JOURNAL OF NEMATOLOGY

e2019-58 | Vol. 51

Article | DOI: 10.21307/jofnem-2019-058

Hatching and Mortality of Meloidogyne enterolobii Under
the Interference of Entomopathogenic Nematodes In vitro
Alixelhe Pacheco Damascena1,*,
Júlio César Antunes Ferreira1,
Marylia Gabriella Silva Costa1,
Luis Moreira de Araujo Junior2 and
Silvia Renata Siciliano Wilcken1
Universidade Estadual Paulista
(UNESP), Faculty of Agronomic
Sciences, Department of Plant
Protection, 18610-034, Botucatu,
São Paulo, Brazil.
1

University Federal of Espírito
Santo - UFES, Department
of Agronomy, Laboratory of
Entomology/NUDEMAFI, Alegre,
ES, Brazil.
2

*E-mail: xellydamascena@hotmail.
com
This article was edited by Raquel
Campos-Herrera.
Received for publication March 26,
2019.

Abstract
Plant parasitic nematodes have become one of the main problems
in the tomato cultivation. Among these, Meloidogyne enterolobii
presents great challenges to the farmer, since it is a polyphagous
species and difficult to control. The entomopathogenic nematodes
(EPNs) present as potential for biological control of this pathogen. The
objective of the study was to evaluate the interference of EPNs S.
brazilense, S. feltiae, S. rarum, H. amazonensis and H. bacteriophora
on hatching and mortality of M. enterolobii. 500 eggs of this nematode
and 1.000 infective juveniles of each EPN species were placed in a
plastic pot totaling 25 mL of suspension and kept in an incubator
at 25°C. The number of juveniles hatched in the suspension was
counted every 2 days, until 10 days. After 10 days of evaluations, the
remaining suspension (15 mL) containing M. enterolobii and EPNs was
inoculated into Rutgers tomato seedlings. The suspension contained
approximately in 300 eggs of M. enterolobii occasional juveniles and
600 IJ of each nematode species. Sixty days after inoculation were
evaluated gall indexes, egg mass indexes, total number of eggs and
juveniles of M. enterolobii and reproductive factor was calculated.
In the mortality experiment, 500 infective juveniles of M. enterolobii
and 1.000 juveniles of each EPN species were placed in a plastic
pot totaling 25 mL of suspension. The evaluation of juvenile mortality
was performed by counting of the mobile and immotile nematodes, by
adding two drops of NaOH to the nematode suspension. It was verified
that on the 10th day all ENPs provided reduction in the hatching of
M. enterolobii. In the pot experiment it was found thato gall index,
egg mass indexm, nematodes total number and reproduction factor
were significantly reduced in treatments with all species of EPNs
tested. However, in the mortality test, only EPNs S. brazilense and
S. rarum provided mortality on the second day and H. bacteriophora
affected mortality on the 4th day. In the other evaluations, there was
no statistical difference. The results highlight the potential of the use
of EPNs in programs of integrated management of M. enterolobii in
tomato.
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The tomato (Solanum lycopersicum L.) is one of the
most cultivated oleraceous in Brazil, with a total area
of 54,051 hectares and a production of 3,472.55
tons, with the states of São Paulo and Goiás being
the largest producers (IBGE, 2016). In view of the

