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ABSTRACT 

 
Rosa, J. M. O. and C. M. G. de Oliveira. 2026. Nematodes associated with olive trees in the state of São 

Paulo, Brazil, and damage caused by root‑knot nematodes. Nematropica 56: 76–91. 

 

Despite its robust, the olive tree is susceptible to pathogens, including nematodes. Therefore, the 

objectives were to: (i) identify plant–parasitic nematodes associated with olive in São Paulo State; (ii) assess 

the susceptibility of the cultivars Arbequina, Arbosana, Picual, and Koroneiki to Meloidogyne enterolobii, 

M. incognita, and M. javanica; and (iii) determine the damage threshold caused by M. javanica. Among 

58 samples collected from 14 municipalities in São Paulo, the most detected species were Helicotylenchus 

dihystera and Pratylenchus brachyurus, found in 88% and 53% of the samples, respectively. The species 

H. erithrinae, P. brachyurus, P. zeae, Xiphinema diffusum, X. krugi, X. surinamense, and X. variegatum are 

reported for the first time in association with olive trees in Brazil. The cultivars Arbequina, Arbosana, and 

Koroneiki were found to be susceptible to M. javanica, while Arbequina was also susceptible to 

M. incognita race 1. The other cultivars were considered resistant or immune to the three Meloidogyne 

species evaluated. Furthermore, it was observed that the damage threshold (tolerance limit) of Arbequina 

to M. javanica was 9,000 nematodes, with a minimum yield (m) of 0.813, indicating that only from this 

initial population level can an 18.7% reduction in plant development be observed. These findings are 

valuable for documenting nematode species associated with olive trees in Brazil and for characterizing the 

damage caused to cultivars in infested areas. 
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RESUMEN 
 

Rosa, J. M. O. and C. M. G. de Oliveira. 2026. Nemátodos asociados a olivos en el estado de São Paulo, 

Brasil, y daños causados por nematodos agalladores. Nematropica 56: 76–91. 

 

A pesar de su robustez, el olivo es susceptible a patógenos, incluidos los nematodos. Por lo tanto, los 

objetivos fueron: (i) identificar los nematodos fitoparásitos asociados al olivo en el estado de São Paulo; 

(ii) evaluar la susceptibilidad de los cultivares Arbequina, Arbosana, Picual y Koroneiki a Meloidogyne 

enterolobii, M. incognita y M. javanica; y (iii) determinar el umbral de daño causado por M. javanica. Entre 

58 muestras recolectadas en 14 municipios de São Paulo, las especies más frecuentes fueron 

Helicotylenchus dihystera y Pratylenchus brachyurus, encontradas en 88% y 53% de las muestras, 

respectivamente. Las especies H. erithrinae, P. brachyurus, P. zeae, Xiphinema diffusum, X. krugi, 

X. surinamense y X. variegatum se reportan por primera vez en asociación con olivos en Brasil. Los 

cultivares Arbequina, Arbosana y Koroneiki se mostraron susceptibles a M. javanica, mientras que 
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Arbequina también fue susceptible a M. incognita raza 1. Los demás cultivares se consideraron resistentes 

o inmunes a las tres especies de Meloidogyne evaluadas. Además, se observó que el umbral de daño (límite 

de tolerancia) de la variedad Arbequina a M. javanica fue de 9.000 nematodos, con un rendimiento mínimo 

(m) de 0,813, lo que indica que solo a partir de este nivel poblacional inicial puede observarse una reducción 

del 18,7% en el desarrollo de las plantas. Estos resultados son valiosos para documentar las especies de 

nematodos asociadas al olivo en Brasil y para caracterizar los daños causados a los cultivares en áreas 

infestadas. 

 

Palabras clave: Meloidogyne, Olea europaea, patogenicidad, Pratylenchus, primer registro, 

Xiphinema 

 

 

INTRODUCTION 
 

Olive trees (Olea europaea L.) are among the 

oldest cultivated plants, with ecological, economic, 

and cultural significance across various countries 

(Ali et al., 2014). Olive cultivation is 

predominantly concentrated in Mediterranean 

climate regions, which account for approximately 

95% of global production, 69% of which originates 

from European Union (EU) member states. Spain 

is the world’s leading producer, responsible for 

63% of global olive oil production, followed by 

Italy (17%), Greece (14%), and Portugal (5%). 

Collectively, these four countries account for 99% 

of olive production within the EU (European 

Commission, 2020). 

