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Activities of essential oils from three Brazilian plants and
benzaldehyde analogues against Meloidogyne incognita
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Summary – There is a demand for novel products for the control of plant-parasitic nematodes, so we characterised the effectiveness
of some plant essential oils against Meloidogyne incognita and verified the efficiency of the major component from the most toxic oils
and their analogues using in vitro and in vivo assays. In this study, the essential oils from Piptadenia viridiflora, Hyptis suaveolens
and Astronium graveolens against M. incognita were evaluated, but only P. viridiflora oil showed toxicity toward M. incognita.
Benzaldehyde was its main component according to GC-MS analysis. In in vitro assays, benzaldehyde (100 and 200 μg ml−1) and
its oxime (400 μg ml−1) caused a higher rate of M. incognita second-stage juvenile (J2) mortality than the nematicide carbofuran
(170 μg ml−1). Reductions of more than 90% in the number of galls and eggs, even greater than that observed with carbofuran, were
observed in the assay where the J2 were placed in solutions of benzaldehyde and its oxime 48 h prior to tomato plant inoculation.
Application of benzaldehyde together with M. incognita J2 to the substrate resulted only in a reduction in the number of eggs (42-65%);
however, its oxime reduced both the number of galls (43-84%) and eggs (23-89%). Therefore, the P. viridiflora oil, its major component
benzaldehyde, and the analogue benzaldehyde oxime are toxic to M. incognita. In two different in vivo assays, benzaldehyde oxime
was confirmed as toxic to M. incognita with a greater efficacy than benzaldehyde.

Keywords – Astronium graveolens, benzaldehyde oxime, Hyptis suaveolens, nematicide, nematode control, pesticide, Piptadenia
viridiflora, root-knot nematodes.

Plant-parasitic nematodes are responsible for approx-
imately 10% reduction in agricultural production world-
wide (McCarter, 2008). In the genus Meloidogyne, M. in-
cognita (Kofoid & White) Chitwood, which has a wide
host range, is possibly the world’s most damaging crop
pathogen (Trudgill & Blok, 2001). Consequently, its con-
trol is of great importance for agribusiness, and the use
of commercial nematicides has been indispensable. How-
ever, despite the benefits for agricultural production, use
of chemical nematicides is becoming limited due to poten-
tial environmental problems and human and animal health
concerns (Abdel-Rahman et al., 2013). These problems
have justified the withdrawal of several commercial ne-

maticides from the agrochemical market (Spurgeon, 1997;
Council of the European Union, 2003) and, thus, there
is a demand for novel products for the control of plant-
parasitic nematodes.

To address the market demand, many studies have been
carried out with extracts and essential oils from plants,
microorganism cultures, and fungal and bacterial filtrates,
demonstrating the potential of several naturally occur-
ring substances against phytopathogenic agents (Chit-
wood, 2002; Campos et al., 2010; D’Addabbo et al.,
2014). However, there is still a need to focus effort on
research studying the toxicity of various natural prod-
ucts toward phytonematodes. We have become interested
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in three plant species with known antimicrobial activ-
ity, namely: Astronium graveolens Jacq. (Anacardiaceae),
Hyptis suaveolens (L.) Poit. (Lamiaceae), and Piptade-
nia viridiflora (Kunth) Benth. (Fabaceae-Mimosoideae)
(Asekun et al., 1999; Trentin et al., 2011; Hernández et
al., 2013). Hyptis suaveolens extract has nematicidal ac-
tivity against M. incognita, Heterodera sacchari, Helico-
tylenchus spp., Scutellonema bradys and egg masses of
Meloidogyne spp., whilst the extract of Piptadenia virid-
iflora has nematicidal activity against Haemonchus con-
tortus (a nematode parasite of ruminants) (Olabiyi, 2008;
Agbenin, 2014; Fabiyi et al., 2015; Izuogu et al., 2016;
Morais-Costa et al., 2016). However, the activities of es-
sential oils of these three plant species against nematodes
have not yet been studied.

