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INTRODUCTION

Scientific review
Pregledni znanstveni ¢lanak

SUMMARY

Root-knot nematodes of the genus Meloidogyne belong to the most economically
important group of plant-parasitic nematodes and also to the most important plant
pests that can cause significant economic losses in crop production. They are poly-
phagous, highly adapted, obligate endoparasites of nearly all higher plant species,
including the important agricultural crops. Within the genus Meloidogyne, about
one hundred species have been described, of which the four species-that is, the
Meloidogyne incognita, M. arenaria, M. javanica, and M. hapla-are the important
plant pests and the most widespread species worldwide. As of 2010, twenty-three
species have been confirmed in Europe, of which three non-quarantine species have
been detected in Croatia. Many nematode species of the genus Meloidogyne can be
considered dangerous invasive pests in agriculture, as they can spread rapidly due
to the global trade, changing production technologies leading to a reduced use of
pesticides, and climatic changes. To prevent or to limit the introduction and spread
of the three species of root-knot nematodes, Meloidogyne chitwoodi, M. fallax,
and M. enterolobii, respectively, were entered in the European list of quarantine
nematodes. The species M. mali is incorporated in the EPPO A2 quarantine list, in
addition to the three aforementioned species, while the M. ethiopica, M. luci, and M.
graminicola are on the EPPO Alert List. It is expected that the tropical Meloidogyne
species, for instance the M. enterolobii, M. ethiopica, and M. luci, as well as the
M. incognita, M. arenaria, and M. javanica, will become the important pests in
the temperate zones due to the new,) climatic conditions, more favorable for their
development, which can pose a huge risk to the agricultural production. In Croatia, a
wide distribution of nematode populations of the genus Meloidogyne spp. was con-
firmed, but a scientific knowledge about the species identification is very modest.
Due to the variety of soil and climatic conditions present in Croatia, it is expected
that more Meloidogyne species than those that are known so far will be detected
in the future. This is one of the reasons for starting a more intensive monitoring of
the Meloidogyne species in Croatia too.
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plant-parasitic nematode genera, the genus Meloidogyne
ranks first (Jones et al., 2013). They are polyphagous,

The root-knot nematodes of the Meloidogyne genus
belong to the economically most important group of
plant-parasitic nematodes and also to the most impor-
tant plant pests causing major economic losses in crop
production (Strajnar and Sirca, 2011; Bebber et al. 2014;
Geri¢ Stare et al., 2017; Braun-Kiewnick and Kiewnick,
2018; Susi¢, 2020). On the list of the ten most damaging

(1) Tamara Rehak Biondi¢, BSc. — Croatian Agency for Agriculture and
Food, Centre for Plant Protection, Gorice 68B, 10000 Zagreb, Croatia, (2)
Josipa Puskarié, PhD (josipa.puskaric(@fazos.hr), Prof. Dr. Mirjana BrmeZ
— Josip Juraj Strossmayer University of Osijek, Faculty of Agrobiotechnical
Sciences Osijek, Vladimira Preloga 1, Osijek, Croatia, (3) Barbara Geric
Stare, PhD — Agricultural Institute of Slovenia, Hacquetova 17, SI-1000
Ljubljana, Slovenia

POLJOPRIVREDA 29:2023 (1) 27-34



28 T. Rehak Biondic et al..THE STATUS OF ROOT-KNOT NEMATODES OF THE Meloidogyne GENUS IN ...

well-adapted obligate endoparasites of almost all higher
plant species, including the important agricultural crops.
They reproduce in the roots of the host plant and usu-
ally form the small to extremely large root-knots. The
infested plant is physiologically weakened, and the
quantity and the quality of yield are reduced (Moens
et al., 2009). Approximately one hundred species have
been described within the Meloidogyne genus (Géldi,
1892), among which the four species, M. incognita, M.
arenaria, M. javanica, and M. hapla, are the most impor-
tant crop pests found in the soils worldwide (Karssen,
2002. Karssen et al., 2013).

