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Monitoring I nsecticide Resistance Development in Beet Armyworm,
Spodoptera exigua (Hubner) (L epidoptera: Noctuidae)
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ABSTRACT

Field collected larvae of beet armyworm, Spodoptera exigua (Hibner) were reared and evaluated for
resistance against cypermethrin 10 EC, neem extract (Azadirachtin 0.1%) and Bacillus thuringiensis
Berliner var. kurstaki (53,000 SU per mg) for 12 generations under laboratory condition by using leaf dip
bioassay. Cypermethrin showed LCg, value of 251 ppm at F; generation and decreased gradually to
onward generations resulting L Cg value of 90 ppm at F,, generation for non-selection, whereas L Cg,
increased rapidly with a value of 8625 ppm at F;, generation under selection pressure. Neem extract
exhibited LCgj value ranging from 3.98 ppm to 9.99 ppm for non-selection, whereas under selection
pressure L Cg ranged from 4.38 ppm to 13.04 ppm throughout the generations. Bacillusthuringiensisvar.
kurstaki showed L Cy valuewhich ranged from 7.3 x 106 SU/L to 15.9 x 106 SU/L for non-selection, and
selection for resistance monitoring gave LCgj value ranged from 7.6 x 106 SU/L to 73.9 x 108 SU/L .
Compared with non-selection strain, selection strain exhibited 95.83-fold, 1.44-fold and 5.6-fold increase
intheLCgyfor 12 generations agai nst cypermethrin, neem extract and Bacillusthuringiensisvar. kurstaki,
respectively.
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INTRODUCTION

Beet armyworm, Spodoptera exigua
(HUbner) is a polyphagous and widely distributed
pest on many crops and vegetables including
ornamental plants. The history of insecticide
resistance development has earned the beet
armyworm as one of the most costly insect pest, in
terms of control, of vegetables grown in Thailand.
Overtime, excessive use of synthetic insecticides

hasresultedin seriousproblem, for instanceinthe
development of insect resistance to insecticides,
insecticide-induced resurgence of insect pests,
adverse effect on non-target organisms namely
parasitoids, predators, pollinators, fishes, birds,
cattle, and human beings. Inaddition, phytotoxicity,
environmental pollution, and anaarmingincrease
in the cost of pesticides have dictated the need of
effective and biodegradable pest control materials
with greater selectivity. For this reason natural
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pesticides are often preferred over synthetic ones

Among severa options, the extracts from
neem hasevoked agreat deal of interest because of
its bio-efficacy and bio-degradability. The main
substance, azadirachtin influences the hormone
system of insects, exerting a pesticidal effect.
Feeding activity, reproduction, and flying ability
of insects are also affected. Botanical insecticide
has been taking attention to control a variety of
insect pest in crops, especially vegetables. It hasno
harmful effect on natural enemies, keeping the
ecosystem safeand sound. Theuseof Btisincreasing
dramatically because of recent development in
genetic engineering, including insertion and
expression of Bt toxinin several major crop plants
such as cotton, tobacco and tomato ( Tabashnik
1994). However, like any kind of chemical
insecticide, the value of Bt could be diminished
seriously by widespread devel opment of resistance
in insect population to Bt toxin. Recently, severa
common species of insect pest have been selected
for resistanceto Bt inthelaboratory, indi cating that
biological pesticides can suffer the same fate as
chemical pesticides (Tabashnik et al., 1992;
Chaufaux et al., 1997). Improved monitoring of
resistancewould decreasethenumber of ineffective
pesticide applications that are made when a
resistance problem exists but has not been
diagnosed. Resistance often |ead to replacement of
onepesticidewith another that aremoreexpensive
and less compatible with alternative control.
Therefore, the study was designed to observe the
potential of cypermethrin, neemextract and Bacillus
thuringiensis var. kurstaki to induce resistance in
field collected strain of Spodoptera exigua under
laboratory condition.