Argentina, Chile, and Peru lead South 

American olive production. The regional market 

valued at USD 0.88 billion in 2026 is projected to 

reach USD 1.33 billion by 2031, with Argentina 

holding the largest market share (38% in 2025) and 

Peru expected to grow fastest at a compound 

annual growth rate of 7.8% (Mordor Intelligence, 

2026). 

Currently, the increasing volume of olive 

imports and the growing number of research 

initiatives in this area have encouraged farmers to 

invest in olive cultivation in Brazil—particularly in 

the southern (Paraná, Santa Catarina, and Rio 

Grande do Sul) and southeastern (Minas Gerais, 

Rio de Janeiro, and São Paulo) regions of the 

country (Coutinho, 2009). 

Despite being a resilient plant, the olive tree 

can be affected by a wide range of pathogens, 

including plant–parasitic nematodes. These 

nematodes may either cause significant damage or 

exist in the rhizosphere without obvious symptoms. 

A review of the international literature reports 

153 species belonging to 56 genera of 

plant‑parasitic nematodes associated with olive 

tree rhizospheres (Ali et al., 2014; Lamberti & 

Vovlas, 1993; Nico et al., 2002; Sasanelli, 2009). 

Some of these species are known to cause damage 

to olive trees, such as Xiphinema index, 

X. elongatum, Pratylenchus vulnus, P. penetrans, 

Meloidogyne arenaria, M. javanica, M. incognita, 

Tylenchulus semipenetrans, and Rotylenchulus 

macrodoratus (Abrantes et al., 1992; Afshar, 2014; 

Ali et al., 2014; Lamberti & Vovlas, 1993; Sasanelli 

& D’Addabbo, 2002; Sasanelli et al., 1999). 

Among these, the genera Pratylenchus and 

Meloidogyne have been identified as the most 

damaging, particularly in nursery–grown 

seedlings. 

The main symptoms observed in infected olive 

cultivars include reduced sprouting, gall formation 

on roots, and a general decline in root system 

development (Lamberti & Baines, 1969; Nico et 

al., 2002). Infection by Meloidogyne spp. can also 

result in chlorosis of upper leaves followed by 

defoliation (Castillo et al., 2010), mimicking 

nutrient deficiency symptoms (Sasanelli et al., 

2002). Moreover, mechanical injury caused 

primarily by the nematode stylet can facilitate the 

entry of secondary pathogens such as Verticillium 

dahliae, leading to wilting and exacerbating overall 

plant decline. Notably, the interaction between 

M. incognita and P. vulnus with V. dahliae has been 

documented (Lamberti et al., 2001; Sasanelli, 

2009). 

In Brazil, there is limited information 

regarding the association of plant–parasitic 

nematodes with olive trees and the host response to 

parasitism. National studies on nematode 

occurrence and their impact on olive cultivation 

have been limited to brief reports within studies 

with different objectives, rather than focusing 

specifically on olive cultivation and its 
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associations, and are restricted to the reports by 

Lordello & Marini (1974) and Rossi & Ferraz 

(2005a,b). An exception is the study conducted by 

Oliveira et al. (2020), which investigated a specific 

nematode species within olive cultivation. 

With the expansion of olive cultivation in the 

state of São Paulo, the present study aimed to 

conduct a population survey of nematode species 

associated with olive orchards. Additionally, in 

order to understand the pathogen–host interaction, 

the susceptibility of the four most widely cultivated 

olive cultivars in Brazil (Arbequina, Arbosana, 

Picual, and Koroneiki) to Meloidogyne enterolobii, 

M. incognita, and M. javanica was evaluated, along 

with the effect of different M. javanica population 

densities on the development of the Arbequina 

cultivar. 

 

MATERIALS AND METHODS 
 

Soil and root sample collection in olive orchards 

 

Fifty–eight soil and root samples were 

collected from olive–growing areas across 

14 municipalities in the state of São Paulo, Brazil 

(Table 1). Each sample consisted of three 

subsamples collected at different points within the 

area, at a depth of up to 30 cm in the plant 

rhizosphere, preferentially collecting finer roots. 

Cultivations of different planting ages were 

sampled. The samples were placed in properly 

identified plastic bags and kept in a cooler until 

shipment to the laboratory. Following collection, 

samples were processed to extract nematodes using 

the method proposed by Coolen & D’Herde (1972) 

for roots and Jenkins (1964) for soil. 

Nematode identification and estimation were 

carried out using a Peters slide (M, Astel, Botucatu, 

SP) under a light microscope (DM2500, Leica, 

Germany), employing temporary slides (formalin). 

Identification was based on anatomic morphology. 

