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MEETING NOTICE 

64th ANNUAL WESTERN ORCHARD PEST & DISEASE MANAGEMENT 

CONFERENCE 

January 10-12, 1990 

Imperial Hotel, 400 SW Broadway at Stark, Portland, OR 97205 

PH: (503)228-7221 

Meetings begin at 1:00 p.m., Wednesday, January 10. 
coordination meetings by special interest groups by 
or after the WOPDMC schedule. 

Wednesday. 10 January 1990 

1:00 p.m. 
1:20 p.m. 
4:00 p.m. 

1:20 p.m. 
3:30 p.m. 
5:00 p.m. 

Opening Business Meeting 
Nuts 
Pome Fruits 

Thursday, 11 January 1990 

8:30 a.m. - 12:00 noon 
1:30 p.m. 3:30 p.m. 
3:30 p.m. 5:00 p.m. 
8:30 a.m. 5:00 p.m. 

Friday. 12 January 1990 

8:30 a.m. 
11:00 a.m. 

- 11:00 a.m. 
12:00 noon 

Pome Fruits 
Pome Fruits 
Stone Fruits 
Tree Fruit Diseases 

Stone Fruits 
Closing Business Meeting 

Research planning and 
arrangement either before 

Presentation: Please paraphrase your research and provide time for informal 
discussion of your data. Exclude common knowledge life history data from your 
discussion. If necessary include these data in the written research report. 

Research Report: Send original copy by December 15 to: 

Glenn Fisher 
Extension Entomologist 
Oregon State University 
2055 Gordley Hall 
Corvallis OR 97331-2907 
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AND DISEASE MANAGEMENT CONFERENCE 

January 10, 11, & 12, 1990 
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Crown and root rot; apple .. . 
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SECTION I 

DECIDUOUS ORCHARD DISEASES 

*************** 

Jay Pscheidt 
Section Leader 
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Thresholds, monitoring & sampling: Implementation 
Soil Pathogens, Apples 

Apple Replant: Five Years Experience in the Okanagan 

w. J. McPhee . 
Okanagan Similkameen Cooperative 
Box 99, Oliver B.C. Canada, VOHlTO 

& 

J. T. Slykhuis 
Apple Replant Testing Service 
13404 Bristow Rd. Sununerland B.C. VOH lZO 

Because 0£ the space limitations in the Okanagan valley of British Columbia, 
replantin-, olC: orchard soils is essential, and, with the pressures on the 
apple industry to change the variety mix in an effort to remain viable, _the 
amount of replanting into old apple-soils is increasing rapidly. 

During the ear~y part of the 1980 's, difficulty in establishing·new· apple­
blocks WEre constantly reported by Okanagan grovers and research was begun 
on the pn,blem by Dr. J. T. Slykhuis at the Agriculture Canada Research 
station in sununerland B.C.. As the topic of replant became an issue the 
causes of replant and the solutions to the replant problem became more and 
more confusing to the growers. until about 1985, it was very frustrating to 
those of us in extension to make- recommendations to our growers because of 
the often ~onflicting information coming from the various experts in the 
field; however, since 1985 we at the Okanagan Similkameen Cooperative have 
been utilizing the "Slykhuis Bio-Assay" for assessing soil requirements 
prior to replanting with consistent success. 

There appear to be three major areas of concern when planning to replant: 1. 
the chemistry of the soil 2. the biosphere within the replant volume and 3. 
post-plant management. Each of these problems must be dealt with 
independently. 

This report will attempt to summarize our experiences with the bio--assay 
in-::luding; ir.te:::pr.etir..g the res~lts, mc.-Ji:fication c:E the sci1 pric:-..:- to 
replanting, and utilizing the normal, chemical soil analysis in conjunction 
with the bio-assay . 
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Deciduous Orchard Diseases 
Biological Control 

Erwinia amylovora on Pear 

Sherman V. Thomson 
Department of Biology 
Utah State University 

Logan, UT 84322-5305 

BIOLOGICAL CONTROL OF FIRE BLIGHT WITH ANTAGONISTIC BACTERIA. 
Epi phyti c bacteria isolated from the leaves and fruit of pears and 
apples were evaluated for evidence of in-vitro antagonism on growth 
media and a green pear fruit bioassay. Seven candidates with evidence 
of antagonism in both assays were tested for control of blossom blight 
of pear in a Bartlett pear orchard in Perry, Utah. Ten Individua7 clusters of fully opened flowers were sprayed with a I X 10 
concentration of each antagonist with a hand-held pressurized sprayer. 
Clusters of flowers previously sprayed with the antagonists and ten 
non-protected clusters on each tree lere inoculated with Erwin i a 
amylovora at a concentration of 1 X 10 with the same type of sprayer 

·24 hours later. Twenty five flowers from clusters sprayed only with .L. 
amylovora were washed in 12.5 ml sterile distilled water and 0.1 ml of 
the resulta~ wash water spread on CCT media. This estimate indicated 
that 5 X 10 f. amylovora were present per flower immediately after 
inoculation. 

Symptoms of fire blight were evident in inoculated flowers within 12 
days and counts of infected clusters were made 30 days after 
inoculation. The best control was obtained with isolate 175 with 63% 
reduction of disease whereas L. Herbicola isolate 112y, the standard 
biological control candidate, reduced infections by only 12%. 

Isolate 

175 
6 
123 
74 
67 
112y 
Il4 

Biological Control of Fire Blight of Pear 
Number of infected clustersa Percent disease 
check antagonist 

8 3 
10 4 
7 5 
9 6 
8 6 
9 8 
5 8 

62.5 
60 
28.6 
33.3 
30 
11.2 

0 

a number of infected clusters per 10 inoculated clusters. 
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I. Deciduous Orchard Diseases 
Biological and chemical control 
l. Crown and root rot; Apple 

Raj Utkhede and Emmerson Smith 
Agriculture Canada 

Research Station 
Summerland, B.C. VOH lZO 

This field trial was conducted at the Creston substation of Agriculture 
Canada in British Columbia. The 21 isolates of Bacillus subtilis and 
isolate BB of Enterobacter aerogenes were tested along with chemical 
fungicide Ridomil and monoammonium phosphate (11:55:0) for control of apple 
crown and root rot caused by Phytophthora cactorum. One-year-old trees of 
MM106 rootstock were planted on May 4, 1983 and were budded with MacSpur in 
August of 1983. Tree spacing was 4 x 0.5 m. Treatments were arranged in a 
5 x 5 triple lattice design with· 3 replications. Each tree in each 
treatment was drenched around the base and on the trunk with 2 L of water 
containing appropriate material. Each plot consisted of seven trees. The 
first application of chemical and biological material was made at the time 
of planting and the second one in the fall of 1983. The treatments were 
then applied biannually in subsequent years in early May and mid-October. 
Each tree was inoculated in June with approximately 23,000 sporangia/tree 
each year. The percentage of trees infected by _!r. cactorum in each 
treatment was determined on September 18, 1989 . 

The BACTX and ABB isolates of _!. subtilis, BB isolate of s;. aerogenes, 
monoammonium phosphate and metalaxyl significantly reduced the disease 
compared with control. Metalaxyl completely prevented the development of 
crown rot symptoms on MM106 apple rootstock. 

Treatment• Rate** Infection 
(.ai/trH) (%) 

Metalaxyl 0.5 I 0.0 • 
BACTX 1,4 X 1olO CFU 7.5 ab 
AB8 0.2 x 1010 CFU 13.7 abc 

B8t 1.0 x 1ol0 CFU 18.4 •-d 
MAP u,s5,o ! NPK 18.2 a-d 
AB9 1.3 X 10 0 CFU 21.6 ·-· BACT2 0.6 X 10lO CFU 23.8 •-· 
NZBl 0.5 X 1010 cru 25.6 •-• 
BACTl 0,8 X 1010 cru 28.4 •-• 
El!V6 l.2x 1olO CFU 28.9 •-· 
AB 3 1.1 X 10l0 CFU 30.0 •-• 
El!Vl 0.6 X 1olO CFU 31.8 ·-· AB6 1.4x 1olO CFU 32.3 •-• 
El!V2 1.0 X 101° cru 32.8 b-e 
BACT9 l.Ox 1010 cru 34.0 b-e 
HB2 0.6 X 10lO CFU 34.0 b-e 
AB7 0, l X 1010 cru 34.5 b-e 
El!V3 0,3 X 1010 cru 35.2 b-e 
BACTK 0.6 X tolO CFU 37.4 b-e 
AB! l.lx tolO CFU 40.3 cde 
BACTB 1.4 X 1010 cru 43.6 cde 
EBW4 0,4 X 1010 cru 46,4 cde 
BACTO 0.4 X 1olO CFU 49.J de 
BACT4 0.2 X 1olO CFU 49.2 de 
Control 51.S • 

*MAP• Honoammonium phosphate (11:55:0 NPK) 
kif CFU • Colony forming units 

t BB• Strain of Enterobacter aerogenes 
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I. Deciduous Orchard Diseases 
d. Biological and chemical control 

1. Orchard replant problem; apple 

Raj Utkhede and Emmerson Smith 
Agriculture Canada 
Research Station 

Summerland, B.C. VOH lZO 

The test was conducted at the Creston substation of Agriculture Canada in 
British Columbia. Twenty-one-year-old cherry trees with their roots were 
removed from the sites in the fall of 1988 and the ground was cultivated 
twice. Plots were replicated 3 times, 8 trees per plot, in a 4 x 4 triple 
lattice design with three replications. The fumigant (Metam sodium) was 
applied as a broadcast and watered in on April 18, 1989. One-year-old 
grafted trees (.Jonagold on M26) were planted on May 18, 1989. The peat, 
fertilizer and mancozeb treatments were thoroughly mixed with the soil just 
before planting trees. The biological treatment with EBW4 was prepared in 
2L of water and· roots of trees were dipped in this suspension before 
planting. The rest of the bacterial suspension was poured around the tree 
while planting. Tree spacing was 4 m between rows and l m between trees. 
Initial trunk diameter was measured 10 cm above the graft union on .July 5, 
1989. Total current season shoot growth and trunk diameter was measured on 

• 

September 18, 1989. Increase in trunk diameter was calculated by • 
subtracting the value for .July 5 from the September 18, 1989 value. 

The application of Bacillus subtilis (strain EBW4) alone was effective in 
promoting apple tree growth on cherry replant soil. This bacterium has 
also shown significant increase in tree growth when applied in combination 
with Metam sodium, peat and NI'K fertilizer treatments. The application of 
Metam sodium, NI'K fertilizer, peat or mancozeb alone did not significantly 
increase trunk diameter or shoot growth of apple trees. 

Annual lncr•esed 
shoot trunk 
growth d1 a ■eter 

Tr11t■ents Alta ( c ■) ( ■a) 

Meta■ sod1u■ &80 kg/ha 55,9 be• 2.5 be 
NP< 12!60:15 g MPK/s1te '5.2 C 1.9 C 
Peat 10 L/stte 81.9 abc 3.0 ab< 
Mancozeb 30 g/s1t ■ 52.8 c: 3. 0 abc 
EBW4 1.0 x 1010 CFU colony for■ 1ng units (CFU)/s1te 104.3 a 3 .• ab 
Meta■ sod1 u■ + NP< 680 kg/ha+ 12:60:15 3 NPK/s1te 46.2 C 2 .• be 
Meta■ sod1 u■ + ESW4 680 kg/ha+ 1.0 x 101 CFU/s1te 97.7 a 3.6 ab 
Peat + NPK 10 L/s1te + 12:60:15 3 NPK/s1te '7.7 C: ' .. be 
Peat + EBW4 10 L/s1te + 1.0 + 101 CFU/s1te 106. 7 • •. 3 I 
Mancoub + NPIC 30 g + 12:60:15 g NPK/stte 82.8 abc 3.3 abc 
Mancoub + peat 30 g ~ 10 L/sth 77. 6 abc 2.9 abc 
EBW4 + NPK 1.0 x 1010 CFU + 12:60:15 g NPK/stte 91.0 ab 3.7 ab 
Meta■ sodtu■ + EBW4 + NPK 680 kg/ha+ 1.0 x 101° + 12:60:15 g NPK/stte 95.0 • •. 3 • 
Peat ♦ EBW4 + NPK 10 L + 1.0 x 1010 CFU + 12:60:15 g NPK/stte 92.7 abc 2.s be 
Mancozeb + peat ♦ NPK 30 g ♦ 10 L + 12:60:15 g NPK/stte 71.5 abc 4.2 • Control 49.7 C 1.9 C 

• Values followed by the sa■e letter are not stgntftcantly dtfferent (P. 0.05) DMRT 
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I . Deciduous Tree Fruit Diseases 
Chemical Control 

Eastern Filbert Blight (Anisogramma anomola) on 
HAZELNUT (Corylus avellana) 

K.B. Johnson, J.Stone, K.Theiling, and J. Pscheidt 
Department of Botany and Plant Pathology 

Oregon State University 
Corvallis, OR 97331-2902 

EFFECTS OF FUNGICIDES ON ANJSOGRAMMA ANOMOLA IN VITRO, 1989: The fungicides were suspended in 
distilled water, filter sterilized (except"""Kociile 10lan<ftuS04, which were autoclaved), and added to 
a filter sterilized nutrient medium (J. Stone, unpublished). This solution was added to an equal 
volume of autoclaved 3% water agar that had been cooled to 55-60 C. Concentrations of fungicides in 
media ranged from 0.005 to 10 ug a.i./ml. Three petri plates of each fungicide concentration were 
prepared. Ascospores of A. anomola were obtained by dissecting perithecia from mature stromata 
associated. with 6 mo old cinke~eastern filbert blight. The perithecia were crushed 5in sterile 
distilled water and the resulting ascospore suspension was diluted to a concentration of 10 spores/ml 
with sterile water that contained 10 ug/ml rifampicin. The plates were inoculated with five 20 ul 
drops of the ascospore suspension. each in a separate location on the mediwn surface. After 1 wk dark 
incubation at 20 C, inoculated plates were flooded with a solution of 2% formaldehyde to arrest growth 
and stored at 4 C until examined.. Three experiments were conducted over the intervals 6-14 June, 13-
20 July, and 15-22 September. One hundred to 200 spores were examined per plate. Variables measured 
were the percentage of spores with genn tubes and genn tube length. Data were analyzed separately for 
each experiment by analysis of variance. 

This in vitro method allows us to evaluate potentially useful fungicides relatively quickly compared 
to field'Trials that require two years to complete. A. anomola grows very slowly in culture: colonies 
that develop from ascospores require 1-2 mo to deve1opt'oamacroscopic size. The fungus does not 
sporulate in culture. and on control plates. percent ascospore gennination is low due to a tendency 
for spores to begin gennination over a period of several weeks. Of the sterol-biosynthesis inhibiting 
fungicides tested. Nustar was most effective in reducing genn tube elongation followed by Folicur, 
Rub,gan, and Rally. Bravo 720 completely inhibited growth of A. anomola at concentrations at or above 
0.10 ug/ml. Kocide 101, one of the fixed copper products currently registered for use on hazelnuts, 
slightly reduced spore gennination at all concentrations but was ineffective at reducing genn tube 
arowth at concentrations below 10 ug/ml. CuS04 was similar in fungicidal activity to Kocide 101. In 
Tow concentrations, Benlate and Bayleton may tiave stimulated hyphal growth. 

Experiment 1 

Treatment 

Nontreated 

Nustar 20DF 
Nustar 20DF 
Nustar 20DF 
Nustar 20DF 

Rally 40WP 
Rally 40WP 
Rally 40WP 
Rally 40WP 

Ben 1 ate 50DF 
Benlate 50DF 
Benlate 50DF 
Benlate 50DF 

Bay 1 eton 50WP 
Bayleton SOWP 
Bay l eton SOWP 
Bay l eton 50WP 

Concentration 
(ug a.i./ml) 

10.00 
1.00 
0.10 
0.01 

10.00 
1.00 
0.10 
0.01 

10.00 
1.00 
0.10 
0.01 

10.00 
1.00 
0.10 
0.01 

Spores With 
Germ Tubes (%)* 

8.4 a *** 
2.2 f 
2.8 ef 
4.4 cde 
7.2 ab 

t~ defg 
5.4 bed 
5.8 abc 

1.7 f 
5,1 bed 
5.0 bed 
5.7 abc 

0.4 g 
4.1 cde 
4.5 cde 
6.7 abc 

Germ Tube Len2th 
(microns)* 

169.6 a *** 

6.6 
9.7 

12.2 
15.3 

9.3 
20.7 
59.3 

8.5 
229. 7- a 
321.9 a 
263.2 a 

b 

ef 
cde 
cde 
cd 

g 
cde 
C 

de 

3.5 
63.3 b 

166.1 a 
231.B a 

f 

*Analysis of variance based on square root (x + 0.5). Values presented are back-transfonned means. 
**Analysis of variance based on log fx + 1). Values presented are back-transfonned means. 