socioeconomic importance of the crop and the need
for controlled environmental conditions for cultivation,
the tomato plants were grown in a protected environment, allowing an increase in production. However,
it favored the development of several phytosanitary
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problems, among them, phytopathogenic nematodes
(Rosa et al., 2015).
Plant parasitic nematodes have become one of
the main problems in the olericulture cultivation in
general. Among these, the Meloidogyne spp. genus
representes the group of greater importance (Silva et
al., 2014). The species of this genus can cause 100%
losses in the production and therefore are considered
one of the most harmful in the olericulture cultivation (Kurozawa and Pavan, 2005; Perry and Moens,
2006).
Meloidogyne enterolobii (Rhabditida: Meloidogynidae) has been shown to be a major challenge to
producers (Yang and Eisenback, 1983), because
it is considered polyphagous and it has a high degree of dissemination and multiplication (Carneiro et
al., 2006). The M. enterolobii species was described
from parasitism on roots of Enterolobium contortisiliquum (Vell.) (Fabales: Fabaceae) in China. Meloidogyne
enterolobii has a wide range of hosts, high breeding
rate, high aggressiveness and ability to overcome existing sources of resistance to other species of Meloidogyne (Brito et al., 2007; Cantu et al., 2009).
Several methods are studied for the control of
phytonematodes (Rosa et al., 2015; Silva et al., 2014).
Studies show that entomopathogenic nematodes
(EPNs) have potential for biological control of these
parasites (Pérez and Lewis, 2004; Lewis and Grewal,
2005).
In view of the above, the objective of the present
study was to evaluate the hatching, mortality and infectivity of hatched juvenis of M. enterolobii to tomato in the presence of Steinernema brazilense PONTO2C, S. feltiae (Filipjev) IBCB47, S. rarum (Doucet)
PAM25 (Rhabditida: Steinernematidae), Heterorhabditis amazonensis IBCB10 and H. bacteriophora (Poinar) HB (Rhabditida: Heterorhabditidae) in vitro, in order to verify if the EPNs promote mortality or interfere
in the hatching of juveniles of M. enterolobii.

Material and methods
The experiments were carried out in incubator chambers (biochemical oxygen demand—BOD) at 25°C,
70% of relative humidity, of the Laboratory of Agricultural Nematology of the Department of Plant Protection
of the College of Agronomic Sciences at the Paulista
State University “Júlio de Mesquita Filho”, Botucatu-SP.
The pure population of M. enterolobii used in the
experiments was obtained from tomato plants kept in
greenhouse as an inoculum source and multiplied in
‘Rutgers’ tomato in 1,000 cm3 pots, containing substrate composed of soil, sand and organic matter in
the proportion of 1: 2: 1 (v: v: v), pre-sterilized by au2

toclaving (120°C for 2hr). The nematode eggs were
extracted from tomato roots by the method of Hussey
and Barker (1973) and concentration of the suspension determined with the aid of the Peters chamber
under a light microscope.
The populations of EPNs were obtained from the
EPNs Collection of the Bank of the Biological Institute
of São Paulo, São Paulo, Brazil. The infective juveniles
(IJs) of S. brazilense, S. feltiae, S. rarum, H. amazonensis, and H. bacteriophora were multiplied in third to
fifth larval instar of Diatraea saccharalis (Fabr.) (Lepidoptera: Crambidae). Five larvae per petri dish (9 cm
in diameter) were coated with filter paper moistened
with a nematode suspension at the concentration of
500 IJ/larvae. The dead larvae of D. saccharalis were
transferred to traps of White (White, 1927) and stored
in incubator (BOD) at 25°C. The IJs were collected in a
water film (1 cm depth) in Erlemeyers, which were kept
in a BOD chamber at a temperature of 18°C, 70% of
relative humidity and used up to 48 hr after collection.
For the tomato in pots test, the ‘Rutgers’ tomato
seeds were placed for germination in polypropylene
trays containing 128 cells containing substrate. After germination, tomato seedlings were transplanted
into pots for 1000 cm3 containing substrate composed of soil, sand, and organic matter in the proportion of 1: 1: 1 (v: v: v), sterilized in an autoclave
(120°C for 2 hr).

Interference of EPNs in the hatching of
Meloidogyne enterolobii
In this experiment, 500 eggs of M. enterolobii and
1.000 IJ of each EPN species were placed in a plastic
pot (50 mL) dispersed in 25 mL of suspension and
kept in an incubator (BOD) at 25°C. The number of
hatched J2 in the suspension was counted every 2
days, until 10 days. For counting, 1 ml of suspension
was withdrawn and the nematodes counted in Peters’s chamber under light microscope. The experiment was conducted in a completely randomized
design with six treatments (T1 = M. enterolobii;
T2 = M. enterolobii + S.brazilense; T3 = M. enterolobii + S.
rarum; T4 = M. enterolobii + S. feltiae; T5 = M. enterolobii + H.
amazonensis; T6 = M. enterolobii + H.bacteriophora),
and six replicates.

