
198

Introduction

Brazil is the leading producer of sugarcane and products 
made from it worldwide, and cane is the third leading crop 
by area cultivated in the country. Besides sugar, the main 
products derived from cane are biofuels such as ethanol and 
biodiesel. The outlook is for greatly expanded production of 
these fuels because they are more environmentally friendly 
and sustainable than fossil fuels (Macedo 2005).
 The root spittlebug, Mahanarva fimbriolata (Stal, 1854) 
(Hemiptera: Cercopidae), stands out among the pests that 
attack sugarcane. The gradual replacement of manual har-
vesting, after burning off the litter, by mechanical harvesting 
without burning favors increasing populations of these pests, 
because the leaf trash cover left afterward provides an ideal 
environment for the development of nymphs, which feed off 
the sap in the roots of the new cane plants growing from the 
ratoons (Ravaneli et al. 2006). According to Madaleno et al. 
(2008), the feeding of nymphs and adults can reduce sug-
arcane productivity by 29.8% when the number of nymphs 
reaches 7.3 per linear meter.
 Efforts to control this pest vary widely, often in various 
combinations, include strategic harvest timing, physical re-
moval of insects and litter, use of resistant genotypes, appli-
cation of pesticides and biological control by entomopatho-
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genic fungi (Dinardo-Miranda et al. 2001; Dinardo-Miranda 
et al. 2002; Almeida et al. 2003; Batista-Filho et al. 2003; 
Souza et al. 2008). Integrated pest management calls have 
been done for reduced use of chemicals due to the environ-
mental and economic problems caused by their indiscrimi-
nate use. The growing concern on the problems of overuse 
of pesticides has attracted greater attention to the use of plant 
varieties resistant to root spittlebugs (Auad et al. 2007) and 
the use of biological control agents, of which entomopatho-
genic fungi have attracted most of the attention (Batista-Filho 
et al. 2003; Loureiro et al. 2005). However, these measures 
have certain limitations, hence the need to develop new stra-
tegies to manage this pest.
 Some characteristics make entomopathogenic nematodes 
(EPNs) promising for control of crop pests, such as the speed 
with which they attack the host, the ease of mass producing 
them at low cost and the wide spectrum of susceptible host 
pests (Georgis et al. 2006; Grewal et al. 2001). They also 
are compatible with many pesticides, allowing them even to 
be applied in combination with chemicals in some situations 
(Koppenhöfer et al. 2002; Negrisoli Jr. et al., 2008; Reis-Me-
nini et al. 2008). Finally, they are able to seek out hosts that 
have cryptic habits (Kaya and Gaugler 1993) such as the root 
spittlebug. In the case of M. fimbriolata, the only reports in 
the literature are the studies by Leite et al. (2002) and Leite 
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et al. (2005), in which nematodes were shown to be potential 
control agents.
 The life cycle of these nematodes includes three develop-
ment phases: egg, juvenile and adult (females and males of 
Steinernematidae and a generation of hermaphrodites in the 
case of Heterorhabditidae). The juvenile phase is composed 
of four stages (J1, J2, J3 or Infective Juvenile and J4). The 
infective juvenile (IJ) stage contains symbiont bacteria and is 
when the nematode is found on soil. These juveniles locate 
their hosts by detecting excretion products, CO2 levels and 
temperature gradients. The nematodes then penetrate the host 
through natural openings (mouth, anus or spiracles). Once 
inside, they migrate to the hemolymph and release bacteria. 
These produce toxins that kill the host by septicemia in 24 to 
48 hours. Then the IJs start to multiply and later feed on the 
bacteria and tissues decomposed by the bacteria and advance 
to stage J4. From this stage they become first-generation 
adults and the females lay eggs, giving rise to the second gen-
eration (Kaya and Gaugler 1993). Some EPN species, called 
“ambushers”, wait on the soil surface for a host to approach, 
while others, called “cruisers”, are adapted to search for hosts 
in the soil. EPNs in the second group are very active, relying 
on chemical trails to find distant hosts, and are thus more suit-
able to combat sedentary hosts (Campbell and Gaugler 1993; 
Grewal et al. 1994).
 There are substantial behavioral differences among ENP 
strains in relation to penetration in the host and later emer-
gence and the strategy of finding hosts. Besides these, there 
are also important morphological and physiological differ-
ences. Finally, the concentration of these pathogens in the 
environment and the target host are also factors that influence 
their action (Lewis et al. 2006). This explains the specificity 
of each strain and requires conducting experiments to choose 
adequate strains to fight the pest species of interest. There-
fore, EPNs can be included in integrated pest management 
programs, to optimize sugarcane production, since they ex-
ploit the same environment as spittlebug nymphs. The study 
reported here screened different EPN strains for their effec-
tiveness against nymphs of the root spittlebug, M. fimbriola-
ta, in laboratory and greenhouse conditions.

