same letter within a column are not significantly different at the 5% level of significance.

?'Linear correlation of Proto content and larval moriality at the 3% level of significance.

Several analogs of 1,10-Phenanthroline (OPh) and 2,2'-Dipyridyl (DPy) exhibited potent
porphyric insecticidal activity against larvae of Trichopiusia ni . Evaluaton of 18 OPh and DPy
based chemicals revealed that death of T. ni larvae was positively correlated with Proto
accumulation in darkness (Tables 1 & 2). The highly significant enhancement of conversion of
exogenous ALA to Proto by OPh, 5-nitro-OPh (SNOPh), 5-chloro-OPh (5CIOPh), 4,7-dimethyl-
OPh (47TDMOPh), 3,4,7,8-tetramethyi-OPh (3478 TMOPH), DPy, and terpyridine (TPy) was
accompanied by greater than 90% larval mortality within the first two hours of exposure to light.
Some modulators (e.g., SNOPH, 47DMOPh, DPy) also induced the accumulation of Proto in the
absence of exogenous ALA. However, concentrations of Proto under these conditions were at
least 4-fold less than concentrations in the presence of exogenous ALA.

An additional 141 N-heterocyclic chemicals were evaluated for porphyric insecticidal activity. -
Each was a structural analog of one of seven parent molecules or templates (Pyridinium ion, 2-
Oxypyridine, Pyrrole, 8-Hydroxyquinoline,; Nicotinamide, Nicotinic acid, Picolinic acid). A

majority of the chemicals exhibited low levels of insecticidal activity. Mortalities of less than 30%

after 3 days exposure to light were recorded for 119 of the 141 treatments. The 24 relatively active
modulators were primarily based on the 8-hydroxyquinoline, 2-oxypyridine, pyridinium ion or .
pyrrole templates.

Evaluation of active and inactive analogs of each template revealed that death of T ni larvae was
positively correlated with Proto accumulation in darkness. The less active picolinic acid, nicotinic
acid, and nicotinamide based modulators were relatively poor enhancers of Proto accumultion.
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Table 3. Effects of ALA and insecticidally active 8-Hydroxyquinolines, Pyridinium ions, 2-
Oxypyrdines, and Pyrroles on proto accumulation and larval mortality in Trichoplusia ni. ALA
and modulators were incorporated into T xi diet to final concentrations of 4mM and 3mM,
respectively. Proto content is expressed as nmoles per 100 mg of protein.

Modulator alone Modulator + ALA

% larval mortality after ) % larval mortality aft;r

the indicated length of time the indicated length of time

in the gregnhouse in the greenhouse

Treatmcml Proto cementz 2hours lday  3days Proto content 2 hours 1 day 3 days
Control : 1.35 0.0 0.0 1.7 2.15 0.0 0.0 5.0
SOHSNSQUINSA 1.79 0.0 0.0 0.0 41.77 51.7 66.7 71.7
SOHQUINSSA 4.53 0.0 0.0 0.0 32.11 433 70.0 78.3
EMAS8TTHYDRO 0.92 0.0 0.0 0.0 10.01 10.0 18.3 53.3
ICBS 1.17 0.0 1.7 1. 16.34 66.7 76.7 80.0
11D44CbCyl 3.45 0.0 71.7 96.7 21.92 250 61.7 88.3
BMACRN 5.64 0.0 0.0 10.0 1091 .0 26.7 533
11D24Cyl 58.11 36.7 55.0 71.7 £6.99 66.7 78.3 83.3

18-Hydroxyqumolines = SOHSNSGUINSA, 30HQUIMNSSA; Pyridinium ions = BMACRI, 11D44CbCyl,
11D24CyE; 2-Oxypyridines = [CRS; Pyrroles = EM4567TTHYDRO,

In contrast, Proto contents greater than 10 nmoles/100 mg protein were generated by several
analogs of the four active templates, and were accompanied by mortalities of 50% or greater after 3
days exposure to light (Table 3). Moreover, the highly enhanced conversion of exogenous ALA to
Proto by Isocarbostyril (ICBS), 1,1-Diethyl-2,4-cyanine iodide (11D24Cyl), 8-
Hydroxyquinoline-53-sulfonic acid (§OHQUINSSA), and 8-Hydroxy-7-(4-sulfo-1-naphthylazo)-5-
quinoline sulfonic acid (8OHSNSQUINSA) was accompanied by significantly high morality
within the first two hours of exposure to light. The induced accumulation of Proto in the absence
of exogenous ALA by 11D24CyI alse resulted in significant mortality within a few hours of
exposure to light.

The highest levels of mortality after 3 and 6 days exposure tc light were recorded for weatment
with 1,1-Diethyl-4,4-carbocyanine iodide (11D44CbCyI), alone or in combination with ALA
(Table 2). However, 11D44CbCyl did not induce high levels of Proto accumulation and
enhancement of Proto accumulation appeared to be less pronounced than was indicated by the high
mortality. To determine if the high insecticidal activity was not entirely photodynamically related
we evaluated its effectiveness under three light regimes: a) 17-h dark followed by 7-h light for
three 24-h periods, b) continuous dark for 72-h, and ¢) continuous light for 72-h. Levels of Proto
accumulation were determined at 17-h and at 24-h. Light appeared to be a requirement for
achieving significant kill of 7" ni larvae (Table 5). Continuous exposure of larvae to dark was
accompanied by low levels of mortality. The highest levels of mortality were recorded for
treatment with the modulator alone or in combination with ALA, and continuous exposure to light.
Recorded levels of Proto content were not closely associated with insecticidal activity. Moderate
levels of mortality occurred following treatment with both 11D44CbCylI and ALA. + the modulator,
but Proto content was much lower in the former treatment. Moreover, proto accumulations after
17-h and 24-h exposure to light were very low.
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Ii. Pome Fruits
d. Chemical Control '
1. Apple Ermine Moth (Yponomeuta malinellus)

Elizabeth H. Beers! and Tom Unruh?
ITree Fruit Research & Extension Center - WSU
1100 N. Western Ave,

Wenatchee, WA 98801
21JSDA-ARS
3706 Nob Hill Bivd.

Yakima, WA 98002

Apple ermine moth is an introduced pest from Europe which is currently under quarantine
regulations in Washington. The regulations apply to nursery stock being shipped from
infested areas. A pheromone is available for detection, and has been used to establish the
limits of the infestation. During the 1991 growing season, stock from infested areas was
required to be treated with azinphosmethyl at 1 Ib Al/acre at 2-week intervals. This spray
application was directed at adult moths in order to prevent oviposition on the bark. This
necessitated that insecticidal coverage be preseni during the moths 10-week flight period
(roughly early July through September).

This tes5t was conducted with adult female AEM. Pupae were collected from infested sites in
western Washingron in July, left to emerge in cages, sexed, and shipped io Wenatchee.
Moths were kept cool until the beginning of the bioassay. Freshly harvested, unsprayed and
washed apple leaves were dipped in 2 concentration series of Guthion 35WF and allowed to
air-dry. The dried leaves were wrapped around the interior of a shell vial (1-2 leaves/vial),
so that the interior surface was entirely covered. Two adult female moths were introduced
into each vial, and evaluated at 24, 48, 72, 96 and 192 b post-treatment. Fifty moths were
tested at each concentration. Moths which were injured during handling were dropped from
the analyses. Both dead and moribund moths were included in mortality counts.

Check mortality was acceptable at the 24, 48 and 72 h evaluation, marginally
acceptable at the 92 h evaluation, and unacceptable at 196 h evalvation. For this reason, the

- LCsp and related parameters were not calculated for this time. Either a 72 or 96 h bioassay

was considered appropriate for this organism and method. Although the estimate of the
LCsq dropped at each evaluation, there was little numerical difference between the 72 and
96 b estimates. An LCsq of 29.66 mg Al/liter corresponds fo a per acre rate of 0.01 lbs AL a
typical application of Gsumion is 1.00 1b Al/acre. The 96 h LCqq was 100.49 mg Alliter
(67.64-209.5 95% fiducial imits). '

In addition to the dose response bioassay, a field-aged residue bicassay was
conducted in a commercial nursery near Qunincy, WA. The trees were sprayed by airplane
with azinphosmethyl at 1 Ib Al/acre (7 gpa). The application was made on July 5, and leaves
were coliected from the fisld at 4 and 11 days post-wreatment. The methodology is the same
as described for the dose-response bioassay, except that both males and females were tested
separately. The evaluation was made 72 h post-exposure. Abbott's corrected % mortality at
4 days post-treatment was 100% for both male and fernale moths. At 11 days post-treatment,
the figures were 36% and 58.33% for femnales and males, respectively. Mortality rose to
100% for both sexes 3 days after the second azinphosmethy! application (48 h data). I
appears that gravid females immigrating into a treated field ca. 1 weck after reatment may
not be killed by spray residues. Aerial application may have been a factor in poor residual
control, or adults may not be particularly sensitive to azinphosmethyl. The LCqqof 100.49
mg Al/liter corresponds to a field rate of 0.33 Ib A¥acre, or one-third of the ﬁa?g rate.
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Hours post-treatment

24h 48 h 72h 96 h 192 h

mg Alfliter n % mortality n % mortality n % modality n % monrtality n % mortality
600 49 97.96 48  100.00 48 100.00 48 100.00 48 100.00
300 50 66.00 47 85.11 47 9149 47 97.87 46 100.00
150 49 61.22 50 86.00 50 96.00 50 98.00 49 100.00
75 50 56.00 50 70.00 50 76.00 48 89.58 48 95.83
37.5 46 28.26 49 4490 49 53.06 48 5417 47 78.72
18.75 49 2041 49 28.57 48 3333 49 42.86 47 61.70

0 49 0.00 49 2.04 50 4.00 50 10.00 48 43.75
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Hours post-treatment

Parameter ; 24 48 : 72 96 196
LCsq 81.23 42.86 33.98 29.66 -
Lower 95% FL 35.96 22.86 16.17 1543 -
Upper 95% FL.  156.76 65.16 52.75 43.45 -
Slope 1.41 1.69 1.93 2.42 -
S.E. Slope 0.17 0.20 0.24 0.35 -

Diata were analyzed using probit option of POLO-PC (LeOra Software). FL = Fiducial Limits.




II. Pome fruits.
d. Chemical control
1. Campylonuna verbasci

Elizabeth H. Beers and Michael Reding
Tree Fruit Research & Extension Center - WSU
1100 N. Western Ave.

Wenatchee, WA 98301

Campylomma has been an increasingly difficult pest to control in Washington. Itisa
facultative zoo-phytophagous Mirid bug which overwinters and passes one or more
generations on tree fruits, and completes its life cycle on weed hosts. It is primarily a pest of
apple, stinging the fruitlets before, during or after bloom. The resulting scar is a black, corky
spot, often surrounded by a depression. Scarring and deformity can be extensive if multple
stings are inflicted. Golden Delicious is apparenily a preferred variety, although red sports of
Delicious are also readily attacked. Pear fruits are damaged only if population pressures are
very high, however, on pear this bug is usually considered a useful predator of pear psylla.

Although a multifaceted IPM program for Campylomma conirol has been initiated, the 1991
work only concerned timing and materials for chemical control. Test 1 was conducted in a
'"Bisbee Delicious’ orchard with rees <2 m tali. Treatments were replicated 6 times, with
each replicate consisting of 3 contigucus trees. Treatments were applied to the point of drip
with a handgun sprayer operated at 200 psi. Per acre rates were based on a dilute applicaton
of 400 gal/acre. Nymphs were sampled by limb tap on to a 45 x 45 cm tray covered with
black cloth, with three taps per replicate (1/tree). Trees in test 2 were '‘Golden Delicious’ 26
m tall. Treatments were replicated 4 dmes, and each replicate consisted of 1 mee.
Treatments were applied 1o the point of drip with a handgun operated at 350 psi. Nymphs
were sampled as described above, except that 2 taps were made per replicate. Fruit
evaluations were made before hand thinning and before harvest. In test 1, 40 and 80
fruits/replicate were examined at the two periods, respectively. In test Z, 40 and 120
fruits/replicate were evaluated. Fruits with 1 or more stings were considered culls.

