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Abstract Pratylenchus brachyurus is one of the main
limiting factors of soybean yield in Brazil, particularly
because of inefficiency of the control methods when
used individually. The present study aimed to assess
the effect of associated methods, using seed treatment
with nematicides (ST) and resistance inducers (RI), on
nematode control in soybean plant in both field and
greenhouse conditions. A field assay was conducted in
an infested field and nematode population was assessed
at sowing, 45, 75, and 100 days after sowing and the
yield measured at end of crop cycle. The experiment
was repeated in greenhouse. In another experiment, that
was conducted in two different periods in a greenhouse,
seed treatments and resistance inducers, alone or com-
bined, were assessed under two initial populations of
P. brachyurus (low IP = 500 specimens and high
IP = 2000 specimens). The treatments did not reduce
the number of nematodes g−1 of root in field assay, but
all seed treatments effectively controlled nematode pop-
ulation in the greenhouse assay. Most treatments re-
duced the number of nematodes g−1 of root when nem-
atode initial population was low (IP = 500) but when
initial nematode population was high (IP = 2000) com-
binations of treatments which includes abamectin
inhibited P. brachyurus reproduction. Chemical prod-
ucts did not affect yield but acibenzolar-S-methyl, alone

or associated with other products, generally inhibit plant
growth.

Keywords Resistance induction . Nematicides . Root-
lesion nematode . Integratedmanagement

Introduction

Nematode species of the genus Pratylenchus are widely
disseminated in agricultural regions and can infect many
crops. In Brazil, P. brachyurus (Godfrey) Filipjev and
Sch. Stekhoven has great economic impact on soybean
crops (Dias et al. 2010; Inomoto et al. 2010). This
nematode is very common in tropical regions, and it is
characterized as a migrating endoparasite that feeds on
cortical cells of the roots, consequently darkening the
parasitized tissue.

Infestations of this nematode in soybean crops
have been growing over the years, particularly in
the Central-Western region of Brazil (Goulart and
Ferraz 2003; Dias et al. 2010). It is believed that
the use of non-till systems explains most of these
infestations, since greater deposition of mulching
retains soil moisture, increasing the population of
polyphagous nematodes (Dias et al. 2010).

Nematode control methods in large-scale crops
should be well-planned, integrated, and low-cost (Dias
et al. 2010). Because these parasites infect plant soon
after germination, seed treatment is a low-cost option of
control to promote initial root protection (Santos 2011).
Furthermore, concentrated rates of the product in seed
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treatments reduces environmental contamination, and
its use among annual crops effectively controlled vari-
ous plant parasite nematodes (Monfort et al. 2006; Bessi
et al. 2010; Higaki and Araujo 2012; Ribeiro et al.
2014), particularly with use of abamectin and thiodicarb
(Kubo et al. 2012; Bortolini et al. 2013; Ribeiro et al.
2014; Vitti et al. 2014).

Another strategy that has attracted the attention of
researchers is the use of resistance inducers in the con-
trol of nematodes. Several biotic or abiotic agents may
induce resistance in plants to pathogens. Acibenzolar-S-
methyl (ASM) is one of the most commonly studied
chemical agents, characterized by directly activate plant
defense mechanisms (Chinnasri et al. 2006). ASM re-
duced populations ofMeloidogyne spp. in tomato, vine,
and soybean (Owen et al. 2002; Silva et al. 2004;
Molinari and Baser 2010; Puerari et al. 2013a) and
P. brachyurus in maize crops (Puerari et al. 2015).

Seed treatments protect plant in the early stages of
development, but after losing residual effect, the plant
remains unprotected (Gonçalves Junior et al. 2013).
However, because resistance inducers are applied in
aerial part of plants, 15 to 20 days after germination,
plants are not protected against early infections (Puerari
et al. 2013a). It was then suggested that both methods
could be used in integrated management. Thus, the
present study aimed to assess the effect of seed treatment
and resistance inducers, individually or combined, on
the control of P. brachyurus in soybean.

