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Summary - The root-knot nematode, Meloidogyne enterolobii, is an important pathogen of numerous crops, including the so-called
pulses. Hence, it is necessary to identify genetic resistance, as it is the most efficient, cost-effective, and environmentally sound way
to manage nematodes in the field. The objective of this study was to screen a Brazilian germplasm collection of pulse crops (peas,
chickpeas, and lentils) comprising accessions from the Embrapa Germplasm Bank and commercial cultivars against M. enterolobii
under glasshouse conditions. The experiment was conducted with 23 treatments (genotypes), i.e., 14 pea, six chickpea and one lentil
genotype, and two tomato cultivars, ‘Rutgers’ (susceptible) and ‘Nemadoro’ (resistant). Each plant (replication) was inoculated with
5000 eggs and second-stage juveniles (J2) of M. enterolobii and evaluated 65 days after inoculation, considering the following variables:
gall index, egg mass index, number of eggs per g of roots, and reproduction factor. The experiments were conducted at two independent
time points (summer and autumn/winter). Results showed that all 23 plant genotypes were susceptible to the nematode, with pea
genotype ‘Itapud’ being intolerant to infection. Cultivation of pulse crops has been steadily increasing both in Brazil and worldwide.
Our research findings make a valuable contribution to the ongoing efforts to identify genetic resistance to nematode pathogens that
can significantly affect the productivity of these crops. By identifying and developing resistant genotypes, pulse crop yields can be
safeguarded, and sustainable agricultural practices can be supported.

Keywords — Cicer arietinum, guava root-knot nematode, host, Lens culinaris, Pisum sativum, reaction, resistance, vegetables.

Legume crops (Fabaceae family) have been cultivated
as an important food supply due to their contents of
high-quality protein (legume crops are the main source
of protein for more than 2 billion people worldwide,
especially in poor communities) and minerals, vitamins,
folate, dietary fibre, antioxidants and health-promoting
compounds (Stagnari et al., 2017; Cakir et al., 2019;
Dhaliwal et al., 2020).

The subgroup of plants from the Fabaceae family,
which is referred to as pulses, includes peas (Pisum
sativum L.), lentils (Lens culinaris Medik.), chickpeas
(Cicer arietinum L.), dry beans (Phaseolus vulgaris),

* Corresponding author, e-mail: giovani.olegario@embrapa.br

cowpeas (Vigna unguiculata (L.) Walp) and broad beans
(Vicia faba L.) (Dhaliwal et al., 2020; Trancoso et al.,
2021). Those plants are cultivated specifically for their
dried seeds, i.e., pulses, a name that is derived from the
Latin word puls, which means a thick soup.

The domestic consumption and production of pulses
in Brazil are low. However, their demand, especially for
chickpea grains, has grown in recent years owing to their
nutritional characteristics and changes/trends in food con-
sumption patterns. This has led to importing these prod-
ucts (Artiaga et al., 2015; Avelar ef al., 2018). Neverthe-
less, the domestic cultivation of pulses is gaining impor-
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tance as an economical option for planting in the sec-
ond summer harvest (known as ‘safrinha’ in Portuguese,
which means a short crop carried out following the sum-
mer main crop, benefiting from the very end of the rainy
season) in the Brazilian Cerrado biome. This takes advan-
tage of the drought tolerance of these species, which
develop well despite little rainfall, in succession to the
soybean crop (Pinheiro et al., 2021). However, when legu-
minous crops are cultivated repeatedly in the same soil,
primarily following a soybean crop, diseases caused by
plant-parasitic nematodes can pose risks to the production
of pulse crops.

Among the diseases caused by plant-parasitic nema-
todes, the root-knot nematodes Meloidogyne spp., e.g.,
M. incognita (Kofoid & White, 1919) Chitwood (1949),
M. javanica (Treub, 1885) Chitwood (1949) and M. artiel-
lia Franklin (1961), are major constraints for leguminous
and other agronomically important crops, causing signifi-
cant yield losses depending on plant genotypes and nema-
tode levels in the soil (Nascimento et al., 2016; El-Nagdi
& Youssef, 2019; Zwart et al., 2019).

Among other Meloidogyne species, the guava root-
knot nematode, M. enterolobii Yang & Eisenback 1983,
has been considered a threat to several crops, including
legume crops, owing to its widespread distribution, wide
host range, virulence, and ability to parasitise genotypes
resistant to other Meloidogyne species (Sikandar et al.,
2022). Meloidogyne enterolobii has been detected in dif-
ferent geographic regions worldwide. In Brazil, it was
initially reported in guava orchards in 2001 and has since
caused great damage to many hosts (Carneiro & Almeida,
2001; Carneiro et al., 2007). Owing to its high repro-
duction rate and aggressiveness, this species has over-
come sources of resistance to other Meloidogyne species
(Tigano et al., 2010). To date, no information is avail-
able on the reactions of accessions and cultivars of peas,
lentils or chickpeas to M. enterolobii. Soybean cultivars
available in the market are susceptible to M. enterolo-
bii (Schwarz & Gorny, 2023), increasing the damaging
potential of M. enterolobii in the Brazilian Cerrado. Me-
loidogyne enterolobii is even more concerning if one con-
siders that this species is spreading rapidly through Brazil-
ian cultivation areas and has already been found to para-
sitise soybean crops (Versiani et al., 2023).

