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Reversion of resistance to the organotin (OT) acaricide

cyhexatin was documented for the twospotted spider mite,

Tetranychus urticae (Koch), by laboratory isolation of a

field resistant colony. After 22 generations of no

selection the colony reverted back to susceptible.

Studies were conducted in 1985 and 1986 on susceptible

and resistant T. urticae to test whether relative

fitness differences were responsible for OT reversion.

Susceptible colonies had significantly shorter

developmental times. In addition, a field susceptible

strain had a higher female to male sex ratio, and percent

survival (egg to adult) than the field resistant strain.

These differences are assumed to contribute to reversion

in laboratory isolated resistant colonies. The effect of

immigration on organotin resistance was also



investigated. An immigration (dilution) experiment

revealed that dilution of resistance allowed a moderately

resistant colony to revert to susceptible in ca. three

generations.

In the field several tactics for managing OT

resistance were investigated. Formulation differences

(i. e. wettable powder verses flowable) of cyhexatin and

fenbutatin oxide were found to have an effect on

efficacy. In addition cyhexatin efficacy was improved

when organotin selection to a population of fl urticae

from southern Oregon pear was reduced by substitution of

an acaricide to which mites were not cross-resistant.

Abamect4n (avermectin B1) was substituted for cyhexatin

in 1984 and 1985 in an orchard block harboring resistant

mites in 1983. After two years of relaxed selection a

standard organotin treatment was reapplied to the

abamectin treated block. Better control was achieved

with cyhexatin in the abamectin block than in a block

that had been continuously treated with cyhexatin over

the same two year period. This suggests that reducing

selection pressure, by substituting the noncross-

resistant compound, allowed resistance to revert in the

field. These results suggest a possible mechanism by

which organotin resistance in T. urticae may be managed.
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Organotin Resistance in Tetranvchus urticae Koch on Pear:

Components and their Integration for Resistance

Management.

Introduction

The twospotted spider mite, Tetranvchus urticae

Koch, is a multivoltine, arrhenotokous arthropod whose

cosmopolitan distribution and affinity for economically

important host plants have earned it world pest status

(Helle & Sabelis 1986). Chemical control of this species

has been unsuccessful at times due to its ability to

rapidly develop resistance to all types of organo-

synthetic insecticides and acaricides (Cranham & Helle

1986). Biological control using predaceous (phytoseiid)

mites has been a successful alternative to chemical

control in many cropping systems where spider mites are a

problem particularly in tree fruits and nuts ( Helle &

Sabelis 1986).

Over the past two decades biological control has

significantly reduced the number of annual acaricide

applications in many integrated management programs where

spider mites are pests (Croft et al. 1987). The use of

selective acaricides (i.e. those toxic to phytophagous
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mites but nontoxic to predators) are occasionally

warranted in these systems to adjust predator prey ratios

or supplement control when the spider mites exceed

economic threshold levels. However, most of the early

selective acaricides are no longer avaliable for use

(primarily due to resistance development) and there are

currently no new selective acaricides registered.

One group of selective acaricides, the organotins,

are still avaliable for use in strawberries, hops, nuts,

and tree fruits in the United States. Resistance to one

of the organotins (cyhexatin) was first reported for T.

urticae in 1979 (Masour and Plant) and since then has

been reported from California strawberries, (Croft et al.

1984, Miller et al. 1986) Australian pears, (Edge and

James 1982, 1983, 1986) Oregon pears, (Hoyt et al. 1985)

and California almonds, (Keena and Granett 1987). In

addition, organotin resistance has been reported for

related tetranychiid species, the European red mite

panonvchus ulmi Koch (Pree and Wagner 1987, Welty et al.

1987), the Pacific spider mite Tetranychus pacificus

McGregor (Keena and Granett 1987), and the McDaniel mite

Tetranychus mcdanieli McGregor (Hoyt 1969).

This research was designed to investigate organotin

resistance in populations of T. urticae feeding on pears

in Oregon's Rogue River Valley. Edge and James (1986),

and Croft et al. (1984) previously documented that
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organotin resistance in this species was unstable (not

fixed) and that reversion towards susceptibility would

occur when organotin selection pressure was relaxed.

The purposes of this thesis research were to: 1)

investigate the effect that formulation differences of

the two registered organotins (i.e. cyhexatin and

fenbutatin oxide) might have on efficacy of resistant

mites, 2) evaluate reversion of cyhexatin resistance in

the field by relaxing selection pressure on a resistant

population by using a non-cross resistant acaricide for

the normal organotin treatment, and 3) investigate the

effect that fitness and immigration have on the

instability of organotin resistance at the population

level. The following sections address each of these

three areas of research. A final section presents an

overview of the integrated influence of these factors on

a management scheme for organotin resistant T. urticae.
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Section I.

Differential Mortality of Organotin Resistant and

Susceptible Twospotted Spider Mites (Acari:

Tetranychidae) to Formulations of Cyhexatin and

Fenbutatin Oxide
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Introduction

The twospotted spider mite, T. urticae, was first

reported as a pest of pear in Southern Oregon in 1924

(Westigard et al. 1979). Until the mid 1940s it caused

sporadic, but occasionally severe damage in Oregon pear

orchards (Westigard et al. 1979). Once use of synthetic

pesticides became standard in orchard management (ca.

1945), twospotted spider mites became an annual pest of

pear. Currently, two to four summer acaricide treatments

are applied for control of T. urticae in most commercial

pear orchards in the Rogue River Valley of Oregon.

Since 1942, approximately 14 synthetic pesticides

have been used for control of T. urticae on pear in

southern Oregon. Primarily because of developed

pesticide resistance, only one group - the organotins -

is now used widely (Westigard et al. 1979). In the

United States, control problems with T. urticae, because

of organotin resistance, first appeared on California

strawberries in the late 1970s (Croft et al. 1984, Miller

et al. 1985). Similar problems began to occur on Oregon

pear in the early 1980s (Hoyt et al. 1985).

In this first set of experiments the efficacies of

organotin formulations applied to organotin-resistant and

susceptible strains of T. urticae in laboratory and field
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tests were compared. These studies were necessary to

establish baselines of susceptibility and resistance in

T. urticae and to investigate use of alternative bioassay

techniques for resistance monitoring.
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Materials and Methods

Field Tests. All field tests were conducted in mature

pear orchards located in southern Oregon's Rogue River

Valley. Two orchard sites operated by Oregon State

University were used to evaluate various formulations of

the organotin acaricides (cyhexatin and fenbutatin oxide)

for control of T. urticae.

T. urticae from Site 1, referred to here as the

Hanley orchard, had been tested earlier in the laboratory

for cyhexatin resistance and found to be susceptible to

cyhexatin (LC50= 0.005% active ingredient (AI) on 11 July

1985). A single field test was conducted in 1985

comparing wettable powder (Plictran 50W and Vendex 50WP)

and flowable (Plictran 600F and Vendex 4L) formulations

of cyhexatin and fenbutatin oxide, respectively.

Chemicals were applied to three single tree replicates on

17 June with conventional high pressure handgun equipment

(FMC Corp. Ripon CA. 95366). Trees were sprayed to

runoff (ca. 15 liters/tree).

Site 2 (the Medford orchard) is ca. 4.5 km from the

Hanley site. Previous experiments with T. urticae from

this orchard indicated that resistance levels were

seasonally variable, with low to moderate resistance in

the early season (LC50= 0.047% AI on 24 July 1986), and
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higher levels of resistance in the midseason (LC50= 0.08

% AI on 1 August 1986). Two tests were conducted in

1986, one in early season (25 April until 10 June) and

one in midseason, (11 June to 24 July).

In 1986 four and eight single tree replicates were

used in the early and midseason tests respectively, using

the same spray equipment that was used at Site 1. At

both sites, formulations were applied at field rates

recommended for control of resistant populations of T.

urticae; i.e., 114 g (AI)/378.5 liters (Westigard & Van

Buskirk 1985).

All trees were sampled for spider mites before

treatment and then at weekly or biweekly intervals

thereafter. Fifteen mature leaves were sampled from each

tree in 1985 and in early season 1986. Twenty mature

leaves were sampled in the midseason, 1986 test. Eggs

and postembryonic stages of the mites were removed from

the leaves with a leaf-brushing machine (Leedom

Engineering, Twain Harte, CA 95383) and counted using a

dissecting microscope (16X). A one-way analysis of

variance (ANOVA) was done on transformed data (log[x +l])

for postembryonic stages. Differences among means were

tested using Fisher's protected least significant

difference test (Petersen 1985) at P < 0.001 and < 0.05.
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Laboratory Tests. To estimate differences in toxicity

between formulations, laboratory strains of resistant and

susceptible T. urticae were tested. Field-collected

resistant mites from the Medford site and a colony of

susceptible mites originally obtained from Stauffer

Chemical Co. (Mountain View, CA 94040) were tested with a

contact-residue leaf disk technique described by Miller

et al. (1985).

