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SUMMARY

Background: Sugarcane is one of the most important crops in Mexico due to its extensive cultivation, the
production of high-value commercial products, and its significant economic impact. Among the main pests
affecting this agroecosystem are plant-parasitic nematodes. However, despite their potential to reduce crop
productivity, these organisms have received limited attention in Mexico. Objective: To determine the diversity,
distribution and abundance of phytoparasitic nematodes associated with Saccharum officinarum L. in the state
of Veracruz. Methodology: A total of 50 composite soil and roots samples were collected from the supply areas
of five sugar mills located across the four sugarcane growing regions of the state during the 2023 tillering
season. Nematodes were identified to genus level, quantified, and their diversity and abundance were analyzed
in relation to soil texture and organic matter content. Results: Nine genera of plant-parasitic nematodes
associated with sugarcane were identified: Aphelenchus, Criconemoides, Helicotylenchus, Hoplolaimus,
Pratylenchus, Psilenchus, Rotylenchus, Trichodorus, and Trophurus. Pratylenchus and Helicotylenchus were
the most abundant genera and were detected in 100% of the soil and root samples. The highest average
population densities of Pratylenchus were recorded in the supply areas of El Modelo and Mahuixtlan mills,
with 1,430 and 1,247 individuals per 50 g of root, respectively. The nematode genera identified were primarily
associated with clay and loam textures soil textures. No relationship was observed between soil organic matter
content and the presence of specific genera. Implications: This study is the first diagnosis of phytoparasitic
nematodes in the main sugarcane-growing regions in Veracruz. Further research is required to assess the damage
potential of each species and establish economic thresholds based on agronomic and environmental condictions
in each production region. Conclusion: The presence of plant-parasitic nematodes in the sugarcane rhizosphere
was confirmed. The genus Pratylenchus was predominant and may be responsible for yield losses in the crop.
Key words: Pratylenchus; Helicotylenchus; soil pests; diversity; abundance.
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RESUMEN
Antecedentes: En México, la cafia de azucar es uno de los cultivos mas importantes debido a su amplia
distribucion territorial, la obtenciéon de insumos de alto valor comercial y su significativo impacto econdmico.
Entre las principales plagas que afectan este agroecosistema se encuentran los nematodos fitoparasitos; sin
embargo, en el pais estos organismos han recibido poca atencidn, a pesar del impacto que pueden tener en la
productividad del cultivo. Objetivo: Determinar la diversidad, distribuciéon y abundancia de nematodos
fitoparasitos asociados a Saccharum officinarum L, en el estado de Veracruz. Metodologia: Se recolectaron un
total de 50 muestras compuestas de suelo y raices de las zonas de abastecimiento de cinco ingenios azucareros,
distribuidos en las cuatro regiones cafieras del estado durante la etapa de macollamiento en 2023. Los nematodos
se identificaron a género, se cuantificaron y se determiné su diversidad, abundancia y relacion con la textura y
el porcentaje de materia organica del suelo. Resultados: Se identificaron nueve géneros de nematodos
fitoparasitos asociados al cultivo de cafia de azGcar: Aphelenchus, Criconemoides, Helicotylenchus,
Hoplolaimus, Pratylenchus, Psilenchus, Rotylenchus, Trichodorus 'y Trophurus. Pratylenchus 'y
Helicotylenchus fueron los géneros mas abundantes y estuvieron presentes en el 100% de las muestras de suelo
y raiz. Las mayores densidades poblacionales promedio de Pratylenchus se registraron en las zonas de
abastecimiento de los ingenios El Modelo y Mahuixtlan con 1 430 y 1 247 individuos por 50 g de raiz
respectivamente. Los géneros identificados se asociaron principalmente con suelos de textura arcillosa y franca.
No se encontr6 relacion entre el porcentaje de materia orgénica del suelo y la presencia de géneros especificos.
Implicaciones: Este estudio constituye el primer diagndstico sobre la presencia de nematodos fitoparasitos en
las principales regiones cafieras del estado de Veracruz. Es necesario evaluar el dafo potencial de cada especie
y establecer umbrales econdmicos considerando factores agrondmicos y ambientales propios de cada region
productora. Conclusién: Se confirm¢ la presencia de nematodos fitoparasitos en la rizosfera del cultivo de cafia
de azticar, se destaca la predominancia del género Pratylenchus, el cual podria estar asociado con pérdidas en

el rendimiento del cultivo.

Palabras clave: Pratylenchus; Helicotylenchus; plagas del suelo; diversidad; abundancia.

INTRODUCTION

Sugarcane (Saccharum officinarum L.) is one of
the most cultivated plants in the world, native to
Southeast Asia, and is currently grown in more than
100 countries (Zhao et al., 2015). It is mainly
planted to produce sugar, but it also produces paper,
fibers, fertilizers, cement and ethanol (Bordonal et
al., 2018). In 2023, around 2 billion tons were
produced on more than 20 million hectares (FAO,
2023). Sugarcane is one of the main crops in
Mexico, producing more than 55 million tons
annually, with a value of more than 2.6 billion
dollars, positioning the country as the sixth-largest
producer worldwide (SIAP, 2024). The state of
Veracruz is the main producer in Mexico,
contributing nearly 40% of the national production.
There are more than 350 thousand hectares planted
and 18 sugar mills (CONADESUCA, 2025).
Despite the economic relevance of sugarcane
cultivation in Mexico, there is a significant
shortage of research on phytosanitary issues,
hindering the identification and effective
management of pests. Furthermore, the
inappropriate use of pesticides, among other
agricultural practices, has generated health and
environmental issues (Ramirez-Mora et al., 2019).
Strengthening research on these topics is essential
to ensure the sustainability of sugarcane
production. Among the major pests affecting