Several control methods have been used for proper
management of root-knot nematodes in infested areas,
such as biocontrol, crop rotation, cultural practices and
chemical nematicides (Tanimola et al., 2017; Osei et al.,
2019). However, no chemical nematicides registered for
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lentils and chickpeas are currently available in Brazil
(Agrofit, 2022). Furthermore, the incorrect use of chem-
ical nematicides can cause side effects in humans and
the environment, and a number of these products have
been discontinued and are no longer available. Moreover,
alternative environmentally sound control methods, such
as using genetic resistance, are preferable. This empha-
sises the need for genetic resistance within the pulse
crop germplasm, as it is the most efficient, cost-effective,
and environmentally sound way to manage plant-parasitic
nematodes in the field (Mattos et al., 2019).

Despite the economic and nutritional value of pulses,
only a few studies have reported their genetic resistance
against plant pathogens, especially nematodes (Sharma
& Gomes, 1992; Lordello & Lordello, 1993; Sharma
& Fonseca, 2000; Ansari et al., 2004; Bittencourt &
Silva, 2010; Nascimento et al., 2016; Bernardes Neto et
al., 2019). Nevertheless, accessions of pulses have been
reported to be resistant to species of root-knot nematodes
(Sharma et al., 1994; Kumar et al., 2020), including
some of the genotypes studied herein (‘BRS Aleppo’,
‘BRS Cicero’, ‘BRS Ciristalino’, ‘BRS Toro’ and ‘BRS
Kalifa’) (Santos et al., 2021). The objective of this study
was to screen a germplasm collection of chickpeas, peas
and lentils to search for genetic resistance to the guava
root-knot nematode, M. enterolobii, under glasshouse
conditions.

Materials and methods

PLANT GENOTYPES

Twenty-one pulse genotypes were tested for host suit-
ability to M. enterolobii. These were 14 pea geno-
types (‘BRS Catarina’, ‘BRS Dileta’, ‘BRS Forré’, ‘BRS
Maria’, ‘BRS Marina’, ‘BRS Mikado’, ‘BRS Sulina’,
‘Elod’, ‘G40’, ‘Itapua’, ‘MK-13’, ‘Petit Pois’, ‘Telefone
alta (Alderman)’ and ‘Torta de Flor Roxa’), six chick-
pea genotypes (‘BRS Toro’, ‘BRS Aleppo’, ‘CNPH 1604
UPL’, ‘BRS Cristalino’, ‘BRS Kalifa’ and ‘BRS Cicero’)
and one lentil genotype (‘BRS Silvina’).

Germplasm was obtained from public and private seed
companies (Embrapa, Isla, Feltrin, Topseed, and Sakata).
Tomato plants (Solanum lycopersicum L1.) were also
included in this study to demonstrate the inoculum via-
bility, optimum growth conditions and as negative (‘Rut-
gers’, susceptible) and positive (‘Nemadoro’, carrying
the resistance gene Mi) controls. The tomato genotype
‘Nemadoro’ is resistant to M. incognita, M. javanica and
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M. arenaria (Pinheiro et al., 2020) and was included in
the experiments to test the ability of M. enterolobii to par-
asitise this cultivar, serving as a resistance standard.

NEMATODE INOCULATION

Meloidogyne enterolobii inoculum was obtained from
a pure culture multiplied by the periodic subculturing of
tomato plants (S. lycopersicum ‘Santa Cruz’), previously
identified as M2 RM 0.7-0.9 using esterase phenotyping
and SCAR PCR; and maintained in a glasshouse (25-
30°C). Nematode eggs and second-stage juveniles (J2)
(eggs + J2) were extracted from infected roots, according
to Bonetti & Ferraz (1981). The roots were washed with
tap water, and nematode eggs in the egg masses were
extracted using 0.5% sodium hypochlorite. Roots were cut
into 2-cm-long pieces, mixed with sodium hypochlorite,
shaken for 30 s, washed with tap water, and collected
using a 500-mesh screen. The total number of eggs
per ml was quantified under a light microscope using a
nematode-counting slide (Peter’s slides). Seedlings (25
days old) were inoculated with 5000 eggs and J2 3
days after being transplanted by placing 10 ml of the
suspension into two holes around the plants.

EXPERIMENTAL SITE, DESIGN AND SETTINGS

The experiments were carried out in a glasshouse at
the Nematology Laboratory, Embrapa Vegetables, Gama,
DF, Brazil, in two seasons, December 2021 to February
2022 and April to July 2022. The average temperature in
the first experiment was 28.7°C (45.6°C maximum and
10.1°C minimum), while in the second experiment the
average temperature was 22.7°C (31.7°C maximum and
14.1°C minimum).

The experiments were completely randomised with
23 treatments (14 pea, six chickpea, one lentil and two
tomato genotypes) and six replicates. Each plant grown
in 2 1 pots filled with sterilised soil, sand and Bioplant®
organic compost constituted a replication.

SAMPLE PROCESSING AND DATA ANALYSIS

The roots were carefully removed from the soil, washed
with tap water, dried with a paper towel, and the fresh
weight of the roots was determined 65 days after inocu-
lation. Roots were stained with floxin B (6 mg 1=, and
the following parameters were determined: fresh weight
of roots, gall index (GI), egg mass index (EMI), number of
eggs + J2 per g root (eggs + J2 (g root)™!) = final popula-
tion/fresh weight of roots), and the nematode reproduction
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factor (RF = final population/initial population). Nema-
tode eggs + J2 were extracted from the infected roots and
quantified as described above.

Plant genotypes were rated according to their reaction
to the nematode as a resistant or poor host (RF < 1)
or susceptible or suitable host (RF > 1) (Oostenbrink,
1966). Plant genotypes were also rated based on nematode
reproduction index (RI) proposed by Taylor (1967), with
ratings in relation to a standard of susceptibility: S =
susceptible (RI > 50%), SS = slightly susceptible (RI =
26-50%), MoR = moderately resistant (RI = 11-25%),
R = resistant (RI = 1-10%), HR = highly resistant (RI <
1%) and I = immune (RI = 0). CV = coefficient of
variation.