As of 2010, twenty-three species have been con-
firmed in Europe, only seven of which were found on the
uncultivated plants (Wesemael et al., 2011). The data on
their occurrence on many localities are recorded in the
Croatian literature (Maceljski, 1967; Ostrec, 1990, 1992;
Ivezi¢ et al., 2001; Raspudi¢ et al., 2006; Goreta Ban et
al., 2014; Brmez et al., 2019), and to date three species
have been identified: M. arenaria, M. hapla, and M. artiel-
lia, respectively (OStrec, 1992; Ostrec, 1988, gtd. in Ivezi¢
et al., 2001; Maiji¢ et al., 2017). Many nematode species
of the Meloidogyne genus can be considered dangerous
invasive pests in agriculture, with a particular focus put on
the tropical group of root-knot nematodes mainly because
of a large potential to spread due to the global trade,
changes in agricultural production due to the reduction
of pesticide use, and climate change (GeriC Stare et al.,
2017; Susi¢, 2020; Sirca et al., 2021). In order to prevent
the introduction or to limit the spread within the European
territory, certain nematode species are entered in the
quarantine list of pests (Elling, 2013; Jones et al., 2013),
since many species are recognized as the emerging ones,
posing a risk to the agricultural production.

The two species of the root-knot nematodes, M.
chitwoodi and M. fallax, are on the list of quarantine
nematodes present in the European Union (EU) terri-
tory under the Commission’s Implementing Regulation,
(EU 2019/2072, Annex II, Part B). Recently, the spe-
cies M. enterolobii has been added to the list of
quarantine nematodes not known to occur in the ter-
ritory of the EU, in accordance with the Commission’s
Implementing Regulation (EU 2021/2285, Annex II,
Part A), amending the Implementing Regulation (EU)
2019/2072. The European and Mediterranean Plant
Protection Organization (EPPO) incorporated the three
previously mentioned species, together with the species
M. mali, in the A2 quarantine list of pests recommended
for regulation as a quarantine organism, while the three
species, M. ethiopica, M. luci, and M. graminicola, were
added to the EPPO Alert List with regard to their area,
based on the nematodes’ potential to cause serious dam-
age to agriculture.

Twenty known species from the tropical group of
root-knot nematodes such as M. incognita, M. arenaria,
M. javanica, M. enterolobii, M. ethiopica, M. luci, and
M. hispanica, whose range was restricted to the tropics
and subtropics in the past, are now already widespread in
the warm temperate climates (i.e., in the Mediterranean
and in the protected areas) and are expected to become

POLJOPRIVREDA 29:2023 (1) 27-34

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;
Sirca et al., 2021). Specific characteristics of the tropical
root knot-nematodes are their typical reproduction by
obligate mitotic parthenogenesis, their high polyphagia
and extreme productive potential, as well as their very
rapid adaptations to resistance. Special attention is paid
to the impact of apparent climate change on the dispersal
and distribution of the two species, M. incognita and M.
javanica, in the temperate zone (Sirca et al., 2021).

A BRIEF HISTORY OF THE MELOIDOGYNE GENUS

While the first botanical illustration of the root-knot
nematodes on the cucumber roots was presented by
Miles Joseph Berkeley (1855) in the mid-nineteenth cen-
tury, the first description of the root-knot nematodes on the
Onobrychis sativus Lam. was drafted by Maxime Cornu in
1879 under the name of Anguillula marioni. A short while
later, in 1887, Emil August Géldi described and illustrated
the root-knot nematodes on the coffee plants under the
name of Meloidogyne exigua (Cornu, 1879; Géldi, 1887).
Between 1884 and 1932, however, the name Heterodera
radicicola referred to all root-knot nematodes. Thereafter,
Heterodera marioni was used until Benjamin Goodwin
Chitwood separated it from the Heterodera genus in 1949
and referred to it by its oldest generic name, Meloidogyne
Goldi. Between 1949 and 1998, more than eighty spe-
cies of the root-knot nematodes were described. To date,
about one hundred species have been described within
the Meloidogyne genus (Goldi, 1892; Moens et al., 2009;
Karssen, 2002; Karssen et al., 2013).

THE OCCURRENCE AND DISTRIBUTION IN THE
WESTERN BALKANS REGION

The first root-knot nematode, described as a new
species in Europe in 1961, was M. artiellia (Karssen,
2002; Sirca et al., 2004b). Until 2010, twenty-three spe-
cies have been confirmed in Europe (Wesemael et al.,
2011). Additional species of the Meloidogyne genus
have been described in Europe since 2010, such as the
M. mali (EPPO, Global Database); M. camelliae (Trisciuzzi
et al., 2014); M. graminicola, recently detected in Italy
(Torrini et al., 2020; Rusinque et al., 2021a); and M. luci
(Geric Stare et al., 2017; Maleita et al., 2018; Santos
et al., 2019; Rusinque et al., 2021b), with an emphasis
put on the fact that all populations of the M. ethiopica
reported in the EPPO region correspond to the M. luci
(EPPO 2017c).

