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Introduction

Cassava culture (Manihot esculenta Crantz) is of major 
importance for tropical regions in the world, particularly 
in developing countries, where it plays major role in the 
feeding of more than 500 million people. This is due to the 
high productivity of carbohydrates per area, and for being 
a culture that does not need technological resources for its 
production (Cock 1982; Takahashi and Gonçalo 2005; FAO 
2013). 
 In Brazil, it is grown mainly in the north, northeast and 
south regions, and plays important role in human and animal 
feeding. Moreover, it is used as raw material for several 
industrial products, placing the country as the forth greatest 
cassava producer, with approximately 20 million tons/year 
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Resumen: El objetivo de este trabajo fue evaluar la eficiencia de los nematodos entomopatógenos en el control de la 
cochinilla de la raíz de yuca Dysmicoccus sp. en condiciones de laboratorio e invernadero. Las cochinillas fueron criadas 
sobre zapallos “Cabotiá” en cámara climática a 27 ± 1 °C, HR: 70 ± 10% y sin fotofase. Fue realizado una prueba de 
selección con 15 aislamientos y los que causaron mayor porcentaje de mortalidad en los insectos fueron utilizados en 
pruebas de concentraciones (0, 5, 10, 20, 50 juveniles infectivos/cm²), desplazamiento en columna de arena, producción 
in vivo en larvas de Galleria mellonella (L.) (Lepidoptera: Pyralidae) y prueba de patogenicidad en invernadero. Los 
aislados NEPET11 (Heterorhabditis sp.) y RSC05 (H. amazonensis) fueron los que presentaron mayor virulencia sobre 
las cochinillas en el ensayo de selección con porcentaje de mortalidad del 93% y el 90%, respectivamente, no sin 
diferencia estadística entre ellos. En la prueba de concentraciones, el aislado NEPET11 presentó mayor mortalidad 
en los insectos en menores concentraciones ensayadas. En relación con la prueba de desplazamiento, ambos aislados 
presentaron 100% de mortalidad de los insectos, sin diferencia significativa entre ellos. En el ensayo de producción en 
larvas de G. mellonella de los aislados NEPET11 y RSC05, la producción final fue aproximadamente 7.0 x 104 y 7.2 x 
104 juveniles infectivos/g de larvas, respectivamente, sin diferencia significativa entre los tratamientos. La prueba en 
macetas en invernadero tampoco presentó resultados significativos.
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(Otsubo et al. 2002; Seab 2012; FAO 2013). However, 
studies have proved significant reduction in root production, 
which is related to the scarce knowledge concerning insect 
pests that occur in the culture, and to scarce alternatives of 
management and control (Pietrowski et al. 2010; Oliveira 
and Paula-Moraes 2011).
 Among important insect pests of this culture, cassava root 
mealybug Dysmicoccus sp. (Hemiptera: Pseudococcidae), 
which is found in the center-south and south regions of the 
country (Pietrowski et al. 2010), stands out for being a sap 
sucking insect of tuberous roots. Thus, it reduces storage 
accumulation and delays the plant’s development, causing 
direct damage to productivity (Takahashi and Gonçalo 2005; 
Oliveira et al. 2005; Pietrowski et al. 2010). 
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 Both, study and control of this insect are difficult due to its 
cryptic habits, as it is sheltered and protected under the soil, 
preventing the action of most of its natural enemies (Souza and 
Ribeiro 2003; Alves et al. 2009a). Besides, it is important to 
emphasize that there are no records of efficient products for 
cassava culture, allowing significant losses in areas of great 
occurrence of these pests (Pietrowski et al. 2010). 
 On the other hand, cochineals might be easy target 
for entomopathogenic nematodes (EPNs) (Rhabditida: 
Heterorhabditidae and Steinernematidae), which are naturally 
found in the soil, and which can also adapt themselves to this 
environment when they are released in directed applications. 
Thus, they are suggested for the control of insects that spend 
at least one stage of life cycle in the soil (Grewal et al. 
2001), such as cochineals. Consequently, EPNs might be a 
promising alternative for the control of these pests (Stuart et 
al. 1997; Lewis et al. 2006; Alves et al. 2009a).
 In studies carried out with coffee cultures (Andaló et 
al. 2004; Alves et al. 2009a, b), it was observed that some 
isolates of entomopathogenic nematodes proved to be virulent 
to coffee-root-cochineal Dysmicoccus texensis (Tynsley) 
(Hemiptera: Pseudococcidae). Since Dysmicoccus sp. has 
been identified as a close species to D. texensis, it is possible 
that these nematodes are an alternative for Dysmicoccus sp. 
control. Thus, the objective of this work was to evaluate the 
potential of the use of EPNs as control agents of cassava root 
mealybug, Dysmicoccus sp.