Materials and methods

Four different assays were conducted in two experi-
ments. Experiment 1 included one field assay (Exp. 1:
FE assay), which was repeated in the greenhouse (Exp.
1: GH assay). The second experiment was composed of
two assays (Exp. 2: Assay 1; Exp. 2: Assay 2), both
performed in the greenhouse.

Experiment 1: FE and GH assays

The field assay (FE) was conducted in the Midwestern
region of Paraná (Araruna city), Brazil, with the follow-
ing geographic coordinates: 23°55′54″ South Latitude
and 52°29′47″ West Longitude, and an average altitude
of 610 m above sea level. Soil was classified as sandy
(6% clay, 5% silt and 89% sand). Experiment was
implemented during the 2014–2015 crop season, and

experimental area was 194.4 m2 composed of six 2-m-
long planting rows. A randomized block design with six
treatments and six repetitions was adopted. The area
naturally infested by P. brachyurus, showed stunted
and underdeveloped plants and low yield, in the 2013/
2014 crop season.

Sowing of soybean cv. BMXTornadowas performed
in October 2014, with 0.45m spacing between rows and
a density of 10 plants m−1. All agricultural treatments
were performed according to the recommendations for
soybean crop. Before sowing, samples of soil and forage
sorghumwere collected (off-season remaining plants) to
estimate initial population (IP) of nematodes. Treat-
ments used in the experiment were: control (seed treat-
ment using fungicide Maxim Advanced®, Syngenta:
fludioxonil + metalaxyl-M + thiabendazole, 25 + 20 +
150 g a.i. L−1); abamectin (Avicta Completo®,
Syngenta: abamectin + thiamethoxam + fludioxonil +
metalaxyl-M + thiabendazole, 500 + 350 + 25 + 20 +
15, g a.i. L−1); thiodicarb (Cropstar® + Derosal Plus®,
Bayer: thiodicarb + imidacloprid + carbendazim + thi-
ram, 450 + 150 + 150 + 350 g a.i. L−1); fipronil (Standak
Top®, Basf: fipronil + pyraclostrobin + methyl
tiophanate, 250 + 15 + 225 g a.i. L−1); acibenzolar-S-
methyl, ASM (Bion®, Syngenta, 500 g a.i. kg−1) and
abamectin + ASM. Seed treatment: control, abamectin,
thiodicarb and fipronil, were applied by industrial seed
treatment at the doses recommended by the manufac-
turers, respectively: 1.0, 1.0, 2.0 and 5.0 ml of commer-
cial product per kg of seeds; while ASMwas sprayed on
the aerial part at 30 and 40 days after sowing using a
knapsack sprayer with four fan nozzles (8002), at a dose
of 25 g ha−1 with 200 L ha−1 flow rate.

Soil and root samples were collected 45, 75 and
100 days after sowing. One sample composed of four
subsamples was collected per plot and they were ho-
mogenized and placed in plastic bags. In the laboratory,
nematode extractions from 10 g of root and 100 cm3 of
soil were performed according to the methods proposed
by Coolen and D’Herde (1972) and Jenkins (1964),
respectively. Nematode counts were performed in
Peters’ chamber, under optical microscope. At the
end of the crop cycle, the grains were harvested in
two rows of each plot, 2 m per row, and weighed
to estimate soybean yield.

The greenhouse assay was conducted at Faculdade
Integrado de Campo Mourão, Paraná, Brazil, from July
to November 2015. The substrate used was a mixture of
soil (clayey oxisol) and sand (1:1), sterilized by
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solarization for 15 days (Ghini 1997) and was later
distributed in 3-l pots and fertilized with NPK 8–20-
20 at the rate of 0.5 g pot−1. The study was conducted in
entirely randomized design with six repetitions.

