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Insecticide Resistance Study in Plutella xylostella L.

X. The IGR-resistance and the possible management strategy!
Cheng, E. Y., C. H. Kao and C. S. Chiu?

Abstract : The benzoylphenyl urea-type insect growth regulators (IGRs) have
caused the newest typz of resistance in diamondback moth (DBM, Plutella xylos-
tella). The possible mechanism, the declining rate, the genetics and the possible
management strategy of this resistance have been investigated. The results indica-
ted that DBM can develop IGR-resistance up to thousand folds in less than one and
half years or equal to 30 generations in field, and this resistance is attributed to the
metabolic degradation by a new mixed function oxidase (mfo) in DBM induced from
the intensive IGR sprays. The resistance can only be maintained by continuous IGR
selection, or it will decline when the selection pressure was lift. The decline of
IGR-resistance can be accelerated by crossing the susceptible strain with the resistant
population, and by such a simple manipulation, greater reduction in resistance
was accomplished than thez addition of synergist, piperonyl butoxide. Genetically,
the IGR-resistance is not sex-linked and is highly recessive, and has not been
confirmed as the monofactorial control. When the susceptible gene for IGR was
re-introduced into the resistant population, this genetical dominance can self-
propagate as the generations proceed. In a few generations, the whole population
will restore the high sensitivity to IGRs, which was similar to the susceptible
strain. By establishing sanctuary in the field to harbor a portion of DBM population
frec from the IGR selection, the dominant susceptible gene or genes will be
preserved in the field DBM to delay or prevent the development of IGR-resist—
ance. This strategy can be utilized in intensively cultured vegetable areas where
small areas are kept free from IGRS to serve as the sanctuary for IGR-susceptible

DBM.

Key words : Plutella xylostella, insecticide resistance, teflubenzuron,
chlorfluazuron

Introduction

Ever since the benzoylphenyl urea (BPU)-type insect growth regulators (IGRs)
were introduced to Taiwan in 1987 for the diamondback moth (DBM, Plutella xylostella)
control, the possibility of developing IGR-resistance has become of great concern be-
cause sporadical alerts on the IGR-resistance in DBM had been reported previously in
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Thailand (Cheng, 1988; Vattanatangum, 1988). The DBM had been shown to possess a
natural mfo metabolic activity toward diflubenzuron and triflumuron (Cheng et al., 1983
), and a mild teflubenzuron resistance was induced in DBM by the laboratory selection
(Perng et al.,, 1989). The mfo degradation serves as the resistance mechanism for IGRs
in the houseflies and DBM (Pimprikar and Georghiou, 1979; Lin et al., 1989). Within two
years of marketing of IGRs in Taiwan, the IGR-resistance appeared in DBM and reached
more than thousand folds. During the same span, TARI had been continually monitor—-
ing the field DBMs for the IGR-resistance. Several characters on the IGR-resistance in
DBM were studied which included the possible mechanism, the natural declining rate of
resistance, and the IGR-resistance in genetics. Hopefully, a better understanding of
IGR-resistance in DBM and the possible management strategy can be elucidated

Materials and methods :

Insect materials

The susceptible IL(TC)-strain (Cheng et al., 1983) was used and the generations
being used during this study were 58 to 78, a span of more than 20 generations. No
changes in the IGRs sensitivity were observed.

IGR-resistant DBMs were collected either from different locations or from the same
site at different times, and were used to (1) identify the IGR-resistance and (2)
select the high IGR-resistant DBM for particular study. The resistant strains included:

Lu-chu (LC) strain (collected several times during 1988).

Juang-wei (JW) strain (Sept. 1989 from I-lan county).

Hsi-hu (HH) strain (Oct. 1989 from Changhua county).

San-chung (SC) strain (Oct. 1989 from Taipei county and the collecting site was

close to the BC-strain appeared in previous DBM resistance study (Cheng
et al.,, 1988)].
Insecticides
All insecticides used were commercially formulated and they were :

Teflubenzuron, 5% EC

Teflubenzuron, 13.5% FP

Chlorfluazuron, 5% EC

Fenvalerate, 10% EC

For the test, high concentrations of insecticide stocks were first made, and a series
dilutions according to experimental design were followed. Usually, 5 to 7 dosages between
LC,, and LCy, were chosen.