Material and methods

Experiments were carried out in the Laboratory of 
Entomology and Microbial Control (LECOM) and in a 
greenhouse of the State University of North Paraná (UENP) 
- Cornélio Procópio campus, in 2013.

Dysmicoccus sp. rearing. Insects were obtained from 
infected cassava plants in commercial areas, in the cities 
of Nova Londrina and Diamante do Norte, Paraná. Insects 
were collected in field and further sent to the Laboratory of 
Entomology and Microbial Control of UENP, where rearing 
was established. For this, “Cabotiá” pumpkins (hybrid 
from the species Cucurbita maxima Duchesne x Cucurbita 
moschata Duchesne) were used as substrate, preferably 
those with shriveled peel, with stem, and without lesions. 
Pumpkins were previously washed with water and soap, and 
were soaked in sodium hypochlorite solution (1%) for about 
ten minutes for sterilization. After that, they were put to dry 
on paper towel. Later on, collected insects were removed 
from infected plants and placed in the pumpkins with the aid 
of fine brushes. Once infected, the pumpkins were placed in 
medium-sized plastic trays and kept in climatic chamber at 
27 ± 1 ºC, RH 70 ± 10%, and without photoperiod (Guerreiro 
et al. 2003; Alves, et al. 2009a, b). 

Entomopathogenic nematodes isolates. Nematodes 
were obtained from the inoculation of isolates provided 
by Brazilian institutes, which were partners during the 
development of the present study [Embrapa Wheat (Passo 
Fundo - RS), the Federal University of Lavras (Lavras- 
MG), and the Biological Institute (Instituto Biológico) 
(Campinas - SP)]. For isolates multiplication, it was used 
Galleria mellonella (L.) larvae (Lepidoptera: Pyralidae), 
which were reared in laboratory, at room temperature, on 

the modified artificial diet of Parra (1998). When necessary, 
isolates were multiplied in Galleria mellonella last-instar 
larvae, according to the methodology described by Molina 
and Lopes (2001). After larvae infection confirmation, these 
larvae were transferred to dry chamber and kept in climatic 
chamber at 23 ± 1 ºC, without photoperiod, for five days. 
Afterwards, larvae were transferred to White traps (White 
1927) for the collection of infective juveniles (IJs). Traps 
were kept under the same conditions mentioned above. IJs 
in aqueous suspensions (distilled water + IJs) were daily 
collected and stored in plastic recipients, which were kept 
in climatic chamber at 16 ± 1 ºC, without photoperiod, for a 
maximum period of seven days after production, in order to 
be further used in bioassays.

Selection of entomopathogenic nematodes isolates. For 
the selection trial, 15 entomopathogenic nematodes were 
evaluated (Table 1). Each treatment was replicated five times, 
and each plot corresponded to a plastic cup containing 70 g 
sterile sand and a 3 cm² piece of “Cabotiá” pumpkin, using 
paraffin at the bottom, where ten insects were placed (adult 
females). Insects were covered with sand. Afterwards, isolates 
were inoculated (100 IJs/cm² + distilled water, totaling 10 mL 
aqueous suspension) (Alves et al. 2009a). Cups were closed 
with plastic lids with holes and kept in climatic chamber at 
25 ± 1 ºC, 70 ± 10% RH, without photoperiod. An additional 
treatment (control) was carried out, which received distilled 
water. Evaluation was carried out five days after inoculation. 
Dead insects were counted and the confirmation was carried 
out by means of stereoscopic microscope dissection. Data 
were subjected to analysis of variance (ANOVA), and means 
were compared by the Scott-Knott test (P < 0.05), using the 
statistics software SISVAR 5.4 (Ferreira 2011).

