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ABSTRACT

The objective of this work was to prospect sources of resistance
to the root-knot nematode Meloidogyne enterolobii in wild Solanum
species and hybrids to be used as potential rootstocks for cultivated
Solanaceae. Twenty-three accessions of seven Solanum species, as
well as 35 interspecific hybrids of two crosses, were characterized for
their resistance to M. enterolobii. The experiments were conducted
in a greenhouse in Brasilia-DF, Brazil, in a completely randomized
block design with four replications of one plant per pot. Plants were
inoculated with egg masses and evaluated for the nematological
variables egg mass index, galls index, number of eggs per root
gram and reproduction factor. Solanum torvum, S. paludosum,
and S. paniculatum presented high levels of resistance. Six among
seven accessions of S. crinitum were resistant, as well as two
accessions among five of S. macrocarpon, and one among three of
S. sisymbriifolium. Except one, the 24 interspecific hybrids among
S. stramonifolium var. inerme and S. stramonifolium, as well as five
interspecific hybrids of S. stramonifolium and S. aethiopicum gr.
gilo, among eleven were resistant. These results are relevant, since
cultivated Solanaceae species of economic importance resistant to M.
enterolobii are difficult to obtain by conventional breeding. Therefore,
the identification of resistance in Solanum species compatible for
grafting with cultivated species can be important to enable their use
as rootstocks for disease control.

Keywords: horticulture, root-knot nematode, solanaceae rootstocks,
genetic breeding.

RESUMO

Fontes de resisténcia a Meloidogyne enterolobii de espécies
silvestres de Solanum e hibridos interespecificos

O objetivo deste trabalho foi prospectar fontes de resisténcia
ao nematoide-das-galhas Meloidogyne enterolobii em espécies
silvestres de Solanum e hibridos com potencial para serem
utilizados como porta-enxertos para solandceas cultivadas. Vinte
e trés acessos de sete espécies de Solanum, bem como 35 hibridos
de dois cruzamentos interespecificos, foram caracterizados quanto
a resisténcia a M. enterolobii. Os experimentos foram conduzidos
em casa de vegetagdo em Brasilia-DF, Brasil, em delineamento de
blocos inteiramente casualizados, com quatro repeti¢des de uma
planta por vaso inoculada com ovos do nematoide, avaliadas quanto
as variaveis nematolédgicas: indice de massa de ovos, indice de
galhas, numero de ovos por grama de raiz e fator de reprodugao.
Todos os acessos de Solanum torvum, S. paludosum e S. paniculatum
apresentaram alta resisténcia. No caso de S. crinitum, S. macrocarpon
e S. sisymbriifolium, as reagdes foram variadas, com seis de sete, dois
de cinco e um de trés acessos resistentes, respectivamente. Vinte e
trés dos 24 hibridos interespecificos entre S. stramonifolium var.
inerme e S. stramonifolium, e cinco hibridos interespecificos de S.
stramonifolium e S. aethiopicum gr. gilo, entre onze, também foram
resistentes. Esses resultados sdo de interesse pratico para o controle do
nematoide-das-galhas, uma vez que solandceas cultivadas resistentes
a M. enterolobii sdo de dificil obtengdo por meio de melhoramento
convencional. Por isso, a identificacdo de resisténcia em espécies de
Solanum compativeis com as espécies cultivadas pode ser importante
para permitir o uso como porta-enxertos.

Palavras-chave: horticultura, nematoide-das-galhas, porta enxertos
de solanaceas, melhoramento genético.
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he plant-parasitic root-knot
nematodes belonging to the
Meloidogyne genus are considered
the most important in the world due
to the significant economic losses
caused in a wide range of crop hosts

(Bernard et al., 2017; Ye et al., 2021).
Among them, M. enterolobii (syn.
Meloidogyne mayaguensis) is known
to break many horticultural species
resistances, including some hybrids with
known Mi-genes, for instance Mi-1 and

N (Shao et al., 2021).

In Brazil, M. enterolobii was
originally reported in 2001, in guava
(Psidium guajava) orchards situated
in the states of Pernambuco and Bahia
(Carneiro et al., 2001). Since then, it
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quickly spread in the national territory
(Silva et al., 2021), causing significant
losses to several other species and
threatening the whole horticulture
productive chain (Pinheiro ez al., 2020).