According to the literature, benzaldehyde has been
detected in different natural products (Kudalkar et al.,
2012; Barros et al., 2014; Ullah et al., 2015; Jardim et al.,
2017) and its in vitro nematicidal activity has been proven
in studies with M. incognita (Ntalli et al., 2011; Jardim et
al., 2017); however, there remains a need to investigate the
activity of this substance against M. incognita in in vivo
studies. Previous studies have involved the application of
benzaldehyde together with an organic amendment for the
control of M. incognita in soybean and tomato (Chavarría-
Carvajal et al., 2001; Kokalis-Burelle et al., 2002). Other
studies have demonstrated that preplant incorporation of
benzaldehyde into glasshouse soil reduces M. incognita
population in cotton (Bauske et al., 1994).

Although benzaldehyde has high efficacy against phy-
topathogens, instability in soil causes a reduction in effi-
ciency of field application. To overcome this problem, it
is necessary to search for similar benzaldehyde molecules
(analogues) with greater stability under environmental
conditions. The effects of benzaldehyde oxime, the prod-
uct of the reaction of benzaldehyde with hydroxylamine,
and benzoic acid, an oxidation product of benzaldehyde
(Rappoport & Liebman, 2008; O’Neil, 2013), on nema-
todes remain to be studied in detail.

In the present study, the in vitro activities of essen-
tial oils of A. graveolens, H. suaveolens and P. viridi-
flora against M. incognita were verified or established.
The most active oil against M. incognita was subjected to
analysis using gas chromatography coupled to mass spec-
trometry (GC-MS) to identify its major component. Sub-
sequently, an in vitro assay was performed with the major
component against M. incognita in comparison with its
analogues. Finally, an in vivo assay in tomato was per-

formed to compare the effectiveness of the major compo-
nent and the most efficacious analogue.

Materials and methods

PLANT COLLECTION AND EXTRACTION OF ESSENTIAL

OILS

The leaves of P. viridiflora, H. suaveolens and A. grave-
olens were collected during the morning in Minas Gerais
state, Brazil (March and April). Part of each sample
was taken to the Institute of Biological Sciences at the
UFMG (Herbário BHCB) for botanical identification at
the species level, and voucher specimens were deposited
under the codes 191976, 191977 and 191968, respec-
tively.

A leaf sample (approximately 150 g fresh weight) of
each plant species was ground in a blender with distilled
water, and the resulting suspension was transferred to a
round-bottomed flask (1000 ml) fitted to a Clevenger dis-
tillation apparatus. The steam distillation process lasted
approximately 4 h. The essential oils were separated
from the water by decantation and subsequently treated
with anhydrous sodium sulphate. The oils were stored at
−10°C until further use.

Yields of the extracted essential oils were calculated as
a percentage, using the following formula: Yield (%) =
(MO/MFP) × 100, where: MO = mass of essential oil
obtained after extraction, without water (g) and MFP =
fresh mass of the plant used for the extraction (g).

COLLECTION OF M. incognita EGGS AND

SECOND-STAGE JUVENILES

Pure M. incognita populations were multiplied in tomato
plants (Solanum lycopersicum ‘Santa Clara’) and main-
tained in a glasshouse for approximately 3 months. Galled
roots were separated from the soil, washed in water, cut
into 0.5 cm segments, and eggs extracted (Hussey &
Barker, 1973). Some of the extracted eggs were used for
a hatching assay; the remainder were placed in a hatching
chamber and incubated at 28°C for 2 days using the Baer-
mann funnel technique (Baermann, 1917), and hatched
second-stage juveniles (J2) were used in further assays.

In vitro ASSAY WITH ESSENTIAL OILS AGAINST M.
incognita SECOND-STAGE JUVENILES

Initially, stock emulsions of the essential oils were
prepared in an aqueous solution of Tween-80® (0.01 g
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ml−1) at a concentration of 1200 μg ml−1. The essen-
tial oil emulsions (each 100 μl) and an aqueous suspen-
sion (20 μl) containing approximately 20 J2 of M. in-
cognita were placed in microtubes (1.5 ml). The final
concentration of each essential oil was 1000 μg ml−1.
The negative control was the solution used for dissolv-
ing the compound, 0.01 g ml−1 Tween-80®, and car-
bofuran (2,3-dihydro-2,2-dimethyl-1-benzofuran-7-yl N-
methylcarbamate, 98%; Aldrich) at a final concentration
of 180 μg ml−1 was used as a positive control. The sam-
ples were incubated at 25°C for 48 h, after which they
were transferred to polypropylene microplates, and mo-
bile and immobile nematodes were counted under a mi-
croscope. Subsequently, one drop of a freshly prepared
1.0 mol l−1 NaOH solution was added to each well and
the nematodes were counted again. J2 that changed their
body shape within 3 min were considered alive, whereas
those remaining still were considered dead (Chen & Dick-
son, 2000; Oliveira et al., 2003). The data were trans-
formed into percentages prior to being subjected to sta-
tistical analysis.

