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enterolobii and Meloidogyne
incognita in soybean

Abstract — The objective of this work was to evaluate the reproduction
of Meloidogyne enterolobii and Meloidogyne incognita and the caused
symptoms in two soybean (Glycine max) cultivars under different inoculum
concentrations. Two greenhouse experiments were conducted using the
M7198IPRO (moderately resistant to M. incognita) and IMA 731 IPRO
(susceptible to M. incognita) soybean cultivars. Each plant was inoculated
with 0, 300, 1,000, 3,000, 9,000, and 27,000 nematodes from both species.
Meloidogyne enterolobii causes a more severe root galling in soybean plants
and also exhibits a higher reproduction rate on soybean roots. Therefore,
this species overcomes the resistance found in soybean cultivars that are
moderately resistant to M. incognita.

Index terms: Glycine max, cultivars, reproduction, root-knot nematodes.

Reproducao e sintomas causados por Meloidogyne
enterolobii e Meloidogyne incognita em soja

Resumo — O objetivo deste trabalho foi avaliar a reproducdo de Meloidogyne
enterolobii ¢ Meloidogune incognita ¢ os sintomas causados em duas
cultivares de soja (Glycine max) sob diferentes concentragdes de inodculo.
Foram conduzidos dois experimentos em casa de vegetacdo, tendo-se
utilizado as cultivares de soja M7198IPRO (moderadamente resistente a
M. incognita) e IMA 731 TPRO (suscetivel a M. incognita). Cada planta foi
inoculada com 0, 300, 1.000, 3.000, 9.000 e 27.000 nematoides de ambas
as espécies. Meloidogyne enterolobii causa um galhamento radicular mais
severo em plantas de soja e também apresenta uma taxa de reproducao mais
elevada em raizes de soja. Portanto, essa espécie supera a resisténcia presente
em cultivares de soja moderadamente resistentes a M. incognita.

Termos para indexac¢do: Glycine max, cultivares, reprodugdo, nematoides-
das-galhas.

Introduction

The Meloidogyne enterolobii (Syn. Meloigdogyne mayaguensis)
nematode was first detected in Brazil in 2001, where it caused damage
to guava crops in the municipalities of Petrolina, Pernambuco, and
Curaca and Juazeiro, Bahia (Carneiro et al., 2001). In 2008, its presence
was later confirmed in soybean crops when Almeida et al. (2008), while
studying a Meloidogyne sp. population obtained from soybean roots
exhibiting galls in the municipality of Ituverava, Sao Paulo, certified
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this as the first record of M. enterolobii in this crop in
the country.

In the years following its initial detection,
M. enterolobii was reported across various regions
of Brazil, parasitizing a wide range of plant species,
including vegetables, fruit trees, ornamental plants,
cover crops, spice plants, medicinal plants, and weeds
(Castro, 2019). A similar situation has been observed
in several parts of the world. In the United States of
America, M. enterolobii is considered one of the ten
most important emerging plant-parasitic nematodes
(Kantor et al., 2022; Gaudin et al., 2023).

Meloidogyne enterolobii is characterized by its ability
to overcome resistance conferred by genes, such as Mir
1 gene, against other Meloidogyne spp. in several plant
species, including soybean (Cetintas et al., 2008). So
far, there have been no reports of severe damage caused
by M. enterolobii in soybean crops (Sikora et al., 2018;
Soares & Nascimento, 2022), which may partly be due
to the misidentification of the nematode. The intense
reproduction of this nematode in soybean fields is a key
issue, considering that approximately 85% of cotton in
Brazil is grown after soybean cultivation. Given that M.
enterolobii has been characterized as more aggressive
than M. incognita in cotton crops (Asmus et al., 2024),
its establishment in the soybean-cotton rotation could
create an ideal scenario for its rapid proliferation in the
Brazilian Cerrado biome, potentially causing severe
damage to cotton crops.

The objective of this work was to evaluate the
reproduction of Meloidogyne enterolobii and
Meloidogyne incognita and the caused symptoms
in two soybean cultivars under different inoculum
concentrations.