Approximately 20 female mites were placed on lima bean

leaf disks and treated after 24 h with each organotin

formulation. Each acaricide was tested by serial

dilution in water; nine concentrations (ranging from 0.5

% [AI] to 0.001 % (Al)) and a control (water only). Each

concentration was replicated three times. Mortality was

assessed at 48 h. Mites were considered dead if their

appendages did not move when they were prodded lightly

with a camel's hair brush (Miller et al. 1985).

Data were analyzed with a probit analysis program

(Raymond in press) that corrects for control mortality

using Abbott's (1925) formula. Bioassays with susceptible

and resistant mites were repeated three times for each

formulation. An F test for linear regression lines

(Weisberg 1980) was used to test for significance between

replicates and treatments. Particle sizes of all

formulations were determined by Dr. D. Valcore (Dow
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Chemical Midland MI.) with a CILAS Laser Granulometer

(Marco Scientific, Sunnyvale, CA 94087).
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Results

Field Tests. In the 1985 midseason test with

susceptible mites at the Hanley site, one flowable

cyhexatin formulation (Plictran 600F) was significantly

more effective in controlling T. urticae than one

fenbutatin oxide wettable powder formulation (Vendex

50WP) (Table I-1; data for all sample dates combined, P <

0.05). Considerable variability was observed within the

treatment replicates.

In the 1986 early season test with more resistant

mites at the Medford site, the cyhexatin wettable powder

(Plictran 50W) and both flowable formulations (Plictran

XRM 4868 and Vendex 4F) gave significantly better control

of T. urticae than Vendex 50 WP (P < 0.05; all sample

dates combined, Table 1-2).

In the 1986 midseason test at the Medford site, both

flowable formulations gave significantly better control

of T. urticae than the two wettable powder formulations

(P < 0.001; all sample dates combined, Table 1-3). All

treatments for both the 1985 and 1986 midseason tests

were significantly different from the untreated control

plots. However, in the 1986 early season test, both

wettable powder formulation plots were not significantly
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different from the control (P > 0.05; all sample dates

combined).

Laboratory Tests. LC50's and slopes for each

formulation and mite strain are shown in Table 1-4 and

Figure I-1. The F test for linear regression lines

showed significant differences between the pooled

replicates of susceptible and resistant strains for all

formulations. The three replications for each

formulation did not differ significantly.

Flowable formulations gave 3- to 4-fold lower LC50's

on susceptible mites and 6- to 8-fold lower LC50's on

resistant mites after 48 h compared with wettable powder

formulations of the same chemical. The particle size of

the active ingredient for the two wettable powder

formulations was ca. 3 i& larger than the particles of the

two flowable formulations.
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Discussion

Differences in efficacy of organotin formulations on T.

urticae in the laboratory were first noted in Australia

by Edge & James (1983). My laboratory tests showed

similar results to the Australian study. Both

susceptible and resistant strains of mites were more

susceptible to the flowable formulations of fenbutatin

oxide and cyhexatin (i.e., Vendex 4L and Plictran 600F)

than the wettable powders (i.e., Vendex 50WP and Plictran

50W). However, the magnitude of the response was not the

same between the two strains. For susceptible mites,

flowable formulations had LC50's 3- to 4-fold lower than

the LC50's of wettable powders. Flowable formulations

had LC50's six to eight times lower than the wettable

powder LC50's for resistant mites. Data from Australia

for T. urticae showed a 2-fold reduction in the LC50 of

susceptible mites and ca. 5-fold reduction in the LC50 of

resistant mites for Plictran 600F compared with Plictran

50W (Edge & James, 1986).

My laboratory results may explain partially the

variability in my field results. Laboratory data

suggested that, on resistant populations of T. urticae in

the field, flowable formulations of organotins would give

better control than the wettable powders. For
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susceptible populations, the differences between

formulation efficacies in the laboratory were relatively

small (Table 1-4). Thus, results of field tests in 1985

were not conclusive because formulation comparisons were

made on susceptible mites and the effect of different

formulations on these mites was not significant (Table I-

1) .

At Medford in 1986, an early season test revealed

that the fenbutatin oxide wettable powder (Vendex 50WP)

was less effective than both flowable formulations and

the cyhexatin wettable powder. A later test in the same

orchard with the same trees showed that both flowable

formulations caused higher mortality than both wettable

powders. Thus, as the level of resistance increased at

the Medford site so did the ability to discriminate

between the efficacy of the formulations. These data

also support previous observations that levels of

organotin resistance are increasing at the Medford site

from early to midseason.

These data might lead one to hypothesize that early-

season treatment with organotins may provide better

control of T. urticae. Edge & James (1983, 1986) found

that larvae of T. urticae in Australia were several-fold

more susceptible to organotins than adult females. The

same trend has also been verified for T. urticae from the

Rogue River Valley; LC50's differed by ca. 10-fold
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between adult and larval stages of resistant mites

(Figure 1-2). Thus, organotin treatments applied early

in the season when females are still emerging from

diapause might contact a population consisting of more

susceptible immature life stages (e.g., eggs and larvae).

Resistance levels of T. urticae adult females also

are seasonally variable at the Medford orchard, with

populations in early season being more susceptible (see

section II). Thus, early treatments should have provided

better control compared with late season treatments.

Although the average mite counts after eight weeks

were lower in the early season Medford 1986 test than the

midseason test for all formulations (with the exception

of Vendex 50WP, Table I-2), direct comparisons of the

results should be made with caution. Several

environmental factors differed between the two tests that

might have affected sample counts.

Photoperiod and temperature were different in the

two test periods. Cooler average temperatures in April

and May would slow reproduction of T. urticae; thus, the

intrinsic rate of increase would be less in early season

than in the summer (Westigard et al. 1967). This effect

can be seen when average mite counts for the untreated

plots in the early and midseason test are compared. Mite

counts on controls were extremely low until the first

week of June, and then increased very rapidly (i.e., from
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3.4 mites per leaf on 10 June to 54.1 mites per leaf on

14 June). In addition, the relative densities of mites

per leaf in the early season were affected by the rapid

expansion of pear foliage (Westigard et al. 1967).

Currently, field results have not conclusively shown that

organotin efficacy may be increased by early season

treatment, but growers in the valley have reported this

general trend from repeated comparisons of early verses

late treatment of T. urticae with cyhexatin. Further

experimental research is required to test this effect.

In conclusion, flowable formulations of organotins

appear to be more effective than wettable powder

formulations on resistant T. urticae. Although the exact

reason for this difference has not been identified,

particle size of the active ingredient may be associated

with this increased control. Other differences between

the adjuvants found in the wettable powder and flowable

formulations also may explain the observed increase in

efficacy. The extent of this increase in efficacy is not

constant for susceptible and resistant T. urticae.

Mortality of susceptible strains was not significantly

different when the two types of formulations were tested

in the field, but for resistant strains mortality was

higher with the flowable formulations.



Table I-1. The effect of organotin formulations on field populations of organotin susceptible

T. urticae (Medford, OR. 17 June 1985).

Formulation

AI/378.5

Pre-Treatment

AVERAGE I MITES/LEAF

Post-Treatment Post - Treatment

Liter June 14 June 26 July 8 July 16 July 29 August 5 August 14 August 22 naafi

Plictran 50W 55.1Iaa 0.09a 0.13a 0.13a 0.18a I.16a 3.64a 0.84a 0.8EJ,u

Vendex 50W 31.47a 2.I4a 0.18a 0.7Ia 0.18a I.33a 2.18a 2.856 1.376

Plictran 600E 35.17a 0.13a 0.04a 0.0a 0.22a 0.09a 0.53a l.68a,b 0.38a

Vendex 4F 54.83a 0.80a 0.3Ia 0.22a 0.58a 0.40a I .93a 2.22a,6 0.92a,0

Untreated 54.13a 16.186 29.246 40.276 20.856 39.916 22.896 17.87c 26.74c

a
Means with same letter are not significant (P <0.05; Fishers' Protected LS0 [Petersen 19851 ).



Table 1-2. The effect of organotin formulations on field populations of organotin

resistant T. urticae (Medford, OR. 11 April 1986).