Data were /x +0.5 transformed for statistical analysis,
i.e., normality test, analysis of variance and Scott-Knott
test (P < 0.05). The data were back-transformed to
present the actual values.

Results

Plant genotypes reacted differently to M. enterolobii as
inferred from the parameters of GI and EMI (Table 1),
eggs + J2 (g root)~!, RF (Table 2) and RI (Table 3). In
addition, differences in EMI, RF and RI were found in the
genotype reactions between the two experiments.

According to Oostenbrink (1966), RF measures the
effects of plant genotype on nematode reproduction,
where RF < 1 = poor host (P), RF > 1 = suitable
host (S), and RF = 0 (I). In the present study, although
the results showed a low RF (6.12) for tomato ‘Rutgers’
(susceptible control) in Experiment 2, probably due to
low temperatures during the experiment, the susceptible
control showed high RF (26.8) in Experiment 1, indicating
good experimental settings and proper conditions for
nematode growth and reproduction.

Overall, all the genotypes evaluated (chickpea, pea
and lentil) showed RF > 1, characterising them as
suitable hosts for M. enterolobii (Table 2). However, it
is worth mentioning that the RF of pea genotypes ‘BRS
Catarina’ (RF = 4.19 and 4.40 for Experiments 1 and 2,
respectively), ‘BRS Forré’ (RF = 2.17 and 1.51), ‘BRS
Maria’ (RF = 2.91 and 2.21), ‘BRS Mikado’ (RF =
3.40 and 3.15), ‘Eloda’ (RF = 3.90 and 3.79) and ‘G40’
(RF = 2.76 and 1.79) were statistically different (lower)
than that of tomato ‘Nemadoro’ (positive control for
resistance to other species of root-knot nematodes) (RF =
17.39 and 5.99) showing lower susceptibility for these pea
genotypes in both experiments.
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Table 1. Gall index (GI) and egg mass index (EMI) of Meloidogyne enterolobii from two experiments on pulse genotypes (pea, chickpea
and lentil) under glasshouse conditions 65 days after nematode inoculation.

Genotype Plant GI EMI
Experiment 1 Experiment 2 Experiment 1 Experiment 2

‘Catarina’ Pea 4.75 5.00 4.75 aA 5.00 aA
‘BRS Dileta’ Pea 3.33 4.00 4.00 bA 3.50 bA
‘BRS Forré’ Pea 5.00 5.00 3.50 bA 2.75cA
‘BRS Maria’ Pea 2.75 1.75 2.75 bA 1.75cB
‘BRS Marina’ Pea 4.75 4.25 4.50 aA 3.50 bB
‘BRS Mikado’ Pea 3.25 4.25 3.75 bA 4.25aA
‘BRS Sulina’ Pea 4.75 4.50 4.75 aA 4.50 aA
‘Elod’ Pea 3.75 4.00 3.75bA 3.75bA
‘G40 Pea 4.00 3.50 4.75 aA 3.25bB
‘Itapud’ Pea 5.00 5.00 5.00 aA 5.00 aA
‘Mk13’ Pea 4.00 5.00 4.25 aA 5.00 aA
‘Petit Pots’ Pea 4.00 3.00 4.25 aA 2.50cB
‘Telefone Alta’ Pea 4.25 5.00 4.50 aA 4.50 aA
‘Flor Roxa’ Pea 5.00 5.00 5.00 aA 5.00 aA
‘BRS Toro’ Chickpea 5.00 4.75 5.00 aA 3.00 bB
‘BRS Alepp’o Chickpea 5.00 5.00 4.50 aA 4.00 aA
‘CNPH 1604 UPL Chickpea 5.00 5.00 4.00 bA 4.50 aA
‘BRS Ceristalino’ Chickpea 5.00 5.00 4.75 aA 5.00 aA
‘BRS Kalifa’ Chickpea 5.00 5.00 5.00 aA 4.75 aA
‘BRS Cicero’ Chickpea 5.00 4.75 5.00 aA 4.25aA
‘BRS Silvina’ Lentil 3.75 4.75 3.50 bA 3.50 bA
‘Rutgers’ Tomato 5.00 5.00 5.00 aA 4.25 aA
‘Nemadoro’ Tomato 5.00 4.75 5.00 aA 3.50 bB
CcvV 9.9 18.4 11.3 17.4

The data were +/x + 0.5 transformed but are presented without transformation. Means (n = 6) followed by different letters, lowercase
in the columns and uppercase in the rows, are significantly different, according to the Scott-Knott test (P < 0.05). Tomato ‘Rutgers’ is
a standard susceptible; tomato ‘Nemadoro’ is resistant to other Meloidogyne species. GI and EMI: grades 1-5, according to Taylor &

Sasser (1978). CV = coefficient of variation.

Additionally, the pea ‘Itapud’ showed low RF (1.5 and
1.07) (Table 2) and RI (8.92; 27.59); however, it was
intolerant to M. enterolobii in both experiments. The low
RF was due to poor root and shoot development compared
with that of a healthy (non-inoculated) plant.