agricultural crops worldwide are plant-parasitic
nematodes (Berry et al., 2017). There are currently
more than 4,100 described species, and some
represent a significant limitation for agricultural
production. It is estimated that 10% of the food
harvest is lost worldwide due to the effect of plant-
parasitic nematodes (Varela-Benavides, 2018).
There is a record of more than 275 species of plant-
parasitic nematodes associated with the sugarcane
rhizosphere (Westerdahl et al., 2023). Sugarcane
plants affected by nematodes are difficult for
farmers to diagnose because they present
inconspicuous symptoms such as stunted growth,
poor tillering, and patchy crop cover, therefore,
these symptoms are commonly attributed to
nutritional deficiencies, soil toxicity, or poor
management practices (Manzanilla-Lopez and
Marban-Mendoza, 2012). The most widely
distributed plant-parasitic nematodes in sugarcane
fields are Helicotylenchus spp., Meloidogyne spp.
and Pratylenchus spp. (Martinha et al., 2022;
Bhuiyan et al., 2024). In general, it is estimated that
population densities of Meloidogyne spp. and
Pratylenchus spp. above 150 nematodes per 100 g
dry soil decrease yield by up to 30% (Bhuiyan et
al., 2018; Chafloque, 2019; Severino et al., 2010).
The monoculture and low tillage prevailing in
sugarcane cultivation promote the development of
high populations of plant-parasitic nematodes
(Robles-Hernandez and Pérez-Moreno, 2011),
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therefore, the intensive application of chemical
nematicides is common, which, although effective
if applied properly, are also the cause of various
environmental pollution problems (Aguilar-Rivera,
2014; Toledo et al., 2008). In Mexico, studies on
plant-parasitic = nematodes  associated  with
sugarcane are scarce. Criconemoides  sp.,
Helicotylenchus sp. and Pratylenchus sp. have
been reported as the most abundant genera, with
densities of 31, 44 and 7000 nematodes per 100 cm?
soil!, respectively, in sugarcane fields in central
Veracruz (Desgarennes et al., 2011; Pantaledn and
Gomez, 2012). In the sugarcane fields of Veracruz,
the application of nematicides at the beginning of
the crop cycle is a common practice since low
yields in some areas are usually attributed to the
presence of nematode populations even when a
proper diagnosis has not been made (Cid del Prado-
Vera et al., 2018). The first step in integrated pest
management is to determine the identity of the
organism and its population density. Therefore, the
objective of this work was to identify plant-
parasitic nematodes and their population density in
the rhizosphere of S. officinarum in the sugarcane-
growing regions of the Veracruz state.

MATERIALS AND METHODS
Collection sites

The study was carried out in the supply areas of the
sugar mills Panuco, El Higo, El Modelo,
Mahuixtlan and Motzorongo, distributed in the four
sugarcane growing-regions of Veracruz (Northeast,
Central, Cérdoba — Gulf and Papaloapan — Gulf)
from March to May 2023 (Figure 1, Table 1). In
each supply area, ten sugarcane fields of one
hectare were selected and five samples composed
of soil (500 g) and roots (100 g) distributed in a
zigzag pattern were taken. The sugarcane plants
were in the tillering stage at the time of taking the
sample. For each composite sample, 10-m sections
were delimited in five furrows, and four plant
strains were taken from each furrow to obtain
rhizospheric soil and roots at a depth between 20
and 25 cm. Using this method, five samples were
obtained per plot, each consisting of 20 subsamples
of soil and roots. The samples were placed in
plastic bags, labeled with the data corresponding to
each collection site and transferred to the
Parasitology Laboratory of the Faculty of
Agricultural  Sciences of the Universidad
Veracruzana in Xalapa, Veracruz. Additionally, the
texture of the soil at each collection site was
determined using the Bouyoucos method and the
organic matter content was determined using the
Walkley-Black method in accordance with the
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Mexican Official Standard 021 (SEMARNAT,
2000).

Extraction, identification and quantification of
nematodes

The nematodes extraction from the soil was carried
out by the sieving-centrifugation method and for
the roots by the maceration-sieving-centrifugation
method (Rosas-Hernandez, 2014). The nematodes
obtained were fixed in 4% formalin and transferred
to glycerin by the Seinhorst method (1962) for
mounting in a paraffin ring according to the
protocol stipulated by SENASICA (2019). The
identification of genera was carried out using
morphological and morphometric methods,
following the keys and taxonomic references of
Siddigi (2000) and Hunt et al. (2018). Once
identified, the number of individuals per genus was
quantified and the population density was
expressed as the number of individuals in 100 g of
soil and 50 g of root.

A Collectionsites

Sugarcane growing
regions in Veracruz
state
Northeast

Central

Coérdoba gulf

- Papaloapan gulf

Gulf of
Mexico

e e B

Figure 1. Collection sites in the supply areas of
five sugar mills distributed throughout the
sugarcane-growing regions of the Veracruz
state.

Data analysis

The population density and relative abundance of
each nematode genus were calculated at each
sampling site. To describe the pattern of genus
richness and abundance in the five sampled areas,
the first Hill number (q0 richness) was estimated
considering the genera of phytoparasitic nematodes
independently for each collection site, since these
metrics are designed to evaluate and compare
diversity between communities (a-diversity). Each
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site represents an ecological unit with particular
soil and management conditions, so analysis by site
allows for an adequate ecological comparison
between communities. Rarefaction and
extrapolation curves including 95% confidence
intervals were obtained by bootstrap resampling in
the INEXT software. Genus similarity between
supply zones was analyzed by the Jaccard index
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using PAST software version 4.0. Finally, a
principal component analysis (PCA) was
performed to evaluate the relationship between soil
texture, organic matter content and phytoparasitic
nematode populations using InfoStat software
version 2017. Prior to analysis, the data were
standardized using z-score normalization (mean =
0, standard deviation = 1).

Table 1. General description of the collection sites in the sugar mills supply areas.