Initially, the nematode was reproduced in maize due to
the soybean-free period in Brazil. Thus, three seeds of
maize cv. AG1051 were sown in each pot and seven days
after emergence, seedlings were thinned to one plant per
pot. Plants were inoculated with 1000 specimens of
P. brachyurus [inoculum obtained from pure nematode
population reproduced in maize, in the greenhouse, and
extracted according to the method proposed by Coolen
and D’Herde (1972)]. Inoculum suspension was placed
in four holes at 2-cm depth and 2 cm from the shoot.
Sixty days after inoculation, aerial part of the maize was
removed and soybean cv. BMX Tornado was sown with
the same treatments used in the field. However, ASMwas
applied 15 and 25 days after germination.

Sixty days after sowing, plants were collected, and
aerial part was separated from root. Plant height and
fresh and dry weight of the aerial part were determined.
Dry weight was obtained after drying in an oven with air
circulation at 65 °C, for three days. Roots were washed
and weighed, and root fresh weight was obtained. Then,
roots were subjected to nematode extraction according
to the previously mentioned methodology. Soil samples
(100 cm3) were also collected from each pot, and nem-
atodes were extracted according to the methodology
proposed by Jenkins (1964). Nematode counts were
performed as previously cited.

Experiment 2 – Assay 1 and assay 2

Experiment was conducted in greenhouse, under the
same conditions described in the previous experiment
(Exp. 1: GH assay), although it was conducted in a
differente period, that is, from November 2014 to
March 2015 (Exp. 2: Assay 1) and from July to Novem-
ber 2015 (Exp. 2: Assay 2). Both assays were arranged in
an entirely randomized design with nine treatments and
five repetitions, with two levels of initial population (IP):
500 and 2000 nematodes plant−1, called low and high IP,
respectively. Treatments were abamectin, thiodicarb,
ASM, citric biomass (Ecolife®, Quinabra: 1.5 ml of
commercial product per litre, with 200 L ha−1 flow rate),
abamectin + ASM, abamectin + citric biomass,
thiodicarb + ASM, and thiodicarb + citric biomass, using
untreated plants as controls. Another aspect that differed
from Exp. 1: GH assay was the fact that inducers were

applied only once, 15 days after germination, and that
total population obtained by the sum of nematodes in
root + soil was considered in the assessment.

Data obtained in the experiments were subjected to
analysis of variance using SISVAR software (Ferreira
2008), and means were compared by Scott–Knott test at
5% probability. For analysis, nematological data were
transformed by √(x + 1).

Results

Experiment 1: FE and GH assays

Treatments did not reduce number of P. brachyurus on the
soybean roots in the FE assay, regardless of the period of
assessment (Table 1). However, in the GH assay, except
for ASM treatment applied alone, all treatments reduced
nematode reproduction compared to control (Table 1). In
the FE assay, soil nematode population was reduced
45 days after sowing, when seeds were treated chemically.

Treatments did not affect soybean yield in the FE
assay (Table 2). Regarding vegetative growth parame-
ters assessed in greenhouse, lower height was observed
for treatments with thiodicarb and fipronil, and fresh and
dry weight of aerial part of the plant were reduced by
abamectin, when applied alone (Table 2).

Experiment 2: Assay 1 and assay 2

In general, treatments were effective in reducing number
of nematodes g−1 of root when applied in low initial
population (IP = 500) of nematodes, except for the
thiodicarb and citric biomass inAssay 1 and thiodicarb +
ASM in Assay 2 (Table 3). However, to high population
of nematodes (IP = 2000), only the treatment with
abamectin + citric biomass effectively reduced number
of nematodes g−1 of root in Assay 1. In Assay 2, nem-
atode control was obtained using of abamectin, citric
biomass, abamectin + citric biomass and abamectin +
ASM (Table 3).

Concerning total nematode population, under
IP = 500, treatments with ASM, thiodicarb + citric
biomass, and abamectin + ASM reduced nematode pop-
ulation in Assay 1. In Assay 2, in addition to the referred
treatments, thiodicarb + citric biomass controlled the
P. brachyurus population. With IP = 2000 in Assay 1,
treatments effectively reduced total nematode popula-
tion, except for thiodicarb used alone. The best results
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were obtained to application of abamectin and
abamectin + citric biomass. However, in Assay 2,
abamectin + citric biomass and abamectin + ASM re-
duced total nematode population (Table 3).

