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ABSTRACT

Two molecular techniques were used to identify host strains of fall armyworm, Spodoptera
frugiperda (J. E. Smith) from male moths captured in pheromone-baited traps in north-central and central Florida. Moths collected in 1998 were analyzed using direct detection of mitochondrial DNA (mtDNA) RFLPs generated from restriction endonuclease digestion of
total DNA, while moths collected in 2000 and 2001 were analyzed using a mitochondrial cytochrome oxidase subunit I (COI) gene PCR-RFLP marker. Both techniques could distinguish between rice and corn strain moths, however, the COI PCR-RFLP marker was more
robust as indicated by a time interval experiment that showed that moths held for up to 15
days in a “bucket trap” could still be used for strain diagnosis. In a field study, our strategy
gave results consistent with expectations. Rice strain moths were common in habitats with
large areas of small grasses, corn strain moths were common in large areas planted to corn,
and habitats with mixed large- and small-grass plantings contained both strains. Our methodology of combining pheromone traps with PCR-RFLP analysis will provide a valuable
sampling system to determine the population ecology habits and strain isolating mechanisms of fall armyworm populations in numerous habitats, including overwintering areas of
southern Florida.
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RESUMEN
Dos ténicas moleculares fueron utilizadas para identificar razas hospederas del cogollero,
Spodoptera frugiperda (J. E. Smith) a partir de polillas machos capturadas en trampas cebadas con feromonas en la región centro-norte y central de Florida. Las polillas colectadas
en 1998 fueron analizadaas utilizando la detección directa de los PLFR (Polimorfismo en la
Longitud de los Fragmentos de Restricción [RFLP en ingles]) del ADN mitocondrial
(mtADN) generados a partir la digertión por la endonucleasa de restricción del ADN total,
mientras que las polillas colectadas en el 2000 y 2001 fueron analizadas utilizando un marcador PCR-RFLP de la subunidad I del gen citocromo oxisasa (COI) miticondrial. Ambas técnicas pudieron distinguir entre las razas de polillas del arroz y las del maíz, sin embargo, el
marcador COI PCR-RFLP fue masrobusto tal como lo indico un experimento de intervalo de
tiempo en el cual las polillas que se mantuvieron en una “trampa de balde” hasta por 15 días,
todavía podían ser utilizadas para diagnosticar su raza. En un estudio de campo realizado,
nuestra estrategia produjo resultados consistentes con las expectativas. Las razas de polillas
de del arroz fueron communes en habitats con amplias áreas de pastos bajos, las razas de polillas del maíz fueron mas comunes en amplias áreas sembradas con maíz, y en áreas sembradas con una mezcla de pastos altos y bajos se consiguieron ambas razas. Nuestra
metodología de combinar las trampas de feromonas con el análisis de PLFR-PCR proveerá
un importante sistema de muestreo para determinar hábitos ecológicos de las poblaciones y
los mecanismos de aislamiento de ls poblaciones de cogollero en numerosos habitats, incluyendo las áreas de hibernación en el sur de Florida

Fall armyworm, Spodoptera frugiperda (J. E.
Smith), is a migratory polyphagous pest that attacks several important crops such as maize, sorghum, forage grasses, rice, cotton and peanuts
(Luginbill 1928; Sparks 1979; Knipling 1980).
Two morphologically indistinguishable host
strains have been identified that are possibly in
the initial stages of speciation (Pashley 1986;

