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Abstract: Amaryllis (Hippeastrum sp.) is an important ornamental plant, yet information 
on its interaction with phytonematodes, especially with the aggressive and emerging 
root-knot nematode Meloidogyne enterolobii, remains scarce. This study evaluated, 
under controlled greenhouse conditions, the reaction of two amaryllis cultivars to M. 
enterolobii. Two experiments were conducted using Hippeastrum cv. Red Bull (experiment 
1) and Hippeastrum cv. Orange Sovereign (experiment 2). Bulbs were inoculated with 0 
(control), 10,000, 20,000 and 40,000 eggs and juveniles of M. enterolobii. Plant growth 
parameters, including fresh belowground biomass (FBB), fresh shoot biomass (FSB) 
and the reproduction factor of M. enterolobii (RF) were evaluated. Nematodes failed to 
establish on either Hippeastrum cultivars (RF < 1), indicating that both cultivars behave 
as inadequate hosts, yet nematode parasitism reduced plant growth parameters. The Red 
Bull cultivar presented a 30% reduction in FBB when inoculated with a population dose 
of 40,000 nematodes, exhibiting symptoms of intolerance to high inoculum densities 
in M. enterolobii infections. The Orange Sovereign cultivar, even though it showed a 
tendency towards a reduction in FBB and FSB, this reduction was not significant, and the 
plants were classified as resistant. This is the first study reporting the parasitic behavior 
of M. enterolobii in Hippeastrum cultivars.

Key words: Amaryllis, Resistance, Intolerance, Ornamental plant, Guava root-knot 
nematode.

INTRODUCTION
The Brazilian flower and ornamental plant 
market is an important sector that has been 
standing out in recent decades. According to the 
Brazilian Institute of Floriculture and the Center 
for Advanced Research in Applied Economics, in 
2024, the sector grew by 9.9% compared to the 
previous year, generating approximately R$21.2 
billion (Ibraflor & Cepea 2025). In this context, 
interest in bulbous flowers of the Amaryllidaceae 
family has increased, with amaryllis species 
(Hippeastrum spp.) being among the main 
cut and potted flowers cultivated and sold in 
Brazil (Tombolato et al. 2010). Hippeastrum 
has a high commercial value, mainly due to 

the production being focused on export, with 
approximately 60% of all production destined 
for international trade (Tombolato et al. 2010). 
However, Hippeastrum production and its 
consequent commercialization can be reduced 
due to the action of various pathogens, such as 
plant-parasitic nematodes.

Among the plant-parasitic nematodes, 
root-knot nematodes, belonging to the genus 
Meloidogyne, stand out as some of the most 
destructive nematodes (Jones et al. 2013). Several 
species are of interest, however, Meloidogyne 
enterolobii (syn. M. mayaguensis) has been 
gaining prominence. This species has been 
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reported as an emerging threat in various crops 
worldwide, currently posing a significant danger 
to agricultural production (Elling 2013, Santos et 
al. 2019). Attention to this pathogen is so great 
that some European countries, such as those 
constituting the United Kingdom, have regulated 
M. enterolobii as a quarantine pest, while other 
countries have included it on the alert list of the 
European and Mediterranean Plant Protection 
Organization, which recommends the pathogen 
be regulated as a quarantine pest (EPPO 2025). 
Considering that the majority of Hippeastrum 
production is exported, the presence of a 
quarantine pest like M. enterolobii could impose 
severe trade barriers and economic losses for 
Brazilian producers.

Meloidogyne enterolobii exhibits high 
pathogenicity and has a wide range of susceptible 
hosts due to its polyphagous habit, including 
fruit crops (Carneiro et al. 2001), vegetables 
(Philbrick et al. 2020) and ornamental plants 
(Kokalis-Burelle et al. 2017). This plant-parasitic 
nematode causes significant productivity 
losses as well as a reduction in product quality, 
which is an extremely important characteristic 
when dealing with ornamental plants. Such 
aggressiveness and polyphagous capacity are 
factors that must be considered when choosing 
management techniques for these parasites. In 
general, genetic resistance, achieved through 
the identification of resistant cultivars, is an 
effective and sustainable control strategy aimed 
at overcoming the problems caused by plant-
parasitic nematodes. However, studies have 
reported the ability of M. enterolobii to overcome 
resistance genes that are typically effective 
against other Meloidogyne species, making the 
management of this root-knot nematode species 
more challenging (Kiewnick et al. 2009). Even 
so, the search for resistant cultivars remains a 
viable and sustainable alternative for managing 

plant-parasitic nematodes, especially in high-
value ornamental crops such as Hippeastrum.

