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Beet armyworm, Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae), has 
an extensive host range and is a serious insect pest of a variety of crops worldwide.  
The pest is native to Southeast Asia and was first discovered in North America in 
1876 (Capinera 2014).  S. exigua is an economically important pest in many 
production regions in Mexico where it attacks grasses, maize (Zea mays L.), bean 
(Phaseolus vulgaris L.), tomato (Solanum lycopersicum L.), Yucca L., sorghum 
(Sorghum bicolor (L.) Moench), and rice (Oryza sativa L.) growing areas (Ruiz et al. 
2013) as well as cotton (Gossypium hirsutum L.) in The Laguna Region (Vargas-
Espejel et al. 2004) and chard (Beta vulgaris L.), broccoli and cabbage (Brassica 
oleracea L.) at Puebla (Barrientos-Gutiérrez et al. 2013).  Damage directly impacts 
crop yield and quality, significantly decreasing the value of products and by-
products of the crops in domestic and export markets (DOF 2002).  The pest is 
resistant to several insecticides (Cook et al. 2004) and many strains of Bacillus 
thuringiensis Berliner (Lasa et al. 2007).   

Natural enemies such as bugs, lady beetles, and wasps have been 
recommended for control (Garza-Urbina and Terán-Vargas 2007), 
nucleopolyhedroviruses are effective (Caballero et al. 2009, Cai et al. 2010), and 
entomopathogenic fungi that regulate other lepidopterans might be an alternative 
control for S. exigua.  Beauveria bassiana (Bals.) Vuill., Isaria fumosorosea Wise, 
and Metarhizium anisopliae (Metschnikoff) Sorokin, have been reported to be 
effective against S. litura (Lepidoptera: Noctuidae) (Asi et al. 2013, Han et al. 2014).  
Although biological activity of entomopathogenic fungal strains varies by different 
insect pests, fungi are an alternative for insect control.  

Fungal isolates were provided by the Laboratorio de Biotecnología 
Experimental, CBG-IPN, and labeled as B1, C1, J4, K1, M1, O1, and P2 in our 
laboratory.  The fungi were maintained in Petri dishes with YPD medium 
supplemented with ampicillin (100 mg/ml) at 4°C until used.  Isolates were activated 
in 250-ml Erlenmeyer flasks containing 50 ml PDB enriched with 1% yeast extract.  
Cultures were incubated at 250 rpm and 30°C for 7 days, 100 μg mycelia of each 
isolate were placed into a 1.5-ml Eppendorf tube, and DNA was extracted according 
to the method of Hoffman and Winston (1987).  For molecular identification ITS1 
and ITS2 intergenic regions and 18S subunit rRNA 5.8S gene were detected using 
primers:  (forward)  ITS1  (5′- TCCGTAGGTGAACCTGCGG-3′)  and  (reverse) ITS4  
________________________ 
1(Lepidoptera: Noctuidae) 
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(5′-TCCTCCGCTTCTTGATATGC-3′) (White et al. 1990).  PCR reaction mixtures 
were prepared from 2 μM of each primer, 2 mM MgCl2, 0.2 mM dNTPs master mix, 
1 μl Go Taq polymerase enzyme, and 1 μl DNA template in a final volume of 25 μl.  
PCR was done in a thermal cycler (PelkinElmer 2400, Waltham, MA) with an initial 
denaturation step at 94°C for 5 minutes, followed by 30 cycles at 94°C for 1 minute, 
55°C for 1 minute, 72°C for 1 minute, and a final extension at 72°C for 7 minutes.  
Amplified products were electrophoresed in a 1% agarose gel and visualized under 
UV light.  A clean scalpel was used to excise linear DNA from the gel and DNA was 
extracted with a PureLink Quick Gel Extraction kit (Invitrogen, San Francisco, CA).  
PCR products were cloned using vector pGEM-T easy (Promega, Madison, WI) 
according to manufacturer instructions.  Plasmidic DNA was extracted from colonies 
of transformed E. coli cells according to protocol of Sambrook and Russel (2001).  
Five clones of each isolate were digested with restriction enzyme EcoRI to select 
those to be sequenced.  Sequencing was done in a DNA analyzer (ABI Prism 3730, 
Applied Biosystems, Foster City, CA).  Sequences were analyzed and edited with 
the programs BioEdit  and  Lasergene v. 7.0 (DNASTAR, Madison, WI), and aligned 
with BLASTn in the NCBI database.  Sequences were submitted to GenBank.  The 
isolates were inoculated in 250-ml Erlenmeyer flasks containing 50 ml SDB 
enriched with 1% yeast extract.  Cultures were placed in a shaker at 300 rpm and 
20-25°C for 24-48 hours.  One milliliter from each culture was used to inoculate 
Petri dishes containing SDA enriched with 1% yeast extract.  Plates were incubated 
for 15-20 days at room temperature.   