COMPOSITION OF THE ESSENTIAL OIL OF P.
viridiflora

Analysis of the P. viridiflora essential oil was per-
formed using a gas chromatograph coupled to a mass
spectrometer (model QP2010, Shimadzu). An RTX®-
5MS-Restek capillary column of 30 m (length) × 0.25 mm
(internal diam.) × 0.25 μm (phase thickness) was em-
ployed, using helium at 1.0 ml min−1 as the carrier gas.
The following conditions were adopted: i) split/splitless
injector temperature, 220°C; ii) split ratio, 1:20; iii) ini-
tial temperature of the column, 60°C; iv) elevation rate of
the column temperature, 2°C min−1 up to 200°C and then
5°C min−1; v) final temperature of the column, 250°C;
vi) temperature of the interface between the gas chromato-
graph and the mass spectrometer, 220°C; vii) ionisation of
each molecule in the spectrometer, electron impact at 70
eV; viii) range of mass/charge (m/z) analyses in the mass
spectrometer, 45-400; and ix) mass spectrum acquisition
time, 0.5 s (Adams et al., 2007).

The essential oil was dissolved in acetone to a con-
centration of 10 mg ml−1, and 1 μl was injected into
the gas chromatograph. A solution of homologous linear
alkanes, containing C9-C20 carbon atoms, was used as an
external standard. All mass spectra were compared with
those in the NIST 05 Mass Spectral Library, 2005, and all
peaks in the chromatogram with a similarity index <85%
were considered unidentified. For each of the remaining

peaks, the arithmetic index (AI) was calculated accord-
ing to the following formula: AI = (100Pz + 100((RT −
RTPz)/(RTPz + 1 − RTPz))), where Pz is the number of
carbon atoms in the linear alkane with a retention time im-
mediately below that of the substance to be identified in
the chromatogram; RT is the retention time (min) of the
substance to be identified in the chromatogram; RTPz is
the retention time (min) of the linear alkane with a number
of carbon atoms equal to Pz; and RTPz + 1 is the retention
time (min) of the linear alkane with a number of carbon
atoms equal to Pz + 1. Substances with calculated AI val-
ues corresponding to an error �3% in relation to the AI
described by Adams (2007) were considered unidentified.

In vitro ACTIVITY OF BENZALDEHYDE AND ITS

ANALOGUES AGAINST M. incognita J2

Benzaldehyde (99%), benzaldehyde oxime (97%) and
benzoic acid (99.5%) (Fig. 1) were supplied by Sigma-
Aldrich. Sodium benzoate was prepared from benzoic
acid. Initially, stock solutions of the substances in aque-
ous Tween-80® (0.01 g ml−1) were prepared at a concen-
tration of 2000 μg ml−1. Sodium benzoate was obtained
in situ from the neutralization of benzoic acid with sodium
hydroxide, both diluted in Tween-80® (0.01 g ml−1) at a
stock concentration of 2000 μg ml−1. The substances di-
luted in Tween-80® (500 μl) were placed in microtubes
(1.5 ml) together with the aqueous suspension (500 μl)
containing 200 J2 of M. incognita. In the case of benzalde-
hyde, the final concentrations of the solutions were 50,
100 and 200 μg ml−1, whereas for benzaldehyde oxime
and benzoic acid the final concentrations were 100, 200
and 400 μg ml−1. Sodium benzoate was used at a single
concentration of 400 μg ml−1. Negative controls were an
aqueous solution of Tween-80® (0.01 g ml−1) and distilled
water. The commercial nematicide, carbofuran (final con-
centration, 170 μg ml−1), was used as a positive control.
The samples were incubated at 25°C for 48 h, after which
time they were homogenised, and 100 μl was transferred
to the wells of a 96-well polypropylene plate. Mobile, im-

Fig. 1. Chemical structure of benzaldehyde and analogues that
were studied in the present work.
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mobile and dead nematodes were subsequently counted
under a microscope.