Meloidogyne enterolobii specifically
damages many important solanaceous
crops, such as tobacco, potato, tomato,
eggplant, scarlet eggplant (gilo), and
pepper (Pinheiro et al., 2020; Schwarz
etal.,2020; Silva et al.,2021; Ye et al.,
2021), making it difficult to find root
knot resistance sources amongst them.
Thus, the identification of resistance
sources in landraces (wild species) may
allow the utilization of interspecific
crossings and the use of grafting, that is
a simpler technology with the potential
of reducing the damages of soilborne
diseases (Thies, 2021). Mendonga
et al. (2017) stated that, although
grafting is an efficient technique to
overcome the appearance of new
pathogen species or races, its adoption
in Brazil is evolving slowly, due to the
high cost of hybrid rootstocks and scions
seeds. Alternatively, grafting by using
native species that are compatible with
other cultivated Solanum species, with
the possibility of seed production by
growers, can reduce costs and improve
crop sustainability.

Solanum stramonifolium is the
most studied species in Brazil as a
rootstock for tomato with resistance
to M. enterolobii. Pereira et al. (2018)
evaluated 22 accessions and found
that 11 were resistant. For other
Solanum species evaluated in this
study, good compatibility for grafting
with tomato was reported in Solanum
paniculatum (Pereira et al., 2018), S.
crinitum (Carvalho et al., 2020), and
S. mammosum (Bletsos & Olympio,
2008), being this first species resistant
to M. enterolobii according to Mattos et
al. (2011), and S. mammosum resistant
to M. arenaria (Gonzélez et al., 2010).

Grafting is also possible with
S. macrocarpon, S. torvum and S.
sisymbriifolium, for being resistant
to M. incognita (Nyaku & Amissah,
2018). Currently, there is no information
about resistance to M. enterolobii in S.
crinitum and in S. sisymbriifolium. Bellé
et al. (2019) classified one accession of
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S. sisymbriifolium as susceptible to M.
enterolobii and Hajihassani et al. (2020)
identified four resistant accessions of S.
sisymbriifolium. Solanum paludosum
has not been characterized for grafting
compatibility or for nematode resistance.
Solanum macrocarpon is a major
vegetable crop in sub-Saharan Africa
and constitutes the so-called scarlet and
gboma eggplant complexes being able to
cross with eggplant (Plazas et al., 2014;
Sounou et al., 2021), and to be used as
rootstock (Gisbert et al., 2011). Solanum
torvum is also used worldwide as an
eggplant rootstock resistant to many
plant parasitic nematode species, like
M. incognita, M. javanica, M. arenaria,
and M. luci (Serap et al., 2018).

Considering the possibility of using
this wild Solanum species as rootstocks,
and the scarcity of information regarding
resistance to M. enterolobii, the objective
of this work was to prospect resistance
sources to this important pathogen in
wild Solanum species and hybrids,
to be used as potential rootstocks for
cultivated Solanaceae.

MATERIAL AND METHODS

Three experiments were conducted
under greenhouse conditions from
August 2019 to January 2020 at Embrapa
Vegetables (15°56°S, and 48°08°W,
996 m altitude), Brasilia-DF, Brazil.
For inoculation purposes, females of
M. enterolobii, maintained in tomato
plants, were previously identified by
perineal cuts (Taylor & Sasser, 1978)
and isoenzymes pattern (Carneiro &
Almeida, 2001).

In the first experiment three Solanum
paludosum, five S. macrocarpon, seven
S. crinitum, three S. sisymbriifolium, one
S. paniculatum, three S. mammosum,
and one S. forvum accessions were
evaluated. The tomato cultivar Rutgers
was used as the susceptible control.

In the second experiment, 24
interspecific hybrids were evaluated.
These hybrids, with few thorns, are in
the F6 generation of self-pollination,
and were generated from crossing
of Solanum stramonifolium var.
inerme, a thornless species, previously
evaluated as a source of resistance to
M. enterolobii (Pinheiro et al., 2021)
and graft compatible with tomato
(Mendonga et al., 2017) with Solanum
stramonifolium. This species presents

thorns, is well adapted to hot climates
from the North of Brazil, being used as
a rootstock for tomato and eggplant in
areas with high pressure of bacterial wilt
caused by Ralstonia spp. The tomato
cultivar Rutgers and one accession of
S. stramonifolium var. inerme were used
as susceptible and resistant controls,
respectively.