The root-knot nematodes were also studied in
the territory of ex-Yugoslavia, and the presence of M.
arenaria, M. hapla, M. javanica, M. incognita, M. naasi,
M. artiellia, M. ardenensis, and M. luci was reported
(Grujigi¢, 1975; Otrec, 1992; Sirca et al.; 2004a, Pajovié
et al., 2007; Vuckov et al., 2012; Maji¢ et al., 2017; Geri¢
Stare et al., 2018; Ba(“:ié et al. 2022). In Croatia, only
three Meloidogyne species were identified: M. arenaria,
M. hapla, and M. artiellia (OStrec, 1992; OStrec, 1988,
qtd. in Ivezi¢ et al., 2001; Maiji¢ et al., 2017).
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According to the available data, the first occur-
rence of the root-knot nematodes in the territory of
ex-Yugoslavia was recorded by Proti¢ in 1926 on the
1975, gtd. in Sirca et al., 2004a). Two decades later,
in 1947, Milica Martinovi¢ confirmed their occurrence
on cucumbers and tomatoes in the greenhouse produc-
tion in the vicinity of Belgrade, Serbia (Grujici¢, 1975,
qgtd. in Milovanovi¢ et al., 2017). In the Mediterranean
region of Herzegovina, severe infections of the vegetable
crops (tomatoes, eggplants, and peppers) and tobacco,
but also of carrots, beets, lettuce, beans, Amaranthus
spp., and the ornamental plant Hibiscus syriacus by
Meloidogyne spp., were reported in detail in 1953 by
Olga Klindi¢. Later, in 1968, Klindi¢ confirmed the species
M. incognita, M. arenaria, M. hapla, and M. javanica on
various locations in Herzegovina (Klindi¢, 1953; 1968).
In the following years, a damage inflicted by the
Meloidogyne spp. was observed on the vegetable crops
and in the open field (i.e., on celery, parsley, lettuce,
cabbage, potatoes, carrots, beets, tomatoes, peppers,
eggplant, cucumbers, and chard), as well as on industrial
crops (Grujici¢, 1975).

In Serbia, the infestations by M. arenaria and M.
hapla were confirmed on sugar beets; the infestations
by M. naasi on wheat, barley, sugar beet, and fodder
beets; and infestations by M. incognita on sunflower
and tobacco. The species M. arenaria, M. incognita,
M. javanica, and M. hapla were later confirmed in the
greenhouses (Grujici¢, 1975). The recent studies in
Serbia have confirmed four species, M. incognita and M.
arenaria (on potatoes and tomatoes), M. hapla (on car-
rots and parsnips), and M. luci, recorded on tomato in a
greenhouse (Baci¢ et al., 2016, 2022, 2023; Milovanovi¢
etal., 2017).

By 2003, four Meloidogyne species, M. hapla, M.
arenaria, M. incognita, and M. ethiopica, respectively,
have been recorded in Slovenia. The M. ethiopica from
Slovenia was also the first finding of this species in
Europe (Sirca et al., 2004a, 2004b). With the descrip-
tion of the new species M. luci, a sister species of M.
ethiopica (Carneiro et al., 2014), all populations of M.
ethiopica recorded in Europe (i.e., Slovenia, ltaly, and
Greece) and Turkey were reclassified as M. luci (Geric
Stare et al., 2018). Thus, the M. ethiopica is considered
absent in Europe (EPPO, Global Database).

According to the available data, six Meloidogyne
species—namely M. incognita, M. arenaria, M. hapla,
M. javanica, and M. ardenensis— have been confirmed
in Montenegro until 2012, as well as the finding of M.
naasi on the gladiolus in 1988, according to an unpub-
lished report by Miroljub Dimitrijevi¢ and Ivezi¢ (Pajovic
et al., 2007, gtd. in Pajovi¢ & Pajovi¢, 2012).

Dorde Krnjai¢ reported on the distribution of M.
incognita and M. arenaria in the greenhouses in Northern
Macedonia in 1977 (1977, qtd. in Sirca et al., 2004a).
More recently, the scientific studies on the root-knot
nematodes in Northern Macedonia identified the follow-
ing four species: M. incognita, M. arenaria, M. hapla,
and M. javanica (Vuckov et al., 2012).