Even with its extensive and continuous 
spread across different agricultural crops, to date 
there are no reports of the interaction between 
M. enterolobii and Hippeastrum sp., just as there 
are no studies that explore the pathogenicity 
reaction of the nematode in this ornamental 
crop. Therefore, given the economic importance 
of Hippeastrum in the ornamental plant 
market and the high pathogenic potential of M. 
enterolobii to various plant species, it is essential 
to investigate the plant–pathogen interaction, 
particularly because ornamental crops, despite 
their smaller cultivated area, represent a 
disproportionately high phytosanitary risk due to 
the international trade and movement of bulbs, 
which can facilitate the spread of nematodes 
over long distances to previously uninfected 
areas. Such studies can enhance understanding 
of the plant’s response to nematode infection, 
identify potential sources of resistance, support 
gene-level resistance research, and aid in 
developing effective management strategies for 
this pathogen across different hosts. Therefore, 
this study aimed to evaluate, under greenhouse 
conditions, the response of two Hippeastrum 
cultivars to the nematode M. enterolobii.

MATERIALS AND METHODS
Experimental design
Eggs and juveniles of M. enterolobii were 
extracted from roots of bell pepper (Capsicum 
annuum) infected with the pathogen, from the 
municipality of Campinas, state of São Paulo, 
using the method of Coolen & D’Herde (1972) 
with modifications. The roots were carefully 
washed and crushed in a blender with a 
0.25% sodium hypochlorite solution (NaClO). 
The resulting suspension was passed through 
overlapping sieves of 20 and 500 mesh, with 
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the material retained on the 500 mesh sieve 
being collected. Kaolin was then added, and the 
suspension was centrifuged for 5 minutes at 
1800 rpm, discarding the supernatant. The pellet 
was resuspended in a sucrose solution (density 
1.15) and subjected to another centrifugation for 
1 minute at 1800 rpm. The supernatant was then 
collected on a 500 mesh sieve and taken for 
microscopic examination. This same inoculum 
was used in both experiments, being inoculated 
immediately after extraction.

The response of bulbs from two 
Hippeastrum cultivars, Red Bull and Orange 
Sovereign, produced in the regions of Mogi 
Mirim and Casa Branca in the state of São Paulo, 
respectively, was evaluated. Each Hippeastrum 
cultivar constituted an experiment, resulting 
in two greenhouse experiments: Experiment 
1 - Hippeastrum cv. Red Bull and Experiment 
2 - Hippeastrum cv. Orange Sovereign. The 
experiments were conducted simultaneously, 
under similar greenhouse conditions. In each 
experiment, the experimental design was 
completely randomized, with four treatments 
corresponding to four population densities of 
M. enterolobii, each with four replicates, totaling 
32 experimental units.

The Hippeastrum bulbs, transplanted into 
3800 cm3 pots containing commercial substrate 
Tropstrato®, were inoculated with M. enterolobii 
population densities of 0 (control plants), 
10,000, 20,000, and 40,000 eggs and second-
stage juveniles (J2) per plant. Inoculation was 
performed by pipetting the aqueous inoculum 
suspension into two holes around the base of 
each plant. Additionally, four pots containing 
tomato (Solanum lycopersicum cv. Dwarf ) 
seedlings, a species known to be susceptible, 
were simultaneously inoculated with 10,000 M. 
enterolobii specimens to confirm the viability of 
the inoculum used in the study.