In test 1, nymph populations and damage in the control was moderate. Post-treatment nymph
densities were significantly lower than the controls {data not shown). However, only those
treatments that included a spray application on the sarliest spray application date (regardless
of the material), had preharvesi damage levels that were significantly lower than the conmol
(Fig. 1). The double v. the single application of Carzol did not improve damage reduction.
In test 2, the damage in the control was severe; however, none of the treatiment means was
significanily betier than the control at the preharvest fruit evaluation (Fig. 2). High damage
levels occurred even though post-treatment nymphs densides were significantly lower than
the control (data not shown).

Severe variability in nymph populatdons have and will continue to make chemical control of
this pest difficult to evaluate. Despite the lack of statistical significance in damage, test 2

results support the trend noted in test 1 that less damage results when sprays are applied as
early as possible.

A separate test was conducted 1o assess the impact of Campylomma sprays on Typhlodromus
occidentalis. A commercial orchard with a high Typh population was located, and spray
applications were made shortly after petal fall. Both Lorsban and Carzol suppressed
populations of Typhs untl later in the season in comparison to the checks (Fig. 3).
Ultimately, however, populations of Typhs rose higher in the treated trees than in the checks,
probably because rust mites built up in the absence of early season predation. No flareups of
tetranychid mites occurred in either the Carzol or Lorsban plots.
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Figure 2. Pre-thinning and preharvest fruit damage by Campyloma, Test 2, 1991.
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II. Pome Fruits
d. Chemical - bicassay .
1. Pnigalio flavipes , apple

J. F Brunner & J. J. Brunner
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, EFFECTS OF INSECTICIDES ON THE SURVIVAL OF PNIGALIO FLAVIPES, A
PARASITE OF WTLM, 1990-91. The primary natural enemy of WTLM in Washington is an
ectoparasitic Eulophid, Pnigalio flavipes (PF). Apple leaves containing tissue-feeding mines of
WTLM were collected in orchards near Wenatchee, Mines were opened in the laboratory and
parasite pupae removed with a small camel's hair brush and placed in a petri dish (15 x 150mm).
The petri dish was placed inside a zip-lock plastic bag with a moistened piece of cotion dental
wick, then sealed to keep humidity high. The petri dishes containing parasites were kept in a
growth chamber at 15 °C and long-day photoperiod [16h:8h]. Petri dishes were examined daily
and newly emerged parasites removed after anesthetization with CO2. Parasites were sexed and
placed in separate holding containers [small plastic cups] until use in bioassays that sarne day.
Insecticides were diluted to the proper concentration in a 500m! container that was constantly
stirred. In 1990, insecticides were applied in a fine spray (5 seconds at 5 meters/second) to the
surface of a one ounce plastic jelly cup and lid using a glass atomizer modified to work in a
horizontal position. After spraying with an insecticide plus a wetting agent (0.1% B-1956) the
plastic cup and tid were allowed io dry at room temperature. Controls were prepared by spraying
jelly cups and lids with water plus the wetting agent. If the jelly cups were not used the same day
they were treated they were stored inside a zip-lock plastic bag in a freezer. Two days was the
longest that jelly cups were stored before being used. Newly emerged ferale parasites (4 1o 5)
were placed into the cup and the lid put in place. A one inch cotton wick was inserted through a
lem hole in the lid. The cup was inverted and placed over a container so that the wick was
immersed in sugar-water {1%). Parasites were checked after 24, 48, and 72 hours and mortality
recorded. [Em 1991, the substrate to which insecticides were applied was changed to filter paper
{7cm). The filter paper was dipped three times in the insecticide solution then allowed to air dry
on paper towelling. Filter paper disks were stored inside a zip-lock plastic bag in a freezer until
use. Parasites were exposed to filter paper containing insecticides in the same arena used in
1990, 2 1 ounce plastic jelly cup. The filter paper was folded twice and then opened to make a
cone. The cone was placed into the jelly cup. Newly emerged female parasites (4 to 5) were
placed into the cone. The Hd of the jelly cup was put in place, wick inserted and placed over a
container of sugar-water as described above. Parasites were checked after 6, 24 and 48 hours
and maortality recorded. An untreated control (filter paper dipped only in water) was set up sach
time a series of cups containing parasites exposed to insecticides was set up. In a second
bicassay, apple leaves collected from an vnsprayed orchard were dipped in an insecuicide diluted
in 500m! water as described above. Leaves were dried and two punches (2 cm in diameter) were
taken from each. Four leaf punches were placed in a plastic petri dish with a tight sealing lid
(Falcon 1006 petri dish 50x9mm). Female parasites collected and handled as described above
were transferred to the petri dish containing the leaf punches and the lid was put in place.
Paragites were checked afier 6, 24 and 48 hours and mortality recorded.

Results from the 1990 bioassay indicated chlorpyrifos (Lorsban), parathion, phosphamidon,
endosuifan (Thiodan), and oxamyl {(Vydate) were very toxic to PF. Carbaryl (Sevin) and
azinphosmethyl (Guthion) were moderately toxic and phosmet (Imidan) was essentially non-toxic
(data not shown). In the 1991 bicassay using filter paper the same relative resulis were obtained
with the exception that oxamyl was much less toxic to PF: in fact, its toxicity was similar fo
esfenvalerate (Asana), azinphosmethyl, phosmet and carbaryl, that being very low. Endosulfan
and phosphamiden toxicity to PF was moderate using the filter paper bioassay technigue and




chlorpyrifos, parathion, and encapsulated methyl-parathion toxicity was high (Fig. 1). Results
using the leaf disk bioassay mesthod (Fig. 2) agreed well with the other bicassay methods except
for esfenvalerate which was more toxic with the leaf disk than the filter paper method. The
discrepancies in toxicity for the same chemical in different bioassay methods demonstrate the
importance of substrate effects on these types of tests. It will be important to find a bioassay
method that best reflects field impact of chemicals on PF.

Figure 1. Pnigalio flavipes mortality after 48 h exposure
to field rate insecticide residues on filter paper.
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[Field rate of insecticides were: Vydate - 150ppm, Thiodan - 450ppm, Sevin - 300ppm, Phosphamidon - 150ppm,
Penncap-M - 625ppm, Parathion - 450ppm, Lorsban - 450ppm, Imidan - 900ppm, Guthion - 315ppm, Asana - 25ppm]

Figure 2. Pnigalio flavipes mortality after 48h exposure to
field rate insecticide residues on leaf disks. '
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II.  Pome Fruits
d. Chemical - biogssay
1. Cydia pomonella , apple

Jay F.Brunner & L.O. Smith
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, EFFECTS OF INSECTICIDE RESIDUES ON CODLING MOTH DETERMINED
USING A BIOASSAY, 1991. Four insecticides were applied to apple (Red Delicious) with a
handgun sprayer at 300 psi to the point of drip, simulating a dilute spray of approximately 400
gallons per acre. Four to five trees in the same row were treated with the same product. All
treatments were made on September 4. Fruit were collected at intervals following the application
as shown in the table. Ten fruit were collected from each treatment each sample date. Fruit were
picked by the stem so as not to disrupt residues, placed directly into 14 oz paper cups held in a
large plastic food storage container. Fruit were returned to the laboratory and allowed to remain
at room temperature overnight with the exception of the first sample which was allowed to come
to room temperature and dry before larvae were introduced onto the apples. Codling moth eggs
were obtained from a colony maintained at the USDA-ARS Fruit Research Laboratory in
Yakima. This colony is known to be susceptible to azinphosmethyl and probably to all the
insecticides used in this test. Five newly hatched CM larvae (less than one hour old) were
wansferred to each apple using a small camel's hair brush. Lids were placed on the focd storage
containers and they were kept at room temperature (70-75 °F) for 4 days. After 4 days froit were
removed from the cups and the number of eniries (as indicated by the presence of frass) were
counted. Entry sites were then dissected to determine if the CM larvae were alive or dead.

The average mortality in the treatment with no insecticide was about 50%. Sevin was the first
product to show damage after 11 days, 6% surviving larvae. All other wweatments showed an
mcrease in CM entries in the fruit on day 21 following application. By day 25 only the Penncap
treatment had significantly less survival than the treatment with no insecticide,

Material & ‘ % Survival davs following application 1

form., ratefacre 0 4 7 il 14 18 231 25
Guthion 35WP, 3 lbs 0a 0a 0a  On 22 0a  14a  32ab
Penncap 2FM, 3 quarts 0a 0a Oa Oa Oa Oa 4a 12a
Imidan 50WE, 6 pounds‘ Ga 0a Oa 0a {a 0a 22a 3(}ab
Sevin 4F, 1 quart a 0a Ca Ha 14a ga 22a 36ab
UNTREATED 54b 48 b 38b 42 b S8b 48 b 445 50b

1 Means in the same column followed by the same letter not significantly different (p=0.05, Stdent-Newman-Kules).
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I%. Pome Fruits
d. Chemical control of leafminer
i. Phyllonorycter eimaella,” apple

Jay F.Brunner & L.O. Smith
Washington State University .
Tree Fruit Research and Extension Center -
Wenatchee, WA 98801

APPLE, LEAFMINER CONTROL WITH CARBARYL, 1991. Carbaryl was applied at <o

different times in the pre-bloom period of apple and compared with oxamyl for control of WTLM

and to ascertain effects on PF. Treatments were applied to one acre blocks of Golden Delicious

(25 years old on seedling roots) with a Bean air blast sprayer at 400 pst as a dilute spray of 400

gallons per acre. The tight cluster treatment was made on April 8, the first pink application was -

made on April 12 and the full pink application on April 18. After the first WITLM generation,

May 31, the number of mines that could be found in a 2 minute search on each of 10 trees per |

treatment was recorded. All mined leaves found during the search (to a maximum of 5 per tree) |

were collected into a plastic bag and returned to the laboratory where they were dissected to ‘

determine the level of parasitism by PF. !
\

Material, Application WILM

amount per acre date mines/leaf! %BWTLM % parasitized
Sevin XLR, 1 quart  4/891  37bc 46.9 50.0
Sevin XLR, 1 quart  4/12/91 : 45 ¢ 58.8 37.3
Sevin XL.R, 1 quart 4/18/91 . 0.5a 40.0 60.0
Vydate 2L, 1 quart  4/1891 058 900 0.0
UNTREATED @ o 30b 26.3 73.7

1 Means in the same column followed by the same letter not significantly different (p=0.05, Student-Newman-
Kules)..
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II. Pome Fruits
d. Chemical control of codling moth
i. Cydia pomoneila , apple >
Jay F.Brunner & L.O. Smith
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, CODLING MOTH CONTROL TEST #2, 1991. Different treatinent schedules of
Sevin were compared against the standard rate and timing of Guthion for its ability to control
CM. The test was conducted in an orchard located at the Tree Fruit Research and Extension
‘Center, Wenaichee. Trees used in this test were 17 years old non-spur Red and Golden
Delicicus. The orchard was irrigated by under-tree sprinklers on a 14 day schedule. The test
design consisted of four single-tree replicates per treatment arranged in a randomized complete
block design. Treatments were applied with a handgun sprayer at 300 psi to the point of drip,
simulating a dilute spray of approximately 400 gallons per acre. In all cases the first reatment
was applied at the beginning of the egg hatch period, May 28, (250 degree days [°D]) foliowing
first capture of moths in 2 pheromone trap. The number of sprays applied each CM generation
varied and is shown in the table. After the first CM generation (July 16}, 1060 fruit from each
replicate were examined and the amount damaged by CM recorded. At harvest {August 29}, 200
fruit were picked from each replicate and exarined for damage by CM and PLR. Codling moth
damage was rated as a "sting” [an unsuccessful entry in the fruit denoted by a scar but no
penctration] or a deep entry. Mites were sampled from June through July. Twenty-five leaves
were collected from each tree and returned to the laboratory, Leaves were processed through a
mite brushing machine and the number of each mite species counted with aid of a dissecting
MICTOSCoDe.