Material and Methods

We used M. fimbriolata nymphs that had been maintained 
in a greenhouse on sugarcane plants (Saccharum spp. cv. 
RB739735). The nematodes were multiplied according to the 
method proposed by Kaya and Stock (1997) on larvae of Te-
nebrio molitor L., 1758 (Coleoptera: Tenebrionidae) as the 
host. Seven strains were tested: Steinernema anomali Kozo-
doi, 1984; S. carpocapsae (Weiser, 1955); S. feltiae (Filipjev, 
1934); S. riobravis Cabanillas, Poinar & Raulston, 1994; Het-
erorhabditis amazonensis RSC5 Andaló, Nguyen & Moino 
Jr. 2006; Heterorhabditis bacteriophora HP88 Poinar 1976; 
and Heterorhabditis baujardi LPP7 Phan, Subbotin, Nguyen 
& Moens 2003.

Nymph mortality in laboratory. The experimental units 
consisted of Petri dishes (9cm in diameter) lined with two 
sheets of filter paper as substrate, moistened with 2mL of 
an aqueous solution of EPNs (treatments) or distilled water 
without pathogens (control). Then, five nymphs of the fourth 
or fifth instar were placed in each dish, which was sealed with 
plastic film and placed an incubation chamber at a tempera-

ture of 25±1°C and 80±10% relative humidity. The nema-
todes were applied at concentrations of 200, 400 and 800 
EPNs/nymph. Hence, there were 21 treatments in a factorial 
setup (seven strains x three concentrations) with five repeti-
tions, for a total of 25 nymphs per treatment. A control group 
was exposed to distilled water without nematodes to confirm 
that the nymphs had no previous contact with the pathogens 
and that the mortality was caused exclusively by the treat-
ments. After seven days the dead nymphs were dissected 
and observed under stereomicroscope. Those that contained 
EPNs were considered to have been killed by these patho-
gens. The mean mortality figures were submitted to variance 
analysis and compared by the Tukey test at 5% significance, 
using the SAS 9.2 (SAS institute) statistical software.

Nymph mortality in greenhouse. Five nymphs of the fourth 
or fifth instar were placed at the base of a sugarcane seedling 
(cv. RB739735) planted in a 500mL plastic cup containing 
soil and cattle manure (1:1) as substrate, with the roots previ-
ously exposed, and kept in a greenhouse at an average tem-
perature of 25,5±1°C and relative humidity of 94±5%. Af-
ter 24 hours, when the nymphs were fully protected by their 
froth, the nematodes that had presented pathogenicity greater 
than or equal to 80% in the laboratory assay were applied at 
a concentration of 200 IJs/nymph in a total volume of 2 mL 
per cup, using a sprayer adjusted to the squirt mode, with the 
stream directed at the froth.
 There were five repetitions with the strains that had 
shown 80% or better pathogenicity, for a total of 25 nymphs 
per treatment. As in the laboratory, there was a control group 
with five repetitions also, to confirm that the substrate and 
nymphs used were free of nematodes, so that the nymph 
deaths could be attributed to the EPNs. The nymphs were 
monitored daily until emergence of the last adult and the dead 
ones were dissected and observed under stereomicroscope to 
determine the presence of nematodes inside, in which case 
this presence was attributed as the cause of death. As before, 
the mortality data were submitted to variance analysis and the 
means were compared by the Tukey test at 5% significance, 
using the SAS (version 9.2) statistical software. The nymph 
mortality rates caused by the EPNs were also compared be-
tween the laboratory and greenhouse through the Tukey test 
at the same significance level.