When necessary, morphometric features were 

measured and used on specific taxonomic keys for 

each genus (Loof, 1991; Oliveira et al., 2003; Sher, 

1966). Identification of Meloidogyne species was 

confirmed via perineal pattern analysis (Hartman & 

Sasser, 1985) of females extracted directly from 

root galls, along with isoenzyme (esterase) 

electrophoresis as described by Oliveira et al. 

(2012).  

Following nematode identification, the 

percentage frequency of each species was 

determined based on its occurrence in both soil and 

root samples. 

 

Susceptibility of olive cultivar to M. enterolobii, 

M. incognita, and M. javanica 

 

The susceptibility of four olive cultivars 

commonly grown in São Paulo (Arbequina, 

Arbosana, Koroneiki, and Picual) was evaluated 

against M. enterolobii, M. incognita, and 

M. javanica. Each treatment consisted of a single 

20–cm seedling transplanted into 1.7–L pots filled 

with autoclaved substrate (120°C), maintained in a 

greenhouse at 30°±2°C. Inoculum (eggs + 

second‑stage juveniles, J2) was obtained from pure 

cultures maintained on tomato cv. Rutgers, 

processed following Coolen & D’Herde (1972). 

Species identification of M. enterolobii, 

M. incognita, and M. javanica was confirmed via 

perineal pattern analysis (Hartman & Sasser, 1985) 

and isoenzyme esterase profiles (Oliveira et al., 

2012). Nematodes were inoculated into two 

3‑cm‑deep holes made in the rhizosphere of each 

plant: 5,000 eggs + J2 for M. enterolobii and 

M. incognita, and 3,000 for M. javanica. The 

experiment followed a completely randomized 

design with five replicates per cultivar. 

Four months after inoculation, root systems 

were washed and evaluated using the gall index 

(GI) scale by Taylor and Sasser (1978), as follows: 

0 = no galls; 1 = 1–2; 2 = 3–10; 3 = 11–30; 4 = 31–

100; 5 = >100 galls. Roots were then processed in 

0.5% sodium hypochlorite solution (Coolen & 

D’Herde, 1972), and nematodes were quantified to 

determine final population (Pf). The reproduction 

factor (RF = Pf / Pi) was then calculated. Cultivars 

were classified as immune (RF = 0), resistant 

(RF < 1), or susceptible (RF > 1), following 

Oostenbrink (1966). A second experiment, under 

the same conditions, was conducted one year later 

to confirm results. 

 

Pathogenicity of M. javanica on cv. Arbequina 

 

To assess the damage potential of M. javanica 

on Arbequina, the same inoculation and extraction 

methods were used. Seedlings were inoculated 

with seven different initial population densities 

(0, 100, 500, 1,000, 5,000, 10,000, and 20,000 eggs 

+ J2), with four replicates each. Evaluations were 

conducted 12 months later, including 

measurements of plant height, above–ground dry 
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mass (AGDM), final nematode population (Pf), 

and reproduction factor (RF). 

 

Statistical analysis 

 

AGDM values were fitted to the non–linear 

Seinhorst model (1965), represented by the 

equation: Y = m + (1 – m)·z^(Pi–T), where: 

 

• Y is the ratio between the plant growth 

variable at a given initial nematode 

population (Pi) and the control (no 

nematodes), 

• m is the minimum yield at high nematode 

densities, 

• z is a constant (<1) representing host 

damage rate, and 

• T is the tolerance limit. 

 

Data fitting was performed using the SeinFit 

software (DOS version) developed by Viaene et al. 

(1997). 

 

RESULTS 
 

Nematodes associated with olive trees in the state 

of São Paulo, Brazil 

 

Based on the morphological and 

morphometric characteristics of plant–parasitic 

nematodes extracted from 58 soil and root samples, 

it was possible to identify and quantify the 

nematodes associated with olive trees. These 

samples revealed the presence of nematodes from 

the genera Helicotylenchus, Meloidogyne, 

Paratrichodorus, Pratylenchus, and Xiphinema, as 

well as members of the family Criconematidae. 