In the third experiment, 11
interspecific hybrids among S.
stramonifolium and scarlet eggplant
(S. aethiopicum gr. gilo) were likewise
evaluated. The scarlet eggplant is a
species susceptible to M. enterolobii
(Pinheiro et al., 2021), but graft
compatible with tomato and eggplant
(Mendonga et al., 2017).

All trials were held in a completely
randomized block design with four
replications, with one plant representing
the experimental plot. Seedlings were
produced in plastic trays with 128 plugs
(40 cm? per plug) using coconut coir
and peat moss mix-based commercial
substrate (Plantmax®). Thirty days after
sowing, plantlets were transplanted
in plastic pots containing 1.5 dm? of
a sterilized mix: soil retrieved from
subsurface layers (a clayey Oxisol,
typically encountered region in Brazil
in the Cerrado Biome), washed sand,
cow manure, and carbonized rice husk
in the proportion 1:1:1:1. This mixture
was fertilized and corrected with 300 g
of 4-30-16 N-P-K formulation and 300
g of calcined dolomitic lime per 300
kg. After transplantation, plants were
inoculated with 5.000 eggs and eventual
second-stage juveniles (J2) of M.
enterolobii utilizing a 5 mL suspension
applied around the plant shoot region.
Watering from seedling transplantation
to the final evaluation was performed
twice daily with enough water to start
the run-off at the bottom of the pots. All
other cultural practices were performed
using technical recommendations
for controlled environment tomato
cultivation (Schwarz et al., 2020).

At 120 days after inoculation, the
gall index (GI), egg mass index (EMI),
number of eggs per gram of roots
(NE), and reproduction factor (RF)
were evaluated according to Dickson
& Struble (1965). EMI and GI were
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obtained according to Taylor & Sasser
(1978) using a scoring scale from 0 to
5, where: 0 = roots without galls or egg
masses; 1 = presence of 1 to 2 galls or
egg masses; 2 = presence of 3 to 10 galls
or egg masses; 3 = presence of 11 to 30
galls or egg masses; 4 = presence of 31 to
100 galls or egg masses and 5 = presence
of more than 100 galls or egg masses.
RF was obtained by dividing the initial
and final nematode population (RF=FP/
IP), considering the initial population
(IP) the one inoculated, and the final
population (FP) as the one extracted
from the root system using Boneti &
Ferraz (1981) recommendations. Plants
were considered immune (I) when the
RF presented value = 0, resistant (R)
with a RF value <1, and susceptible
(S) with RF value >1 (Oostenbrink,
1966). Data were checked for evidences
of a normal distribution and variance
homogeneity. Data were subjected to
analysis of variance (ANOVA), and the
means compared using the Scott-Knott
clustering method at a significance
level of 0.05. All statistical analyses
were performed using Genes software
(Cruz, 2013).

RESULTS AND DISCUSSION

Significant differences were observed
for all evaluated variables in the first
experiment (P<0.05) (data not shown).
The coefficients of variation were
considered low for most of the evaluated
variables, but for the number of eggs
per root gram (NE) a value of 41.76%
indicates that, for this character, the
experimental precision was lower. The
rate between the genotypic coefficient
of variation and the environmental
coefficient of variation (CVg/CV)
was superior to the unity value for
all the variables, which indicates the
preponderance of genetic variability to
the environmental variability, as well as
a satisfactory degree of accuracy for the
obtained results (Table 1).

Regarding the reproduction factor
(RF), S. torvum CNPH 610 was the only
immune accession among all Solanum
species evaluated. The three accessions
of S. paludosum and the accession of S.
paniculatum were resistant (Table 1).
CNPH 610 also presented lower values
of egg mass index (EMI), gall index

(GI), and NE, being the most resistant
Solanum species of this experiment.
This result is very important since the
two aforementioned species were not
so far evaluated for their M. enterolobii
resistance. Solanum crinitum has also
presented six among seven accessions
with resistant response. This species is
used in Brazil as a tomato rootstock to
control bacterial wilt (Carvalho ef al.,
2020), but there was no information
available about its resistance to M.

enterolobii.

