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ABSTRACT 

 

Root-knot nematodes (RKNs, Meloidogyne spp.) belong to the economically most 
important group of plant-parasitic nematodes which consists of approximately 100 
species, many of which can be considered dangerous invasive pests in agriculture. In 
order to prevent the introduction or limit the spread on European territory, certain 
nematode species have been placed on the quarantine list (EU and EPPO). The EU list 
of quarantine RKN includes M. enterolobii (A1), M. chitwoodi and M. fallax (A2) and 
the EPPO list includes M. ethiopica (A1) and M. enterolobii, M. luci, M. graminicola, 

M. chitwoodi, M. fallax and M. mali (A2). Identification of Meloidogyne species 
based on morphological characteristics is a very difficult task, which is why 
molecular techniques such as polymerase chain reaction (PCR) are a widely used tool 
for their identification. In 2022 and 2023, the survey to identify M. chitwoodi and M. 

fallax was carried out in potatoes while identification on other vegetables was also 
carried out as part of an early warning programme for RKN. Visual inspections and 
sampling were carried out in the indoor and outdoor growing areas on the mainland 
and in the coastal regions of Croatia. The collected samples were analysed in the 
Laboratory for Nematology at the Centre for Plant Protection (CAAF, Croatia). 
During this period, 87 soil samples of potatoes were analysed, 5 of which were 
positive for the presence of RKNs. As part of an early warning programme, a total of 
42 samples were analysed, 31 of which were positive for the presence of RKNs. 
Molecular identification revealed that the most prevalent species were M. incognita 
and M. hapla. The species M. chitwoodi and M. fallax were not identified in any of 
the samples. Identification the pests present in the growing area is crucial for the next 
steps in pest control.  
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1 INTRODUCTION 

 

Root-knot nematodes (RKNs) of the genus Meloidogyne belong to the economically 
most important group of plant-parasitic nematodes and also to the most important 
plant pests causing major economic losses in crop production (Bebber et al. 2014, 
Gerič Stare et al., 2017, Susič, 2020). On the list of the ten most damaging genera of 
plant-parasitic nematodes, the genus Meloidogyne ranks first (Jones et al., 2013). 
They are polyphagous, well-adapted obligate endoparasites of almost all higher plant 
species, including important agricultural crops. They reproduce in the roots of the 
host plant, and usually form small to extremely large root-knots. The infested plant is 
physiologically weakened, and the quantity and quality of yield are reduced (Moens et 

al., 2009). Within the genus Meloidogyne (Gőldi, 1892), about 100 species have been 
described, of which four species: M. incognita, M. arenaria, M. javanica and M. 

hapla are the most important crop pests found in soils worldwide (Karssen, 2002. 
Karssen et al., 2013). Twenty known species from the tropical group of RKNs such as 
M. incognita, M. arenaria, M. javanica, M. enterolobii, M. ethiopica, M. luci, and M. 

hispanica are now already widespread in the warm temperate climates (i.e., in the 
Mediterranean and in the protected areas) and are expected to become the important 
pests in the temperate climates due to the newly created climatic and environmental 
conditions, more favorable for their development (Bebber et al., 2014, Širca et al., 
2021). In order to prevent the introduction or limit the spread on European territory, 
certain nematode species have been placed on the quarantine list (EU and EPPO). The 
EU list of quarantine RKN includes M. enterolobii (A1), M. chitwoodi and M. fallax 
(A2) and the EPPO list includes M. ethiopica (A1) and M. enterolobii, M. luci, M. 

graminicola, M. chitwoodi, M. fallax and M. mali (A2).  
Identification of Meloidogyne species based on morphological characteristics is a very 
difficult task, which is why molecular techniques such as polymerase chain reaction 
(PCR) are a widely used tool for their identification. An accurate identification of 
species is necessary for an appropriate pest management, such as crop rotation, 
resistant cultivars, and regulatory and quarantine programs (Elling, 2013, Gerič Stare 
et al., 2017, EFSA, 2019).  
The aim of this monitoring was to molecularly and morphologically identified the 
isolates of the RKNs found in the national survey in potatoes and in an early warning 
programme for RKNs from different growing area and host plants across Croatia.  