MATERIALSAND METHODS

Collection of field strain and rearing
Larvae of beet armyworm were collected

from the field of soybean, chilli, onion and
mungbean at Kamphaeng Saen, Nakhon Pathom,
Thailand in the month of December, 1998. The
collectedlarvaewerereared onartificial dietwithout
exposure to any insecticides in Laboratory of
Entomology Department, Kamphaeng Saen
Campus of Kasetsart University, Thailand under
27 £ 2°C and 50 - 80% R.H. The diet (modified
from the diet described by Shorey and Hale 1965)
wascomposed of soaked mungbean (150g), baking
yeast (10 g), methyl paraben (2.5 g), sorbic acid
(1.5 g), ascorbic acid (3 g), casein (3 g), choline
chloride (0.5 g), agar (14 g), vitamin mixture (10
ml), formalin 40% (2 ml ) and distilled water (750
ml). Larvae were reared on artificial diet in both
petridish and plastic cup, each with three larvae
until they pupated. After the color of pupaeturned
brown, soakedthemin10%formalinfor 10 minutes.
Then they weredried in agood aeration condition.
The pupae were then placed in box for adult
emergence. The adults were then introduced in
new boxes, each with 10 males and 10 females.
Diluted honey wasusedin cup with cottonwool for
adult feeding. A piece of wax paper was inserted
inside the box for egg laying and covered with
cheese cloth. The moth's diet was changed
everyday. The eggs were collected from waxy
paper, cheese cloth and cup. Then the eggs were
soaked in 10% formalin for 10 minutes. After that
they were passed through the running water twice
and dried up in a good aeration condition. The
clustersof eggswerethenplacedindiet box (upside
down) and sealed with sticky tape. After thelarvae
hatched for aweek, thewax paper, cheeseclothand
cup wereremoved. Thelarvaewerethen placedin
petridish and plastic cup on artificial diet. This
rearing processwasfollowed for every generation.

I nsecticides
Commercial formulation of cypermethrin
(10%EC), neem extract (Azadirachtin 0.1%) and
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BacillusthuringiensisBerliner var. kurstaki (53,000
SU per mg) (Delfin) was used as for the bioassay.

Toxicity test

Newly molted 3" ingtar larvae from the F;
laboratory generations were treated with different
insecticides by using leaf dip technique. Soybean
leaveswerecollected fromtheplantsgrownin pots
throughout the study. The leaves of similar size
were selected and dipped into the test solutionsfor
10 seconds with gentle agitation. Surfaces were
allowed for air dry, and then placed into a 8 cm
diameter transparent plastic cup with 20 larvae per
cup. Oneleaf wasplacedinacup. Intotal, 80larvae
(4 replications of 20 larvae per cup) were used for
each concentration. Seven serial concentrations
includingonecontrol (distilledwater asthediluent)
were used for each test insecticide. Untreated
controls were dipped in distilled water. To avoid
desiccation of leaves in the test containers,
moistened cotton wool were attached with leaf
petiole. Serial dilutionsof thetestinsecticideswere
expressed in ppm (part per million) of active
ingredient for cypermethrin and neem extract, and
SU/L (spodopteraunit per liter) for B. thuringiensis
var. kurstaki.

Larval mortality wasassessed after 48 hours
for cypermethrinand 72 hoursfor neem extract and
B. thuringiensis var. kurstaki. Larvae were
considered dead if they gave no coordinated
response to stimulation by touch with a blunt
needle. Results were expressed as percentage of
mortality, correcting for untreated (control)
mortality using Abbott’s (1925) formula. Data
were analyzed by probit analysis (Finney, 1971).
Selection pressure procedure

At first F; laboratory generation of beet
armywormweredivided into two groups. Thefirst
group was reared without any insecticide pressure
(non-selection) and the other group was divided
intothreesub-groupssubjectedto sel ection pressure

with cypermethrin, neem extract and B.
thuringiensisvar. kurstaki. After selection progeny
for each insecticide, each sub-group was divided
into two groups: onefor next sel ection (allowed for
feeding insecticide treated leaves for inducing
resistance) and other for toxicity test with different
concentrations. In every generation, larvae under
selection pressurewere assessed for L Cg, for each
insecticides. Onthe other hand, the untreated stock
was assessed for LCgy for each insecticide
throughout the generation. This process was
continued up to 12 generations for monitoring
resistance development in beet armyworm . To
determine the resistance ratio (RR), the LCgj of
eachinsecticidefor the selected strain was divided
by the corresponding LCg, for the non-selected
strain.