The experiments were evaluated 75 
days after inoculation. Firstly, the roots were 
evaluated in relation to the gall index (Taylor 
& Sasser 1978), which was established by the 
following classification scale: 0) root without 
galls; 1) root with 1-2 galls; 2) root with 3-10 galls; 
3) root with 11-30 galls; 4) root with 31-100 galls; 
and 5) root with more than 100 galls. Roots 
were processed using the method of Coolen & 
D’Herde (1972), and the extracted nematodes 
were quantified on a Peter’s counting slide 
under a Leica light microscope, model DMLS. 
The vegetative development variables fresh 
belowground biomass (roots + bulb, FBB) and 
fresh shoot biomass (FSB) were measured. The 
final nematode population (FP) was estimated, 
and the reproduction factor (RF) (Oostenbrink 
1966) of the nematode was subsequently 
calculated using the ratio RF = FP/IP (where IP = 
initial population).

The effects of M. enterolobii parasitism on 
Hippeastrum bulbs were evaluated according 
to the criteria of Dropkin & Nelson (1960), 
which propose a classification based on the 
integration of multiple characteristics of the 
plant-nematode interaction, and not only on 
the pathogen’s reproduction (Oostenbrink 1966). 
In this framework, the classification approach 
distinguishes host suitability related to nematode 
reproduction (resistance or susceptibility) from 
vegetative damage caused by the pathogen 
(tolerance or intolerance). Therefore, we 
report whether the cultivar is a suitable host 
for nematode multiplication (RF) and whether 
plant growth is negatively affected by increasing 
inoculum densities. The combination of these 
two dimensions, nematode reproduction factor 
(RF) and vegetative performance, results in 
the four host-response categories described 
by Dropkin & Nelson (1960): susceptible (RF>1 
+ reduction of plant growth parameters), 
resistant (RF<1 + there is no reduction in plant 
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growth parameters), tolerant (RF>1 + there is 
no reduction in plant growth parameters), or 
intolerant (RF<1 + reduction of plant growth 
parameters).

Statistical analysis
The experimental data were tested for normality 
by the Shapiro & Wilk (1965) test. Subsequently, 
they were submitted to analysis of variance 
(ANOVA), with treatment means compared by 
LSD test (p < 0.05), using the Agricolae package 
in software R v.4.5.0 (R Core Team 2026).

RESULTS
The tomato plants used as indicator plants 
presented an average final population of 
74,941 specimens of M. enterolobii, with a high 
reproduction factor (RF = 7.5) and a high index 

of root galls (gall index = 5), thus proving the 
viability of the inoculum used in the experiments 
(Figure 1).

The mean values of fresh belowground 
biomass (FBB), fresh shoot biomass (FSB), and 
total population of M. enterolobii specimens 
present in the roots of the two Hippeastrum 
cultivars studied, 75 days after inoculation, are 
presented in Table I.

Overall, based on the analysis of the 
reproductive data obtained in both experiments, 
it was found that the nematodes did not establish 
themselves on Hippeastrum cv. Red Bull and 
Orange Sovereign plants, regardless of the initial 
inoculated population density, demonstrating 
that Hippeastrum is not a suitable reproductive 
host for M. enterolobii. The final population in 
all treatments, regardless of the cultivar studied, 
was significantly reduced, always with a RF lower 

Figure 1. Tomato plant used as an indicator plant. a) Whole plant; b) Roots displaying numerous root galls.
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than one. Furthermore, no root galls, a typical 
symptom of the species, were observed, with 
both cultivars having a root gall index = 0 (Figure 
2).

For the Red Bull cultivar, no significant 
differences in FBB were observed between the 
control and the treatments with initial doses of 
10,000 and 20,000 eggs and J2 per plant, indicating 
that these densities did not compromise the 
production of fresh belowground biomass. 
However, plants that received the highest 
population dose, 40,000 nematodes per plant, 
showed a significant reduction in FBB compared 
to the control, corresponding to 30.0%. Similarly, 
a 30.3% reduction in FSB was observed in plants 
with a dose of 40,000 nematodes compared 
to control plants, although this difference was 
not significant. When associating the vegetative 
data with the low reproductive values, it 
was found that the Red Bull cultivar can be 

considered resistant up to a certain nematode 
population density. However, the plants of this 
cultivar that received the population dose of 
40,000 nematodes were classified as intolerant 
to the pathogen, because even though M. 
enterolobii was unable to reproduce, presenting 
a RF lower than 1, the phytonematode caused 
significant damage to the plants, according to 
the classification method of Dropkin & Nelson 
(1960).