THE OCCURRENCE AND DISTRIBUTION IN
CROATIA

In 1967, Milan Maceljski described the problem of
root-knot nematodes of the genus Meloidogyne spp. ex.
Heterodera marioni in the greenhouse and field cultiva-
tion in Croatia. A significant infestation of vegetable and
flower crops was detected in all major greenhouses
(Stubi€ke Toplice, Varazdinske Toplice, Zadar, Sv. Filip
i Jakov, Biograd na moru, and Split) at that time, and
the efficacy of thermal sterilization or chemical control
was tested (Radi¢ and Maceljski, 1965; OStrec, 1991).
In the same year, Maceljski confirmed the first finding
of the root-knot nematodes on chard in the vicinity of
Dubrovnik (Grujici¢, 1975). Subsequently, Maceljski
described a considerable damage inflicted to other crops
and the sites in the gardens in the vicinity of Rijeka
and Malinska on the island of Krk (on tomatoes, pep-
pers, beetroots, chard, marshmallow, Antirrhinum maius,
Stachys lanata, mulberry, fig, and peach), in the area
of Split and Opuzen, Sv. Filip i Jakov, and Zadar (i.e.,
a heavy infestation of the imported peach seedlings).
Maceljski also described a heavy infestation in vegetable
gardens (on tomatoes, peppers, chard, and eggplants) in
the area of central Dalmatia between Trogir and Solin, in
the area of Opuzen in Southern Dalmatia (on bell pepper
and peach seedlings), in the Dubrovnik area in a number
of vegetable and ornamental gardens (on tomatoes, pep-
pers, eggplants, chard, celery, parsley, lettuce, cabbage,
Begonia rex, and bitter orange), and in some forest nurs-
eries in northern Croatia (1967).

In early 1990, Ljerka OStrec reported a rapid decline
of kiwi seedlings (Actinidia chinensis) in the KaStel Stari
area, caused by a heavy infestation of the Meloidogyne
spp. Ostrec identified the species as M. hapla, which
was confirmed by oral communication with Piet Loof of
the Wageningen Institute in 1991. At the same time, a
mixed population of the two species, M. arenaria and
M. hapla, was discovered in the vegetable greenhouses
in Kastel Stafili¢ (OStrec, 1992), and M. artiellia was
detected on tobacco later (OStrec, 1988, qtd. in lvezi¢
et al., 2001).

In 2000, the problems pertaining to the desicca-
tion of plants and the vegetable-crop rotting occurred in
several areas of Croatia. By analyzing the soil samples,
Marija Ivezi¢ confirmed the presence of the Meloidogyne
spp. genus in Istria (Rovinj) on melons, watermelons,
parsley, and on some grasses, as well as on the bell
peppers and tomatoes in the greenhouses and on the
bell peppers in the field (lvezi¢ et al., 2001; Raspudi¢ et
al., 2006) in a very high population in the Baranja region
(Vardarac and Lug).

The occurrence of nematodes of the Meloidogyne
genus was confirmed in 2016 on many localities
(Metkovi¢, Trogir, Zadar, Biograd na moru, Osijek,
Vinkovci, Gradina, Kula, and Cakovec) and crops (bell
peppers, cucumbers, carrots, parsley, watermelon,
onion, Amaranthus spp., tomato, and celery), with a
significant damage infliction (Brmez, 2017). The control
options of the Meloidogyne sp. in Croatia were also
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explored (Goreta Ban et al, 2014; Gregani¢, 2018; Brmez
et al., 2019). The species M. hapla was identified from
the soil samples by morphological and molecular analy-
ses (i.e., by a polymerase chain reaction, PCR; (Maji¢ et
al., 2017) while conducting a long-term monitoring of the
Meloidogyne in the Osijek area (Tvrdavica) in the carrot
and parsley production.

QUARANTINE ROOT-KNOT NEMATODES

In accordance with the current legislation and in
order to prevent the introduction or to limit the spread of
harmful organisms in Europe, some species of the plant-
parasitic nematodes have been added to the quarantine
list. The list of the quarantine pest nematodes known
to occur in the territory of the EU includes the root-knot
nematodes Meloidogyne chitwoodi and Meloidogyne fal-
lax, in accordance with the Commission’s Implementing
Regulation (EU 2019/2072, Annex Il, Part B). Recently,
the highly aggressive M. enterolobii has been added
to the list of quarantine nematodes not known to
occur in the territory of the EU, in accordance with the
Commission’s Implementing Regulation (EU 2021/2285,
Annex Il, Part A), amending the Implementing Regulation
(EU) 2019/2072.