Plot and Rate Pre-Treatment

AVERAGE P MITES/LEAF

Post-Treatment Post-Treatment

1149 A1/378.5 Liter April 7 April 17 April 28 May 13 May 27 June 10 Mean

Plictran 50W 0.43a,ba 0.10a 0.07a 0.13a 0.23a 0.63a 0.23a,c

Plictran XRM-4868 0.83a 0.17a 0.07a 0.13a 0.03a 0.53a 0.19a

Vendex 4F 0.60a 0.13a 0.0a 0.13a 0.0a 0,35a 0.12a

Vendex 50W 0.50a,b 0.80a 1.1a 0.0a 0.67a 2.03a,b 0.92b,c

Untreated 0.136 0.67a 0.47a 0.10a 0.03a 3.436 0.94c

a
Means with same letter are not significant (P <0.05; Fishers' Protected LSO [Petersen 1985] )



Table 1-3. The effect of organotin formulations on field populations of organotin

resistant T. urticae (Medford, OR. 10 June 1986).

Material and rate

114 g AI/378.5 Liter

Pre-Treatment

AVERAGE # MITES/LEAF

Post-Treatment

May 30 June 24 .July 1 July 8

Plictran 50W

Vendex 50W

Plictran X88-4868

Vendex 4F

Untreated

1.80aa

0.50a,b

0.63a,b

0.56a,b

0.03b

0.09a

0.746

0.09a

0.14a

4.89c

0.56b,d

1.116

0.08a

0.15a,d

8.72c

2.68

0.76b,d

0.14a,d

0.39a,d

9.70c

July 24

Post-Treatment

July 31 Mean

2.836

0.5Ia

°1:0

13.97c

2.506

0.30a

0.35a

0.60a

24.25c

I.27b

0.686

0.25a

0.33a

12.31c

a Means followed by same letter are not significantly different (P < 0.05 except post-treatment means which are

measured at P 0.001; Fishers' Protected L50 (Petersen 1985] ).

.0



Table 1-4. Leaf disk bioassay and particle size data for organotin susceptible and

resistant T. urticae.

Formulation

Mean particle size

active ingredient

Microns n

Susceptible

LC 50

Slope + SE

(95% CL)

% Al n

Resistant

Slope + SE

LC 50 (95% CL)

% Al

Flowable

Plictran 600F 2.7 911 1.63 + 0.13 0.004 (0.003-0.005) 866 1.13 + 0.14 0.017 (0.013-0.025)

Vendex 4L 1.1 796 2.09 + 1.18 0.006 (0.005-0.007) 911 2.31 + 0.17 0.010 (0.009-0.011)

Wettable Powder

Plictran 50W 5.6 773 1.65 + 0.13 0.017 (0.014-0.019) 899 0.99 + 0.13 0.099 (0.64-0.138)

Vendex 50W 5.8 539 2.21 + 0.20 0.033 (0.27-0.038) 645 2.24 + 0.24 0.093 (0.079-0.111)

O
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Figure I-1. Log probit regression lines for organotin

resistant and susceptible is urticae treated with

different organotin formulations (Medford, OR. 1984).
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Figure 1-2. Log probit regression lines for life stage

susceptibility to cyhexatin for adult and larval T.

urticae.
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Section II.

Field Reversion of Organotin Resistance in

Twospotted Spider Mite (Acari: Tetranychidae)

Following Relaxation of Selection Pressure
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Introduction

Cyhexatin resistance in the two-spotted spider mite,

T. urticae, on tree fruit crops was first reported in

Australia (Edge & James 1982) and the western United

States in the early 1980's (Hoyt et al. 1985). This

resistance has been shown to be unstable in laboratory

studies and will revert towards susceptibility when

organotin (OT) selection pressure is relaxed (Edge &

James 1983, 1986, Croft et al. 1984,). Due to the

apparent unstable nature of OT resistance in T. urticae

some researchers have postulated that their effective

life may be increased by implementing a resistance

management program for them (Edge & James 1983, James &

Edge 1986, Croft et al. 1984, 1987, Hoyt et. al. 1985 ,

Miller et al. 1985, Keena & Granett 1987). This section

of the thesis reports results of a three year study of

means to promote OT resistance reversion in T. urticae by

relaxing OT resistance selection pressure. Selection

pressure was reduced by use of an acaricide to which OT

resistant mites were not cross-resistant.

The substitute acaricide selected was abamectin, a

biotically derived mycelial toxin of the actinomycete
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Strentomvcetes avermitilis which probabably affects the

GABA receptor (Cambell et al. 1983). It is a highly

effective, somewhat selective, experimental acaricide

which shows some possibilities for use in integrated mite

management (Grafton-Cardwell & Hoy 1983, Hoy & Cave

1985). Mites may not be cross-resistant to abamectin

because the site of action for cyhexatin on T. urticae is

thought to be mitochondrial Mg2+ ATPase (Carbonado et al.

1986). I hypothesized that relaxing OT resistance

selection pressure by substituting abamectin for an OT

for two years would allow significant reversion of OT

resistance to occur.
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Materials and Methods

The study site was an orchard at the Southern Oregon

Agricultural Experiment Station (SOAES), Medford. A

comparison of laboratory susceptible T. urticae with

mites from this block by slide dip-bioassay done in mid

summer 1983 showed a 31-fold level of cyhexatin

resistance (Hoyt et al. 1985). In addition, a diagnostic

dose leaf disk bioassay from this orchard showed that 97%

of the T. urticae treated with the recommended field rate

of cyhexatin (1134 g AI/ha) survived longer than 48 hr.

(Westigard & Van Buskirk 1985).

In 1984, at the Medford site, three similarly treated

adjacent blocks of pears containing resistant T. urticae

were sampled to determine baseline LC50's and then

sprayed with a tractor-drawn air carrier sprayer. One 36

tree block (6X6), the A block, was treated with abamectin

twice in 1984 (10 June and 7 September) and three times

in 1985 (13 May, 10 July, and 3 October). The first

treatment of abamectin in 1984 was at 17 g (AI)/ha; the

remaining treatments were applied at 4.5 g (AI)/ha.

Another block containing 110 trees (11 X 10), the CF

block, was treated with a combination of cyhexatin

(PlictranR 50W) and formetanate (CarzolR 92SP) three

times in 1984 (10 June, 31 July, and 7 September) and
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1985 (8 May, 12 July, and 3 October). All sprays were

applied at 567 g (AI)/ha. cyhexatin and 1304 g (AI)/ha.

formetanate. The third block, the C block, contained 99

trees (11X9) and was treated with cyhexatin alone at 1134

g (AI)/ha. three times in 1984 (8 June, 2 August, and 2

September) and 1985 (9 May, 12 July, and 3 October).

Mites were collected from each block two weeks after

sprays were applied, and colonized on Henderson bush lima

beans at 28° ± 2° C, 50% ± 5% RH, and a photoperiod of

16:8 (L:D). Mortality of each colony was estimated with

a contact-residue leaf disk bioassay (Miller et al.

1985). All mites were tested with cyhexatin (Plictran

50W) in a serial dilution of nine concentrations plus a

control replicated four times. Approximately 20 mature

female mites were placed on each leaf disk. Mortality

was assessed at 48 hr and mites were considered dead if

appendages did not move when touched with a camel's hair

brush (Miller et al. 1985). All LC50 estimates expressed

as % AI were obtained from a probit analysis program

(Raymond in press) after correction for control mortality

by Abbott's (1925) formula .

An OT susceptible laboratory colony was also assayed

each summer 1984-1986 and LC50s were compared to the

field collected colonies to establish standardized

resistance ratios (RR= LC50 of field collected

colony/LC50 of the susceptible colony). Miller et al.
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(1985) considered T. urticae populations with a RR > 5

for cyhexatin to be resistant using this technique. In

this study resistance was subdivided into three

catagories based on my observations of field efficacy and

monitored resistance levels). Resistance ratios < 3 were

not considered significantly different from the

susceptible colony. Ratios between 3 and 7 were

considered in transition between resistant and

susceptible colonies and RRs > 7 were considered

resistant (based on field faliure, and dependent on r2

regression values, LC50 CI overlap, and slopes of the

probit lines).

In 1986, an experiment was done in the A and C

blocks to determine if reversion in the A block had

occurred after two years of relaxed OT selection.

Sixteen trees were selected from each of the A and C

blocks and randomly assigned to one of four treatments

each replicated four times. Cyhexatin (Plictran 50W) was

applied using conventional high-pressure handgun

equipment to all treatments at the following rates: 141,

283.5, 567, and 1134 g (AI)/ha.