The identified species included H. dihystera, 

H. erithrinae, M. javanica, M. incognita, 

P. brachyurus, P. zeae, X. diffusum, X. krugi, 

X. santos, X. surinamense, and X. variegatum. The 

most frequently observed species was the 

ectoparasitic nematode H. dihystera, followed by 

the endoparasitic migratory nematode 

P. brachyurus (Table 1, Fig. 1). 

Symptoms such as yellowing, severe dieback 

of branches, and trunk splitting were observed in 

four–year–old olive trees of the cv. Maria da Fé in 

the municipality of Cabreúva. Laboratory analysis 

confirmed the presence of four major 

plant‑parasitic nematodes: P. brachyurus, P. zeae, 

M. javanica, and X. diffusum. 

In the municipality of Lindoia, the cultivars 

Arbequina and Arbosana intercropped with annual 

crops such as maize and beans showed populations 

of P. brachyurus (440 specimens/250 cm3 of soil 

and 370 specimens/10 g of root, respectively), 

along with symptoms of necrotic lesions (Fig. 2A) 

and poor development with gaps in plant stands 

(Fig. 2B). High P. brachyurus densities were also 

observed in orchards in Cunha in the cultivars 

Koroneiki (3,750 specimens/10 g of root), 

Arbequina (940 specimens/10 g), Grapollo 

(790 specimens/10 g), and Maria da Fé 

(1,680 specimens/10 g). 

In Santo Antônio do Pinhal, P. brachyurus and 

M. javanica were detected in roots of the Koroneiki 

cultivar, with population densities estimated at 

950 J2/10 g of root for P. brachyurus and 

350 specimens/10 g of root for M. javanica. These 

nematodes were found in areas previously 

cultivated with potato, tomato, maize, and pasture, 

with pumpkin currently growing along the borders 

of the olive orchard. 

A population of M. javanica (400 J2/10 g of 

root) was also observed in Arbequina roots near 

mulberry used as hedge plants in São Bento do 

Sapucaí. In São Pedro, 240 J2/10 g of root were 

detected in Ascolano roots. In Pindamonhangaba, 

2,700 J2/10 g of root of M. javanica were found in 

olive trees located in a lowland area, isolated by 

native vegetation, exhibiting clear symptoms of 

galling (Fig. 3A) and reduced plant development 

(Fig. 3B). 

The species H. dihystera was found mainly in 

soil samples from the regions of Piedade, Serra 

Negra, Pedra Bela, Pilar do Sul, Ibiúna, and Itatiba, 

where P. brachyurus and Meloidogyne spp. were 

also detected (Table 1). 

 

Susceptibility of olive cultivar to M. enterolobii, 

M. incognita, and M. javanica 

 

Meloidogyne enterolobii: All results are 

presented in Table 2. The Koroneiki cultivar had a 

reproduction factor (RF) of 0.1, thus considered 

resistant, while the other cultivars behaved as 

immune, with RF = 0. A low gall index (GI) and 

final population (FP) were observed in all four 

olive cultivars. Results were similar in both 

experiments (1 and 2). 



 NEMATROPICA, Vol. 56, 2026 82 

 

 

Figure 1. Plant parasitic nematodes associated from cultivated olives in São Paulo State, Brazil.

Meloidogyne incognita: In experiment 1, only 

the Arbequina cultivar showed susceptibility, with 

RF = 1.3, while the other cultivars (Arbosana, 

Koroneiki, and Picual) had RF = 0 and were 

considered immune to M. incognita (Table 2). In 

experiment 2, none of the cultivars supported 

reproduction of M. incognita, again being 

considered immune with RF = 0. In both 

experiments, the GI was low for all cultivars, 

except for Arbequina, which had a GI of 2.3 in 

experiment 1. 

Meloidogyne javanica: All cultivars behaved 

as susceptible to M. javanica parasitism (Table 2). 

In the experiment conducted in 2018, the RF was 

noticeably higher than in the 2017 experiment. This 

can be explained by the fact that the plants had a 

root volume six times larger, allowing greater 

nematode reproduction and thus increasing the RF. 

 

Pathogenicity of M. javanica in the Arbequina 

cultivar 

 

After 12 months, the reproduction factors 

obtained were 37.0, 19.1, 11.8, 2.8, 1.6, and 0.6 

when exposed to initial population densities of 100, 

500, 1,000, 5,000, 10,000, and 20,000, respectively 

(Table 3). This demonstrates that the higher the 

initial population density, the lower the 

reproduction factor. A reduction in shoot dry 

weight (SDW) was also observed, ranging from 

23.2 g to 19.4 g when comparing the lowest and 

highest population densities of M. javanica. The 

final population in olive roots ranged from 

3,703 nematodes at an initial population of 100 to 

11,424 at a Pi of 20,000. 

From the analysis of results for the Arbequina 

cultivar, a non–linear Seinhorst equation model 

was fitted: Y = 0.813 + (0.187). 1Pi⁻⁹⁰⁰⁰. The 

threshold value (T) was 9,000, indicating that only 

from this population density onwards does the 

plant begin to suffer damage caused by the 

nematode, with an estimated reduction of 18.7% in 

shoot development (Fig. 4). 