***Treatment means within a column fa lowed by the same letter do not significantly differ according 
to Duncan's Multiple Range Test (f • 0.05) • 
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Experiment 2 

· Trea-nt Concentration 
(ug a.i./ml) 

Nontreated •••••••••••••••••••••••••••• 

Nustar 20DF •••••••••••••••••••• 10.00 
i 
Nustar 20DF •••••••••••••••••••• !.00 
Nustar 20DF •••••••••••••••••••• 0.10 
Nustar 200F •••••••••••••••••••• 0.01 

Folicur l.2EC •••••••••••••••••• 
Folicur !.2EC •••••••••••••••••• 
Folicur !.2EC •••••••••••••••••• 
Folicur !.2EC •••••••••••••••••• 

10.00 
1.00 
0.10 
0.01 

Rubigan !EC ••••••••••••••••••••• 10.00 
Rubigan !EC ••••••••••••••••••••• 1.00 
Rubigan !EC ••••••••••••••••••••• 0.01 

Rally 40WP •••........•..••.•••.• 10.00 
Rally 40WP • • • • • • • • • • • • • • • • • • • • • • 1.00 
Rally 40WP................... ••• • 0.10 
Rally 40WP ••••••••••••••••••••••• 0.01 

Benlate SODF •••••••••••••••••••• 10.00 
Benlate SODF •••••••••••••••••••• 1.00 
Benlate SODF •••••••••••••••••••• 0.10 
Benlate SODF •••••••••••••••••••• 0.01 

Bayleton SO WP •••••••••••••••••• 10.00 
Bayleton 50 WP •.••••.••••••••••• 1.00 
Bayleton SO WP ••.••••••••••••••• 0.10 
Bayleton SO WP •••••••••••••••••• 0.01 

Experiment 3 

Treatment Concentration 
(ug a.i./ml) 

Nontreated ••••••••••••••••••••••••••• 

Nustar 20DF ••••••••••••••••••• 1.00 
Nustar 20DF ••••••••••••••••••• 0.10 
Nustar 20DF ••••••••••••••••••• 0.01 
Nustar 20DF ••••••••••••••••••• 0.005 

Folicur !.2EC 
Fol icur !.2EC 
Folicur l.2EC 
Folicur 1.2EC 

1.00 
0.10 
0.01 
0.005 

Rubigan !EC ••••••••••••••••••• 1.00 
Rubigan !EC ••••••••••••••••••• 0.10 
Rubigan !EC ••••••••••••••••••• 0.01 
Rubigan !EC ••••••••••••••••••• 0.005 

Rally 40WP •••••••••••••••••••• 1.00 
Rally 40WP .•••••••••••.••••••• 0.10 
Rally 40WP .•.•••••••••••••...• 0.01 
Rally 40WP .••••••••.••••••...• 0.005 

Bravo 720 ••••••••••••••••••••• 10.00 
Bravo 720 ····•·••••••·•·····•· 1.00 Bravo 720 ••••••••••••••••••••• 0.10 
Bravo 720 ••••••••••••••••••••• 0.01 

Kocide 101 
Kocide 101 
Kocide 101 
Kocide 101 

10.00 
1.00 
0.10 
0.01 

CuS04 • • • • • • • • • • • • • • • • • • • • • • • • • 10. 00 
CuS04 • • • • • • • • • • • • • • • • • • • • •• • • • 1.00 
CuS04 ••••• •••••••••••••• ••• • •• 0.10 
Cu504 • • • • • • • • • • • • • • • • • • • • • • • • • 0.01 

Spores With 
Germ Tubes {%)* 

14.4 ab*** 

0.0 

1.5 h 
4.2 fg 
5.7 ef 

1.6 h 
4.3 deig 6.5 

15.8 ab 

2.4 gh 
4.1 fg 

11.6 be 

2.1 gh 
1.5 h 
7.7 d 
9.2 cd 

1.1 h 
9.3 cd 

12.5 abc 
16.1 ab 

3.8 
16.7 a 

fg 

13.1 abc 
14. 7 ab 

Spores With 
Germ Tubes {%)* 

lOol a *"'* 
0.1 j 
0.3 ghiJ 1.9 
2.1 fghi 

0.9 ij 
1.7 hi 
4.0 def 
4.3 de 

0.0 j 
0.2 J 
6.1 bcde 
4.1 def 

o.o j 
3.6 efgh 
4.7 cde 
6.3 bcde 

0.0 j o.o • o.o J 
9.0 ab 

1.8 hi 
5.9 cde 
3.7 efg 
6.5 bed 

1.2 ij 
6.1 bcde 
6.8 bed 
7 .3 abc 

Germ Tube Len~th 
(microns)• 

167. 7 abc *** 

o.o 
4.2 h 

10.9 fgh 
9.4 fgh 

9;9 fgh 
12.8 

igh 9.9 
74.7 cd 

6.1 gh 
7 .9 gh 

82.2 be 

22.7 ef 
11.4 fgh 
33.8 de 

159.0 abc 

5.9 gh 
32.1 de 

203.2 ab 
193.5 ab 

9.0 
127 .2 abc 

fgh 

238.9 a 
224.9 a 

Germ Tube Len~th 
(microns)* 

100.6 a *** 
0.9 e 
!.3 e 
7 .6 d 

34.3 be 

6.9 d 
8.5 d 

35.7 be 
78.8 ab 

0.0 e 
0.9 e 

63.9 ab 
77.9 ab 

o.o e 
49.2 ab 

126.6 a 
91. 7 ab 

0.0 e 
0.0 e 
o.o e 

64.6 ab 

15.4 cd 
102.0 a 
134.5 a 
105. 7 a 

13.0 d 
85.7 ab 

129.6 a 
109.7 a 

*Analys1s of variance based on square root (x + 0.5). Values presented are back-transformed means . 
**Analysis of variance based on log (x + !). Values presented are back-transformed means. 

***for each ex,P!!:riment, treatment means within a colunm followed by the same letter do not 
significantly differ according to Duncan's Multiple Range Test {f • 0.05). 
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I. Deciduous Orchard Diseases 
d. Chemical control 

1. Eastern Filbert Blight (Anisogranma ~) on Hazelnut (Corylus avellana) 

J. W. Pscheidt, K. B. Johnson and R. Cameron 
Dept. of Botany and Plant Pathology 

Oregon State University 
Corvallis, OR 97331-2903 

CCMPARISON OF FUNGICIDES FOR CONTROL OF EASTERN FILBERT BLIGHT, 1989: The susceptible cultivars Ennis 
(2 yr) and Butler (3 yr) were interplanted during November 1987 within a heavily infected 48 yr 'Barcelona' 
orchard located near Gresham, OR. The experimental design was a randomized split block with 8 
replications. Whole plots were cultivar (13 trees/rep) and subplots were the fungicide treatments (on 
single trees). Fungicides ware applied with a CO2 backpack plot sprayer equipped with a hand wand. Rates 
were based on amount of product/100 gal while actual spray solution volume used was 1 qt/10 trees. 
Treatments were applied on 21 January, 19 February and 17 March 1988 during tree dormancy. The Kocide and 
Rordox applications in March included 10 ml spray oil/gal spray solution. During the sun:mar of 1988, trees 
wera_ pruned lightly ta remove dead and undeairable limbs. 

After infection in late winter or early spring, this disease has a 12-15 month latent period before 
symptoms are expressed. Symptoms were first observed in April and May 1989 as small bumps along the twigs 
and branches. Stroma began to erupt during May and June and turned black during July. The number of 
cankers per tree was obtained on 1 August while the number of stroma were obtained throughout the month 
of August. All trees were infect.ad regardless of treatment or cultivar. Only the Bravo 500 treatment was 
effective ·at significantly reducing the number of cankers and stroma per tree. All other compounds 
including those containing copper ware ineffective as protectants during the dormant season. Recent data 
from inoculation studies CJ. Stone, unpublished) show that the infection court is newly emerging shoots. 
We speculate that the Bravo 500 treatment provided protection to young developing shoots due to its 
application close ta bud break and its ability to redistribute. The other compounds tested may be more 
affective when applied at different times during the growing season. 

Cankers Total 
Treatment Rate/ Time of Cankers per Strama 

Name 100 gal Application per Tree* Branch* per Tree* 
(1988) (Aug 89) (Aug 89) {Aug 89) 

Untreated . . . . . . . . . . . . . . . . . . Rone 16.9 be - 5.8 be 140. 7 bcde 
Bordeaux (12-12-100) Jan only 17.0 be 6.0 be 153 .1 de 

Copper Sulfate+ ........ 12 lb 
Hydrated Lime ........... 12 lb 

Kocida 101 ................. 6 lb Jan only 12.5 b 4.9 b 103. 8 be 
Kocide 101 . . -. . . . . . . . . . . . . . 12 lb Jan only 18.5 e 7.4 e 143 .0 ede 
Rordox ....... ·············· 10 lb Jan only 15.4 be 5.0 b 97.7 b 

Kocide 101 ................. 6 lb Jan and March 13.0 b 4.3 b 100.2 bed 
Nordox ........... ·········· 5 lb Jan and March 14.0 be 4.9 b 118.5 bcde 
Bayleton 50 WP ............. 8 oz Feb and March 15.4 be 5.3 b 108.3 be 
Baycor 50 WP ............... 8 oz Feb and March 16.8 be 6.1 be 145.0 cde 
Bravo 500 .................. 8 pt Feb and March 6.1 a 2.1 a 41.2 a 
Folicure (HWG-1608) ........ 4 oz Feb and March 19.2 e 6.7 e 164.9 e 
Rustar 20 DF . . . . . . . . . . . . . . . 5 oz Feb and March 18.7 e 6.1 be 129.6 be 
Rubigan EC . . . . . . . . . . . . . . . . . 1 pt Feb and March 16.4 be 6.0 be 128.9 bcde 

LSD ..•.••.•..•••.•..•••.••. 5.2 1.8 45.0 

*Treatment means followed by the sama letter are not significantly different a~ the 5% level (P s 0.05) 
using Fisher's protected LSD procedure. 

Acknowledgements: We wish to thank the many people-and organizations involved with this complex trial: 
The Filbert Conmission, Craig Riggert, Tim Larson, Bob Peterson, Steve Cluskey, Mrs. Zinmerman and Dave 
Anderson . 
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I. Deciduous orchard Diseases 
a. Chemical control 

1. Powdery mildew; apple 

Wayne S. Belles 
Sandoz Crop Protection 
1240 Joyce Road 
Moscow, ID 83843 

FUNGICIDE SPRAY SCHEDULE COMPARISONS FOR POWDERY MILDEW 
CONTROL ON ROME APPLES, 1988. 

Fungicide treatments were applied to eight year old 
Romes in an orchard near Buena, Washington. Applications 
were made on two schedules, one with two-week intervals 
between sprays and the second with sprays at pink and petal 
fall followed by applications at three-week intervals. Both 
schedules were begun on May 2, (pink); final cover spray 
applications were made June 13. Five applications were 
applied with the two-week schedule and four applications with 
the growth stage, three-week schedule. 

Treatments were applied to single tree plots replicated 
four times in a randomized complete block design. Sprays 
were applied to run-off with a CO2 backpack sprayer. Powdery 
mildew evaluations were made by evaluating ten expanded 
terminal leaves on five branches per tree. The number of 
infected leaves and the decimal equivalent of percentage of 
leaf surface infected were multiplied to give the values 
reported. At harvest, length, diameter and weight of 20 
randomly selected apples per tree were determined. 

RESULTS 
Powdery mildew control in July, four weeks after the 

final applications, was 90% or better with all treatments 
except SAN 619F at 5.0 g ai/100 gallons applied four times 
(table 1). There were no significant differences among 
treatments within a spray schedule at either evaluation. 
Between schedules, four applications of SAN 619F provided 
significantly less control than the two higher rates of SAN 
619F applied five times. By August 18, the two-week, five 
application schedule generally provided better powdery mildew 
control than the crop stage-three week, four application 
schedule, showing longer residual control with the shorter 
spray interval and additional application. 

Rome apple lengths, width and weights from treated plots 
were not significantly different than those from untreated 
control plots (table 2). There were no noticeable PGR or 
phytotoxicity symptoms from any treatment • 
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Table 1. Powdery 

Treatment 

1. Control 

2. SAN 619F 
3. SAN 619F 

4. SAN 619F 
5. SAN 619F 

6. SAN 619F 
7. SAN 619F 

8. SAN 658F 
9. SAN 658F 

10. Bayleton 
11. Bayleton 

LSD .05 

Mildew Control and 
gm ai/ # of 
100 gal Sprays 

0 

5.0 
5.0 

10.0 
10.0 

15.0 
15.0 

380 
380 

28.0 
28.0 

0 

5* 
4** 

5 
4 

5 
4 

5 
4 

5 
4 

Control% infestation: 

crop Phytotoxicity 
Powdery Mildew Control 
July 13 August 18 

% % 
0 0 

93 
84 

98 
93 

96 
93 

94 
90 

95 
93 

9 
21 

90 
77 

86 
77 

86 
78 

77 
76 

85 
66 

17 
24 

* First application at pink+ 4 at 2-wk intervals. 
** First & second at pink & petal fall+ 2 at 3 wk intervals . 

Table 2. Fruit 

Treatment 

1. Control 

2. SAN 619F 
3. SAN 619F 

4. SAN 619F 
5. SAN 619F 

6. SAN 619F 
7. SAN 619F 

8. SAN 658F 
9. SAN 658F 

, 10. Bayleton 
11. Bayleton 

Measurements 
gm ai/ 

100 gal 

0 

5.0 
5.0 

10.0 
10.0 

15.0 
15.0 

380 
380 

28.0 
28.0 

# of 
Sprays 

0 

5 
4 

5 
4 

5 
4 

5 
4 

5 
4 

Fruit 
Length 
(in) 
51.2 

50.3 
50.7 

48.8 
49.0 

51.2 
50.3 

49.6 
49.3 

48.4 
51.9 

Measurements* 
Width Weight 

( in) (kg) 
61.9 4.04 

61.1 
61.4 

60.8 
59.9 

57.4 
59.4 

61.2 
60.7 

59.9 
63.4 

4.00 
3.97 

3.90 
3.83 

3.74 
4.08 

3.90 
3.80 

3.77 
4.36 

------------------------------------------------------------
LSD . 05 4.0 5.2 0.55 

------------------------------------------------------------
* Measurements are per 20 apples. 
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Deciduous Orchard Diseases 
Chemical Control 

Erwinia amylovora on Pear 

Sherman V. Thomson 
Dept. of Biology 

Utah State University 
Logan, UT 84322-5305 

CONTROL OF BLOSSOM BLIGHT WITH BACTERICIDES. Trials were conducted at 
the USU Kaysville Fruit Research Farm, Kaysville, UT and in a private 
orchard at Perry, UT. Trees were 15 and 18 yrs old respectively but 
were only about 12 ft tall due to the lack of nitrogen fertilization 
by the growers in an effort to inhibit fire blight. Bactericides were 
applied to drip (20 Apr) with a hand-pumped Solo backpack sprayer at 
25 psi to entire trees in 100% bloom. Trees were inoculated with a 
John Bean hand-gun sprayer operated at 150 ps} 24 hr later (21 Apr) 
using an aqueous suspension containi%g lxIO ?iable &· amylovora 
cells/ml. Blossom washes revealed 3x10 and lxlO viable I. amylovora 
cells/flower immediately after inoculation in Kaysville and Perry 
respectively. The weather was optimum for fire blight infection on 
the day of i nocul at ion with a mean temperature of 62F and . 03 in of 
precipitation at Perry and 62F with no precipitation at Kaysville. 
The daily mean temperature was near 55F in both orchards for the week 
fo 11 owing i nocul at ion with no preci pi tat ion. Symptoms were first 
noted on 1 May at Perry and 2 May at Kays vi 11 e. Plots were single 
trees replicated three times in a randomized complete block design. 
The number of strikes on the south half of treated trees was counte~ 
on 26 May at Kaysville and the number of strikes in 3 one-M 
areas/tree were counted and totaled on 22 May at Perry. 

None of the bactericides provided satisfactory control of fire 
blight. The high_ level of inoculum and the ideal environment for fire 
blight development precluded adequate control even with Agri-mycin. 
However the Agri-mycin (Perry site) and Al iette treatments had 
significantly fewer strikes than the check or Tecloftalam plots. 

Effect of bactericides for control of Fire Blight 
Strikes 

Treatment and rate/100 gal Kays vi 11 e* Perry** 

Aliette SOW 4.0 ... 
Agri-mycin 17W 0.5 .. 
Aliette SOW 2.0 ... 
Tecloftalam lOW 0.83. 
Check . . . . . . . 

48 a 
46 ab 
66 ab 
89 b 
88 b 

* Number of strikes on south half 2f treated trees. 
**Number of strikes in three one-M areas. 

39 a 
41 a 

102 b 
105 b 

Values are averages of three replications. Means followed by the same 
letter are not significantly different according to DMRT, P=0.05 . 
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I. Deciduous Orchard Diseases 
e. Pesticide resistance 

1. Apple scab; apple 

Peter Sholbergl and John Yorston2 
Agriculture Canadal 

B.C. Ministry of Agriculture & Fisheries 2 
Research Station 

Summerland, B.C. VOH lZO 

Nature of benomyl-resistant Venturia inaegualis in British Columbia 

Resistance by v. inaegualis to benomyl was discovered in an apple orchard 
in Vernon, B.C. in June, 1986. Surveys conducted in 1986, 1987, and 1988 
indicated that the resistance was widespread throughout the north Okanagan 
Valley and on Vancouver Island. Further studies were conducted to 
determine the nature of benomyl-resistant phenotypes in the Okanagan 
Valley. In July, 1988, 259 orchard samples were screened for benomyl­
resistance (Table 1) by placing v. inaegualis conidia on water agar amended 
with 1 ug/mL benomyl. Based on the results of these tests eight orchards 
were identified which had 85% or grater of the conidia tested resistant to 
benomyl. 

