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Evidence for Resistance to Agri-Mek in Twospotted Spider Mite (Tetranychus urticae)
populations from pear orchards in Washington. Spider mites were taken from various
commercial pome fruit orchards in Washington. In general, Tetranychus urticaewas most
common on pear, and Panonychus ulmi on apple. P. ulmipopulations were tested within 48 h of
collection from the field, and stored at ca. 5°C during the interim. T. urticaepopulations were
either tested immediately upon receipt from the field (within 48 h), or reared on lima bean until
sufficient numbers were obtained for bioassay.

Bean leaf disks (2 cm diam.) were floated bottom surface uppermost in a plastic portion
cup filled with cotton and distilled water. Ten adult females were transferred to the lower
surface of each disk. The bioassay consisted of six concentrations (0.01,0.005,0.0025,0.00125,
0.000625 and 0 mg (AI)/liter), with highest concentration at the discriminating concentration for
T. urticae as reported by Knight et al. (1990). The same concentration series was used for P.
ulmi, although Knight et al. (1990) considered the data too variable to recommend a
discriminating concentration. The highest concentration had 10 replicates, the other
concentrations five. The concentrations of avermectin were made from Agri-Mek 0.15EC.

Mites were treated topically for 5 s (with a 5 s settling time) with a Potter Spray Tower
calibrated to deliver 1.1 kg/cm2. They were held at24°C for 72 h, then evaluated byprodding
gently with a camel hair brush. Data were analyzed initially with POLO-PC. Resistance ratios
were calculated as the LC50 colony tested/LC^Q baseline for that species. The baseline used
was the mean LCcq for that species as reported oy Knight et al. (1990), viz., 0.0026 for P. ulmi,
and 0.0011 mg AMiter for T. urticae. Overall, fit of the probit model was poor for the majority
of the populations (Table 1). Fiducial limits were generated for only 6 of the 17 populations
tested. The difficulty in interpreting avermectin bioassays may have contributed to variability of
results; some severely intoxicated mites were still capable of locomotion. Actual levels of
mortality were probably underestimated.

Despite these caveats, there is evidence for resistance to Agri-Mek in all T. urticae
populations from commercial orchards. The maximum allowable use in Washington during this
period (1988-1994) on pear would be 2 applications/season at 20 fl oz/acre/application; most of
the orchards received 6-12 applications. Using the criteria of Flexner et al. (1988) (see footnote),
none of the P. ulmipopulations tested were resistant. All T. urticae populations except the
laboratory colony were considered either in transition to resistance (6 populations) or resistant (3
populations). Even the T. urticae population from apple, with no history of avermectin use,
showed a transitional level of resistance.

The likelihood of predicting field failure with a discriminating concentration bioassay is
related tothe difference between the discriminating concentration, the LCop and the field rate.
In this case, the discriminating concentration of 0.01 mg (AI)/liter (0.8 ml formulation/acre) is
still ca. 700-fold lower than the full field rate of 20 fl oz/acre (7.02 mg [AI]/liter). Although this
is an extremely large "safety margin", continued selection pressure could rapidly increase the
level of resistance. Mite populations inWashington pear orchards are at a stage where the
development and implementationof a resistancemanagement strategy, through rotation of
acaricidesor enhanced biological control, is a necessity if we are to prevent field failures of
Agri-Mek.

kl



Ta
bl
e
1.

Pr
ob
it
an
al
ys
is
of
po
pu
la
tio
ns
of
P.

ul
m
ia
nd

T.
ur
tic
ae

bi
oa
ss
ay
ed

w
ith

av
er
m
ec
tin
,1
99
4

M
it
e

C
ro
p

LC
50

9
0
%

F
id
u
ci
al
L
im

it
s

S
E
o
f

R
es
is
ta
n
ce

Sp
ec
ie
s

S
o
u
rc
e

O
rc
h
ar
d

n
(m
g
A
l/l
ite
r)