All trees were sampled for spider mites before

treatment and then weekly or biweekly for four weeks.

Twenty mature leaves per tree were selected to determime

number of eggs and mites per leaf. Leaves were brushed

using a leaf-brushing machine and stages were counted
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magnification). Stages were classified as either egg or

postembryonic forms. A one-way analysis of variance

(ANOVA) was run on transformed data (log[x+1]) for post-

embryonic stages. Mean differences were tested using

Fisher's protected least significant difference test

(Petersen 1985) jp < 0.05).

Both the A and C blocks were treated with cyhexatin

(Plictran 50W) and formetanate (Carzol 92SP) on 1 August

1986. This treatment was applied to all trees in the

block at 567 g (AI)/ha cyhexatin and 1304 g (AI)/ha

formetanate by a tractor drawn air carrier sprayer.

Mites were collected and colonized from each block two or

four weeks after treatments and LC50 values were

estimated (ga. three to six generations later).
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Results

LC50 values, confidence intervals, and slopes of the

log probit regression lines for all T. urticae colonies

tested are presented in Table II-1. LC50 values for

mites from all 3 blocks were relatively low for the

pretreatment counts on 1 May 1984 though the mites in

this orchard had been shown to be highly resistant in

late summer 1983 (Hoyt et al. 1985). Resistance ratios

were all <3 and considered to be no different than the

susceptible colony (Table II-1). RR's remained low for

all blocks after the first cover spray on 8-10 June 1984

and then climbed quickly for the C and CF blocks after

the second cover spray on 30-31 July 1984 (Fig. II-1).

At this point the OT block (C) and the OT + carbamate

block (CF) had RR's of 15.2 and 33.7, respectively.

These RR's were similar to those found by Hoyt et al.

(1985) in this orchard in late season 1983. In contrast,

the block that had received no OT selection pressure (the

A block) showed no significant increase in its RR to

cyhexatin.

In 1985, RRs before treatment for the two cyhexatin

blocks were 6.5 (C block) and 7.5 (CF block). These

ratios increased after each acaricide spray, and followed

the same pattern as 1984. The C block RR increased to
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10.8 on 9 May 1985 and to 23.2 on 12 July 1985. The CF

block RR increased to 13.9 after the first treatment and

20.6 after the second treatment. These results appear to

reflect a seasonal variation in OT susceptibility by T.

urticae which is expressed by relatively lower LC50

values in the early foliar season compared with mid- or

late season LC50's (Fig. II-1). The A block RR also

showed a slight increase in cyhexatin resistance compared

with the 1985 season (going from 2.0 before treatment to

2.8 after the first application and 3.1 after the second

acaricide spray). Colonies were not collected after the

third cover spray in 1984 or 1985 due to the onset of

diapause in adult females shortly after the last cover

spray.

In 1986, colonies were collected from the four trees

that received the highest OT treatments (1134 g (AI)/ha)

in the A and C blocks only. RRs before treatment were

2.4 and 6.6 for the A and C blocks, respectively. After

the first acaricide spray, RRs did not change

significantly, for either block, but that of the C block

increased to 10.9 after the second cover spray.

Unfortunately, attempts to establish a colony in the A

block after the second spray were unsuccessful.

Results from the 1986 field test done to measure

increased OT efficacy in the A block are presented in

Table 11-2. At all concentrations, means of the number of
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mites per leaf after treatment, were significantly lower

(P < 0.05) in the A block, which had not been treated

with OTs for two years, than in the C block. This

suggests that reversion had occurred and efficacy was

improved in the A block by relaxing OT selection

pressure for two years.



Discussion

Results suggest that OT resistant phenotypes were

being selected after each OT application, leading to

increased levels of resistance during the growing season.

Due to the apparent unstable nature of this resistance if

no selection pressure is applied, then resistance does

not increase. Thus, OT resistance levels in T. urticae

apparently fluctuate over the growing season, increasing

after each OT application and decreasing when this

selection pressure is relaxed. Decreasing seasonal

susceptibility correlated with acaricide applications in

the field has also been reported for cyhexatin resistance

in the European Red Mite (Panonychus ulmi Koch) on apples

in New York (Welty et al. 1987).

Relaxing OT selection pressure by substituting an

acaricide to which mites were not cross resistant into

the A block for two years had a significant effect on

cyhexatin efficacy. When cyhexatin was reintroduced into

the A block in 1986, mortality of mites was significantly

greater than in the C block, which had received

continuous OT selection pressure over the same two year

test period (Table 11-2). In the field experiment in

1986, significantly better control was achieved in the A

35
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block at all four treatment levels than the C block

(Table 11-2). In addition, on several different sample

dates there was no difference in the mite per leaf counts

when comparing the C block with the A block at double the

rate of OT (i.e. the 1134 g (AI)/ha counts from the C

block were not significantly different from the 567 g

(AI)/ha counts of the A block).

These results are encouraging for prolonging the use

of OTs in integrated mite control. They suggest that OT

resistance reversion can occur in T. urticae when

selection pressure is relaxed. An operational mechanism

that may be used to reduce selection pressure is the

rotation of OT cover sprays with sprays of a non-cross

resistant compound. This rotation may postpone the

development of OT resistance in areas where it does not

occur and possibly allow resistance to revert in areas

where it has been documented. Other new experimental

acaricides, (e.g. clofentezine and hexythiazox) may soon

be avaliable for use.

Both clofentezine and hexythiazox appear to have no

cross resistance with the OTs (Flexner, unpublished

data). They are highly selective showing no effect on

adult phytosiids (Hoy and Ouyang 1986). In addition,

predatory mite larvae fed on treated eggs developed

normally (Hoy & Ouyang 1986). Thus, these compounds have

great potential for use in integrated mite management
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(Hoy & Ouyang 1986). We are currently investigating

possibilities of using these compounds in rotation,

alternation, or combination with the OTs in an attempt

to design an IPM program that will optimize the use life

of acaricides as well as the OTs.
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Table II-1. Leaf disk bioassay data for field populations of T. urticae from

S blocks of Southern Oregon pear trees (Medford, OR. 1984-86).

Cyhexatin 95% Resistance

LC 50 Confidence Ratio

Date Block # (%a.i.) Interval Slope LC 50
1

Sus 0.0098 0.0097-0.0100 2.5

5/1/84 1A 0.0230 0.0213-0.0248 1.4 2.3

2C 0.0079 0.0076-0.0082 1.4 0.8

3CF 0.0100 0.0095-0.0104 1.2 1.0

6/24/84 lA 0.0105 0.0101-0.0108 1.4 1.1

2C 0.0118 0.0115-0.0121 1.7 1.2

3CF 0.0302 0.0293-0.0311 2.2 3.1

6/14/84 1 0.0112 0.0102-0.0124 0.6 1.11

2C 0.1489 0.1356-0.1634 0.7 15.2 1

3CF 0.3303 0.2629-0.4148 0.4 33.7 1

Sus 0.0081 0.0080-0.0082 2.0

4/2/85 lA 0.0163 0.0154-0.0172 0.9 2.0

2C 0.0526 0.0504-0.0548 1.3 6.5

3CF 0.0610 0.0561-0.0664 0.9 7.5

5/25/85 lA 0.0223 0.0214-0.0233 1.2 2.8

2C 0.0872 0.0823-0.0924 1.3 10.8

3CF 0.1128 0.1083-0.1175 1.5 13.9

7/27/85 lA 0.0302 0.0284-0.0320 1.1 3.1

2C 0.1883 0.1658-0.2138 1.1 23.2

3C17 0.1671 0.1565-0.1784 1.3 20.6

Sus 0.0071 0.0068-0.0075 3.4

6/10/86 lA 0.0172 0.0162-0.0182 2.4 2.4

2C 0.0467 0.0414-0.0527 3.1 6.6

7/24/86 lA 0.0214 0.0911-0.0229 2.3 3.0

2C 0.0469 0.0402-0.0548 1.2 6.6

9/1/86 IA

2C 0.0773 0.0630-0.0948 1.2 10.9

1 Relationship between dose and mortality may be non-linear at higher

concentrations after 48 hours.



Table 11-2. Leaf counts (P T. urticae/leaf) from 2 blocks of Southern Oregon pear trees (Medford, OR. 1986).