Leaves containing apple scab lesions were collected from these orchards in 
March, 1989 and allowed to mature until June. The mature ascospores were 
shot into sterile water, poured on to water agar plates, and incubated for 
24 hr. at 20 + ·3•c. Single germinated ascospores were isolated on 
acidified PDA and incubated for 4 weeks at 20 + 3°C. 

The isolates were tested for benomyl-resistance by subjecting them to a 
series of concentrations in PDA ranging from 1 to 500 ug/mL. Bits of 
mycelium were taken from the growing edge of the colonies and inoculated on 
to the amended PDA plates. Growth was evaluated as present or absent after 
two and three weeks incubation at 22°C. 

The results of these tests are given in Table 2. 

Table 1. Percent of orchard block samples with 85% of the conidia tested 
resistant to benomyl 

Samples Percent Benomyl-Resistant 
Location per Location Samples per Location 

Kootenay Valley 
Creston 6 a.a 

North Okanagan Valley 
Kelowna 98 25 .5 
Oyama 38 36.8 
Vernon 52 23 .o 
Westbank 4 a.a 
Winfield 55 10. 9 

South Okanagan Valley 6 o.o 
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I. Deciduous Tree Fruit Diseases 

• Pesticide Resistance 

• 

• 

Gray Mold (Botrytis cinerea) of Wild Blackberry 

K.B. Johnson and K.M. Theiling 

Department of Botany and Plant Pathology 

Oregon State University, Corvallis, OR 97331-2902. 

Frequency of benomyl resistant isolates of Botrytis cinerea 

associated with gray mold of wild blackberry in the Willamette 

Valley of Oregon. 

Since the late-1970's, resistance of Botrytis cinerea Pers. 
ex. Fr. to benomyl has been a problem in control of gray mold 
of small fruit, vegetable, and floricultural crops grown in 
the Willamette valley of Oregon. As a consequence, use of 
benomyl for this purpose has declined greatly during the 
1980 's. In the fall of 1988 and 1989, the frequency of 
benomyl resistance in the~- cinerea population was estimated 
by isolating the fungus from fruit of wild blackberry (Rubus 
spp. ) found along edges of fields in agricultural areas 
throughout the valley. Sites sampled were scattered along a 
transect about 150 km in length. At each site, either one 
infected berry (1989) or 2-3 closely-grouped infected berries 
( 1988) were touched to petri plates containing potato dextrose 
agar amended with benomyl (Benlate S0DF, 10 mg a.i./L) and 
streptomycin sulfate (300 mg/L). Three to 7 isolations were 
made at each site. After 1-2 days incubation, plates were 
observed for high numbers of germinated spores and active 
mycelial growth. At this time, developing colonies were 
transferred to benomyl and streptomycin amended PDA where they 
produced spores after 7-10 days. In 1988, resistant isolates 
were recovered at 11 of 13 sites on 28 (37%) of 75 PDA plates 
exposed in the field. In 1989, 28 of 38 sites yielded 61 
(41%) resistant isolates from 149 PDA plates. Both the number 
of sites with resistant isolates and their overall frequency 
indicate that resistance of ~- cinerea to benomyl remains 
widespread in spite of declining benomyl use. 

Recovered benomyl resistant isolates were transferred to PDA 
amended with 5 mg a.i./L iprodione (Rovral SOW). Thirteen of 
87 (15%) isolates tested grew and sporulated on the 
dicarboximide amended media . 
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II. Pome fruits 
a. Biology 

1. Codling moth (CM) - pears 

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

B. Zoller 
Pear Doctor, Inc. 
6570 Kelsey Creek Drive 
Kelseyville, CA 95451 

Mating disruption by pheromone confusion was experimen­
tally applied in several Lake County Bartlett pear orchards in 
1989 to control CM. 

Two orchards in the moderate to high pressure (>100 
moths/trap/season) Big Valley district were treated with Bio­
Control Ltd. dispensers. In 1988, an acre of one of these 
orchards (Benson) had been treated relatively successfully, so 
the 1989 test was increased to 8 acres. However, the dispen­
ser supplied by Bio-Control in 1989 differed from 1988, which 
may have affected 1989 results. The second orchard (Holden­
reid) was a somewhat isolated 8 acre block with a history of 
high CM trap catches. The third orchard (Moitoza), in the low 
pressure Upper Lake area (<20 moth/trap/season), received 
Concep Membrane dispensers. Here, plot size was limited to l 
acre since 1989 was the first trial with this dispenser. 

All three sites included a 1-acre grower program and 
50 tree (7x7) untreated check comparison. Exact location and 
configuration and size varied based on logistics and 
grower/PCA concerns~ Buffer margins around pheromone-alone 
plots were treated the same as the grower control. Treatments 
for mites, pear psylla, fireblight and scab were applied as 
needed as the season progressed. 

CM wing and bait traps were hung in each block. Omnivo­
rous, fruittree and oblique-banded leafroller traps were also 
hung and checked weekly. Upper and lower shoots were brushed 
weekly for mites and psylla (data not included). 1200 bin 
fruit per acre (less if total number of bins was small) in 
each plot were examined for CM entry at harvest (late August). 
Varying numbers of tree fruit were sampled post-harvest. 

In all orchards, CM damage was above economic levels for 
packing fruit by the third week of August (Table 1). Rather 
than decline in the second year, damage in the Benson orchard 
increased. First pick damage increased 7 times (.10 to .67%) 
and second pick 2 times (1.5 to 3.4%) from 1988. There was 
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trap catch evidence that the pheromone "ran out" in late July • 
in the Benson orchard (Table 2). It was impossible to deter-
mine emission levels through the season, however, damaged 
ground and tree fruit was observed at the end of the first 
generation in all three orchards. Significant flight and egg­
laying occured through the season in the Holdenreid orchard 
until Guthion was applied to all but 1/3 acre (Table 3). In 
the Moitoza plot, moths were never caught, however, there was 
significant damage at harvest. 

Factors affecting efficacy may include: 1) dispenser 
type, 2) need for 2 applications during the growing season 
and 3) pheromone chemistry. Treatments will be applied in 
1990 based on evaluation of all the above factors. Pheromone 
may ~aed to be combined with one or two well-timed sprays if 
moth pressure is too heavy. 
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II. Pome Fruits 
c. Biological Control 

1. Pear psylla, pear 

Steven R. Booth 
Entomology Dept. 
Oregon state University 
Corvallis, OR 97331 

A TWO-YEAR COMPARISON OF NATURAL ENEMY/PEAR PSYLLA DYNAMICS 
IN AN UNSPRAYED PEAR BLOCK 

To describe arthropod generalist predator immigration 
and colonization of pear, a block of mature D'Anjou pears at 
MCAREC was left unsprayed for a second consecutive year. 

Psylla phenologies differed substantially between years. 
They reached much higher levels during early season 1989, 
resulting in lower natural enemy/psylla ratios. Despite 
these differences in degree, ratios were stable during much 
of the growing season in both years. Psylla levels did not 
decline until late season. 

Because D. brevis overwinters as an adult, it was the 
dominant predator during April and May of both years. Other 
mirids overwintered as eggs in the pear block so early 
season nymphal counts were higher in 1989. During both 
years, levels of natural enemies did not increase 
exponentially until about 750 degree days (DD) after March 1 
(base=50°F; upper=95°F) . 

Although similar species dominated the natural enemy 
complex during both years, their relative proportions among 
total natural enemies differed. Among the mirids, 
Pilophorus perplexus replaced Deraeocorus brevis as the most 
abundant generalist predator in 1989. Relative proportions 
of other predaceous mirids also increased, while proportions 
of earwigs and ants decreased. Numbers of the parasitoid, 
Trechnites incertus, were substantially higher in 1989 than 
in 1988, but were heavily hyperparasitized. 

In summary, the abundance, diversity, and phenology of 
arthropod generalist predators and their pear psylla prey 
differed between years. These differences represent 
transitional stages in community development. In both 
years, however, natural enemies did not suppress pear psylla 
enough to prevent high levels of pear damage . 
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I. Pome Fruits 
-i .Chemical Control 

1. Codling moth - Apples 

Stephen C. Welter and Rachael Freeman 
Department of Entomology 

University of California, Berkeley 

Control of Codling Moth Using IGRs and Low Rates of Organophosphates 

There are several concerns about the use of the more selective Dimilin based program. 
One has been the outbreak of non-target pests previously controlled by the more broad 
spectrum organophosphates targeted at codling moth. A second concern has been the problem 
of accurate timing of Dimilin to coincide with early egg laying. If the first application of 
Dimilin is applied too late, then eggs laid before the application would complete development 
and successfully infest the fruit as larvae. A third concern has been the use of the program 
where infestation levels from the previous year are above commercially acceptable levels or 
where high pressure from infestations of codling moth are expected. 

A program that uses low rates of Guthion combined with Dimilin was tested within an 
apple orchard located in San Jose, CA. This experiment was designed to address the second 
and third concerns, whereas the first concern can only be addressed by testing in multiple field 
sites. The timing of application of Dimilin and low rate of Guthion was delayed until the 
traditional timing of Guthion (250°D after first capture of a "significant" male to maximize the 
period of effective control. The primary objective of this modified program was to make the 
timing of the first application for codling moth less critical, while maintaining the selectivity of 
the overall program. A more robust program should allow growers without access to 
temperature monitoring equipment to use the selective program without incurring substantial 
risks of infestation of their fruit by codling moth. The rationale for the program is to use low 
rates of Guthion ( or other organophosnhs.te) to control eggs laid before the application, while 
Dimilin provides the longer residual control of any eggs laid after the application. The low 
rates of Guthion. are possible because only eggs laid before application need to be controlled by 
Guthion and no residual control from Guthion is required. The low rate of Guthion may allow 
natural enemies to survive within treated orchards. 

Materials and Methods 
Treatments included Dimilin 25WP at 0.25 lb AJ/ A alone, Dimilin 25WP at 0.25 lb 

AJ/ A + Guthion at 0.12 lb AJ/ A, Dimilin 25WP at 0.25 lb AJ/ A + Guthion at 0.25 lb AI/ A, 
Guthion at 0.25 lb AJ/ A, and an untreated control. Each treatment was replicated 6 times 
within a randomized block design. Each replicate was 5-6 trees per replicate. The orchard 
consisted of an 11-year-old 'Pippin' apple orchard located at the San Jose Field Station. The 
application was made with a high pressure hand gun at a calculated rate of 400 gal/ A. 

Results 

The orchard in San Jose provided the best test of the program given the high 
background level of codling moth (27.8% in the untreated control at harvest). Given the non­
commercial nature of the experimental orchard, populations of codling moth are allowed to 
develop relatively unchecked for years without management trials. Thus, more accurate fine­
tuning of the program under more intense pressure is possible at this site. 

The infestation after the first flight of codling moth is shown in Fig. 1. The untreated 
control had 15.7% infested fruit, whereas the plots treated with only Dimilin had 5.8% infested 
fruit It should be noted again that the timing of the Dimilin was intentionally delayed until a 
timing more appropriate to organophosphate applications. As shown in previous research, 
Dimilin does not provide effective control of eggs laid before application. Dimilin must be 
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applied to leaf and fruit surfaces before significant amounts of egg-laying by codling moth 
occurs. Thus, the 5.8% infestation in the Dimilin only plots occurred because of eggs laid • 
prior to the application of Dimilin. This intentionally mis-timed application of Dimilin was 
included to separate the effects of Dimilin from the low rates of Guthion. All combinations of 
Dimilin and Guthion as well as the low rate of Guthion alone at 0.25 lb AI/ A gave excellent 
control of first generation ( <0.33% ). Given the limited numbers of trees at the field station, the 
lowest rate of Guthion (0.12 lbs AI/ A) could not be tested alone. Therefore, the relative 
contribution ofDimilin versus Guthion (0.12 lbs AI/A) cannot be separated. However, the 
combination did provide excellent control of codling moth. 

The same pattern was observed for the second generation of codling moth. The percent 
infestation in the control increased from 15.7% to 27.8%, whereas the increase within all other 
treatments was less than 2%. The program that used a combination of Dimilin and Guthion at 
0.12 lb AI/A for the first generation relied only on Dimilin for control of second generation. 
The increase in percent codling moth infested fruit from the first to second generation can be 
used to measure the success of later applications. The applications of Dimilin alone resulted in 
significant depressions in infestation that matched or exceeded the control of Guthion at 0.25 lb 
AI/A. However, these differences were not statistically significant. Therefore, the overall 
conclusion is that a combination program of Dimilin and low rates of Guthion is capable of 
providing commercially acceptable control under relatively high pressure situations within a 
more susceptible crop, apples. The unresolved question is how low of a rate of Guthion can 
be used with Dimilin to still achieve economically acceptable control. Similarly, how low of a 
rate of Guthion is required before the selectivity of the program is regained. The final rate of 
Guthion used in combination with Dimilin must provide control of codling moth eggs without 
eliminating the predators of secondary pests such as pear psylla. 
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II. Pome Fruits 
d. Chemica 1 Centro 1 

1. Western tentiform leafminer and honey bees-Apple 

EFFECTS OF VYDATE APPLIED TO APPLE ON HONEY BEES 
D.F. Mayer, J.D. Lunden and E.R. Miliczky 

Washington State University-IAREC 
Prosser WA 99350 609/786-2226 

There has been some concern that Vydate applied pre-bloom to apples for 
control of western tentiform leafminer repels honey bees from the flowers. 
Two tests were designed to evaluate the effects of applying Vydate (DuPont 
Corp.) on honey bee foraging. In addition, olfactory tests using syrup 
feeders were conducted to determine the ppm of Vydate honey bees could 
detect. 

A commercial orchard of Red Chief Delicious apples was used in the first 
test. Vydate (2 pints/acre) was applied to 1.5 acres of the block with an 
air-blast sprayer at 211 gallons/acre at 7 am on 18 April. The apple trees 
were at 5% open bloom. The rest of the orchard was left as the untreated 
check. Another apple orchard was used for a second test. Vydate (2 
pints/acre) was applied to 2 acres with an air-blast sprayer• at 200 
gallons/acre the morning of 20 April. There was no open apple bloom in the 
orchard. The rest of the orchard was left as the untreated check. In all 
plots the number of honey bees foraging flowers on an individual tree for one 
minute (10 replications) were recorded at various times after application. 

Feeding stations were placed at a bee yard and 150 ml of the syrup solution 
with known ppm of Vydate were added to each plastic feeder dish and free­
flying honey bees allowed to choose between the feeders. 

Results: 

Vydate applied when bloom was open, resulted in fewer (not significant) honey 
bees during the same day as the application, but not the following day (Table 
1). Vydate applied pre-bloom did not result .in fewer foraging honey bees 
when bloom was open 3 days after the application (Table 2). 

The 2 and 10 ppm did not cause any reduced bee visitation (Table 3) . 
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Table 1. Effect of applying Vydate (2 pints/acre) on apples (5% open 
bloom) on 18 April at 7 am on honey bees (HB). Prosser, WA. 
1989. 

Treatment 
Vydate 
Untreated check 

Mean 
18 Apr* 
2.2a 
3.2a 

No. HB/tree/min 
19 Apr** 20 Aor 
5.4a 9.4a 
5.8a 9.3a 

Means within a column followed by the same letter are not significantly 
different at the P = 0.05 level, Duncan's multiple range test. 

* Counts taken 5 hr after application 
**Apples 25% open bloom 

Table 2. Effect of applying Vydate (2 pints/acre) on apples (no open 
bloom) on 20 April on honey bees (HB). Yakima, WA. 1989. 

Treatment 
Vydate 
Untreated check 

Mean 
23 Apr* 
2.4a 
2.2a 

No HB/tree/min 
24 Apr 25 Apr 
4.la 7 .9a 
3.9a 8.la 

Means within a column followed by the same letter are not significantly 
different at the P = 0.05 level, Duncan's multiple range test. 

*Apples 5% open bloom 

Table 3. Effect of treatments honey bee visitation to sugar syrup. Number 
of HB/dish/5 second scan, percent reduction of AB's from untreated 
check and percent syrup consumed. Prosser, WA. 1989. 