Municipality, sugar  Sugarcane varieties Soil type Climate and Average Altitude
mill and location average precipita- (masl)
tempera-ture tion
Panuco, Panuco CP 72-2086, Tropical ~1,200— 10 m
22°01'07.8"N RD 7511, alluvial subhumid, ~25— 1,500 mm
98°10'50.3"W MEX 68-1345, 28°C
MEX 79-471
El Higo, El Higo
21°46'23.5"N CP 72-2086 Alluvial Tropical humid, ~1,500— 20-70 m
98°27'19.9"W ~26-28 °C 2,000 mm
La Antigua, E1 Modelo
19°22'39.7"N MEX 69-290 Alluvial Tropical humid, ~1,500— 23m
96°22'18.5"W MEX 79-471 ~25-28 °C 2,000 mm
Coatepec, Mahuixtlan
19°24'33.0"N 1TV 92-373 Andosol Temperate-humid, ~1,500— 1,200—
96°55'02.8"W CP 72-2086 ~18-22°C 2,000mm 1,400 m
Tezonapa, Motzorongo
18°38'30.6"N C 90-530, MOTZ- Ferralsols, Tropical ~1,500— 200-300
96°43'36.0"W MEX 003461, ITV luvisols subhumid, ~24— 2,000 mm m
92-1424,1TV 92-373, 27°C

MEX 69-290, RD
7511, CP 72-2086

cambisols

Table made with data compiled from CONADESUCA, 2015, Fundacién Heinrich Boll, 2019 and Castillo et

al., 2018.

RESULTS AND DISCUSSION

Nine genera of plant-parasitic nematodes were
found in the soil and four genera in the roots in the
50 sugarcane fields sampled in the state of
Veracruz. The genera Pratylenchus (Figure 2 A-C),
Helicotylenchus (Figure 2 D-F), Criconemoides,
and Hoplolaimus were found in the five supply
areas of the sugar mills; Rotylenchus was found in
four supply areas, Trichodorus in three and
Aphelenchus, Psilenchus, and Throphurus in two
areas (Table 2). Pratylenchus and Helicotylenchus
are commonly associated with sugarcane crops
around the world (de Barros et al., 2017; Peia-
Prades et al., 2018). Species of the genus
Pratylenchus ~ (migratory  endoparasites) are
considered the most pathogenic for sugarcane;
Pratylenchus zeae and Pratylenchus brachyurus
can reduce yield by more than 40% in areas with
high population levels (Barbosa et al., 2013).

Helicotylenchus species (semi-endoparasites) are
considered moderately pathogenic for sugarcane
crops and are frequently found in sugarcane fields
in Brazil, Mexico and African countries (Afolami
et al., 2014; Lopez-Lima et al., 2014; Bhuiyan et
al., 2024; Dengia et al., 2024). Likewise, the genus
Criconemoides is one of the most abundant
nematodes in sugarcane crops in the Papaloapan-
Gulf sugarcane growing region (Desgarennes et al.,
2011; Lopez-Lima et al., 2014). It is noteworthy
that Criconemoides species are vectors of
phytopathogenic bacteria in other crops (Olson et
al., 2017). Low populations of Aphelenchus,
Hoplolaimus, Trichodorus, and Throphurus have
been detected in sugarcane fields in the Caribbean
and South America (Kleynhans and Cadet, 1994;
Porto et al., 2018; Rodriguez-Carnero ef al., 2020;
Martinha et al., 2022). However, given that
pathogenicity can vary between species of the same
genus, morphological and molecular studies are
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needed to determine the nematodes present in
sugarcane crops at the species level and clarify the
potential damage.

Soil nematode population densities were different
between sugar mill supply areas, ranging from 90
nematodes 100 g soil!' at Motzorongo to 220
nematodes 100 g soil! at El Higo. The most
abundant genus in the soil was Helicotylenchus
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with a relative abundance between 70 and 79% in
the five areas sampled with average populations
between 71 and 161 individuals 100 g soil! (Table
3). The population density of nematodes in 50 g of
root ranged from 157 in Pénuco to 1,454 in El
Modelo. The most abundant genus in the roots of
the five areas sampled was Pratylenchus with a
relative abundance between 81 and 98%. The
sugarcane fields sampled in the supply areas of El

Figure 2. Plant-parasitic nematodes associated with sugarcane roots in Veracruz state. A-C Pratylenchus
sp. female, A entire body, B anterior region with square cephalic frame and stylet (S), C tail region. D-F)
Helicotylenchus sp. female A) entire body, B) anterior region with rounded cephalic frame and C) tail
region with mucron (M). Scale bar: A and D=50 pm, B, C, E and F=20 pm

Table 2. Genera of plant-parasitic nematodes identified in the supply areas of sugar mills in the state

of Veracruz
Sugar mill Diagnosis
Soil Roots
Panuco Criconemoides, Helicotylenchus, Helicotylenchus, Pratylenchus
Hoplolaimus, Pratylenchus, Rotylenchus
El Higo Criconemoides, Helicotylenchus, Aphelenchus, Helicotylenchus,
Hoplolaimus, Pratylenchus, Rotylenchus Pratylenchus
El Modelo Criconemoides, Criconemoides,
Helicotylenchus, Hoplolaimus, Pratylenchus, Helicotylenchus, Pratylenchus,
Psilenchus, Trichodorus, Trophurus
Mahuixtlan Aphelenchus, Criconemoides, Helicotylenchus, Pratylenchus
Helicotylenchus, Hoplolaimus, Pratylenchus,
Psilenchus, Rotylenchus, Trichodorus,
Throphurus
Motzorongo Criconemoides, Helicotylenchus, Helicotylenchus, Pratylenchus