In the Orange Sovereign cultivar, plants 
did not show significant differences in 
FBB and FSB between the control and the 
treatments inoculated with different population 
densities. However, although without statistical 
significance, a downward trend was observed 
in both FBB and FSB in plants inoculated with 
M. enterolobii, except for FBB in the treatment 
with 40,000 nematodes. By associating the 
vegetative data (FBB and FSB) with the reduced 

Table I. Average values of the mass (g) of the fresh belowground biomass (FBB), fresh shoot biomass (FSB), and the 
final population (FP) of Meloidogyne enterolobii specimens present in the roots of Hippeastrum cultivars Red Bull 
and Orange Sovereign and nematode reproduction factor (RF), 75 days after inoculation.

Treatments
FBB FSB FP RF

Effect of parasitism

(Initial number of nematodes/plant) (Dropkin & Nelson 1960)

Red Bull

0 (control) 318.7a 231.5ab 0 0.0000 -

10000 348.0a 312.7a 0 0.0000 Resistant 

20000 331.8a 241.5ab 3 0.0003 Resistant

40000 223.0b 161.4b 0 0.0000 Intolerant

Orange Sovereign

0 (control) 294.2a 413.4a 0 0.0000 -

10000 282.0a 306.0a 3 0.0003 Resistant

20000 276.1a 369.4a 0 0.0000 Resistant

40000 360.7a 297.2a 0 0.0000 Resistant

Tomato 17.3 - 74,941 7.5000 Susceptible
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RF (less than 1), all treatments were classified as 
resistant to M. enterolobii (Table I).

The reductions caused by the phytonematode 
in FBB are demonstrated in Figure 2. It is worth 
noting that, in tomato, RF = 7.5 was obtained, 
proving the viability of the inoculum.

DISCUSSION
The results of this study demonstrated that the 
Hippeastrum Red Bull and Orange Sovereign 
cultivars are not good hosts for M. enterolobii, 
exhibiting low nematode reproduction factors, 
regardless of the initially inoculated population 
density. The results obtained in this study are 
from a single experimental cycle and therefore 
represent initial evidence of the reaction of 

Hippeastrum to M. enterolobii. Based on these 
observations, we plan future studies with 
multiple cycles and different experimental 
conditions to corroborate the results presented 
here. From a phytosanitary point of view, these 
characteristics suggest that bulbs of these 
cultivars present a lower risk of acting as a source 
of pathogen dissemination between production 
areas. On the other hand, the results also show 
that, although the nematode does not multiply, 
very high populations can still reduce fresh root 
biomass, which can compromise the vigor and 
uniformity of the marketed bulbs. However, it 
should be noted that this variable includes both 
roots and bulbs, where, anatomically, the bulb is 
not part of the root system, and its inclusion may 
partially mask nematode effects specifically on 

Figure 2. Whole plant and root system (bulbs and roots) of amaryllis cultivars. a) Red Bull, and b) Orange Sovereign 
inoculated with different population densities of Meloidogyne enterolobii specimens (0 - control, 10,000, 20,000 
and 40,000 nematodes), 75 days after inoculation.
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roots by diluting the magnitude of root biomass 
reductions. Bulb uniformity is a characteristic of 
commercial relevance, as it directly influences 
market value, consumer acceptance, and export 
viability. This aspect is especially important 
for the Brazilian Hippeastrum sector, which 
allocates approximately 60% of its production 
to the external market (Tombolato et al. 2010). 
Thus, these cultivars show promise for use in 
areas with a history of M. enterolobii, provided 
they are associated with management strategies 
that keep nematode populations below the 
tolerance limits of each cultivar, simultaneously 
contributing to the commercial quality of 
Hippeastrum bulbs and mitigating the risk of 
pathogen dissemination.

In general, plant-parasitic nematodes cause 
severe economic losses to the ornamental plant 
industry due to the symptoms they induce in 
infested plants, leading to reduced yield and 
quality of the product, and often resulting in 
rejection for export (Howland & Quintanilla 
2023).