Prowell 1998). One strain was identified from
populations feeding on corn and sorghum (corn
strain), and the other strain was identified from
populations feeding on rice and bermudagrass
(rice strain). Strains exhibit polymorphisms at
five allozyme loci (Pashley 1986), in their mitochondrial DNA (mtDNA) (Pashley 1989; Lu &
Adang 1996) and in their nuclear DNA (Lu et al.
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1992). Additionally, a tandemly repeated (189 bp)
DNA sequence has been shown to be unique to
the rice strain (Lu et al. 1994). Two recent techniques have been used to improve strain discrimination, including one that uses amplified
fragment-length polymorphisms (AFLPs) (McMichael & Prowell 1999), and another that employs amplification of a region of the
mitochondrial cytochrome oxidase C subunit I
gene (COI) followed by restriction enzyme digestion (PCR-RFLP) (Levy et al. 2002).
Strain identification is important because research has shown biological, behavioral, toxicological, and host genotypic differences between
strains. Both strains attained similar larval and
pupal weights when fed bermudagrass or rice, but
when reared on maize, corn strain larvae attained
larger weights (Pashley et al. 1995; Veenstra et al.
1995). Behavioral reproductive incompatibilities,
such as the lack of successful mating between
corn strain females and rice strain males, have
been tentatively identified (Pashley & Martin
1987), although successful matings were achieved
with moths held in culture for over three years
(Whitford et al. 1988). Temporal partitioning of
calling/mating times has been presented as a
strain isolation mechanism (Pashley et al. 1992).
Rice strain larvae were shown to be more susceptible to various insecticides such as carbaryl, diazinon, cypermethrin, methyl parathion, and
methomyl, while corn strain larvae were more
susceptible to carbofuran (Pashley et al. 1987b;
Adamczyk et al. 1997). Rice strain larvae were
also more susceptible to transgenic Bacillus thuringiensis Berliner (Bt) cotton than corn strain larvae (Adamczyk et al. 1997). Laboratory and field
studies have shown distinct differences in feeding
of bermudagrass genotypes, with rice strain larvae generally able to gain more weight and consume more plant material than corn strain larvae
(Pashley et al. 1987a; Quisenberry & Whitford
1988).
Although fall armyworm overwinters in southern Florida counties and can build up large populations in central and north-central Florida
(Pashley et al. 1985; Mitchell et al. 1991), strain
identification of Florida populations is limited.
Late instar larvae collected from corn in southern
Florida (Hendry Co.) were identified as corn strain
in 1983 and 1984 (Pashley et al. 1985). Both corn
and rice strain populations were identified from
southern Florida, although no information regarding location or collection habitat were provided
(Pashley 1988). Corn strain larvae were collected
in early 1989 from southern Florida, but again collection sites and habitats were not disclosed (Pashley et al. 1992). Strain identification of populations
from non-overwintering areas in north or central
Florida has not been attempted. The objective of
this research was to identify the host strain of fall
armyworm moths collected from sex pheromone
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traps for periods up to 15 days in north-central and
central Florida using suitable molecular methods.
MATERIALS AND METHODS
Moth Collection

Standard plastic Unitraps (bucket traps)
baited with commercial fall armyworm sex pheromone [(Z)-9-tetradecen-1-ol acetate, (Z)-11hexadecen-1-ol acetate and (Z)-7-dodecen-1-ol
acetate; either Scentry® (Ecogen, Inc., Langhorne,
PA) or Scenturion® (Scenturion, Inc., Clinton,
WA) lures] were placed in field locations in 1998,
2000, and 2001. All traps contained insecticide
strips (Hercon® Vaportape II containing 10% 2,2dichlorovinyl dimethyl phosphate, Hercon Environmental Co., Emigsville, PA) to kill the moths.
In 1998, locations in Alachua Co., FL were used to
collect moths. One was near the Dairy and Agronomy Forage Research Unit of the University of
Florida, and the second location was a commercial corn field near the town of Alachua. The research unit was located in the northern half of the
county and contained plantings of field corn and
pasture grasses.
In 2000, three traps were placed along State
Route 121 in Levy Co., FL. Several hundred hectares of forage grasses bordered the route. In 2001,
three traps were placed at the University of Florida Range Cattle Research and Education Center
in Ona, FL. This center has over 1150 h of natural
and improved forage grasses. Two traps were also
placed beside sugarcane plantings in the Everglades Agricultural Area near the University of
Florida Everglades Research and Education Center, Belle Glade, FL, and the USDA, ARS, Sugarcane Field Station, Canal Point, FL. Fall
armyworm larvae were also collected from Ona
and resulting adults were analyzed to determine
their host strain.
Interval Testing