Synergist

Piperonyl butoxide (pb) was obtained from Tokyo Kasai, and was first formulated
into 50% emulsion stock, and then mixed with target insecticide in 5 to 1 ratio (active
ingredient) for testing.

Testing procedures

Third instar larvae of DBM were subjected to various insecticide susceptibility tests

by using the Potter Spray Tower for spraying treatment. For every test, one side of a
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cabbage leaflet (5x5cm?) was sprayed with 1ml of insecticide solution first, and then
20 DBM larvae were loaded on the other side of the leaf and sprayed again by another
1ml insecticide solution. A minimum total of 60 larvae in three replicas were treated
per dosage. The post-treatment holding temperature and humidity were controlled at
25+1°C and 85+10%, respectively. The mortality was counted every 24 hours until
pupation. The final mortality, usually at 120 hours after treatment, was recorded for
probit analysis.

Testing items

1. The development of IGR-resistance in the field DBM population : Ever since IGRs
were introduced for DBM control, the DBM in Lu-chu area has been periodically sampled
for IGR-sensitivity test to examine the resistance development. Later, IGR-sensitivity test
was also conducted on DBMs sampled from other locations in the insecticide resistance
monitoring program.

2. The synergistic effect of pb: IGR-resistant DBMs from 5 locations around Taiwan
were used to test whether the synergistic effect of pb is universal and to probe if there
is any resistance mechanism other than the oxidative metabolic degradation.

3. The decline of IGR-resistance after release from the selection pressure: To un-
derstand the possible changes of IGR-resistance after the stopage of IGR use by farmers.
The sensitivities of LC-strain to three commercial IGR products were determined on
every three generations for 17 generations.

4. Genetic tests by crossing the IGR-resistant and the susceptible strains for the
following purposes :

a. Whether the IGR-resistance is sex-linked
b. Whether the genetic nature of IGR-resistance is dominant or recessive
c. Whether the IGR-resistance is controlled by a single gene.

5. Laboratory testing on the reduction of IGR-resistance through the genetic mani-

pulation.

Results

—

. Development of IGR-resistance in the field DBM populations

In Taiwan, the original sensitivities (LCs,) of field DBMs to chlorfluazuron and
teflubenzuron had never exceeded 10ppm in early 1987, however, the DBM resistance
to IGRs had developed within a short period in the LC-areas (Fig. 1). The susceptibility
to chlorfluazuron had changed from 3.8ppm in March to 924ppm in December, 1988, an
increase of 243 folds in resistance ratio. By the end of 1989, DBMs collected from four
other locations showed varied chlorfluazuron resistance as the LCs, ranged from 61.0 to
1685.7ppm, while the sensitivitizs to teflubenzuron in five DBM populations ranged from
100.5 to 72,628.6ppm (Table 1). The above results indicated clearly that the field DBM
populations in Taiwan had developed IGR-resistance.
2. The synergistic effect of pb

The IGR-resistance observed in Taiwan DBM populations was greatly affected by
the action of piperonyl butoxide. The synergistic ratio (S. R. ) were 7.9 to 10.4 for
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Figure 1. The chlorfluazuron susceptibility changes in Lu-chu DBM from Jan. to Dec, 1988.

Table 1. The synergistic effect of piperonyl butoxide to IGRs and synthetic pyrethroids

against field resistant Plutella xylostella*

LCsy in ppm

Insecticide treatments
HH(F;) KW(F3) SC(Fy) IL(F3) LC(F3)

IGRs
Teflubenzuron alone 209.4 10Q.5 4,613.3 4,534,3 72,628.6
Teflubenzuron +Spb 284 — 444.8 475.2 —
Synergistic ratio (7.9) — (104) (9.5) —
Chlorfluazuron alone 162.0 61.0 701.3 1,685.7 924.2
Chlorfluazuron+5pb 61.8 23.5 251.0 103.6 113.4
Synergistic ratio (2.6) (2.6) (2.8) (16.3) 8.2)

