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ABSTRACT - The Mediterranean fruit fl y, Ceratitis capitata (Wiedemann), is considered one of 
the main pests that affect fruit production in the world. This insect spends part of its life cycle in the 
soil, making it a target for entomopathogenic nematodes. This work aimed at evaluating the infl uence 
of soil temperature and moisture on the infectivity of Heterorhabditis sp. RSC01 and Steinernema 
carpocapsae ALL to third-instars of C. capitata, and to compare the effi ciency of these isolates at fi ve 
different soil temperatures (19, 22, 25, 28, and 31°C) and three levels of relative soil moisture (100, 
75, and 50% of fi eld capacity). Ten C. capitata larvae were transferred to plastic jars (12 cm × 6 cm) 
containing 100 g soil, followed by the application of an aqueous suspension containing 125 infective 
juveniles (IJ)/cm2. In the control treatment, 3 ml of distilled water was applied. Mortality evaluations 
were made fi ve days later and were confi rmed by observations of the characteristic symptoms and 
cadaver dissection. The infectivity was directly proportional to temperature increase, with maximum 
percent mortality of 86.7% and 80.0% for S. carpocapsae and Heterorhabditis sp., respectively, at 
31°C. At 25°C, the highest mortality for both species was obtained at 75% of fi eld capacity (96.7% 
and 26.7% for S. carpocapsae and Heterorhabditis sp., respectively).
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Fruit fl ies (Diptera: Tephritidae) cause signifi cant fruit 
losses worldwide due to damages resulting from their 
oviposition into fruits and from pulp consumption by 
their larvae. Apart from direct losses, they are considered 
quarantine pests, which create limitations for the transit of 
fresh fruit due to restrictions imposed by quarantine measures 
from importing countries (White & Elson-Harris 1992, Bueno 
2000, Malavasi 2000). The main genera of agricultural 
importance are Anastrepha Schiner, Bactrocera Macquart, 
Ceratitis MacLeay, Ragholetis Loew, Dacus Fabricius, and 
Toxotrypana Gerstaecker (Korneyev 1999). In Brazil, only 
the fi rst four genera are economically important, particularly 
Anastrepha and Ceratitis (Zucchi 2000).

Ceratitis comprises approximately 65 species, which occur 
mainly in tropical Africa. From an agricultural point of view, 
the Mediterranean fruit fl y, Ceratitis capitata (Wiedemann), 
is particularly important as it is recognized as one of the most 
serious pests for fruit production worldwide. Ceratitis capitata 
is polyphagous, distributed across different biogeographic 
regions, is highly adapted to different ecosystems and can 
cause different damages to fruits (Zucchi 2000).

According to Nascimento & Carvalho (2000), chemical 
control is the most frequently used control method against 

this fl y; however, this form of control markedly contributes 
to agroecosystem imbalance, and non-target effects especially 
against natural enemies. In addition, this method leaves toxic 
residues on the fruits, and is detrimental to the consumption 
of fresh fruit.

While attempting to fi nd an effective and safer alternative to 
the control of the Mediterranean fruit fl y, several studies have 
been carried out to evaluate the effi cacy of entomopathogenic 
nematodes against this insect pest. High insect susceptibility 
has been observed, indicating that nematodes are potential 
biological control agents against this pest. Besides, C. capitata 
spends part of its life cycle in the soil, where entomopathogenic 
nematodes are found (Lindegren et al 1989, Gazit et al 
2000). However, these entomopathogens can have their 
survival, infectivity, development, and reproduction affected 
when exposed to adverse environmental conditions, such as 
temperature and soil moisture.

Soil temperature can greatly affect the activity of 
entomopathogenic nematodes. Optimal temperatures for 
locomotion, infection, and reproduction vary among nematode 
species and isolates (Grewal et al 1994). In general, extreme 
temperatures of 0 and 40°C are lethal to these entomopathogens; 
on the other hand, temperatures below 10-15°C can restrict their 
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mobility, while temperatures higher than 30-40°C can inactivate 
them. However, some species and isolates can be better adapted 
to heat, such as Heterorhabditis megidis, Steinernema feltiae, 
and Heterorhabditis merelatus, which maintain their virulence 
at temperatures equal to or higher than 29°C (Kung et al 1991, 
Grewal et al 1994, Berry et al 1997).