All chickpea genotypes, as well as the single lentil
genotype, were susceptible to M. enterolobii. However,
different susceptibility levels were observed, mainly in the
first experiment. ‘BRS Toro’ (RF = 9.78), ‘CNPH 1604
UPL’ (RF = 7.49), ‘BRS Kalifa’ (RF = 10.42), ‘BRS
Cicero’ (RF = 8.78), and lentil ‘BRS Silvina’ (RF =
5.53) presented lower RF values than ‘BRS Aleppo’
(RF =12.27), ‘BRS Cristalino’ (RF = 13.51), and tomato
‘Rutgers’ (susceptible, RF = 26.81), and ‘Nemadoro’
(resistant to other Meloidogyne species, RF = 17.37).
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According to the criteria proposed by Taylor (1967),
different resistance levels to M. enterolobii were observed
in the genotypes compared to the susceptible tomato con-
trol (‘Rutgers’). In Experiment 1, ‘BRS Catarina’, ‘BRS
Dileta’, ‘BRS Maria’, ‘BRS Marina’, ‘BRS Mikado’ and
‘BRS Sulina’ were classified as slightly susceptible (SS).
‘Eloa’, ‘G40’, ‘Petit Pois’ and ‘Flor Roxa’ were moder-
ately resistant (MoR), and ‘MK 13’ and ‘Telefone Alta’
were rated as highly resistant (HR). However, in Experi-
ment 2, the pea genotypes ‘Elod’ and ‘Telefone Alta’ were
classified as slightly susceptible (SS), whereas ‘MK-13’
was moderately resistant (MoR). All the other genotypes
were classified as susceptible (Table 3).

The GI and EMI are auxiliary parameters that can
help estimate plant resistance to nematode infections.
Generally, a correlation exists between the indices and RF.
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Table 2. Eggs and second-stage juveniles (J2) (g root)™! (eggs+J2 (g root)™ 1) and nematode reproduction factor (RF) of Meloidogyne
enterolobii on pulse genotypes (peas, chickpeas and lentil) under glasshouse conditions 65 days after nematode inoculation.

Genotype Plant Eggs + J2 (g root)~! (pooled RF!/Reaction?
mean, both experiments) Experiment 1 Experiment 2

‘BRS Catarina’ Pea 21308.33 a 4.19 eA/S 4.40 bA/S
‘BRS Dileta’ Pea 5901.09 b 4.17 eA/S 5.14 aA/S
‘BRS Forré’ Pea 4660.83 b 2.17 eA/S 1.51 bA/S
‘BRS Maria’ Pea 2519.63 b 291 eA/S 2.21 bA/S
‘BRS Marina’ Pea 7556.76 b 7.76 dA/S 5.87 aA/S
‘BRS Mikado’ Pea 1703.41 b 3.40 eA/S 3.15DbA/S
‘BRS Sulina’ Pea 18992.54 a 9.42 dA/S 7.65 aA/S
‘Elod’ Pea 3625.27b 3.90 eA/S 3.79 bA/S
‘G40’ Pea 1229.58 b 2.76 eA/S 1.79 bA/S
‘Itapud’ Pea 33937.50 a 1.50 eA/S 1.07 bA/S
‘Mk13’ Pea 16114.84 a 6.32 dA/S 6.53 aA/S
‘Petit Pois’ Pea 2199.78 b 3.93eA/S 3.72 bA/S
‘Telefone Alta’ Pea 10762.34b 10.03 dA/S 4.82 aB/S
‘Flor Roxa’ Pea 14976.27 a 13.31 cA/S 6.38 aB/S
‘BRS Toro’ Chickpea 5429.77 b 9.78 dA/S 6.64 aA/S
‘BRS Aleppo’ Chickpea 6925.05 b 12.27 cA/S 6.62 aB/S
‘CNPH 1604 UPLY Chickpea 6889.68 b 7.49 dA/S 5.22 aA/S
‘BRS Cristalino’ Chickpea 3664.65 b 13.51 cA/S 10.76 aA/S
‘BRS Kalifa’ Chickpea 7364.98 b 10.42 dA/S 6.41 aB/S
‘BRS Cicero’ Chickpea 8461.51b 8.78 dA/S 6.20 aA/S
‘BRS Silvina’ Lentil 7027.73 b 5.53 eA/S 5.17 aA/S
‘Rutgers’ Tomato 2219.04 b 26.81 aA/S 6.12 aB/S
‘Nemadoro’ Tomato 1094.69 b 17.37 bA/S 5.99 aB/S
Ccv 35.1 68.6

The data were /x + 0.5 transformed but are presented without transformation. Means (n = 6) followed by different letters, lowercase
in the columns and uppercase in the rows are significantly different, according to the Scott-Knott test (P < 0.05). Tomato ‘Rutgers’ is
a standard susceptible; tomato ‘Nemadoro’ is resistant to other Meloidogyne species. CV = coefficient of variation.

I RF (reproduction factor) = final population/5000 eggs of M. enterolobii.

2 Reaction of inoculated plants, RF > 1 = suitable host (S) and RF < 1 = poor host (P) (Oostenbrink, 1966).

In the present study, most GI and EMI were correlated
with RE. For example, pea genotypes with low RF
(Table 2) also showed low GI and EMI values (Table 1).

Discussion

Steady increase in the cultivation of pulse crops, such as
peas, chickpeas and lentils, has been experienced world-
wide, which is related to the increasing demand for food
supply and alternative sources of nutrients. In Brazil, this
increase in production occurs mainly at the second sum-
mer harvest (‘safrinha’) in the Brazilian Cerrado biome,
which benefits from the drought tolerance of the pulse
crops, in a crop succession scheme following the soy-
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bean crop (Pinheiro et al., 2021). The soybean cultivars
available on the market are susceptible to M. enterolo-
bii (Schwarz & Gorny, 2023), increasing the damaging
potential of M. enterolobii in the Brazilian Cerrado biome,
considering that this nematode species is rapidly spread-
ing through Brazilian cultivated areas and has already
been found to parasitise soybean crops in Brazil (Verssiani
et al.,2023).