Plot and Rate Pretreatment

AI/HA

AVERAGE MITES/LEAF

Post-Treatment Post-
Treatment

MeanJune 1 June 23 June 3O July i July L4

Abamectin Block (IA) 11.4a1 6.8a 7.3a 7.3a 11.4a 8.2a141 g. cyhexatin

Cyhexatin Block (2C) 3.5b 8.5a 16.06 12.0a 10.7a 12.26141 g. cyhexatin

Abamectin Block (1A) 11.9a 3.0a S.Oa,c 4.3b 9.0b,c 5.3c283 g. cyhexatin

Cyhexatin Block (2C) 4.56 5.5a 1 1 . 4a ,d I0.2a 5.8a,c 9.0a,d283 g. cyhexatin

Abamectin Block (IA) 7.9a 1.06 0.8e,h 1.5c 3.3c 1.7e567 g. cyhexatin

Cyhexatin Block (2C) 6.06 2.56 2.7f,h 4.0b 4.8c 4.0f567 g. cyhexatin

Abamectin Block (IA) 9.2a 0.05c 0.1g 0.35d 0.5d 0.25g1134 g. cyhexatin

Cyhexatin Block (2A) 5.6b 0.60c 1.7h 1.0c 1.0c 1.1e1134 g. cyhexatin

Means with same letter are not significant. Significance at PC 0.05 based on Fishers'

Protected LSD.
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Figure II-1. Cyhexatin LC50 values for field populations

of T. urticae from three blocks of pear treated with

different acaricides (Medford, OR. 1984-86).
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Section III.

Fitness and Immigration: Factors Affecting Instability of

Organotin Resistance in the Twospotted Spider Mite

(Tetranychus Urticae Koch [Acari: Tetranychidae]).
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Introduction

Instability of organotin resistance has been

reported in the European red mite, Panonychus ulmi

(Koch), (Welty et. al. 1987, Pree and Wagner 1987) and

the twospotted spider mite, Tetranvchus urticae (Koch),

(Edge and James 1983, 1986, Croft et al. 1984) In

Oregon's Rogue River Valley this instability manifests

itself as seasonal variability in the lethal

concentration (LC50) values for populations of T. urticae

feeding on pear. Mites were more susceptible to

organotins in the spring and less susceptible after

exposure in the late summer (Flexner et al. in press).

It has been reported that populations of T. urticae

revert back to susceptible when organotin selection

pressure is relaxed in the laboratory (Edge and James

1983, 1986, Croft et al. 1984). Resistance reversion

has also been documented for field populations of T.

urticae (Flexner in press).

Evolutionary factors affecting the rate of organotin

resistance reversion may be different in laboratory and

field populations of T. urticae. Laboratory populations

are generally held in isolation under constant

temperature and photoperiod on a standardized food

source. Thus, the major factors influencing the rate of

reversion in a closed laboratory population may involve
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only relative fitness differences, initial gene

frequencies and dominance relationships of the resistant

and susceptible allele(s) of the phenotypes subsampled

from the original field population (Roush and Croft

1986). Laboratory colonies may also be affected by

factors unique to small isolated populations such as

inbreeding, genetic bottlenecks, and random genetic

drift (Hartl 1981, Falconer 1981).

The rate at which organotin resistance reversion

occurs in a field population is more complex and could

include many other factors such as: overwintering

mortality, the rate of immigration and emigration of the

different phenotypes in the orchard, the presence of

refugia for susceptible phenotypes in the orchard, host

plant interactions, predation, and abiotic factors such

as temperature, photoperiod, precipitation, etc.

In this paper I report on studies of organotin

resistance reversion in a population of T. urticae taken

from California strawberries and held in laboratory

isolation for a period of two years. Fitness component

studies (Roush and Croft, 1986) were conducted on

laboratory and field populations of organotin resistant

and susceptible T. urticae in an attempt to explain this

reversion based on differences in relative fitness.

The effect of immigration on organotin resistance in

T. urticae was also investigated. Aerially dispersing



45

dispersing mites from five sites in Oregon's Rogue River

Valley were trapped, counted, and bioassayed in 1984 and

1985 to monitor possible effects on resistance levels

over the growing season due to passively dispersing

mites. In 1986 laboratory susceptible mites were

introduced into colonies of resistant mites at different

ratios and the colonies bioassayed after three and six

generations to investigate the potential for dilution of

resistance from immigrating susceptibles.
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Materials and Methods

Laboratory Reversion. A resistant population of T.

urticae collected from Watsonville, CA. stawberries

(Croft et al. 1984) and held in laboratory isolation

since 1983 at Oregon State University was tested at

several time periods from 1983-1984. From mid-April 1983

until May 1985 the colony was held under seasonally

varying photoperiods at ga. 22°C ± 5°C and 30% RH ± 10%

RH. During that time the colony was maintained on lima

beans (Henderson bush) and held under isolated rearing

conditions.

At ga. four month intervals cyhexatin mortality was

estimated using a contact-residue leaf disc bioassay

(Miller et al. 1985). Cyhexatin (Plictran 50W)was used

in a serial dilution of nine concentrations plus a

control replicated four times. Approximately 20 mature

female mites were placed on each leaf disc. Mortality

was assessed at 48 hr. and mites considered dead if

appendages did not move when touched with a camel's hair

brush (Miller et al. 1985). All LC50 estimates were

obtained from a probit analysis program (Raymond in

press) after correction for control mortality using

Abbott's (1925) formula.
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Fitness Studies. Fecundity studies were conducted

on laboratory colonies in March and April 1985 to

determine if there was a difference in the average number

of eggs laid by female T. urticae. A colony that had not

been exposed to pesticides in over 35 years (Croft et al.

1984) and a resistant colony from southern Oregon pear

that was being selected with cyhexatin on a ca. monthly

basis were used.

Thirty resistant and susceptible female

teleiochrysalises with tending males were transferred

onto bean leaf discs (20.3 cm2) suspended on wet cotton

in 30 ml disposable medicine cups. One female was

transferred to each disc with a fine camel's hair brush.

Mites were kept in an environmental chamber at 25 °C ±

2°C, and a 16:8 (L:D) photoperiod. Females emerged, mated

and began to lay eggs. Eggs were counted every 24 hr

until females were either dead or had discontinued egg

laying for a period of 72 hr. A one-way analysis of

variance was run on the number of eggs produced per

female by the two strains. Mean differences were tested

using Fisher's protected least significant difference

(LSD) test at R < 0.05 (Petersen 1985).

Additional fitness studies were conducted in

November of 1986 on four different colonies of T.

urticae. The two laboratory colonies described above and

two colonies collected from the field in mid-September
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1986 were used in this experiment. One colony (field

susceptible) was collected from corn at the Oregon State

University Horticultural Farm. The other colony (field

resistant) was collected from an orchard at the Southern

Oregon Agricultural Experiment Station (SOAES). All

colonies were maintained on lima beans in isolation cages

as described above. Before conducting the fitness

studies, all four colonies were bioassayed for cyhexatin

susceptibility as described above.

In fitness tests, one female teleiochrysalis with

tending male(s) was transferred from each colony onto a

leaf disks. Ten females from each of the laboratory

colonies and 20 females from each of the field colonies

were monitored. Cups were checked, watered, and females

transferred to a fresh disk every 24 hrs. Females were

transferred from disk to disk until egg laying ceased.

Disks were checked daily and development of the eggs

monitored for 216 hr (until all mites were adults and

females had begun to lay eggs). Differences between

developmental times, sex ratio, percent survival (egg to

adult), and number of eggs laid by F1 females at 216 hrs

from birth were analyzed using a one way analysis of

variance as described above. An arcsin transformation

was performed on percent survival data (Petersen 1985).

Effects of Immigration. In 1985-86, experiments

were conducted in the laboratory and field to
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characterize and monitor the effect that immigration, of

susceptible T. urticae into populations of organotin

resistant I. urticae, might have on levels of resistance.

In May 1985 five live trap stations were set up around

two different locations in Oregon's Rogue River Valley.

Two stations were set up at the Medford branch of the

SOAES where organotin resistance had been documented

previously (Hoyt et al. 1985). One station was placed in

close proximatey to a pear block and the other in an open

field ca. 300 meters from the nearest orchard.

The other three stations were set up at the Hanley

branch of the SOAES where resistance had not been

documented as of 1984 (Flexner unpublished data). One

station was placed near a block of pears and the other

two stations were placed in open areas; one on the edge

of an alfalfa field and the other near a house on SOAES

property.