Concentrations test. The two isolates which proved 
to be more virulent to Dysmicoccus sp. were selected: 
Heterorhabditis amazonensis (RSC05) Andaló, Nguyen & 
Moino Jr., and Heterorhabditis sp. (NEPET11). Both isolates 
were tested in five different concentrations: 0 (control), 5, 

Isolate Location

RSC 05 (Heterorhabditis amazonensis) Benjamin Constant - AM - Brazil

NEPET11 (Heterorhabditis sp.) Palmeira das Missões - RS - Brazil

ALHO (Heterorhabditis sp.) Lavras - MG - Brazil

IBCB-n 40 (Heterorhabditis sp.) Taboporã - SP - Brazil

IBCB-n 05 (Heterorhabditis indica) Itapetininga - SP - Brazil

IBCB-n 02 (Steinernema carpocapsae) Flórida - The USA

IBCB-n 06 (Steinernema brasiliensis) Porto Murtinho - MT - Brazil

IBCB-n 27 (Steinernema sp.) Mogi Guaçu - SP - Brazil

IBCB-n 46 (Heterorhabditis sp.) Santo Antônio de Posse - SP - Brazil

IBCB-n 10 (Heterorhabditis sp.) Santa Fé do Sul - SP - Brazil

IBCB-n 08 (Steinernema sp.) Itapetininga - SP - Brazil

IBCB-n 44 (Heterorhabditis sp.) Santa Adélia - SP - Brazil

S.A (Steinernema arenarium) Voronezh / Russia

JPM 4 (Heterorhabditis sp.) Lavras - MG - Brazil

CH 3 (Steinernema sp.) Campinas - SP - Brazil

Table 1. Entomopathogenic nematodes isolates of the Steinernema 
and Heterorhabditis genera used in selection test for Dysmicoccus sp. 
female adults.
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10, 20, 50 IJs/cm², and the same methodology of the isolates 
selection test was used. Five days later, evaluation was 
carried out, and results were subjected to regression analysis 
by the computer program Excel 2010, for the determination 
of the regression curve and of the equation of regression for 
the evaluated interval.

Vertical displacement in sand column. Nematodes used in 
this process were the same as those used in concentrations 
test. The experiment was carried out under laboratory 
conditions, with five replications. Each plot consisted of a 
5 cm height and 5 cm diameter PVC tube, which was placed 
on the base of a 9 cm diameter Petri dish. A 3 cm2 piece of 
“Cabotiá” pumpkin with paraffin at the bottom was placed 
at the bottom of the Petri dish, where ten Dysmicoccus sp. 
female adults were placed. The tube was then filled with 
sterilized sand to the top (approximately 80 g), and then 
nematodes suspension was applied at the concentration of 
100 IJs/cm2 on the surface area of the tube, with the addition 
of distilled water, totaling 20 mL suspension. In the control, 
only distilled water was applied. PVC tubes were covered 
with the cap of the Petri dish and kept in climatic chamber 
at 25 ± 1 ºC, RH of 70 ± 10%, and without photoperiod. 
Evaluations were carried out five days later. Dead insects 
were counted and the confirmation was carried out by means 
of stereoscopic microscope dissection. Mortality data were 
subjected to analysis of variance and to the Scott-Knott 
mean test (P < 0.05) by using the computer program Sisvar 
(Ferreira 2011), in order to compare the means.