There are also two accessions of S.
macrocarpon (CNPH 47 and CNPH
444), from the five evaluated ones, and
one S. sisymbriifolium (CNPH 118),
from three evaluated ones that were
resistant (Table 1). All accessions of
S. mammosum were susceptible. Bellé
et al. (2019) classified one accession
of S. sisymbriifolium as susceptible
to this nematode. Hajihassani et al.
(2020) evaluated four S. sisymbriifolium

Table 1. Evaluation of wild Solanum accessions for the reaction to Meloidogyne enterolobii.

Embrapa, Brasilia, 2020.

Solanum species  Accessions EMI GI NE RF/Reaction
S. paludosum CNPH45 1.25f 1.25f 11.79d 0.11c/R
S. paludosum CNPH 200 2.50d 2.50d 39.12d 0.12¢c/R
S. paludosum CNPH 205 2.75d 2.75d 32.24d 0.15¢/R
S. macrocarpon CNPH 38 3.50c¢c 3.50c 68.13¢ 1.13b/8S
S. macrocarpon CNPH 47 500a 5.00a 33.89d 041c/R
S. macrocarpon CNPH 444 475a 475a 57.02c¢ 0.56b/R
S. macrocarpon CNPH 445 4.75a 4.775a 243.86b 3.83a/S
S. macrocarpon CNPH 503 5.00a 5.00a 354.86b 395a/8S
S. crinitum CNPH 189 3.75¢ 3.775¢c 89.46¢ 0.38c/R
S. crinitum CNPH 190 4.00b 4.00b 104.38¢ 147b/8S
S. crinitum CNPH 191 4.75a 4.75a 6545¢ 0.68b/R
S. crinitum CNPH 193 3.75¢ 3.75c¢ 10430c 0.92b/R
S. crinitum CNPH 194 4.00b 4.00b 5331c 0.59b/R
S. crinitum CNPH 195 4.75a 4.75a 16297c¢ 099b/R
S. crinitum CNPH225 2.00e 200e 4.88d 0.09c/R
S. sissymbriifolium CNPH 34 3.75¢ 3.75¢ 68.60c 1.21b/8S
S. sissymbriifolium CNPH 118 3.50c 3.50c 14.71d 020c/R
S. sissymbriifolium CNPH 368 3.75¢ 3.75¢ 113.29¢ 2.18a/8S
S. paniculatum CNPH27 325c¢ 325c¢c 18.17d 0.27c¢c/R
S. mammosum CNPH35 5.00a 5.00a 201.29b 333a/S
S. mammosum CNPH36 5.00a 5.00a 197.96b 26la/S
S. mammosum CNPH334 5.00a 5.00a 300.45Db 449a/S
S. torvum CNPH610 3.00c 3.00c 0.00d 0.00c/1
Tomato Rutgers 425b 4.25b 53895a 2.39a/S
Means - 3.88 3.88 119.96 1.34
CV (%) - 10.30  10.30 41.76 20.72
CVg/CV - 2.43 2.43 1.56 1.77

EMI=Egg mass index; GI= Galls index (Taylor & Sasser, 1978); NE=number of eggs per root
gram; RF=Reproduction factor = final population / initial population (RF=FP/IP) (5000 eggs
and eventual J2). Reaction of resistance according to Oostenbrink (1966): Immune (I) RF=
0, resistant (R) RF<I and susceptible (S) RF>1. Means followed by same lowercase letters
in the columns do not differ by Scott-Knott clustering test at 5% probability; CV: coefficient
of variation; CVg/CV: rate between the genotypic and environmental coefficient of variation.
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accessions also using tomato ‘Rutgers’
as susceptible control, obtaining one
as resistant to M. arenaria, three
to M. incognita, all resistant to M.
haplanaria and M. enterolobii, and
susceptible to M. javanica. Gonzalez et
al. (2010) classified one accession of S.
mammosum as resistant to M. incognita
race 2 and M. arenaria. These results
reinforce the need to evaluate a diverse
source of accession in order to establish
the reaction of the species (interspecific
variability).