Average CM damage in all treatments was significantly less than the unireated plot. Statistical
differences shown in the table are the result of analysis of variance run on data for the chemical
treatmenis only, Afier the first generation there was no difference in the amocunt of CM damage
in any treatments. At harvest there was a definite relationship between the rate of Sevin and level
of CM damage. Sevin applied at 12 times per season provided control the same as Guthion
applied 4 times. A similar trend was evident in the data on PLR damage where the more frequent
Sevin applications provided better control. Sevin applied 12 dmes per season reduced ievels of
the WPM resulting in an outbreak of spider mites (McD and ERM). This effect was less
proncunced when Sevin was applied cnly 6 times per season and absent when applied only 4
fimes per season.




Table 1. Percent codling moth and pandemis leafroller injury following seasonal application of
Sevin and Guthion. :

Fruit Injury!
Codling moth damage

Material & No. appl. per first gen. Harvest sample .
%PLR
form., rate/acre CM generation 2 % damage No.Stings No.Deep %Total damage

Sevin 4F, 1 qt 6 0.3a 0.3a 0.0a 0.1a 1.1a
Sevin 4F, I qt 3 1.0a 0.8a 1.3a 1.0ab 500D
Sevin 4F, 1 gt 2 - 0.8a 20b 0.8a 24b  3.5ab
Guthion 35WP, 3 Ibs 2 0.0a 0.3a 0.0a 0.1a 0.9a
UNTREATED 0 12.0 5.3 32.3 19.5 6.8

1 Means followed by the same letter not significantly different (p=0.10,Fisher's protected LSD).

2 Application dates for Sevin applied 6 times per generation: May 28; Tune 4, 10, 17, 26; July 1, 22, 29; August 5, 12,
19, 26. Application dates for Sevin applied 3 times per generation: May 28, June 10, 26; July 22, August 5, 19.
Application dates for Sevin and Guthion applied 2 times per generation: May 28, June 17, July 22 and August 12.

Table 2. Mite levels in plots fo]lowiug‘seasonal application of Sevin and Guthion,
Mites per leaf

Material & ‘ 7/10/91 . 8/14/91 ' 9/17/91 .
form., rate/acre McD ERM ARM WPM McD ERM ARM WPM McD ERM ARM
WPM

Sevin 4F, 1 qt 0 0 6a 0.0a 276 04be 1 0.2a 11.4b 2.4c 1 0.5a

Sevin 4F, 1 gt 0 0 1lab 0.0a 32b 0.6c 4 0.1a 2.6a 1.0b 5 04a

Sevin 4F, 1 qt 0 0 494 0.0a 0.5a 0.1ab 3 0.2a 0.3a 0.4ab 11 1.5b
Guthion 35WP, 3 Ibs 0 0 29abc 0.1zb 0.0a 0.1ab 6 0.8ab - 0.0a 0.la 6 0.52
UNTREATED 0 0 18ab 0.6c 0.02 0.3abc 2 1.7b 0.0a 0.1a 3 1.7b

1 Medns in columns without letters or followed by the same letter within a column were not significantly different
(p=0.05, Student-Newman-Kules).
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I1. Pome Fruits
d. Chemical control of leafrollers
1. Pandemis pyrusana , appie

Jay F.Brunner & L.O. Smith
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, PANDEMIS LEAFROLLER CONTROL TEST #1, 1991. Different Bt products were
evaluated for their ability to control overwintered PLR larvae. The test was conducted in a
commercial orchard located near Wenatchee. Trees used in this test were four year old spur type
Red Delicious on dwarfing roots. The orchard was irrigated by under-tree sprinklers, but no
irrigation was applied during the test period. The test design consisted of five-tree plots
replicated five times per treatment in a randomized complete block, All wreatments were applied
with a handgun sprayer at 300 psi to the point of drip, simulating a dilute spray of approximately
400 gallons per acre. First application of the first three reatments was made on April 8, at the
half-inch green-tip stage of fruit bud formation. Due to high winds the first application of the
remaining treatments was not made until April 11, at the dght cluster stage of fruit bud
development. The second application of all products except Lorsban was made on April 13, at
the pink stage of fruit bud development, The third and final application of products, except
Lorsban and treatments including Asana, was made on April 26, at the full bloom stage of apple.
Third applications of the Javelin plus Asana and Asana treatments were not made because
samples indicated that control was already nearly 100%. Pre-treatment samples (April 4)
consisted of four buds from each tree in a veplicate (20 buds per replicate, 100 buds per
wreatment). Buds were retumed to the laboratory, examined under magnification and the number
infested with PLR larvae recorded. The first post-ireatmeni sample was made on Apnl 22 after
the first two applications of products containing Bt had been made. Each tree was examined and
the number of active feeding sites (live leafroller larvae) recorded. The final post-treatment
sarople was made on May 15. Again each tree was examined and the number of active leafroller
feeding sites was recorded. The feeding sites (a leaf or leaf-cluster webbed together) from each
treatment were placed in 2 plastic bag and returned to the laboratory. Weather during the test
period was poor on many days with wind and some rain interfering with application timing.

‘Three applications of most Bt products provided control statistically equivalent to the standard
single Lorsban treatment. The percent control of leafroller larvae (Table 2) was improved by the
addition of the third application. The 3 quarts per acre rate of MVP provided slightly better
control than the 2 guarts per acre rate. Cryolite did not provide acceptable control under
conditions in this test. Asana was originally intended to be tested as a synergist for Javelin when
used at 1/10th the field rate. However, due to an error in interpreting rates and mixing, Asana
was used at the full recommended field rate. At that rate Asana provided excellent PLR control.
The leafroller population in the orchard at the beginning of the test was moderate.
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Table 1. Density of PLR larvae in different treatments

% infested

Material & Rate form.  Treatment fruit buds  Active larval sites per tree 1
formulation pEr acre timing (4/4/91)! 4/22/91 5/15/91
Javelin 100WG 1 pound Apr. 8,18,26 11a 1.60ab 1.4a
Javelin 100WG ~ 1pound  Apr. 8,18 16a. 0.04a 0.2a

Asana 0.67EC 16 ounces
Asana 0.67EC 16 ounces Apr. 8,18 16a 0.20a 0.2a
Dipel 2X 1 pound Apr. 11,18,26 17a 2.56ab 1.8a
MVP 10%AF 2 quarts Apr. 11,18,26 17a 3.16 b 4.0ab
MVP 10%AF 3quarts  Apr. 11,18,26 20a 1.40ab 1.0a
CGA237218 S0W 4 pounds  Apr. 11,18,26 13a 2.28ab 2.6ab
Lorsban 4EC 2 quarts Apr. i1 7a 0.28a 0.8a
Cryolite 96%WP 10 pounds Apr. 11,18,26 12a 672 ¢ 58 b
Untreated L meeem mmemmeee 15a 6.40 c 100 ¢

1 Means followed by the same letter not significantly different (p=0.05, Student-Newman-Kules).




II. Pome Fruits 7
d. Chemical control of leafrollers
1. Pandemis pyrusana , apple

Jay F.Brunner & L.O. Smith
Washington State University

Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, PANDEMIS LEAFROLLER CONTROL TEST #4, 1991. Different Bt producis were
evalnated for their ability to control PLR larvae during the summer. The test was conducted in an
orchard at the WSU Tree Fruit Research and Extension Center in Wenatchee. Trees used in this
test were 12 year cld spur type Red Delicious on dwarfing roots. The orchard was irrigated by
under-tree sprinkiers on a 14 day schedule. The test design consisted of five-io seven-iree plots
replicated three times per treatment in a randomized complete block. Al reatments were applied
with a handgun sprayer at 300 psi to the point of drip, simulating a dilute spray of approximately
400 gallons per acre. Applications were made on July 19, 26 and August 2. The post-treatment
sarmple was taken on August 13. One-hundred shoot tips in sach replicate were examined and the
number of live leafroller larvae recorded.  On August 29, 200 fivit from each replicate (600 froit
per treatment) were picked and examined for the presence of PLR and CM damage. The density
of leafrollers in the test block was high. Weather during the test period was good.

Three applications of all Bt products provided larval control statistically better than the untreated
plot. Both rates of MVP provided excellent PLR control. While Bi products caused essentially
100% moriality of PLR larvae with three applications, fruit damage by PLR was not significantly
different from that in the untreated plot. In suramer, fruit darage by PLR occurs when the larvae
are srnall, first and second instars primarily, and thus treatients of products such as Bis must be
present at the beginning of the egg hatch pericd. In this test the first application was not made
until most of the eggs of the summer generation had haiched. It is probable that the poor timing
contributed to the level of fruit damage observed in the Bt treatments. It may also be that Bt acts
100 slowly to prevent significant fruit damage by larvae before they consume enough to kill them.
This aspect of Bt control requires further research. Bt producis targeted for control of the
summer generation of PLR larvae did not control CM. The 1/10th {one-tenth) raie of Asana
provided good control of CM in addition to providing control of PLR. Using low rates of other
insecticides with Bt products may provide a reasonable tactic for achieving control of pests not
controlied by Bts. However, the low Asana rates used in this test killed predatory mites and
elevated levels of spider mites. The impact of even very low rates of synthetic pyrethroids on
integrated mite control programs needs further investigation to determine the long-term effects of
such use.
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Material, Rate form, Treatment Larvae per % fot inqury

formulation per acre timing 25 shoots ! PLR ! CM 1

Javelin 100WG  1pound  Jul 19,26, Aug 2 0.0a 57a 58b .

Javelin I0OWG  1pound  Jul 19,26, Aug 2 0.0a 5.3a 0.5a )
Asana 0.67EC 1.6 ounces

Asana 0.67EC 1.6 ounces Jul 19,26, Aug 2 0.0a 6.0a 0.2a

Dipel 2X I pound  Jul 19,26, Aug 2 0.0a 6.3a 57b

MVP 10%AF 2quarts  Jul 19,26, Aug 2 0.0a 53a 2.7ab

MVP 10%AF 3 quarts Jul 19,26, Aug 2 0.1a 4.7a 1.5a

Unireated = ----- — 7.3b 9.3a 3.2ab

1 Means followed by the same letter not significantly different, (p=0.10,Fisher's protected LSD).

Table 2. _Mite levels in plots following seasonal application of different insecticides.