In vivo production of Heterorhabditis amazonensis 
(RSC05) and Heterorhabditis sp. (NEPET11) isolates 
in Galleria mellonella larvae. Isolates were multiplied 
according to the previously described methodology, and 
trials consisted of two treatments (two nematodes isolates: 
Heterorhabditis amazonensis - RSC05, and Heterorhabditis 
sp. - NEPET11). Each treatment had four replications, and 
each plot consisted of a 9 cm of diameter Petri dish. Two 
paper filters and ten G. mellonella larvae were placed in 
the Petri dish, and were weighed and selected by the size. 
Subsequently, with the aid of a micropipette, isolates were 
applied at concentration of 50 IJs/cm2, totaling approximately 
2 mL suspension (Molina et al. 2004). Dishes were tapped 
and sealed with PVC film and kept in climatic chamber for 
72 hours, at 24 ± 1 ºC, without photoperiod. After mortality 
confirmation, larvae were transferred to new Petri dishes 
containing only a clean and dry filter paper. They were 
kept for five days in climatic chamber at 24 ± 1 ºC, without 
photoperiod, in order to confirm the nematodes symptoms. 
Five day later, larvae were placed in White traps (one plot 
per trap). It was carried out daily collection of the IJs, which 
were properly quantified for the evaluation of production in 
distilled water suspension. Collection and quantification were 
repeated until the larvae production depletion. Data were 
subjected to analysis of variance and to the Scott-Knott mean 
test, by using the computer program Sisvar (Ferreira, 2011). 
Regression analysis was also carried out, using the computer 
program Excel, for the determination of the regression 
curve, and for the comparison of production between the two 
isolates during production.

Greenhouse test. Thirty stem cuttings of Caiuã cassava 
were previously planted in five liter pots, filled with soil 

and fertilizer, following the recommendations for the 
culture (Takahashi and Gonçalo 2005). When stem cuttings 
sprouted (with four to six leaves), infestation with cassava 
root mealybug was carried out, placing in each pot a 3cm² 
piece of “Cabotiá” pumpkin infected with Dysmicoccus sp. 
nymphs and adults, in the stem and root for seven days. 
This procedure was repeated until the confirmation of the 
infestation by digging around the stem cutting, and by the 
presence of ants, which may be an indicative of the presence 
of mealybugs. After infestation confirmation, pots with plants 
were subjected to the treatments. Isolates Heterorhabditis 
amazonensis (RSC05) and Heterorhabditis sp. (NEPET11) 
were applied by means of direct inoculation of aqueous 
suspension in the soil, next to the plant stem and root, with 
the aid of a micropipette, at concentration of 100 IJs/cm² on 
the surface area of the pot. The control treatment received 
only 20 mL distilled water. The experiment was carried out 
in randomized experimental design, with 10 replications. 
Evaluation occurred seven days after nematodes inoculation. 
Thus, plants were uprooted, and the total number of alive 
insects was counted in all root area (Alves et al. 2009a). 
Results were subjected to the Scott-Knott mean test (P < 
0.05) by the statistical computer program Sisvar (Ferreira, 
2011). Moreover, in treatments plots in which the isolates 
were inoculated, it was collected a sample of the soil (100 
g), in order to test the persistence of EPNs by the live-
bait methodology (Bedding and Akhurst 1975), using G. 
mellonella larvae.

Results and discussion

Selection of entomopathogenic nematodes isolates. It was 
observed that all the tested isolates showed pathogenicity to 
cassava root mealybug, with mortality values between 23.33 

Isolate Mortality %

Control 1.66 ± 4.08 A

IBCB-n 05 (Heterorhabditis indica) 23.33 ± 15.06 B

JPM 4 (Heterorhabditis sp.) 40.00 ± 35.21 B

IBCB-n 06 (Steinernema brasiliensis) 51.66 ± 18.35 B

IBCB-n 02 (Steinernema carpocapsae) 61.66 ± 34.88 C

CH 3 (Steinernema sp.) 66.66 ± 17.51 C

IBCB-n 27 (Steinernema sp.) 68.33 ± 30.61C

IBCB-n 46 (Heterorhabditis sp.) 71.66 ± 33.71 C

IBCB-n 40 (Heterorhabditis sp.) 76.66 ± 13.66 C

IBCB-n 44 (Heterorhabditis sp.) 80.00 ± 34.64 D

S.A. (Steinernema arenarium) 85.00 ± 12.25 D

ALHO (Heterorhabditis sp.) 86.66 ± 8.16 D

RSC 05 (Heterorhabditis amazonensis) 90.00 ± 6.32 D

IBCB-n 08 (Steinernema sp.) 90.00 ± 15.49 D

IBCB-n 10 (Heterorhabditis sp.) 93.33 ± 8.16 D

NEPET11 (Heterorhabditis sp.) 93.33 ± 10.33 D

Table 2. Mortality percentage of Dysmicoccus sp. female adults caused 
by entomopathogenic nematodes (Rhabditida: Steinernematidae and 
Heterorhabditidae) under laboratory conditions (25 ± 1 ºC, RH (relative 
humidity) of 90 ± 10%, without photoperiod).