Materials and Methods

The study evaluated the reproduction and symptoms
caused by increasing inoculum concentration of
M. enterolobii and M. incognita in two soybean
cultivars across two distinct greenhouse experiments.
Experiment 1 was conducted in the municipality of
Dourados, in the state of Mato Grosso do Sul, and
Experiment 2 in Primavera do Leste, in the state of
Mato Grosso, Brazil. The tested soybean cultivars were
M7198IPRO, moderately resistant to M. incognita,
and IMA 731 IPRO, susceptible to M. incognita. Both
cultivars were inoculated with concentrations of 0, 300,
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3,000, 9,000, and 27,000 nematode eggs and second-
stage juveniles per plant. Experiment 1 included an
additional inoculum concentration of 1,000 nematodes
per plant.

The populations of M. incognita and M. enterolobii
used in the experiments originated from parasitized
cotton roots in the municipalities of Primavera do
Leste, Mato Grosso, and Paracatu, in the state of Minas
Gerais. Both species were previously characterized in
earlier studies (Galbieri et al., 2020, 2021; Verssiani
et al., 2023; Asmus et al., 2024) and were maintained
and multiplied on ‘Rutgers’ tomato [Lycopersicon
lycopersicum (L.) H.Karst.] plants.

The experiments followed a completely randomized
design, in a 6x2x2 factorial arrangement, including six
inoculum concentrations, two Meloidogyne species,
and two soybean cultivars. The number of replicates
varied between the two locations: six replicates in
Dourados and eight replicates in Primavera do Leste.

Experiment 1 was initiated on February 17, 2023.
Three untreated seeds of each soybean cultivar
(M7198IPRO and IMA 731 IPRO) were sown in 2.25 L
plastic pots containing 2.0 L of substrate composed of
683 g kg! sand, 4.8 g kg! silt, and 26.9 g kg! clay.
The substrate had been disinfected via solarization and
fertilized with 6.0 g of N-P-K (20-20-20). Five days
after sowing, the seedlings were thinned to retain a
single soybean plant per pot. Five days later, the plants
were inoculated with different population densities
of M. incognita and M. enterolobii. The inoculum
containing in 5.0 mL suspensions was deposited in
two holes approximately 2.0 cm deep and 1.0 cm away
from the plant stem.

The pots were irrigated daily using drip irrigation
in three watering cycles, totaling approximately
200 mL of water per plant per day. The experiment
was conducted inside a greenhouse equipped with an
automated temperature control system. The average air
temperature within the greenhouse was approximately
28°C, with temperature extremes recorded at a
minimum of 12.0 and maximum of 34.5°C.

The final sampling and analysis occurred 60 days
after inoculation on April 26, 2023. Shoots were
harvested by cutting the stems at the base and were
then placed in a drying oven at 55°C for seven days
to determine the shoot dry matter (SDM). The roots
were carefully cleaned of substrate under running
water, dried on absorbent paper for approximately
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20 minutes to remove excess moisture, and then
weighed to determine the fresh weight. Subsequently,
they were analyzed for the gall index (GI), using the
Taylor & Sasser (1978) methodology, then processed
for egg extraction following the Coolen & D’Herde
(1972) method. Based on the fresh root mass and the
number of eggs extracted from each root system, two
parameters were calculated: the number of eggs per
gram of root (NEMAG) and the reproduction factor
(RF), defined as RF = total number of eggs extracted
from the root / number of eggs used for inoculation.

Experiment 2, initiated on March 10, 2023,
followed the same procedures used in Experiment 1,
but with some specific adjustments. The experiment
was conducted in a greenhouse with an automated
temperature control system set to approximately 27°C.
The substrate differed, containing 79.5 g kg! sand, 5.0
g kg silt, and 15.5 g kg'! clay, sterilized in autoclave
at 120°C for 15 min, and fertilized with 2.0 g of
N-P-K (20-20-20). Irrigation was performed manually
as needed. Additionally, topdressing fertilization
was applied 15 days after inoculation (DAI), using
2.0 g of a low-release N-P-K (14-14-14) formulation
per pot. To manage aphids, an insecticide spray with
Thiamethoxam (0.25 g a.i. per liter of water) was
applied at 32 DAL

The data obtained from both experiments were
subjected to the analysis of variance (ANOVA). When
the effect of the quantitative variable (nematode
population density) was considered significant,
an additional ANOVA for polynomial regression
of treatment effects was performed. This analysis
aimed to determine the best-fitting statistically
significant function based on the highest coefficient of
determination (R?). To meet the assumption of normal
distribution before ANOVA, the data for NEMAG
and RF variables were log-transformed (log(x+1)). All
statistical analyses were conducted using the AgroEstat
software (Barbosa & Maldonado Junior, 2015).