HATCHING OF J2 OF M. incognita IN THE PRESENCE

OF BENZALDEHYDE AND ITS OXIME

An aqueous suspension (500 μl) containing 1000 eggs
of M. incognita was placed in a microtube (1.5 ml)
together with the benzaldehyde solution (500 μl) (final
concentrations, 600 and 900 μg ml−1) or its oxime (final
concentrations, 600 and 900 μg ml−1). As negative and
positive controls, solutions of Tween-80® (0.01 g ml−1)
and carbofuran at a final concentration of 415 μg ml−1

were used, respectively. Following incubation at 25°C for
7 days, the samples were transferred to a counting box and
the hatched J2 were evaluated.

INFECTIVITY AND REPRODUCTION OF M. incognita
IN TOMATO PLANTS FOLLOWING J2 EXPOSURE TO

BENZALDEHYDE AND ITS OXIME

An aqueous suspension (500 μl) containing 700 M.
incognita J2 was placed in microtube (1.5 ml) together
with the benzaldehyde solution (500 μl) (final concen-
trations, 100 μg ml−1) or its oxime (final concentration,
200 and 400 μg ml−1) in Tween-80® (0.01 g ml−1). Neg-
ative controls were an aqueous solution of Tween-80®

(0.01 g ml−1) and distilled water. Carbofuran (final con-
centration, 170 μg ml−1), was used as a positive con-
trol. The samples were incubated at 25°C for 48 h, af-
ter which they were homogenised, and approximately 20
J2 were transferred to the wells of a 96-well polypropy-
lene plate. Mobile, immobile and dead nematodes were
subsequently counted under a microscope. The remain-
ing suspension, containing approximately 680 J2, was dis-
persed in 4 ml distilled water, and distributed into four
holes around the stem of a tomato seedling 30 days after
sowing, which was kept in a plastic cup (300 ml) contain-
ing Tropstrato® substrate (pine bark, vermiculite, PG Mix
14-16-18, potassium nitrate, simple superphosphate and
turf; Vida Verde). Following inoculation, the seedlings
were kept in a glasshouse for 35 days, after which each
root system was removed from the cup and washed thor-
oughly with water. Roots were subsequently air-dried with
paper and weighed, the galls were counted and the eggs
were extracted (Hussey & Barker, 1973). The eggs were
counted in a Peters chamber under an optical microscope.
The number of galls (infectivity) and eggs (reproduction)
were calculated per g root.

APPLICATION OF BENZALDEHYDE AND ITS OXIME TO

SUBSTRATE INFESTED WITH M. incognita
CONTAINING TOMATO SEEDLINGS

In each plastic cup (300 ml) containing Tropstrato®

substrate a 25-day-old tomato plant ‘Santa Clara’ was
transplanted. Benzaldehyde was dissolved in an aqueous
solution of Tween-80® (0.01 g ml−1) to concentrations of
600, 1000, 1400 and 1800 μg ml−1, while benzaldehyde
oxime solutions were prepared at concentrations of 1000,
1600, 2200 and 2800 μg ml−1. Negative controls were
solution of Tween-80® (0.01 g ml−1) and distilled water.
Carbofuran (final concentration, 830 μg ml−1), was used
as a positive control. At the time of inoculation, each so-
lution (4.0 ml) was combined with an aqueous suspension
(4.0 ml) containing 700 J2, which reduced the concen-
trations by half: benzaldehyde (final concentrations, 300,
500, 700 and 900 μg ml−1), benzaldehyde oxime (final
concentrations, 500, 800, 1100 and 1400 μg ml−1) and
carbofuran (final concentration: 415 μg ml−1). The sus-
pensions were placed around the stem in four holes ap-
proximately 2 cm deep in the substrate. Following inocu-
lation, the plants were kept in a glasshouse for 45 days. Ir-
rigation and fertilisation of the inoculated seedlings were
carried out when necessary. Each root system was re-
moved from the substrate and washed with water. The
galls were counted and the number of eggs per g root was
estimated according to methodology described above.