Vydate Time 
(ppm) % 

(in syrup) ft:51* 9:02 2..;__li 9:28 10:35 12:41 3:05 Total % red consumed 

0 1 3 0 0 1 3 100 109 46 
2 32 26 6 8 31 75 75 253 0 61 

10 9 9 10 2 13 15 so 108 0 45 
so 27 19 0 0 2 0 1 48 56 12 

100 10 4 1 0 0 1 35 51 53 15 
500 55 21 4 1 12 2 8 103 6 19 

* Syrup stations set out at 8:30 am. 
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Pome Fruits 
d. Chemical Control 

I. White apple leafhopper, apple 

Elizabeth H. Beers 
Washington State University 
Tree Fruit Research & Extension Center 
1100 N. Western Ave. 
Wenatchee, WA 98801 

The recent interest in food safety and pesticide residue issues has led to an 
increased interest in organic tree fruit production in Washington. The Washington State 
Department of Agriculture has implemented an organic certification program, which 
includes an estimated 2,000 acres of tree fruits. Because of the recent nature of this 
interest many of the organic-approved insecticides are virtually untested by Washington 
tree fruit researchers. For this reason, I decided to screen some of the more popular 
organic-approved materials for efficacy against white apple leafhopper (W ALH). 
Although several of the materials (ryania, cryolite, fish oil) are normally used for codling 
moth, they would be used during the period of W ALH nymphal development. The other 
treatments, consisting of insecticidal soap and oil alone or in combination, were 
specifically for leafhoppers. 

The test was conducted in a 9-yr-old orchard with under-tree irrigation. The 
experimental design was a randomized complete block with four single tree 
replicates/treatment. The materials were applied to the point of drop with a handgun 
sprayer operating at 300 psi. Rates were based on a dilute application of 400 gal/acre . 
Early applications were made on 5 May, late applications were made on 12 May, and 
split applications were made on 5 and 12 May. The percentage of nymphs in instars 1-5 
for the two application dates was as follows: 

Date 

5May 
12May 

I 

63 
9 

Instar 
II III IV 

37 0 0 
29 38 23 

V 

0 
1 

Omite, Cryolite, Ryania, and Ryania + fish oil showed very little activity against 
nymphs. Several of the Safer's Insecticidal Concentrate (alone or in combination with 
oil) showed promise for leafhopper control that might be acceptable for conventional as 
well as organic production systems. Based on the statistical analyses, fve made the 
following generalizations: 1) The addition of oil to soap does not increase the 
effectiveness; 2) oil alone is as effective as soap alone; 3) the 1 % rate was as effective as 
the 2% rate; 4) time of application makes no difference; 5) a single application is as good 
as a split application; 6) the materials performed as well as the standard insecticide, 
Thiodan. However, because of the variability in the data, the mean separation procedures 
could not distinguish between O and 0.47 nymphs/leaf; the latter is considerably higher 
than the proposed threshold of 0.25 nymphs/leaf. Looking at the post-treatment counts in 
relation to this threshold, it was apparent that the 12 May treatments had lower 
populations. The lack of residual activity of this material, and apparent stage 
insensitivity, may argue for a later application timing than our conventional materials . 
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Nymphs per leafl 

Treatment Rate/100 gal Date 3 May IOMay 15May 19May 23May 30May 6Jun 13 Jun 19 Jun 

Omite 30WP 1.5 lb 12May 1.89a l.95bc 2.25ab 2.31a 2.34a l.OOcd 0.2lbcde 0.0lab 0.0la 
Prokil Cryolite, 96% 4 lb 12May 2.04a 3.59ab 2.2lab 2.60a 2.0la 2.0la 0.29abcd 0.lla o.ooa 
Ryan-50 0, I% 3 lb !2May 1.99a 4.00a 1.93bc 2.23a 2.20a 2.0la 0.19bcde 0.03ab o.ooa 
Ryan-50, 0.1% 4.5 lb 12May 1.80a 3.69a 1.57bcd 3.05a 2.!0a 1.44bc 0.29abcd O.OOb o.ooa 
Ryan-50, 0.1% + 3 lb+ !2May 1.90a 2.89ab l.24cde 0.75b 0.68b 0.7lde 0.07de 0.03ab o.ooa 

Mermaid's Fish I qt 
Oil, 97% 

SunSpray Ultra-Fine 2gal 5May 1.77a 0.7\cd 0.88def 0.84b 0.39b 0.34ef 0.llcde 0.05ab o.ooa 
Spray Oil, 98.8% 
Safer Insecticide 2gal 5May 1.77a 0.66cd 0.47fgh 0.64b 0.74b 0.42ef 0.38ab 0.OOb o.ooa 
Concentrate, 49% 
Safer Insecticide I gal+ 5May 1.88a 039cd 0.25fgh 0.40b 0.21b 0.38ef 0.30abc 0.03ab 0.OOa 
Concentrate, 49% + I gal 

SunSpray Ultra-Fine 
Spray Oil, 98.8% 

Safer Insecticide 2 gal+ 5May 1.75a 025cd 0.24fgh 0.29b 0.13b 0.13f O.Ole 0.OOb o.ooa 
Concentrate, 49% + 2gal 

SunSpray Ultra-Fine 
Spray Oil, 98.8% 

Safer Insecticide 2gal !2May 2.05a 3.52ab 0.llgh 0.Jlb 0.!Ob 0.05f 0.OOe O.Olab o.ooa 
N Concentrate, 49% 
en Safer Insecticide 2 gal+ 12May 2.29a 3.44ab 0.05gb 0.04b 0.07b 0.06f O.OOe 0.0lab o.ooa 

Concentrate, 49% + 2gal 
SunSpray Ultra-Fine 
Spray Oil, 98.8% 

Safer Insecticide I gal+ 12May 1.85a 3.15ab 0.10gb 0.05b 0.0lb 0.06f O.OOe 0.00b o.ooa 
Concentrate, 49% + I gal 

SunSpray Ultra-Fine 
Spray Oil, 98.8% 

Safer Insecticide 2 gal 12, 22 May 1.71a 3.21ab 0.13fgh 0.19b 0.07b 0.OOf 0.00e O.OOb o.ooa 
Concentrate, 49% 
Safer Insecticide 2 gal+ 12, 22 May 1.86a 3.54ab 0.07gb 0.00b 0.07b 0.05f 0.OOe 0.0lab o.ooa 
Concentrate, 49%+Sun- 2 gal 
Spray Ultra-Fine Spray 
Oil, 98.8%(split) 
Phosphamidon 8E 3 fl oz 5May 1.95a 0.OOd 0.0lh 0.09b 0.13b 0.4\ef 0.14cde 0.00b o.ooa 
Thiodan 50WP 0.75 lb 5May 1.60a 0.OOd 0.OOh 0.03b 0.OOb 0.OOf 0.OOe O.0lab o.ooa 
Control 1.94a 3.45ab 2.69a 3.05a 2.29a !.77ab 0.44a 0.00b 0.OOa 

I Means within columns not followed by lhe same letter are significantly different (Waller-Duncan k ratio procedure; k ratio=IOO) . 
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II. Pare F:ruits 
d. Chemical ccnt..--ol 

Eurq:ean red mite (ERM); Pancnvc..':».JS ulmi Koch 
Western predatory mite (WPM); Typblcxlroiiius occidentalis 
(teihitt) 

Helm.It Riedl ani P. W. Shearer 
Oregcn State university 

Mid-COlunbia Agricultural Research & Extension Center 
3005 Experiment Station Drive 

Hoerl River, OR 97031 

FIEill AK> I.AF£lRA'ICRY EIIALUATION OF 'IHE l1.n'lCIDAL PYP.ETHROIDS 
FENPROPA'IERIN Af,D BIFENIBRIN FOR OJNrnOL OF EIJROPFNI RED MITE J.~D 
'IBEIR IMPACT' ON THE WE..,"TERN PREDA'IDRY MITE. During 3 years of field­
testing bifenthrin at i:ates fr= 6.8 to 11.3 g AI/100 gal causai 
ccnsistently resurgence in ERM whereas fenpropathrin at 68 g AI/100 
gal did not. To determine whether the cbse:i:ve:i resw:gence was due to 
differences in the biological activity between the two canµ:iun:ls or 
merely i:ate-related, tests were ccn:iucted in 1989 an small 'Red 
Delicious' a.:ple trees to compare tr.e effect of single sprays of 
bifenthrin an:i feii.,1(,1,.ld.L:hrin at the same :rates AI against 
ERM (lcw: 8.5, high: 45.4 g AI/100 gal). Tr,e suggested ccmm=::.al 
:rates for ERi.'11 control an apple with bifent:.hri..n range f= Z'! .2 to 36.3 
g AI/ acre and from 136 to 181 g AI/acre with fenpropathr'...n. Bot..'1 
comi;:oun:is caused ERM resurgence in t.~ 1989 tesc. Resw:geoce was 
inve..--sely related to the :rate applied an:i ocorrreci SO?Der at tl-.e low 
:rate (8.5 g AI/100 gal). The magnitude and pattern of ERM ="Uiger>.ce 
caused by the two pyrethroids was similar. By comparison, a sea.."-Onal 
program of 4 cover sprays of :Ceiipr(,1,.ld.thrin awlied by hanlgun at 45.~ 
g AI/100 gal maintained ERM control with no cbse...-.-vabla resurgexe. In 
all field tests foliar sprays of bifent..'1r'..n as well as [euprcl)dthr..n 
eliminated all p.hytoseiid mites f= t:r.e rest of t.be season. 

In the laboratory bifenthrin as well as fenprcpathrin were highly 
repellent to ERM. Uost of the mortality in l 0 af disk assays was due 
to :runoff. Only a small proµrrtiun of test subjects died f:rom direct. 
tad.city. For the calculation of Leso values (see tab.le below) 
rrortality fran :runoff ani direct toad.city were carcirm. 

Bifenthrin 
Fenpropat.hrin 
Fenvalerate 

ERM* 
12 
22 

415 

Leso fwnl 

* en peach leaf disks, **on bean leaf disic.s 

0.13 
0.28 
0.16 

Bifenthrin was twice as t:od.c to ER.."'f as fenpropathrir._ By comparison, 
bot..'1 ccmpcurrls were about 100 times more t=ic to WPM than to ERM. 
Although fenv-ale..-.-ate bas low toKicity to m....-.., it was as toxic to WPM 
as the t-wo pyret.'n:oid miticides. The high susceptibilit<.1 of 
phytoseiids to pyret.'u-oids explains why foliar sprays of these 
CO'!p:ll.lroS elimillate phytoseiid mites. 
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II. Pome Fruits 
d. Chemical Control 

1. Pear psylla (PP): Psylla pyricola Foerster 
PEAR: Pyrus communis L. Bartlett 

Philip VanBuskirk, Richard Hilton, and Peter Westigard 
Oregon State University 

Southern Oregon Experiment Station 
Medford, Oregon 97502 

1989 SAFER INSECTICIDE CONCENTRATE (SIC) TRIALS. The objectives 
of the project the first year were to: 1) determine the 
effectiveness of SIC in controlling PP populations when applied 
at petal fall (April 27, 1989), midsummer (June 16, 1989), and 
post-harvest (September 15, 1989); and 2) determine if SIC is 
phytotoxic to pear fruit when applied at different stages of 
fruit development by itself and in combination with other 
chemicals. 

All applications were made to single Bartlett pear trees 
replicated three times in a randomized block design using a 
handgun sprayer, at 250 psi with sprays applied to runoff . 

Phytotoxicity was observed following both the petal fall and 
mid summer application on the fruit and leaves of the pear 
trees, but only that which occurred at midsummer was 
significant. Primarily, damage was marginal leaf burn and a 
solid spray ring found on the calyx end of the fruit where spray 
droplets collected. This damage occurred wherever SIC or SUFSO 
was used, with the most significant damage occurring on those 
trees sprayed with the 2% SIC and 2% SUFSO combination. It 
should be noted that even though damage was rated at 100%, three 
packinghouse managers felt the damage was not downgrading in 
their opinion. 

Safer Insecticide Concentrate reduced populations 
sufficiently enough to virtually eliminate psylla marking with 
only 2 applications. It appears that Safer Insecticide 
Concentrate is chiefly effective against early instar psylla 
nymphs and it would be advisable for growers to use an orchard 
monitoring program to time their applications for maximum 
efficacy. 

While addition of 2% Sunspray to 2% Safer Insecticide 
Concentrate significantly enhanced psylla control, it also 
caused the most severe phytotoxicity to the fruit. The fruit 
marking that Safer Insecticide Concentrate caused when used 
alone would not affect fruit going to the cannery, but the 
potential for impacting fruit going to fresh market exists, 
particularly if used on more sensitive pear varieties such as 
Cornice and D'Anjou. 
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Table 1. Seasonal control of pear psylla. 
(5/8 - 7/24) 

------------------------------------------------ -------------------------

Treatment 

Sunspray Ultra 
Fine Oil 2% 

Safer 
Insecticide 0~ .,. 
Safer 
Insecticide 1% 

ILJ.illl. 
Sunspray Ultra 
Fine Oil 2% 

Safer 
Insecticide 2% 

ILJ.illl. 
Sunspray Ultra 
Fine Oil 2% 

Safer 
Insecticide 1 ., ,. 

ILJ.illl. 
Agri-mek ( 10 oz/ac) 

ILJ.illl. 
Sune:pray Ultra 
Fine Oil 0.25% 

Agri-mek (20 oz/ac) 
ILJ.illl. 

Summer spray oil 0.25% 

Control 

1 

Psylla nymphs % Down grading due % Spray Marking 
per Jeaf to P6YJ1 a mark1 na Moderate & Heavv 

1 
.49 ab 0.0 a 0.0 

.75 b 1. 3 a 1. 7 

.53 ab 0.0 a 0.0 

.37 a 0.0 a 40.0 

.53 ab 0.0 a 1.7 

.28 a 0.0 a 0.0 

1.47 C 6.0 b 0.0 

Means within the same column with same letter are not significantly 
different based on Fisher·s Least Significant Difference Test. P<0.05. 
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II. Pome Fruits 
d. Chemical control 

1. Pear Psylla (PP); Psylla pyricola: Pear 'Bartlett Seedling' 

Everett Burts 
WSU-Tree Fruit Research and Extension Center 

1100 N. Western Avenue 
Wenatchee, WA 98801 509-663-8181 

PEAR PSYLLA, LAB SCREENING OF INSECT GROWTH REGULATORS, 1989. 
Tests were conducted on pear seedlings (from open pollinated 'Bartlett' seeds) growing in 
4-inch pots. Seedlings were infested with PP eggs by caging 25 adults on each for 5 d. 
Treatments were applied with a hand operated atomizer sprayer to the point of heavy drip. 
In one test seedlings were sprayed with water dilutions of candidate pesticides 1 d before 
adults were caged on them. In another test infested seedlings were sprayed when about 
one-half the eggs had hatched. In both tests 5 serial dilutions of each pesticide were 
evaluated. Seedlings were sprayed with water only to provide controls for each test. 
Treated seedlings with eggs and nymphs were held in a growth room at ca. 75 op and 
16L:8 D for 8 to17 d, then treatments were evaluated by counting remaining eggs and live 
and dead nymphs on the entire plant under magnification. I have assumed that eggs which 
appear normal at evaluation time were non-viable. Percent mortality was calculated and 
data were corrected for check mortality by Abbott's formula 

Fenoxycarb and Dimilin were most active when eggs were deposited on residues as 
opposed to applying treatments to newly hatched nymphs and eggs ready to hatch. XRD 
473 and S 71639 were active against both newly deposited eggs and mixed populations of 
aged eggs and newly hatched nymphs. SN 85292 was active against both eggs and 
nymphs. UBI A1335 was more active against nymphs than against newly deposited eggs . 
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Eggs laid on treated seedlings 
CQm(lQUnd Ab!;lQt\'s % mQrtalit:,: al list~d fil!!tLl!lil gal 
Fenoxycarb 25% WP l lb ,5 lb ,25 lb ,125lb ,0625 lb • Treated 3 May 100 100 100 100 100 

Dimilin 25% WP l lb ,5 lb ,25 lb ,125 lb 0625 lb 
Treated 3 May 99.1 91.2 78.0 36.5 62.8 

XRD4735%EC !8QQml 2QQml 45Qml 225 ml 112.5 ml 
Treated 3 May 100 89.3 90.9 79.8 78.8 

S 71639 10% EC !4QO ml 1Q!l ml 350 ml 115 ml 81,5 ml 
Treated 3 May 100 100 100 100 99.1 

SN 85292 40% EC 40 Q,I 2Q QZ IQ Qi 5 Oz 2,5 Oz 
Treated31 May 81.6 61.8 25.8 0.3 44.5 
Treated 22 Aug 91.2 77.7 65.4 71.8 43.3 

UBI A1335 25% EC 2 llt !Qt 1 Pl 8 QZ 4oz 
Treated 31 May 43.8 11.0 5.9 23.2 28.2 
Treated 22 Aug 56.7 54.4 33.9 22.0 47.1 

Treatments applied at 50 % egg hatch 
CQml,lQ!Jnd AbbQ!l's 'lo mOOHlit:,: al li~l~d am!:LlQQ gal 
Fenoxycarb 25% WP I lb 5 lb ,25 lb , 125 Jb ,0625 lb 
Treated 24 Apr 26.0 8.8 28.2 10.0 2.6 

Dimilin 25% WP I lb ,5 lb ,25 lb , 125 lb ,0625 lb 
Treated 24 Apr 83.3 28.l 32.0 9.7 18.8 • XRD4735% EC !SQQ ml 200ml 450ml 225 in! 112,5 ml 
Treated 24 Apr 99.7 99.4 96.7 99.5 9o.2 

S 71639 10% EC 14()!! ml 100ml 3.'.iQml 115 ml 61,5 ml 
Treated 24 Apr 74.1 57.2 57.7 11.4 45.7 

SN 85292 40% EC 40Qz ZQQZ 10QZ 5 Qz 2,5 Oz 
Treated 31 May 100. 97.2 75.7 41.3 7.2 
Treated 7 Sept 98.0 83.3 70.5 45.7 38.0 

UBI A1335 25% EC 2Ql l QI 1 Ill 8 QZ 4QZ 
Treated 31 May 98.9 77.4 87.9 74.4 50.8 
Treated 7 Sept 92.1 75.3 72.0 55.4 30.8 

LIST OF CHEMICALS lESTED 

COMMONNAME TRADENMIE MANUFACTURER 
Avermectin 8 J Agn-Mek Merck & Co. Inc. 