Hoplolaimus, Pratylenchus,
Rotylenchus, Trichodorus
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Modelo and Mahuixtlan had the highest
Pratylenchus population density with 1,430 and
1,247 individuals per 50 g of root, respectively
(Table 4). According to the data, the central zone of
the state has the highest population levels of
Pratylenchus. More research is needed to
determine if these populations are significantly
damaging sugarcane production in Veracruz.
Economic thresholds for Pratylenchus vary
considerably between regions due to differences in
agro-climatic conditions, cultivated varieties,
sampling techniques, and economic criteria. In
Brazil, the economic threshold for P zeae in
sugarcane is between 200 and 300 nematodes 100
cm?® soil!, depending on the soil type and the crop
developmental stage (Severino et al., 2010). In
Brazil, values above 4,000 nematodes 50 g root™!
are considered an economic threshold. However,
these studies have focused on searching for tolerant
or resistant varieties (Belle et al., 2017; Dinardo-
Miranda et al., 2019). On the other hand, in
Australia, economic thresholds for Pratylenchus
start at 150 individuals 100 g soil"! (Magarey, 2013)
and consider predisposing conditions such as soil
characteristics and monoculture. In addition,
Australia has prioritized the use of early monitoring
and preventive management systems, so thresholds
are defined at more conservative levels to avoid
population increases in the medium term (Stirling
et al., 2011). Agronomic and economic factors
partially explain the difference in economic
thresholds between the two countries. Intensive
production systems in Brazil can withstand higher
levels of infestation before control is warranted, so
thresholds are higher. In contrast, Australia tends to
adopt a preventive strategy, reflected in thresholds
that vary based on risk interpretation and prevailing
agricultural practices. This underscores the need to
adapt management decisions to local conditions
and consider agronomic, economic, and
environmental factors when setting specific
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thresholds for nematodes in sugarcane fields in
Veracruz. However, we consider it necessary to
monitor plant-parasitic nematode populations, as
they pose a potential danger to the crop due to their
possible increase in population and their interaction
with other pathogens (Dinardo-Miranda and
Fracasso, 2010; Martinez-Fernandez et al., 2015).

The Hill numbers for sites sampled in Veracruz
state indicate that Mahuixtlan has the highest
richness of plant-parasitic nematode genera, and
this figure increases slightly with increased
sampling effort. Likewise, abundance could exceed
2,500 individuals (100 g soil! + 50 g root™). The
El Modelo supply area presented the highest
abundance, and the analysis indicates a trend of
increasing richness up to 11 genera and more than
3,000 individuals (100 g soil! + 50 g root™!). The
sugarcane fields sampled in El Higo presented a
medium richness, but it is estimated that up to 10
genera could be present. Although Panuco and
Motzorongo exhibited medium richness, the
analysis indicates that there is no potential for
significant increases in richness or abundance
(Figure 3).

It is estimated that 65% of the genera of plant-
parasitic nematodes diagnosed are shared by all
sites, indicating a high degree of similarity in
Jaccard's index. The El Modelo and Mahuixtlan
sampling sites are over 90% similar. In turn,
Panuco and Motzorongo share 87% similarity, and
El Higo exhibits 83% similarity with Panuco and
Motzorongo (Figure 4). The similarity between El
Modelo and Mahuixtlan could be explained by the
presence of the genera Psilenchus and Trophurus.
Panuco and Motzorongo are characterized by
including nematode control among their agronomic
management activities and this may influence the
prevalence of certain genera such as Pratylenchus
and Helicotylenchus with respect to other genera.

Table 3. Population density and relative abundance of plant-parasitic nematodes in sugarcane
plantation soil in the supply areas of five sugar mills in Veracruz

Sugar mills

Nematode genera Panuco El Higo El Modelo Mahuixtldn Motzorongo
Aphelenchus NF! 1 (0.2%) 2 (1%) 3 (2%) NF
Criconemoides 4* (3%)" 9 (4%) 43 (20%) 12 (8%) 8 (8%)
Helicotylenchus 97 (77%) 161 (73%) 148 (70%) 103 (72%) 71 (79%)
Hoplolaimus 4 (3.5%) 2 (0.7%) NF 5 (4%) 2 (2%)
Pratylenchus 19 (15%) 48 (22%) 16 (8%) 13 (9%) 5 (6%)
Psilenchus NF NF 1 (0.3%) 1 (1%) NF
Rotylenchus 2 (1.5%) 1 (0.1%) NF 2 (1%) 1 (2%)
Trichodorus NF NF 1 (0.5%) 3 (2%) 3 (3%)
Trophurus NF NF 1 (0.7%) 3 (2%) NF

*Nematodes 100 g soil’!; * relative abundance; ! Not found
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Table 4. Population density and relative abundance of plant-parasitic nematodes in sugarcane roots in
the supply areas of five sugar mills in Veracruz

Nematode genera Sugar mills
Panuco El Higo El Modelo Mahuixtlin Motzorongo
Criconemoides NF! 4 (0.5%) 10 (0.7%) 1 (0.1%) NF
Helicotylenchus 26* (17%)° 34 (5%) 13 (0.9%) 18 (1.4%) 31 (19%)
Hoplolaimus 0.4 (0.3%) 1.2 (0.2%) 1 (0.1%) 4 (0.3%) 0.8 (0.5%)
Pratylenchus 131 (83%) 658 (95%) 1430 (98%) 1247 (98%) 136 (81%)