Results and Discussion

The symptoms caused by M. incognita and
M. enterolobii on soybean plants were evaluated
using the shoot dry matter (SDM) and the gall index.
The SDM of soybean plants from both cultivars
was significantly affected by increasing inoculum
concentrations of M. incognita and M. enterolobii

3of 8

(Table 1). This relationship followed a linear trend
in both Experiment 1 (y = 37.0963 — 0.00021x;
R?=0.68**) and Experiment 2 (y = 6.1644 — 0.00003x;
R? = 0.66%*). Although no significant differences
in SDM were observed between the Meloidogyne
species, 'M7198IPRO' produced a significantly greater
SDM than 'IMA 731 IPRO' (Table 1). Furthermore, no
significant interactions were found among any of the
factors tested.

The gall index (GI) was significantly affected by
increasing inoculum concentrations of M. incognita
and M. enterolobii in both experiments (Figure 1).
Significant interactions were observed among all
factors in Experiment 1, and between inoculum
density and cultivars in Experiment 2. Across both
experiments, the GI was consistently higher in plants
inoculated with M. enterolobii. While Experiment 1
showed no significant difference in GI between the
two cultivars, in Experiment 2, 'M7198IPRO' exhibited
a higher GI than 'IMA 731 [PRO' (Table 2).

The multiplication of M. incognita and
M. enterolobii was assessed in the cultivars studied
using two key parameters: nematodes per gram of root
(NEMAG) and reproduction factor (RF). NEMAG
quantified the total number of nematodes produced
in the roots throughout the experimental period,
while RF was calculated as the ratio between the total
number of nematodes recovered from the roots at
the end of the experiments and the initial number of
nematodes inoculated on each soybean plant.

Table 1. Shoot dry matter (g) of the M7198IPRO and IMA
731 TPRO soybean (Glycine max) cultivars under root-
knot nematode inoculation (Meloidogyne incognita Vvs.
Meloidogyne enterolobii) in the municipalities of Dourados
(Experiment 1) and Primavera do Leste (Experiment 2)
in the states of Mato do Grosso do Sul and Mato Grosso,
respectively, Brazil®.

Treatment Experiment 1 Experiment 2

Cultivar Effect of cultivar
M7198IPRO 37.37a 6.82a
IMA 731 IPRO 33.98b 5.04b

Nematode Effect of nematode
Meloidogyne incognita 35.66a 5.90a
Meloidogyne enterolobii 35.69a 5.95a

(MMeans followed by equal letters, in the columns, do not differ from each
other by the F-test, at 5% probability.
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Figure 1. Root gall index as a function of increased inoculum concentrations (Pi) of Meloidogyne incognita (solid line) and
Meloidogyne enterolobii (dashed line), obtained for the M7198IPRO and IMA 731 IPRO soybean (Glycine max) cultivars in
Experiment 1 (A and B, respectively) and Experiment 2 (C and D, respectively).

Table 2. Comparative gall index response of the M7198IPRO and IMA 731 IPRO soybean (Glycine max) cultivars to
inoculation with Meloidogyne incognita (Mi) and Meloidogyne enterolobii (Me) in the municipalities of Dourados
(Experiment 1) and Primavera do Leste (Experiment 2) in the states of Mato do Grosso do Sul and Mato Grosso, respectively,
Brazil®.