Entomopathogenic nematodes also require adequate soil 
moisture levels for their survival and locomotion, which 
may vary among nematode species and isolates and among 
different soil types. Low soil moisture levels can be lethal 
to these entomopathogens. However, some species develop 
survival strategies under water stress conditions, by reducing 
the body surface area exposed to the air and their cell 
metabolism. This process, known as anhydrobiosis, allows 
the nematode to become resistant to desiccation, and it can 
be reversible when the soil becomes wet again. On the other 
hand, high soil moisture levels can cause oxygen depletion 
and restrict the entomopathogen’s mobility (Koppenhöfer et 
al 1995, Patel et al 1997). 

The objective of this study was to evaluate the infl uence 
of soil temperature and soil moisture on the infectivity of 
Heterorhabditis sp. RSC01 and Steinernema carpocapsae 
ALL to C. capitata larvae, and to compare the virulence of 
these isolates.

Material and Methods

Ceratitis capitata rearing. The colony was started with pupae 
obtained from the Entomology Laboratory at Centro Nacional 
de Pesquisa de Mandioca e Fruticultura Tropical, Empresa 
Brasileira de Pesquisa Agropecuária - Embrapa. The colony 
was maintained under controlled conditions (25 ± 2°C, 70 ± 
10% RH, and a 12h photophase), according to Silva (1990).

Obtaining entomopathogenic nematodes. Bioassays were 
carried out with isolates of Heterorhabditis sp. RSC01 (from 
Amazonas, Brazil) and S. carpocapsae ALL (from Georgia, 
USA), stored at the Banco de Patógenos, Laboratório de 
Patologia de Insetos, Universidade Federal de Lavras – 
UFLA. Nematodes were multiplied by the in vivo method 
adapted from Woodring & Kaya (1988), using last-instars of 
Galleria mellonella L. (Lepidoptera: Pyralidae).

Infl uence of soil temperature on S. carpocapsae and 
Heterorhabditis sp. infectivity to C. capitata larvae. 
The effi ciency of S. carpocapsae and Heterorhabditis sp. 
against third-instars of C. capitata was studied under fi ve 
different soil temperatures (19, 22, 25, 28, and 31°C), in a 
completely randomized design with three replicates each. 
Treatments were arranged in a 2 × 5 factorial combination. 
Ten late-third-instars of C. capitata were transferred to plastic 
pots (12 cm × 6 cm) containing 100 mL soil (oxisol) with 
25% moisture (water volume/soil volume) and an aqueous 
suspension with 125 infective juveniles (IJ)/cm2. The control 
treatment received 3 mL of distilled water. The plastic 
pots were covered and maintained in incubators under the 
various temperatures at 70  10% relative humidity and a 
12h photophase. Soil temperature was measured daily with a 
thermometer, and remained equal to the temperature at which 

the incubator was adjusted. Evaluations were made fi ve days 
later, and mortality was confi rmed by means of symptom 
observations (cadavers infected by Steinernema sp. exhibit 
dark brown color and those infected by Heterorhabditis 
sp. exhibit red color) and cadaver dissections. Data was 
submitted to analysis of variance (F test) and the means were 
compared by Scott-Knott’s means comparison test or by 
polynomial regression (P ≤ 0.05), using the Sisvar statistical 
software (Ferreira 2000).

Infl uence of soil moisture on Steinernema carpocapsae and 
Heterorhabditis sp. infectivity to C. capitata larvae. The 
effi ciency of S. carpocapsae and Heterorhabditis sp. against C. 
capitata larvae was investigated under three levels of relative 
soil moisture (100, 75, and 50% of soil fi eld capacity). Initially, 
a soil sample was sent to the Laboratório de Física do Solo, 
Departamento de Ciências do Solo, Universidade Federal de 
Lavras - UFLA, in order to determine the soil fi eld capacity 
and moisture. The fi eld capacity in the soil samples used in the 
experiment was determined at 33.4% soil moisture. Therefore, 
in the treatment at 100% fi eld capacity, soil moisture was 
standardized at 33.4%; in the 75% treatment, moisture was 
standardized at 25.0%; and in the 50% treatment, moisture 
was standardized at 16.7%. The bioassay was carried out 
following the same experimental procedure described for the 
temperature study, and was maintained in an incubator at 25 
± 1°C, 70  10% relative humidity, and a 12h photophase. 
A completely randomized experimental design was used, 
with three replicates, and treatments were arranged in a 2 × 
3 factorial combination. The data was submitted to analysis 
of variance (F test) and the means were compared by Scott-
Knott’s means comparison test, using the Sisvar statistical 
software (Ferreira 2000).