*Nematodes 50 g root™!, *Relative abundance, 'Not found
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Principal component analysis indicates that the
genus Hoplolaimus is associated with a clayey
texture. In contrast, the genera Aphelenchus,
Criconemoides, Pratylenchus, Psilenchus and
Trophurus exhibit a higher population frequency in
textures such as clay, clay loam and sandy clay. The
presence of Helicotylenchus is related to loam
texture, while sandy loam and sandy clay loam
textures are associated with the highest frequency
of Rotylenchus (Figure 5A). Notably, this study
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found no correlation between the presence of
nematode genera and sandy textures. This is
because filiform nematodes are distributed in water
films in the soil. Therefore, the greater the clay
content, the greater the water retention and
nematode presence (Holguin ef al., 2015; Ndava et
al., 2018). No specific pattern was found for the
population frequency of the different genera found
in sugarcane soil and the amount of organic matter.
The genera Pratylenchus, Psilenchus, Aphelenchus,
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rhizosphere and A) soil texture and B) organic matter percentage.
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Trophurus, Trichodorus, and Hoplolaimus were
more prevalent in soils with organic matter
percentages ranging from 2.69 to 6.56%, which is
considered medium to high. Rotylenchus,
Criconemoides, and Helicotylenchus correlate with
organic matter percentages ranging from low to
high, from 0.5% to 7.06% (Figure 5B). It has been
reported that incorporating organic amendments
into soil and applying green manures is correlated
with a lower incidence of plant-parasitic nematodes
in crops, likely due to increased soil microbial
diversity, including natural enemies of plant-
parasitic nematodes (Widmer et al., 2002; Tabarant
et al., 2011). In sugarcane crops in Veracruz, being
in intensive production schemes, it is possible that
soil biodiversity is reduced despite the addition of
organic matter, so it does not correlate with the
presence of nematodes. Research on the diversity,
abundance and distribution of plant-parasitic
nematodes in sugarcane fields in the state of
Veracruz has a significant impact on the long-term
viability of this crop and related agribusiness, since
it provides key information for decision-making in
integrated pest management. The identification of
the most prevalent genera, such as Pratylenchus
and Helicotylenchus, as well as their population
levels and their relationship with soil
characteristics, will make it possible to establish
economic thresholds and design specific and
efficient control strategies for each region. This
information also contributes to reducing the
indiscriminate use of nematicides and promoting
sustainable practices. Conversely, without this type
of research, the sugarcane agroindustry faces the
risk of wundetected increases in nematode
populations,  significant  economic  losses,
deterioration of soil health and the use of
unsustainable control methods, all of which
compromise the profitability and long-term
sustainability of the crop.

CONCLUSIONS

This is the first study to diagnose the presence of
plant-parasitic nematodes in the main sugarcane-
growing regions of the state. The presence of plant-
parasitic nematodes in the rhizosphere of sugarcane
crops, particularly of the Pratylenchus genus, has
been confirmed, and given the population density
observed, this genus may be responsible for a
reduction in crop yield. The presence of
Pratylenchus represents a significant economic
constraint on the sustainability and profitability of
the sugarcane industry. Infestations lead to yield
reductions, directly diminishing revenues for both
producers and processors. Additionally, the need
for increased investment in monitoring, diagnostic,
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and control measures, such as nematicides and
alternative = management  strategies,  raises
production costs and further compromises
economic viability. Consequently, the
implementation of integrated pest management
programs, supported by early detection and
continuous surveillance, is essential to mitigate
these economic losses and to ensure the long-term
sustainability of sugarcane cultivation in the
region. However, it is necessary to determine the
potential damage caused by each species and to
establish economic thresholds based on agronomic
and environmental factors in each production
region. Furthermore, future research should focus
on the molecular determination of species and the
evaluation of tolerant varieties, biological control
strategies and crop rotation.

Acknowledgements

The first author thanks SECIHTI Mexico for a
grant for postgraduate studies (PhD in Agricultural
Sciences) at the Universidad Veracruzana (UV).
We would like to thank the field technicians of the
sugar mills for facilitating access to the plantations
for sampling purposes.

Funding. No financial support was received to
conduct this work.

Contflict of interest. The authors declare that they
have no competing interests.

Compliance with ethical standards. The authors
confirm that this investigation was conducted
under the current ethical procedures. No humans or
animals were used in the study of this article.

Data availability. Data is available with the
corresponding author upon request.

Author contribution statement (CRediT). C.Y.
Vasquez-Gonzalez — Sample acquisition,
methodology writing first draft. F. Hernandez-Baz
— Conceptualization, validation, supervision. A.
Salinas-Castro — Conceptualization, methodology,
validation, supervision, writing. N. Aguilar-
Rivera - Conceptualization, validation,
supervision. D. Lépez-Lima — Conceptualization,
investigation, writing, validation, supervision.

REFERENCES

Afolami, S., Solomon, S. and Daramola, F., 2014.
Biodiversity of plant-parasitic nematodes
of sugarcane in Bacita, Nigeria. Journal of
Entomology and Nematology, 6(6), pp.



Tropical and Subtropical Agroecosystems 29 (2026): Art. No. 023

71-79.
https://doi.org/10.5897/JEN2014.0096

Aguilar-Rivera, N., 2014. Reconversion de la
cadena agroindustrial de la cafia de azicar
en Veracruz México. Nova Scientia, 6(12),
pp- 125-161.
https://doi.org/10.21640/ns.v6i12.37

Barbosa, B.F.F., dos Santos, J.M., Barbosa, J.C.,
Soares, PL.M., Ruas, A.R. and de
Carvalho, R.B., 2013. Aggressiveness of
Pratylenchus ~ brachyurus  to  the
sugarcane, compared with key nematode
P. zeae. Nematropica 43, pp. 119-130.

Belle, C., Kulczynski, S.M., Kuhn, P.R., Donini,
L.P. and Gomes, C.B., 2017. Reaction of
sugarcane genotypes to parasitism of
Meloidogyne javanica and Pratylenchus
zeae. Revista Caatinga, 30(2), pp. 530-
535. https://doi.org/10.1590/1983-
21252017v30n229rc

Berry, S.D., Cadet, P. and Spaull, V.W., 2017.
Nematode Pests of Sugarcane. In: H.
Fourie, V. Spaull, R. Jones, M. Daneel and
D. De Waele, eds. Nematology in South
Africa: A View from the 21st Century.
Switzerland: Springer, Cham. pp. 261-
284.