To date, no chemical nematicides are registered for
the pulse crops in Brazil. Thus, the search for genetic
resistance to Meloidogyne spp. in crops is a goal for
breeders and growers to achieve sustainable control of
these pathogens in the field. To our knowledge, this is one
of the few studies that has tested genotypes (commercial
cultivars and accessions) to search for genetic resistance
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Table 3. Reproduction index (RI) of Meloidogyne enterolobii on pulse genotypes (pea, chickpea and lentil) under glasshouse conditions

65 days after nematode inoculation.

Genotype Plant RI%!
Experiment 1/Rating? Experiment 2/Rating

‘BRS Catarina’ Pea 37.27 cB/SS 110.29 bA/S
‘BRS Dileta’ Pea 27.62 cB/SS 87.80 bA/S
‘BRS Forré’ Pea 52.45 bB/S 177.39 aA/S
‘BRS Maria’ Pea 46.87 bB/SS 117.66 bA/S
‘BRS Marina’ Pea 41.62 bB/SS 108.66 bA/S
‘BRS Mikado’ Pea 30.72 cB/SS 104.89 bA/S
‘BRS Sulina’ Pea 29.57 cB/SS 106.70 bA/S
‘Elod’ Pea 11.13 cA/MoR 37.16 dA/SS
‘G40’ Pea 15.98 cB/MoR 85.27 bA/S
‘Itapud’ Pea 8.92 cA/R 27.59 dA/SS
‘Mk13’ Pea 6.50 cA/MoR 19.88 dA/MoR
‘Petit Pois’ Pea 14.53 cB/MoR 65.33 cA/S
‘Telefone Alta’ Pea 10.58 cA/SS 30.51 dA/SS
‘Flor Roxa’ Pea 14.66 cB/MoR 64.47 cA/S
‘BRS Toro’ Chickpea 13.04 cB/MoR 55.37 cA/S
‘BRS Aleppo’ Chickpea 36.03 cB/SS 131.21 bA/S
‘CNPH 1604 UPL Chickpea 24.93 cB/SS 111.88 bA/S
‘BRS Ceristalino’ Chickpea 16.14 cB/MoR 70.85 cA/S
‘BRS Kalifa’ Chickpea 51.37 bB/S 108.78 bA/S
‘BRS Cicero’ Chickpea 37.52 cB/SS 83.48 bA/S
‘BRS Silvina’ Lentil 20.89 cB/MoR 84.73 bA/S
‘Rutgers’ Tomato 100.00 aA/S 100.00 bA/S
‘Nemadoro’ Tomato 66.27 bB/S 102.80 bA/S

The data were +/x + 0.5 transformed but are presented without transformation. Means (n = 6) followed by different letters, lowercase
in the columns and uppercase in the rows, are significantly different, according to the Scott-Knott test (P < 0.05).
RI%: Reproduction index, according to Taylor (1967), tomato ‘Rutgers’ is a standard susceptible; tomato ‘Nemadoro’ is resistant to

other Meloidogyne species.

ZRatings: S = susceptible (RI > 50%), SS = slightly susceptible (RI = 26-50%), MoR = moderately resistant (RI = 11-25%), R =
resistant (RI = 1-10%), HR = highly resistant (RI < 1%), and I = immune (RI = 0).

within this germplasm. Similar studies have tested several
genotypes, for example, Sharma & Gomes (1992) with
lentils and Lordello & Lordello (1993), Bernardes Neto et
al. (2019) and Santos et al. (2021) with chickpeas. Studies
reporting the reactions of lentil and chickpea genotypes to
root-knot nematode species, especially M. enterolobii, are
scarce.

A pioneering study by Bernardes Neto et al. (2019)
revealed the response of chickpea genotypes to M. entero-
lobii, making it the first study to report such findings in
Brazil, with results showing that all chickpea genotypes
tested were susceptible. In their study, ‘BRS Cicero’ was
rated as the least susceptible among the tested genotypes,
which was similar to the results reported herein. Likewise,
our results showed that all pulse genotypes tested (pea,
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chickpea and lentil) were susceptible to M. enterolobii,
with the pea genotype ‘Itapud’ being intolerant to this
nematode. These findings are consistent with those of
previous studies (Sharma & Gomes, 1992; Lordello &
Lordello, 1993; Sharma & Fonseca, 2000; Ansari et al.,
2004; Bittencourt & Silva, 2010; Bernardes Neto et al.,
2019). This consistency across studies further reinforces
the significance of these findings and underscores the
need for a continued search for resistance sources in pulse
crops.

The lack of resistance to some Meloidogyne spp.
observed in these pulse crops has also been reported in
other leguminous crops, such as dry beans (Phaseolus vul-
garis L.), which are susceptible to M. javanica and M.
paranaensis (Baida et al., 2011), and lima beans (Phaseo-
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lus lunatus L.), which are susceptible to M. incognita and
M. enterolobii (Bitencourt & Silva, 2010). Kumar et al.
(2020) reported 19 of 30 pigeon bean genotypes (Cajanus
cajan (L.) Millsp.) as highly resistant, two as resistant, and
three as moderately resistant to M. javanica. The authors
also reported that four out of 14 mung bean genotypes
(Vigna radiata (L.) R. Wilczek) were moderately resistant
to M. javanica.

Five of the six chickpea genotypes tested in the present
study were commercial cultivars, all of which showed
susceptibility to M. enterolobii. ‘1AC-Marrocos’, a chick-
pea genotype, is also rated as susceptible to M. javanica,
M. arenaria race 2 and M. incognita races 1-4 (Lordello
& Lordello, 1993). Further studies reported by Sharma
et al. (1994) with 47 chickpea accessions from interna-
tional germplasm banks showed 11 promising genotypes
with tolerance to M. javanica; however, later studies con-
firmed only one genotype as tolerant when cultivated in
soil infested with M. javanica (7.7 nematodes (g soil)~!)
and M. incognita race 1 (10.5 nematodes (g soil)~!).