Some accessions classified as
resistant or immune according to RF
(Oostenbrink, 1966), i.e., showing lower
number of nematodes compared to the
initial inoculated population, presented
some amount of egg masses (EMI)
and galls (GI). Although these indexes
provide support for the interpretation of
RF results, there is not always a positive
correlation among them. Generally,
this varies depending on the evaluated
species and its accessions. Thus, there
are genotypes that the plant responds
with some number of galls; there is
the formation of egg mass, but the fact
that they are resistant means that fewer
nematodes are produced and there is
a low value of the reproduction factor
(RF) (Hussey & Janssen, 2002). For
example, tomato plants carrying the Mi
gene that confers resistance, or even
in certain cases immunity to the main
species of root-knot nematode (M.
incognita, M. javanica and M. arenaria),
not always show total absence of galls
or egg mass (Hussey & Janssen, 2002).

About the second experiment,
differences among the genotypes
(P<0.05) were observed for all evaluated
variables. The resistant and susceptible
controls presented the expected
responses (Table 2). Except for the
accession L.29 all hybrids were resistant.
These hybrids were obtained from the
cross of S. stramonifolium var. inerme,
a thornless species with a good source
of resistance to M. enterolobii (Pinheiro
etal.,2021),and S. stramonifolium, that
is well adapted to hot climates as in the
North of Brazil, but with the limitation
of having many thorns (Mendonga et al.,
2017). These are important information,
indicating that there are accessions with

few thorns, so with better manipulation
when used for grafting, and resistance
to M. enterolobii. Pereira et al.
(2018) evaluated 22 accessions of S.
stramonifolium to M. enterolobii and
found that 11 were resistant.

In the third experiment, following the

trend observed in the two experiments,
there were significant differences
among accessions for all the evaluated
variables, showing a higher CV value
for NE. All genotypes had a RF value
lower than the susceptible control,
except the accessions L1 and L6.

Table 2. Evaluation of interspecific hybrids among Solanum species, Solanum stramonifolium
var. inerme and Solanum stramonifolium, F6 generation of self-pollination, for the resistance

to Meloidogyne enterolobii. Embrapa, Brasilia, 2020.

Hybrids EMI GI NE RF/Reaction
L1 2.00c 2.00 ¢ 2.44d 0.03d/R
L2 2.00c 2.00c¢ 2.56d 0.03d/R
L3 3.00b 3.00b 16.95d 0.15d/R
L4 3.00b 3.00b 12.87d 0.14d/R
L5 2.50¢ 2.50 ¢ 7.34d 0.03d/R
L6 3.50a 350a 130.21b 045c/R
L9 3.00b 3.00b 18.35d 0.14d/R
L12 3.75a 3.75a 29.70 ¢ 0.21d/R
L15 2.50¢ 2.50c¢ 54.62 c 0.36d/R
L16 3.25b 325D 6122 ¢ 0.53¢c/R
L18 3.00b 3.00b 34.03 ¢ 0.30d/R
L19 375a 375a 43.85¢ 0.57c/R
L21 350a 3.50a 5433 ¢ 0.24d/R
L24 3.50a 350a 60.37 ¢ 0.65¢c/R
L25 3.50a 3.50a 16.56 d 021d/R
L26 2.00 ¢ 2.00c 14.79 d 0.17d/R
L29 3.25b 3.25b 150.56 b 1.07b/8S
L31 3.50a 350a 103.10 ¢ 0.44c/R
L32 3.00b 3.00b 39.20 ¢ 0.29d/R
L34 3250 325D 5.80d 0.08d/R
L35 3.25b 3.25b 8.21d 0.08d/R
L42 2.00c 2.00c 1.00d 0.02d/R
L43 375a 3.75a 47.02 ¢ 0.50c/R
L6l 3250 3.25b 2822 ¢ 020d/R
S stramonifolivm 3.50a 3.50a  19.57d 0.14d /R
Tomato ‘Rutgers’ 4.25a 425a 538.95a 293a/S
Means 3.11 3.09 57.76 0.38