Treatmentrate/acre

8/14/91
McD ERM ARM WPM

Mites per leaf
9/13/91

McD ERM ARM WPM

Javelin 100WG, 1 b

Favelin 100WG, 1 b +
Asana 0.67 EC, 1.6 oz

Asana 0.67 EC, 1.6 oz
Dipel 2X, 1 1b

MVP 10%AF, 2 qis
MVP 10%AF, 3 gts

UNTREATED

0 0 la 0.3ab

0.3 0 1a 0.1ab

0 03 1a 0.0a

0 0.1 Sbhc 0.1ab
0 0 4abc 0.3ab
0 4] d4abc 0.lab

0 0 2ab_0.7b

0.2a

0.0a

0

0.1

4.0b 1.4ab 0.1 0.0

1.3ab 2.6b

0.1a

Oa

Oa

Oa

Oa
0.1a
0.1a

0a

0
0

0

0.1
0.1
0.1

0.1

1 Means in columns without lesters or followed by the same letter within a column were.not

significantly different (p=0.10,Fisher’s protected LSD}).
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1. Pome Fruits
d. Chemical control of leafrollers
i. Pandemis pyrusana , apple

Jay F.Brunner & 1..0. Smith
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, WA 98801

APPLE, PANDEMIS LEAFROLLER CONTROL IN SUMMER, 1991. Different insecticides
were evaluated for their ability to control PLR larvae during the summer when used in large plots
in a commercial apple orchard. The test was conducted in two blocks at the Well & Wade Fruit
Company Birchmont orchard (bleck 4D =Test plot #1 and block 1D1 = Test plot #2) . Trees
used in this test were 14 year old spur type Red Delicious on dwarfing roots pruned to a central
leader structure. The orchard was irrigated by under-tree sprinklers on a 14 day schedule. Each
ireatment in test plot #1 was applied io approximately one acre using an Airofan PTO air blast
sprayer delivering 400 gallons per acre. Each treatment in test plot #2 was applied 1o
approximately four acres (the untreated being only one acre) using the same equipment and water
volume, Treatments were applied on June 14, On June 21 Lorsban was again applied in test plot
#2 1o sliernate rows not wreated on June, A pre-treatment sampie of leafroller density was made
on May 31 by counting the mumber of active feeding sites (live larvae) in a two minute search on
sach of 12 trees per plot. Post-ireatment counts were made on August Z by counting the number
of live PLE larvae in 20 actively growing shoots from 24 irees in each ireatment.  On October 1,
a picking bag of fruit was eollected from each of 23 wees per treatment and examined for the
presence of PLR damage. WTLM samples were taken on July 18 and July 25 following the
second WTLM generation. Five lcaves were collected from each of 10 wrees in each treatment.
angd moines dissected to deiermine the number of WTLM mines per leafl and the level of
parasitism. '

Penncap applied 10 every row provided good control of PLR adults andfor larvae resuliing in a
significantly lower level of fruit damage compared to Penncap applied 1o altemate rows and
Guthion applied to every row. Lorsban applied to alternate rows seven days apart did not reduce
PLR populations. All treaiments had fewer PLR larvae in the post-ireatment counts compared 1o

the univeated plot with the exception of the Lorsban meatment.




Pre-treatment Post-treatment Relative change % frut
Material, Rate form. ave. larvae /tree Ave. larvac per  between 1st&  damage
formulation (2 min. count) 26 shoots 2nd generation PLR!
Test Block #1 ot
Penncap 2FM 0.50 1.00a 2.0 0.4a
Penncap 2FM 3 pints 175 400 b 2.3 45b .
{alternate rows treated)
Guthion 35WP 3 pounds 0.83 408 b 49 47b
Untreated 0.40 13,70 ¢ 34.3 12.5 ¢
Test Block #2 ‘
Lorsban S0WP 3 pounds 0.54 4.13b 7.6 -
(alternate row 2 appl. 7 days apart)
Penncap 2FM 0.67 0.19a 0.3
(alternate rows treated)
Unireated 0.17 411b 24.2 —

1 Means in columns without letters or followed by the same letter within a column were not significantly different
(p=0.05, Student-Newman-Kules).

Leafminer density and percent parasitism !

Material, Rate form. Julv 18 July 25
formulation MA2 %WILM % P. {3 ML %WITLM % P.f
Test Block #1
Penncap 2FM 6 pints 19b 100 b Oa 22b 87ab 13a
Penncap2FM  3pints 15b %0b 10ab 1.4a 88b 12a
(alternate rows treated)
Guthion 35WP 3 pounds 0.7a 80ab 20ab 1.3a 65ab 35b
Untreated 1.3ab 60a 40b 1.9ab 64a 36b
Test Block #2 ,
Penncap 2FM 3 pints 1.0 100 b Oa 16 100 b Oa
(alternate rows treated)
Lorsban S0WP 3 pounds 2.8 98 b 2a 2.6 99 b la
(alternate row 2 appl. 7 days apart)
Untreated 4 ---- 75 25 - 74 26 -

1 Means in columns without letters or followed by the same letter within a column were not significantly different

(p=0.05, Fisher's protected LSD).
2 M/L= mines per leaf.

3 Pnigalio flavipes

4 This plot was not included in the statistical analysis because it was sampled in a different manner with;the intent onty
to determine percent parasitism and not WTLM density.
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IT Pome Fruits
d. Chemical control
1. Codling moth:Pears

Richard Hilten, Peter Westigard
Southern Oregon Experiment Station
569 Hanley Road, Medford, OR 97502

The purposes of this plot were to: (1) compare field
effectiveness of various Crgano-Phesphate chemicals and
different rates of the pyrethroid Asana; (2) evaluate
Asana-B.t.tank mixes for synergistic effect on CM, and (3)
evaluate non-conventional programs including B.t. and
horticultural spray oils in a 3 or 6 spray-timing schedule.

The trial was conducted in a 1.5 acre block of 30 year
cld Bartlett pear trees. Spray applications were made to 4
single tree replicates and treated to runoff with
conventional high pressure handgun equipment. Timing of
application for the 3 spray programs were as follows: 1st;
biofix plus 250 degree days; 2nd, 28-30 days following the
1s%, and 3rd about 250 degree days following biocfix of 2nd
generation. Chemical treatments applied 6 times used the
above schedule plus an additional application approx1mate1y
100 degree days following each of the conventional timings.
Evaluation of CM damage was made following predicted egg
hatch of the first generation (July 22) and at harvest
(August 26). At both times 50 fruit/replicate,
200/treatment, were examined for side or calyx larval
entries. Population densities of the twospotted spider mite
(TsM) and the pear psylla (PP) were evaluated on 2
occasions, July 11 for PP and August 12 for the TSM by
selecting 20 leaves/rep from each treatment.

Results. 1. Conventional program comparison. The 3 OP
chemicals tested, Guthion, Imidan and Lorsbhan, all provided
about equivalent control of the CM as recorded at the end
of 1st generation and at harvest. The infestation recorded
in these treatments ranged from 1.5-2.5% was somewhat
higher than expected based on similar studies conducted in
prevmous years. Control obtained with Asana was excellent
using either the 0.01 or the 0.03 lb rates but decreased in
effectiveness when used below label rates (0.0025 and 0.005
1bs ai). Both Guthicn and Imidan appeared to stimulate
populations of the twospotted spider mite while the higher
dosages of Asana provided excellent control. Similarly,
the 3 higher Asana rates provided good pear psylla
suppression.

2. Asana-B.t. combinations. There was no significant
difference. in CM infestation between treatments containing
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the low rates of Asana, 0.002% and 0.005, used alone and
these Asana rates used in combination with 0.7% 1lb
formulated Javelin. Thus we could not detect any
synergistic effect of this combination as has been reported
with some other lepidopterous pests.

3. Non-conventional programs. In this trial we
evaluated Javelin B.t. and MVP B.t. in a 3 vs. & spray
program for CM as well as the horticultural spray oil
Orchex 796 in a 3 and 6 application schedule. Evaluation on
July 22, after the 1st CM generation,; indicated excellent
control with both Javelin or Orchex 796 following either
the 2 or 4 sprays that had been applied at that time. At
harvest on August 26 codling moth infestation averaged over
20% in both Javelin treatments, and 8%, and 2% in the 3 and
6 cil treatments respectively. Basically no codling moth
suppression was measured in plots receiving the MVP B.t.
treatments. Application of either 3 or 6 Orchex oil sprays
also resulted in excellent control of the pear psylla and
the twospotted spider mite and no phytotoxicity was
observed in these multiple o0il plots. Surprisingly, both
Javelin and MVP used in the 6 spray program significantly
lowered pear psylla densities as measured on July 11 after
the first 4 applications.




II Pome Fruits
d. Chemical control
1. Pear psylla:Pears

Richard Hilton, Peter Westigard
Southern Oregon Experiment Station
569 Hanley Road, Medford, OR 97502

A 1.1 acre block of mixed pear varieties located at the
Medford Field station of Southern Oregon Experiment Station
was used in this study. The study area was divided in half
with one side treated and the other left unsprayed in the
prebloom period. The spray program consisted of a dormant
spray of horticultural spray oil and a delayed dormant
application of oil in combination with sulfur. The
pyrethroid chemical normally combined with the latter
treatment was deleted. In each the treated and non-treated
portions of the plot five single tree replicates of each of
four pear varieties were selected for sampling. Cultivars
selected were Anjou, Comice, Seckel and Bosc. Estimates of
pear psylla densities were made at two time intervals, .
petal fall (May 6} and on May 6 prior to the first folial
spray for codling moth. Sampling of psylla immatures was
conducted by selecting 20 fruit cluster leaves/rep/variety
and recording the number of nymphal stages. The entire plot
was treated on May 15 with Mitac to eliminate pear psylla
and additional sprays were applied when needed to minimize
any further psylla damage. Evaluation of pear psylla
induced fruit damage was made at harvest on August 13. At
this time the fruit was graded as to percent of the surface
injured by honeydew marking and placed into the standard
catagories of number 1, number 2 (fancy) and culls.

Results. Densities of pear psylla nymphs averaged 0.3
and 15.0/ leaf on April 16 in the treated and untreated
sections of the plot respectively, or a 98% reductien in
the treated portion. By May 16 nymphal densities had
increased to an average of 5.4 in the treated and 38.8 in
the untreated or about a 86% reduction resulting from the
prebloom program. Density of nymphs was lowest on the Bosc
and Comice cultivars on both dates probably reflecting
their delayed bud development compared to that eof the Anjou
and Seckel varieties. Fruit damage at harvest in the
portion of the plot receiving the prebloom program averaged
0.4% on the Anjou and Comice varieties and 0 on the Seckel
and Bosc. In the untreated portion the % fruit downgrading

averaged 5.2, 0.8, 11.2 and 1.6% on the Anjou, Bosc, Comice
and Seckel cultivars respectively.
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1. Pome Fruits
d. Chemical control

Pear psylla (PP); Cacopsylla pyricola (Foerster): Pear

Everett Burts
WSU-Tree Fruit Research & Extension Center
1100 N. Western Avenue
Wenatchee, WA 98801
509-663-8181 Ext 236

AGRI-MEK TIMING STUDY, Orondo 1991: Twenty-five-yr-old 'Bartlett' pear trees
were sprayed with an aircarrier sprayer to compare the effectiveness of petal fall and
second-generation timing of Agri-Mek for control of pear psylla. Plots consisted of half-
acre unreplicated rectangles. The earilier treatment was applied 10 May, the latter one 5
Jun. Additional sprays applied to the entire orchard during the growing season included
Guthion 35% WP 2.5 Ib/acre on 11 Jul and Guthion 35% WP 2 1b/acre plus Mitac 50%
WP 3 Ibfacre on 31 Jul. Treatments were evaluated for PP by counts made at 2-wk
intervals. Adult samples consisted of 2 25-beating-tray samples per plot on each date. PP
nymphs were counted from 2 50-leaf sample per replicate. Leaf samples consisted of the
proximal leaf, distal leaf and 3 leaves from the middle of 10 terminal shoots. Leaves were
brushed and resuiting slides were examined under magnification. PP russet and other pest
damage were rated according to US grade standards for fresh market "Bartlett' pears on
100 mature fruits per plot. Factors of fruit guality including firmness, soluble solids and
size were evaluated from 4 10-fruit samples per replicate at normal harvest maturity. Fruit
and foliage were examined for phytotoxicity after each spray.