In addition to the M. chitwoodi, M. fallax and M.
enterolobii, the EPPO lists the M. mali as a species on
the A2 quarantine list of nematodes recommended for
regulation as a quarantine organism for their area. The
EPPO Alert List, which aims to draw attention of the
EPPO Member States to the emerging species that could
pose a significant pest risk due to their potential to cause
serious damage in agriculture, includes the species M.
ethiopica, M. luci, and M. graminicola (EPPO, 2017a,
2021a, 2021b).

Meloidogyne chitwoodi

The M. chitwoodi (Golden et al., 1980), or the
Columbia root-knot nematode, was described in 1980 in
the United States (US), where it is also widespread in its
southwestern area. In addition to the US, it was found on
a limited area in Mexico, South Africa, Argentina, and in
some European countries (i.e., the Netherlands, Belgium,
France, Germany, Portugal, Spain, Romania, Switzerland,
Sweden, and Turkey). It is suspected that the M. chit-
woodi is present in the Netherlands since 1930. As
infestations are usually confirmed without previous clear
symptoms, its prevalence is thought to be greater than
formerly known (EFSA, 2019). The M. chitwoodi has a
wide range of host plants, including crops and weeds.
Good hosts for the M. chitwoodi include the plants
like potatoes, tomatoes, corn, sugar beet, barley, oats,
wheat, and other species of the Poaceae family, while
peppers and tobacco are the poor hosts (EPPO, 2016).

Meloidogyne fallax

The M. fallax (Karssen, 1996), or the false Columbia
root-knot nematode, was first discovered in the
Netherlands in 1992, and to date its local distribution is
known in Belgium, France, Switzerland, United Kingdom
(UK), and Sweden. Outside Europe, it is widespread in
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New Zealand and occurs in Australia (EPPO, 2016). The
main host is potato plant, although research confirms
a wide range of hosts, including the important agricul-
tural crops such as carrots, tomatoes, and black salsify
(Scorzonera hispanica; EFSA, 2019).

Meloidogyne minor

The M. minor n. sp. (Karssen et al., 2004) is a newly
discovered species on potatoes in the Netherlands and
is very similar to the M. chitwoodi and M. fallax. The
surveys confirmed its occurrence on the sports fields
and pastures in the Netherlands, UK, Ireland, Belgium,
Portugal, and Sweden (EPPO, 2006).

Meloidogyne enterolobii

The M. enterolobii (Yang and Eisenback, 1983) is
distributed throughout Americas, Africa, and Asia (China
and Vietnam). The first finding of M. enterolobii in Europe
was recorded in 2002 in a greenhouse in France, with
a subsequent successful eradication. Later, in 2008, it
was found in the two greenhouses in Switzerland, where
it caused damage on tomatoes and cucumbers, and it
was detected in a garden with the Peruvian strawber-
ries (Physalis peruviana) in Portugal in 2019. In the
Netherlands, Germany, and in the UK, it was intercepted
several times on the plant material (Cactus sp., Ligustrum
sp., Ficus sp., Syngonium sp., Rosa sp.) imported from
Asia, South America, and Africa. The M. enterolobii has a
wide range of host plants, from the crops (potatoes, pep-
pers, beans, tomatoes, soybeans, tobacco, and melons) to
the weeds and woody plants. Cabbage, garlic, grapefruit,
corn, bitter oranges, and peanuts are considered poor host
plants (EPPO, Global Database).

Meloidogyne mali

The M. mali (ltoh et al., 1969) is widespread in
Japan and is one of the few species known to parasitize
on both the trees and shrubs. In Japan, the M. mali
was described on the apple tree (Malus prunifolia). In
Europe, the first finding was confirmed on the elm root
(Ulmus sp.) in the Netherlands and Italy, and it was later
detected also in the UK and Belgium. Except in Japan, its
importance in the apple orchards is unknown, but it has
a wide range of hosts in the families of Brassicaceae,
Cucurbitaceae, and Solanaceae and also in some for-
est plant species (e.g., beech or oak; EPPO, Global
Database).