Bhuiyan, S.A., Garlick, K., Anderson, J.M.,
Wickramasinghe, P., and Stirling, G.R.,
2018. Biological control of root-knot
nematode on sugarcane in soil naturally or
artificially infested with Pasteuria
penetrans. Australasian Plant Pathology,
47, pp- 45-52.
https://doi.org/10.1007/s13313-017-
0530-z

Bhuiyan, S.A., Sherring, K. and Eglinton, J., 2024.
Parasitic nematodes of sugarcane: a major
productivity impediment and grand
challenges in management. Plant Disease.
https://doi.org/10.1094/PDIS-11-23-
2479-FE

Bordonal, R.D.O., Carvalho, J.L.N., Lal, R., De
Figueiredo, E.B., De Oliveira, B.G. and
La Scala, N., 2018. Sustainability of
sugarcane production in Brazil. A review.
Agronomy for Sustainable Development,

38, pp- 1-23.
https://doi.org/10.1007/s13593-018-
0490-x

10

Vasquez-Gonzalez et al., 2026

Castillo, T.J.L., Gonzalez, G.D.X. and Soto,
A.J M., 2018. Agroindustria de la caia de
azucar: desafios para el sector agricola.
Boletin  Cientifico de las Ciencias
Economico Administrativas del ICEA.
7(13), pp- 10-17.
https://doi.org/10.29057/icea.v7i13.3503

Chafloque, C.F.S.,2019. Nematodos en cafia de
azicar, Viru—La Libertad. Revista
Tayacaja, 2(1), pp. 8-19.

Cid del Prado-Vera, 1.C., Franco-Navarro, F. and
Godinez-Vidal, D., 2018. Plant parasitic
nematodes and management strategies of
major crops in Mexico. In: S. Subbotin,
and J. Chitambar, eds. Plant Parasitic
Nematodes in Sustainable Agriculture of
North America. Sustainability in Plant
and Crop Protection. Switzerland:
Springer, Cham. PP 31-68.
https://doi.org/10.1007/978-3-319-99585-
42

CONADESUCA (Comité Nacional para el
Desarrollo Sustentable de la Cana de
Azlcar)., 2015. Atlas de la agroindustria
de la cafa de aztcar 2015.
https://www.gob.mx/conadesuca/articulos
/atlas-de-la-agroindustria-de-la-cana-de-
azucar-2015 Accessed May 16, 2025.

CONADESUCA (Comité Nacional para el
Desarrollo Sustentable de la Cafia de
Azucar)., 2025. Boletin de la corrida de
campo 20 - 2024/25.
https://www.gob.mx/cms/uploads/attach
ment/file/991465/Boletin_de_campo_20_
CC_05-04-25.pdf Accessed May 10,
2025.

de Barros, P.A., Pedrosa, EM.R., de Oliveira
Cardoso, M.S. and Rolim, M.M., 2017.
Relationship between soil organic matter
and nematodes in sugarcane fields.
Semina: Ciéncias Agrarias, 38(2), pp.
551-559.  https://doi.org/10.5433/1679-
0359.2017v38n2p551

Dengia, A., Dechassa, N., Wogi, L. and Amsalu, B.,
2024. Changes in the population and
diversity of plant parasitic nematodes and
their effects on sugarcane growth at
Wonji-Shoa Sugar Estate, Ethiopia.
Agrosystems, Geosciences &


https://doi.org/10.5897/JEN2014.0096
https://doi.org/10.21640/ns.v6i12.37
https://doi.org/10.1590/1983-21252017v30n229rc
https://doi.org/10.1590/1983-21252017v30n229rc
https://doi.org/10.1007/s13313-017-0530-z
https://doi.org/10.1007/s13313-017-0530-z
https://doi.org/10.1094/PDIS-11-23-2479-FE
https://doi.org/10.1094/PDIS-11-23-2479-FE
https://doi.org/10.1007/s13593-018-0490-x
https://doi.org/10.1007/s13593-018-0490-x
https://doi.org/10.29057/icea.v7i13.3503
https://doi.org/10.1007/978-3-319-99585-4_2
https://doi.org/10.1007/978-3-319-99585-4_2
https://www.gob.mx/conadesuca/articulos/atlas-de-la-agroindustria-de-la-cana-de-azucar-2015
https://www.gob.mx/conadesuca/articulos/atlas-de-la-agroindustria-de-la-cana-de-azucar-2015
https://www.gob.mx/conadesuca/articulos/atlas-de-la-agroindustria-de-la-cana-de-azucar-2015
https://www.gob.mx/cms/uploads/attachment/file/991465/Boletin_de_campo_20_CC_05-04-25.pdf
https://www.gob.mx/cms/uploads/attachment/file/991465/Boletin_de_campo_20_CC_05-04-25.pdf
https://www.gob.mx/cms/uploads/attachment/file/991465/Boletin_de_campo_20_CC_05-04-25.pdf
https://doi.org/10.5433/1679-0359.2017v38n2p551
https://doi.org/10.5433/1679-0359.2017v38n2p551

Tropical and Subtropical Agroecosystems 29 (2026): Art. No. 023

Environment,  7(4), pp. ¢€70006.
https://doi.org/10.1002/agg2.70006

Desgarennes, D., Carrién, G., Nufiez-Sanchez,
A.E., Zulueta, R. and Zarate-Contreras,
J.A., 2011. Nematofauna asociada a la
rizésfera de Saccharum officinarum en la
region Costa-Centro de Veracruz, México.
Agrociencia, 45(7), pp. 785-795.

Dinardo-Miranda, L.L. and Fracasso, J.V., 2010.
Spatial and temporal variability of plant-
parasitic nematodes population in
sugarcane. Bragantia, 69, pp. 39-52.
https://doi.org/10.1590/S0006-
87052010000100006

Dinardo-Miranda, L.L., Fracasso, J.V. and
Miranda, 1.D., 2019. Damage caused by
Meloidogyne javanica and Pratylenchus

zeae to sugarcane cultivars. Summa
Phytopathologica, 45, pp. 146-156.
https://doi.org/10.1590/0100-
5405/182222

FAO. 2023. World Food and Agriculture —
Statistical ~ Yearbook 2023. Rome.
https://doi.org/10.4060/cc8166e Accessed
May 10, 2025.