Both spray timings provided good control of PP. The 10 May application produced a
lower seasonal average nymph density because it controlled the first generation. There was
no fruit damage from PP honeydew russet in the earlier treated block and only 2 percent of
fruit in the later treated plot had enough danage to lower grade. There was 3 and 1.5
percent fruit damage from grape mealybug respectively in the early and late plots. No other
pests reached damaging densities in the test orchard. There were no treatment associated
differences in fruit quality.
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Mean? PP nymphs per 25 leaves

Treatment Date - 20May  3Jun 17 Jun Tl — 15Jul 29 Jul 13 Aug  Seasonal
10 May 4.0a 0.5a 0.0a 0.0a 0.0a (.0a 0.0a 0.43a
S June 50.5b 20.5b 0.0a 0.0a 0.5a 0.0a 0.02__ 10.21b
@ Means within columns followed by the same letter are not significantly different (P = 0.05; Fisher's protected
LSD) _ _ .
: Mean@ PP adults per limb tap _
Treatment Date 13May  28May 10Jun  25Jun 8 Jul 22 Jul 5 Aug Seasonal
10 May 0.6a 0.1a 0.1a 0.0a 0.0a 0.0a 0.0a 0.40a
5 June 576 116b 082  0la _ 02a  Ola  0la 012
4 Means within columns followed by the same letter are not significantly different (P = 0.05; Fisher's protected
LSD)
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1. Pome Fruits
d. Chemical control

Pear psylla (PP); Cacopsylla pyricola (Foerster): Pear

Everett Burts -
WSU-Tree Fruit Research & Extension Center
1100 N. Western Avenue
Wenatchee, WA 98801
509-663-8181 Ext 236

AGRI-MEXK TIMING STUDY, Wenatchee 1991: Eleven-yr-old pear 'Bartlett’ and 'Anjou’ trees
were sprayed with an aircarrier sprayer to compare the effectiveness of petal fall and second-
generation timing of Agri-Mek for control of pear psylla. Plots consisted of 2 replicates of 12 by 6
tree rectangles. Additional sprays applied to the entire orchard during the growing season included
Guthion 35% WP 3 Ib/acre on 17 Jul and Guthion 35% WP 2 1b plus Mitac 50% WP 3 1b/acre on
31 Jul. Treatments were evaluated for PP by counts made at 2-wk intervals. Adult PP were
counted from a 25-beating-tray sample per replication. PP nymphs and PRM were counted from 2
50-leaf sample per replicate. Leaf samples consisted of the proximal leaf, distal leal and 3 leaves
from the middle of 10 terminal shoots. Leaves were brushed and resulting slides were examined
under magnification. PP russet and other pest damage were rated according to US grade standards
for fresh market pears on 50 mature fruits per cultivar per replication. Factors of fruit quality
including firmness, soluble solids and size were evaluated from 2 10-fruit samples per replicate at
normal harvest maturity. Fruit and foliage were examined for phytotoxicity after each spray.

Both spray timings provided good control of pear psylla. The 10 May application produced lower
seasonal average nymph and adult densities because it controlled the first generation. There was
no significant fruit damage from pear psylla honeydew russet in either plot. No other pests
reached damaging densities in the test orchard. There were no treatment associated differences in
fruit quality.
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Mean? PP nymphs per 25 leaves

Treamment Date 14May 30May 11Jun  26Jun  9Jul 24 Jul 8 Aug 13Aug _ Seasonal
10 May 2.25a 0.00a 0.25a 0.00a 10.50a 0.00a 0.00a 0.00a 0.56a
5 June 21.75b 5.25b 0.75a 1.00a 3.50a  0.00a 0.56a  1.00b 4.03b
4 Means within columns followed by the same letter are not significantly different (P = 0.05; Fisher's protected LSD)
Mean? PP adults per limb tap

Treatment Date 14May 30May 1lJun  26Jun  9Jul 24 Jul 8 Aug 13 Aug  Seasonal
10 May 2.25a 0.00a 0.25a 0.00a 0.50a 0.00a 0.00a 0.00a 0.56a
5 June 21.75b 5.25b 0.75a 1.00a 3.50a 0.00a 0.50a 1.00b 4.03b

4 Means within columns followed by the same letter are not significantly different (P = 0.05; Fisher's protected LSD)
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1. Pome Fruits
d. Chemical control

Pear psylla (PP); Cacopsylla pyricola (Foerster): Pear

Everett Burts
WSU-Tree Fruit Research & Extension Center
1100 N. Western Avenue
Wenatchee, WA 98801
509-663-8181 Ext 236

PREBLOOM APPLICATIONS OF INSEGAR FOR CONTROL OF PEAR PSYLLA,
1991: Mature bearing pear trees were sprayed with air carrier equipment applying 400 gal
per acre to test prebloom applications of Insegar for control of PP. Plots consisted of
unreplicated blocks of 1/2 acre or larger. Treatments were applied at delayed dormant (26
Mar) and at clusterbud (8 Apr) stages of tree development . Additional sprays applied to
the entire orchard during the growing season included Dimilin 25% WP 1 Ib/acre plus
superior type oil 1 gal/acre on May 31, Guthion 35% WP 2.5 Ib/acre plus Vendex 4L 2 pt
Jjacre on 11 Jul and Guthion 35% WP 2 1bfacre plus Mitac 50% WP 3 Ib/acre on 31 July.
Treztments were evaluated by adult, egg and nymph counts on several dates after treatment.
Adults were counted by the limb tap method. Early season eggs and nymphs were counted
on fruiting spurs collected at randorn from test plots and exarnined under magnification in
the laboratory. Later egg and nymph samples were counted from 2 50-leaf sample per plot.
Leaf samples consisted of the proximal leaf, distal leaf and 3 leaves from the middle of 10
terminal shoots. Leaves were brushed and resulting slides were examined under
magnification. PP russet was rated according to US grade standards for fresh market
‘Bartlett’ and 'd'Anjou’ pears on 2 samples of 25 mature fruits per plot. Factors of fruit

- guality including firmness, soluble solids and size were evaluated from 2 10-fruit sarnples

per plot at normal harvest maturity. Fruit and foliage were examined for phytotoxicity after
each spray.
Treatments associated with treatment numbers in the table are as follows:
1. Insegar 25% WP 12 oz/acre plus superior type oil 4 gal/acre applied 20 Mar
Insegar 25% WP 12 Oz/acre plus Morestan 25% WP 4 Ib/acre applied 8 Apr

2. Insegar 25% WP 12 oz/acre applied 20 Mar .
Insegar 25% WP 12 0z/acre plus Morestan 25% WP 4 1b/acre applied 8 Apr

3. Insegar 25% WP 12 oz/acre plus superior type oil 4 gal/acre applied 20 Mar
Insegar 25% WP 12 Oz/acre applied 8 Apr

4. Insegar 25% WP 12 oz/acre applied 20 Mar
Insegar 25% WP 12 Oz/acre applied 8 Apr

All four programs provided control of PP through July. There was no PP damage
to fruit or foliage in any of the treated plots. The surviving overwintered adults in all plots
produced rather high densities of eggs, however, these eggs did not hatch and none of the
plots developed damaging densities of nymphs. Insegar-eil combination at delayed
dormant time killed some overwintered adults but did not provide superior reduction of
first generation nymphs over that of Insegar alone. As with the addition of oil at delayed
dormant timing, the addition of Morestan in the clusterbud spray did not reduce first
generation nymph density. The apparent mode of action seems to be two-fold; first
sterilizing adults and second killing eggs laid on residues. There were no plot associated
differences in factors of fruit quality or phytotoxicity.
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. ._ .

PP adults per 25 trays
Treatment No. 26May 1Apr 9Apr 15Apr 22Apr 30Apr 13May 28May 10Jun 25Jun_ 8Jul _ 22Jul
I. 50 67 53 9 6 6 6 8 9 7 3 22
2 50 67 45 37 20 14 22 12 6 3 4 16
3, 148 106 81 12 4 13 12 5 3 4 6 5
4 148 106 114 78 34 22 39 8 10 12 3 4
PP eggs and nymphs per 100 leaves
TreatmentNo. = 1Apr 9Apr 16Apr 22Apr 6May 20May 3Jun  17Jun 1Jul 15Jul 29 Jul 13 Aug
1. eggs 261 171 . 205 141 142 2 2 4 4 4 4 8
nymphs 0 0 0 6 0 0 0 0 0 4 2 6
2. eggs 261 308 233 191 161 0 2 0 4 0 4 0
nymphs 0 0 0 0 0 2 0 0 2 2 2 4
’ e}
3. eggs 127 502 540 674 55 10 0 4 0 4 6 2 ©
nymphs 0 2 0 0 0 4 0 0 2 4 10 2
4. €ggs 127 370 545 663 432 18 4 2 4 0 0 0
nymphs 0 0 0 0 4 6 0 4 2 0 0 0




IDENTIFICATION OF PESTICIDES MENTIONED IN REPORTS

Everett Burts
WSU-Tree Fruit Research & Extension Center
1100 N, Western Avenue
- Wenatchee, WA 98801
509-663-8181 Ext 236

TRADE NAME COMMON NAME
Agri-Mek .15EC Abamectin (avermectin By)
Dimilin 25% WP diflubenzuron

Guthion 35% WP azinphosmethyl

Insegar 25% WP - fenoxycarb

Mitac 50% WP amitraz

Morestan 25% WP oxythioguinox

Vendex 4L fenbutatin-oxide
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11. Pome FruitsSection
d. Chemical Control
1. Honey Bee-Apple

EFFECTS OF AMBUSH OR DIMETHOATE APPLIED TC APPLES ON HONEY BEES
D.F. Mayer, R.D. Britt and J.D. Lunden _
Wash. St. Univ., Prosser, WA 99350 & Britt & Assoc., POB 8338, Yakima, WA 98308

Four plots were established in a 5-year-old commercial orchard of Golden Delicious
apples at Harrah, WA. Plot size was 4.5 acres. One plot was sprayed with Ambush (8
oz/ acre), 1 plot was sprayed with Ambush (16 oz/acre), and 1 plot sprayed with
Dimethoate (4 pounds/acre). One small part near the orchard center on the west side
was not treated and served as the check. The orchard contained a high population of
blooming mustard on the orchard floor. Spray applications were done when the orchard
was at 5% open bloom using a tractor drawn air-blast sprayer at a rate of 250 gallons of
water per acre. Applications were 26 April at 8 am with the low rate of Ambush, foliowed
by the high rate of Ambush and then the Dimethoate ending at 11 am. Underiree
sprinklers were turned on during the night on 26, 27, and 30 April for frost control.

The number of honey bees per tree per 30 seconds (10 replications) foraging in the plots
were recorded on 26, 27, 29 and 30 April.

On 25 April, 4 strong honey bee colonies with Todd dead bee traps were established
adjacent to each plot. The number of dead bees in the traps were recorded prior to 8
am before and following the chemical application. Prior to application and on 6 May
colony conditions and the frames of bees were recorded for each colony.

Results:

There were no significant differences in the number of honey bees foraging the trees in

any of the plots as compared to the untreated check (Table 1). However, there were few
bees foraging the apple trees.

Ambush (8 oz/acre). The application resulted in a low kill of adult bees on days 2,3, and
" 4 following the application (Table 2). The average number of frames of adult bees per
colony was 13 prior to application and 12.5 at the conclusion of the test. On 6 May, there
was no break in the brood cycle and all colonies had good numbers of brood.

Ambush (16 oz/acre). The application resulted in a low kill of adult bees on days 1, 3
and 4 following the application and a moderate kill on day 2 following the application
(Table 2). The average number of frames of adult bees per colony was 13 prior to
application and 14 at the conclusion of the test. On 6 May, there was no break in the
brood cycle and all colonies had good numbers of brood.

" Dimethoate. The application resulted in a moderate kill of adult bees for 4 days following
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the application and a low kill on day 5 (Table 2). The average number of frames of aduit
bees per colony was 13 prior to application and 11.5 at the conclusion of the test.  On
6 May, one colony had a break in the brood cycle though new eggs were present. The
other colonies did not have a break in the brood cycle and had good numbers of brood.
During the study all colonies had symptoms of bee poisoning such as pulling larvae or -
pupae from the colony and increased incidence of chalkbrood.

Lonclusion: ' Tos

The test was almost a worse case scenario. The sprays were applied one day later than

planned and applied in the morning rather than the evening because of incumbent |
| weather. Sprinklers were turned on at night for frost control resuiting in wet foliage. Wet ‘
foliage which normally increases the hazard of any insecticide to bees. However, the ‘
results using Ambush are quite encouraging and further work is necessary to determine |
if Ambush can be used without significant effects on to honey bees.

Table 1. Effects of applying insecticides to‘Golden Delicicus’ apples on 26 April (5%
open bloom) on honey bee (HB) foraging. Harrah, WA 1991.