Results

Nymph mortality in laboratory. No nymphs were killed by 
the nematodes in the control group, confirming that there had 
been no previous contact between hosts and pathogens and 
that the results were due to the treatments. All the EPN strains 
caused mortality to the M. fimbriolata nymphs, showing its 
potential to control by this pest.
 Irrespective of concentration, S. riobravis produced 90% 
nymph mortality, followed by S. carpocapsae, S. feltiae and 
H. baujardi LPP7 (80%), S. anomali (70%), H. amazonen-
sis RSC5 (68%) and H. bacteriophora HP88 (38%). This last 
strain was statistically inferior to the others (Table 1). The 
concentrations did not significantly affect the efficiency of 
the treatments. The lowest of them (200 EPNs/nymph) pro-
vided a maximum control level, so there appears to be no need 
to increase the concentration to achieve the desired effects, 
whereas the lowest concentration reached statistically the 
same nymph mortality than the greatest (800 EPNs/nymph).
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 Steinernema anomali, H. bacteriophora HP88 and H. am-
azonensis RSC5, were less efficient at the intermediate con-
centration (400 EPNs/nymph), than the other strains at this 
same concentration. This also occurred for H. bacteriophora 
HP88 at the other concentrations, reflecting its substantially 
lower efficiency in relation to the strains, considering the av-
erage of all concentrations tested.

Nymph mortality in greenhouse. All strains were pathogen-
ic to M. fimbriolata nymphs in the greenhouse experiment 
with the nymph mortality caused by S. feltiae (72%), S. rio-
bravis (68%), H. baujardi LPP7 (52%) and S. carpocapsae 
(48%) with no statistical difference between them (Table 2). 
While there were no significant differences between strains 
performance within the environments, there were significant 
differences comparing the influence of the environments on 
nymph mortality, with lower rates of nymph mortality caused 
by S. carpocapsae (F = 2.899, p = 0.008) and H. baujardi 
LPP7 (F = 9.391, p = 0.004) in the greenhouse than in the 
laboratory (Fig. 1).
 

Discussion

Nymph mortality in laboratory. The concentrations did not 
significantly affect the efficiency of the treatments, with the 
lowest of them providing a maximum control level. A similar 
finding was reported by Leite et al. (2007), testing the viru-
lence of EPNs on Bradysia mabiusi (Lane, 1959) (Diptera: 
Sciaridae), where there was no difference in mortality of the 
larvae between concentrations of 10 and 50 IJs/cm2. Howev-
er, Vasconcelos et al. (2004) found that only the highest con-
centration tested (1200 IJs/female) was able to significantly 
reduce the egg mass produced by Rhipicephalus (Boophilus) 
microplus (Canestrini, 1888) (Acari: Ixodidae). Furthermore, 
Monteiro et al. (2010) reported that the six concentrations 
tested produced different effects on some reproductive pa-
rameters of R. (B.) microplus but similar effects on other pa-
rameters.
 Some strains at the intermediate concentration were less 
efficient than others at this concentration. This difference can 
reflect a greater sensitivity of these strains regarding the con-
centration at which they are applied. This also occurred for 

H. bacteriophora HP88 at the other concentrations, reflecting 
their substantially lower efficiency in relation to the strains, 
considering the average of all concentrations tested. Our data 
agree with Leite et al. (2005), where strains of Heterorhab-
ditis sp. (CB-n5), Steinernema sp. (CB-n6) and Heterorhab-
ditis sp. (CCA) presented 100%, 98% and 96% efficiency, 
respectively, when applied at a concentration of 2000 IJs/mL 
under laboratory conditions, showing that M. fimbriolata is 
susceptible to both EPN genera.
 The species S. riobravis, S. feltiae, S. carpocapsae and 
H. baujardi LPP7 were the most efficient against M. fim-
briolata and have also been shown to be promising for use 
against the boll weevil, Anthonomus grandis Boheman, 1843 
(Coleoptera: Curculionidae), the mound-building termite, 
Cornitermes cumulans (Kollar, 1832) (Isoptera: Termitidae), 
the lesser mealworm, Alphitobius diaperinus (Panzer, 1979) 
(Coleoptera: Tenebrionidae) and the guava weevil, Cono-
trachelus psidii Marshall, 1922 (Coleoptera: Curculionidae), 
respectively, demonstrating the broad spectrum of hosts of 
these pathogens (Cabanillas 2003; Alves et al. 2005; Del-
Valle et al. 2008).
 Moreover, Giometti et al. (2011) tested the virulence of 
17 EPN strains against another sugar cane pest and founded 
a maximum of 74.3% of Sphenophorus levis Vaurie, 1978 
(Coleoptera: Curculionidae) adults mortality with an Het-
erorhabditis strain in laboratory conditions. A similar assay 