Fundacion Heinrich Boll and Fundacién Rosa
Luxemburgo, 2019. Atlas de 1la
agroindustria: Datos y hechos sobre la
industria agricola y de alimentos.
Heinrich-Bo6l1-Stiftung. Ciudad  de
Meéxico.

https://mx.boell.org/es/2019/04/23/atlas-
de-la-agroindustria-datos-y-hechos-
sobre-la-industria-agricola-y-de-
alimentos-2019 Accessed May 20, 2025.

Holguin, C.M., Gerard, P., Mueller, J.D., Khalilian,
A. and Agudelo, P, 2015. Spatial
distribution of reniform nematode in
cotton as influenced by soil texture and
crop rotations. Phytopathology, 105(5),

pp. 674-683.
https://doi.org/10.1094/PHYTO-08-14-
0231-R

Hunt, D.J., Palomares-Rius, J.E. and Manzanilla-
Loépez, R.H., 2018. Identification,
morphology and biology of plant parasitic
nematodes. In: R.A. Sikora, D. Coyne, J.
Hallmann and P. Timper, eds. Plant
Parasitic Nematodes in Subtropical and

11

Vasquez-Gonzalez et al., 2026

Tropical Agriculture. Wallingford: CAB
International, pp. 20-61.

Kleynhans, K.P.N. and Cadet, P., 1994. Trophurus
deboeri n. sp. from sugarcane soil in
Barbados and key to the species of the
genus Trophurus Loof, 1956 (Nemata:
Belonolaimidae).  Fundamental — and
Applied Nematology, 17(3), pp. 225-230.

Lopez-Lima, D., Carrion, G. and Nufiez-Sanchez,
A.E., 2014. Isolation of fungi associated
with Criconemoides sp. and their potential
use in the biological control of
ectoparasitic and  semiendoparasitic
nematodes in sugar cane. Australian
Journal of Crop Science, 8(3), pp. 389-
396.

Magarey, R., 2013. Diseases of Australian
sugarcane field guide. Brisbane: Sugar
Research Australia Limited.

Manzanilla-Lépez, R.H. and Marban-Mendoza, N.,
2012. Practical Plant Nematology.
Meéxico: Biblioteca basica de agricultura.

Martinez-Fernandez, E., Martinez-Jaimes, P,
Guillén Sanchez, D., Pefia-Chora, G. and
Hernidndez-Hernandez, V.M., 2015.
Diversidad de Fusarium en las raices de
cafia de azucar (Saccharum officinarum)
en el estado de Morelos, México. Revista
Mexicana de Micologia, 42, pp. 33-43.

Martinha, D.D, Silva, M.C.C., Maceda, A., Hahn,
M.H., Calegario, R.F., Ruaro, L., Oliveira,
R.A. and Duarte, H.S.S., 2022. Survey of
nematodes associated with sugarcane in
the state of Parana, Brazil. Arquivos do

Instituto  Biologico, 89, pp. 1-12.
https://doi.org/10.1590/1808-
1657000332021

Ndava, J., Mapuwei, T.W. and Katiyo, P., 2018.
Prevalence of plant parasitic nematodes in
tomatoes  (Lycopersicon  esculentum)
grown in different soil pH and texture
conditions. Journal of Entomology and
Zoology Studies, 6(2), pp. 2954-2958.

Olson, M., Harris, T., Higgins, R., Mullin, P,
Powers, K., Olson, S. and Powers, T.O.,
2017. Species delimitation and description
of Mesocriconema nebraskense n. sp.
(Nematoda: Criconematidae), a
morphologically cryptic, parthenogenetic


https://doi.org/10.1002/agg2.70006
https://doi.org/10.1590/S0006-87052010000100006
https://doi.org/10.1590/S0006-87052010000100006
https://doi.org/10.1590/0100-5405/182222
https://doi.org/10.1590/0100-5405/182222
https://doi.org/10.4060/cc8166e
https://mx.boell.org/es/2019/04/23/atlas-de-la-agroindustria-datos-y-hechos-sobre-la-industria-agricola-y-de-alimentos-2019
https://mx.boell.org/es/2019/04/23/atlas-de-la-agroindustria-datos-y-hechos-sobre-la-industria-agricola-y-de-alimentos-2019
https://mx.boell.org/es/2019/04/23/atlas-de-la-agroindustria-datos-y-hechos-sobre-la-industria-agricola-y-de-alimentos-2019
https://mx.boell.org/es/2019/04/23/atlas-de-la-agroindustria-datos-y-hechos-sobre-la-industria-agricola-y-de-alimentos-2019
https://doi.org/10.1094/PHYTO-08-14-0231-R
https://doi.org/10.1094/PHYTO-08-14-0231-R
https://doi.org/10.1590/1808-1657000332021
https://doi.org/10.1590/1808-1657000332021

Tropical and Subtropical Agroecosystems 29 (2026): Art. No. 023

species from North American grasslands.
Journal of Nematology, 49(1), pp 42-66.
https://doi.org/10.21307/jofnem-2017-
045

Pantaleon, P.G. and Gomez, J.I.A., 2012. Control
de fitonematodos de la cafia de azicar
mediante  alternativas  biologicas y
quimicas en Central Motzorongo S.A. de
C.V. Sugar Journal, 74(11), pp. 23.

Pena-Prades, M., Olivares-Reyes, N., Rodriguez-
Regal, M., Pefia-Rivera, L., Cobas-Elias,
A., Cervera-Duverger, G. and Barquié-
Pérez, O., 2018. Nematodos fitoparasitos
asociados al cultivo de la cafia de azticar
(Saccharum  officinarum L.) en la
provincia Guantanamo, Cuba. Cultivos
Tropicales, 39(1), pp. 7-14.

Porto, A.C.F., Pedrosa, EEM.R., Guimaries, L.M.P,,
Maranhdo, S.R.V.L. and Cardoso, M.O.,
2018. Management of plant-parasitic
nematodes on sugarcane under tropical
conditions In: P. Singh and A.K. Tiwari,
eds. Sustainable Sugarcane Production.
New York: Apple Academic Press, pp.
293-308.