Infectivity of eggs and J2 of Meloidogyne
enterolobii treated with EPNs
After 10 days of evaluations, the remaining suspension (15 mL) containing M. enterolobii and EPNs was
inoculated into Rutgers tomato seedlings, previously
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transplanted into 1.000 cm³ pots containing substrate composed of soil, sand, and organic matter
in the proportion of 1: 1: 1 (v: v: v), sterilized in an
autoclave (120°C for 2 hr). In each pot, was added
the suspension containing approximately 300 eggs
and eventual juveniles of M. enterolobii and 600 IJ of
each EPNs species, separately.
Sixty days after inoculation, the root system of
each plant was washed in running water and subjected to B floxin staining to obtain gall indexes (GI)
and egg mass indexes (EMI) according to the scale
of grades proposed by Taylor and Sasser (1978),
where grade 0 = no galls or egg masses; grade 1 = 1
to 2 galls or egg masses; grade 2 = 3 to 10 galls or
egg masses; grade 3 = 11 to 30 galls or egg masses;
grade 4 = 31 to 100 galls or egg masses and grade
5 = more than 100 galls or egg masses per root.
For the extraction of the eggs, the root system was
cut into small pieces (approximately 1 cm of length)
processed by the method described by Hussey and
Barker (1973) in which the root system is ground in
blender with sodium hypochlorite solution, followed by
sieving. The total number of eggs and juveniles of M.
enterolobii per root system was quantified with the aid
of a light microscope and Peters' slides. The reproductive factor was calculated using the formula RF = FP/IP,
where FP = nematode final population and IP = nematode initial population (IP = 300 eggs). For greater data
reliability, the experiments were conducted twice.

Interference of EPNs in mortality of
J2 of Meloidogyne enterolobii
To obtain the second stage juveniles (J2) to be used in
the experiments, the suspension containing eggs of M.
enterolobii was placed in Baermann apparatus modified
to shallow containers, according to Southey (1986).
The collections of J2 were performed every 24 hr
until reaching 72 hr. Thus, 500 J2 of M. enterolobii and
1.000 IJ of each EPN species were placed in plastic
pots, totaling 25 mL of suspension. Mortality was evaluated every other day, for 10 days. The evaluation of
M. enterolobii mortality was performed by counting
the mobile and immotile nematodes according to the
methodology described by Chen and Dickson (2000),
which consists of adding two drops of 1 N NaOH to
the nematode suspension. The counting was done
soon after, considering deads the straight and immobile nematodes, and, alive, the twisted ones.

Statistical analyses
The experiments were conducted in a completely randomized experimental design, in a split plots scheme,

with six replications. The factor with the treatments
was evaluated in the plots; and the days in the subplots. The data were submitted to analysis of variance,
comparing the means by the Scott–Knott test at 5%
probability. The analyzes were carried out in the R
Development Core Team software (2009). For greater
data reliability, the experiments were conducted twice.

Results
Interference of EPNs in the hatching
of Meloidogyne enterolobii
The use of EPNs affected the hatching of M. enterolobi.
In the first evaluations (2nd and 4th day) there was no
statistical difference between treatments (P < 0.005).
However, on the 6th day, all treatments differed statistically from the control, providing a reduction in hatching
of M. enterolobii. On the 8th day, only the treatment
composed of S. rarum (SR) and H. bacteriophora (HB)
provided reduction in hatching. In the last evaluation
(10th day), all EPNs provided a reduction in hatching
of M. enterolobii (P < 0.005) (Table 1). The maximum
number of M. enterolobii hatched in the control and in
the treatments composed by S. rarum (SR), S. feltiae
(SF) and H. bacteriophora (HB) was on the 10th day.
For S. brazilian (SB) and H. amazonensis (HA) treatments, maximum hatching occurred on day 8, and did
not differ statistically from day 10.

Infectivity of eggs and J2 of Meloidogyne
enterolobii treated with EPNs
It was possible to verify that the gall index (GI), egg
mass index (EMI), nematodes total number (NT) and
reproduction factor (RF) were significantly reduced in
treatments with all species of EPNs tested (P < 0.005).
It was verified that in all the treatments there was
penetration of M. enterolobii, however the reproduction factor in the treatments with EPNs was reduced
considerably. The viability of the inoculum was confirmed in the two experiments, with RF = 2.6 and 5.7,
respectively (Table 2).