Regarding vegetative growth parameters, in general,
treatments using ASM, alone or combined with other
products, resulted in lower plant growth, considering
height, fresh and dry weight of aerial part, as well as

fresh root weight (Table 4). This tendency was observed
regardless of the initial nematode population.

Discussion

In the field assay, treatments did not reduce the nema-
todes number per gram of root. Two factors may have

Table 2 Soybean yield in field assay, in an area infested by
Pratylenchus brachyurus and height, fresh weight (APFW) and
dry (APDW) of the aerial part and root fresh weight of soybean

grown in the greenhouse, inoculated with P. brachyurus, subjected
to seed treatments and resistance induction

Treatment Field Greenhouse

Yield (kg ha−1) Height (cm) APFW (g) APDW (g) Root weight (g)

Control 3170.4ns 43.60 a 13.57 a 8.10 a 7.08ns

Abamectin 3248.4 39.85 a 12.1 a 6.80 a 6.52

Thiodicarb 3355.8 33.50 b 7.47 b 4.20 b 6.23

Fipronil 3420.6 31.16 b 5.19 b 2.83 b 6.70

ASM 3354.0 39.00 a 11.16 a 6.76 a 6.76

Abamectin + ASM 3292.8 37. 00 a 11.27 a 6.23 a 6.53

CV (%) 6.78 14.85 31.70 37.99 24.12

ns, not significant.Means followed by the same letter in the columns do not differ by Scott-Knott test at 5% probability. CV, coefficient of variation

Table 1 Number of Pratylenchus brachyurus g−1 of root and in 100 cm3 of soil subjected to seed treatments and application of resistance
inducers in field assay, assessed for initial nematode population, and 45, 75 and 100 days after sowing (DAS) and in the greenhouse

Treatment PI 45 DAS 75 DAS 100 DAS Greenhouse

Pratylenchus brachyurus g−1 of root

Control 2.06ns 2.37ns 6.40ns 8.57ns 290.60 a

Abamectin 2.20 1.62 9.26 9.94 165.57 b

Abamectin + ASM 1.55 2.69 7.48 7.32 185.83 b

Thiodicarb 2.01 2.06 7.34 8.88 145.16 b

Fipronil 2.75 2.69 8.33 9.17 159.33 b

ASM 2.42 3.04 6.62 7.05 319.16 a

CV (%) 41.54 27.93 29.86 26.47 55.00

Pratylenchus brachyurus in soil (100 cm3)

Control 1.00ns 5.29 a 6.76ns 11.24ns 52ns

Abamectin 2.04 1.00 b 8.45 11.66 52

Abamectin + ASM 2.38 3.28 b 5.63 9.89 56

Thiodicarb 1.00 1.00 b 8.11 9.60 34

Fipronil 1.00 3.86 b 8.63 11.52 72

ASM 1.00 7.56 a 4.24 6.93 93

CV (%) 51.13 62.58 71.40 31.22 63.00

ns, not significant. Means followed by the same letter in the columns do not differ by Scott-Knott test at 5% probability. Original data
transformed by √(x + 1). CV = coefficient of variation
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contributed to these results. Firstly, there was a low level
of rainfall in the days after planting; it did not rain during
the first 10 days, and total rainfall was 45 mm in the first
25 days after planting. In addition, initial population was
low when the experiment was implemented (Table 1).
However, data obtained in the greenhouse showed the
potential of the seed treatments, since all chemical treat-
ments reduced P. brachyurus reproduction in soybean if
compared to the control treatment.