Each station consisted of two 3 ft high platforms 50

ft apart. Four tubs (30 by 30 by 10 cm ea) of lima beans

were placed on one platform and four young potted pear

trees (ca. 3.5 ft tall) were placed on the other. Pear

trees were used, as well as beans, to investigate the

effect of host plant material on trap catch. The legs of

the platforms were periodically sprayed with Tangle-

TrapTM (Tanglefoot Co. Grand Rapids, MI) to prevent mites

from crawling onto the platforms.
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The platforms were sampled bi-monthly and the bean

plants replaced with fresh plants. Twenty leaves were

sampled from each tub of beans (80 leaves total) and five

leaves from each pear tree (20 leaves total). Leaves

were then brushed and counted as described above. Life

stages were classified as either egg or post-egg. Pear

trees were replaced with uncontaminated trees if mites

were found on a pear tree station during sampling. If

mite populations were greater than 0.05 mites/leaf on the

bean plants then the plants were brought back to the lab

and held in isolation cages in an attempt to colonize and

bioassay the trapped mites. Bioassays were conducted as

described above. Stations were sampled through Sept.

1984 and 1985.

In August 1986 a laboratory experiment was conducted

to characterize the effect that immigrating susceptible

T. urticae might have on diluting the level of organotin

resistance in a moderately resistant population of T.

urticae. Mites from the laboratory susceptible colony

described above were introduced into colonies of the

laboratory resistant mites described above at ratios of

1:1000, 1:100, and 1:10 (susceptible: resistant) so that

the total number of mites per colony did not exceed

1000/colony. Each treatment plus a control (i.e. no

immigration) was replicated three times. Colonies were

randomly assigned to one of 12 isolation cages in a
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greenhouse at OSU maintained at 27°C ± 5°C, 50% ± 5% RH,

and 16:8 (L:D) photoperiod. Adults and larvae from all

colonies were bioassayed at three and six generations

and log dose probit response curves compared. Adult

bioassays were conducted as described above. Larval

bioassays were conducted by transferring ca. 20 mature

females onto leaf disc and then removing them after two

hr. This assures that the cohort of eggs on the leaf

disc are all within two hr age of each other. Eggs were

then checked every eight hr. until hatch began to occur.

At this point, larvae (and eggs) were treated in a serial

dilution as described above for adults. Mortality was

assessed at 48 hr. as described for adults. Cups

containing quiescent protonymphs were checked again after

24 hr to ascertain their developmental status.
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Results

Laboratory Reversion. LC50 and LC95 values of the

reversion colony are presented graphically in Figure III-

1. The decline in LC50 suggests that resistance was not

genetically fixed in the population. It also suggests

that natural selection may be favoring susceptible mites.

The LC50 for the laboratory susceptible colony between

1984 and 1987 averaged ca. 0.01% AI; varying ca. 2-fold

(ie 0.02%-0.005% AI) using the bioassay technique

described above for the wettable powder stocks of

cyhexatin (Flexner in press and unpublished data, Miller

et al. 1985). This variability is partially dependent on

the batch of the commercial formulation being used and

environmental conditions during incubation of the

bioassay. Thus, it took ca. 12 months (from early May

1983 to mid-May 1984) for the colony to revert to

susceptible. If we assume that at 220C T. urticae can

complete a generation every 17 days (Sabelis 1981, Laing

1969) then this reversion took ca. 22 generations to

occur. The LC50 values of this colony have remained

around 0.01% AI since May 1984 (Flexner unpublished

data).

Relative Fitness Study. There was no significant

difference in the number of eggs laid by laboratory
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susceptible and resistant T. urticae (based on Fisher's

protected least significant difference test at P < 0.05

[Petersen 1985]). Laboratory susceptible mites laid 67.1

± 13.5 (mean ± standard error [SE] of the mean) eggs per

female and the laboratory resistant mites laid 69.5 ±

15.2 eggs per female. However, I observed that at the

end of the 17 day test period, 50% of the susceptible

mites eggs had hatched compared to 14% egg hatch in the

resistant mites.

Results from the fitness component study are

presented in Table III-1. Mean developmental times for

Fi females (egg to adult) were significantly different

for all four colonies tested (Table III- 1). The

developmental times for males were not significantly

different between individuls from the two resistant

colonies, but were significantly different between mites

from the two susceptible colonies. Susceptible

indivivals developed significantly faster than the

resistant individuals. The field susceptible colony had

a significantly higher sex ratio (female: male) and

percent survival than the other three colonies. The

laboratory susceptible and resistant and the field

resistant colonies did not have significantly different

sex ratios or percent survival from each other. The F1

females from the field susceptible colony laid

significantly more eggs at 216 hr. than the field
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resistant colony but the number of eggs laid was not

significantly different from that of the laboratory

colonies.

The LC50 values for all four colonies are also

presented in Table III-1. The two susceptible colonies

had similar LC50 values (i.e. overlapping 95% confidence

limits [CL]). However, the LC50 of the field resistant

colony was ca. seven times higher than the laboratory

resistant colony (Table III-1). The LC50 for the field

resistant colony was ca. 23 and 26 times higher than the

field and laboratory susceptible colonies, respectively.

The LC50 for the laboratory resistant strain was 3- and

4-fold higher than the field and laboratory susceptible

colonies, respectively.

Effects of Immigration. In 1985 trap platforms were

sampled seven times during the growing season (5/30,

6/22, 7/11, 7/30, 8/12, 8/27, and 9/17). Trap catch in

number of mites/leaf and LC50 values for the five station

colonies are presented in Figure 111-2 . Trap catches of

mites between the bean plant and pear tree stations were

similar and only the bean trap data are presented here.

The T. urticae trap catch counts were stratified

into three seasonal divisions (i.e. early, mid, and late

growing season) for the two different locations (Fig.

111-3). The early season averages were based on the

first three sample dates, the mid-season counts were an
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average of the two middle dates and the late season

counts were based on the last two sample dates. In

general trap catch of passively dispersing mites was low

and only exceeded 0.1 mite per leaf at the two orchard

sites. In these sites mites were presumed to be

dispersing directly from the pear trees into the trap

plants.

Colonies were obtained and bioassays conducted for

both stations at the Medford site and for the alfalfa and

directional stations at the Hanley site. Colonization of

mites from the house station was not successful because

populations were very low and never exceeded 0.03

mites/leaf. The colony from the Medford orchard station

was collected on 7/11/85. The LC50 for this colony was

0.256% AI (0.151- 0.567% AI [95% CL]) with a slope of

0.72 (± 0.10 [SE]). The colonies from the alfalfa and

directional orchard stations were collected on 8/12/87.

The LC50 for the alfalfa station colony was 0.006% AI

(0.004- 0.008% AI) with a slope of 1.45 (+ 0.18). The

directional colony had an LC50 of 0.011% AI (0.008-

0.015% AI) with a slope of 1.80 (± 0.24). The open field

colony was collected 8/29/87. It's LC50 was 0.049% AI

(0.038- 0.063% AI) with a slope of 1.75 (+ 0.17).

Both colonies from the Hanley station were

considered susceptible (i.e. LC50 < 0.02). The orchard

colony from the Medford station was considered resistant.
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The open field colony from the Medford site was

considered in transition between susceptibility and

resistance. At both stations the colonies collected away

from the orchard stations had lower LC50 values than

those stations in the orchards. There was less than a

two fold difference between the two stations at the

Hanley site; but there was a five fold difference in the

1050 values between the Medford orchard and open field

sites.

The data for the immigration dilution experiment are

presented for adults in Table 111-2 and Figures 111-4 and

111-5 and for the larvae in Table 111-3 and Figures 111-6

and 111-7. After three generations, the LC50 of the 1:10

dilution colony was 6-fold lower than the check colony

for adults and 4-fold lower for larvae. The LC50 values

for the adults of the 1:100 and 1:1000 colonies were 5-

fold and 2-fold lower than the check colony,

respectively. The difference between the LC50 values for

the larvae of the 1:100 and 1:1000 colonies and the check

colony was less than 2-fold. After six generations the

LC50 of the check colony adult females decreased to 0.02

% AI and the difference between the LC50's was less than

2 fold for both larvae and adults at all dilution rates.
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Discussion

The rates of reversion for cyhexatin resistance in

T. urticae from Oregon pears and California strawberries

appear to be different from the rates described by Edge

and James (1986) for T. urticae on Australian pears.

They report that one colony (G81) took 70 generations

with no selection pressure to reduce the LC50 resistance

ratio (RR) from 7.5-fold to 1.8-fold compared to a

susceptible colony (RR= LC50 of resistant colony/LC50 of

the susceptible colony). Another colony (Shj) took 160

generations to decline from 9.1-fold to 1.9-fold (Edge

and James 1986). Thus, the levels of organotin

resistance declined under laboratory rearing conditions

both in Australia and Oregon However, the organotin

resistant T. urticae from Australian pears reverted

three to six times slower than T. urticae from Medford

and Watsonville

There are several possible explanations for the

differences in reversion rates between the Australian

and the California colonies of T. urticae. There could

be differences in the structral or regulatory

physiogenetic mechanisms of resistance between them.