 
2 MATERIALS AND METHODS 

 

In 2022 and 2023, the national survey for M. chitwoodi and M. fallax was carried out in 
potatoes, while inspection on other vegetables was also carried out as part of an early 
warning program for RKNs. Visual inspections and sampling were carried out in the 
indoor and outdoor growing areas on the mainland and in the coastal regions of 
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Croatia. The collected samples were analysed in the Laboratory for Nematology at the 
Centre for Plant Protection – Croatian Agency for Agriculture and Food, Croatia.   
In total of 87 soil samples and 42 root samples of simptomatics host plants with soil 
were collected for subsequent laboratory analysis. Nematodes were extracted 
according to the EPPO protocol PM 7/119 (1). The suspension was observed under a 
stereomicroscope (Olympus SMZ16) and specimens of Meloidogyne observed using 
an optical microscope (Olympus BX51) for confirmation. Roots from sampling were 
observed under stereomicroscope. The female with egg mass or a single egg mass 
were handpicked from infected roots and used for molecular and morphological 
identification. The second-stage juveniles (J2) from positive sample also used for 
morphological characterization. 
Species identification was confirmed by molecular analyses using group specific 
primers JMV1, JMV2 and JMV hapla for species M. chitwoodi, M. fallax and M. hapla 
developed by Wishart et al. (2002) and the species-specific SCAR primers Finc/Rinc 
for M. incognita developed by Zijlstra et al. (2000). The PCR product of the reaction 
with multiplex primers is 440 bp for M. hapla and 1200 bp for M. incognita with the 
species-specific SCAR markers (Figure 2). 
 
3 RESULTS AND DISCUSSION 

 

During 2022 and 2023, the national survey of quarantine species M. chitwoodi and M. 

fallax was conducted in potatoes on a total of 87 soil samples from 80 locations and 
15 counties of Croatia. From the total of samples collected, genus Meloidogyne spp. 
was detected in five, corresponding to 5,75%. In two samples were identified M. 

hapla in Virovitica-Podravina county and one sample in Brod-Posavina county. 
Species M. incognita was identified in one sample in Zadar county and one sample 
unknown species of Meloidogyne spp. in Istria county (Table 1). The quarantine 
species M. chitwoodi and M. fallax were not determined in any of the analysed 
samples in potatoes. A total of 42 root samples of symptomatics host plants with soil 
from 11 locations and 4 counties were taken within the early warning program for 
RKNs. Samples were collected in fields and greenhouses. Majority of samples were 
taken from tomato, carrot, cucumber, melon and pepper which are the most important 
cultivated host plants of RKNs. From the 42 samples analysed, genus Meloidogyne 
spp. was detected in 31 samples (73,8 %) of them showing a high parasitizing most of 
the crops surveyed (Table 2, Figure 1).  
 

Table 1: Results of national survey of  RKNs on potatoes in Croatia (2022-2023). 
 

Year 

N°of 

counties  

N°of 

locations 

N°of soil 

samples 

N°of 

positive 

findings Meloidogyne species (County/Locality) 

2022 15 36 37 1 M. hapla (Brod - Posavina /Donji Lipovac) 

2023 14 44 50 4 

M. hapla - 2 samples   
(Virovitica - Podravina /Sedlarica); 

M. incognita (Zadar/Tinj);                                               
Meloidogyne spp. (Istria/Pomer) 

TOTAL 14-15 80 87 5 
 



Zbornik predavanj in referatov 16. Slovenskega posvetovanja o varstvu rastlin z mednarodno udeležbo 
Bohinjska Bistrica, 5.–6. marec 2024 

 

Ljubljana, Društvo za varstvo rastlin Slovenije (Plant Protection Society of Slovenia), 2024 

549 

Molecular and morphological identification revealed that the most prevalent species 
were M. incognita and M. hapla.  The species M. chitwoodi and M. fallax were not 
identified in any of the samples (Figure 2). 
 

 
 
Figure 1. Map of Croatia specifying the locations where Meloidogyne spp. positive samples were found. 
 