Conidia were removed from the media surface with 50 ml of distilled water 
and 0.5% Tween 80.  Conidial concentration for each isolate was determined in a 
Neubauer chamber (Optik Labor, Götlitz, Germany), and adjusted to 107 conidia per 
milliliter.  S. exigua neonate larvae were bioassayed with 5 ml of artificial diet in 30-
ml plastic cups (Rosas-García 2002).  Freshly prepared conidia suspension (100 μl) 
was put on the surface of solidified diet and allowed to dry.  One neonate larva was 
put into each container and closed with a plastic lid.  Twenty-five larvae were in 
each replication, for a total of 75 larvae for each treatment and one check.  The 
percentage of larvae that died was recorded 7 days later, and data were arcsine 
transformed before ANOVA and mean comparison by Tukey (P ≤ 0.05).  Dead 
larvae were put into humidity chambers for 7 days to allow fungal growth.  Surviving 
larvae were weighed to determine sublethal effect from feeding inhibition.  Data 
were analyzed by ANOVA and Tukey (P ≤ 0.05).  Fungal isolates B1, C1, J4, K1, 
M1, and P2 were identified as Beauveria bassiana (six isolates) and O1 as 
Acremonium implicatum (one isolate) (Table 1).  Significant difference (F = 6.40; df 
= 7,16; P < 0.01) was observed in numbers of neonate larvae killed by fungal 
isolates, each isolate killed more than 31%, and no mycosis was observed in larval 
cadavers.  B. bassiana and Acremonium sp. are pathogens of several insect orders 
(ARSEF 2009), but the isolates studied did not cause significant pathogenic effect.  
Lack of virulence might be attributed to wide-spectrum resistance by Spodoptera 
spp. (Zeng et al. 1998, Cook et al. 2004).  Behavior or development of surviving 
larvae might have been affected and are sublethal effects (Adamczyk et al. 1999, 
Williams et al. 1999).  Sublethal effects by fungal infection differed significantly (F = 
18.82; df = 7,553; P < 0.01) among the isolates.  B. bassiana C1 was the only 
isolate that caused a sublethal effect by decreasing feeding with subsequent weight 
loss of larvae.  A. implicatum O1 increased larval weight for a positive effect; this 
might be because the fungus provided nutrients (Cardoza et al. 2003).  In-depth 
analysis is necessary to determine potential of fungi to control S. exigua larvae. 
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Table 1.  Molecular Characterization of Fungal Isolates and Virulence Determination 
in Spodoptera exigua Neonate Larvae 

Isolate 
Expected 
size (bp) 

Fungal 
identity 

Max. 
identity 

(%) 

GenBank 
accession 
number % ± SE killeda 

Weight ± SE 
of surviving 
larvae (mg) 

B1 231 Beauveria 
bassiana 99 GU189514 20.523 ± 5.136bc 21.0 ± 1.0bc 

C1 570 Beauveria 
bassiana 99 GU189516 30.113 ± 2.311c 7.0 ± 0.0a 

J4 570 Beauveria 
bassiana 99 GU189517   5.053 ± 3.243ab 19.0 ± 1.0bc 

K1 570 Beauveria 
bassiana 99 GU189518 11.206 ± 5.331ab 23.0 ± 1.0bc 

1 570 Beauveria 
bassiana 99 GU189519   8.296 ± 3.243ab 22.0 ± 1.0bc 

O1 587 Acremonium 
implicatum 100 GU189520   5.053 ± 3.243ab  34.0 ± 1.0d 

P2 570 Beauveria 
bassiana 99 GU189520   9.926 ± 4.296ab  16.0 ± 1.0b 

Check -- -- -- -- 1.810 ± 0.000a  27.0 ± 1.0c 
Means with the same letter in a column are not significantly different, Tukey P < 
0.01. 
ªMeans were from arcsine transformation of percentages.   
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