 

DISCUSSION 

 

Due to the damage caused to most cultivated 

plants, including olive trees, plant–parasitic 

nematodes are of considerable economic 

importance. However, in Brazil, studies on the 

occurrence and damage caused by these organisms 

in   olive orchards remain scarce. Based on the 
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Figure 2. A) Root necrosis symptoms caused by Pratylenchus brachyurus infection; B) Plants with 

reduced development forming patches in areas with high densities of P. brachyurus in Lindoia (SP). 

A 

B 



 NEMATROPICA, Vol. 56, 2026 84 

 

 

 
 

Figure 3. A) Galls on olive roots caused by Meloidogyne javanica; B) Aerial part development impaired 

by the presence of M. javanica collected in Pindamonhangaba (SP).

A 

B 
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Table 2. Root fresh weight (RFW), gall index (GI), final nematode population (FP), and reproduction factor (RF) of 

Meloidogyne enterolobii, M. incognita, and  M. javanica on olive cultivars. 

Cultivars RFW GI FP  RF Reaction RFW  GI FP RF Reaction 

M.  enterolobii 2015 2017 

Arbequina 13.8 1.3 11  0.0 I 15.9  0.8 75 0.0 I 

Arbosana 13.7 1.0 206  0.0 I 9.2  1.0 6 0.0 I 

Picual 11.7 1.0 75  0.0 I 17.3  0.4 38 0.0 I 

Koroneiki   9.8 1.5 438  0.1 R 18.9  1.0 422 0.1 R 

M. incognita  2015 2016 

Arbequina 16.4 2.3 6,278  1.3 S 11.1  0.0 0 0.0 I 

Arbosana 13.4 0.0 0  0.0 I 16.2  0.0 18 0.0 I 

Picual 11.3 1.5 51  0.0 I 17.3  0.0 7 0.0 I 

Koroneiki 10.4 1.0 66  0.0 I 9.5  0.0  0.0 I 

M. javanica 2017 2018 

Arbequina 20.9 4.3 12,400  4.1 S 139.5  4.5 85,341 28.4           I 

Arbosana 11.7 4.2 4,380  1.5 S 86.3  5.0 52,375 17.5           I 

Picual 19.8 3.8 4,428  1.5 S 109.2  4.0 54,022 18.0           I 

Koroneiki 23.8 3.0 6,902  2.3 S 149.8  4.0 73,826 24.6 S 

I = Immune, R = resistant, S = susceptible. Classification proposed by Oostenbrink (1966). 
 

 

Table 3. Aerial dry weight (ADW), final nematode population (FP) and reproduction factor (RF) of Meloidogyne 

javanica on olive cv. Arbequina. 

Treatment ADW FP RF 

0 23.2         0 0.0 

100 22.0   3,703 37.0 

500 24.6   9,539 19.1 

1,000 22.0 11,837 11.8 

5,000 27.7 13,886 2.8 

10,000 22.1 15,674 1.6 

20,000 19.4 11,424 0.6 
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Figure 4. Relationship between the Meloidogyne javanica initial population (Pi) 

and aerial dry weight (g) (YR) on olive cv. Arbequina, 12 months after the 

inoculation. 

 

nematode survey carried out in the present study, 

H. erithrinae, P. brachyurus, P. zeae, X. diffusum, 

X. krugi, X. surinamense, and X. variegatum were 

recorded for the first time in association with olive 

trees in Brazil, while H. dihystera and 

P. brachyurus were the most frequently found 

species. 

To date, available information has been 

limited to a few reports, including that of Lordello 

& Marini (1974), who recorded the occurrence of 

M. javanica in olive trees in the state of Rio Grande 

do Sul. In another study, Rossi & Ferraz (2005a) 

identified the presence of M. incognita race 1 and 

H. dihystera in a nursery production area located in 

São Bento do Sapucaí, SP. Although M. incognita 

race 1 was reported at the time, it was found at a 

low population density, and no symptoms of plant 

decline were observed at the site. In contrast, in the 

present study, a high number of galls caused by 

M. javanica were observed on olive roots, and 

plants with stunted growth were mainly found in 

the municipality of Pindamonhangaba, SP. 

Previously, Xiphinema santos was identified 

through morphometric, morphological, and 

molecular analyses in the municipality of Bom 

Sucesso de Itararé, representing the first report of 

this species in association with olive trees in Brazil 

(Oliveira et al., 2020). Additionally, four other 

Xiphinema species (X. diffusum, X. krugi, 

X. surinamense, and X. variegatum) are also 

reported as new occurrences in Brazilian olive 

groves in the present study. However, population 

densities of these species were low, and although 

their presence was confirmed in association with 

olive trees, no damage was attributed to them under 

current conditions. 