Table 2: Preliminary results of identification RKNs as part of early warning program in Croatia (2022-
2023). 
 

 

Years 

 

Counties 

 

Locations 

N°of 

samples / 

N° of 

positive 

samples 

Crops /Production type   

Meloidogyne 

species 
Field 

 
Greenho

use 

 
2022 Zadar 

Biograd 
n/M   

1/1 kale (Brassica 

oleracea var. 
sabauda) 

 M.incognita 

1/0 carrot (Daucus 
carota subsp. 

sativus) 

 ND 

Vrana  

1/1 tomato (Solanum 

lycopersicum) 
 M.incognita 

& 
Meloidogyne 

spp. 

Pakoštane 

1/1 Buddleja davidii  Meloidogyne 
spp. 

Kakma 

1/1 carrot (Daucus 
carota subsp. 

sativus) 

 M. hapla 
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Tinj  

1/0 carrot (Daucus 
carota subsp. 

sativus) 

 ND 

Dubrovnik 
- Neretva 

Metković 
 
 

1/1  tomato 
(Solanum 

lycopersi
cum) 

M. incognita 
& M.hapla 

1/1  melon  
(Cucumis 

melo) 

M. incognita 
& M.hapla 

2/0  lettuce 
(Lactuca 

sativa) 

ND 

Opuzen 
 

1/1 pomegranate 
"Wonderful" 

 M. incognita 

Istria Pomer 1/0 pepper (Capsicum 
annuum) 

 ND 

2023 Istria Pomer 8/8  cucumber 
(Cucumis 

sativus) 

M. incognita 

2/0  tomato 
(Solanum 
lycopersi

cum) 

ND 

4/4  pepper 
(Capsicu

m 

annuum) 

M. incognita 

3/2 potato (Solanum 
tuberosum) 

 

 Meloidogyne 
spp. 

Dubrovnik 
- Neretva 

Metković 
 

3/3  cucumber 
(Cucumis 

sativus) 

M. incognita 

1/1  tomato 
(Solanum 

lycopersi
cum) 

M. incognita 

1/1 watermelon 
(Citrullus lanatus) 

 

 M. incognita 

1/1  melon 
(Cucumis 

melo) 

M. incognita 

1/1  pepper 
(Capsicu

m 

annuum) 

M. incognita 

1/1  beans 
(Phaseol

us 

M. incognita 
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vulgaris) 

Opuzen 1/1  melon  
(Cucumis 

melo) 

Meloidogyne 
spp. 

Komin 
 

1/0 strawberry  
(Fragaria x 
ananassa) 

 ND 

1/1 pepper (Capsicum 
annuum)/      

tomato (Solanum 

lycopersicum) 

 Meloidogyne 
spp. 

Varaždin Krkanec 1/0 tomato (Solanum 
lycopersicum) 

 ND 

  Papinec 1/0 tomato (Solanum 
lycopersicum) 

 ND 

 

 

TOTAL 

 

 

4 

 

 

11 

 

 

42/31 

 

 

8 

 

 

7 

2 species  

3 mixed 

populations  

4 unknown 

species 

Meloidogyne 

spp. 

 

 

 
 
Figure 2. Molecular identification of Meloidogyne hapla (440 bp) using species-specific primers (8) and 
M. incognita (1200 bp) using SCAR markers (9);100-bp DNA ladder (M), samples (1-9), negative control 
(NC), positive controls (PC1- M. incognita; PK2- M. hapla). 

 

4 CONCLUSIONS 

 

The RKNs of the genus Meloidogyne are one of the most devastating plant-parasitic 
nematodes. This preliminary study of the RKNs monitoring revealed their were 
widely distributed in the growing areas in Croatia. Molecular and morphological 
identification revealed that the most prevalent species were M. incognita and M. 

hapla. The species M. chitwoodi and M. fallax were not identified in any of the 
analysed samples. As identification of abundant Meloidogyne species is a very 
challenging task in itself, further efforts in monitoring of Meloidogyne in Croatia and 
access to the latest methods for unambiguous identification, could expand the 
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knowledge of Meloidogyne species distribution in the growing area and to be the 
crucial for the integrated pest management. 
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