Abamectin controlled P. brachyurus in Exp. 1: GH
assay and in both assays of the Experiment 2, since
number of nematodes g−1 of root decreased when two
levels of inoculum were applied. Effectiveness of the
treatment abamectin in reducing P. brachyurus has been
shown by other authors (Ribeiro et al. 2014; Bortolini
et al. 2013). This molecule was also efficient in the
control of other nematodes, such as Rotylenchulus
reniformis (Linford and Oliveira) and Meloidogyne in-
cognita (Kofoid and White) Chitwood (Monfort et al.
2006; Bessi et al. 2010). There are also reports of 80%
reduction in infestation by Pratylenchus zeaeGraham in
maize, 90% of M. incognita in cotton and 50% of
Heterodera schachtii Schmidt in sugar beet (Cabrera
et al. 2009). Abamectin does not act systematically on
the plant, so beneficial effects observed came from the
action of the product on soil nematodes, which de-
creases over time (Bessi et al. 2010). Additionally,
abamectin may inhibit hatching of nematodes, paralyze

juveniles (Cayrol et al. 1993; Faske and Starr 2006) and
cause damage to sensory organs, making impossible for
parasite to recognize the site of penetration (Gourd et al.
1993; Silva et al. 2004).

Thiodicarb showed different results and effectively
controlled P. brachyurus only in the Exp. 1: GH assay
and Exp. 2: Assay 2, under low initial nematode popula-
tion. However, several studies have demonstrated the
potential of the active ingredient to control Meloidogyne
spp., P. brachyurus and Heterodera glycines Ichinohe in
soybean (Higaki and Araujo 2012; Bortolini et al. 2013;
Corte et al. 2014), R. reniformis andMeloidogyne spp. in
cotton (Kubo et al. 2012), and M. incognita and
M. javanica in bean plants (Gonçalves Junior et al. 2013).

Fipronil-based product, used in both assays of Ex-
periment 1, is not registered as nematicide, but was
effective in controlling P. brachyurus in greenhouse,
not differing from the other seed treatments and corrob-
orating previous studies that demonstrated its efficiency
in reducing populations of P. brachyurus in soybean and
cotton (Ribeiro et al. 2014; Bortolini et al. 2013). Fur-
ther studies should be performed to understand the mode
of action of this product on parasites and on host.

Abamectin also effectively controlled nematodes
when associated with ASM in Exp. 1: GH assay and
in both assays of the Experiment 2, corroborating the
results of preliminary assessments reported by Lopes
et al. (2015). Under high populations, association of

Table 3 Number of Pratylenchus brachyurus g−1 of root and total population in soybean, with two different initial populations (IP) of
nematode and subjected to different seed treatments and resistance inducers

Treatments P. brachyurus g−1 of root Total number of P. brachyurus

IP = 500 (low) IP = 2000 (high) IP = 500 (low) IP = 2000 (high)

Assay 1 Assay 2 Assay 1 Assay 2 Assay 1 Assay 2 Assay 1 Assay 2

Control 48.2 a 206.4 a 74.20 a 221.6 b 556.4 a 2875.4 a 781.6 a 4389.2 a

Thiodicarb 35.4 a 136.8 b 55.8 a 285.8 b 422.6 a 3216.6 a 756.4 a 5138.8 a

Abamectin 19.6 b 68.6 b 17.6 b 175.4 c 299.8 a 1398.6 a 199.0 c 3603.8 a

Citric Biomass 31.2 a 131.6 b 41.8 a 176.0 c 375.8 a 2208.8 a 398.4 b 2991.6 a

ASM 18.2 b 62.4 b 63.0 a 264.0 b 156.8 b 639.4 b 413.6 b 2976.4 a

Thiodic. + Cit.B. 12.4 b 54.8 b 36.8 a 260.6 b 158.8 b 647.0 b 488.4 b 4524.4 a

Thiodic. + ASM 24.8 b 332.0 a 47.4 a 546.6 a 387.2 a 3074.8 a 357.0 b 4909.4 a

Abam. + Cit.B. 22.2 b 51.6 b 9.8 b 116.4 c 322.0 a 1126.8 b 111.2 c 1116.0 b

Abam. + ASM 8.6 b 112.8 b 48.8 a 86.2 c 132.4 b 1037.2 b 511.6 b 765.2 b

CV (%) 34.76 32.27 23.15 23.56 37.22 29.25 21.25 23.52

Means followed by the same letter in the columns do not differ by Scott-Knott test at 5% probability. Original data transformed by √(x + 1).
CV, coefficient of variation. Assay 1: November/2014 to May/2015 and Assay 2: June to October/2015
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both inducers with abamectin promoted greater reduc-
tion of nematode per gram of root. Other product asso-
ciations also controlled nematode when compared to the
control, but did not differ from the products used alone.