Interference of EPNs in mortality of
J2 of Meloidogyne enterolobii
The mortality of M. enterolobii in the first evaluation (day 2) was 76.2 in experiment 1 and 102.7 in
experiment 2 with S. brazilense (SB) and S. rarum
(SR) provided a mortality of 87.2 in the experiment 1
and 87.8 in experiment 2, differing statistically from
the other treatments. On day 4, H. bacteriophora (HB)
3
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Table 1. Hatching percentage of Meloidogyne enterolobii under the interference of
entomopathogenic nematodes.
1st Experiment
Trat
Control

2° day

4° day

6° day

8° day

10° day

10.8 ± 3.7 aA

14.5 ± 6.7 aA

32.9 ± 16.7 aB

31.9 ± 10.6 aB

74.8 ± 15.4 aC

SB

3.3 ± 1.4 aA

14.6 ± 6.1 aA

14.0 ± 8.2 bA

43.1 ± 16.9 aB

40.8 ± 11.3 cB

SR

5.8 ± 2.0 aA

13.8 ± 4.1 aA

24.5 ± 13.4 bB

14.6 ± 10.3 bA

53.1 ± 10.3 bC

SF

2.5 ± 1.1 aA

7.7 ± 2.4 aA

11.9 ± 5.5 bA

32.9 ± 9.8 aB

57.8 ± 17.6 bC

HA

4.2 ± 3.7 aA

13.0 ± 6.1 aA

24.5 ± 8.5 bB

40.5 ± 7.8 aC

41.4 ± 13.7 cC

HB

1.7 ± 0.9 aA

20.7 ± 8.1 aB

27.3 ± 10.2 bC

15.8 ± 7.3 bB

41.3 ± 10.2 cD

F25

5.16*

2nd Experiment
Trat

4° day

6° day

8° day

10° day

9.2 ± 5.8 aA

15.4 ± 12.9 aA

35.7 ± 11.4 aB

26.6 ± 10.5 aB

63.5 ± 18.3 aC

SB

4.2 ± 2.9 aA

14.6 ± 6.7 aA

14.0 ± 9.1 bA

50.7 ± 14.2 aB

53.3 ± 13.7 bB

SR

10.0 ± 4.9 aA

14.6 ± 6.8 aA

22.1 ± 15.1 bB

18.4 ± 4.0 bA

53.6 ± 22.9 bC

SF

3.3 ± 2.0 aA

18.4 ± 8.7 aA

14.0 ± 6.9 bA

20.9 ± 10.0 aB

46.8 ± 13.3 bC

HA

1.8 ± 1.0 aA

13.0 ± 7.9 aA

22.2 ± 5.1 bB

40.5 ± 6.2 aC

48.2 ± 19.9 bC

HB

3.3 ± 2.0 aA

16.9 ± 7.5 aB

16.1 ± 3.1 bB

23.3 ± 7.5 bC

46.5 ± 19.3 bC

F25

4.49*

Control

2° day

Note: Averages followed by the same lowercase letter in the row and upper case in the column do not differ
by Scott Knott’s test at 5% probability; *Significant interaction; Control = Witness; SB = Steinernema brazilense;
SF = S. feltiae; SR = S. rarum; HA = Heterorhabditis amazonensis; HB = H. bacteriophora.
provided mortality of 121.0 and 154.0 M. enterolobii
juveniles. On the 6th, 8th, and 10th day there was no
statistical difference between treatments. In general,
the presence of EPNs in the suspension caused mortality of the M. enterolobii IJ only in the first two evaluations, 2° and 4° day (Table 3).