Similar results were reported by Ansari et al. (2004),
who found that all four chickpea genotypes were suscep-
tible to M. javanica. Kumar et al. (2020) reported that 19
of 71 chickpea genotypes were highly resistant, eight were
resistant, and 12 were moderately resistant to this nema-
tode species. Santos et al. (2021) reported resistance in six
chickpea genotypes in a field infested with M. javanica,
including ‘BRS Aleppo’, ‘BRS Cicero’, ‘BRS Cristalino’,
‘BRS Toro’, ‘BRS Kalifa’ and ‘Jamu 96’. ‘BRS Kalifa’
and ‘Jamu 96’ were the most resistant genotypes (San-
tos et al., 2021). These cultivars were rated as suscep-
tible to M. enterolobii in this study; nevertheless, they
showed RF values lower than those of both the suscep-
tible (RF = 26.81) and resistant (RF = 17.37) standards.
Therefore, these cultivars are not recommended for use in
fields infested with M. enterolobii.

Although Brazil imports lentils, the cultivation area
has expanded. Farmers began planting lentils in irri-
gated areas during winter. Unfortunately, few studies have
reported the responses of available cultivars to Meloidogy-
ne spp. Sharma & Gomes (1992) found that ‘CNPH-237
is highly susceptible to M. javanica under field conditions.
Similarly, our study revealed that ‘Silvina’ was suscep-
tible to M. enterolobii. Nevertheless, further research is
required to determine the resistance of other cultivars to
these nematodes.

All 14 pea genotypes tested in this study were sus-
ceptible to M. enterolobii. Pea genotypes have also been
reported to be susceptible to other Meloidogyne spp. For
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example, Charchar et al. (2005) reported six pea geno-
types susceptible to M. incognita race 1. Sharma & Fon-
seca (2000) reported similar results in their study. Specifi-
cally, they found that the pea ‘Triofin’ was highly suscep-
tible to M. javanica, which was evident from the lower
fresh and dry weights of both shoots and roots.

Meloidogyne spp. can severely affect the production
of pulse crops, and only a few resistant cultivars have
been identified to date. Furthermore, even cultivars pre-
viously identified as resistant to some species of root-knot
nematodes are not resistant to M. enterolobii, which is
extremely damaging and aggressive to most host crops.
Therefore, there is a critical need to screen for new
genotypes from germplasm banks worldwide to identify
new sources of resistance that can be used to develop
new cultivars. Although we did not identify any resis-
tant genotypes, our results provide valuable information
on cultivars unsuitable for planting in fields infested with
M. enterolobii.

In summary, we found that all pulse genotypes tested
(chickpeas, peas and lentils) were susceptible to M. ente-
rolobii, with the exception of the pea ‘Itapud’, which
showed intolerance to this nematode. As the total area cul-
tivated with these crops in Brazil and other regions contin-
ues to increase, our results provide important insights into
the host suitability of these crops for Meloidogyne spp.
Furthermore, it highlights the need to continue searching
for genetic resistance to promote sustainable management
of nematodes and other pathogens.

Acknowledgements

The authors thank EMBRAPA Hortaligas for helping
with the stages of this research, the Dean of the Grad-
uate Program of the University of Brasilia for financial
support to T.J.B. Pinto, and the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq), and
the Fundagdo de Apoio a Pesquisa do Distrito Federal
(FAP-DF) for funding our project.

References

Agrofit (2022). Consulta de praga/doenga. Available online
at http://agrofit.agricultura.gov.br/agrofit_cons/principal _
agrofit_cons (accessed 22 July 2022).

Ansari, M.A., Patel, B.A., Mhase, N.L., Patel, D.J., Douaik,
A. & Sharma, S.B. (2004). Tolerance of chickpea (Cicer
arietinum L.) lines to root-knot nematode, Meloidogyne
Jjavanica (Treub) Chitwood. Genetic Resources and Crop

305


http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons

T.J.B. Pinto et al.

Evolution 51, 449-453. DOI: 10.1023/B:GRES.0000023460.
26690.23

Artiaga, O.P,, Spehar, C.R., Boiteux, L.S. & Nascimento, W.M.
(2015). Avaliacdo de genoétipos de grio de bico em cultivo
de sequeiro nas condigdes de cerrado. Revista Brasileira de
Ciéncias Agrdrias 10, 102-109.

Avelar, R.I.S., Costa, C.A., Silva, FR., Oliveira, N.L.C. &
Nascimento, W.M. (2018). Yield of chickpeas sown at dif-
ferent times. Revista Caatinga 31, 900-906.

Baida, F.C., Santiago, D.C., Takahashi, L.S.A., Athanézio, J.C.,
Cadioli, M.C. & Levy, R.M. (2011). Reaction of snap bean
to Meloidogyne javanica and M. paranaensis in greenhouse.
Acta Scientiarum Agronomy 33, 237-241. DOIL: 10.4025/
actasciagron.v33i2.6146

Bernardes Neto, J.F., Pinheiro, J.B., Silva, G.O., Biscaia, D.,
Macedo, A.G., Silva, PP. & Nascimento, W.M. (2019).
Reagdo de gendtipos de griao-de-bico aos nematoides-das-
galhas Meloidogyne incognita raga 1 e Meloidogyne enterolo-
bii. Revista Agrdria Brasileira 2, 63-70. DOI: 10.32406/
v2n42019/63-70/agrariacad

Bitencourt, N.V. & Silva, G.S. (2010). Reagdo de genétipos de
fava a Meloidogyne incognita e M. enterolobii. Nematologia
Brasileira 34, 184-186.