Application of ASM alone did not control nematodes
in both assays of the Experiment 1, but it controlled
P. brachyurus in greenhouse, under low initial popula-
tion. Studies indicate that the product is effective in the
control of nematodes in different plant pathosystems
(Silva et al. 2004; Molinari and Baser 2010; Puerari
et al. 2013a; Puerari et al. 2015), and promoted reduc-
tions of 38.3 to 86.5% in the P. brachyurus reproduction
in maize (Puerari et al. 2015). It is already known that
ASM does not have nematicidal action, but it activates
the mechanisms related to systemic acquired resistance
(SAR), associated with accumulation of salicylic acid

and expression of various pathogenesis-related protein
genes (Sticher et al. 1997).

However, to ensure the effect of ASM on nematode-
plant interaction, application must be performed during
the initial stage of vegetative growth, because this is a
period in which the plant undergoes extensive damage
by soil pathogens (Silva et al. 2004). Consequently,
timing of application could be one hypothesis that ex-
plains ineffectiveness of the product in field assay. ASM
treatment in this study was applied late, unlike other
trials in which treatments were applied before or few
days after inoculation (Puerari et al. 2013a; Puerari et al.
2015). Another aspect that deserves consideration is low
effectiveness of the product when initial nematode pop-
ulations are higher, as observed in Exp. 1: GH assay,
whose IP was 1000 specimens, and in one of the assays

Table 4 Plant height, fresh weight (APFM), and dry weight
(APDM) for the aerial part and fresh root weight of the soybean
(Root), subjected to different seed treatments and resistance

inducers, under two levels of inoculation with Pratylenchus
brachyurus and in experiments conducted at different periods

Treatment Assay 1 Assay 2

Height (cm) APFW (g) APDW (g) Root (g) Height (cm) APFW (g) APDW (g) Root (g)

IP = 500 nematodes plant−1 (low)

Control 66.2ns 39.3 a 13.9ns 11.9ns 49.6 b 26.6 a 18.0 a 15.1 b

Thiodicarb 56.8 26.6 b 10.8 12.5 69.8 a 32.3 a 21.3 a 24.1 a

Abamectin 63.2 42.3 a 14.4 15.1 63.2 a 23.8 a 15.2 a 19.7 a

Citric Biomass 65.4 43.6 a 16.1 11.5 68.0 a 28.1 a 20.1 a 18.0 a

ASM 60.8 33.5 b 13.4 10.5 49.4 b 16.0 b 10.1 b 9.2 b

Thiodic. + Cit.B. 62.2 36.6 a 14.4 11.8 57.6 a 15.1 b 9.1 b 13.1 b

Thiodic. + ASM 60.8 31.4 b 11.4 14.3 49.6 b 14.9 b 8.2 b 10.4 b

Abam. + Cit.B. 65.4 37.1 a 13.0 13.4 60.2 a 22.9 a 14.5 a 19.7 a

Abam. + ASM 65.4 44.9 a 14.8 15.7 48.6 b 20.1 b 12.7 b 11.5 b

CV (%) 3.75 12.02 15.35 16.10 6.40 18.06 19.07 13.93

IP = 2000 nematodes plant−1 (high)