S ynthetic pyrethroid

Fenvalerate alone 5,790.0 — — 5,409.9 —
Fenvalerate-+5pb 522.2 — — 268.4 —
Synergistic ratio (1LD) — — (20.2) —

* Collection dates : HH (Oct. 6th, 1989); KW (Sept. 23rd, 1989); SC (Oct. 21Ist, 1989); IL (Sept.
23rd, 1989); LC (Dec., 1988)
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teflubenzuron in three tested DBM populations, while the S. R. ranged from 2.6 to 16.3
for chlorfluazuron in five IGR-resistant DBMs (Table 1). The action of pb was also
examined by testing fenvalerate resistance on two resistant populations. The synergistic
effect of pb was proven positive and universal in DBM’s resistance to currently
commercially available IGRs in Taiwan.
3. The declining of IGR-resistance after releasing from the selection pressure

The DBM collected from LC-area in December, 1988 carried a high IGR-resistance, and
the resistance magnitude were 7,621 and 243 fclds for teflubenzuron and chlorfluazuron,
respectively. In a period of 17 generations, the resistance declined to only 6.5 and 3.1
folds for teflubenzuron and chlorfluazuron, respectively (Fig. 2). The resistance decline
for the EC formulation of teflubenzuron showed a similar trend.
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Figure 2. The decline of IGR-resistance of Lu-chu DBM in laboratory after
releasing from the selection pressure.
Tef. : teflubenzuron, flowable powder
T-EC : teflubenzuron, emulsifiable concentrate
Chl. : chlorfluazuron, emulsifiable concentrate

4. Genetic tests of crossing the susceptible and two IGR-resistant strains

a. The reciprocal cross results of the susceptible and IGR-resistant DBM strains
were presented in Table 2. In both tests, significant decrease in resistance was the only
common conclusion, and the evidence of sex-linked (Russell, 1986) relation in IGR-
resistance could not be found.

b. When the IGR-susceptibilities of the F;-generation were compared to the probit
lines of their parental strains (Figs. 3 and 4), significant increase in susceptibilities were
found for both chlorfluazuron and teflubenzuron. If both compounds confronted with a
common resistance, the genetic behavior of IGR-resistance would be considered as
highly recessive.
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Table 2. The reciprocal cross of the susceptible DBM and two IGR-resistant DBM strains
for testing the possibility of sex linkage in IGR-resistance
LCsp in ppm
Treatments
S¥ SBEXRL SXREG R**
1st test
Teflubenzuron 9.2 150.1 44.0 4,934.0
Resistance ratio (1.0) (16.3) (4.8) (536.3)
Chlorfluazuron 5.3 98.7 43.7 1,21Q.9
Resistance ratio (L.0) (18.6) (8.2) (228.3)
2nd test
Teflubenzuron 9.2 22.1 35.7 209.4
Resistance ratio (L.0) (24) (3.9) (22.8)
Chlorfluazuron 5.3 36.3 96.9 162.0
Resistance ratio (1.0) (6.8) (18.2) (25.7)

* S : susceptible IL-strain (collected in 1983).
** R : resistant SC-strain for the first test (F3).

resistant HH-strain for the second test.
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Figure 3. The teflubenzuron sensitivities of DBM in the susceptible (S), the resistant

(R), the cross (F1) and two backcross (F1XR, F1XS) strains.
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Figure 4. The chlorfluazuron sensitivities of DBM in the susceptible (S),
the resistant (R), the cross (F;) and two backcross (F1XR, F;XS) strains.

c. To test the monofactorial control of IGR-resistance, the IGR-susceptibilities were
determined on the backcross of F; to the susceptible and resistant strains separately
(Figs. 3 and 4). The results did not fit the suggested pattern of single gene control.
The F, generation did not provided evidence to support the single gene control
hypothesis either (Tsukamoto, 1983) (Figs. 5 and 6). The only conclusion could be: made
in these tests was that the IGR-resistance drastically reduced in all test crosses-and
continually declined as the generation proceeded. One problem related to this genetic
test is that the degree of genetical homogeneity of the resistant strain. A better or
clearer result would be obtained when a strain with only the homozygous IGR-resistance

was used.
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Figure 5. The self-cross (F2) compared to its parental F;, S and R-strains in

their teflubenzuron mortality distribution pattern.
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Figure 6. The self-cross (Fz) compared to its parental Fi, S and R-strains in their

chlorfluazuron mortality distribution pattern.
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Figure 7. The teflubenzuron resistance decline (°)/accelated
by crossing with the susceptible DBM ( « )