Bonetti, J.I.S. & Ferraz, S. (1981). Modifications of the Hussey
and Barker method for extracting eggs from Meloidogyne
exigua in coffee roots. Fitopatologia Brasileira 6, 553.

Carneiro, RM.D.G. & Almeida, M.R.A. (2001). Técnica de
eletroforese usada no estudo de enzimas dos nematoides de
galhas para identificac@o de espécies. Nematologia Brasileira
25, 35-44.

Carneiro, R.M.D.G., Cirotto, P.A., Quintanilha, A.P., Silva,
D.B. & Carneiro, R.G. (2007). Resistance to Meloido-
gyne mayaguensis in Psidium spp. accessions and their
grafting compatibility with P. guajava cv. Paluma. Fitopa-
tologia Brasileira 32, 281-284. DOI: 10.1590/S0100-
41582007000400001

Cakir, 0., Ugarli, C., Tarhan, C., Pekmez, M. & Turgut-Kara, N.
(2019). Nutritional and health benefits of legumes and their
distinctive genomic properties. Food Science and Technology
39, 1-12. DOI: 10.1590/fst.42117

Charchar, J.M., Marouelli, W.A., Giordano, L.B. & Aragéo,
F.A.S. (2005). Reprodugdo de Meloidogyne incognitaraga 1 e
produtividade de cultivares de ervilha sob diferentes ldminas
de dgua. Pesquisa Agropecudria Brasileira 40, 989-995.

Dhaliwal, S.K., Talukdar, A., Gautam, A., Sharma, P., Sharma,
V. & Kaushik, P. (2020). Developments and prospects in
imperative underexploited vegetable legumes breeding: a
review. International Journal of Molecular Sciences 21, 9615.
DOLI: 10.3390/ijms21249615

El-Nagdi, W., Youssef, M., El-Khair, H. & Abd-Elgawad,
M.M.M. (2019). Effect of certain organic amendments and
Trichoderma species on the root-knot nematode, Meloidogy-
ne incognita, infecting pea (Pisum sativum L.) plants. Egyp-

306

tian Journal of Biological Pest Control 29, 1-9. DOI: 10.1186/
s41938-019-0182-0

Hussey, R.S. & Barker, K.R. (1973). A comparison of methods
collecting inocula of Meloidogyne spp. including a new
technique. Plant Disease Reporter 57, 1025-1028.

Kumar, A., Patil, J.A., Yaday, S. & Ram, S. (2020). Screen-
ing, confirmation and field evaluation of promising resistant
germplasm of different pulses against root knot nematode,
Meloidogyne javanica. Journal of Environmental Biology 41,
1594-1598. DOI: 10.22438/jeb/41/6/S1-222

Lordello, RR.A. & Lordello, A.LL. (1993). Suscetibili-
dade de grdo-de-bico a nematoides das galhas. In: Con-
gresso Brasileiro de Nematologia 17 XV. Botucatu, Brazil,
Sociedade Brasileira de Nematologia.

Mattos, V.S., Leite, R.R., Cares, J.E., Gomes, A.C.M.M., Moita,
A.W., Lobo, VL.S. & Carneiro, RM.D.G. (2019). Oryza
glumaepatula, a new source of resistance to Meloidogyne
graminicola and histological characterization of its defense
mechanisms. Phytopathology 109, 1941-1948. DOI: 10.1094/
phyto-02-19-0044-r

Nascimento, W.M., Silva, P., Artiaga, O.P. & Suinaga, FA.
(2016). Grao-de-bico. In: Embrapa (Ed.). Hortalicas Legu-
minosas, 1st edition. Brasilia, Brazil, Embrapa Hortaligas,
pp- 89-120.

Oostenbrink, M. (1966). Major characteristics of the rela-
tion between nematodes and plants. Mededelingen Land-
bouwhogeschool Wageningen 66. The Netherlands, Wagenin-
gen, pp. 1-46.

Osei, K., Fening, J.O. & Gowen, S.R. (2019). The potential of
four non-traditional legumes in suppressing the population
of nematodes in two Ghanaian soils. African Journal of Soil
Science 7, 1-6.

Pinheiro, J.B., Silva, G.O., Macedo, A.G., Biscaia, D. & Melo,
R.A.C. (2020). Evaluation of sources of resistance to Meloi-
dogyne enterolobii in Solanum stramonifolium and S. scu-
ticum as potential rootstocks for cultivated Solanaceae. Ne-
matropica 50, 144-150.

Pinheiro, J.B., Silva, G.O., Macedo, A.G., Jesus, J.G., Raulino,
L., Magalhies, C.C., Biscaia, D., Melo, R.A.C., Silva, PP. &
Nascimento, W.M. (2021). Population dynamics of the nema-
todes Heterodera glycines and Pratylenchus brachyurus in a
succession crop of soybean and chickpea. Agronomia Colom-
biana 39, 337-342. DOI: 10.15446/agron.colomb.v39n3.
96469

Santos, L.P., Pereira, W.J., Silva, D.Z., Gongalves, D.J., Alves,
G.C.S., Pinheiro, J.B., Silva, G.O., Melo, R.A.C., Nasci-
mento, WM. & Silva, P.P. (2021). Resistance of chick-
pea genotypes to Meloidogyne javanica and Pratylenchus
brachyurus under field conditions. Pesquisa Agropecudria
Brasileira 56, 1-8.