Mean No. HB/Tree /30 sec.

Treatment  Rate/acre 26 Apr 27 Apr 28 Apr 20 Apt
Ambush 2EC 8 oz Da - 0.4a Q.1a 1.0a
Ambush 2EC 16 oz Da 0.4a 0.3a 0.5a
Dimethoate 25WP 4 |b 0a 0.3a O.4a 0.2a
Untreated check - 0a 0.5a 0.2a 0.3a

Means within a column followed by the same letter are not significantly different at the P
= .03 level, Newman-Keuls studentized range test. :

Table 2. Effects of applying insecticides to ‘Goiden Delicious’ apples on 26 April (5%
open bloom) on honey bee (HB) mortality, based on Todd dead bee traps in
colonies placed adjacent to treated plots. Harrah WA 1991.

Mean No. HB/colony/day

Treatment Rate/acre 26 Apr 27 Apr 28 Apr 29 Apr 30 Apr 1 May 2 May
Ambush 2EC 8 oz 89 66 151 137 195 101 56
Ambush 2EC 16 oz 49 118 330 155 169 100 53

Dimethoate 25WP 4 Ib 85 561 465 562 508 279 15
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Pome Fruits
a. Chemical control
1. Twospotted spider mite, Pear psylla:Pear

Richard Hilton, Peter Westigard
Southern Oregon Experiment Station
569 Hanley Road, Medford, OR 97502

Application timing of Agrimek-oil. Twospotted spider
mite. Application of Agrimek-oil to the Anjou cultivar at
the petal fall timing on May 2 resulted in approximately 80
days of TSM suppression. Initial reduction in TSM nunbers
was very slow taking about 2 weeks before effects of the
application were apparent. This same pattern was observed
following petal fall treatment to the Bartlett variety
where residual control was measured at about 70 days. This
length of T3M suppression achieved with this timing would
not generally beé sufficient to span the entire preharvest
peried and would most likely require an additional
acaricide application to prevent significant leaf damage.

The lst cover spray timing of Agrimek-oil (May 24)
resulted in about the same length of residual control,
i.e. 80 days) as found fellowing the petal fall treatment.
However, resurgence in TSM densities after this length of
time was of little concern as harvest of the Bartlett fruit
had commenced and that of Anjou was only 2 weeks away. Thus
the 1st cover timing was considered to have provided
seascnal TSM suppression.

Relatively poor TSM control was measured following the
Agrimek-oil treatment at the 2nd cover timing (June 22)
with residual suppression lasting perhaps 30-40 days
depending on variety.

Pear Psylla (PP). PP densities following the petal
fall treatment, as measured from May ¢ through July 1,
reduced nymphal densities by about 52%; for the 1lst cover .
treatment (June 4~July 1i5) by 73%, and for 2nd cover (July
1=July 15) by only 3%. The span of time over which the
Agrimek-olil showed some degree of PP suppression on Anjous
was 60 days, 38 days and 9 days for the petal fall, ist and
2nd cover treatments respectively.

While none of the Agrimek-o0il timings resulted in
outstanding PP control it would appear that the lst cover
treatment gave the most suitable suppression for control of
this pest as well as for the TSM. However, it is possible
that the most efficacious Agrimek-oil timing may vary from
year to year depending upon the condition of pear leaves at
varicus developmental stages.



Ii. Pome Fruits
e. Pesticide resistance
1. Codling moth - Apple, Pear

Muhammad Arshad and M. T. AliNiazee
Department of Entomology, Oregon State University
© Corvallis, Cregon 97331

DETECTION AND CHARACTERIZATION OF RESISTANCE TO PESTICIDES
IN CODLING MOTH, Cvdia pomonella L. FROM OREGON:

No field failure of azinphosmethyl has been noticed in controlling codling
moth from Oregon until 1989. However, in a study conducted by Moffitt ef al during
1986 to 1987, a codling moth population from Medford has been reported resistant to
diflubenzuron. It was suspected that selection by other commonly used compounds
was probably responsible for this resistance. We initiated our work in 1987 to
determine the levels of resistance in different populations of codling moth from
Oregon to azinphosmethyl and other commonly used insecticides.

RESISTANCE TO AZINPHOSMETHYL:

A resistance survey conducted to evaluate the susceptibility of azinphosmethyl
during 1989 had detected a low levels of resistance (4-5 folds) in codling moth from
Oregon. The LI5S0 values of most susceptible (Saint Cloud [SC]) and most resistant
{Crippens [CR]) population were 0.038 and 0.163 ug Al/moth respectively using the
pheromone trap methods described by Riedl. Similarly by exposing first instar larvae
to the residue in gelatin capsule mounted con apples, showed LCS0 values of 2.85 and
16.37 ppm for SC and CR strains respectively.

This study was conducted in three geographically different regions of Oregon;
Hood River Valley, Rogue River Valley, and Willamette Valley. The orchards
included in the study had varied management practices. From each region efforts
were made to incinde an orchard with no or low pesticide pressure and an other set of
orchards with a high pesticide pressure. From region where orchards with high
- pesticide pressure were not available, an orchard bordering with high pesticide -
pressure site was selected. Because of large variability in the published data {ca. 10
fold for larvae and adults), we felt that it was essential to standardize the bicassay
procedures before comparing susceptibility among strains. Some of the important
variables considered were, posttreatment holding period, post treatment holding
temperature, age of insects, formulations, and selecting a reference strain from an
abandoned orchard.

Comparing with susceptible (SC) strain, 4, 3.75, and 3.25 fold difference was
observed in Crippens (CR), Medford (MD), and Kiger Islands (KI} strains in field
bioassays respectively. These differences were significant at P-value 0.05 and show
that codling moth population had developed low levels of resistance to
azinphosmethyl in different areas of Oregon. By using larval bioassay with insecticide
residue on apples, only CR and MD strains showed significantly higher LC50 values
than reference strain. MD strain did not differed significantly within region from
other population (Hanley strain). In larval topical application bioassay the maximum
tolerance was shown by CR strain followed by MD, KI, Hanley, Corvallis and SC
strains. In adult topical bioassay on isolated male and female moths, CR and MD
populations responded simiiarly, showing 4 to 5 fold difference in LD50 values over
reterence (SC) strain. This study showed no regional pattern of resistance in codling

moth. The difference in susceptibility of azinphosmethyl was resulting from individual
orchards
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CROSS RESISTANCE:

A significantly higher LDS50 values (2-3 folds) were obtained in CR strain than
SC for diazinon and fenvalerate in topical application method on male and femnale
moths, There was no significant difference for carbaryl and endosulfan. Larval topical
bioassays showed significant difference only to diazinen. XI strain showed 3-4 fold
higher L.D50 values than Corvallis strains in both adult and larval bicassays. Because e
of few points for correlation analysis, it is difficult to establish a correlation of
azinphosmethyl resistance with any of these compounds. However, this study suggests
some level of cross exists between azinphosmethyl and diazinon and perhaps
fenvalerate. Both LD50 and LD90 values showed similar patterns.

RESISTANCE TO DIFLUBENZURON :

To evaluate the susceptibility of diflubenzuron, methods described by Moffitt
et al. (1988) was used with some modifications. Residues of diflubenzuron on
immature apples was exposed to ovipositing female moths in order to evaluate
subsequent response of egg hatch, larval entries, pupation and adult emergence.
There was no significantly different sublethal effect on pupae and adults compare to
untreated apples. Egg hatching and first instar larval entries showed a maximum of 2
fold difference among populations compare to reference strain. This study showed a
strong relationship (r = 0.8 to 0.9) between the susceptibility of azinphosmethyl and
diflubenzuron by codling moth. Continuous selection pressure of diflubenzuron in
laboratory at a concentration of 112.3 ppm on six generations of codling moth had
decreased the susceptibility by 5 folds.

DETECTION AND CHARACTERIZATION OF RESISTANCE TO PESTICIDES
IN CODLING MOTH, Cydia pomonella L. FROM OREGON:

Pesticides mentioned in this report:

azinphosmethyl Guthion

carbaryl Sevin

endosulfan Thiodan

diazinon Diazinon

diflubenzuron Dimilin *
fenvalerate Pydrin -
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II Pome Fruits
a. Pesticides resistancs
1. Twospottad spider mite:Pears

Richard Hilton, Peter Westigard
Southern Oregon Experiment Station
569 Hanley Road, Medford, COR 2373502

Acaricide resistance development in field populations
of the twospotted spider mite (TSM), Tetranychus g;ﬁ;ggg
Koch, was measured over a 5-year pericd following varying
use patterns of an organotin (OT) acaricide (cyhexatin or
fenbutatin oxide) and the ovicide, hexythiazox. Use
patterns included consecutive applications of the OT and of
hexythiazox, within year alternation of the two acaricides,
between vear rotation and consecutive use of a combination
of both acaricides used at 1/2 rates. Each of the
different use patterns were applied twice per season.
Field failure of the consecutive OT programs was measuread
following the Sth treatment and confirmed in laboratory
bioassays. Incipient field failure of the consecutive
hexythiazox program was indicated by both high field
densities and greatly elevated LCg, values following the
10th field application. There was no indication of
resistance development by TSM following 10 applications of
the combination of OT and hexythiazox at 1/2 rates. Also,
no field failure was measured using either the hetween or
within vear acaricide rotation program which through the
5th vear had recesived 4-6 treatments of each acaricide.
Resistance development to the OT used in a consecutive
manner was accompanied by resistance to hexythiazox; but
resistance development in the conseacutive hexythiazox plot
did not exhibit cross tolerance te the OT.

~
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DUAL RELEASE DISPENSER FOR CHECKMA’IETM

Gillespie, J. M. -
213 S8W Columbia Bend, OR 97701 -

e

Extensive field aging studiss teo quantify CheckMateTM CM's pheromone
ralease rates under spring znd summer temperature conditions were conducted
in varied locaticns during 1991. The dats generated in the early spring
study clearly showed that little or no pheromone was released from the
current dispenser. In consultation with engineering cellezgues at Bend Resw
earch, Inc., a "dual release" dispenser was designed and field exposed to
evaluate release at both cool (-2 to 18°C) and warm (23 to 40+°C) prevailing
temperatures.

For the spring test dispensers were placed in trees in z scuthern ex-
pesure and sampled periodically over a 60 day period. For the late summer
test, dispensers wera mounted on dowels in full sun exposure cver a river
rock bed and sampled weekly for 7 weeks. At each sampling interval, 4 dis-
pensers were randomly collected and subjected to GC amalysis te determine
% of pheromone (codlemone,ie E,E-8,10-dodecadien~1l-0l) remaining in the en-
tire dispenser. In both studies, pheromone remaining was quantified inde-
pendently for the spring and summer release membranes, except for the final
sampling date in the spring test where the entire dispemser was GC'ed. The
graphs show the average 7 of codlemomne remaining in the dispemser at each
interval and the temperatures on a dally basis. ' ' ' .

Codlemone was ccnsistently released from the dual dispenser during the
time intervals studied. A total of 60% of the pheromone load was released
during the spring; all of the pheromone was released iam the late summer test.
All of these data will be incorporated as a heat unit based model is develap~-
ed to describe product release and longevity on both calendar days and
temperature bases.

CheckMate -CM Dual Release Dispenser
Spring Weather Conditions
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II. Pome Fruits
f. Implementation

Laura Brophy
Green Point Software
222 NE Plymouth Circle
Corvallis, OR 97330
(503) 752-6113

Development of CropScope™, a personal computer database
for orchard pest management

Background

Pest management today is information-intensive, requiring knowledge of pest and beneficial
species biology, pest pressure, weather patterns, pest control techniques, pesticide regulations,
and many other types of information. To locate and use pest-related data effectively, a good
recordkeeping system is essential. Personal computers are accessible, affordable recordkeeping
tools, but comprehensive recordkeeping software tailored to pest management has been
unavailable in the past.