STATISTICS AND DATA ANALYSIS

All the assays were performed twice using a completely
randomised experimental design with five replicates per
treatment. In the case of the in vitro assay with M. inco-
gnita J2, the values were converted to percentages prior
to statistical analysis. The results were previously sub-
mitted to normality tests (Shapiro-Wilk) and homogene-
ity of error variance (Bartlett). Only the data for galls
from the ‘Infectivity and reproduction of M. incognita J2
in a tomato plant following J2 exposure to benzaldehyde
and benzaldehyde oxime’ experiment were transformed
to

√
x. The results were analysed by analysis of variance.

When the F-test was significant, the means were com-
pared using the Scott-Knott test (P < 0.05) (Scott &
Knott, 1974). The SigmaPlot® version 12.0 and Sisvar®

version 5.6 software were used to prepare the graphs and
to perform statistical analysis, respectively.
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Table 1. In vitro mortality of Meloidogyne incognita second-
stage juveniles (J2) when in contact with plant essential oils and
controls.

Controls and plant species Concentration
(μg ml−1)a

J2 dead
(%)b

Carbofuran (control) 180 58.3 b
Tween-80, 0.001 g ml−1 (control) – 7.6 a
Astronium graveolens 1000 1.1 a
Hyptis suaveolens 1000 11.5 a
Piptadenia viridiflora 1000 85.9 b

a Final concentration, after combining the sample solution to be
tested with the J2 suspension.
b Means followed by the same letter do not differ according to
the Scott-Knott (1974) test (P < 0.05).

Results

OIL YIELDS

The yields of essential oils from leaves of P. viridiflora,
H. suaveolens and A. graveolens were 0.054, 0.039 and
0.043%, respectively.

In vitro ACTIVITY OF ESSENTIAL OILS AGAINST M.
incognita J2

There was a significant difference among the effects
of the three essential oils on M. incognita J2 mortality
(P < 0.05). Only P. viridiflora oil showed a high nemati-
cidal activity (85.9%), similar to the positive control, car-
bofuran. The other oils failed to differ from the negative
control (Table 1).

COMPOSITION OF P. viridiflora ESSENTIAL OIL

GC-MS analysis showed that benzaldehyde was the
main component of the essential oil of P. viridiflora, cor-
responding to approximately 98% of the total essential oil
produced. The similarity of the mass spectrum obtained
for this substance relative to that in the spectral bank was
99%. With respect to the AI, the value obtained was 961,
while in the literature (Adams, 2007) the value quoted is
952, which corresponds to a difference of less than 1.0%.

In vitro ACTIVITY OF BENZALDEHYDE AND ITS

ANALOGUES AGAINST M. incognita J2

Benzaldehyde (final concentrations, 100 and 200 μg
ml−1), benzaldehyde oxime (final concentrations, 200 and
400 μg ml−1), benzoic acid (final concentration, 400 μg

Fig. 2. Immobility and in vitro mortality of second-stage juve-
niles (J2) of Meloidogyne incognita in solutions of benzalde-
hyde and its analogues. Negative controls: distilled water and
Tween-80®. Positive control: carbofuran at 170 μg ml−1. Bars
indicate the standard error of the mean. Mean values with the
same lower-case (immobility) and upper-case (mortality) letter
do not differ significantly according to the Scott-Knott test (Scott
& Knott, 1974) (P < 0.05).

ml−1), and carbofuran (final concentration, 170 μg ml−1)
caused greater (P < 0.0001) M. incognita J2 immobility
and mortality than the negative controls (distilled water
and Tween-80®). Although at a concentration of 50 μg
ml−1 the mortality caused by benzaldehyde failed to
differ from the negative controls, the immobility at this
concentration was higher than that observed with the
negative controls. For benzaldehyde (final concentrations,
100 and 200 μg ml−1) and benzaldehyde oxime (final
concentration, 400 μg ml−1), J2 mortality was higher
(75.3-96.5%) than that observed with carbofuran (64.2%).
Considering only immobility, the effect of benzoic acid
(final concentration, 400 μg ml−1) and benzaldehyde
oxime (final concentration, 200 μg ml−1) failed to differ
from carbofuran (170 μg ml−1). Sodium benzoate had no
effect on the immobility or mortality of J2 (Fig. 2).

HATCHING OF M. incognita J2 IN THE PRESENCE OF

BENZALDEHYDE AND ITS OXIME

There was no significant difference between the hatch-
ing of M. incognita J2 at different concentrations of ben-
zaldehyde and its analogues (P = 0.0534); the number
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of J2 hatched in these treatments ranged from 78 to 91,
while the negative control was 88. Carbofuran (415 μg
ml−1) also had no effect on J2 hatching, with only 105 J2
hatched (data not shown).