Discussion
The EPNs S. brazilense, S. rarum, S. feltiae, H. amazonensis and H. bacteriophora reduced hatch, number of galls, egg mass, nematodes total number and
reproduction factor of M. enterolobii. However, only
the species S. brazilense, S. rarum and H.bacteriophora affected juvenile survival, providing higher mortality on the 2nd day (S. brazilense and S. rarum) and
on the 4th day (H. bacteriophora) evaluation.
The ovicidal activity of the EPNs tested can be
attributed to the presence of the symbiotic bacterium. The eggs of M. enterolobii in the suspension can
4

be served as a stimulus for the EPNs to release their
bacteria. These bacteria may have produced substances toxic to the nematode eggs, reducing juvenile hatching (Grewal et al., 1999; Hu et al., 1999; de
Freitas Ferreira et al., 2011), since the eggs of plants
parasitic nematode are permeable (Perry et al., 1992).
The suspension, containing EPNs inoculated on tomato seedlings, provided a reduction in the parasitism
of M. enterolobii, reflecting the reduction of gall number, egg mass, nematodes total number, and reproduction factor. Grewal et al. (1999) and Hu et al. (1999)
observed that the toxic metabolites produced by bacteria act on the ability of Meloidogyne’s J2 to locate
the roots. Such metabolites may have influenced the
parasitism of M. enterolobii in tomato roots, causing
a smaller number of nematodes in the root system,
consequently, reducing the number of galls and egg
masses.
The toxic effects of the metabolites produced
by the symbiotic bacteria do not act constant in the
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Table 2. Egg mass index (IMO), Galls index (IG), total number of nematodes (NT)
and reproduction factor (FR) of Meloidogyne enterolobii in roots of tomato ‘Rutgers’
under the interference of entomopathogenic nematodes.
1st Experiment
Trat

IMOa

IGa

NTb

FRc

Control

4.5 ± 0.5 a

4.5 ± 0.5 a

782.0 ± 137.7 a

2.6 ± 0.5 a

SB

2.8 ± 0.7 b

2.8 ± 0.7 b

388.2 ± 56.8 b

1.3 ± 0.2 b

SR

1.5 ± 0.5 b

1.5 ± 0.5 b

376.2 ± 50.2 b

1.3 ± 0.2 b

SF

1.8 ± 1.7 b

1.7 ± 1.5 b

450.5 ± 84.1 b

1.5 ± 0.3 b

HA

1.7 ± 1.0 b

1.2 ± 1.1 b

185.8 ± 19.9 d

0.6 ± 0.1 d

HB

2.3 ± 1.0 b

2.0 ± 1.4 b

304.7 ± 77.3 c

1.0 ± 0.3 c

F5, 30

7.19

7.98

38.28

4.64

2 Experiment
nd

Trat

IMOa

IGa

NTb

FRc

Control

4.2 ± 0.7 a

4.2 ± 0.7 a

1632.5 ± 296.7 a

5.7 ± 0.5 a

SB

2.7 ± 0.5 b

2.7 ± 0.5 b

770.2 ± 41.3 c

2.6 ± 0.1 c

SR

2.5 ± 0.8 b

2.7 ± 0.8 b

659.0 ± 39.3 c

2.2 ± 0.1 d

SF

2.2 ± 0.9 b

2.3 ± 1.2 b

732.0 ± 42.3 c

2.4 ± 0.1 c

HA

2.7 ± 0.8 b

2.8 ± 1.1 b

641.7 ± 449.0 c

2.1 ± 1.4 d

HB

2.2 ± 1.1 b

2.0 ± 1.1 b

926.5 ± 21.9 b

3.1 ± 0.1 b

F5, 30

4.38

3.59

49.74

154.16

Notes: Averages followed by the same lowercase letter not differ by Scott Knott’s test at 5% probability;
Control = Witness; SB = Steinernema brazilense; SF = S. feltiae; SR = S. rarum; HA = Heterorhabditis amazonensis; HB = H. bacteriophora. aScale of notes: note 0 (no flake / egg mass); note1 (1 to 2 galls / egg mass); note 2 (3
to 10 galls / egg mass); note 3 (11 to 30 galls / egg mass); grade 4 (31 to 100 galls / egg mass); note 5 (more than
100 galls / egg mass). bFinal population (Pf) / Initial population (Pi).
suspension. In the course of time, occurs bacteria
decline in the environment, as they do not have
survival forms and, consequently, decline of the
released molecules (Burnell and Stock, 2000), reducing the toxicity to juveniles of M. enterolobii.
However, even with increasing mortality after 96
hr, it did not differ from the control, since, probably,
occurred the natural mortality of juveniles that were
exposed at 25°C in a suspension with accelerated
metabolism.
The protein molecules produced by the bacterium Photorhabdus spp. (Ruiz Machado et al., 2018)
present in the H. amazonensis and H. bacteriphora
nematodes have been reported as presenting toxicity to Aphelenchoides rhytium (Massey), Bursaphelenchus spp., Caenorhabditis elegans, Bursaphelenchus xylophilus (Steiner and Buhrer, 1934,