This could include: differences in the actual target

site(s) (e.g. enzymatic system(s)) responsible for
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resistance or in the rates at which a particular site or

system produces a byproduct used in detoxification (e.g.

rate of enzyme production). It could also be caused by

differences in the genetic basis of resistance (e.g.

polygenic vs. monogenic, or recessive vs. dominant). In

addition, mutation and/or crossing over could occur at

different rates between geographically isolated

populations. These examples would all result in

genotypic differences between geographically isolated

populations allowing evolution of resistance to follow

different "pathways" and approach fixation at different

rates.

It is also possible that resistance is evolving on

the same "pathway" (i.e. resistant individuals are

genotypically similar) and that one population is in a

more evolutionarily advanced state of resistance than the

other strain due to differences in either biological or

operational selection factors. If populations of T.

urticae repeatedly encounter both the original

(unsprayed) and novel (sprayed) environments, then they

may acquire the ability to respond to both (natural and

artifical) selection regimes (Uyenoyama 1986). If we

assume that organotin resistant T. urticae are adapting

to both environments then the differences in reversion

times between Australia and Oregon may relect points on a

continuum towards fixation of resistance in different
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populations. McEnroe and Naegle (1968) documented this

type of adaptation in a laboratory selected

organophosphorus-resistant strain of T. urticae.

This senario of resistance in a tetranychid mite

becomes even more interesting because Hoy (in press) has

recently discovered that a related species, Tetranychus

pacificus McGregor, appears to show no reversion in a

resistant field collected colony that was also laboratory

selected. In addition, a colony comprised of crosses

between this resistant colony and individuals from a

susceptible colony also did not revert. This would

suggest that there are no fitness differences between her

susceptible and resistant colonies (Hoy in press).

One might also argue that the difference in

reversion rates between Oregon and Australia is due to

parallel evolution (i.e. similar adaptations achieved by

different genetic means). There is documentation that

resistance to a particular coumpound may evolve by

different genetic mechanisms between laboratory selected

and field selected populations of the same species (Roush

and McEnzie 1987). For example, most documented cases of

field evolved resistance are monogenic (Roush and Croft

1986, Roush and McEnzie 1987); but due to factors

involved with laboratory selection, polygenic resistance

may be more common in laboratory selected populations

(Roush and McEnzie 1987).
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There is some evidence to suggest that cyhexatin

resistance is polygenic in T. urticae (Croft et al. 1984)

and P. ulmi. Pree (1987). Unfortunately, in T. urticae

the inheritance of cyhexatin resistance is poorly

understood (Croft et al 1984) primarily because of the

inability to genetically fix organotin resistance in

laboratory populations of T. urticae. Repeated organotin

selections in the laboratory as well as extensive

monitoring of field populations have not ,as yet, shown

evidence of a colony of organotin resistant T. urticae

that does not revert to susceptible, once selection

pressure is relaxed (Croft et al. 1984, Edge and James

1986 Flexner unpublished). Until the genetic basis of

resistance in the Oregon and Australian populations can

be determined, reasons for the differences in rates of

reversion must be left to speculation.

Fitness component studies revealed no significant

differences in the total number of eggs laid by the

females of the resistant verses susceptible laboratory

strains. However, there were significant statistical

differences in the developmental times for all four

strains. In addition, the field susceptible strain had a

female biased sex ratio and increased survivorship that

was statistically different from the other three strains.

However, what is of particular interest is whether these

differences are biologically significant or not.
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Lewontin (1965) demonstrated that small decreases in

the rate of development were equivalent to very large

increases in fecundity, to the extent that a 10* decrease

in developmental time might have the same effect as a

100% increase in fecundity (in terms of the intrinsic

rate of increase, r ). Wrensch and Young (1975) applied

Lewontin's methodology to a study on the effects of

resource quality on fitness traits in I. urticae and

found that the rate of development could have a

significant effect on the intrinsic rate of increase.

They found that a 1.15 day decrease in rate of

development (A), age at peak fertility (T), and age at

cessation of reproduction (W), could result in a 26*

increase in female offspring. In addition, Young and

Wrensch (1981) found that offspring number is due to the

joint effect of two major components: egg production and

survival rate.

Therefore, it would appear that in field populations

of T. urticae; differences in developmental time and

survival rate may be responsible for reversion of

organotin resistant populations. In the colonies that

had been held in the laboratory for a minimum of two

years there was still a statistically significant

difference in the developmental times of both males and

females. This suggests that the intrinsic rate of
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increase could be greater for the laboratory susceptible

colony (Table III-1).

Helle (1965) found that reproduction of T. urticae

could be affected by inbreeding. This effect was

manifested in the reduced ability to hatch both haploid

and diploid eggs. Thus, the laboratory susceptible

colony which had been maintained in culture for over 35

years could be suffering from inbreeding depression and

possibly was not the best colony to use for relative

fitness evaluation.

The monitoring of immigration in the field showed

that the number of mites passively dispersing into the

orchards from open areas (i.e. potential refugia for

susceptible individuals) was low (Fig. 111-2). Trap

catch was greatest at the Hanley site mid-season; these

higher trap catches coincided with the mowing of alfalfa

at the Hanley Farm. The highest trap catches at the

Medford orchard occurred later in the growing season;

these counts coincided with a build up, and presumably

dispersal, of resistant orchard mites during the post

harvest period.

There was no significant difference in LC50 values

of the colonies collected from the Hanley station, but

there was significant difference between the LC50 values

of the two colonies from the Medford station (based on

the overlap of the 95% CL). The open field colony from
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the Medford station could have had a lower LC 50 value

because susceptible T. urticae (from outside of the

orchard) as well as resistant T. urticae (from within the

orchard) had dispersed onto the bean plant resulting in a

population with a lower (diluted) LC50. Another

explanation is that resistant T. urticae (originally from

the orchard) had been living on an alternate host in the

open field and had begun to revert back to susceptible

during the growing season before being trapped.

Results from the immigration dilution experiment

indicate that levels of resistance were reduced

significantly (based on overlap of the LC50 95% CL) after

three generations in all three dilution colonies compared

to the control (Table 111-2). After three generations

the LC50 values of the 1:100 and 1:10 colonies were not

significantly different from the susceptible colonies of

Table III-1 (based on overlap of the LC50 95% CL).

After six generations only the 1:10 colony had a

significantly different LC50 from the other three

colonies and the check, 1:100, and 1:10 colonies were not

significantly different from the laboratory susceptible

colony (based on 95% CL overlap) (Table 111-2).

Mite larvae were less resistant than the adults in

all the dilution colonies and the check colonies (Table

111-3; Fig. 111-6 & 111-7). This difference has been

well documented in Australia by Edge and James (1986).
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There were no significant differences between the LC50

values for any of the larval bioassays at three or six

generations after the dilutions. After three generations

the pattern was the same as for the adult bioassays, but

the differences between colonies not as great (Fig. III-

6). Edge and James (1986) found that the resistance

ratio for bioassays from two resistant strains of larvae

(G81 and Shj) never exceeded 5.5 compared to higher

resistance ratios for adults from the same colonies.

They attribute this difference to the lower level of

resistance found in larvae.

The LC50 value for the adult check colony decreased

ca. 2-fold from the third to the sixth generation. The

LC50s for the 1:1000 and the 1:10 colonies increased

slightly but not significantly (based on overlap of 95%

CL). However, the LC50 for the 1:100 colony increased

ca. 2-fold over the three generation period. The

decrease in LC50 value of the check colony is assumed to

be due to reversion that has occurred over the three

generations. This decline is typical for the laboratory

resistant colony when it is not selected on a monthly

schedule. The slight increase in the 1:1000 and 1:10

colonies is typical for the variation associated with

repeated assays of the laboratory susceptible colony and

is assumed to be an artifact inherent in the test

methodology. The amount of increase in the LC50 for the



1:100 colony is atypical and may be no more than a test

artifact. This may be due to a genetic bottleneck that

occurred when the colony was assayed and transferred to

fresh plant material, or random genetic drift.

In conclusion, organotin resistance reversion has

been documented to occur in both the laboratory and the

field for T. urticae from Oregon's Rogue River Valley.

In laboratory isolated (non-selected) resistant colonies

this reversion is thought to be primarily caused by

differences in the relative fitness between the two

strains. In the field other factors may influence this

rate of reversion.