C.V. = 30.39
* Means followed by the same uppercase letter in the column did not significantly differ 
by the Scott-Knott Test with P ≤ 0.05.
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and 93.33%, differing from the control. It was also verified 
that isolates belonging to the Heterorhabditis genus were 
more virulent to insects when compared with isolates of 
the Steinernema genus, reaching mortality percentage up to 
93.33%, at concentration of 100 IJs/cm² (Table 2). Similarly, 
Alves et al. (2009a), when evaluating the action of ENPs 
isolates in different concentrations on Dysmicoccus texensis, 
verified that all the treatments were pathogenic to coffee-
root cochineal, showing 100% mortality under laboratory 
conditions for the isolate CCA (Heterorhabditis sp.). The 
authors also observed that, in general, isolates belonging to 
the Heterorhabditis genus were more virulent to insects when 
compared to the Steinernema genus, which is in agreement 
with the data obtained in the present work. Also, Andaló et 
al. (2004) carried out selection test of nematodes and fungi 
isolates, aiming to control D. texensis, and observed that 
nematodes were more efficient than fungi, with mortality 
of up to 78% and 62%, respectively. However, the authors 
verified that the nematode isolates of Steinernema carpocapse 
Weiser was more efficient in cochineal, causing up to 78% 
mortality, which is different from the results obtained in this 
work, since the same isolate caused 61.66% mortality in 
cochineals. Moreover, Stuart et al. (1997), when evaluating 
the pathogenicity of different isolates on Dysmicoccus vacini, 
verified that isolates of the Heterorhabditis genus were more 
virulent to the insect, showing mortality of up to 90%. 
 Higher susceptibility to Heterorhabditidae can be partially 
explained by their small size, since Steinernematidae are 
bigger, and may present difficulty in the penetration of 
smaller insects by natural openings, such as cassava root 
mealybugs (Stuart et al. 1997; Lewis et al. 2006; Alves et 
al. 2009a). Geden et al. (1985) also emphasize that, besides 
Heterorhabditidae being smaller, they have small cephalic 
appendages, which allow the nematodes to penetrate in the 
insect by breaking its tegument. Besides, according to Grewal 
et al. (2001), the behavioral characteristics of both nematodes 
and host insect can influence the nematodes efficiency.

Concentrations test. Two isolates were selected for 
concentrations test, and lethal concentration (LC95) was 
approximately 10 IJs/cm2 for NEPET11, and 50 IJs/cm2, 
for RSC05, demonstrating that the former shows greater 
virulence to cassava root mealybug (Fig. 1). Alves et al. 
(2009a) also observed that the isolates chosen for the 
concentration test, although they had similar results in the 
selection test, they showed different CL95 values. Moreover, 
according to Lewis et al. (2006), each isolate has different 
specificity depending on the host. This specificity is related 

to several factors, such as the nematode’s efficiency to reach 
the host, to penetrate it and cause infection; and the capacity 
to dribble the immunological system of the insect, so that 
the immunological system is unable to fight the nematode, 
which can justify the different virulence values observed in 
the present study.

Vertical displacement in column. In sand column dis-
placement test, it was observed that the two tested isolates 
differed from the control, causing 100% mortality for both, 
with no differences between the isolates (Table 3). Alves and 
Moino Jr. (2009) also carried out sand column displacement 
test aiming to control Dysmicoccus texensis with the isolates 
CCA and JPM3. The authors observed difference regarding 
the tested concentrations, but not between the evaluated 
isolates. In this work, it was also evident that cannot be a 
requirement for the choice of the isolate for cochineal 
control, since, apparentlly, both showed cruiser” habit, 
and both displaced easily in the sand column. Moreover, 
according to Lewis et al. (2006), each isolate has different 
specificity depending on the host. This specificity is related 
to several factors, such as the nematode’s efficiency to reach 
the host, to penetrate it and cause infection; and the capacity 
to dribble the immunological system of the insect, so that 
the immunological system is unable to fight the nematode, 
which can justify the different virulence values observed in 
the present study.