Through consultation with orchard consultants, fieldmen, extension specialists, and growers,
Green Point Software has designed CropScope™ Pest Managemeni Software. CropScope™ is
an database package designed specifically for orchard pest managers. It keeps records of
scouting data, recommendations written, pesticide use and other pest control practices, pesticide
label information, weather and phenology models, and orchard culture.  Data entry and analysis
are quick and easy within CropScope™, and both user-designed and preformatted reports are
available. A Pest Control Recommendation form is one example of a preformatied report
produced by this software. CropScope™ runs on IBM-compatible personal computers using the
DOS operating system.

Technical design goals and features

A pest manageiment database should be easy to learn, flexible, highly powerful, and responsive to
user needs. The interface (what the user sees on the computer screen) should be intuitive and
convenient. Since the initial development of a software package is only "the tip of the iceberg’
in terms of overall program costs, current software engineering techniques should be used to
minimize the costs and time burden of program maintenance and upgrades.

Most agricultural software has fallen short of all these goais. Awkward interfaces have made
many packages difficult to learn. Tree-structured menus have required users to repcat
unnecessary steps to reach their goals, slowing down experienced users. Data entry screens often
support a very limited range of management techniques. Many software packages provide only a
small number of fixed report options and no integrated graphics; these programs can not
function as good analytical tools. Since software maintenance often comprises 90% of all
program costs, the use of outdated software engineering techniques has often resulted in difficult
maintenance and upgrades, resulting in software that becomes obsolete rapidly and is
unresponsive 1o user needs.

Current software engineering techniques incorporated into CropScope™ include a graphical user
interface with full "point-and-click” mouse support for easy learning and convenient use, highly
flexible custom report design, and object-oriented architecture that facilitates program
maintenance and improvement.

(continued)

71



Role of database software in pest management
Green Point Software’s consultation with pest managers and extensionists has defined several

goals for a pest management database package. Goals fall into the categories of data collection,
analysis, reporting, and overall program design.

In the area of data collection, the software should: -
1. Facilitate a wide range of pest monitoring and pest management techniques '
2. Encourage quantification and standardization of pest monitoring methods -
3. Keep orchard cultural records needed for pest control decision-making

In the area of analysis, the software should:
4. Allow easy analysis of pest management results from the field
5. Provide convenient summaries of trap catches and other pest monitoring data
6. Make it easy to use pest phenology models

Reporting functions within the program should:
7. Provide a quick way to write an accurate, complete pest control recommendation
8. Improve communications between consultants, growers, and extensionists
9. Prepare reports based on usér needs, not just a limited set of inflexible reports

These goals have guided the development of CropScope™. Specifically:

Versatile scouting data entry formats support a wide range of pest populaiion monitoring
methods, while encouraging quantification and standardization of observations.

Versatile data entry screens support a full range of pest management techniques; while some
specific details are provided, users may specify their own choices to supplement defaults
incorporated into the program.

Integrated phenology models use weather data entered into the program to calculate pest
development and flag important events specified by the user.

Preformatted reports provide quick start-up for new users, and meet common needs such as
output of pest control recommendation forms.

User-defined custom reports allow users of this database to extract and summarize information
according to their own specifications, providing flexible and powerful anaiysis of field data.
Custom reports also enhance communications between consultants, growers, and extensionists by
letting the user provide exactly the right information for each recipient. Custom report formats
are saved and can be easily repeated or modified.

Brophy / Green Point Software
WOPDMC 1992
Page 2
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II. Pore Fruits
f. Implerentation
1. From Integrated Pest Management to Integrated Productions
Changing Tree Fruit Production Practices in Northern Italy
and the Eurcpean Fconomic Community (EEC)

Helmut Riedl

Orecon State University -

Mid~Columbia Agricultural Research and
Extension Center

3005 Experiment Station Drive

Hood River, OR 97031-5512

The fruit-growing area in northern Italy known as South Tyrol with 41,000
acres of apples has been a leader in the implementation cf IPM programs.
An Advisory Service, comparable to our Extensicn Service, is responsible
for grower educaticn and program implementation. Z24visors work very
closely with individual growers cn all aspects of tree fruit producticn
including pest management., The majority of growers (about 4/3) are
members of the extension organization. In recent years guidelines were
developed for integrated production (IP) which attempt to reduce inputs of
cesticides, fungicides, herbicides and fertilizer to a minimum, The aim
is to ensure cansistent yields of high-quality fresh fruit with a
production system which in the long term is ecolcgically, envircnmentally
and eccnomically scund. Integrated production emphasizes use of resistant
rootstecks, matching varieties to appropriate sites, high density orcharc
systems with single rows, no use of synthetic growth regulators, reduced
herbicide use not to exceed 20% of orchard area, intensive ground cover
management to manage vigor and use of mulches in tree row., Pest and
diseasge control emphasizes use of resistant varieties, managing pests by
controlling vigor (vegetative growth), encouraging beneficials by
providing habitat in ground cover and hedgerows, alsc nesting sites for
birds; minimizing pesticide use with intensive monitoring and using only
selective pesticides. Tc minimize residue at harvest longer than legally
required day-to-harvest intervals must be cbserved. Fruit which is. grown
according to IP guidelines is identified in the market place with a
special label. Growers who produce fruit with IP guidelines must ke
certified ard are freguently inspected, IP programs exist now in several
REurcpean countries. In light of the expanding Eurcpean merket uniform IP
guidelines are being considered for the Eurcpean Econcmic Community.
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111 Stone Fruits
a. Blology
1. Cherry bark tortrix (CBT), cherry

M. W. Klaus and E. LaGasa
Washington State Department of Agriculture
2015 8. First Strast
Yakima, WA 98503

Cherry Bark Tortrix, Enarmonia formosana {(Scopolil}, a
tortricid new to the U.8. The first U.S. detection of E.
f-rmosana was reportsd by WSDA on March 29, 1991. The find
was a larval collecticn from an srnamental cherry tree at
Blaine, Whatcom County, Washington. Agriculture Canada
reportad E. formosana in 1390 from at lzast nins sites in
British Columkbia’s Fraser Valley.

E. formosana feeds on the bark and sapwood of a variety of
plants of the family Rosaceas inciuding Prunus ( cherry,
plum, pesach, apricot, nectarine and almond), Malus lappl=z),
Pyrus {(pear), Pvracantha {firethorn), Scorbus (mountain ash)
and Cvdania {(guincel. Infested hosts identified in
Washington to date (via larval collections) have been
mature cherry and apple treaes.

In 1991 WSDA and USDA, APHIS, PPQ cooperated in a CBT
phercmone survey of western Washington and portions of
eastern Washington. Traps were placed and monitored from May
13 to Sept. 11. The following table summarizes 1891
phercmone trap survey results: !

County % of Trap Sites % of Positive Sites

Eastern Washingtcn

Asotin 2 0
Benton 9 0
Chelan 16 it
Columbia 1 a
Douglas 14 )
Ferry 0 g
Franklin 3 0
Garfisld 1 0
Grant 19 0
Kittitas 19 4]
Klickitat 2 0
Okanogan 35 0
Spokane 92 0
Stevens - 24 0
Walla Walla 3 0
Yakima 48 0
Totals 308 0
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County & of Trap Sites £ of Positive Sites (%)

Westesrn Washington

S5an Juan & & (100
Whatcom 86 70 (81}
Skagit 53 17 (243
Island 12 3 (17
Snohomish . 124 443 (25)
King 70 15 {27
Pizrce 27 2 4]
Thurston 114 1 (<1
Lewisz 74 0
Cowlitz 17 0
Clark &0 D
Tctals 735 16¢

Hursery Stock Inspectiocons

An inspection of potential host plant material was conducted
in Whatcom County licensed nurseries during the first wesk of
Cetaober, 15%1. A total.of 11,197 host treses wers inzpact=d
and found to be frze of cherry bark tortrix. Inspecticon
emphasis was placed on, but not limited to grafts=d areas,
pruning scars and other damaged areas. Agriculturz Canada
has conducted similar nursery inspections and have found no
infestaticon of nursery stock.

Chservatians

In general, current CBT distribution encompasses the Puget
Sound region, with highest populations in Canadian border
counties. Population lsvels rapidly decrease in counties to
the south. The catch pattsrn clearly indicates natural spread
of the pest, with no cutlying catches eslsewhere in the state.

Adult moths were collectad in phercomone traps from the first
placament in May until traps were removsad in September. Peak
moth catch was in mid-2ugust.

Preliminary field observaticns of host trees have
corroborated the pheromone trap results. A high percentage
of cherry trees ars clearly infested with COBT. Many cherry
trees in Whatcom County are severely stressed and show
widespread dieback. It is not known what role CBT has in the
situvation. All infested trees observed tc date have been
mature ornamental and fruiting cherry and apple varieties.
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iv. Nuts
d. Chemical control
1 Codling Moth (CM), walnuts
2 Navel Orangeworm (NOW), walnuts

R. A. Van Steenwyk & C. F. Fouche
Department of Entomological Sciences
201 Wellman Hall
University of California
Berkeley, CA 94720
510-642-5565

Evaluation of RH 5992 for Control of Codling Moth (CM}) in Walnuts, 1991: Ashley
walnut trees were sprayed with a handgun operating at 300 psi in order to evaluate
season-long control of CM. Spray volume was 400 gal/acre (5.7 gal/tree). This
orchard had experienced damage in excess of 20% infested nuts the previous year.
Treatments on individual trees were replicated 4 times as follows:

Calendar Date Day Degrees &Timing Treatments
31 March 7 DD Biofix ---
2 May 1/2 " Nut Size-(268 DD) RH-5992 & Lorsbhan
18 June - Traps Indicate Second Flight Starts-(0 DD){1028)
21 June QOviposition-(35 DD} RH-5992
7 July 5-10% Hatch-(365 DD) Guthion
19 July 4-Week Follow up AH-5902
2 August 4-Week Follow up Guthion

Evaluation of the first application was made by inspecting all dropped nuts for
worms, on a weekly schedule, from May 28 through July 1. All materials performed
significantly better than did the untreated control. However, even the highest rate of
RH-5992 had a trend towards more dropped nuts than the Lorsban standard. There
was not a rate effect from the 0.125 rate to the 0.25 rate of the IGR.

Codling Moth-infested Dropped Nuts

Treatment __Lbs./Ac Mean* No. Dropped Nuis/Tree

Lorsban 2.0 i5.5a
RH-5992 0.5 29.3a
RH-5992 0.25 61.0b
RH-5892 0.125 585D
Untreated = «----- 93.8¢

* Means followed by the same letter were not significantly
different at the 5% level (DMRT)
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The second and third applications were evaluated at commaercial harvest on Sept.
20 from a 100 nut per tree sample. All materials had significantly fewer CM-infested
nuts at harvest than did the untreated control. The RH-5892 treatments had more

infested nuts than the grower standard program. The majority of NOW-infested nuts
wera the result from NOW damaging previously infested CM nuts.

For future testing, we feel that a program of 4 applications of the IGR atthe .125 rate |
could provide the additional coverage necessary for better control of CM in walnuts, &

using a minimum amount of materiais. This year, that additional application timing
would have come in the last part of May. :

infested Nuts at Commercial Harvest, Woodland Ca -1991
Rate Mean PercentNuts Infested With:
Treatment b (AiYagre  Codling Moth Nave| Orapgeworm Total Worm
Grower Standard®* 0.00a 0.25a 0.25a
RH-5392 0.5 5.00b 2.00h 7.00b
RH-5332 0.25 7.00b 2.75b 9.75b
RH-5392 0.125 5.50b - 3.25b 8.75b
Untreated  «-e--- 15.25¢ 10.75¢ 26.00c

" Means followed by the same letter were not significantly ditferent at the 5% level
(DMRT)

** Grower standard was 2.0 Ib (Al)/ac of Lorsban for the first appiication and 1.5 b
(Al)/ac of Guthion for the second and third applications.