Results and Discussion

Infl uence of soil temperature on S. carpocapsae and 
Heterorhabditis sp. infectivity to C. capitata larvae. A 
direct relationship was observed between the mortalities of 
both isolates and the increase in soil temperature between 
19°C and 31°C, with maximum mortalities of 86.7% and 
80.0% for S. carpocapsae (Y = -101.777778 + 6.444444X, 
R² = 84.35%) and Heterorhabditis sp. (Y = -39.111111 + 
3.777778X, R² = 83.05%), respectively, at 31°C (Table 1). 
There was no mortality in the control.

There were no differences between mean mortality 
values caused by both nematodes within each temperature, 
except at 25°C, where S. carpocapsae was more effi cient 
than Heterorhabditis sp., with 80.0% and 43.3% mortality, 
respectively. The higher effi ciency of S. carpocapsae at 
higher temperatures has already been reported (Grewal et al 
1994, Brown et al 2002). The high effi ciency of both species 
at high temperatures is probably related to the fact that they 
originated from regions characterized by mild winters and 
hot summers, although reports indicate S. carpocapsae can 
cause mortality on Galleria between 10º and 32ºC (Grewal 
et al 1994, Brown et al 2002).

Several studies have demonstrated the influence 
of temperature on the infectivity of entomopathogenic 
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nematodes (El-Sadawy 2001, Hazir et al 2001, Ebssa et al 
2003, Subramanian & Senthamizh 2004). In this respect, Yul 
et al (2002) observed that S. carpocapsae (Pocheon) was 
pathogenic to G. mellonella caterpillars at temperatures of 
13, 18, 24, 30, and 35°C, with higher mortality at 24°C, and 
with lethal time being directly proportional to temperature 
increase. Hussaini et al (2005) also observed a direct 
relationship between lethal time and temperature and they 
verifi ed that between 25°C and 32°C, S. carpocapsae (PDBC 
EM 6.11) caused 100% mortality of G. mellonella and Agrotis 
ipsilon (Hufnagel) larvae (Lepidoptera: Noctuidae). At lower 
temperatures (8 and 18°C), however, no infection occurred, 
or there was a low mortality. These results indicate that this 
entomopathogen can be used to control insect pests that occur 
in tropical climate regions.

Influence of soil moisture on S. carpocapsae and 
Heterorhabditis sp. infectivity on C. capitata larvae. 
Steinernema carpocapsae induced greater host mortality when 
soil moisture was at 75% of fi eld capacity, causing 96.7% 
mortality, with low effi ciency in the other treatments. On 
the other hand, Heterorhabditis sp. was more effective in the 
treatments at 100% and 75% of fi eld capacity, causing 20.0% 
and 26.7% mortality, respectively (Table 2). No mortality was 
observed in the control.

The effi ciency of both nematodes was similar at 100% 
and 50% of fi eld capacity, but at 75% of fi eld capacity, S. 
carpocapsae was more effective than Heterorhabditis sp.

Several studies indicate that soil moisture infl uence 
infectivity of entomopathogenic nematodes, demonstrating, 
in general, a decrease in infectivity as soil moisture decreases 
(El- Sadawy 2001, Grant & Villani 2003 a, b, 2004, Alekseev 
et al 2006). Similar studies conducted with H. bacteriophora 
DI and S. glaseri KG (Molyneux & Bedding 1984) and with 
S. glaseri NC and S. carpocapsae ALL (Koppenhöfer et al 
1995) also resulted in lower nematode infectivity in extreme, 
low and high (near the saturation point) soil moistures.

The low S. carpocapsae infectivity at the highest 
moisture can be explained by the fact that soil saturation 
with water reduces oxygen concentration and restricts 

nematode mobility, which is required to infect the host 
(Glazer 2002). On the other hand, the low infectivity of 
both nematodes at the lowest moisture content is probably 
related to the lack of water between the pores, which is also 
limiting for nematode locomotion. Another possibility for the 
low infectivity at the lowest moisture content is that these 
nematodes have developed physiological and behavioral 
adaptations that allow them to reduce their metabolism, 
entering a state of anhydrobiosis (Grewal 2000, Glazer 2002). 
Anhydrobiosis can be reversed by wetting the soil, causing a 
recovery of nematode infectivity and virulence. Studies have 
demonstrated that some species of the Steinernema have 
the ability to enter a state of anhydrobiosis when exposed 
to low moisture contents (Koppenhöfer et al 1995), but 
nothing is clear on this issue regarding to Heterorhabditis 
sp. Our data demonstrated that the mortality caused by the 
entomopathogenic nematodes studied is negatively affected 
by extreme soil temperature and moisture conditions. Studies 
under fi eld conditions are necessary to determine strategies 
for the application of nematode-based biocontrol programs 
for the Mediterranean fruit fl y.
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