Control 58.4 a 31.1ns 11.0 b 10.3ns 65.2 a 25.9 a 14.6 b 19.9 a

Thiodicarb 55.6 b 31.0 9.9 b 13.9 59.0 b 33.3 a 19.6 a 18.6 a

Abamectin 61.4 a 38.4 15.6 a 12.7 58.0 b 29.2 a 14.7 b 18.7 a

Citric Biomass 57.2 a 34.7 14.4 a 9.8 64.6 a 26.8 a 15.6 b 17.4 a

ASM 53.8 b 27.2 10.0 b 9.5 44.8 d 22.7 b 12.6 c 12.2 b

Thiodic. + Cit.B. 60.4 a 36.1 14.6 a 14.2 66.2 a 34.8 a 20.6 a 21.1 a

Thiodic. + ASM 56.6 b 33.4 12.8 a 10.6 49.0 d 23.1 b 12.4 c 10.1 b

Abam. + Cit.B. 61.4 a 33.1 12.3 a 10.1 54.6 c 12.4 c 5.3 d 9.8 b

Abam. + ASM 60.6 a 34.1 13.9 a 11.3 49.8 d 22.6 b 11.9 c 9.5 b

CV (%) 3.35 9.23 10.39 14.29 3.80 11.99 13.56 11.05

ns, not significant. Means followed by the same letter in the columns do not differ by Scott-Knott test at 5% probability. Original data
transformed by √(x + 1). CV, coefficient of variation. Assay 1: November/2014 to May/2015 and Assay 2: June to October/2015
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of Experiment 2, using IP = 2000 specimens. Moreover,
it should be emphasized that the mode of action of this
product to control root lesion nematodes has not been
elucidated yet.

Citric biomass was more efficient at controlling
P. brachyuruswhen associatedwith seed treatments, even
under high initial nematode population, at least in one of
the assays. The potential of this product to resistance
induction was mentioned in studies on the control of
M. javanica in susceptible soybean cultivars. When ap-
plied seven days and one day before inoculation (Puerari
et al. 2013b). Resistance induction of this product was
also observed in P. brachyurus in maize applied seven
days and one day before and seven days after inoculation
(Puerari et al. 2015). It is believed that the effect of
Ecolife® as resistance inducer is explained by the fact
that citric extracts promote the production of phytoalexin
glyceolin (Motoyama et al. 2003), which may induce
resistance to root-knot nematodes (Kaplan et al. 1980).

Both Bion® (ASM) and Ecolife® (citric biomass) are
recommended for applications in aerial part, although
some authors consider that this is a limiting factor, since
nematodes infections occur at an early stage (Puerari et al.
2013a). However, in the present study, soil was previously
infested by nematodes and both products effectively con-
trolled the population of P. brachyurus under low popu-
lation. However, ASM and Bion did not promote reduc-
tion of the nematode when applied alone under high
population. Despite the need for further studies, it was
possible to observe that integrated management is impor-
tant to control high nematode populations. Other practices
should be used to reduce initial populations, e.g., growing
non-host or antagonistic plants. Therefore, seed treatment
and application of resistance inducers may contribute to
the appropriate management of P. brachyurus populations
in soybean, when initial population is low.

Treatments did not present positive impact on vege-
tative growth parameters in Experiment 1. One hypoth-
esis to explain these results is that seed treatment fifteen
days before sowing might have caused some plant phy-
totoxicity. Despite the lack of studies with the products
used in this study, some authors showed that insecti-
cides, such as carbofuran, thiamethoxam and acephate,
used in seed treatment reduced the development of
soybean seedlings due to phytotoxic effect on seeds
stored for 45 days (Dan et al. 2010). The insecticide
thiamethoxam presented also adverse effect on the
height of bean seedlings when the seeds were treated
10 and 30 days before sowing (Guimarães et al. 2005).

Concerning Experiment 2, effect of the treatments on
vegetative growth parameters in soybean did not show
in a pattern, except for ASM treatments, which usually
reduced plant growth. Similar results were obtained in
studies with soybean cultivars inoculated with
M. javanica (Puerari et al. 2013a). This reduction can
be explained by the fact that the plants consumed energy
to activate resistance mechanisms (Dietrich et al. 2005).
In addition, phytotoxic effect of ASM on vegetables was
suggested by Cole (1999).

Conclusion

Our study indicates that both seed treatment and resis-
tance inducers, applied singly or combined, controlled
P. brachyurus in soybean. Under high initial population,
the products association reduced the number of nema-
tode g−1 of root. In general, treatment with acibenzolar-
S-methyl presented adverse effect on the vegetative
growth of soybean.
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