This test was designed to determine if the host
strain of moths held for up to 15 d in a pheromone
trap could still be accurately identified. Fall armyworms used in this test were reared in the laboratory on a pinto bean-based artificial diet
according to the procedures of Guy et al. (1985).
Pupae were sexed and placed in 163-ml (5.5 oz.)
paper cups (Sweetheart, Chicago, IL) that were
placed in 24 × 24-cm screen cages for eclosion. Pupae were maintained under reversed photoperiod
(14:10, light:dark) in an environmental chamber
held at 26°C and 70% RH. Adult males had access
to cotton balls saturated with distilled water and
a honey-sugar solution. Live male moths aged 2-5
d were placed in bucket traps with insecticide
strips and removed for testing at 1, 2, 4, 7, 10 and
15 d. Moths usually died within an hour after ex-
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posure to the insecticide strips. Three to 10 moths
were sampled for each time point.
Total DNA Extraction and Strain Identification

Two techniques were used to identify strains.
For both techniques, total DNA was extracted
from one fall armyworm adult that was ground in
liquid nitrogen and then homogenized in 1 ml of
extraction buffer (100 mM Tris-HCl, pH 7.5, 20
mM EDTA, pH 8, 500 mM NaCl, 2% (w/v) SDS).
The remainder of the extraction procedure was
performed according to Lu et al. (1992) except
that final resuspension of the DNA was in 100 µl
of TE buffer (10 mM Tris, 1 mM EDTA, pH 8.1).
The technique of Lu & Adang (1996) was employed to identify strains of moths collected in
1998. Approximately 50 µg of total DNA was double-digested with the endonucleases HaeIII and
MspI, and 8 µg of the digested DNA was electrophoresed on a 1% agarose gel in TBE buffer. Gels
were then stained with ethidium bromide and visualized under UV illumination. The corn strain
produces four mitochondrial bands of 5.5, 4.3, 3.8
and 1.3 kb (cannot see this smaller band due to
masking by nuclear DNA), while the rice strain
produces only two bands of 10.4 and 4.4 kb.
Strain identification of moths collected in 2000
and 2001 was accomplished using a mitochondrial
PCR-RFLP marker (Levy et al. 2002). Two PCR
primers (5’GAGCTGAATTAGGGACTCCAGG3’forward and 5’ATCACCTCCACCTGCAGGATC3’reverse) flanking a diagnostic MspI restriction
site (CCGG) within the mitochondrial COI gene
sequence were used to amplify a 569 bp product.
The PCR mixture contained 25 ng of total DNA,
0.25 µM primers, 200 µM dNTPs, 0.5 U Taq polymerase, and 1× PCR buffer (Perkin Elmer GeneAmp kit) in a total volume of 25 µl. Amplification
conditions were as follows: denaturation, 94°C for
30 sec; annealing, 58°C for 1 min; extension, 72°C
for 1 min, with a final cycle extension of 72°C for
10 min. Reactions were run for 40 cycles in a ther-
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mal cycler (MJ Research). Following amplification, 5 µl of the PCR mixture was used for MspI
digestion and the resulting products were surveyed using 2% agarose gel electrophoresis. The
corn strain PCR product contains the MspI restriction site while this site is missing in the rice
strain product. Consequently, MspI digestion of
the corn strain 569 bp PCR product results in two
bands of 497 bp and 72 bp, whereas this PCR
product from the rice strain moths is unrestricted
and remains intact.
RESULTS AND DISCUSSION
Both corn and rice strain moths were collected
from north-central and central Florida (Table 1).
Digestion of total DNA with HaeIII fragments genomic DNA made observation of mtDNA fragments easier. Digestion of mtDNA with MspI
produced three visible bands of 5.4, 4.3, and 3.8
kb representing corn strain moths, and two bands
of 10.4 and 4.3 kb representing rice strain moths
as previously established by Lu & Adang (1996)
(Fig. 1). The size of the mtDNA genome of fall armyworm was estimated as approximately 14.8 kb
(Lu & Adang 1996). The smallest band (1.3 kb)
from corn strain moths was not visible because of
masking by nuclear DNA. This method therefore
resulted in a “3-band pattern” and “2-band pattern” of corn and rice strain moths, respectively
(Lu & Adang 1996). The PCR-RFLP marker correctly identified corn strain moths by way of MspI
digestion of the 569 bp COI amplified fragment
into two bands of 497 bp and 72 bp (Fig. 2). The
rice strain PCR product was not digested by MspI
(Levy et al. 2002).
Rice strain moths predominated in large areas
of small grasses such as Levy Co. Rt. 121 and Ona
(Table 1), while corn strain moths were found
more frequently in the only large corn site tested
in Alachua Co. (Table 1). Mixed areas of corn and
small grasses, and the peanut habitat contained
moths of both strains. The agroecosystem near