Codling Moth Flight Activity and Insecticide
Application Timing, Woodland, CA. 1991

10

Appl. #5992
Appl. #5992
Appl. Guthion
Appl. #5992
Appl. Guthion

—af-— & Lorsban
gl
gl —
gl
g

Nomber Codiing Moths/Trap/Day

-
J
g

Mar, Apr. May, Jun, Jul, Aug.
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Section: Pome Fruits

a. Category: Biology
1. Pest= Lesser Appleworm; Host= Apple.

Dr. James W. Johnson & Mr. Gregorz Krawcyzk
Department of Entomology
243 Natural Sciences Bldg.
Michigan State University
East Lansing, MI 48824-1115
(517) 353-8736

Bionomics of the Lesser Appleworm, Grapholitha prunivora , in Michigan

Biology of Lesser Appleworm (LAW) in commercial apple systems was
investigated during 1991.

Studies of pheromone trap efficiency tested six different trap designs, including
Pherocon 1, Pherocon T, Muti-Pher, Gypsy moth, Mediterranean Fruit fly, and Deita
designs with commercial LAW pheromones. Our data show that the Pherocon II design
caught the highest number of male LAW.

Flight behavior of LAW and a related species, Oriental Fruit moth was monttored

with LAW pheromone traps during crepuscular and evening periods on a 30 min. interval.

There appears to be an interaction between temperature and light intensity, but in general
LAW male capture decreased when the temperatore dropped below 68 degrees F. and/or
when sunset occurred. Conversely, Oriental fruit moth captures in LAW traps increased
when sunset occurred and did not decrease until temperatures dropped below 58 degrees
E.

Over 3100 Fruit were harvested from a variety of unmanaged orchards during
1991, along with 100 cardboard bands to capture larvae, and a ground barrier to capture
larvae dropping form trees. An additional sample was sent to Dr. Hal Moffitt, USDA-
Yakima, for rearing. Of the 34 total LAW captured from all sampling dates, 24 adults
emerged from 2800 fruit from trees, 10 from drops, and none from the cardboard bands
or ground barriers. Other fruit contained larvae of Codling moth or Oriental fruit moth,
with many of the fruit with multiple infestations. Of larvae coliected from the fruit, we
determined developmental time as follows: Developmental time from larva to adult
ranged from 4-25 days; and from "harvest" to adult ranged from 20-41 days. None of
the adult emergence appeared to be synchronized enough to aliow for mating. Subsequent
attempts at establishment of a lab culture failed.

Based on historical trap catch information and data from 1991, there appears to continue
to be 2 generations of LAW in Michigan. However, our collections of over 3100 fruit,
and the lack of infestation of LAW, lead us to speculate that LAW is arising from wild
hosts, and flying to pheromone sources in commercial orchards. Our studies in 1992 will
investigate wild hosts as reservoirs of LAW, and attempt to determine further life history
traits.




I1II. Stone Fruits
d. Chemical control
1. San Jose Scale and peach twig borer dormant sprays

J. Dibble and S. Haire
U.C. Berkeley at Kearney Agricultural Center

R. Covielio
Fresno County Cooperative Extension

The following list reviews the average performance ratings (as percent
contrel) of essentially all of those materials used in dormant control of PTB
and SJS. The lists were put together and taken from a large volume of our
past data on a number of crops. Material amounts and GPA of spray are not
Tisted but would be for the most.part average recommended rates and from both
high and low volume sprays. It is interesting to note that some materials
applied alone are fairly to highly effective on both PTB and SJS. 0il
applied alone is only effective on SJS and mite eggs; the latter was not
included in these lists.

San Jose Scale, Dormant Spray Control

Average % contral
over several trials;

Chemical _ . {#) = number ¢f trials
Lorsban + oil ' 98.8 (2)
Supracide + oil -~ §8.3 (10}
Diazinon + o0il 87.4 (15)
Imidan + 0%l 96.9 {5)
sevin + oil ’ 96.3 (2)
Parathion + o0il 96.1 (35)
Dibrom + oil 53.7 {3)
Imidan 93.2 (4)
Parathion §3.0 (5)
Guthion 92.9 (1)
Supracide 90.3 (11)
0il 88.8 (7)
Diazinon 86.9 (5)
Ambush 80.6 (1)

Peach Twig Borer, Dormant Spray Control
Average % control

gver several trials;
Chemical {#) = number_ of trials

)

Supracide + o0il 97.1 {1
Lorsban + oil 96.7 (5
Parathion 96.5 (2
Diazinon + 0il 96.0 (15)
Bibrom 93.5 (I
Dibrom + o1l 91.9 (6
Parathion + oil 91.9 (1
Guthion + oil g1.8 (2
Ambush B9.2 (1
Supracide 88.7 {9
Diazinon 85.7 {2
Imidan + oil 84.4 (8
Sevin + 0i] . 58.0 (3
Guthion 40.7 (1
Imidan 34.2 (2
(1

1
)

)

5

)

)

)

)

)

)

)

)

}

)

)
01 0.0 (1)




iT. Pome Ewu1aﬁ
.  Implemsntati

ion
i. Sodling moi

h, &I

Td
T
fomt
i
Il
-l
[
T
il
4]
“

Oy-chard Fest ?zﬂ: sment Dervice
Sit= 4, Domp. 5. R rR 3
Koelowna, B.LD. WiY FR:E

for the past 15
im aﬁgié and ps
Okanagan Yallsy., B.C i
hoen used at a densi _ pud

gars in orchards over B ha., where trap de

Iy nsity wa
redured to 1 per Z ha. Traps weres installed during B
and serviced wsskly until near harvest. Sprays have besn
roaromnended when btrap captures average 2 oper trap for 2
consecutive wesks and weather conditions are favorable
Ffor larval developaent. By treating when reconmensdsd,
orohardists have besn able to achisve good conbrol,
gensrally lesss than 1% damags, with O to 4 applications

¥ oraanophospghates at low to soderate rates.
Average asasonal capturss per trap per day were computed
fo thie 22 orchards having 10 or mors yeasrs of recorded
trap capturses during the 1977-1F%1 pericd.  Trap capiures
were adiuvstsd for trap density before computation.  In
sach wear average moth capturss per frap per day waErs
less than 1 for nearlivy all orchards.

In the region where Hareld Madsen and collsaguss

developed their system for codling soth tre=atment based

on rritical gatch levels, this syst = continued to
h

=] 2
worl well without lesding to high moth populations.



IIT. Stone Fruits
f. Implementation

1. San Jose Scale, peach twig borer, European red mite, brown
almond mite, grape mealybug and pear psylla as controlled on
almonds, apples, peaches, pears, plums or prunes.

J. Dibble and S. Haire
U.C. Berkeley at Kearney Agricultural Center

Data show an evaluation of comparative high vs. Tow volume dormant spray
treatments and is efficacy data from tests run over the past years. This
list simply shows the overall average percent control of various pests
obtained in dormant applied concentrate sprays as compared to the dilute
spray in the same test. In some cases, low volume sprays were better, worse
or equal to high volume. Not listed is whether the same or a lesser amount
of chemical was used per acre in the low volume application. In summary, if
all of the percentile differences (+/-) of the major pests are summed, it
shows that tow volume (concentrate) sprays are an average of -0.1% worse than
dilute on SJS, +3.2% on PTB and -1.3% on ERM. Only the poor control of
mealybug and SJS on pears is out of Tine from the usual comparative Tow and
high volume sprays.

Almonds, apples, peaches, pears, plums and prunes
(no. in circle = no. of paired tests evaluated)

535 -1.2(15)  +1.2(4)  +0.4(18) _— +2.5(22)  -3.6(44)

PTB +2.0(4) .- +1.7(16) -- +1.3(3)  +7.8(12)
ERM +4.7(3)  +1.8(10) -- -12.3(12)  -0.5(2) 0.0(17)
Mealybug -- -- - -13.0(12) - --
Psylla -- .- .- +3.7(12) .- .-
BAM -- -- - -- -- +6.4(17)




V. Nuts

d. Chemical control
1. Dormant peach twig borer counted in almonds

J. Dibble and S. Haire
U.C. Berkeley at Kearney Agricultural Center

Evaluation of the seldom used material Dibrom for dormant spray was made at
high and Tow volume and at two rates. Performance was very comparabie to
diazinon, Lorsban or Supracide. A1l treatments were made with the addition
of 0i1 except Supracide. 1991 was the last season that parathion was aliowed
for dormant use in California deciduous tree fruits.

Almonds,
Dormant Peach Twig Borer Control, Anarsia lineatella

Larva
strikes/3 trees Trimt.
Treatment Form. Rate/acre GPA R1 RZ R3 R4 Total Mean/tree

Dibrom 8E 3 pts. 40 12 16 12 13 53 4.4 b
+ oil Volck 5 gal.

Dibrom 8E 3 pts 400 14 18 17 12 61 51b
+ 0il Voick 6 gals.

Dibrom 8t 4 pis. 40 5 8 11 10 34 2.8 b
+ o0il Voelck 4 gals. _

Dibrom 8t 4 pts. 400 11 9 13 13 46 3.8b
+ 0il Volck 6 gals.

Diazinon  50W 4 Tbs. % 7 6 8 9 30 2.3 b
+ 0i] Volck 4 gals.

Supracide 2E 1 gal. 40 6 5 6 8 25 2.1 b
lLorsban 4t 2 qts. 40 11 7 12 8 38 3.2 b
+ o0il Volck 4 gals.

Check -- -- -~ Bl 40 37 43 171 14.3a

Applications made January 22, 1991 with FMC 3 pt PTO air carrier sprayer.
Neplus variety. Fresno County.

Counted total strikes per 3 trees/rep. April Z24. 5 tree reps and 4
reps/treatment

Means followed by same letter are not significantly different (P = 0.05)
DMRT.



IV. Nuts
f. Implementation
1. Spray coverage analysis by video computer in walnuts

J. Dibble and S. Haire
U.C. Berkeley at Kearney Agricultural Center

S. Sibbett
Tulare County Cooperative Extension

Studies made in 1988-90 regarding effective pest management for codling moth
and navel orangeworm monitoring and control in walnuts revealed that spray
coverage was probably inadequate. The degree of coverage and pest
suppression above 20 feet in trees was not as satisfactory as generally
thought and above 30 feet it was poor to completely void.

Spray coverage tests in 1989-90 using various ground sprayers in 50 foot tall
walnuts were evaluated using water soluble food color dyes and fixed copper.
The dye results for coverage was gathered at 2 fooit intervals starting at 4
feet from the ground using 3"x5" luster cote paper targets. Copper residues
were also obtained at 2 foot intervals (5/-50") and recovered from leaves in
1989 and from filter paper in 1990, but is not a part of this paper.

Readings on dye cards were made in the past, by placing a plastic template
over each card. This template has 100, 1/16" holes drilled uniformly across
its surfacé. Using a binocular microscope each hole was given a 1% value as
to whether or not dye showed within its visual area. Thus, a percentage
figure value for coverage could be given to each spray card. This technique
(though area accurate) was obviously slow and tedious. The evaluations for
1990-91 needed to be upgraded from a time standpoint yet not suffer for
accuracy. A monochrome AgVision system was, therefore, obtained in order to
attempt to speed up the spray coverdge study. By coupling an IBM-AT
compatible computer having microfloppy and hard disc drives, a math
coprocessory high-resolution monochrome monitor and logitech bus mouse with
a video camera, monitor and digitizer board - an object count of spray
droplets could be obtained from the target cards. Via the AgImage Plus
software and various translations from the old system of spray coverage
evaluations, this technique provides the operator a considerably less tedious
job.

This digital image analysis system as used presently requires five video
readings from each target card in order to fairly obtain an average object
count. By relating the object count to that percent coverage as obtained by
the old visual-binocular microscope technique, and repeating this with many
cards, the parameters of this relationship were determined. Simply
translated with a comfortable degree of accuracy, a certain number of objects
means a certain percent coverage. :