Diflubenzuron Dimilin Uniroyal Chemical Co. 

Fenoxycarb Insegar Dr. R. Me:ag Ltd. 

S 71639 none Sumitomo Chemical Co Ltd. 

SN 85292 none NorAm Agricultural Products Inc. • UBIA1335 none Uniroyal Chemical Co. 

XRD473 none Dow Chemical Co. 
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II. Pome fruits 
d. Chemical control 

1. Pear psylla (PP), 2-spot mite (2SSM) - pears 

R. Elkins 
c. Seely 
UC Cooperative Extension 
883 Lakeport Blvd. 
Lakeport, CA 95453 

A demonstration trial comparing Mitac plus Apollo versus Avid 
and an untreated check was done in a 5-acre block 
of Bartlett pears in Lake County. The block was divided 
into 3 sections and treated on June 20 (day 1). Ten 
trees in each section were marked and sub-sampled before 
treating, then weekly through July 24 (day 35), when PP 
numbers warranted spraying out. Treatments were applied 
by speed sprayer and consisted of 11 oz./A Avid !SEC 
plus 2 gpa 415 oil on 2 acres, 2 lb./A Mitac SOWP plus 6 
oz. Apollo on 3 acres and a 1/3 acre check. The entire 
block was also treated with 2 lb./A Guthion SOWP. Ten 
leaves from the top and bottom of each sample tree were 
brushed and numbers of PP nymphs and eggs and 2SSM 
adults were recorded separately for each tree. Starting 
from day 14 after treating, 2SSM eggs were also 
recorded. Adult PP and various predators were sampled 
with a beating tray (5 trees/plot, 2 beats/tree) from 
day 21 through 35. Data was graphed as number of 
individuals per leaf or beat. 

PP - Pre-treatment top shoot nymph counts were 2.5/leaf in 
the Mitac-Apollo plot, 2.0 in the Avid plot, ·and 1.6 in the 
control, indicating site variation. In the tops, counts fell 
to .OS/leaf in both treatments by day 14 and held until day 
28, then increased to .08/leaf for Mitac-Apollo, .20 for Avid 
and 1.25 for the control on day 35. Bottom counts started at 
1.20/leaf for Mitac-Apollo and .55 for both Avid and control, 
falling to almost 0/leaf by day 14 (.12 for control) and less 
than .10 at day 35 (.20 for control). Drift onto the control 
trees may have accounted for the initial (but never equal) 
decline in control counts. PP eggs were negligible until day 
28, corresponding to peak adult counts, and rose steadily 
until day 35. Top egg counts rose more steeply in the Mitac­
Apollo plot than for Avid or the control, though nymph counts 
stayed low. Poorer coverage and natural migration to 
unprotected new growth probably contributed to consistently 
higher top versus bottom egg counts, as indicated by higher 
control levels. 

2SSM - Economic levels were never 
Pre-treatment 2SSM counts ranged 
Apollo, .19 for Avid, and .08 
indicating site variation. Both 
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0/leaf until day 28. Mitac-Apollo counts rose more steeply 
than for Avid in both top and bottom samples, and more 
sharply than the control in the top, perhaps due to 
irrigation (bottom), poor initial coverage (top), or 
resurgence. Unsurprisingly, egg numbers increased more with 
Avid. Adults increased in the bottom but eggs remained low, 
possibly due to migration from the cover crop, or the absence 
of certain predators. 

Predators - Minute pirate bugs (MPB), lacewings (LW), 
ladybird beetles, assasin bugs and spiders were recorded in 
the control plot. Total numbers were initially drastically 
reduced in the two treatments, but recovered somewhat by day 
28. Spiders returned to the Avid plot while minute pirate 
bugs returned to the Mitac-Apollo plot, albeit in very low 
numbers versus the control. LW's were only recorded once in 
the control on day 21. 

In summary, PP and 2SSM were controlled to almost negligible 
levels by both Avid and Mitac-Apollo from day 14 to 28, when 
populations began to increase. The control was affected by 
spray drift but counts were consistently higher than the two 
treatments, and generally rose more sharply than either 
treatment toward the end (mites rose parallel to Avid in the 
tops). Predators were debilitated by both treatments; 
spiders and MPB's recovered to some extent by day 28 - 35. 
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II. Pome 
d, 

Fruits 
Chemical control 
1. European red mite (ERM) - pear 

C. F. Fouche 
Cooperative Extension 
201 Wellman Hall 
University of California 
Berkeley, CA 94720 

EVALUATION OF INSECT GROWTH REGULATORS FOR MITE CONTROL IN 
PEARS. Tests were conducted in a commercial block of 20-yr­
old 'Bartlett' pear trees in Walnut Grove, CA. Materials 
were applied with a handgun sprayer. Treatments were 
replicated four times in a randomized complete block in single 
tree plots. Leaves were brushed and glass plates were 
examined at weekly intervals. 

Following the first application, ERM was controlled in all 
treatments by the combined action of western predatory mites 
and/or experimental miticides. A second application of 
miticides was made after the block received a maintenance 
spray of carbaryl for worms .. 

Sixteen, 23, and 30 days after the second treatment, all 
materials except Vendex provided control superior to that of 
the untreated check. Thirty-seven days post treatment (Sept. 
4), the Apollo+ Avid+ oil, all of the Danitol treatments, 
and the two highest rates of Andalin provided the best 
control of ERM. The 1% oil treatment gave acceptable 
control. 

An evaluation of accumulated mite-days from 17 July to 4 
Sept. indicates no significant difference between the 
experimental treatments and the standards Avid and 1% oil . 
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ERM/25 leaves Accum. mite-
Treatment* (Lb AI/ac) on Sept. 4 days/25 leaves 

Apollo sosc (0.125) 2.Sab 53a 

Apollo sosc (0.250) 2.Bab 72a 

Apollo sosc (0.125) + Avid 0.15EC (0.0056) 
+ 1% Volek Oil 1.3a 51a 

Danitol 2.4EC (0.300) 0.8a 21a 

Danitol 2.4EC (0.300) + 1% Volek Oil 0.3a Sa 

Danitol 2.4EC (0.300) + Apollo SOSC (0.250) 1.3a 39a 

Andalin 2L (0.234) 8.Sab 206a 

Andalin 2L (0.234) + 0.5% Volek Oil S.Oab 165a 

Andalin 2L (0.390) 2.3a 58a 

Andalin 2L (0.468) 1.Sa 51a 

Andalin lL (0.234) 4.Sab 105a 

Avid O.lSEC (0.0125) + 0.25% Volek Oil 13.0bc 219a 

1% Volek Oil S.Oab 126a 

Vendex 4F (1.00) 20.0c 870b 

Untreated 42.3d 1114b 

*Means followed by the same letter in a vertical column are not 
significantly different (P = 0.05) DMRT. 
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MATERIALS UNDER TRIAL 

bisclofentezin; Apollo SOSC; NOR-AM Chemical Co.; 3,6-Ei!(2-

chlorophenyl)-l,2,4,5-tetranzine 

fenpropathrin; Danitol 2.4EC; Valent USA Corp.; (Rs)- -Cyano-3-

phenoxybenzyl 2,2,3,3-tetramethylcyclopropanecarboxylate 

flucycloxuron; Andalin lL or 2L; Uniroyal Chemical Co.; l-[4-[N(4-

chloro- -cyclopropylbenzylidene) aminooxymethyl]-phyenyl]-3-(2,6-

difluorobenzoyl) urea 

avermectin B; Abamectin O.lSEC; Merck, Sharp and Dohme; 
1 

(2a~, 4~, 5 '§_, 6§_, 6 '!, 7§_, 8~, 11!, 13!, 15§_, 17 a!, 20!, 20a!, 20b§_)-6 ' - ( (!)-

~-Butyl )-7- ( (2, 6-dideoxy-4-Q-2, 6-dideoxy-3-Q-methyl- -L-arabino­

hexopyra-nosyl)-3-Q-methyl- -,!::-arabino-hexopyranosyl)oxy)-

5'6,6',7,10,ll,14,15,17a,20,20a,20E.--dodecanydro-20,20b-dihydroxy-

5',6,8,19-tetramethylspiro(ll,16-methano-2H,13H,17H-furo(4,3,2-

,Eg) (2, 6 )benzodioxacyclooctadecin-13,2 '- (ZH)pyran)-17-one 

fenbutatin oxide; Vendex 4L; E. I. DuPont de Nemours & Co. Inc.; 

Distannoxane, hexakis ( , dimethyl-phenethyl) 

oil; Volek Supreme Spray Oil; Chevron Chemical Co • 
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I I. Pome Fruits 
d. Chemical control 

1. Pest Management in Pears and Apples 

Max L. Frischknecht, MAAG AGROCHEMICALS INC. 
5690 58th Avenue, P.O. Box 6430 
Vero Beach, FL 32961-6430 

FENOXYCARB IN PEAR AND APPLE PEST MANAGEMENT 

Fenoxycarb is a novel insect growth regulator for use against 
lepidoptera, psyllids and scale insects in pears, apples, and other 
crops. Fenoxycarb has the same biological effect as a natural growth 
factor produced by insects. Fenoxycarb acts by both contact and 
ingestion. Although fenoxycarb contains a carbamate moiety, it does 
not inhibit cholinesterase. In plants it has translaminar activity but 
is not translocated in the vascular system. It is tailor-made for 
insects - attacking at the points where the pest would normally change 
its form and blocking speci fie processes. These transformation 
disruptions are used to protect pears and apples selectively from pest 
damage: 

pest 

pear psylla 

codling moth 

Western tentiform 
leafminer 

Pandemis moth 

San Jose scale 

transformation inhibited 

o-*-®*~-
egg nymph adult 

C) -¾;-- &U!/J:V 
egg 1 arva 

egg sapfeeder tissuefeeder 

last larval instar pupa 

mobile form sess i 1 e form 
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Principal attributes of fenoxycarb: 

High, longlasting efficacy on the pest insects 
Small amounts of fenoxycarb irreversibly block pest development at 
characteristically vulnerable stages. The disruption of specific insect 
transformations results in high, specific efficacy and long-lasting 
control. 
Fenoxycarb is effective on pests that show resistance to conventional 
insecticides and chitin synthesis inhibitors. This leads to consistent, 
reliable field results. 

Safety to important beneficial predators and parasites 
Fenoxycarb does not affect predatory mites (Typhlodromus spp., 
Amblyseius, Zetzellia mali), predatory bugs (Anthocoris spp.), or 
parasites of l epidopterous pests ( Ichneumonidae, Braconidae, 
Chalcidoidea and Tachinidae). 
This selectivity allows fenoxycarb to fit we·11 into Integrated Pest 
Management programs. 

Safety for user and consumer 
Fenoxycarb is virtually non-toxic to mammals (acute oral LOSO rat > 
16,800 mg/kg). It is safe to handle. 

', 

Good ecological compatibility 
Fenoxycarb is tightly bound to the soil, does not leach, and degrades 
naturallly with a half-life of about 15-30 days. Fenoxycarb dissipates 
rapidly in pl ants and does not bi oaccumul ate. It is non-toxic to birds 
and has no influence on avian reproduction. 

Control programs in pears and apples 
Field research in the Western U.S. indicates that 3-4 treatments at 1-
1. 5 oz ai/acre (2SWP) give excellent control of pear psyll a and codling 
moth in pears, codling moth in apples, and Western tentiform leafminer 
and Pandemi s l eafrol l er in both crops. Timing of the applications is 
important. Treatments against eggs of the codling moth should be 
applied at the beginning of oviposition of each generation. Treatments 
against pear psylla should be applied when eggs are deposited. 
Simultaneous control of codling moth and pear psylla has been obtained 
with cover treatments in regions where codling moth is predominant. 
Western tentiform leafminer has been controlled with treatments at the 
height of the flight activity, i.e. when eggs and sapfeeders are 
present. Pandemis moth can be controlled with a first cover treatment 
against overwintering larvae. Thus, the build-up of consecutive, 
damaging generations can be prevented. The area treated should be large 
enough (more than 1 acre) to prevent immigration of moths from adjacent 
plots. Simultaneous control of several of the above-mentioned pests can 
be achieved with optimal timing. Precise recommendations for the 
Western U.S. ,however, must be determined by region depending on the 
prevalent pests and.the specific climatic conditions. 
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PomeFruits 
Pesticide resistance 

Platynota jdaensajjs (Lepidoptera: Tortricidae); apple 

Alan L. Knight 
USDA, Yakima. WA 

Modeling the Impact of Alternate-row Middle Sprays and Immigration 

on the Development of Insecticide Resistance in Platynota idaeusaljs 

The adoption of alternate-row middle (ARM) spraying practices combined with low rates of 
pesticides has had major benefits for apple growers in a number of eastern states. These include 
increasing the activity of natural enemies to allow reductions in acaricide use and avoiding 
acaricide resistance. However, fruit injury from tufted apple bud moth (TABM). Platynota 
idaeusaljs (Walker), has increased substantially during the past 15 years. Our studies in 
Pennsylvania have demonstrated that high levels of azinphosmethyl resistance and moderate 
levels of cross-resistance to other registered organophosphate (OP) insecticides have probably 
affected this reduction in control. Yet, growers' spray practices (spray rates, volume, timing, 
pruning, etc.) have also contributed to poor control. The causal interaction between the adoption 
of low-rate ARM sprays and growers' poor spray practices with the development of resistance in 
TABM, however, has not been investigated. 

The immediate loss of OP effectiveness for TABM and the resultant impact of increased use 
of carbamates and pyrethroids on mite management are important and remain a major focus of 
our research. However, a better understanding of whether growers' spray practices in context 
with the specific ecology of this pest contributes to the development of resistance is a more 
fundamental question to be addressed if future cases of insecticide resistance are to be avoided . 
The development of a realistic model which can incorporate spatial and temporal scales of pest 
density and development with pesticide residue deposition and degradation from a single­
year/single-orchard to the dynamic multi-year/multi-orchard scenario offers a viable approach to 
develop better management tactics for resistance in a polyphagous, mobile pest, such as TABM. 

Data on the population ecology of TABM, genetics of azinphosmethyl resistance, 
azinphosmethyl toxicity to all life stages, spatial and temporal dynamics of azinphosmethyl 
residues within the canopy, decay of azinphosmethyl residues as a function of time and 
precipitation, levels of both adult male and female immigration, and the mix of habitat types 
surrounding an apple orchard were evaluated for their impact on the development of 
azinphosmethyl resistance over time. Output generated from this study has allowed a dynamic 
evaluation of the impact of spray timing, coverage, and intervals under alternate-row middle 
spray practices versus complete sprays, and the importance of surrounding alternate hosts on the 
occurrence of azinphosmethyl resistance in apple orchards . 
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II. Pome Fruits 
Pesticide resistance 
1. Phytoseiids -- apple 

Typhlodromus pyri Scheuten 
Metaseiulus occidentalis Nesbitt 

John E. Dunley 
Dept. of Entomology 
Oregon State University 
Corvallis, OR 97331 

SPATIAL DISTRIBUTION OF O-P RESISTANCE IN THE HOOD RIVER 
AND WILLAMETTE VALLEYS 

Typhlodromus pyri and Metaseiulus occidentalis are the two primary predatory 
mite species found in apples in the Pacific Northwest. Both species have developed 
resistance to several chemicals used in commercial apple production. We have 
previously shown that T. pyri is relatively sedentary, rarely moving distances of over 10 
m in a season. Alternatively, M. occidentalis is highly dispersive, moving distances 
greater than 100 m within weeks. These characteristics of migration lead to the 
hypothesis that resistance in T. pyri should be more patchy and localized, while a more 
regional homogeneity in resistance levels would be found in M. occidentalis. To assess 
the impact of surrounding vegetation on the evolution and maintenance of pesticide 
resistance, a study was initiated in 1989 to examine the distribution and dynamics of 
organophosphate resistance in T. pyri and M. occidentalis in two distinct apple growing 
regions of Oregon, the Hood River and Willamette Valleys. 