Production in vivo of Heterorhabditis amazonensis 
(RSC05) and Heterorhabditis sp. (NEPET11) isolates in 
Galleria mellonella larvae. At the end of the production trial 
of the isolates NEPET11 and RSC05 in G. mellonella larvae, 
the final production was approximately 7 x 10-4 and 7.2 x 10-4 

IJs/g larvae, respectively. Therefore, there was no significant 
difference between treatments (Table 4). On the other hand, 
it was possible to observe that isolate NEPET11 showed 
significant difference in relation to the production period, 
reaching maximum value at the 5th day of evaluation, while 
isolate RSC05 reached production peak at the 7th day (Fig. 
2). Barbosa (2005), when evaluating different production 
systems of the isolate Heterorhabditis bacteriophora in G. 
mellonella larvae, observed production of 4 x 10-5 IJs/g larvae 
in the method of the White trap method. Also, Bortoluzzi et 
al. (2013), when evaluating the production of isolates CB24 
and CB40 in G. mellonella, verified production of 2.2 x 106 
and 2.2 x 106 IJs/g larvae, respectively, by the White trap 
method. 

Figure 1. Regression curve for the isolates NEPET11 and RSC05, 
considering the number of Infective Juveniles/cm2 necessary to cause 
95% mortality (CL95) in Dysmicoccus sp. under laboratory conditions.

Figure 2. Production of Infective Juveniles/mL of the isolate NEPET11 
(Heterorhabditis sp.) and RSC05 (Heterorhabditis amazonensis) in 
Galleria mellonella by the method of White trap, up to larvae depletion. 
NEPET11: ● Zy = 8.934x3 – 259.31x2 + 2029.6x – 2313.3; RSC05: ■ 
Zy = 3.7536x3 – 148.44x2 + 1546.2x – 2544.4.
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 G. mellonella larvae are considered susceptible host to 
entomopathogenic nematodes, and can offer production 
above 1,0 x 105 IJs/g (Gaugler and Han 2002). Nevertheless, 
differences of infectivity and multiplication between ne-
matodes species can be higher or lower, even for a susceptible 
host, as in the case of G. mellonella (Ozer and Unlu 2003). 
Thus, it is possible to explain the differences of the results 
of this study with those obtained by Barbosa (2005) and 
Bortoluzzi et al. (2013). Furthermore, Molina et al. (2004), 
when testing the production of different isolates in different 
hosts, such as G. mellonella, observed that the greatest 
production of IJs was at the first three days. Between the 7th and 
8th day, it was observed decrease, until it reached depletion. 
In this work, IJs production peaks were observed between 
the 5th and 7th day of evaluation and decrease/depletion was 
observed between the 10th and 16th day. According to Ehlers 
(2001), the availability of food may influence the permanence 
of the nematodes inside the host and the formation of new 
generations. This fact can explain the difference of the results 
obtained by Molina et al. (2004) with the results of the present 
study. In this sense, when using EPNs as agents to control 
pests under field conditions, factors such as high infectivity, 
IJs emergency speed, and greater productivity in a shorter 
period of time are fundamental, since the success of the use 
of EPNs in IPM’s programs is related to the possibility of its 
production in large scale (Barbosa 2005). Thus, in this work, 
NEPET11 is the most recommended isolate, since it presents 
production peak faster than RSC05. Besides, collections of 
infective juveniles must be carried out at the first days of 
emergency, since IJs collected at the last days may present 
low quality and low virulence to insects for being a product 
of hosts that have already nutritionally depleted (Molina et 
al. 2004).