TABLE 1. CORN AND RICE STRAINS OF FALL ARMYWORM ADULT MALES COLLECTED IN PHEROMONE TRAPS AT DIFFERENT
FIELD SITES IN FLORIDA, 1998, 2000, 2001. MOTHS COLLECTED IN 1998 WERE ANALYZED USING THE METHOD
OF LU & ADANG (1992); MOTHS COLLECTED IN 2000 AND 2001 WERE ANALYZED USING THE METHOD OF LEVY
ET AL. (2002).
Strains (No.)
Location
Dairy/Forage, Alachua Co.
Corn fields, Alachua Co.
Levy Co., Rt. 121
Levy Co.
Everglades Agric. Area
Ona, RCREC
Ona, RCREC

Date

Habitat

Corn

Rice

4/22, 5/29, 6/12/98
5/25/98
8/10, 8/14, 8/16/00
8/20, 9/3/01
8/17/01, 11/14/01
6/7, 7/12, 8/30, 11/14/01
11/14/01

grass, corn
corn
grass
peanuts
sugarcane
grass
colony

3
7
1
17
1
0
0

1
1
13
10
6
39
5
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Fig. 1. Fall armyworm total DNA digested with
HaeIII and MspI. Lanes 1-3 and 5 are corn strain, lane
4 is a rice strain.

the peanut site also contained large tracts of pasture, easily accessible by moths. Therefore, the
presence of both strains was expected, although it
is not known which strain is physiologically better adapted to peanut as a host plant. Previous
studies of peanut host plant resistance used labo-
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ratory colonies that were probably corn strain
(Leuck & Skinner 1971; Garner & Lynch 1981;
Lynch et al. 1981), although strain analysis was
not performed on these colonies. Further studies
are underway to determine whether one strain is
better adapted to peanuts than the other. The
Everglades Agricultural Area also contained
moths of both strains. The habitat in this area is
dominated by large grasses such as sugarcane
and corn and small grasses such as rice and “wild”
grass species. Larger sample sizes from these
habitats are needed to determine which strain is
more common in this important and fragile agroecosystem.
Previous physiological studies suggested that
rice strain larvae were more specialized and affected by their host plant than were corn strain
larvae (Pashley et al. 1995; Veenstra et al. 1995).
However, larval collections in the field disclosed
that rice strain larvae occur in both large and
small grass habitats, whereas corn strain larvae
rarely occupied small grass habitats (Pashley
1988; Pashley et al. 1995; McMichael & Prowell
1999). Our study detected few corn strain moths
in small grass habitats (Levy Co. Rt. 121, Ona).
Although host-plant specialization is likely mediated by adult behavioral attributes rather than
larval physiological characteristics (Pashley et al.
1995), studies determining adult attributes such
as mating behavior and ovipositional preference
have not provided clear results.
Pheromone traps provide a convenient means
of collecting wild males in the field and represent
one of the few methods of directly trapping adult
fall armyworm. However, such field-collected
specimens may be in traps for up to two weeks before they can be analyzed, with significant degra-