For the first year of study, six experimental locations were selected in both the 
Hood River and Willamette Valleys. Within each valley, three sites were classified as 
isolated, i.e. surrounded primarily by native vegetation, and three were classified as 
intense, i.e. surrounded by other orchards. Three samples were made over the 
growing season along transects from the surrounding vegetation 100 m outside the 
orchard, through the orchard, and into the surrounding vegetation on the other side. 
Leaf samples were taken 100 m and 10 m away from the orchard, and from the 
outside edge and center of the orchard. In addition, corresponding samples were 
taken from the groundcover within the orchard. Adult female predatory mites were 
exposed to a diagnostic dose of 0.10% a.i. azinphosmethyl using the slide-dip method. 
Mortality was measured at 48 hours and sample percent mortality was compared for 
the treatments. Treatments included: region (Willamette Valley, Hood River Valley); 
orchard locality (isolated or surrounded primarily by other orchards); habitat type 
(orchard, groundcover, surrounding vegetation); sample time (early, mid, or late 
season); and distance from the orchard center. 

T. pyri in both valleys had large differences between populations within orchards 
and outside orchards. Populations from within orchards were all resistant, with some 
variation in their level of resistance. Those at 100 m were all susceptible, and edge 
poJ?ulations were either intermediate or susceptible. For M. occidentalis, levels of 
resistance were approximately equal at all orchard and surrounding vegetation 
locations in the Hood River Valley. In the Willamette Valley, there was more 
variation in the level of resistance from site to site, but the population densities of M. 
occidentalis were too low to reach any conclusions. 

Further studies will be conducted to examine the distribution of OP resistance, 
and will also examine isozymic variation between populations inside and outside of the 
orchards. This will help determine the amount of gene flow occurring into and out of 
orchards, and indicate whether constant selection pressure will be necessary to 
maintain pesticide resistance in the predatory mites. 
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I. Pome Fruits 
Pesticide resistance 
1. Codling moth on Pears 

Lucia Varela and Stephen C. Welter 
University of California 

Department of Entomology 
Berkeley, Ca 94720 

Codling moth resistance in pear orchards in California. 

A bioassay developed by Riedl et al. (1985) to measure resistance in the 
field was used in California. In order to avoid the time and cost of rearing the 
moths in the laboratory, male moths are collected in the field with pheromone 
traps. Excess adhesive is removed from the trap bottoms before placing them in 
the orchard, thus only leaving a thin, sticky coat. Traps are placed in the 
evenings and are brought to the lab early in the morning. The moths collected in 
the field were treated with insecticide while still attached to the bottoms of the 
traps. Serial dilutions were prepared using technical azinphosmethyl (Guthion) 
dissolved in acetone and applied to the thoracic dorsum of each moth with a 
repetitive syringe. The treated moths were placed in rearing chambers, and 
mortality was assessed 48 hrs after treatment. The data was analyzed by probit 
analysis using Polo computer program (Russell et al., 1981 ). In 1987 no 
resistance was detected in two sites in Watsonville and one site in Brentwood . 
There was no significant difference between the flights in these locations. 

A LC75 based on the data of Barnes and Moffit (1963) was used to survey 
6 orchards and 5 counties in 1988. Using this diagnostic dose no resistance 
was detected. In 1989 resistance in codling moth was discovered within a single 
site in the delta region of Sacramento in California. 

Using the topical adult bioassay technique, the resistant population 
located in the delta was ca. 6.2 times more resistant than two populations tested 
in Watsonville and the population tested in Brentwood. 

To develop a more rapid and easy bioassay that may be used in the field, 
we developed a technique wherein the insecticide was incorporated into the 
sticky medium. Serial dilutions of technical insecticide in spectral grade acetone 
were prepared. A known quantity of pesticide was then incorporated into a 
known volume of the adhesive. This mixture was then spread over a fixed area 
on a clean trap bottom leaving a thin sticky coat. The traps were deployed in the 
field in the evening and were collected early in the morning. Moths in the traps 
were maintained in a room at 70°C for 24 hours. Mortality was assessed at 24 
hours. The data was analyzed by probit analysis using the computer program 
POLO. The influence of moth sex and age on mortality within the medium 
incorporation bioassay was determined. Females were not significantly different 
in susceptibility than males. Moths 6-8 days old were more susceptible than 
moths 3-5 and 0-2 days old, whereas no significant difference was detected 
between the latter two groups. This bioassay was used to compare the resistant 
population from the delta region of Sacramento and the susceptible population 
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in Brentwood. The delta population showed a 7.3X increase in resistance, thus 
confirming adult resistance. • 

Larvae were collected from the delta and Brentwood sites and colonies 
were established in the lab. Residual bioassays on pears were performed with 
neonate larvae from each colony. Pears were sprayed using an aerosol 
sprayer while rotating the pear on a motorized turntable. Five concentrations of 
formulated Guthion 35 WP and wetting agent (Triton) in water plus a control. 
were evaluated. A plastic cell 2.5 cm in diameter and 1 cm tall was attached to 
each pear with paraffin. A larva was placed in each cell, and the cell was closed 
with gauze. A test was performed for fumigation effects by comparing open cells 
vs cells with gauze. There was no significant fumigation effect (P < 0.05). 
Mortality was assessed after 24 hours. The data was analyzed as above. The 
larvae population of the delta was 4.6 times more resistant than the population of 
Brentwood. Guthion 35WP applied at a rate of 0.75 lb Al/acre gave 72% 
mortality of the resistant colony compared to 100 % mortality of the susceptible 
colony. The highest registered rate of Guthion 35WP at 1.5 lb Al/acre only killed 
93% of the resistant colony. 

Using three different bioassay techniques, the population of codling moth 
in the delta region consistently exhibited significantly higher levels of resistance 
to Guthion. Both adult and larval instars showed higher levels of resistance 
compared to the susceptible population. Resistance to Guthion appears to be 
involved in the failure to achieve satisfactory control at this site. 

Pesticide mentioned in the research report: 

Common name: Azinphos-methyl 

Trade Name: Guthion 
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II. Pare Fruits 
e. Pesticide resistance 

Pear psylla (PP): Psvlla pyricola Foerster 

Helm.it Riedl an:i P. W. Shearer 
Oregon State University 

Mid-C011ll1Dia 1\gricultu:ral Research & Ex.tension Center 
3005 Experiment Station Drive 

Hoerl River, OR 97031 

RESIS'l'AfX::E DEVEWPMENI' IN PF.AR PSYLLA RJPULATIONS 'ID P'ffiEllffiOID 
TIJSECTICIDES IN OREa:JN'S OCCD RIVER VM.J.Ef. A project was begun in 
early 1989 to monitor the development of pyrethroid resistance in 
lccal pear psylla (PP) i;:cpulatians. Ove..--wintering PP adults were 
collected in late winter from 22 sites an::l. bic:assayed in the 
laborato:r:y with the slide-dip test to determine the mortality response 
to two rates (15 an:i 60 ppm) of fenvalerate. In addition. complete 
dose-response lines were <level~ for populations from a few selected 
lcx:ations. P-eating tray samples were also taken before an:i after 
treatment in the field at each sw:vey site to =rrelate laborato:r:y 
assays with field performance. SUsceptiliility of female PP increased 
sharply as ovarian develc:pment was completed an:i females began to lay 
eggs in the field. Control with pyrethroids in 1989 was considerably 
poorer than in previous years. Bic:assays also in:iicated an iix:rease 
in resistance. Cyflutbrin (Baythroid) an:i fenpropathrin (Danitol) 
provided better control than fenvalerate (Pydrir.) in small-scale 
tests. Monitoring of resistance at the 22 survey sites will cantirrue 
twice amrually (spring an:i fall) for tr.e next few years. It is hoped 
that this study will provide insight into rx:,w quickly an:i in what 
pattern pyrethroid resistance develcpes in PP in a relatively small, 
but intensive pear production area. The spatial pattern of pyrethroid 
resistarx:e may also allow scme inferences about the dispersal behavior 
of this insect. 
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II Pome Fruits 
e.. Pesticide Resistance 

1. Pear psylla (PP); Psylla pyricola; Pear; 'Bartlett Seedling' 

Everett Burts 
WSU-Tree Fruit Research and Extension Center 

1100 N. Western Avenue 
Wenatchee, WA 98801 509-663-8181 

AGRI-l'v1EK BASELINE DATA FOR PEAR PSYLLA ADULTS 1989. Pear seedlings 
were sprayed using a hand pump atomizer to apply six serial dilutions of Agri-Mek in 
water. After sprays dried five leaves from each seedling were picked and placed in Munger 
cells. Ten PP adults collected from Research Center pear orchards were transferred to each 
cage. Cages containing infested leaves were held in a growth room at 25 °c and 16L:8D. 
Treatments were evaluated by counting under magnification dead and live adults after 4 or 5 
d exposure in cages. Data were corrected for check mortality using Abbott's formula and 
mean and 95% confidence limits calculated. The test was run five times; once with the high 
concentration at 14 ppm, once at 7 ppm and 3 times at 3.5 ppm because the higher 
concentrations killed all or nearly all adults. 

The test procedure did not always work well for adults. Two runs were discarded 
because they had high check mortality, probably due to the leaves of test plants being too 
old to be suitable hosts. However even after discarding runs with high check mortality, 
usable baseline data were obtained. In order to run a reliable probit analysis and determine 
LC50 and LC95 values some additional testing of adults at all concentrations will be 
necessary. 

Concentration of 
Agri-Mek .15 EC ppm (AI) 

14 
7 
3.5 
1.75 
0.875 
0.4375 
0.21875 
0.109375 

Check 

Abbott's% 
Mortality 
90.07 
91.31 
84.60 
71.19 
61.53 
49.29 
44.87 
30.82 

0.00 
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95%CL 
9.60 
7.19 
4.70 
6.86 
9.08 
7.92 

11.61 
8.70 
6.27 
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II Pome Fruits 
e. Pesticide Resistance 

1. Pear psylla (PP); Psylla pyricola; Pear; 'Bartlett Seedling' 

Everett Burts 
WSU-Tree Fruit Research and Extension Center 

1100 N. Western Avenue 
Wenatchee, WA 98801 509-663-8181 

AGRl-MEK BASELINE DATA FOR PEAR PSYLLA NYMPHS 1989. Pear seedlings 
were sprayed using a hand pump atomizer to apply six serial dilutions of Agri-Mek in 
water. After sprays dried five circular disks, 2.2 cm in diameter, were punched from 
leaves of each seedling and floated on wet paper towelling in 15 cm plastic Petri dishes for 
each dilution. Ten 2nd and 3rd instar PP, collected from Research Center pear orchards, 
were transferred to each disk. Petri dishes containing infested leaf disks were held in a 
growth room at zsoc and 16L:8D. Treatments were evaluated by counting under 
magnification dead and live nymphs after 3 d exposure on disks. Data were corrected for 
check mortality using Abbott's formula and mean and 95% confidence limits calculated. 
The test was run seven times; twice with the high concentration at 14 ppm, once at 7 ppm 
and 4 times at 3.5 ppm because the higher concentrations killed all or nearly all nymphs. 

The test procedure worked well and results were fairly consistent. Individuals in 
untreated checks survived well for 3 d, long enough to obtain good measures of Avermectin 
toxicity. Although higher concentrations produced nearly 100 percent kill of nymphs and 
data from them is of no value in determining concentration/ mortality curves, they may be 
of value later for comparison to suspected resistant populations to indicate levels of 
resistance. In order to run a reliable probit analysis and determine LCS0 and LC95 values 
additional tests at lower concentrations will be necessary . 

Concentration of 
Agri-Mek .15 EC ppm (Al) 

14.00 
7.00 
3.50 
1.75 
0.875 
0.4375 
0.21875 
0.109375 

Check 

Abbott's% 
Mortality 

98.94 
99.29 
99.60 
99.29 
89.09 
80.50 
57.55 
50.17 
0.00 
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95%CL 
1.96 
1.96 
0.68 
0.91 
5.75 
5.79 

12.80 
11.12 
2.08 
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II. Pome Fruits 
f. Implementation 

Codling moth 
San Jose scale 
Phytophagous mites 
APPLE 

Decision-Making Computer Software for Apple Pest Management 

Sue Haley, Kevin G. Currans and Brian A. Croft 
Department of Entomology 
Oregon State University 
Corvallis, OR 97331-2907 

Our computer program, AppleMgr, has been designed as a 
prototype to demonstrate the application of computer 
technology to a complex process of decision-making. Fig. 1 
shows the flow of information through the management module. 
Over the past year we have focussed on construction of the 
mite management section, development of spreadsheets to show 
both positive and negative side effects of pesticides, and 
improvement of the user interface. 

For spider mites, the program determines the 
probability of biocontrol based on current pest and predator 
mite densities and calculates combined accumulated mite-days 
for three species. If desired, the user may then select a 
miticide from a list appropriate for the species present . 
The benefit in dollars per acre of an application of this 
miticide is calculated, assuming that a fruit size reduction 
of one box size would occur with no treatment. 

At the end of a session a user may choose to see two 
spreadsheets with bar graphs. The first of these shows the 
relative effectiveness of the user's selected pesticide vs. 
other pesticides on four additional pests that may be 
present. The second spreadsheet shows relative adverse side 
effects of pesticides: hazard to applicator, bee toxicity, 
toxicity to western predator mite and risk of resistance. 
Both spreadsheets allow the user to adjust relative weights 
of the four factors considered. 

In developing our prototype we have experienced many 
difficulties in linking together different types of software 
such as expert system shells, database management systems 
and spreadsheets. The first shell we worked with did not 
allow any linkage to other programs. The commercial shell 
in our current version contains built-in functions for 
access to DOS programs and DBASE. However, use of the DBASE 
access functions results in a very disjointed series of 
displays. We expect that future development of agricultural 
software will be done using a hardware platform such as 
Macintosh with a common interface or software systems such 
as Microsoft Windows that support applications under them in 
a consistent interface . 
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Mite counts (DB) 

Biocontrol prediction for mites 

Last yr·s SJS cullage (DBP) 
Degree-days (DPS) 

Accurn. moth COWlt (DBP) 
Crop load (DPB) 

r.tte-days (DBP) 

Damage prediction 

Predcted % cullage 
Predcted fruit size reduction 

Pests (U) 
Tune of season (U) 

Pesticide screening 

Expected grade-sizes (DB&U) 
or crop sample (DB) ,. expected 
grades (DB&U) 
~ Est. fruit prices (DB&U) 

• ~t. packing cost (DB&U) 

' 
Crop value prediction 

,, 

Predcted $/ha return after packing 

. Pesticide Dst -----,~~\ 3ide effects comparison I 
I 

lnf roxicitf to?th4n' pe:i;tf • 
'lrii:irect'i:osts"of: coritror,:::::,::,,:::: User selection 

Selected P8Sticide Chemical cost (DB) 

Pest pressure (DBP&U) ~ ~ppucation cost (DB) 

Previous spray (U) 

Efficacy prediction 

% of predcted loss 
preventable 

Control cost estimation 

$/ha cost of one application 

Benefit/ cost calculation 

F;gure 1. Structural diagram of treatment decision module showing flow 
of information. U = user, DB= database, DBP = database program. Boxes 
repr-esent information processing steps and shaded phrases indicate 
goals. 
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II. Pome Fruits 
f. Implementation 

Pest: Codling moth ~ pomonella); Host: Pears 

R. Freeman and S. Welter 
Department of Entomology 
201 Wellman Hall 
University of California 
Berkeley, CA 94720 

Selective Integrated Pest Management Program for Pears 

The following research focused on the development of integrated pest 
management programs that provide effective control of key pests while maximizing the 
beneficial aspects of existing biological control. The research includes three field 
experiments conducted in California. 

The basis of the these programs has been the selective control of the key pest, 
codling moth, (Cydia pomonella), using the insect growth regulator, Dimilin. Control of 
other pests such as pear psylla and spider mites has been accomplished with a 
combination of applications of oil and biological control. One premise of these programs 
is that effective control of most secondary pests can be achieved in most orchards with 
existing biological control. A secondary objective of this research has been to identify 
those pests that are not effectively controlled within the selective program and target 
these pests for additional research and monitoring. While the program has been 
effectively demonstrated in orchards in Oregon, a similar program needed to be 
developed and evaluated under California growing conditions. 

The selective program using only Dimilin for control of codling moth was 
compared to standard pesticide programs as well as an untreated check in two pear 
orchards (Courtland and Walnut Grove) located in Sacramento County, CA. 

In the Courtland orchard, the program was successful for control of both codling 
moth and the associated secondary pests such as pear psylla, spider mites, etc. However, 
this is the first year of transition from a standard co=ercial program to a more selective 
program. As such, the pressure from the various pests was relatively low as would be 
expected within a well-managed orchard. 

Control of codling moth was evaluated at three times throughout the season; after 
the first, second, and third flights of codling moth No codling moth infested fruit were 
found within any treatment after the frrst flight At harvest, infestation levels were still 
low with 0.33% in the untreated control, 0% in the standard program, and 0.17% in the 

· selective program. These differences were not significantly different at P < 0.05. 
However, by the third flight of codling moth, the number of fruit infested by codling 
moth started to increase to 6.5% in the untreated control, 3.1 % in the standard program 
and 1.7% in the selective plot. The fruit infested by the third flight were fruit left on the 
tree at harvest due to inferior size or shape. This increase in the number of infested fruit 
presumably resulted from the increase in number of codling moth throughout the season 
and the reduced number of fruit available after harvest for egg laying. Success within the 
frrst year of the study does not necessarily mean success within the second year of the 
study, if the source of codling moth within an orchard continues to increase. The 
selective program needs to be repeated over several years within a single site before 
widespread adoption is reco=ended. 