Kohno et al. 2007), due to the production of the
secondary metabolite, 3,5-dihydroxy-4-isopropylstilbene that has nematicidal properties (Grewal
et al., 1999). The other nematodes S. feltiae, S. rarum and S. brazilense have a symbiotic relationship
with the bacteria of the Xenorhabdus genus. Bode
(2009) found that Xenorhabdus nematophila and
Xenorhabdus bovienii produce ketones, amides
and also more complex compounds like xenocoumarins (antibiotics) that can provide toxic effect to
various organisms.
Monteiro et al. (2014) reported that castor bean
pie has a nematicidal effect on Aphelenchoides
besseyi (Christie, 1942), since among the pie compounds, the ketone group is predominant. However, only S. feltiae has an association with the bacterium X. bovienii (Ehlers et al., 1997), the other
5
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Table 3. Mortality percentage of juveniles of M. enterolobii under the interference of
entomopathogenic nematodes.
1st Experiment
Trat

2° day

4° day

6° day

6.8 ± 2.5 aA

5.2 ± 0.7 aA

7.7 ± 3.1 aA

10.3 ± 0.6 aA

17.3 ± 6.2 aB

SB

15.2 ± 4.0 bB

11.9 ± 2.0 aA

8.9 ± 3.0 aA

5.8 ± 0.4 aA

12.5 ± 4.6 aB

SR

17.4 ± 4.8 bA

14.4 ± 1.0 aB

11.9 ± 5.6 aA

7.2 ± 3.0 aA

12.7 ± 2.8 aB

SF

9.8 ± 1.3 aA

14.3 ± 3.5 aB

7.9 ± 3.3 aA

7.0 ± 2.9 aA

12.5 ± 3.5 aB

HA

6.0 ± 1.2 aA

10.6 ± 2.3 aB

12.1 ± 3.8 aB

6.9 ± 3.6 aB

11.9 ± 1.8 aB

6.8 ± 1.0 aA

34.2 ± 2.3 bC

11.2 ± 4.3 aB

8.8 ± 3.0 aA

13.0 ± 3.3 aB

Control

HB
F25

8° day

10° day

12.94*

2nd Experiment
Trat

2° day

4° day

Control

12.0 ± 2.4 aA

14.7 ± 7.5 aA

SB

20.5 ± 2.5 bB

SR

17.6 ± 2.0 bA

SF

6° day

8° day

10° day

14.2 ± 2.4 aA

23.0 ± 0.8 aB

11.9 ± 2.8 aA

11.1 ± 2.2 aA

9.8 ± 2.3 aA

16.1 ± 1.2 aA

14.5 ± 1.4 aA

10.3 ± 2.2 aA

11.8 ± 1.8 aA

20.6 ± 1.6 aB

14.3 ± 1.7 aA

9.6 ± 2.8 aA

11.1 ± 2.8 aB

11.2 ± 1.7 aB

19.5 ± 1.6 aB

13.3 ± 2.7 aB

HA

11.8 ± 2.5 aA

10.4 ± 1.0 aA

11.2 ± 2.2 aA

26.0 ± 4.3 aB

15.6 ± 1.4 aB

HB

13.7 ± 3.7 aB

30.8 ± 5.5 bB

15.8 ± 1.6 aA

30.0 ± 5.1 aB

13.2 ± 4.6 aA

F25

12.25*

Notes: Averages followed by the same lowercase letter in the row and upper case in the column do not differ
by Scott Knott’s test at 5% probability; *Significant interaction; Control = Witness; SB = Steinernema brazilense;
SF = S. feltiae; SR = S. rarum; HA = Heterorhabditis amazonensis; HB = H. bacteriophora.