Meloidogyne graminicola

The M. graminicola (Golden and Birchfield, 1965),
or the rice root-knot nematode, was first described in
1965 on the grasses and oats in the US (Louisiana) and
was since then recorded on the irrigated rice crops in
Asia, parts of America, and in Africa. In Europe, it was
first detected in 2016 in several rice fields in northern
Italy and has been on the EPPO Alert List since 2017.
Although the main host is rice (Oryza sativa), it can para-
sitize on many other plant species of economic impor-
tance belonging to the Poaceae family, as well as on the
Asteraceae, Cucurbitaceae, Fabaceae, and Solanaceae
(EPPO, 2017b).
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Meloidogyne ethiopica and Meloidogyne luci

The M. ethiopica and M. luci are the tropical spe-
cies of root-knot nematodes that are morphologically
very similar to each other and can damage a variety of
economically important crops. They are both incorpo-
rated in the EPPO Alert List.

The M. ethiopica (Whitehead, 1968) was first
described in southern Africa (Tanzania), while its closely
related sister species M. luci (Carneiro et al., 2014) was
described in 2014 on the basis of several plant species in
Brazil, Chile, and Iran. Several Meloidogyne populations
from the host plants in the EPPO region were identified
as M. ethiopica (Sirca et al., 2004b; Conceicao et al.,
2012; Aydinh et al., 2013). These were later reclassified
as M. luci (Geri¢ Stare et al., 2018). The first detection
of M. luci in Slovenia thus dates back to 2003, when it
was found in a greenhouse tomato production (Sirca et
al., 2004b). The second location in Slovenia was con-
firmed in 2015, again on the tomato roots, but the new
location was situated approximately 100 km far from
the 2003 M. luci infestation location (Geri¢ Stare et al.,
2018). Furthermore, the M. luci was found on the corn
and kiwi in Greece, on the greenhouse-grown tomato in
Turkey, on the tomatoes in Italy, and on potato, tomato,
the ornamental plant Cordyline australis, and the weed
Oxalis corniculata in Portugal (Conceigdo et al., 2012;
Aydinli et al., 2013; Maleita et al., 2018, 2021; Santos et
al., 2019; Rusinque et al., 2021b). The first report on the
greenhouse tomato production in Serbia was recently
confirmed (Baci¢ et al., 2023).

CONTROL AND RISK ASSESSMENT

For the EU territory, pestrisk assessments for quar-
antine species include comprehensive datasheets and
an assessment of possible risk reduction options, and
full details of pest biology, distribution and economic
importance can be found on the EPPO website (EPPO
Global Database, 2023.).

Any control strategy will depend on the prevalence
and extent of infestation within the country, and it is
recommended that surveys should be carried out in
a specific area. For each country, a national survey is
needed to determine the status of the pest and to enable
a decision to be made on the most appropriate control
strategy to be applied in the area where the nematodes
are found. The phytosanitary measures can vary from
eradication to containment but can only be limited to
preventing a long-distance spread while controlling the
pathways (EPPO, 2013).

The root-knot nematodes can easily be transmitted
from the countries in which they occur by an infected soil
and growing substrate, plantable plants, bulbs, and tubers.
These are simultaneously the routes of introduction and
spread of these pests in the EU area (EPPO, 2013).

Soil testing or the sampling of plant parts (roots,
tubers, and bulbs) are the recommended methods for
determining the presence of nematodes, in addition to
the laboratory tests and species identification (based
on a combination of morphometric, biochemical, and

molecular methods). An accurate identification of spe-
cies is necessary for an appropriate pest management,
such as crop rotation, resistant cultivars, and regulatory
and quarantine programs (Elling, 2013; Geri¢ Stare et al.,
2017; EFSA, 2019).

Since 2019, research has been conducted on potato
fields in Croatia concerning the presence of M. chitwoodi
and M. fallax. The research included soil sampling and
the sampling of tubers, as well as the main entry path-
ways and a long-distance spread of the pests. In Croatia,
the presence of the quarantine root-knot nematode has
not been confirmed. As a part of an early harmful organ-
ism warning program, research activities pertaining to
the Meloidogyne species have been incorporated since
2022, and soil and vegetable root sampling to detect the
presence of Meloidogyne species in Croatia have also
been started.

Risk assessment related to the Meloidogyne spe-
cies involves their ability to parasitize on a wide range of
plant species, with many host plants being those of an
economic importance for the EU area (e.g., the arable,
vegetable, ornamental, or fruit crops), and their ability to
survive in the regions with a temperate climate, posing a
risk to the agricultural production (EFSA, 2019, Rusinque
et al., 2021). In addition, an intensified national and
international trade increases a risk of a further spread
of indigenous species, or of the introduction of the new
ones (Wesemael et al., 2011).