LC50 (averaged from three tests of F1 to F5 of
SC-strain with pb added) with range from 444.8

to 128.4 ppm

LC50 (averaged from 7 determinations of F59 to
F77 of susceptible IL-strain) with range from

19.55 to 4.47 ppm
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by crossing with the susceptible DBM ( - )

LC50 (averaged from three tests of F1 to F5 of
SC-strain with pb added) with range from 251.0
to 100.7 ppm
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8.32 ppm to 1.68 ppm

5. Laboratory test for the possible management strategy of 1GR-resistance

Through the genetic manipulation, we had observed the IGR-resistance of DBM
could be greatly reduced by one cross with the susceptible strain. This genetic manipula
tion already caused greater reduction in the IGR-resistance than the addition of pb.
The sensitivity of teflubenzuron and chlorfluazuron with the addition of pb were
determined in three tests from F; to Fs, and the values averaged at 245.6 and 198.7
ppm, respectively, and the ranges were 444.8 to 128.4ppm and 251.0 to 100.7 ppm in
both cases.

The after—effect of this single cross on the teflubenzuron and chlorfluazuron-resistance
(Figs. 7 and 8) was examined in the following generations and compared to the resistant
DBM without such manipulation. In thres more generations, the IGR-resistance in the
offsprings of RXx S population reduced to almost zero and the sensitivities to both teflu-

enzuron and chlorfluazuron were restored and equal to that of the susceptible strain,
while the Fs-F; of the resistant strain was still 78 to 20 folds resistant to teflubenzuron
and chlorfluazuron, respectively. The sensitivities to both teflubezuron and chlorfluazuron
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in the susceptible strain were determined 7 times during Fs-Fy7, and the average LCs,
were 9.2 and 5.3ppm, respectively. The ranges of these determinations were indicated in
Figures 7 and 8. The fact proved that by utilizing the recessive characters of IGR-
resistance for genetic dilution, the decline of IGR-resistance can be speeded up.

Conclusions and discussions

Based on results of the field monitoring and the laboratory tests, several conclusions
had been drawn on the characters of BTU-type IGR-resistance in DBM :

(1) Under intensive IGR spray without any alternation with other insecticides, the
DBM can develop high resistance to IGRs rapidly. The span usually was less than one
and half years or equal to 30 generations in the field, and the resistance level could
reach more than thousand folds comparing to the original effective dosage. Eventually,
the DBM simply became unaffected at any dosage.

(2) The metabolic degradation of IGRs in DBM is mainly attributed to the oxidation
by mfo. The IGR-resistance in DBMs collected in Taiwan could be reduced by pb. The
substrate affinity of this new mfo, which degraded teflubenzuron and chlorfluazuron, is
independent from previously found mfos that degraded other pesticides such as syn-

thetic pyrethroids.
(3) It has not been found that the IGR-resistance with any sex-lined character

genetically.

(4) Genetically, the IGR-resistance is recessive or highly recessive. Whenever a
resistant individual hybred with a susceptible counterpart, great reduction in IGR-
resistance occurred.

(5) Once the susceptible factor, genetically dominant, has been re-introduced into
a resistant DBM population, this susceptible factor will propagate naturally as the
generation proceeds, and the whole population will re-establish its high IGR sensitivity
promptly.