EPNs studied have symbiosis with other species of
bacteria of the same genus. However, it is generally
believed that all bacteria of the Steinernema genus
produce near or similar metabolites, since bacteria species of the Xenorhabdus genus are able of
producing a wide range of bioactive compounds,
including antimicrobial, antiparasitic, cytotoxic and
insecticidal compounds (Fukruksa et al., 2017).
Studies are needed to relate the compounds produced by the bacteria present in S. brazilense and
S. rarum.
Therefore, it was verified that the reduction in
hatching of M. enterolobii and the reduction of gall index, egg mass index, nematodes total number and
reproductive factor of M. enterolobii in the presence
S. brazilense, S. rarum, S. feltiae, H. amazonensis,
and H. bacteriophora. The results demonstrate the
potential of the use of EPNs in integrated management programs of M. enterolobii.
6

Acknowledgments
The authors acknowledge the Brazilian agencies
“Conselho Nacional de Desenvolvimento Cientifico
e Tecnológico (CNPq), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).

References
Bode, H. B. 2009. Entomopathogenic bacteria as
source of secondary metabolites. Current Opinion in
Chemical Biology 13:224–30.
Brito, J. A., Stanley, J. D., Kaur, R., Cetintas, R., Di
Vito, M., Thies, J. A. and Dickson, D. W. 2007. Effects
of the Mi-1, N and Tabasco genes on infection and reproduction of Meloidogyne mayaguensis on tomato
and pepper genotypes. Journal of Nematology 39:
327–9.

JOURNAL OF NEMATOLOGY

Burnell, A. M. and Stock, P. 2000. Heterorhabditis,
Steinernema and their bacterial symbionts—letal pathogens of insects. Nematology 1:31–42.
Cantu, R. R., Wilcken, S. R. S., Rosa, J. M. O. and
Goto, R. 2009. Reação de portaenxertos de tomateiros
a Meloidogyne mayaguensis. Summa Phytopathologica
35:124–6.
Carneiro, R. M. D. G., Almeida, M. R. A., Braga, R.
S., Almeida, C. A. and Gloria, R. 2006. Primeiro registro de Meloidogyne mayaguensis parasitando plantas
de tomate e pimentão resistentes à meloidoginose no
Estado de São Paulo. Nematologia Brasileira 30:
81–6.
Chen, S. Y. and Dickson, D. W. 2000. A technique
for determining live second-stage juveniles of heterodera glycines. Journal of Nematlogy 32:117–21.
Christie, J. R. 1942. A description of Aphehnchoides besseyi n.sp. the summerdwarf nematode of
strawberries, with comments on the identity of Aphehnchoides subtenuis (Cobb, 1926) and Aphehnchoides
hodsoni Goodcy, 1935. ProcEedings of the Helminth
SocIety of Washington 9:82–4.
de Freitas Ferreira, T., Souza, R. M. and Dolinski, C.
2011. Assessing the influence of the entomopathogenic nematode Heterorhabditis baujardi LPP7 (Rhabiditina) on embryogenesis and hatching of the plant-parasitic nematode Meloidogyne mayaguensis (Tylenchina).
Journal of Invertebrate Pathology 107:164–7.
Ehlers, R. U., Wulff, A. and Peters, A. 1997. Pathogenicity of Axenic Steinernema feltiae, Xenorhabdus
bovienii, and the Bacto–Helminthic Complex to Larvae
of Tipula oleracea (Diptera) and Galleria mellonella
(Lepidoptera). Journal of Invertebrate Pathology
69:212–7.
Fukruksa, C., Yimthin, T., Suwannaroj, M.,
Muangpat, P., Tandhavanant, S., Thanwisai, A. and
Vitta, A. 2017. Isolation and identification of
Xenorhabdus and Photorhabdus bacteria associated
with entomopathogenic nematodes and their larvicidal activity against Aedes aegypti. Parasites & Vectors 10:440–50.
Grewal, P. S., Lewis, E. E. and Ventachari, S. 1999.
Allelopathy: A possible mechanism of suppression of
plant-parasitic nematodes by entomopathogenic nematodes. Nematology 1:735–43.
Hu, K., Li, J. and Webster, J. M. 1999. Nematicidal
metabolites produced by Photorhabdus luminescens
(Enterobacteriaceae), bacterial symbiont of entomopathogenic nematodes. Nematology 5:457–69.
Hussey, R. S. and Barker, K. R. A. 1973. Comparison
of methods of collecting inocula of Meloidogyne spp., including a new technique. Plant Disease Reporter 57:
1025–8.
IBGE 2016. Instituto brasileiro de geografia e estatística. Levantamento sistemático da produção agrícola, Disponível em: https://ibge.gov.br/ (Acesso em: 07 jan.
2019).