Fig. 2. Time interval experiment showing that adult fall armyworm held for up to 15 days could still be used for
strain diagnosis by using the COI PCR-RFLP marker. All laboratory-reared moths from a corn strain colony were
killed in the traps and exposed to outdoor climate for 1, 2, 4, 7, 10 or 15 d before collection for strain diagnosis. Positive controls included freshly collected corn [C] and rice [R] strains and the negative control was a PCR reaction
containing no DNA template (-). M = 1 kb ladder.
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dation of DNA likely. Therefore, it is necessary
that the diagnostic molecular techniques employed for strain identification be robust enough
to distinguish between the strains under these
field conditions. The time interval experiment
showed that moths held for at least 15 d could
still be used for strain diagnosis when using the
COI PCR-RFLP marker (Fig. 2). In comparison,
results from the non-PCR based mt DNA RFLP
method of Lu & Adang (1996) were highly variable and this method could not be used to identify
strains held in traps longer than four days (data
not shown). Therefore, the PCR-based method
now makes it possible to obtain consistent and accurate strain identification of moths collected by
standard pheromone trapping methods.
The combination of the pheromone trapping
method with PCR-RFLP provide a valuable sampling system. Biological attributes such as strain
isolating mechanisms, intra- and inter-strain
mating behavior, and within-field populations in
monocot and dicot crops are potential future studies. Additionally, strain analysis of overwintering
fall armyworm populations in southern Florida is
a important component to understanding population flow of this neotropical migrant.
ACKNOWLEDGMENTS
We thank Raul Villanueva and Lanying Wen (University of Florida) for technical assistance, and P. Mislevy
(UF-RCREC), B. Scully (UF-EREC), and G. Nuessly
(UF-EREC) for their assistance in collections made at
their respective locations. R. Nagoshi (USDA-ARS) and
J. Maruniak (University of Florida) provided helpful reviews of the manuscript. The use of trade, firm, or corporation names in this publication is for the information
and convenience of the reader. Such use does not constitute an official endorsement or approval by the United
States Department of Agriculture or the Agricultural
Research Service of any product or service to the exclusion of others that may be suitable.

REFERENCES CITED
ADAMCZYK, JR., J. J., J. W. HOLLOWAY, B. R. LEONARD,
AND J. B. GRAVES. 1997. Susceptibility of fall armyworm collected from different plant hosts to selected
insecticides and transgenic Bt cotton. J. Cotton Sci.
1: 21-28.
GARNER, J. W., AND R. E. LYNCH. 1981. Fall armyworm
leaf consumption and development on Florunner
peanuts. J. Econ. Entomol. 74: 191-193.
GUY, R. H., N. C. LEPPLA, J. R. RYE, C. W. GREEN, S. L.
BARETTE, AND K. A. HOLLIEN. 1985. Trichoplusia ni,
pp. 487-494. In P. Singh & R. F. Moore [eds.], Handbook of insect rearing, vol. 2. Elsevier, Amsterdam.
KNIPLING, E. F. 1980. Regional management of the fall
armyworm—a realistic approach? Florida Entomol.
63: 468-480.
LEUCK, D. B., AND J. L. SKINNER. 1971. Resistance in
peanut foliage influencing fall armyworm control. J.
Econ. Entomol. 64: 148-150.