RESULTSAND DISCUSSION

Selection for cyper methrin

The F; generation (non-selection) of beet
armywormwastestedfor resistancetocypermethrin
exhibited 251 ppmfor L CgywhereasF; generation
(selection pressure) showed 383 ppm for LCq,
which indicated the induced cypermethrin in the
later (Table 1). It was observed from the study that
cypermethrin provided adecrease values of LCg
toonwardgenerationsinnon-selectionstock which
reachedto 90 ppmat 12" generation. Mishra(1989)
found LCg, value of 95 ppm for cypermethrin
against 6 days old larvae of Heliothis armigera
which was similar to L Cg of non-selection stock
(90 ppm) at 12th generation. After 11 generations
of continuous selection pressure, beet armyworm
showedarapidincreasevalueof L Cgytoproceeding
generations which reached 8625 ppm at 12th
generation. Thisresult indicated that cypermethrin
was induced in beet armyworm for resistance by
insecticide selection pressure in the laboratory,
whereas continuous rearing without selection
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Tablel Selection and progression of resistance to cypermethrin of 3/ instar larvae of beet armyworm
under laboratory condition for 12 generationsin 1999.

Generations Non-selection strain Selection strain Resistance ratio (RR)Y
LCx, (PPmM) LCsp (PPmM)
= 251 383 153
F, 200 805 4,03
Fs 176 1237 7.03
Fy 172 1677 9.75
Fs 166 2897 17.45
Fe 155 3188 20.57
F, 151 4867 32.23
Fg 144 6734 46.76
Fy 135 7049 52.21
Fio 108 8046 74.50
Fiq 100 8368 83.68
Fio 90 8625 95.83

LCy of selection strain / LCg of non-selection strain.

pressure caused reduced resistance level. The
resistance ratio compared with non-selection at
LCg, was 95.83. Chau (1995) reported that beet
armyworm had become resistance to pyrethroids
suchascypermethrin, fenval erateand deltamethrin.
Aldosari et al. (1996) found that selection of the
Marana strain for resistance to cyfluthrin for 9
generations resulted in a 70.7-fold increase in the
LDgy. These results support the resistance
development in beet armyworm against
cypermethrin by selection under laboratory
condition.

Selection for neem extract

Neem extract showed less efficacy to
develop resistance in beet armyworm. It might be
dueto thedisrupted metamorphosi swhich resulted
in the larval mortality. Even at low concentration
larvae faced abnormal molting. The investigation
revealed 3.98 ppm for LCgj in non-selection F,

whereas selection F; showed 4.38 ppm for LCy,.
Non-selection F, generation exhibited 6.13 ppm
for LCgyandthesamegeneration of neemselection
pressureyielded 6.32 ppmfor L Cyj. Theranges of
LCg, valuesfrom F, to 4, (non-selection) varied
from6.13ppmt09.99 ppm, whereasunder selection
pressure it varied from 6.32 ppm to 13.04 ppm
(Table2). Theresult showed the highest 9.99 ppm
for LCgq within 12 generations in non-selection,
whereas sel ection stock provided its highest 13.04
ppmfor LCs,. Resistanceratio varied from 0.98 to
1.44 within 12 generations . The investigation
revealed that neem could not induce in beet
armyworm for resistance development up to 12
generations under laboratory condition. Moar and
Trumble (1987) reported the toxicity of neem to
beet armyworm, Spodoptera exigua by using
neonate larvae in a diet-incorporation bioassay.
Neem showed 0.116 pl/ml for LCy,. Lee et al.
(1991) reportedthat onedose (1 ug) being sufficient
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Table2 Selection and progression of resistance to neem extract of 34 instar larvae of beet armyworm
under laboratory condition for 12 generationsin 1999.

Generations Non-selection strain Selection strain Resistance ratio (RR)Y
LCx, (PPm) LCsp (PPmM)
Fy 3.98 4.38 1.10
F, 6.13 6.32 1.03
Fs 6.56 7.14 1.09
Fy4 8.35 8.20 0.98
Fs 8.97 10.36 1.15
Fs 8.46 9.81 1.16
F; 8.76 9.53 1.09
Fg 9.14 11.09 121
Fo 9.08 11.78 1.30
Fio 8.36 11.74 1.40
Fi1 9.99 13.04 131
Fio 8.23 11.87 144

L Cqg of selection strain / LCgj of non-selection strain.

to disrupt subsequent development and /or
reproduction stages. Azadirachtin at 20 and 30
ppm caused higher mortality than at 10 ppm and
alsoretarded larval development (Adhikary 1981).
Adel and Sehnal (1999) reported that larvae of
Foodoptera littoralis feeding with 10-1000 ppm
sunneem oil (containing about 0.1-10 ppm
azadirachtin) causes a cessation or reduction of
feeding, delay of molts, death of larvae and pupae,
and sterility of emerged adults. No references on
thedevel opment of resi stanceagainst neemproducts
has been found except Voallinger (1986) who
reported the development of resistance against
neem extract in comparison with deltamethrin in
caseof Pleutellaxylostella. Hereportedthat NSKE
(neem seed kernel extract) treated line showed no
sign of resistance up to 42 generations whereas
deltamethrin treated lines developed 20 and 35
times resistance.