Control of the more volatile pest, pear psylla, was also excellent within this 
orchard. Within all treatments, the number of adult pear psylla never exceeded 0.08 
adults per beat sample, whereas the number of psylla nymphs never exceeded 0.007 per 
leaf throughout the entire season . 
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A similar pattern was observed for all spider mites and rust mites. Within all 
treatments, none of the mite species exceeded economic thresholds. The number of 
twospotted mites and European red mites each peaked at 0.02 mites per leaf. No pear rust 
mites were detected throughout the season. Similarly, no problems with leafhoppers or 
leafrollers were detected within this orchare1. 

In the Walnut Grove orchard, the control of codling moth was similar to the 
Courtland orchard. One fruit was infested by codling moth in the untreated control plot 
after the first flight of codling moth. After the second flight, the fruit collected before 
harvest indicated a slight, yet non-significant, increase in codling moth. The untreated 
control had 1.5% infested fruit, whereas the standard program and Dimilin program had 
0.25 and 0.0% infestation, respectively. Given that all fruit were effectively stripped 
from the trees at harvest, no evaluation after the third flight was possible. 

No problems with pear psylla were observed within any treatment during the 
growing season. The number of adult pear psylla per beat sample started to increase late 
in the season with the number of adults reaching 1.1 per beat sample in the untreated 
control plots on Sept 21. No statistically significant differences between treatments were 
detected at any other time in the season. 

The pear rust mite did reach high numbers in July within the untreated control 
plots. Only July 25, the mean number of rust mites per leaf reached 78 per leaf compared 
to 0.5 per leaf in the standard treatment and 0.04 mites per leaf in the selective program. 
The oil used within the selective program gave good control for the entire season, 
whereas the rust mites did increase in the standard program to 14 mites per leaf. The 
increase in the standard program may have resulted from a spill-over from the untreated 
control plots and disruption of predation. The peak in the standard program occurred 
two_ weeks after the peak in the untreated control plots. Damage levels within the 
untreated control exceeded commercially acceptable levels of foliar damage. 

Populations of spider mites reached relatively high levels late in the season Prior 
to harvest in late July,· no infestations of spider mites were detected. However, 
infestations within the selective Dimilin plots started to increase on Aug. 8 after harvest. 
By Aug. 22, the number of mites per leaf in the Dimilin plots had reached 1.8 mites per 
leaf, whereas the standard program reached 0.6 mites per leaf. The populations of spider 
mites declined by Sept. 21 within the Dimilin and standard plots. While foliar damage 
was apparent within the plots, the number of mites per leaf did not exceed the post­
harvest threshold of 2.0 mites per leaf. Therefore, the grower did not sustain economic 
losses due to spider mites. 

The number of leafhoppers was statistically greater in the standard program 
compared to the Dimilin and untreated plots . The untreated controls consistently had the 
lowest numbers of leafhoppers per beat sample for the entire season. The peak number of 
leafhoppers per beat sample reached 5.8 leafhoppers after harvest on Aug. 22. 

Lacewings were found frequently during the pear growing season in both 
orchards. The number of larvae and adults was generally higher in the Dimilin and 
control plots than in the standard plot. Minute pirate bugs were found infrequently later in 
the season. Predatory mites were rarely encountered. Research is currently in progress to 
investigate the response of green lacewings and predatory mites to various selective and 
broad spectrum pesticides. 

The results of this project indicate excellent potential for managing pear pests 
such as the codling moth, pear psylla, spider mites and rust mites in commercial orchards 
by utilizing "soft" chemicals that have minimal effects on natural enemies. 
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III. Stone Fnlits 
a. Biolo;;y 

Oriental f:ruit ncth (OFM'): Graoholita nclesta (Busck) 
Coiling IICth (O!): Cydia pcm;nella (Linnaeus) 

Helmut Riedl 
Ozega1 State University 

Mid-ColllllDia },griculture Research &: Extension Center 
3005 Experjlrent Station Drive 

Hoerl River, OR 97031 

w. w. Barnett 
University of califonria 

Keaniey },gricultural Center 
Parlier, CA 93648 

J. Gaggero 
Trece, !Ix:. 

P.O. Bax: 5267 
Salinas, CA 93915 

SYNERGISM OF THE ORilNI'AL FRUIT MCmi PHEROMONE BLEM> wrm (F..El-8,10-
IXDEx:l\DIEN-l--OL. In trawing eq;eriments corrluc:ted in 1984/85 in an 
awle crcharo in New Yorlc with a mixed pcpu].atian of OFM and CM it was 
noted t.'iat the OFM pheranooe blerrl = certain canponents thereof 
inhibit the resp:)llSe of CM males to its own sex pheromone. The CM 
pheromooe, (E,El-B,lD-do::lecadi,m-1-ol, en the other han:i. had the 
q;iposite effect an tbe pheranone resp:JDSe of OFM males and acted as a 
synergist thus increasing trap catches several fold. '!he natural OFM 
pheromone blerrl coosists of (Z)-8-dcdecenyl acetate, the major 
cauµJueut, and three minor canponents including (El-8--<lo::Jecenyl 
acetate, (Z)-8-dedecen-l-ol, and do::Jecanol. <:anmercial OFM pheromone 
preparations include the first three components but lack do::lecafY"ll. · 
'!he chjective of ex.:;eriments in 1989 was to determine how dose of the 
CM pheromale added to the OFM blerrl affected the reSI,XlllSe of OFM males 
and to what extent the synergistic effect was influenced by the 
presence of (Z)-8-dedecen-l-ol, the alcohol canµ::,nent in the OFM 
blend. (E,El-B.12-dalecadien-1-ol added to the 3-carq;:acent OFM 
pheromUJe blerrl increased catches f:i:om 2.5 to 3.2 fold. '1he 
synergistic effect was dose-deperrlent. The q,t:imum dose was between 
125 and 500 micrograms per OFM dispenser. '1he synergistic effect 
occun-ed in the preseoce as well as absence of (Z)-8-dedecen-1-ol. 
Awlications of this improved pheranoae blerrl for monitoring and 
central will be explora:i in 1990 • 
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III. Stone fruits 
a. Biology 

Tentifonn leafminer ('IL.~ 

P. W. Shearer ard H. Riedl 
Oregon State University 

Mid-ColUllbia h;J. Research & Ext. Center 
3005 Elcperiment Station Drive 

Hood River, OR 97031 

SEl\SJNI\L BIOLCGY AfD CDNI'ROL OF 'IHE TENI'IFORM LEAFMINER, PHYLIDNJRYCTER 
ELMAELIA ON SWEET aIBRRIES. Studies were cOIXiucted on the seasonal 
biology, best synchronization. mortality factors, distribution ard 
control of tentiforrn leafrniner on sweet cherries. 'IL.'! has three ard a 
partial fourth generaticn on cherries as well as on apples in this 
area. As in 1988, the first flight was very discrete with a 2-to-3-
week peria:i of no= very low adult activity between the 1st ard 2rrl 
flight. Later flights overl~ but peaks were still disti.IX:t. 
Cherry arrl apple were close in terms of bud development in 1989. 
Cherry bloomed aba.lt 1 week ahead of apple. When leafminer began to 
emerge in early April cheny buds were still closed, but apple buds 
were already in the 'green tip' stage. The peak of 'lLM emergence in 
mid-April coi.IX:ided with rapid foliage expansion on cheny as well as 
apple p:rovidi.t'.g ample best substrate f= ovipositicn. AlthaJgh 'IL."! 
was well synchronized with leaf developrnent on both bests in 1989, 
significant adult mortality (before egg-laying) may occur in years 
when the interval between 'ILM emergence arrl foliage develqirnent is 
wider. The braconid parasitoid Pholetescr sp. was again caught in 
large numbers in one orchard but almost disappeared from another 
location where it was plentiful the year before. Timir:g of the 
flights of this '!'Lo."! parasitoid in 1989 was identical to 1988. The 
orchazd survey was continued in 1989. OVerall, 'lLM infestation levels 
were considei:ably lower in 1989. The average mine density (tissue-­
feeders} calculated from 11 orcha:crls dropped fran 3.4 in 1988 to 0.8 
per leaf in 1989. Although population levels were lower in 1989 
infestations in::reased at a faster rate from the 1st to the 3:td 
generation than in the previa.is year. Mortality from parasitism ard 
hcst-feedin;J in the sap-l:eeriirg ard tissue-feedin;J stage averaged 
62.6% in the 2rrl arrl 81.6% in the 3rd generation. 'lLM control with 
post-harvest sprays of Dirnilin was again effective. However, the 
suwressive effect is seascraJ. ard does not carry <:Ner to the 
followin;J year. 

so 
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III. Stone Fruits 
c. Biological control/mating disruption 

1. Oriental fruit moth; peaches and nectarines 

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

A 2 acre block of mixed stone fruits was treated with Consep Membrane 
OFM dispensers at 108 dispensers/acre on 20 April and again on 12 July 1989. 
A second block of young trees 1.4 acres in size was also treated with Consep 
dispensers on the same dates. These dispensers were initially applied 
between the end of the first OFM flight and the beginning of the. second 
flight. Thus, the first flight was not treated with the pheromone. 

Fruit samples taken from one nectarine and two peach cultivars from 
the first field showed 1 ittle effect from the OFM disruption treatments 
compared to samples taken from an adjacent 2 acre untreated check. However, 
Fai rt ime peach samp 1 es taken on 5 September from a second check orchard 
approximately 310 meters from the treated orchard did show considerably less 
damage in the pheromone treated block. Collections of male OFM moths in 
pheromone traps showed significant reductions in the pheromone treated block 
compared to the adjacent untreated check and also in the orchard that was 
farther removed from the treatment area. There was no correlation between 
fruit damage and numbers of moths collected in pheromone traps. 

In the young 1.4 acre orchard there was no difference in damage in the 
pheromone treatments compared to the untreated check 0.5 mile away. 
However, OFM pheromone traps in the treated orchard were completely shut 
down. 

Biocontrol/Shin-Etsu OFM pheromone dispensers were applied for the 
third year to a six acre block of peaches and nectarines at the Kearney 
Agricultural Center, Parlier. This block was treated at the beginning of 
the overwintering OFM flight on 24 February using 400 dispensers/acre. 
Although these dispensers are programmed for a field 1 ife of only three 
months, the orchard was not retreated in late May, but was carried through 
the entire season with only the single application in February. Fruit 
samples from this block on two varieties of nectarines and one peach again 
showed significant reductions in damaged fruit in the pheromone treatments 
compared to the untreated check orchard 0.25 mile away. Also, OFM pheromone 
trap collections in the treated orchard were virtually eliminated, as had 
been observed in these blocks in previous years. These data for the second 
year reinforced the conclusion that once OFM population levels are reduced 
to extremely low levels, only one application of pheromone is sufficient to 
maintain OFM damage at subeconomic levels. Consequently, this reduces the 
cost to the grower for mating disruption by approximately 50% and for early 
and mid-season maturing cultivars makes the OFM disruption program much more 
appealing . 
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III. Stone Fruits 
c. Biological control/mating disruption 

1. Peach twig borer; peaches and nectarines 

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

• 
Four orchards were treated at the Kearney Agricultural Center in 

Parlier in 1989 with peach twig borer pheromone dispensers manufactured by 
AgriSense (Fresno, California). PTB pheromone dispensers were applied on 
10 April 1989 using 200 dispensers per acre. This date was approximately 
10 days after the beginning of the first twig borer moth collections in 
pheromone traps. Fruit samples taken at harvest from four untreated 
orchards at Parlier showed 1 evel s of infested fruit in the pheromone 
treatments equivalent to, or better than, adjacent checks that had received 
standard dormant sprays. Fruit damage in pheromone treated blocks was 
considerably lower than damage observed in completely untreated checks that 
received no dormant sprays or in-season sprays for twig borer. In contrast 
to Oriental fruit moth disruption plots, however, peach twig borer 
disruption trials showed consistent collections of male moths in pheromone 
traps throughout the 1989 season. This suggests that there is perhaps 
something still missing from the PTB pheromone blend that could improve the 
performance of mating disruption for twig borer in future field trials. It 
should be noted that of the four peach twig borer mating disruption 
pheromone products that were evaluated or observed in field tri a 1 s in 
California in 1989, all four showed low, but consistent, collections of male 
moths throughout the field exposure period for these dispensers. • 

• 
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III. Stone Fruits 
Chemical control 
1. Pacific mite - peaches 

John E. Dibble 
University of California 
Kearney Agricultural Center 
Parlier, CA 

Standard and experimental mi ti ci des were evaluated for pacific mite 
control on peaches. Summer treatments were made by air carrier sprayer 
at 100 gpa and are shown at 7 days after application. 

Tri al 1 

Vendex 
Vendex + Nat. oil 
Vendex + Orchex 
Omite 
Orchex 
SSUF 
RSB2-8 
RSB2-9 
SIS+ SSUF 
Check 

Tri al 2 

Vendex + B1956 
Vendex + Stirrup 
Kelthane + Orchex 
Kelthane + Stirrup 
Omite 
Omite + Stirrup 
Orchex 
Andalin 
Danitol 
Potassium nitrate 
Apollo 
Mitac 
EL-436 + Ag98 
EL-436 + Ag98 
Check 

A. I .A. 
1.5 pts. 
1.5 pts. + 1 qt. 
1.5 pts. + 3 gals. 
6 lbs. 
5 gals. 
5 gals. 
6 pts. 11 ozs. 
6 pts. 11 ozs. 
1 gal.+ 1.5 gals. 

A.I.A. 
. 75 lbs. + 8 ozs. 
.38 lbs. + 6 ozs. 
2.1 lbs.+ 3 gals. 
1 lb.+ 6 ozs. 
1. 8 lbs. 
.9 lb. + 6 ozs. 
5 gals. 
. 25 lb. 
. 4 lb. 
40 lbs. 
4 ozs . 
. 75 lb. 
.llb.+l pt. 
.2lb.+l pt. 

Pac. T.o. 
le 0.3 
2c 0.2 
2c 0 .1 
le 1.0 
9bc 2.5 

13bc 2.0 
14bc 1.6 
16abc 0.7 
2lab 1.3 
32a 1.5 

Pac. T.o. 
3b 0.0 
3b 0.1 
3b 0.0 
5b 0.1 
4b 0.1 
4b 0.4 
8b 0.2 

25b 0.6 
5b 0.0 

15b 0.1 
llb 0.4 
3b 0.0 
4b 0.0 
2b 0.0 

80a 1.3 

All mite levels in both Trials 1 & 2 were reduced drastically by the 11 
day count. This was probably an effect of both treatment and predator 
mite activity. 
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III. Stone Fruits 

e. Pesticide Resistance 

1. Oriental Fruit Moth - Peaches 

William W. Barnett 
U.C. Kearney Agricultural Center 
Parlier, Ca. 93648 

The pheromone trap bioassay method developed by Riedl et al was 
utilized to monitor OFM resistance in 1987, 1988, and 1989. Field tests 
to determine the efficacy of various rates of Guthion on Oriental fruit 
moth were also conducted in selected orchards in conjunction with the 
adult bioassay tests. In the field tests Guth ion SOwp was applied at 
rates varying from 0.125 to 4.000 pounds AI/acre by handgun in 
approximately 400 gallons per acre. Table 1 shows the LDSO values for 
Guthion applied topically to adult OFM male moths in 1987, 1988 and 1989. 
In 1987 moths in the Loma area of Sutter county were three times more 
tolerant to topically applied Guthion than any orchards tested in 1988. 
In 1988 however the LDSO at Loma had declined to less than 50% of the 
previous year and in 1989 LDSO 1 eve 1 s were comparable to the most 
susceptible orchards tested. In 1988 LDSO levels were similar in other 
orchards tested, ranging from .13 to .23 mg/1, well within the range one 
would expect in susceptible populations . 

In 1989 adult male tests indicate intermediate resistance in an 
orchard 1 mile west of the Loma orchard which showed resistance in both 
87 and 88 Table 2. The Salida orchard which was highly susceptible in 
1988 also showed an increased tolerance to Guthion in 1989. 

It appears that topically applied . 4 mg/1 Gut hi on is a re 1 i ab 1 e 
diagnostic dose for monitoring resistance in OFM. 

Field tests tended to confirm these results . 

54 



Table 1. 

LOSO Values of Topically Applied Azinphosmethyl 
For Male Oriental Fruit Moth Males 

Site/County 

Lomo/Sutter 
Eager Rd./Sutter 
Oswald/Sutter(!) 
Lockford/San Joaquin 
Salida/Stanislaus 
Ballico/Merced 
Chowchilla/Madera 
Parlier/Fresno 

Table 2. 

1987 

.59 

1988 

.25 

.49 

.13 & .18 

.23 

.17 
.18 

1989 

.16 

.37 

.19 

.15 

.18 

Probit Mortality for Topical Application of azinphosmethyl 
on Adult OFM, 1989 

LO 
Site/County Date 10 50 

Lomo/Sutter 5-17 . 08 .16 . 
Eager Rd/Sutter 8-18 .14 .49 
Salida/Stanislaus 8-22 .02 .37 
Balli co/Merced 8-22 .01 .19 
Chowchilla/Madera 8-23 .03 .15 

Table 3. 