In recent years, M. enterolobii has been 
increasingly reported worldwide parasitizing a 
wide range of plant species, including several 
ornamental plants, such as Caladium (Kokalis-
Burelle et al. 2017), Callistemon sp., Cereus 
hildmannianus, Lampranthus sp. (Santos et 
al. 2019), Celosia argentea (Ho et al. 2022), 
Euphorbia pulcherrima (Liang & Chen 2022), 
Ixora chinensis (Fan et al. 2022), and Antirrhinum 
majus (Lu et al. 2023). However, to date, no 
studies have examined its interaction with 
Hippeastrum. Thus, this is the first study to 
assess the parasitic behavior of M. enterolobii in 
Hippeastrum cultivars.

One possible reason for high adaptive 
capacity of M. enterolobii to different hosts and 
environmental conditions may be related to its 
reproductive mechanism. The species reproduces 
exclusively by mitotic parthenogenesis, a form of 

asexual reproduction (apomixis), without male 
contribution. Consequently, its genetic variation 
may be environmentally influenced, promoting 
adaptive evolution. Thus, M. enterolobii may 
exhibit enhanced adaptability to diverse hosts 
and environments due to epigenetic factors 
(Castagnone-Sereno 2006, de Oliveira Costa et 
al. 2025).

Given its emerging status, studying M. 
enterolobii in agricultural crops is extremely 
important, considering its rapid geographical 
spread reported in multiple countries, and its 
broad parasitic ability in diverse crops, including 
ornamental species. Its rapid dissemination 
may be associated with the trade of soil and/
or seedlings infected by the pathogen (Oliveira 
& Guerreiro Filho 2022). The sale of certified 
seedlings is a simple and effective measure to 
ensure that nematodes such as M. enterolobii 
are not introduced into previously uninfested 
areas (Monteiro 1982). Climate change may also 
influence the distribution and abundance of M. 
enterolobii. Modeling studies, developed by Pan 
et al. (2023), based on climatic, topographic, and 
soil composition variables, developed to model 
potential suitable habitats for M. enterolobii and 
predict trends in its distribution and spread, have 
shown that under future climate scenarios, the 
pathogen tends to gradually expand into higher-
latitude countries. This suggests that ongoing 
global warming could offer the nematode new 
opportunities to expand, becoming a potential 
risk even for currently nematode-free countries 
(Pan et al. 2023). In this context, once again, the 
use of nematode-free certified seedlings as a 
control measure is emphasized.

Another factor contributing to the rapid 
expansion of M. enterolobii is its ability to 
overcome genetic resistance sources used 
against other Meloidogyne species, such as the 
Mi-1 gene in resistant tomato varieties and the N 
gene in resistant bell pepper varieties (Kiewnick 
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et al. 2009). This characteristic poses major 
challenges for its control. Therefore, materials 
resistant or highly tolerant to M. enterolobii, like 
the Red Bull Hippeastrum cultivar evaluated in 
this study, may represent promising candidates 
for further investigation in breeding programs. 
However, additional multiple cycles and 
environments trials are needed to confirm the 
stability and durability of this response as their 
resistance-associated genes may be explored 
and incorporated into the development of 
cultivars of susceptible crops, with genetic 
engineering being a useful tool for this purpose. 
Additionally, resistant cultivars may serve as an 
alternative for planting in areas already infested 
with root-knot nematodes.

Host response in Hippeastrum has also 
been evaluated for other nematode species. 
Similarly to our findings, Sara et al. (unpublished 
data) reported that Heterodera glycines could 
not reproduce in Hippeastrum plants, even at 
different population densities. However, in the 
present study, despite its low reproductive rates, 
M. enterolobii caused damage to Hippeastrum 
cv. Red Bull plants, which were classified as 
intolerant to the pathogen. The intolerance 
observed in this Hippeastrum cultivar at the 
highest inoculum level (40,000 eggs and J2) is 
similar to the intolerance reported by Oliveira 
& Oliveira (2013) in a study evaluating the 
effect of different initial population densities 
of Pratylenchus brachyurus on lily (Lilium sp. 
cv. Muscadet) plants. As in the present study, 
the nematode exhibited low reproductive rates  
(RF < 1), but the fresh root biomass of infected 
lily plants was also reduced (12.4%). Furthermore, 
the authors used the statistical nonlinear model 
of Seinhorst (1965), demonstrating that the lily 
cultivar displayed considerable tolerance to 
the nematode, being negatively affected only at 
populations above the limit of 8,500 nematodes. 
Both the findings of those authors and the 