Cultivar Experiment 1 Experiment 2

Mi Me Mean Mi Me Mean
M7198IPRO 0.99aA 3.53aB 243 2.25aA 5.45aB 3.85
IMA 731 IPRO 2.17bA 2.69bB 2.26 2.67bA 4.21bB 3.44
Mean 1.58 3.11 2.46 4.83

(MMeans followed by equal letters, lowercases in the columns and uppercases in the rows, do not differ from each other by the F-test, at 5% probability.
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The number of nematodes per gram of root
(NEMAG) was significantly affected by inoculum
concentration in both experiments (Figure 2). In
Experiment 2, there was no significant interaction
between nematode inoculum concentrations and
soybean cultivars, and no significant differences were
found between cultivars or between M. incognita and
M. enterolobii for this variable (Table 3). In contrast,
Experiment 1 showed significant differences:
the NEMAG of M. incognita on 'IMA 731 IPRO'
was significantly higher than on 'M7198IPRO"
Furthermore, when considering only 'M7198IPRO,
the NEMAG of M. enterolobii was significantly
higher than that of M. incognita.

The RF was affected by inoculum concentrations
of both M. incognita and M. enterolobii in both
experiments. The reproduction of both nematodes was
lower in Experiment 1, likely due to the low nighttime
temperatures (<12.5°C) occurring in the second half
of April. Nevertheless, significantly higher RF values
were observed in plants inoculated with M. enterolobii
and in 'IMA 731 IPRO' (Table 4). Furthermore, a
significant interaction was detected between inoculum
concentration and nematode species, showing that the
response of RF to increasing inoculum concentrations
was only significant for M. enterolobii, following
the model y = 0.67282 + 0.00083x - 0.00000012x2 +
0.0000000000032154x3; R? = 0.58**,

A significant interaction was observed among all
factors in Experiment 2. A significant difference in
RF for M. incognita between the two soybean cultivars
was found only in Experiment 1. The high nematode
population in Experiment 2 may have affected the
expression of resistance in 'M7198IPRO!, as it is
classified as moderately resistant (Table 4). However,
when inoculated with M. enterolobii, 'M71981PRO'
showed a significantly higher RF than 'IMA 731
IPRO" (Table 4). The effect of M. incognita and
M. enterolobii inoculum concentrations on RF in both
cultivars followed a linear model, with the following
equations: for 'M7198IPRO', the equations were
y=233.8508-0.00135x (R?=0.16**) for M. incognita and
y=8.9999 - 0.00023x (R?= 0.12**) for M. enterolobii,
for'IMA 731 IPRO', y=19.6211 - 0.00072x (R*=0.18**)
for M. incognita and y = 9.76661 - 0.00024x (R? =
0.10%*) for M. enterolobii.

Meloidogyne enterolobii 1is recognized as an
emerging nematode in several economically important

50f8
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Figure 2. Number of nematodes per gram of root (NEMAG),
as a function of increased inoculum concentrations (Pi)
of Meloidogyne incognita (solid line) and Meloidogyne
enterolobii (dashed line), obtained for the M7198IPRO and
IMA 731 IPRO soybean (Glycine max) cultivars in Experiment
1 (A and B, respectively). No significant differences were
observed between the studied cultivars in Experiment 2 (C).
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crops (Castro, 2019; Kantor et al., 2022). A major
characteristic contributing to its increasing threat
is its virulence, specifically its ability to overcome
resistance genes that are effective against other
Meloidogyne species (Gaudin et al., 2023).

Based on SDM, M. enterolobii was not found to
cause greater damage than M. incognita to the two
tested soybean cultivars. Furthermore, the reduction
observed in the SDM as a function of nematode
inoculum concentration was similar for both species.
However, the greater pathogenicity of M. enterolobii
compared with M. incognita was evident in the
evaluation of the GI. 'M7198IPRO', which carries
resistance to M. incognita, exhibited higher GI
values than 'IMA 731 IPRO!, which is susceptible to
M. incognita.

The presence of galls in cultivars carrying resistance
genes against other Meloidogyne species serves as an
important indicator of M. enterolobii infestation. In
cotton, for instance, the occurrence of galls in a cultivar
carrying the gMi-C11 and gMi-C14 genes, which confer
resistance to M. incognita, was an indicative sign of
M. enterolobii presence, which was later confirmed
in the crop (Galbieri et al., 2020). With the increasing

G.L. Asmus & R. Galbieri

adoption of M. incognita-resistant cultivars, whether
in soybean or cotton, new detections of M. enterolobii
will likely become more frequent, potentially altering
its current geographic distribution.