CV (%) 13.66 14.15 43.66 12.42
CVg/CV 1.35 1.28 1.63 1.96

EMI= Egg mass index and GI= Galls index (Taylor & Sasser, 1978); NE= number of eggs
per root gram; RF= Reproduction factor = final population / initial population (RF= FP/
IP) (5000 eggs and eventual J2); Reaction of resistance according to Oostenbrink (1966):
Immune (I) RF= 0, resistant (R) RF<1 and susceptible (S) RF>1. Means followed by same
lowercase letters in the columns do not differ by Scott-Knott clustering test at 5% probability;
CV= coefficient of variation; CVg/CV= rate between the genotypic and environmental

coefficient of variation.
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Table 3. Evaluation of interspecific hybrids among Solanum stramonifolium and Solanum
aethiopicum gr. gilo for the resistance to Meloidogyne enterolobii. Embrapa, Brasilia, 2020

Hybrids EMI GI NE RF/Reaction
L1 5.00a 5.00a 349.57 a 393a/S
L2 5.00 a 5.00a 56.44 c 0.87¢c/R
L3 5.00 a 5.00a 48.60 c 0.83¢c/R
L4 5.00a 475a 35.07c 0.51c¢/R
L5 5.00a 5.00a 113.24 b 1.74b/8S
L6 5.00a 5.00a 150.06 b 2.69a/S
L7 5.00 a 5.00a 79.88 b 1.23¢/S
L8 5.00 a 5.00a 39.92 ¢ 0.68 c/R
L9 5.00a 5.00a 93.66 b 1.37¢/8S
L10 5.00a 5.00a 23.65¢ 041c/R
L11 5.00 a 5.00a 85.95b 195b/8S
Tomato Rutgers 425D 425b 538.95a 293a/S
Means 4.94 4.92 134.58 1.59
CV (%) 2.92 4.34 30.23 17.92
CvVg/CV 1.41 0.91 1.69 1.38

EMI= Egg mass index and GI= Galls index (Taylor & Sasser, 1978); NE= number of eggs
per root gram; RF= Reproduction factor = final population / initial population (RF= FP/
IP) (5000 eggs and eventual J2); Reaction of resistance according to Oostenbrink (1966):
Immune (I) RF= 0, resistant (R) RF<I and susceptible (S) RF>1. Means followed by same
lowercase letters in the columns do not differ by Scott-Knott clustering test at 5% probability;
CV= coefficient of variation; CVg/CV= rate between the genotypic and environmental

coefficient of variation.

These two accessions, together with
L5, L7, L9, and L11 were classified as
susceptible according to Oostenbrink
(1966), presenting an RF value higher
than 1. The accessions L2, L3, L4, L8,
and L10 were classified as resistant,
presenting an RF value lower than 1
(Table 3).

Pinheiro et al. (2021) stated that
the resistance of eggplant and scarlet
eggplant to root-knot nematodes is
difficult to obtain by conventional
breeding, and that crossing these
species with wild Solanaceae accessions
presenting a higher degree of resistance,
such as S. stramonifolium, is feasible.
This is a strategy that could be employed
to develop hybrid rootstocks compatible
to important crop vegetable solanaceous
species, maintaining the parent’s
resistance, and having complementary
traits such as a lower amount or absence
of thorns.

In conclusion, we verified that
Solanum torvum, S. paludosum, and
S. paniculatum are species resistant to

M. enterolobii with all the evaluated
accessions classified as resistant or
immune. Solanum crinitum also has six
among seven accessions being resistant
(CNPH 189, CNPH 191, CNPH 193,
CNPH 194, CNPH 195 and CNPH
225) whereas, for S. macrocarpon,
two accessions from five evaluated
(CNPH 47 and CNPH 444), and one S.
sisymbriifolium from three evaluated
(CNPH 118), also are resistant. All
accessions of S. mammosum were
susceptible. Almost all interspecific
hybrids, presenting few thorns, between
S. stramonifolium var. inerme and S.
stramonifolium, except one (L29), are
similarly resistant to this plant parasitic
nematode. Five interspecific hybrids
of S. stramonifolium and eggplant (L2,
L3, L4, L8, and L10), among eleven,
are also resistant. These results are
significant, since the resistance of the
root-knot nematode M. enterolobii
in cultivated solanaceous species of
economic importance, such as tomato
and eggplant, is difficult to obtain by

conventional breeding; consequently,
the identification of resistant and graft
compatible species can enable their use
as rootstocks for disease control.
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