Chou and Cheng (1983) first reported that DBM can develop a new and highly
specific factor to detoxify a particular insecticide as the carbofuran-resistant DBM was
proven to act independently from methomyl and carbaryl. Thereafter, the specificity of
mfo’s detoxiacation in DBM had been recognized, and at least three lines of mfo which were
separately responsible for the detoxication of synthetic pyrethroids, carbofuran and other
carbamates were confirmed (Cheng et al., 1986). Before IGRs were commercialized in
Taiwan, four IGRs had been studied in their mfo degradation in relation to effectiveness
of the susceptible DBM. Indications of mfo degradation for the two non-effective IGRs
did exist in DBM, while the naturally inherited mfo in the susceptible DBM could not
utilize teflubenzuron and chlorfluazuron as their enzymatic substrate (Cheng et al., 1988).
It had been proven that the degradation of diflubenzuron is mostly contributed to mfo
in the housefly (Pimprikar and Georghiou, 1979). In the induced teflubenzuron-resistant
DBM, the mfo was confirmed to be the major resistance mechanism (Perng et al., 1988;
Lin et al.,, 1989). The significant role of this resistance mechanism for IGR was again
confirmed in the general survey of IGR-resistant DBMs in Taiwan in this report (Table 1).
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All those facts indicated DBM had a very efficient, active and inducible mfo
system (or complex). Once the molecular structure of xenobiotic chemical was fit to be
the substrate for one of the many hidden mfos, this sub-line of mfo will respond quickly
to the selection pressure and a new type of resistance appeared. The problem is that
when mfo become the responsible resistance mechanism, it would respond indefinitely
or without any limitation in resistance amplitude, and rendered the control chemical
useless at any dosage. Carbaryl, methomyl, carbofuran, synthstic pyrethroids, tafluben-
zuron and chlorfluazuron all encountered the sames fate. The mfo system of DBM is
very diversified, and it responded to the selection pressure of other experimental
insecticide as well. For example, by selecting DBM with SN72129 (Cheng et al., 1937),
a mfo that could metabolize SN72129 appeared.

When the resistance is genetically recessive, the selection pressure is nesded to
maintain the resistance in the population. By crossing the resistant strain with the
susceptible strain, the immediate reduction of resistance in their offsprings can be
obtained. This phenomenon had been demonstrated very well in the synthetic pyrethroids
and many other insecticides (Liu et al., 1984; Cheng et al.,, 1988). By genetic manipula-
tion, a recessive type of resistance is manageable if it does not intangle with the
cross resistance from other insecticide.

The BPU-type IGR-resistance in DBM is recessive, selective and independent
from other insecticide resistance. Under these conditions, the IGR-resistance of DBM
in the field may become manageable if the sanctuary could bz provided in field to
harbor a portion of DBM population fres from the IGR-selection, for example, mosaic
sprays of IGR and Bacillus thuringiensis (BT) in alternate row or rows. Genetic dilution
would occur when the survivors of mosaic spray mated. The environment will favor
the prevention or delay the IGR-resistance naturally. The proposed sanctuary in a
mosaic spray should be designed in a way to provide satisfactory mixing environment

BT BT BT BT BT BT

IGR IGR IGR IGR 1GR IGR . IGR

(A) (B)

Figure 9. Proposed field mosaic sprays of~IGR and BT. The survived “DBM
population in BT plots served as the susceptible strain to cross those
DBM selected from IGR spray, and to delay or prevent IGR-resistance.



Insecticide Resistance Study in Plutella zxylostella L. 219

for DBM adults, which in turn may depend on factor like rate of dispersal of DBM adult
(Fig. 9). The applicability of this strategy in what kind of field design will be the subject
in our future study. Theoretically, the mosaic sprays of IGRs and BT is desirable for
having minimum possibility in producing cross resistance and both insecticides favor the
survival of natural enemies. Prosperous natural enemies, sanctuaries for the dominate
susceptible gene, and two insecticides with independent modes of action and free from
cross resistance should be considered as the most favorable combination in an integrated
pest management (IPM) scheme. .

If the IGR-resistance still slowly developad in IGRs and BT mosaic spray areas,
insecticides such as mevinphos that cause only short-lived resistance in DBM (Cheng et
al,, 1985) can substitute as the control measure for a period of time to relieve the
IGR-selection. The thorough study is definitely essential to comstruct a rational IPM
implementation program to counter the resistance problem in DBM.
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