Greenhouse test. In the greehhouse test, it was possible to 
observe that in the treatments in which RSC05 and NEPET11 
isolates were applied, the mean number of alive insects per 
plant was 4.2 and 2.6, respectively. In the treatment which 

received only distilled water (control), the mean number of 
alive insects per plant was 7.6. Although the number of alive 
insects in the control was higher when compared with the other 
treatments, there was no significant result (Table 5). However, 
taking into account the efficiency percentage, NEPET11 had 
65,8%, and RSC05 had 44.7%, indicating that there was 
indeed a reduction of the cochineals populations in the soil. 
Although the number of insects was low, in the treatments 
in which it nematodes were applied, dead cochineals with 
symptoms of nematode infection were collected. When they 
were dissecated under stereoscope microscope, they showed 
nematodes inside them. Alves et al. (2009b) also carried 
out pathogenicity tests of the isolates CCA and JPM3 in 
Dysmicoccus texensis, in plots in greenhouse, applied by the 
method of aqueous suspension, and obtained values of 28% 
and 68%, respectively, which were higher when compared 
to those obtained in this work. According to Alves et al. 
(2009b), several isolates considered to be efficient in pests 
control under laboratory conditions, when evaluated under 
field conditions, they might not present the same results, 
since environmental facts, such as temperature, air and soil 
humidity, and luminosity, can influence efficiency of the 
pathogen, as well as the aspects of the host and the isolate 
(Dowds and Peters 2002). Moreover, when it is thought about 
the use of EPNs in program of pests control, these factors 
must be taken into account, since their evaluation over the 
efficiency of the nematodes under laboratory conditions is 
not always possible (Alves et al. 2009b). 
 Regarding the collected soil samples, it was possible to 
observe that all of them were positive for the presence of 
entomopathogenic nematodes, indicating that nematodes 
remained in the soil during the trial, and that they could still 
be acting on the remnant insect population. Moreover, Alves 
et al. (2009b), in field study, obtained indices of 83 to 100% 
recovery for entomopathogenic nematodes isolates, even 
after 30 days of application. 
 Based on the presented results, it is possible to infer 
that entomopathogenic nematodes have potential to control 
cassava root mealybug, Dysmicoccus sp. However, in field 
tests need to be carried out in order to prove the nematodes’ 
efficiency in these conditions. Also, further studies are 
necessary regarding the proper epoch for carrying out control. 
Technologies of nematodes application in field are also 
necessary, since cassava is a culture which lacks technologies 
applied to its production process, and these are challenges for 
further researches. 

Isolate Mortality %

Control 2 ± 4.5 A

RSC 05 (Heterorhabditis amazonensis) 100 ± 0 B

NEPET11(Heterorhabditis sp.) 100 ± 0 B

Table 3. Mortality percentage of Dysmicoccus sp. caused by 
entomopathogenic nematodes (Rhabditida: Heterorhabditidae) under 
laboratory conditions (25 ± 1 ºC, RH (relative humidity) of 90 ± 10%, 
without photoperiod), after sand column displacement.

* Means followed by the same uppercase letter in the column did not significantly differ 
by the Scott-Knott Test with P ≤ 0.05.

Treatment IJs/g larvae

NEPET11 70055. 91 A*

RSC05 72084.01 A

Table 4. Total production of Infective Juveniles (IJs)/g of Galleria 
mellonella larvae of the isolates NEPET11 (Heterorhabditis sp.) and 
RSC05 (Heterorhabditis amazonensis), collected in White trap.

* Means followed by the same uppercase letter in the column did not significantly differ 
by the Scott-Knott Test with P ≤ 0.05.

Isolate
Mean number

of alive
insects/plant

Efficiency
%

Control 7.6 ± 8 a -

RSC 05 (Heterorhabditis amazonensis) 4.2 ± 3 a 44.7

NEPET11 (Heterorhabditis sp.) 2.6 ± 3 a 65.8

Table 5. Mean number of alive insects (nymphs and adults) of 
Dysmicoccus sp. under greenhouse conditions, after the application 
of isolates RSC05 (Heterorhabditis amazonensis) and NEPET11 
(Heterorhabditis sp.).

C.V = 94.42
* Means followed by the same lowercase letter in the column did not significantly differ 
by the Scott-Knott Test with P ≤ 0.05.
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Conclusion

All the tested isolates showed pathogenicity to Dysmicoccus 
sp. The isolates NEPET11 and RSC05 were the ones with 
the greatest virulence, and differed neither concerning the 
capacity of sand column displacement, or concerning IJs 
production in G. mellonella larvae. NEPET11 caused greater 
mortality in smaller concentrations, and was faster in relation 
to the emergency of the host cadaver. It is therefore, the 
most recommended isolate for subsequent tests under field 
conditions.
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