Selection for B. thuringiensis var. kurstaki
Thetoxicity test for Bt. kurstaki resulted 7.3
x 106 SU/L for LCqgq in non-selection stock (F),
whereas selection stock (F;) exhibited 7.6 x 10°
SU/L for LCg,. From F, to F;, generations, Bt
(non-selection) showed LCg valuesfrom 11.2 x
106 - 15.9 x 105 SU/L, whereas selection stock
exhibited 12.3 x 106 - 73.9 x 10% SU/L for LCg,
(Table 3). The resistance ratios from F; - Fg
generations were more or less similar showing no
resi stancedevel opment occurredwithintheperiods.
After Fg generation, resistanceratiosbecamedouble
compared to F; generation. At 12t generation
resistance ratio raised to 5.6 indicating beet army
worm acquired resistance against Bt var. kurstaki
under laboratory condition . Thetoxicity of Bt var.
kurstaki was evaluated in laboratory and field
against Spodopteraexigua by Tamez-Guerraet al.
(1998). Results of laboratory tests showed that
some Bt strains isolated from Mexico (GM-7 and
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Table3 Selectionand progression of resistanceto Bacillusthuringiensisvar. kurstaki of 3dinstar larvae
of beet armyworm under laboratory condition for 12 generationsin 1999.

Generations Non-selection strain Selection strain Resistance ratio (RR)Y
LCsp (x10°SU/L) L Cx (x100SUI/L)
= 7.3 7.6 1.04
F, 11.2 12.3 1.10
Fs 125 16.2 1.30
Fy 14.2 16.8 1.18
Fs 13.7 18.2 133
Fe 13.7 24.3 177
F, 141 25.6 1.82
Fg 151 304 2.01
Fy 14.7 384 2.61
Fio 15.9 431 271
Fiq 15.9 63.1 3.97
Fio 13.2 73.9 5.60

LCx of selection strain / LCg of non-selection strain.

GM-10), were sufficiently toxic to warrant further
investigation as potential bio-insecticides for
lepidopteran control. The toxicities of different
componentsof the spore-parasporal body complex
of theNRD-12 and HD-1 strainsof Bt var. kur staki
Berliner to neonate Spodoptera exigua were
determined using diet incorporation bioassays .
Spore preparations from HD-1(LCgp=117 pug/ml
diet) were dlightly more toxic than those from
NRD-12(LC5;=166 pg/ml). Belda et al. (1994)
reported that mortality against 2"dinstar |arvae of
beet armyworm by the application of Bacillus
thuringiensis subsp. aizawai : kurstaki @ 6 x 106
IU/L (international unit/liter) reached up to 50%
after 168 hours which supported the results of
bioassay. Many field populations of diamondback
moth, Plutellaxylostela have evolved resistanceto
Bacillus thuringiensis var. kurstaki (Tabashnik,
1994). Moar et al. (1995) reported resistance of
Soodoptera exigua to CrylC, a magjor toxin in Bt

aizawai. All of thesedocumentssupport the present

study.
CONCLUSION

Larvae of beet armyworm, Spodoptera
exigua (Hubner) were collected from different
vegetable fields and their progeny were evaluated
for resistance to cypermethrin, neem extract and
Bacillusthuringiensisvar. kurstaki under |aboratory
conditionshby sel ection pressure. Thestudy reveal ed
that beet armyworm larvae devel oped resistanceto
cypermethrin which caused the rapid increase of
L Cgyvalueswith95.83-foldwithin 12 generations.
Incaseof neem, larvaefaced molting problemeven
atlow concentrationresulting larval mortality. It is
assumed that beet armyworm could not develop
resistance sharply agai nst neem extact by selection
pressure for generations studied. Beet armyworm
had been gaining resistance against Bacillus
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thuringiensis var. kurstaki within 12 generations.
Resistance ratio increased to 5.6-fold indicating
biological pesticides can suffer the same fate as
chemical pesticides.
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