lo
w
er

u
p
p
er

sl
op
e

sl
op
e

X2
R
at
io
2

E
R
M

A
pp
le

A
rn
ol
d,

G
.
#1

1
8
2

0
.0
0
2
9

0
.0
0
1
2

0
.0
0
4
1

3
.9
1
8

1
.3
5
7

1
.9
5
5

1.
11

E
R
M

A
pp
le

A
rn
ol
d,

G
.#
2

1
6
6

0
.0
0
3
7

0
.0
0
2
0

0
.0
0
5
4

4
.5
2
3

0
.8
1
3

6
.3
1
7

1
.4
1

E
R
M

A
pp
le

B
ee
b
e
1
6
b

2
9
6

0
.0
0
1
6

~
~

6
.9
0
3

1
.6
0
6

8
.3
1
0

0
.6
0

E
R
M

A
pp
le

M
at
h
is
o
n

2
0
3

0
.0
0
2
6

-
-

-
-

2
7
.5
1
4

3
1
7
0
5
9
5

0
.4
2
5

0
.9
9

E
R
M

A
pp
le

M
at
ta
w
a
O
rg
an
ic

1
6
4

0
.0
0
3
9

~
—

5
.4
8
9

1.
25
9

1
3
.2
4
7

1
.4
8

E
R
M

A
pp
le

So
ar
in
g
Ea

gl
es

15
5

0
.0
0
3
2

—
—

5
.2
5
5

1.
31
1

1
8
.8
1
9

1
.2
2

E
R
M

A
pp
le

V
au
gh
n

2
3
2

0
.0
0
1
8

0
.0
0
1
5

0
.0
0
2
1

3
.1
6
4

0
.4
0
5

2
.0
8
0

0
.6
8

T
S
M

A
pp
le

C
V
-1
1

2
8
9

0
.0
0
7
1

3
.1
3
1

1
.0
1
5

6
.2
5
6

6
.4
1

T
S
M

B
e
a
n

L
ab

co
lo
ny

2
9
3

0
.0
0
2
5

-
-

~
2
6
.1
8
4

2
2
4
1
9
4
9

4
.2
3
5

2
.2
6

T
S
M

P
e
a
r

B
ry
an
t

2
8
7

0
.0
0
7
6

—
~

2
.5
2
9

0
.5
6
3

7
.8
4
7

6
.9
3

T
S
M

P
e
a
r

G
ri
gg
s,
M
ar
cu
s

2
4
9

0
.0
1
4
3

-
-

—
2
.3
4
2

1
.0
4
9

3
.5
8
1

1
3
.0
4

T
S
M

P
e
a
r

L
an
e,
B
ru
ce

1
8
7

0
.0
0
5
4

0
.0
0
3
3

0
.0
0
7
3

4
.4
8
2

0
.9
6
2

4
.0
8
7

4
.9
2

T
S
M

P
e
a
r

M
cD

iv
et
t

2
2
1

0
.0
1
0
9

—
-
-

2
2
.7
6
7

1
7
1
2
3
1
7

2
.3
4
9

9
.9
1

T
S
M

P
e
a
r

Sm
it
h,
Fr
ed

(h
ill
)

2
5
6

0
.0
0
5
6

0
.0
0
3
7

0
.0
0
7
2

4
.2
8
3

0
.6
0
1

7
.1
4
8

5
.0
6

T
S
M

P
e
a
r

Sm
it
h,
Fr
ed

(h
om

e)
2
8
7

0
.0
0
4
8

~
—

2
0
.1
5
8

4
.3
4

T
S
M

P
e
a
r

So
ar
in
g
E
ag
le

2
8
5

0
.0
1
5
5

-
-

~
4
.1
1
5

3
.4
3
9

2
.9
6
8

1
4
.0
8

T
S
M

P
e
a
r

Ta
lle

y,
R
an
dy

2
9
1

0
.0
0
7
2

0
.0
0
4
6

0
.0
0
8
7

6
.3
8
4

1
.1
2
0

7
.0
3
5

6
.5
2

^R
es
is
ta
nc
e
R
at
io
=
O
bs
er
ve
d
LC

50
/S
us
ce
pt
ib
le
LC

50
.
B
as
el
in
es

fo
rs
us
ce
pt
ib
le
m
ite

po
pu
al
at
io
ns

w
er
e
0.
00
26

(E
R
M
)a
nd

0.
00
11

(T
SM

)
(K

ni
gh
te
ta
l.
19
90
).

R
es
is
ta
nc
e
R
at
io

C
la
ss
if
ic
at
io
n
(F
le
xn
er
et
al
.,
19
88
:
R
R
<3

,n
ot

re
si
st
an
t;
3>

R
R
<7

,i
n
tr
an
si
tio

n;
R
R
>7

,r
es
is
ta
nt
)

4?
"

O
O