December 2003

LEVY, H. C., A. GARCIA-MARUNIAK, AND J. E. MARUNIAK. 2002. Strain identification of Spodoptera frugiperda (Lepidoptera: Noctuidae) insects and cell
line: PCR-RFLP of cytochrome oxidase C subunit I
gene. Florida Entomol. 85: 186-190.
LU, Y., AND M. J. ADANG. 1996. Distinguishing fall armyworm (Lepidoptera: Noctuidae) strains using a
diagnostic mitochondrial DNA marker. Florida Entomol. 79: 48-55.
LU, Y.-J., M. J. ADANG, D. J. ISENHOUR, AND G. D.
KOCHERT. 1992. RFLP analysis of genetic variation
in North American populations of the fall armyworm
moth Spodoptera frugiperda (Lepidoptera: Noctuidae). Molecular Ecol. 1: 199-208.
LU, Y.-J., G. D. KOCHERT., D. J. ISENHOUR, AND M. J.
ADANG. 1994. Molecular characterization of a strainspecific repeated DNA sequence in the fall armyworm Spodoptera frugiperda (Lepidoptera: Noctuidae). Insect Mol. Biol. 3: 123-130.
LUGINBILL, P. 1928. The fall armyworm. USDA Tech.
Bull. 34. 92 p.
LYNCH, R. E., W. D. BRANCH, AND J. W. GARNER. 1981.
Resistance of Arachis species to the fall armyworm,
Spodoptera frugiperda. Peanut Sci. 8:106-109.
MITCHELL, E. R., J. N. MCNEIL, J. K. WESTBROOK, J. F.
SILVAIN, B. LALANNE-CASSOU, R. B. CHALFANT, S. D.
PAIR, V. H. WADDILL, A. SOTOMAYOR-RIOS, AND F. I.
PROSHOLD. 1991. Seasonal periodicity of fall armyworm, (Lepidoptera: Noctuidae) in the Caribbean
basin and northward to Canada. J. Entomol. Sci. 26:
39-50.
MCMICHAEL, M., AND D. P. PROWELL. 1999. Differences
in amplified fragment-length polymorphisms in fall
armyworm (Lepidoptera: Noctuidae) host strains.
Ann. Entomol. Soc. Am. 92: 175-181.
PASHLEY, D. P. 1986. Host-associated genetic differentiation in fall armyworm (Lepidoptera: Noctuidae): a
sibling species complex? Ann. Entomol. Soc. Am. 79:
898-904.
PASHLEY, D. P. 1988. Current status of fall armyworm
host strains. Florida Entomol. 71: 227-234.
PASHLEY, D. P. 1989. Host-associated differentiation in
armyworms (Lepidoptera: Noctuidae): an allozymic
and mitochondrial DNA perspective. In H. D.
Loxdale & J. den Hollander (eds.), Electrophoretic
studies on agricultural pests. pp. 103-114. Clarendon, Oxford.
PASHLEY, D. P. 1993. Causes of host-associated variation in insect herbivores: an example from fall armyworm. In K. C. Kim & B. A. McPheron (eds.),
Evolution of insect pests/patterns of variation. pp.
351-359. Wiley, NY.
PASHLEY, D. P., AND J. A. MARTIN. 1987. Reproductive
incompatibility between host strains of the fall armyworm (Lepidoptera: Noctuidae). Ann. Entomol.
Soc. Am. 80: 731-733.
PASHLEY, D. P., A. M. HAMMOND, AND T. N. HARDY.
1992. Reproductive isolating mechanisms in fall armyworm host strains (Lepidoptera: Noctuidae). Ann.
Entomol. Soc. Am. 85: 400-405.
PASHLEY, D. P., S. J. JOHNSON, AND A. N. SPARKS. 1985.
Genetic population structure of migratory moths:
the fall armyworm (Lepidoptera: Noctuidae). Ann.
Entomol. Soc. Am. 78: 756-762.
PASHLEY, D. P., S. S. QUISENBERRY, AND T. JAMJANYA.
1987a. Impact of fall armyworm (Lepidoptera: Noctuidae) host strains on the evaluation of bermuda
grass resistance. J. Econ. Entomol. 80: 1127-1130.

Meagher & Gallo-Meagher: Fall Armyworm Strains in Florida

PASHLEY, D. P., T. N. HARDY, AND A. M. HAMMOND.
1995. Host effects on developmental and reproductive traits in fall armyworm strains (Lepidoptera:
Noctuidae). Ann. Entomol. Soc. Am. 88: 748-755.
PASHLEY, D. P., T. C. SPARKS, S. S. QUISENBERRY, T.
JAMJANYA, AND P. F. DOWD. 1987b. Two fall armyworm strains feed on corn, rice and bermudagrass.
Louisiana Ag. 30: 8-9.
PROWELL, D. P. 1998. Sex linkage and speciation in Lepidoptera. In D. Howard & S. Berlocher (eds.), Endless forms: species and speciation. pp. 309-319.
Oxford, NY.
QUISENBERRY, S. S., AND F. WHITFORD. 1988. Evaluation of bermudagrass resistance to fall armyworm

455

(Lepidoptera: Noctuidae) influence of host strain
and dietary conditioning. J. Econ. Entomol. 81: 14631468.
SPARKS, A. N. 1979. A review of the biology of the fall armyworm. Florida Entomol. 62: 82-87.
VEENSTRA, K. H., D. P. PASHLEY, AND J. A. OTTEA. 1995.
Host-plant adaptation in fall armyworm host
strains: comparison of food consumption, utilization,
and detoxication enzyme activities. Ann. Entomol.
Soc. Am. 88: 80-91.
WHITFORD, F., S. S. QUISENBERRY, T. J. RILEY, AND J.
W. LEE. 1988. Oviposition preference, mating compatibility, and development of two fall armyworm
strains. Florida Entomol. 71: 234-243.