Once introduced, the root-knot nematodes are
generally difficult to be controlled or eradicated (EPPO,
2017a). Eradication measures are appropriate if a quar-
antine pest has a limited distribution within the country
or within an area, or in case of the localized findings
(EPPO, 2013).

The most important measures to prevent the new
invasive introductions of the root-knot nematodes are
restrictions and a rigorous control of the soil import, plant-
ing material, and growing substrate (Kantor et al., 2022).

CONCLUSION

Many nematode species of the genus Meloidogyne
can be considered dangerous invasive pests in agricul-
ture, especially the tropical group of root-knot nematodes.
Thanks to the newly created, more favorable climatic
conditions for their development, the tropical root-knot
nematodes are expected to become the important pests
in a temperate zone, which can pose a high risk to the
agricultural production. In Croatia, a wide distribution of
Meloidogyne spp. nematode populations was confirmed,
but scientific knowledge on species identification is very
modest. As identification of abundant Meloidogyne spe-
cies is a very challenging task in itself, further efforts
in the monitoring of the Meloidogyne in Croatia and an
access to the latest methods of unambiguous identifica-
tion could expand a knowledge about the Meloidogyne
species distribution in Croatia. These are only some of
the reasons for a more intensive monitoring of the dis-
tribution and identification of species by the combined
morphological, biochemical, and molecular methods.
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STATUS NEMATODA KORIJENOVIH KVRZICA RODA Meloidogyne
U HRVATSKOJ, S POSEBNIM OSVRTOM NA KARANTENSKE VRSTE

SAZETAK

Nematode korijenovih kvrZica iz roda Meloidogyne pripadaju ekonomski najvazZnijoj skupini biljnoparazitskih
nematoda i jedne su od najvaznijih biljnih Stetnika koji mogu uzrokovati znacajne ekonomske gubitke u biljnoj
proizvodnji. Oni su polifagni, dobro prilagodeni, obligatni endoparaziti gotovo svih visih biljnih vrsta, uklju¢ujuéi
i vaZne poljoprivredne kulture. Unutar roda Meloidogyne opisano je oko stotinu vrsta, od kojih su Cetiri vrste,
Meloidogyne incognita, M. arenaria., M. javanica i M. hapla, vazni Stetnici u biljnoj proizvodnji i najrasireniji
u svijetu. 0d 2010. godine u Europi su potvrdene dvadeset tri vrste, od ¢ega su u Hrvatskoj otkrivene tri
nekarantenske vrste. Mnoge vrste nematoda iz roda Meloidogyne mogu se smatrati opasnim invazivnim
Stetnicima u poljoprivredi jer se mogu brzo Siriti zbog globalne trgovine, promjena tehnologija u proizvodnji
koje dovode do smanjene upotrebe pesticida i klimatskih promjena. Kako bi se sprijecilo ili ograni¢ilo unosenje
i Sirenje triju vrsta nematoda korijenovih kvrZica, Meloidogyne chitwoodi, M. fallax i M. enterolobii uvrstene
su na europski popis karantenskih nematoda. Vrsta M. mali uvrstena je na karantensku listu EPPO A2, uz tri
navedene vrste, dok su M. ethiopica, M. luci i M. graminicola na popisu upozorenja (to jest na listi EPPO
Alert). Ocekuje se da ¢e tropske vrste roda Meloidogyne poput M. enterolobii, M. ethiopica i M. luci, kao i M.
incognita, M. arenaria i M. javanica, postati vazni $tetnici u umjerenim zonama zbhog novih, povoljnijih (toplijih)
klimatskih uvjeta za njihov razvoj, sto moZe predstavljati velik rizik za poljoprivrednu proizvodnju. U Hrvatskoj
je potvrdena velika rasprostranjenost populacija nematoda roda Meloidogyne spp., ali su znanstvene spoznaje
o identifikaciji vrsta vrlo skromne. Zbog raznolikosti tla i klimatskih uvjeta prisutnih u Hrvatskoj, o¢ekujemo da
¢emo u buduénosti pronaci vise vrsta roda Meloidogyne negoli je dosada poznato. To je jedan od razloga za
pocetak intenzivnijega praéenja vrsta roda Meloidogyne u Hrvatskoj.

Kljucne rijeci: nematode korijenovih kvrZica, rasprostranjenost, procjena rizika, Hrvatska
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