According to international literature, 

numerous nematode species may be associated 

with or cause significant damage to olive trees, 

highlighting the importance of understanding the 

microfauna of a given region when considering the 

implementation of nematode management 

strategies. Ali et al. (2014) reviewed global 

literature regarding nematode associations with 

olive trees. In total, 153 nematode species (some 

yet to be fully identified) have been recorded, 

belonging to 57 genera distributed across the orders 

Aphelenchida (4 genera, 3 species), Dorylaimida 

(5 genera, 36 species), and Tylenchida (48 genera, 

114 species). While many of these species 

(e.g., Helicotylenchus digonicus, M. javanica, 

M. incognita, and Pratylenchus vulnus) are also 

parasites of various cultivated crops, others such as 

Helicotylenchus oleae, H. neopaxilli, Meloidogyne 

baetica, M. lusitanica, and Rotylenchulus 

macrosoma are specific to olive trees. Also, 

according to Ali et al. (2014), the genera with the 

greatest number of species associated with olive 

trees are Helicotylenchus, Longidorus, 

Meloidogyne, Paratylenchus, Pratylenchus, 

Tylenchorhynchus, and Xiphinema. However, the 

species M. arenaria, M. incognita, M. javanica, 

P. penetrans, P. vulnus, Rotylenchulus 

macrodoratus, Tylenchulus semipenetrans, 

X. index, and X. elongatum are among those known 

to cause significant losses in olive cultivation 
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(Abrantes et al., 1992; Afshar, 2014; Ali et al., 

2014; Castillo et al., 2010; Lamberti & Vovlas, 

1993; Sasanelli & D'Addabbo, 2002; Sasanelli et 

al., 1999). 

Recently, Heo et al. (2025) reported the first 

occurrence of M. incognita in commercial olive 

orchards in the Jeju region of South Korea. As the 

cultivation of olive trees expands into new regions 

worldwide, understanding the relationships 

between nematodes and olive crops has become 

increasingly important. Regarding M. javanica, 

Walia et al. (2020) identified its presence in olive 

plantations in the Rajasthan region of India, with a 

high incidence (50–90%) of natural infection by 

Pasteuria penetrans. 

Surveys conducted in olive orchards 

commonly reveal the presence of at least one of the 

nematode species previously mentioned. For 

example, in recent studies carried out in the region 

of Crete (Greece), juvenile (J2) stages of 

M. javanica were detected in soil samples 

(Archidona–Yuste et al., 2020). In the present 

study, M. javanica was observed to cause distinct 

gall symptoms, especially in the cultivars 

Arbequina and Koroneiki, while P. brachyurus 

caused necrotic root lesions in the cultivars 

Arbequina, Arbosana, Koroneiki, and Maria da Fé. 

Within the group of root–lesion nematodes, 

Pratylenchus coffeae, P. crenatus, 

P. mediterraneus, P. musicola, P. neglectus, 

P. penetrans, P. thornei, P. vulnus, and P. zeae are 

the most important species reported in 

olive‑producing countries. Some of these, such as 

P. fallax, P. neglectus, P. penetrans, P. thornei, and 

P. vulnus, have also been found in nurseries 

(Castillo et al., 2010; Lamberti & Vovlas, 1993; 

Nico et al., 2002; Sanei & Okhovvat, 2011). 

Among these, P. penetrans and P. vulnus are 

considered the most prevalent and pathogenic. 

A new species, P. oleae, was described based on 

specimens extracted from roots of the Koroneiki 

cultivar grown commercially in Tunisia and from 

olive orchards in southern Spain (Palomares–Rius 

et al., 2014). In Brazil, P. brachyurus is frequently 

found in various regions, including olive–growing 

areas. The presence of P. brachyurus in areas 

designated for pasture or native vegetation may 

represent a risk factor when these areas are later 

used for establishing olive orchards. This is 

particularly concerning for certain cultivars, which 

may suffer damage, especially young, recently 

transplanted plants. This situation was observed in 

the municipalities of Cunha and Lindoia, where 

olive cultivars showed high nematode populations, 

leading to poor plant development, sparse root 

systems, and gaps in stand establishment. 

