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Introduction

Entomopathogenic nematodes (EPNs) are biological control 
agents of various insect pests due to benefits offered as 
rapid action on the host, specificities and abilities to adapt 
to new environments, besides can act synergistically with 
other entomopathogenic agents (Ferraz 1998). The cycle of 
parasitism begins with third-stage infective juveniles (IJs), 
which carry symbiotic bacteria internally. The IJs penetrate 
the host through natural openings such as the mouth, anus or 
spiracles or even through the cuticle, as exemplified by some 
species of the genus Heterorhabditis. Once inside the host, 
the IJs release their symbiotic bacteria (Poinar 1990). These 
bacteria multiply rapidly, causing septicemia and death of the 
host within 24 to 48 h (Grewal 2001).
 Nematodes are aerobic organisms that can enhance their 
survival under conditions of low oxygen availability by 
inducing a state of dormancy (anaerobiosis) (Glazer 2002). 
The ability of nematodes to survive in aerobic and anaerobic 
conditions is highly variable among species and among 
different life stages within a species (Föll et al. 1999).
 The amount of CO2 released by the respiration of 
microorganisms is one of the most traditional and com-
monly used methods to measure the metabolic activity of 
soil microbial populations (Moreira and Siqueira 2006). 
Respiration reflects the microbiological activity of organisms 
and can be measured by quantifying the released CO2, which 
results from the activity of aerobic microorganisms (Ramos-
Rodrigues et al. 1999). Therefore, both EPNs and mutualistic 
bacteria have high respiration rates (Smigielski 1994).
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 In this context, the present study aimed to standardize 
a method to measure the concentration of CO2 released by 
the IJs of two species of nematodes to assess their metabolic 
activity.

Materials and methods

Multiplication of EPNs. The nematodes used were 
Steinernema carpocapsae All (isolated from a soil sample in 
North Carolina, USA) and Heterorhabditis amazonensis JPM 
4 (isolated from a soil sample in Lavras, Minas Gerais, Brazil), 
maintained in aqueous suspension (500 IJs/ml) at 16 ± 1 °C 
at the Laboratory of Insect Pathology, Federal University 
of Lavras, Minas Gerais, Brazil. The original concentration 
of 500 IJ/ml was used to multiply the entomopathogenic 
nematodes. The final concentrations of nematodes to use 
in the bioassay were obtained from this multiplication. 
The rearing of the Galleria mellonella specimens followed 
the methodology adapted by Dutky et al. (1964) using an 
artificial diet modified by Parra (1998).
 The EPNs were multiplied in the last-instar specimens of 
G. mellonella following the methodology of Kaya and Stock 
(1997) and maintained in an aqueous suspension at 16 ± 1 
ºC up to 1 week before using the EPNs in the experiment. 
Various concentrations of the IJs were prepared in 96-well 
polystyrene plates used in serological tests. To this end, 0,1 
ml of the IJ suspension per well was added to a total of ten 
wells, thus obtaining the desired amount of IJs in 1 ml of 
suspension.
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Bioassay to measure the release of CO2. The bioassay was 
performed with five replicates of the following six treatments: 
control (distilled water), 500, 750, 1,000, 1,250 and 1,500 
IJs/ml. One milliliter of nematode suspension and 1 ml of 
distilled water were added to each 9-ml tube vacuum used for 
blood collection (Vacuette®). Prior to the CO2 analyses, the 
IJs were stored in the tubes for 48 h in a climate-controlled 
chamber at 27 ± 1 °C and a relative humidity (RH) of 70 ± 
10%. The bioassay was conducted under aerobic conditions 
because oxygen entered the tubes when they were opened to 
add nematodes. However, this has no effect on the results 
because the amount is negligible for the analyses. 
 The CO2 analysis was performed in the Center for Analysis 
and Chemical Prospecting (Central de Análises e Prospecção 
Química - CAPQ), Department of Chemistry, UFLA. For 
the CO2 analysis, the gas chromatography was performed 
using a GC-2010 apparatus with a thermal conductivity 
detector (TCD) at 250 ºC with a + 50 mV polarity, an injector 
temperature of 220 ºC and He carrier gas at a linear velocity 
of 50 cm/s. The initial temperature of the column (Rt-QPLOT 
- 30 m x 0.32 mm ID x 10 µm) was 50 ºC for a period of 3.5 
min, followed by a heating ramp of 50 ºC/min up to 150 ºC 
and maintenance at that temperature for 2 min. The injection 
was performed in a 1:20 split mode. The total analysis time 
was 7.5 min. The quantification was performed via external 
standardization. The data were subjected to an analysis of 
variance and a regression analysis using the SISVAR software 
(Ferreira 2011).

Results and discussion

According to the results, there was a linear increase in the 
CO2 concentration with increasing concentrations of the IJ 
suspensions for the two species of nematodes (Fig. 1). It 
was also observed that the IJs of S. carpocapsae resulted 
in a higher CO2 concentration (1.62 x 10-4 mol/L) compared 
with the IJs of H. amazonensis (1.34 x 10-4 mol/L) (Fig. 2).
 Qiu and Bedding (1999) investigated the effects of 
aerobic and anaerobic conditions on physiological changes 
related to the infectivity and survival of the IJs of S. 
carpocapsae. Under aerobic conditions, the survival rate 
and infectivity declined to 55% during the eighth week of 
storage. The IJs became inactive 16 h after incubation in 
completely anaerobic conditions but could be revived when 
returned to aerobic conditions for another 7 days. Moreover, 

a rapid decline in energy reserves, such as trehalose and 
glycogen, occurs over time under anaerobic conditions, 
demonstrating that the IJs rely on carbohydrate as an energy 
source under these conditions; however, the lipid content 
did not change significantly. The lipid content decreased 
when the nematodes returned to aerobic conditions, 
which indicates that lipid catabolism does not occur 
under anaerobic conditions but only occurs under aerobic 
conditions (Patel et al. 1997).
 The release of CO2 is related to the metabolic activity of 
organisms; it was found that it is possible to quantify this 
process via gas chromatography. The proposed method allows 
the concentration of CO2 released by IJs to be measured in 
a practical way, which enables the standardization of this 
method, thus assisting in various studies and enabling a better 
understanding of the metabolic activities of EPNs.
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Figure 1. CO2 concentration in the different suspensions of the infective 
juveniles (IJs) of Heterorhabditis amazonensis and Steinernema 
carpocapsae.
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Figure 2. Difference in the CO2 concentration released by the infective 
juveniles (IJs) of Heterorhabditis amazonensis and Steinernema 
carpocapsae. aThe means followed by the same letter do not differ 
according to the Tukey test at a 5% probability.
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