Schwarz, T. & Gorny, A. (2023). Evaluation of soybean geno-
types (Glycine max and Glycine soja) for resistance to the
root-knot nematode,Meloidogyne enterolobii. Plant Disease
(online). DOI: 10.1094/PDIS-02-23-0278-RE

Nematology


http://dx.doi.org/10.1023/B:GRES.0000023460.26690.23
http://dx.doi.org/10.1023/B:GRES.0000023460.26690.23
http://dx.doi.org/10.4025/actasciagron.v33i2.6146
http://dx.doi.org/10.4025/actasciagron.v33i2.6146
http://dx.doi.org/10.32406/v2n42019/63-70/agrariacad
http://dx.doi.org/10.32406/v2n42019/63-70/agrariacad
http://dx.doi.org/10.1590/S0100-41582007000400001
http://dx.doi.org/10.1590/S0100-41582007000400001
http://dx.doi.org/10.1590/fst.42117
http://dx.doi.org/10.3390/ijms21249615
http://dx.doi.org/10.1186/s41938-019-0182-0
http://dx.doi.org/10.1186/s41938-019-0182-0
http://dx.doi.org/10.22438/jeb/41/6/SI-222
http://dx.doi.org/10.1094/phyto-02-19-0044-r
http://dx.doi.org/10.1094/phyto-02-19-0044-r
http://dx.doi.org/10.15446/agron.colomb.v39n3.96469
http://dx.doi.org/10.15446/agron.colomb.v39n3.96469
http://dx.doi.org/10.1094/PDIS-02-23-0278-RE

Reaction of pulses to Meloidogyne enterolobii

Sharma, R.D. & Gomes, A.C. (1992). Patogenicidade de Me-
loidogyne javanica no crescimento de lentilha. Pesquisa
Agropecudria Brasileira 27, 759-762.

Sharma, R.D. & Fonseca, C.E.L. (2000). Efeito de Meloidogyne
Jjavanica no crescimento da ervilha. Pesquisa Agropecudria
Brasileira 35, 115-122.

Sharma, S.B., Mohiuddin, M., Reddy, M.V., Singh, O., Rego,
T.J. & Singh, U. (1994). Tolerance in chickpea to Meloi-
dogyne javanica. Fundamental and Applied Nematology 18,
197-203.

Sikandar, A., Jia, L., Wu, H. & Yang, S. (2022). Meloidogyne
enterolobii risk to agriculture, its present status and future
prospective for management. Frontiers in Plant Science 13,
1093657. DOI: 10.3389/fpls.2022.1093657

Stagnari, F., Maggio, A., Galieni, A. & Pisante, M. (2017).
Multiple benefits of legumes for agriculture sustainability: an
overview. Chemical and Biological Technologies in Agricul-
ture 4, 2. DOI: 10.1186/540538-016-0085-1

Tanimola, A.A., Fawole, B. & Claudius-Cole, A.O. (2017).
Comparative profitability of managing Meloidogyne incogni-
ta on cowpea (Vigna unguiculata) using carbofuran and pul-
verized aloe keayi leaves. Tropicultura 35, 137-145.

Taylor, A.L. (1967). Introduction to research on plant

nematology: a FAO guide to study and control of

the plant parasitic nematodes. Rome, Italy, Food
and Agricultural Organization of the United Nations.

Vol. 26(3), 2024

Taylor, D.T. & Sasser, J.N. (1978). Biology, identification
and control of root-knot nematodes (Meloidogyne species).
Raleigh, NC, USA, North Carolina State University Press.

Tigano, M., De Siqueira, K., Castagnone-Sereno, P., Mulet,
K., Queiroz, P., Dos Santos, M., Teixeira, C., Almeida, M.,
Silva, J. & Carneiro, R. (2010). Genetic diversity of the root-
knot nematode Meloidogyne enterolobii and development
of a SCAR marker for this guava-damaging species. Plant
Pathology 59, 1054-1061. DOI: 10.1111/j.1365-3059.2010.
02350.x

Trancoso, A.C.R., dos Santos Dias, D.C.F., de Toledo Picoli,
E.A., da Silva Junior, R.A., da Silva, L.J. & Nascimento,
W.M. (2021). Anatomical, histochemical and physiological
changes during maturation of chickpea (Cicer arietinum L.)
seeds. Revista Ciéncia Agronémica 52, 38-46. DOI: 10.5935/
1806-6690.20210048

Verssiani, J.B.S., Souza, C.EB., Santos, P.S., Arias, C.A.A.,
Cares, J.E. & Carneiro, R.M.D.G. (2023). Reaction of soy-
bean cultivars to two races of Meloidogyne enterolobii and
their aggressiveness under plastic house conditions. Nemato-
logy 25, 929-940. DOI: 10.1163/15685411-bja10266

Zwart, R.S., Thudi, M., Channale, S., Manchikatla, P.K., Varsh-
ney, R.K. & Thompson, J.P. (2019). Resistance to plant-
parasitic nematodes in chickpea: current status and future per-
spectives. Frontiers in Plant Science 10, 966. DOI: 10.3389/
pls.2019.00966

307


http://dx.doi.org/10.3389/fpls.2022.1093657
http://dx.doi.org/10.1186/s40538-016-0085-1
http://dx.doi.org/10.1111/j.1365-3059.2010.02350.x
http://dx.doi.org/10.1111/j.1365-3059.2010.02350.x
http://dx.doi.org/10.5935/1806-6690.20210048
http://dx.doi.org/10.5935/1806-6690.20210048
http://dx.doi.org/10.1163/15685411-bja10266
http://dx.doi.org/10.3389/fpls.2019.00966
http://dx.doi.org/10.3389/fpls.2019.00966