The higher values of nematodes per gram of root
(NEMAG) and the RF observed in plants inoculated
with M. enterolobii indicate its greater reproductive
capacity compared with M. incognita. This increased
multiplication of M. enterolobii can be attributed to its
shorter life cycle. In a study conducted by Collett et al.
(2024), M. enterolobii completed its life cycle five
days faster than both M. incognita and Meloidogyne
Jjavanica in soybean. Specifically, M. enterolobii
required only 195 degree-days to reach the adult
female oviposition stage, whereas M. incognita
and M. javanica required longer periods of 264 and
248 degree-days, respectively, to reach the same
developmental stage.

The results of this study showed that a rapid
establishment and population growth of M. enterolobii
could be anticipated in areas where it was introduced.
Therefore, preventive sanitary measures could play a
crucial role in avoiding the potential prevalence of this
nematode in soybean and cotton production areas.

Table 3. Nematode population density, expressed as the number of eggs and second-stage juveniles (J,) per gram of root for
Meloidogyne incognita (Mi) and Meloidogyne enterolobii (Me) on the M7198IPRO and IMA 731 IPRO soybean (Glycine
max) cultivars in the municipalities of Dourados (Experiment 1) and Primavera do Leste (Experiment 2) in the states of
Mato do Grosso do Sul and Mato Grosso, respectively, Brazil®,

Cultivar Experiment 1
Mi Me
M7198IPRO 19.7aA 112.5aB
IMA731 IPRO 100.3bA 106.2aA
Mean 60.0 109.4

Experiment 2

Mean Mi Me Mean

66.1 781.8aA 983.0aA 882.4

103.3 920.0aA 959.0aA 939.5
850.9 971.0

(MMeans followed by equal letters, lowercases in the columns and uppercases in the rows, do not differ from each other by the F-test, at 5% probability.

Table 4. Reproduction factor of Meloidogyne incognita (Mi) and Meloidogyne enterolobii (Me) in roots of the M7198IPRO
and IMA 731 IPRO soybean (Glycine max) cultivars in the municipalities of Dourados (Experiment 1) and Primavera do
Leste (Experiment 2) in the states of Mato do Grosso do Sul and Mato Grosso, respectively, Brazil®.

Cultivar Experiment 1
Mi Me
M7198IPRO 0.18aA 1.34aB
IMA 731 IPRO 0.91bA 1.08aA
Mean 0.55 1.21

Experiment 2

Mean Mi Me Mean

0.76 7.21aA 23.20aB 15.21

1.00 7.90aA 14.00bB 10.94
7.56 18.59

(MMeans followed by equal letters, lowercases in the columns and uppercases in the rows, do not differ from each other by the F-test, at 5% probability.
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The cultivation of soybean cultivars resistant to
M. enterolobii is a crucial management strategy for
pest management. Currently, however, a limited
number of available soybean cultivars in Brazil exhibit
this resistance (Correia, 2023). Moreover, no soybean
cultivars have yet demonstrated effective resistance
against an M. enterolobii populations originating from
cotton hosts. While recent research has identified
moderate resistance (Verssiani et al., 2023), its efficacy
requires further clarification and rigorous assessment
under field conditions. Thus, crop rotation or the
cultivation of cover crops (Khanal & Harshman, 2022)
should be considered in areas confirmed to be infested
with the nematodes.

The results indicate that M. enterolobii demonstrates
greater pathogenicity than M. incognita, exhibiting
a superior capacity to cause primary root galling
symptoms and to multiply in soybean crops. It possesses
the ability to overcome resistance to M. incognita and
represents a potential threat to both soybean cultivation
and subsequent cotton crops grown in rotation.

Conclusions

1. Meloidogyne enterolobii causes a more severe
root galling than Meloidogyne incognita on soybean
(Glycine max) plants.

2. Meloidogyne enterolobii exhibits a higher
reproduction rate than M. incognita on soybean roots.

3. Meloidogyne enterolobii overcomes the resistance
found in soybean cultivars that are moderately resistant
to M. incognita.
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