In addition to Pratylenchus, the genus 

Meloidogyne includes some of the most damaging 

plant–parasitic nematodes, especially in nurseries, 

where species such as M. javanica, M. incognita, 

M. hapla, M. arenaria, M. lusitanica, and 

M. baetica have been reported infecting wild and 

cultivated olive trees as well as nursery seedlings 

in Spain (Nico et al., 2002; Nico et al., 2003a). 

However, M. incognita and M. javanica are the 

most widespread, especially in olive orchards 

across the Mediterranean Basin. A similar situation 

occurs in Brazil, except for the lower frequency of 

M. incognita found in the sampled orchards. 

Symptoms caused by root–knot nematodes include 

reduced shoot growth, root galling, and root system 

impairment (Lamberti & Baines, 1969; Nico et al., 

2002). In the aerial part of the plant, upper leaf 

yellowing followed by defoliation (Castillo et al., 

2010) may also occur, which can be confused with 

nutritional deficiencies (Sasanelli et al., 2002). In 

this study, it was observed that the shoot 

development of cv. Arbequina was reduced by 

18.7% as a result of M. javanica parasitism. 

Moreover, susceptibility of cv. Arbequina to 

M. incognita race 1 was confirmed. 

The damage caused by M. javanica in 

Arbequina olive plants was more evident than that 

caused by M. incognita, which corroborates 

previous reports by Rossi and Ferraz (2005a,b). It 

was observed that M. javanica reproduces at higher 

rates in Arbequina olive trees, especially when the 

plants present a greater root volume. This condition 

may explain the high reproduction factor (RF) 

values observed in experiment 2 compared with the 

previous year. This relationship between nematode 

reproduction and the size or quantity of roots has 

already been demonstrated in olive trees 

(Palomares–Rius et al., 2014), reinforcing the 

results observed in the present work. 

It is important to note that olive plants were 

initially considered resistant to Meloidogyne spp. 

due to the low incidence of parasitism observed in 

field conditions, often associated with high levels 

of soil resistance (Castillo et al., 2010). However, 

in recent studies involving artificial inoculation, 

some cultivars, such as Arbequina, have been 

shown to be susceptible (Palomares–Rius et al., 

2014). In the present study, the Arbequina cultivar 
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supported high reproduction rates of M. javanica 

and demonstrated significant sensitivity to 

nematode infestation, suggesting that it is a good 

host. 

The variation in response among olive 

cultivars to different nematode species may be 

attributed to several factors, including genetic 

background, physiological characteristics, and the 

conditions under which the studies were 

conducted. In this regard, the results of the present 

work demonstrated that the Koroneiki cultivar is 

resistant to M. enterolobii and immune to 

M. incognita, as were Arbosana and Picual. These 

findings are important for breeding programs and 

for selecting cultivars for planting in areas where 

these nematodes are prevalent. 

Regarding M. enterolobii, its recent 

identification in olive orchards in Brazil raises 

concerns due to its high reproductive potential and 

aggressive pathogenicity in several crops, 

including tomato, guava, pepper, and cotton. The 

fact that olive cultivars exhibited resistance or 

immunity to M. enterolobii in the present study is 

encouraging, suggesting that olive trees may not be 

a preferred host for this nematode. Nonetheless, 

continued monitoring is advisable to prevent the 

establishment of pathogenic populations in 

orchards. 

In field conditions, a high infestation of 

P. brachyurus was observed in root samples of cvs. 

Arbequina, Arbosana, Grapollo, Koroneiki, and 

Maria da Fé, highlighting the importance of 

accurate nematode identification prior to the 

establishment of olive orchards and even 

throughout crop management, to minimize 

potential future problems. Furthermore, alongside 

P. brachyurus, M. javanica was also found in the 

roots of cv. Koroneiki. Arbequina also proved to be 

a host of M. javanica, with a high nematode 

population parasitizing its roots. In general, the 

symptoms of root galls and necrotic lesions 

observed in various cultivars originated from areas 

previously cultivated with host plants such as 

pumpkin, potato, maize, tomato, and in pastures. 

Another important factor worth mentioning is 

the intercropping of olive cultivars with annual 

crops. In the municipality of Lindóia, plants of cvs. 

Arbequina and Arbosana exhibited symptoms of 

stunted growth, necrotic roots, stand failure, and a 

high population of P. brachyurus, likely due to an 

increase in the existing nematode population 

resulting from intercropping with beans and maize, 

both considered good hosts of this species. Despite 

efforts to limit nematode population growth, the 

use of certain plants such as white mulberry (Morus 

alba) as hedge plants or pumpkin cultivated along 

the borders led to an increase in Meloidogyne 

populations in previously infested areas, as these 

plants are also hosts and may exacerbate problems 

for the olive orchard, as observed in some of the 

visited fields. 