Ramirez-Mora, E., Pérez-Vazquez, A., Landeros-
Sanchez, C., Martinez-Davila, J.P,,
Villanueva-Jiménez, J.A. and Lagunes-
Espinoza, L.D.C., 2019. Exposicién
laboral a plaguicidas en el agroecosistema
con cafia de azlcar en la region central de
Veracruz, México. Revista Bio Ciencias,
6, Pp- 1-18.
https://doi.org/10.15741/revbio.06.e495

Robles-Hernandez, J.P. and Pérez-Moreno, L.,
2011. Densidad poblacional de nematodos
fitoparasitos en suelo de Irapuato,
Guanajuato.  Revista  Mexicana de
Fitopatologia, 29(2), pp. 172-174.

Rodriguez-Carnero, 0O.J., Rodriguez, M.,
Puchades, Y., La O-Garcia, J.C., Lora-
Reyes, N., Lodo-Vega, Z., Vuelta-
Lorenzo, D.R., Garcia-Peru, A. and Bess,
G., 2020. Inventario de la nematofauna
asociada al cultivo de la cafia de azicar
(Saccharum sp) en Santiago de Cuba.
Ciencia en su PC, 1(3), pp. 92-107.

Rosas-Hernandez, L., 2014. Métodos de extraccion
de nematodos fitopatogenos. Revista

12

Vasquez-Gonzalez et al., 2026

Mexicana de Fitopatologia, 32, pp. S32-
S33.

Secretaria del Medio Ambiente y Recursos
Naturales (SEMARNAT)., 2000. NOM-
021-SEMARNAT-2000. Que establece las
especificaciones de fertilidad, salinidad y
clasificacion de suelos. Estudios,
muestreo analisis.
https://biblioteca.semarnat.gob.mx/janiu
m/Documentos/Ciga/libros2009/D02280
n.pdf Accessed May 10, 2025.

Seinhorst, J.W., 1962. On the killing, fixation and
transferring to glycerin of nematodes.
Nematologica, 8, pp. 29-32.

Servicio Nacional de Sanidad Inocuidad y Calidad
Agroalimentaria (SENASICA)., 2019.
Manual de Técnicas de Preservacion de
Nematodos Fitopatdgenos [Version 1.0].
Tecamac: SADER.

Severino, J.J., Dias-Arieira, C.R. and Tessmann,
D.J., 2010. Nematodes associated with
sugarcane (Saccharum spp.) in sandy soils
in Parana, Brazil. Nematropica, 40, pp.
111-124.

Servicio de Informacién Agroalimentaria y
Pesquera (SIAP)., 2024. Cierre anual de la
produccion agricola.
http://www.siap.gob.mx/index.php?optio
n=com_wrapper&view=wrapper&ltemid
=254. Accessed May 10, 2025.

Siddiqi, M.R., 2000. Tylenchida: parasites of plants
and  insects. = Wallingford: CAB
International.

Stirling, G.R., Halpin, N.V. and Bell, M.J., 2011. A
surface mulch of crop residues enhances
suppressiveness to plant-parasitic
nematodes in sugarcane soils.
Nematropica, 41, pp. 109-121.

Tabarant, P., Villenave, C., Riseéde, J.M., Roger-
Estrade, J. and Dorel, M., 2011. Effects of
organic amendments on plant-parasitic
nematode populations, root damage, and
banana plant growth. Biology and Fertility

of Soils, 47, pp.  341-347.
https://doi.org/10.1007/s00374-011-0541-
9

Toledo, E., Cabrera, J.A., Leyva, A. and Pohlan,
H.A., 2008. Estimacion de la producciéon


https://doi.org/10.21307/jofnem-2017-045
https://doi.org/10.21307/jofnem-2017-045
https://doi.org/10.15741/revbio.06.e495
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/libros2009/DO2280n.pdf
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/libros2009/DO2280n.pdf
https://biblioteca.semarnat.gob.mx/janium/Documentos/Ciga/libros2009/DO2280n.pdf
http://www.siap.gob.mx/index.php?option=com_wrapper&view=wrapper&Itemid=254
http://www.siap.gob.mx/index.php?option=com_wrapper&view=wrapper&Itemid=254
http://www.siap.gob.mx/index.php?option=com_wrapper&view=wrapper&Itemid=254
https://doi.org/10.1007/s00374-011-0541-9
https://doi.org/10.1007/s00374-011-0541-9

Tropical and Subtropical Agroecosystems 29 (2026): Art. No. 023

de residuos agricolas en agroecosistemas
de cafia de azacar. Cultivos Tropicales,
29(3), pp- 17-21.

Varela-Benavides, I, 2018.  Abundancia,
diversidad y huella metabdlica de
comunidades de nematodos en diferentes
zonas de vida en la Region Huetar Norte
de Costa Rica. Revista de Biologia

Tropical,  66(4), pp. 1709-1720.
http://dx.doi.org/10.15517/rbt.v66i4.3321
9

Westerdahl, B.B., Khan, M.R., Nystrém, A.O. and
Ahmad, 1., 2023. Nematode problems in
sugarcane and sugar beet and their
sustainable management. In: M. R. Khan

13

Vasquez-Gonzalez et al., 2026

and M. Quintanilla, eds. Nematode
Diseases of Crops and their Sustainable
Management. London: Academic Press,
pp- 565-594.

Widmer, T.L., Mitkowski, N.A. and Abawi, G.S.,
2002. Soil organic matter and
management of plant-parasitic nematodes.
Journal of Nematology, 34(4), pp. 289-
295.

Zhao, D. and Li, Y.R., 2015. Climate change and
sugarcane production: potential impact
and mitigation strategies. International
Journal of Agronomy, 2015(1), pp.
547386.
https://doi.org/10.1155/2015/547386



http://dx.doi.org/10.15517/rbt.v66i4.33219
http://dx.doi.org/10.15517/rbt.v66i4.33219
https://doi.org/10.1155/2015/547386