Strains* Concentrations (EPNs/nymph) General
average

F P 
200 400 800

Sa 68±16 Aa 68±12 Ba 76±12 Aa 70±8 A 0.18 0.8322

Sc 68±14 Aa 88±4 Aa 84±4 Aa 80±6 A 0.97 0.3847

Sf 88±4 Aa 80±16 Aa 72±12 Aa 80±6 A 0.55 0.5777

Sr 88±4 Aa 96±4 Aa 88±8 Aa 90±4 A 0.18 0.8322

RSC5 80±16 Aa 56±8 Ba 68±16 Aa 68±8 A 1.24 0.8240

HP88 32±10 Ba 48±10 Ba 36±12 Ba 38±6 B 0.60 0.5521

LPP7 72±8 Aa 80±8 Aa 88±4 Aa 80±4 A 0.55 0.5777

General average 70±4 a 74±4 a 74±4 a  0.14 0.8712

F values 3.16 2.57 2.84 7.20

p values 0.0078 0.0250 0.0147 <0.0001

Numbers followed by different capital letters in the columns and small letters in the rows differ by the Tukey test (P<0.05).
*Strains used: Sa (Steinernema anomali), Sc (Steinernema carpocapsae), Sf (Steinernema feltiae), Sr (Steinernema riobravis), RSC5 (Heterorhabditis amazonensis RSC5), HP88 
(Heterorhabditis bacteriophora HP88) and LPP7 (Heterorhabditis baujardi LPP7).

Table 1. Mortality (%) ± standard error of Mahanarva fimbriolata nymphs in each treatment in the laboratory (n=25).

Strains Mortality (%)

Steinernema carpocapsae 48 ± 5 A

Steinernema feltiae 72 ± 4 A

Steinernema riobravis 68 ± 4 A

Heterorhabditis baujardi LPP7 52 ± 2 A

F 2.02

p 0.1650

Table 2. Mortality (%) ± standard error of Mahanarva fimbriolata nym-
phs caused by entomopathogenic nematode strains applied in green-
house conditions at a concentration of 200 IJs/nymph (n=25).

Numbers followed by different capital letters in the columns differ by the Tukey test 
(P<0.05).
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was developed by Tavares et al. (2007) with different strains 
against the same insect and they founded a maximum of 95% 
of larvae mortality, also with an Heterorhabditis strain.

Nymph mortality in greenhouse. No differences were ob-
served between the strains tested in greenhouse. This is pos-
sibly because they had been previously selected in the labora-
tory as being the most virulent. Although they have different 
foraging strategies (cruisers and ambushers), possibly there 
was no difference because they were all applied directly on 
the nymphs’ froth, thus minimizing the need either to go find 
the host or wait for it to approach.
 After selecting the most virulent strain against M. fimbri-
olata in the laboratory, Leite et al. (2005) tested its efficiency 
in the field at different concentrations and found that Het-
erorhabditis sp. provided the maximum control of the spit-
tlebugs (70%) irrespective of the concentrations. Both that 
study and ours thus show the capacity of EPNs for control of 
root spittlebugs. Furthermore, Tavares et al. Machado et al. 
(2005) evaluated EPNs against another sugarcane pest and 
showed their potential to control Migdolus fryanus (West-
wood, 1863) (Coleoptera: Vesperidae) larvae, causing a max-
imum mortality of 76.43% with a S. glaseri strain and even 
that the nematodes’ IJs can penetrate the egg of this coleop-
teran trough its aeropile.
 The negative influence of the greenhouse environment 
can possibly be explained by the fact that the laboratory en-
vironment was ideal for them (good substrate for locomo-
tion, constant and optimized temperature/relative humidity, 
absence of antagonistic organisms, no refuge for the hosts). 
This was not the case in the greenhouse, where the condi-
tions were chosen to simulate those in the field. Nevertheless, 
two of the strains tested (S. feltiae and S. riobravis) main-
tained high pathogenicity in the greenhouse, indicating they 
are good candidates for tests in the field. Aiming to know the 
EPN action against the sugarcane weevil, S. levis, Tavares et 
al. (2007), applied two strains in greenhouse after a initial 

assay in laboratory, and founded a larvae mortality ranging 
from 42% to 85%, with these percentages directly related 
with the EPNs dose. These authors also noted that the labora-
tory environment provided a higher better condition to the 
EPNs to show their potential, with higher mortality values 
in this case. These and our results reinforce the possibility of 
use of these pathogens to control pests of this crop.
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