INFECTIVITY AND REPRODUCTION OF M. incognita
IN TOMATO PLANTS FOLLOWING J2 EXPOSURE TO

BENZALDEHYDE AND ITS OXIME

The high immobility and/or mortality of M. incognita
J2 in the presence of benzaldehyde (100 μg ml−1) and
benzaldehyde oxime (200 and 400 μg ml−1) as compared
with the negative controls was confirmed. Following in-
cubation of J2 with solutions of benzaldehyde and its
oxime for 48 h prior to inoculation of tomato plants, sig-
nificant reductions were observed in the number of galls
(P < 0.0001) and eggs per g root (P < 0.0001) as com-
pared with the negative (distilled water and Tween-80®)
and positive (carbofuran) controls. The reductions ranged
from 91 to 100% for the number of galls per g root, and
from 97 to 100% for the number of eggs per g root; this
was greater than that seen with the positive control carbo-
furan (Fig. 3).

Fig. 3. Number of galls and eggs of Meloidogyne incognita
in tomato roots following inoculation of second-stage juveniles
previously exposed to benzaldehyde (100 μg ml−1) and ben-
zaldehyde oxime (200 and 400 μg ml−1) for 48 h. Negative
controls: distilled water and Tween-80®. Positive control: car-
bofuran at 170 μg ml−1. Bars indicate the standard error of the
mean. Data for galls were transformed to

√
x. Means with the

same lower-case (galls) and upper-case (eggs) letter do not dif-
fer significantly according to the Scott-Knott test (Scott & Knott,
1974) (P < 0.05).

Fig. 4. Number of galls and eggs following inoculation of
second-stage juveniles of Meloidogyne incognita together with
the application of benzaldehyde (300, 500, 700 and 900 μg
ml−1) and benzaldehyde oxime (500, 800, 1100 and 1400 μg
ml−1) in tomato seedling-containing substrate under glasshouse
conditions. Negative controls: distilled water and Tween-80®.
Positive control: carbofuran at 415 μg ml−1. Bars indicate the
standard error of the mean. Means with the same lower-case
(galls) and upper-case (eggs) letter do not differ significantly
according to the Scott-Knott test (Scott & Knott, 1974) (P <

0.05).

EFFECT OF BENZALDEHYDE AND ITS OXIME APPLIED

TO SUBSTRATE INFESTED WITH M. incognita
CONTAINING TOMATO SEEDLINGS

Benzaldehyde oxime (800, 1100 and 1400 μg ml−1)
reduced the number of galls by 43-84% (P < 0.0001)
as compared with the negative controls. At 1400 μg
ml−1, there was no difference in relation to the positive
control (carbofuran at 415 μg ml−1). Benzaldehyde, at
all concentrations used, failed to reduce the number of
galls as compared with the negative controls; however, it
did reduce the number of eggs by 42-65%. Benzaldehyde
oxime (500, 800, 1100 and 1400 μg ml−1) reduced the
number of eggs by 23-89%, and for the two highest
concentrations, the values did not differ statistically from
that of carbofuran (Fig. 4).

Discussion

Benzaldehyde was the major component of P. viridi-
flora oil, which has also been found in smaller propor-
tions in other plants or essential oil from plants (Kim et
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al., 2008; Barros et al., 2014; Jardim et al., 2017). In the
present study, it was demonstrated that the nematicidal ac-
tivity of P. viridiflora essential oil was due to benzalde-
hyde, which represented 98% of the total oil extracted.
This substance caused immobility and mortality of M. in-
cognita J2, which is in agreement with the in vitro ne-
maticidal activity of benzaldehyde according to reports
available in the literature (Kokalis-Burelle et al., 2002;
Kim et al., 2008; Ntalli et al., 2011; Jardim et al., 2017).
In addition, in the present study, benzaldehyde caused a
significant reduction in the number of galls and eggs in
tomato plants following exposure of J2 to a concentra-
tion of 100 μg ml−1 for 48 h prior to inoculation. How-
ever, a reduction in only the number of eggs was observed
when solutions of this substance were applied to the sub-
strate at various concentrations together with the nema-
tode. Although there exist only a few studies on the in
vivo nematicidal effect of benzaldehyde, it has been ob-
served that this substance solely or in combination with
other molecules reduces the number of galls caused by
M. javanica, M. arenaria and M. incognita (Bauske et
al., 1994; Soler-Serratosa et al., 1996; Calvet et al., 2001;
Oka, 2001). However, in the experiments described in the
literature, the number of eggs was not evaluated. Ben-
zaldehyde alone or with organic amendments has been
shown to be efficient in reducing the plant-parasitic nema-
tode population in planted soybean in naturally infested
soil (Chavarría-Carvajal et al., 2001). Similarly, a combi-
nation of chitin and benzaldehyde has also been demon-
strated to reduce the number of galls caused by M. inco-
gnita in tomato plants, although benzaldehyde alone did
not demonstrate a nematicidal effect in the same experi-
ment (Kokalis-Burelle et al., 2002).