Immigration has been shown to be theoretically very

important in the rate of resistance development (Comins,

1977; Tabashnik and Croft 1982, 1985; Taylor and

Georghiou 1982; Taylor et al., 1983). Immigration of

susceptible or less resistant T. urticae into resistant

populations enhanced the rate of reversion in the short

term (i.e. 3 generations) by increasing the percentage of

susceptible genotypes in the population. However, after

six generations in the laboratory there was only a slight

difference between the LC50 of the reverted check colony

and the 1:10 dilution colony. This suggests that after

six generations the check colony had reverted to a level

of susceptibility that had been acheived by the certain

dilution colonies (1:100, 1:10) three generations

65
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earlier. The two highest dilution rates (1:100, 1:10)

had synergistic effects on reversion. The question then

becomes whether or not dilution of this magnitude can be

acheived in the field. Research is currently being

conducted to investigate the potential of alternate host

plants (orchard ground cover) as refugia for susceptible

or reverting T. urticae that might provide an inoculum of

this magnitude (Westigard et al. unpublished data). At

present we feel that unless the rates of immigration of

susceptible T. urticae into resistant orchards are

substantially higher than was measured from monitoring,

differences in relative fitness would appear to be

primarily responsible for instability of organotin

resistance in T. urticae from Oregon's Rogue River

Valley.



Table III-1. Relative fitness and leaf disk bioassay results for colonies

of organotin resistant and susceptible T. urticae.

Laboratory Laboratory Field Field
Susceptible Resistant Susceptible Resistant

Number of Mites
bioassayed 255 302 358 280

Slope + SE 2.76 + 0.30 1.58 + 0.30 2.76 + 0.30 1.46 + 0.81

LC
50

AI 0.016

(0.013-0.020)(952 CL)

a

0.053

(0.039-0.078)
0:013
(0.011-0.015)

0.361
(0.498-0.223)

Mean Female 151.8a 174.7b 165.4c 185.5d
Developmental time (hr)

Mean Male 149.8a 170.6b 160.8c 174.06
Developmental time (hr)

Number of mites 78e 571 151 e 205 1
tested 105 $ 61$ 279$ 220 $

Mean Sex ratio (F:M) 1.76 a 1.67 a 3.49 b 1.78 a

Mean 2 Survival
(egg to adult)

742 a 56% a 85% b 712 a

Mean $ Eggs/Female 4.05 a,b 3.09 a, b 5.04 a 3.21 b
216 hr

Resistance Ratio 3.3 27.8

a
Means with the same letter in the same row are not significant.
(P 0.05 Fisher's Protected LSD [Petersen 19851.
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Table 111-2. Bioassay data for resistant T. urticae adults 3 and 6

generations after dilution by susceptible T. urticae.

Adults 3 generations
LC

50
(952 CL)

Dilution Ratio
LC

50
Ck

Colony N
Slope (+ SE) 2 A I LC

50
1:1

Ck 887 3.49 (+ 0.30) 0.048 (0.043-0.052) as

1:1000 689 2.20 (+ 0.19) 0.025 (0.021-0.029) b 1.9

1:100 520 1.51 (+ 0.17) 0.010 (o.007-0.012) c 4.8

1:10 723 1.63 (+ 0.15) 0.008 (0.006-0.010) c 6.0

Adults 6 generations

LC
50

Ck 974 1.33 (+ 0.11) 0.021 (0.017-0.025) b - 2.3 4.

1:1000 863 2.43 (+ 0.18) 0.028 (0.025-0.031) b 0.8 1.1 t

1:100 607 1.92 (+0.18) 0.024 (0.020-0.028) b 0.9 2.4 er"

1:10 779 1.62,(+ 0.14) 0.013 (0.010-0.015) c 1.6 1.6 t

a Values with same letter indicates no significant difference based on
overlap of the 95% CL.



Table 111-3. Bioassay data for resistant T. urticae larvae 3 and 6

generations after dilution by susceptible T. urticae.

Colony

Larvae 3 generations

LC (951(951 CL)
2 A I Dilution RatioN Slope (+ SE)

Ck 307 3.65 (+ 0.96) 0.0031 (0.0014-0.0041)aa

1:1000 344 2.49 (+ 0.63) 0.0024 (0.0008-0.0036)a 1.3

1:100 349 4.12 (+ 1.32) 0.0027 (0.0008-0.0037)a 1.1

1:10 322 1.91 (+ 0.85) 0.0009 (0.0000-0.0024)a 3.5

Larvae 6 genrations
ALC

50

Ck 154 1.87 (+ 0.38) 0.0022 (0.0012-0.0031)a 1.5 .1

1:1000 182 3.14 ( +0.49) 0.0020 (0.0016-0.0025)a 1.1 1.2 4,

1:100 249 1.79 (+ 0.36) 0.0015 (0.0010-0-0020)a 1.5 1.8 I,

1:10 192 2.00 (+ 0.41) 0.0015 (0.0008-0.0020)a 1.5 1.7 it

a
Values with same letter indicate no significant difference based on overlap
of the 951 0.1



70

Figure III-1. Cyhexatin LC50 and LC95 values for a

colony of resistant T. urticae from California

strawberries held in laboratory isolation (May 1983

September 1984).
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Figure 111-2. Biweekly immigration counts of passively

dispersing T. urticae live trapped on bean plants from

five sites in southern Oregon.
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Figure 111-3. Immigration (# mites/leaf) and cyhexatin

LC50 values for T. urticae from two pear orchards in

Oregon's Rogue River Valley (1986).
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Figure 111-4. Log probit regression lines for resistant

adult T. urticae under different dilution regimes after

three generations.
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Figure 111-5. Log probit regression lines for resistant

adult T. urticae under different dilution regimes after

six generations.
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Figure 111-6. Log probit regression lines for resistant

larval T. urticae under different dilution regimes after

three generations.
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Figure 111-7. Log probit regression lines for resistant

larval T. urticae under different dilution regimes after

six generations.
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Conclusion

Evolution of pesticide resistance has been modeled

and computer simulated by several different research

teams (Georghiou & Taylor 1977a,b; Tabashnik & Croft

1982, 1985; Taylor & Georghiou 1982; Taylor et al. 1985).

These models attempt to describe the evolution of

resistance by tracking the frequency of a resistant

allele and the recovery time of the population after

pesticide applications (Georghiou & Taylor 1977a,b). The

relatively simple deterministic model of Georghiou &

Taylor (1977 a,b) evaluated singly the effects of

dominance, immigration, initial gene frequency, refugia,

and reproductive potential. They found that resistance

developed slowest when 1) the population was diluted with

susceptible immigrants, 2) the population density was

drastically suppressed by severe selection and 3)

susceptible individuals had a reproductive advantage over

their resistant couterparts (Georghiou & Taylor 1977a).

In addition, they found that lower insecticide dose

levels, higher selection thresholds, alternating

selection schedules, and the presence of refugia were all

potential deterrents of rapid selection for resistance.

The influence of these factors was enhanced when there

was a reproductive disadvantage in the resistant

genotypes (Georghiou & Taylor 1977b).
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These simplistic simulations may partially explain

why OT resistance has not been fixed in T. urticae. We

know that population densities are drastically

suppressed, or suppression is at least attempted, by

severe selection with OTs (i.e. due to low tolerance of

mite damage by pear). There are also some periods of no

selection for most acaricides (i.e. there may be two to

three generations of I, urticae between acaricide

applications during the summer). There also appears to

be the presence of a refugium (i.e. in the orchard

groundcover) where reversion and dilution by immigration

may be occurring (Flexner & Westigard, unpublished data).

Probably, most important is the presence of a

reproductive disadvantage between resistant and

susceptible T. urticae.

I believe that this reproductive disadvantage is the

single most important reason for why OT resistance has

not been fixed in Ts urticae to date. This disadvantage

is primarily responsible for the resistance reversion

which is expressed as seasonal variability in the field

(under an OT resistance selection regime) and natural

selection towards susceptibility in the laboratory (when

artifical selection is relaxed).

This research shows that reproductive differences

between resistant and susceptible T. urticae may be used

to postpone OT resistance development by substituting a
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noncross-resistant acaricide for OT treatments and

allowing OT resistance to revert. Research is currently

being conducted to investigate the rate at which

reversion occurs under different types of treatment

regimes with a noncross-resistant compound (Flexner and

Westigard, unpublished data). This research, combined

with the data from this thesis should allow for

recommendations for alternations or combinations of a non

cross-resistant acaricide with an OT that should prolong

the use life of both compounds.
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