Kohno, T., Togashi, K. and Fukamiya, N. 2007. The
nematicidal activity and the structure-activity relationships of stilbenes. Natural Products Research 21:
606–15.
Kurozawa, C. and Pavan, M. A. 2005. Doenças do
tomateiro (Lycopersicon esculentum), in Kimati, H., et al.
(ed.), Manual de Fitopatologia: doenças das plantas cultivadas. Ceres, São Paulo, 607–26.
Lewis, E. E. and Grewal, P. S. 2005. Interactions
with plantparasitic nematodes, in Grewal, P. S., Ehlers,
R. U and Shapiro-Ilan, D. I. (ed.), Nematodes as biocontrol agents. CABI, New York, 349–62.
Monteiro, A. T. S., Nasu, G. C. E., Guimarães, C. C.,
Neves, S. W., Mizobutsi, H. E. and Freitas, G. L. 2014.
Redução de inóculo de Aphelenchoides besseyi em
sementes de Brachiaria brizantha tratadas com óleos
essenciais. Ciência Rural 7:44–9.
Pérez, E. E. and Lewis, E. E. 2004. Suppression
of Meloidogyne incognita and Meloidogyne hapla
with entomopathogenic nematodes on greenh ouse
peanuts and tomatoes. Biological Control 30:
336–41.
Perry, R. M. and Moens, M. 2006, Plant nematology. CAB International, Wallingford, 463.
Perry, R. N., Knox, D. P. and Beane, J. 1992. Enzymes released during hatching of Globodera rostochiensis and Meloidogyne incognita. Fundamental
and Applied Nematology 15:283–8.
R Development Core Team 2009, R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna.
Rosa, J. M. O., Westerich, J. N. and Wilcken, S. R.
2015. Reprodução de Meloidogyne javanica em olerícolas e em plantas utilizadas na adubação verde.
Revista Ciência Agronômica 46:826–35.
Ruiz Machado, R. A., Wüthrich, D., Kuhnert, P.,
Marques Arce, C. C., Thenen, L. P. and Ruiz, C. 2018.
Revisão da filogenia de Photorhabdus baseada no
genoma inteiro: proposta para a elevação da maioria
das subespécies de Photorhabdus para o nível de espécie e descrição de uma nova espécie Photorhabdus
bodei sp. nov., e uma nova subespécie Photorhabdus
laumondii subsp. clarkei subsp. nov. International
Journal of Systematic and Evolutionary Microbiology
68:2664–81.
Silva, J. C. P., Terra, W. C., Freire, E. S, Campos, V. P.
and Castro, J. M. C. D. A. 2014. Aspectos gerais e
manejo de Meloidogyne enterolobii, In Sanidade de
Raízes / NEFIT – Núcleo de estudos em Fitopatologia –
1ª edição – São Carlos, SP Suprema Grafia e Editora,
pp. 59-77.
Southey, J. F. 1986, Principles of sampling for nematodes: laboratory methods for work with plant and soil
nematodes. Ministry of Agriculture, Fisheries and Food,
London.
Steiner, G. and Buhrer, E. M. 1934. Aphelenchoides
xylophilus n. sp., a nematode associated with blue-stain

7

Hatching and Mortality of Meloidogyne enterolobii Under the Interference of Entomopathogenic Nematodes In vitro

and other fungi in timber. Journal of Agricultural Research 48:949–51.
Taylor, A. L. and Sasser, J. N. 1978, Biology, identification and control of root-knot nematodes (Meloidogyne species). North Caroline State University,
Raleigh.

8

White, G. F. 1927. A method for obtaining infective
nematode larvae from cultures. Science 66:302–3.
Yang, B. and Eisenback, J. D. 1983. Meloidogyne
enterolobii sp. (Meloidogynidae) a root-knot nematode
parasiting pacara earpod tree in China. Journal of
Nematology 15:381–91.