These conflicting results for benzaldehyde may be due
to its volatility and instability in soil. It is therefore neces-
sary to search for alternatives that avoid losses in nemati-
cidal activity, but at the same time solve the problem of
rapid oxidation of benzaldehyde to benzoic acid (O’Neil,
2013). It is desirable to obtain analogues of benzaldehyde
with nematicidal activities similar or superior to nemati-
cides commonly available on the market, and with greater
stability at the site of action. As a result, the efficacies of
benzoic acid and benzaldehyde oxime were evaluated in
the present study. Benzaldehyde oxime is a molecule of
low volatility with much greater stability than benzalde-
hyde, from which it can be easily synthesised (Rappoport
& Liebman, 2008). In the present study, when both sub-
stances were incubated with the nematode for 48 h prior to
tomato plant inoculation, this trend was maintained, since

at lower concentrations benzaldehyde caused a reduction
in the number of eggs and galls per g root that was statis-
tically equal to that observed for benzaldehyde oxime at
higher concentrations. However, when benzaldehyde and
its oxime came into contact with the nematode only at the
moment of plant inoculation, the oxime was more active;
this may be due to the higher oxime stability.

In the in vivo assay, when benzaldehyde and its oxime
came into contact with the nematode at the time of
plant inoculation, it was also observed that the reduction
in the number of eggs produced by the nematode was
proportionally greater than the reduction in gall number,
which is in accordance with several authors working with
other sources of natural products (Barros et al., 2014;
López et al., 2017; Pimenta et al., 2017). Exposing J2 to
the molecules seems to change the physiological aspects
that lead to the nutrition sink formation in the giant
cells, furnishing fewer nutrients to the female for egg
production, as explained by Barros et al. (2014).

With respect to benzoic acid dissolved in an aqueous
solution of Tween-80®, in vitro nematicidal activity that
was intermediate between that of benzaldehyde and its
oxime was observed. However, when benzoic acid was
dissolved in an aqueous solution of NaOH, forming
sodium benzoate, such activity disappeared completely,
suggesting that, because the pKa was in the order of 4.2
(Haynes, 2010), benzoic acid killed J2 by lowering the
pH of the medium. This is in agreement with the fact that
soil pH is one of the attributes that influences nematode
populations, the best adaptation of which occurs at pH
values greater than 5.0 (Babatola, 1981; Chen et al.,
2013).

It appears that the lack of efficacy of benzaldehyde
and its oxime in reducing M. incognita J2 hatching
may be explained by the protection that the lipid layer
below the chitin of the egg exerts against the entry of
molecules into the forming embryo (Gaugler & Bilgrami,
2004). However, this behaviour may be similar to other
nematicidal substances, for instance carbofuran, which
also failed to affect hatching in the present study.

The present study is of great relevance due to the
scarcity in the market of molecules that are efficient
in the management of plant-parasitic nematodes as well
as of low toxicity to the environment and humans.
Benzaldehyde oxime has high toxicity to M. incognita
and greater soil stability over benzaldehyde, being a good
option in the management of this nematode. The toxicity
of benzaldehyde oxime was not found in the literature.
However, benzaldehyde has LD50 value (rates via oral
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intake) of 1300 mg kg−1. Interest from the industrial
sector to work with this molecule in order to make it
available to farmers will depend on future studies to verify
the stability of benzaldehyde oxime in the field.
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