Percent Oriental Fruit Moth Adult 
Males Killed When Treated Topically With .4 

Miligrams per Liter Guthion 

Site/County 

Lomo/Sutter 
Eager R./Sutter 
Oswald/Sutter(!) 
Oswald/Sutter(2) 
Lockford/San Joaquin 
Salida/Stanislaus 
Ballico/Merced 
Chowchilla/Madera 
Parlier/Fresno 

1987 

35 

55 

1988 

82 

95 
96 
84 
90 
96 

89 

90 

.51 

.83 

. 73 

.50 

.58 

1989 

91 
35 

62 
74 
76 
77 
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III. Stone fruits 
e. Pesticide resistan::e 

TentifOJ:lll leafminer ('IL.'1) - sweet chen:y, apple 

p. w. Shearer 
oi~eg~u~1 State University 

Mid-colurrbia Ag. Research & Elct. Center 
3005 Experiirent Station Drive 

Hood River, Or. 97031 

RF.SISTAM:S MONI'ICR]N; OF THE WFSI'ERN Til1I'IFCRM LEI\FMINER. Studies 
weie ccxrlucted to evaluate two bioassay meth:ds for monitoring tr.e 
susceptibility of 'IL~ to variC1JS insecticides. The tcpical 
application methcrl involved .treating male moths with a 0.2 ul solution 
of tec.'mical insecticide dissolved in acetae after male 'lLM mot.'15 
weie att=te::l. to and adbered to pheromone-baited Pl".e...'"OCC<l lC traps. 
The insecticide irmµn:aLed adhesive metlxx:i. like the tcpical metlxx:i. 
utilized baited pheromone traps to attract moths for testing. The 
neei to treat each insect i.mividually was eliminated because the 
insecticide was mixed directly into the adhesive. 'Ihis latter met.'xx:l 
geneially pnxluced steeper dose-response lines and bad less check 
mortality than the tcpical method when =myl, a material 'lLM are 
still susceptilile to, was teste::l.. Ccnversely, the tcpical methcd was 
the only technique that produced a meaningful dose-response line for 
azinph:Jsmethyl-resistant 'IL~ sin=e a higher ccncentration of this 
insecticide in solution can be delivered to 'IL:4 via a micro-applicator 
than can be absomed by each moth from the insecticide irx:oiµn:aL.ed 
adhesive. 

'ff-.e tcpical method was utilized to sttrly the following parameters 
which may affect bioassay results. A post-treatment grcwth chamber 
temperature of 60° F produced steeper dose-res.;onse lines than 55° F. 
An inverse relationship between mortality and %RH post-treatment was 
cbseive::l.. Both check mortality and mortality frc:m a discriminating 
dose da:reased as the %RH irx:reased. 'Ihis i.micates the nee::l. to 
stan:lardize post-treatment humidity coniitians. RegaLding adbesive­
in:iuce::l. mortality, Tanglef=t kille::l. fewer moths than eit.'Jer 
Tangletrap or Stikem SPecial. 

Insecticides awlied to an orcharo prior to trap placement and 
moth collection influerx:ed bioassay results. It tocic one week for the 
effects of an orcbaid application of a low rate of Vydate • L (4.D 
oz/acre) to wear off to where check mortality in this block was 
similar to that cbt:ained i:rom an untreated blcck. The same was true 
for a low rate of Guthion 35WP (1.5 lbs/acre). 

Negative correlations exist between check mortality and both 
temperature and %RH in the field prior to trap placement :in:licating 
that high temperature and low humidity comitions iocrease check 
mortality during certain trapping periods. '1hi.s means t.'1at the 
variability of bioassay results may be reduced by avoiding trapping 
during or immediatly after "hot and diy" periods. 
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• II I. Stone Fruits 

F. Implementation 

1. Peach twig borer - plums 

Michael J. Willett 
Yakima County Cooperative Extension 

233 Courthouse 
Yakima, WA 98901 

, 509/575-4242 

• 

• 

Using degree days to time peach twig borer sprays in the Yakima Valley. 
Peach twig borer is generally not a severe pest of stone fruits in the 
Yakima Valley. In many parts of the valley the insect is either not 
present or controlled by pre-bloom organo-phosphate and oil applications. 
However, in the lower Yakima Basin from Prosser east to the Tri-Cities, 
peach twig borer is sporadically a serious pest of plums and prunes. Most 
often, the damage is caused by grower neglect of the orchard, 
particularly early Italian prune orchards. 

However, in 1988, peach twig borer caused losses exceeding 30% in two 
well-managed President and Friar plum orchards. Since the growers had 
been following normal spray programs, they were at a loss as to what to 
do. Since plum plantings are increasing in the Yakima Valley and plum 
pest control will become increasingly important, this seemed like a good 
time to evaluate the WSU/UC peach twig borer phenology model for timing 
sprays and to compare it to normal spray timing. 

This pilot project 
was done in a 4 acre 
President plum orchard 
east of Prosser which 
had sustained serious 
damage in 1988. Traps 
were placed in orchard 
in late April and 
checked daily until 
biofix by the grower. 
Pheromone dispensers 
were replaced at two 
week intervals by our 
office. Degree days 
were calculated by 
accessing weather 
records accumulated by 

It PEACH TWIG BORER. 
PR.OSSER.•TOPCLIFFE FARM E:SSI--

,., __ 
.J. 

.,,, ,,, J/21 "' f/20 7/U '7/H 1/U ...... 
the Washington State University Public Agricultural Weather System from 
the WSU-IAREC-HQ station. This station is located about 3 miles north of 
the grower's orchard. Biofix was set on Hay 4 and, based on UC 
recommendations, control was applied on June 7 at 436 degree days after 
biofix. By July 13 peak trap catches had jumped to greater than twice the 
first summer adult peak and a second cover spray was applied on July 15. 
The plums were harvested August 20-26 and no fruit damage was noted . 
Interestingly, although WSU publications recommend summer peach twig 
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borer sprays to be applied about the first week of June, most growers in 
the Prosser area delay treating until the first part of July, which • 
coincided with the peak of what appears to be second summer generation 
adult flight. 

In spite of these relatively high catches, only 4 flags were noted in 
the block during late July and early August. These flags were found on 
interior trees. 

After the 1989 season, a couple questions come to mind: In spite of what 
appeared to be correct spray timing, large male populations developed 
later in the season. Was this really poor timing or was this immigration 
from outside sources? The only nearby stone fruit orchard was treated 
identically to this one. 
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IV. Nuts 
a • Biology/mating disruption 

1. Codling moth; walnuts 

D.L. Flaherty, G.S. Sibbett, and R.E. Rice 
Tulare County Cooperative Extension, Visalia 
Kearney Agricultural Center, Parlier 

Four 12-tree replicates of Ashley walnuts in a large orchard near 
Farmersville, Tulare County, California, were treated with Biocontrol/Shin­
Etsu codling moth pheromone rope dispensers at a rate of 840 
dispensers/ acre. The pheromone dispensers were applied once on 1 y on 23 
March with two-thirds (10) of the dispensers per tree placed high in the 
tree canopy and one-third (5) placed at a height of 7 to 8 feet above the 
ground. In the centers of each of the 12-tree pheromone treated replicates, 
codling moth pheromone traps and terpinyl acetate bait traps were placed 
approximately 7 feet and 25 feet high in the trees. Pheromone and bait 
traps were also placed at the same heights in four 12-tree untreated check 
replicates in the same orchard. 

Counts of dropped nuts at the end of the first larval generation 
showed no differences in damage in the pheromone treated trees compared to 
the untreated check tree plots. This suggested that there was no difference 
in mating success of codling moth females in any of the treatments in this 
plot. Dissections of female codling moths trapped in the terpinyl acetate 
bait traps also showed no differences in mating success in pheromone versus 
untreated check trees. It should be noted, however, that effective mating 
disruption of virgin female codling moths was not anticipated in this 
orchard due to the small plot size of treated trees. 

Collections of male codling moths in pheromone traps in the pheromone 
treated trees vs. untreated trees showed a collection ratio of 66:1 in check 
and treated trees, respectively. The differences in bait trap collections 
in pheromone treated and untreated trees were not nearly as dramatic with 
only a 60:40 ratio in moth collections. The results of this trial showed 
that codling moth mating disruption pheromones can almost, but not 
completely, shut down pheromone traps in pheromone treated trees. The low 
level of male moth collections in pheromone treated orchards is consistent 
with previous trials for mating disruption of codling moth in pome fruits 
in California. 

Previous research in walnuts in trap placement had shown a 6:1 ratio 
of ma 1 e moth collect i ens in high traps pl aced at 30 feet vs. 1 ow traps 
placed at 7 feet. It should also be noted that in 1988, 200 more day 
degrees were accumulated at the 30 foot level than at the 7 foot level from 
early June to October. This suggests that in some instances, moth activity 
could be taking place in the upper canopies of orchard trees while ground 
temperature monitoring stations would be indicating temperatures too low for 
moth activity . 
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IV. Nuts 
a. Biology 

1. Phytocoris, Neurocolpus; pistachios 

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

Nymphs of Phytocoris relativus were provided with European red mite 

• 
eggs on plum twigs in petri dishes in the laboratory. Five nymphs observed , • 
for periods ranging from 11 to 21 days consumed an average of 43.4 ERM eggs 
per day. Small sections of fresh green beans were also provided along with 
the mite eggs as a source for plant liquids to the bugs. 

Preliminary studies were conducted in prune and plum trees with virgin 
females and males of Phytocoris relativus caged within I-C sticky traps. 
Traps containing only 1-3 virgin female Phytocoris collected twelve times 
the number of males compared to traps containing only virgin male 
Phytocoris. Although numbers of bugs collected in this test were not high, 
there is a strong indication that virgin female Phytocoris produce a sex 
attractant for male Phytocoris. 

Sex pheromone studies with Neurocolpus lonqirostris on California 
buckeye were continued in 1989 and again showed that female Neurocolpus are 
strongly attractive to males whereas male Neurocol pus do not attract 
females. Observations on host associations of Neurocolpus lonqirostris in 
central California foothills showed no association of Neurocolpus with 
Clematis lasiantha even though the Clematis was in direct contact or 
immediate proximity to the known primary Neurocolpus host, California 
buckeye. This is in contrast to previous observations of Neuroco 1 pus 
lonqirostris adults on Clematis and sumac in southeastern Washington 
(Dayton). Neurocolpus nymphs placed on Clematis in the laboratory lived for 
periods of only 1-4 days and would occasionally, but not always, molt to 
the next instar before they died. None of the Neurocolpus nymphs survived 
to adulthood on Clematis, although numerous Neurocol pus have been reared 
from first instar through adult on California buckeye. This indicates that 
Clematis, as suspected, is not a breeding host for Neurocolpus longirostris 
either in California or in Washington. 
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IV. Nuts 
c. Biological Control 

1. Stink bugs - pistachios 

Stephen C. Welter, M. Purcell, L. Swiadon, and Rachael Freeman 
Department of Entomology 

University of California, Berkeley 

Three strains of Trissolcus basalis were provided by T. Wilson's laboratory at UC 
Davis for evaluation in pistachios. Collections of Trissolcus basalis were made in Spain, 
Italy, and France. Releases ofT. basalis were made in 1988 at 5 different pistachio 
orchards in Roseville, Orland. Brentwood, Davis, and Wmters. Multiple releases were 
made at each site as follows: 1350 parasitoids in Brentwood, 1610 in Roseville, 700 in 
Winters, and 500 in Orland. The number of parasitoids released each time varied from 
250-600 parasitoids per release date. The orchards varied in the intensity of insecticide use 
from completely organic sites to orchards under insecticide regimes of up to 6 applications 
of either synthetic pyrethroids or organophosphates. 

Colonies of the red-shouldered stink bug were maintained in laboratory cultures. Egg 
masses were collected and frozen to prevent stink bug emergence. Egg masses were 
attached to pistachio leaf blades and left in the orchard for ca. 7-10 days. The egg masses 
were collected subsequently and held until parasitoids emerged. Unhatched eggs were 
dissected to determine if parasitism occurred without emergence. The number of 
collections made per site ranged from 1-7 collections per year in 1988 and 1-9 in 1989. 
No new releases of Trissolcus basalis were made in 1989 so as to determine if successful 
overwintering occurred from 1988. 

Results 

Peak parasitism rates were shown for all orchards sampled in 1988 and 1989 (Table 
1). Parasitism appears to vary considerably between orchards. Within untreated orchards, 
parasitism rates averaged ca. 40% for the season within all orchards. Parasitism rates 
appear to increase as the season progresses . Parasitism within organic orchards 
commonly reached 100% of the egg masses in 1988. However, only 60.1 % of the eggs in 
an egg mass were parasitized. 

Three species of native Trissolcus were found parasitizing stink bugs. The seasonal 
trends are presented in Fig. 1 and are based on the average of 3-4 orchards for each sample 
date in 1989. The most dominant species is T. euschisti ,which was found to be 
responsible for· 100% of the parasitism in some orchards. The other two species appeared 
to vary in their importance between orchards. The second species, T. hullensis, was 
shown to reach levels as high as 30% of sentinel egg masses, whereas the third species, T. 
utahensis, rarely exceeded 20%. 

Observational data on egg masses placed in the weedy ground cover indicated that 
predation of egg masses appears to be an important source of mortality. Further research is 
necessary before definite conclusions can be drawn. 

Trissolcus basalis was established within an orchard in 1988 in Brentwood (Fig. 3) . 
Parasitism rates reached approximately 30% before stink bug population levels decreased 
as the onset of winter occurred. Recoveries of T. basalis in 1989 were made again in only 
the Brentwood orchard late in the season. The relatively low numbers of Trisso/cus 
basalis released in the orchards may have made establishment improbable in the other 
orchards. The likelihood of successful parasitism, synchronized emergence, and 
successful mate location becomes less likely when the absolute numbers of individuals are 
small. A greater success rate in establishment is predicted if larger numbers of parasitoids 
are released over a short period of time. Future research may require the early season 
release of T. basalis to establish higher rates of parastism earlier in the season . 
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IV. Nuts 
Chemical control 
1. Pacific mite - almonds 

J. E. Dibble 
University of California 
Kearney Agricultural Center 
Parlier, CA 

Summer treatments were made by high pressure hand gun and are shown as 
numbers of mites/IO leaves. 

Ratei'.acre 12 days 20 days 
Vendex 1. 5 pts. 2c 7c 
Vendex + Nat. oil 1. 5 pts. + 1 qt. 40c 4c 
Vendex + orchex 1.5 pts. + 2 gals. 3c 6c 
Omite 6 lbs. 3c le 
RSB 2-B 3.3 gals. 62b 93a 
RSB 2-9 3.3 gals. 140ab 14bc 
SIS+ SSUF 2 gals.+ 4 ozs. 29b 16b 
SSUF 8 gals. 14bc llc 
Orchex 8 gals. 8c 10c 
EL436 8.5 ozs. 7c 24b 
EL436 17 ozs. 22bc 19b 
Danitol 10.6 ozs. 4c 6c 
Danitol 21.3 ozs. 2c 2c 
Apollo 8 ozs. 20bc 26b 
Ctieck 157a 126a 

Kelthane, Vendex and Omite are still commercially effective as miticides. 
To back these compounds up are the oils alone or in combination. The 
fatty acid soaps and foliar nitrogen may well have a place either in 
combination or through repeated applications. Danitol, Apollo, Mi tac, 
EL436 all have control capabilities . 
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Table 1. Peak rates of parasitism of stink bug egg masses 1 in pistachio orchards in 1988 
and 1989. 

ORQ:!ARD INSsCTI!:!J:lE USE DATE(Sl El:;aK % p ARASmSM 
1988 

Brentwood Unsprayed 7/13 100 
Winters Unsprayed 7 /12, 8/26, 9/4 100 
Lincoln Unsprayed 7/12 29 
Wolfskill Unsprayed 7/29 100 
Roseville Co=ercial2 7/6 100 

1989 
Brentwood Unsprayed 7/27 60 
Winters JI Unsprayed 8/23 62 
Wolfskill Unsprayed 8/26 45 
Orland Co=ercial Entire Season 0 
Roseville Co=ercial 8/23 62 

1 Approximately 60.1 % of the eggs within a single egg mass are parasitized. Rates of 
~arasitism includes all species of Tnssolcus and Anasratus. 

Single application of permethrin on 4/12/88. 
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Fig. 1. Seasonal Rates of Parasitism of Stink Bug Egg Masses 

Hames of Compounds Evaluated 

Compound 

Andal1n 
Apollo 
Danito1 
Et436 
Ke l thane 
Natural oil (cottonseed) 
Omite 
Orchex 796 oil 
potassium nitrate 

fo 11 ar spray 
RSB 2-8 fatty acids 
RSB z.g fatty acids 
SIS fatty acids 
SSUF oil 
Vendex 
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= 
UniRoyal 
NorAm 
Valent 
E1anco 
Rohm & Haas 
{number of suppliers) 
Uni Royal 
Exxon 
(number of suppliers) 

Safer, Inc. 
Safer, Inc. 
Safer, Inc. 
Safer/Sun 
DuPont 

% T. euschisti 

% T. hullensis 

% T. utahensis 
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