results of the present study show that high 
initial nematode densities are required to affect 
amaryllis and lily plants. Additionally, studies 
with botanically closer hosts of Hippeastrum 
within the order Asparagales, such as that of 
Wilcken & Ferraz (1997), evaluated different 
initial inoculum densities of M. javanica and M. 
incognita (0, 1,000, 4,000, 16,000 and 64,000) in 
Gladiolus cultivars. The authors observed that 
only one of the evaluated cultivars showed 
significant impairment in vegetative growth due 
to nematode parasitism at the highest inoculum 
levels. However, unlike what was observed in the 
present study, in this cultivar the reproduction 
factor (RF) of both nematodes was high (5.2 - 
52.4). These contrasting results demonstrate 
that different host-pathogen combinations can 
result in both high reproduction rate associated 
with reduced vegetative growth, as observed in 
Gladiolus, and damage under low reproduction, 
as verified here for Hippeastrum at high initial 
densities.

There are also reports of Hippeastrum 
susceptibility to other nematode species. 
Nong & Weber (1965), in pathogenicity studies 
of Pratylenchus scribneri and Scutellonema 
brachyurum on Hippeastrum under greenhouse 
conditions, observed that both nematode 
species were pathogenic to the crop, with the 
inoculation period being a determining factor 
for symptom expression. Two months after 
inoculation with P. scribneri, Hippeastrum 
roots exhibited lesions, although no symptoms 
appeared on the foliage. However, after four 
months, most roots were completely destroyed, 
and foliage was significantly reduced. In 
contrast, plants infected with S. brachyurum 
showed reduced root damage even after four 
months, with only scattered superficial red 
lesions. These results are similar to the results 
presented in the present study, considering that 
both Hippeastrum cultivars had reductions in 
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their vegetative development at 75 days after 
inoculation with M. enterolobii.

Other Pratylenchus species have also been 
reported to damage Hippeastrum seedlings. In 
a study on the reaction of ornamental plants 
to Pratylenchus coffeae, Pinochet & Duarte 
(1986) showed that Hippeastrum vittatum plants 
initially inoculated with 1,000 nematodes were 
considered good hosts, with a final population 
of about 6,637 nematodes after four months. 
Likewise, Pratylenchus penetrans was identified 
and reported for the first time in Portugal by 
Rusinque et al. (2020) parasitizing Hippeastrum 
seedlings, which were also considered good 
hosts of P. penetrans. The infected plants 
showed symptoms ranging from mild to severe, 
including failure of bulb emergence. Similarly, 
Pratylenchus jordanensis was reported for 
the first time in Australia by Stirling & Stirling 
(2002) on bulbs and roots of Hippeastrum cv. 
Donna Marie. Greenhouse and field tests 
confirmed that the nematode caused significant 
damage to root development, characterized by 
discoloration and root rot.

CONCLUSIONS
The increasing spread of M. enterolobii represents 
a significant threat to agricultural production. 
Therefore, investigating the interaction of this 
pathogen with different hosts is essential 
to support its management, particularly in 
ornamental plants, and to guide phytosanitary 
policies among countries that trade these plants. 
The results obtained in this study indicate 
that the evaluated Hippeastrum sp. cultivars 
are not favorable hosts for M. enterolobii, as 
the nematode did not multiply on the plants, 
regardless of the inoculated population density. 
However, at certain population levels, M. 
enterolobii demonstrated the ability to cause 
damage to the evaluated Hippeastrum plants. 

Therefore, it is important to emphasize the need 
for ongoing monitoring of M. enterolobii spread 
and its potential impact on ornamental plants. 
Since the results presented in this work are 
based on a single experimental cycle, further 
studies involving repeated experiments and 
additional Hippeastrum cultivars are needed 
to confirm the host response classifications, 
in order to deepen our understanding of the 
observed resistance.
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