The lack of information regarding the 

behavior of olive cultivars may contribute to the 

dissemination and losses in establishing a crop that 

is still relatively new compared to traditionally 

cultivated plants in Brazil. Cultivars can contribute 

to the establishment of nematode in the roots, 

causing injuries and significant losses. However, 

based on the results of this study, cultivars 

Arbequina, Arbosana, Picual, and Koroneiki did 

not allow the multiplication of M. enterolobii. 

Under controlled greenhouse conditions in Rio 

Grande do Sul, Gomes et al. (2009, 2011) also 

found that Arbequina, Koroneiki, and Manzanilla 

were resistant to M. enterolobii (syn. 

M. mayaguensis) and M. ethiopica, in agreement 

with the present findings. 

The cultivars Arbosana, Koroneiki, and 

Picual were also found to be immune to 

M. incognita. However, there was variation in the 

susceptibility of cv. Arbequina. In experiment 1, 

Arbequina was susceptible to M. incognita; 

whereas in experiment 2, it behaved as immune. 

This discrepancy is an issue that should be 

investigated in future studies to determine the 

cause of the variability. Some factors, such as the 

genetic variability of the plant material used, may 

cause this difference in susceptibility; however, 

further studies are necessary. In a study by 

Haghighi et al. (2009), M. incognita race 2 was 

identified parasitizing crops and nurseries in the 

Gorgan region of Iran, with root–knot nematodes 

considered a limiting factor for seedling production 

and orchard establishment in that region. 

Susceptibility of olive plants, specifically cv. 

Leccino, to M. incognita was also reported by 

Heo et al. (2025) using Koch’s postulates, 

confirming the parasitism found in South Korean 

olive groves with a reproduction factor of 2.91. The 

pathogenicity of M. incognita in other olive 

cultivars has been reported by Lamberti & Baines 

(1969), when reductions of 13% to 44% in shoot 

development of cvs. Ascolano and Manzanilla 

were observed, depending on the initial population 
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density of M. incognita. However, these same 

cultivars were found to be resistant to M. arenaria 

and M. hapla. 

Conversely, Arbequina, Arbosana, Koroneiki, 

and Picual allowed the multiplication of 

M. javanica. Arbequina and Koroneiki, in 

particular, showed greater M. javanica 

reproduction than the other studied cultivars. 

M. javanica, one of the most widespread nematode 

species, including in Brazil, is especially 

problematic in areas where it is present. Although 

the olive tree is considered a rustic, perennial 

species, visible galls were observed on infested 

roots. 

The extent of nematode damage to olive trees 

is still not fully understood. However, in the present 

study, the development of Arbequina was 

compromised only at relatively high M. javanica 

densities, requiring an inoculum level of 

9,000 infective juveniles to cause an 

18.7% reduction in shoot dry mass. Conversely, a 

37.6% reduction in shoot growth of cv. Zard was 

reported with just 0.1 juveniles/cm3 of M. javanica 

in soil under greenhouse conditions in Iran (Afshar 

et al., 2014). These authors noted that low tolerance 

thresholds may drastically affect the growth of 

young plants when nematodes are present in the 

soil. Several researchers have demonstrated the 

reproduction of M. javanica in cultivars and 

rootstocks such as Cellina di Nardò, Cima di 

Bitonto, DA 12 I (rootstock), Frantoio, and FS 17 

(Sasanelli et al., 1997; Sasanelli et al., 2002), as 

well as Zard (Afshar et al., 2014). Nico et al. 

(2003b) observed reproduction of this nematode in 

Picual and Arbequina. 

In European olive cultivation, certain 

cultivars behavior to be susceptible to Meloidogyne 

spp., including Arbequina, Cornicabra, Hojiblanca, 

Manzanilla, and Picual (susceptible to M. arenaria, 

M. incognita, and M. javanica); Ascolana and 

Moraiolo (susceptible to M. incognita); and 

Ascolana (susceptible to M. javanica but resistant 

to M. arenaria and M. hapla) (Lamberti & 

Lownsbery, 1968; Lamberti & Baines, 1969; Nico 

et al., 2002; Sasanelli et al., 2000). Therefore, 

understanding the nematode species and the 

behavior of cultivars under cultivation is essential 

for developing phytosanitary management 

strategies that ensure the successful establishment 

of olive production in Brazil. This knowledge can 

assist growers and researchers alike in addressing 

plant health issues associated with this still 

relatively new crop in the country. 
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