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ABSTRACT

In this study, we aimed to determine the nematode diversity in soils from olive orchards in
izmir, Manisa, Canakkale, and Balikesir provinces. For this purpose, a survey was carried out in
2021-2022; in each orchard, soil samples were collected from 0-60 cm depth, and nematodes
were extracted from collected soils by the modified Baermann Funnel method. Thirty-seven
genera of nematodes (Achromodora, Acrobeles, Acrobeloides, Alaimus, Aphelenchus,
Aphelenchoides, Boleodorus, Cephalobus, Clarkus, Coslenchus, Ditylenchus, Dorylaimus,
Eucephalobus, Filenchus, Geocenamus, Hemicriconemoides, Helicotylenchus, Labronema,
Lelenchus, Longidorus, Mesocriconema, Mesodorylaimus, Mesorhabditis, Monhystera,
Panagrolaimus, Paratylenchus, Pratylenchus, Pratylenchoides, Psilenchus, Rhabdlitis,
Rotylenchulus, Rotylenchus, Saurtylenchus, Tripyla, Tylenchorhynchus, Tylenchus, Xiphinema)
from 21 families were identified in olive-growing areas. According to feeding habitats,
nematodes were classified as plant parasitic (19 genera and one plant-parasitic species from
fungivore Ditylenchus genera), bacterivores (11 genera), fungivores (3 genera), omnivores (2
genera), and predators (2 genera). Plant-parasitic 27 nematode species (izmir: 19; Manisa: 16;
Balikesir 15; Canakkale: 11) were found in soils. The virus vector Longidorus elongatus was
among the identified important species. The prevalent plant-parasitic species were
Geocenamus brevidens (32%), Filenchus thornei (23%), Helicotylenchus digonicus (29%), while
the free-living nematodes were Acrobeloides spp. (100%), Aphelenchus sp. (95.3 %),
Cephalobus spp. (97%), and Mesodorylaimus (91.2%). Within bacterivore nematodes, at least
one species from the Cephalobidae family was determined in all soil samples.

Key Words: Nematode fauna, Olive, Tiirkiye
0z

Bu calismada izmir, Manisa, Canakkale ve Balikesir illerinde zeytin bahcelerindeki topraklarda
nematod cesitliliginin belirlenmesi amaglanmistir. Bu amagla 2021-2022 yillari arasinda siirvey
yapiimis, her bahgcede 0-60 cm derinlikten toprak o6rnegi alinmis ve alinan toprak
orneklerinden nematodlar modifiye Baermann Funnel metoduyla izole edilmistir. Zeytin
alanlarinda 37 cinse (Achromodora, Acrobeles, Acrobeloides, Alaimus, Aphelenchus,
Aphelenchoides, Boleodorus, Cephalobus, Clarkus, Coslenchus, Ditylenchus, Dorylaimus,
Eucephalobus, Filenchus, Geocenamus, Hemicriconemoides, Helicotylenchus, Labronema,
Lelenchus, Longidorus, Mesocriconema, Mesodorylaimus, Mesorhabditis, Monhystera,
Panagrolaimus, Paratylenchus, Pratylenchus, Pratylenchoides, Psilenchus, Rhabditis,
Rotylenchulus, Rotylenchus, Saurtylenchus, Tripyla, Tylenchorhynchus, Tylenchus, Xiphinema)
ait nematod tirleri teshis edilmistir. Nematodlar beslenme sekillerine gore bitki paraziti (19
cins ve fungivor Ditylenchus cinsinden bitki paraziti 1 tiir), bakterivor (11 cins), fungivor (3
cins), omnivor (2 cins) ve predator (2 cins) olarak siniflandirilmistir. Topraklarda 27 bitki
paraziti nematod tiirii (izmir: 19; Manisa: 16; Balikesir 15; Canakkale: 11) saptanmistir. Viriis
vektorl Longidorus elongatus teshis edilen onemli tirler arasinda yer almistir. Yaygin bitki
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paraziti turler, Geocenamus brevidens (32%), Filenchus thornie (23%) ve Helicotylenchus digonicus (29%) olurken serbest
yasayan nematodlarda ise Acrobeloides spp. (100%), Aphelenchus sp. (95.3 %), Cephalobus (97%) ve Mesodorylaimus spp.
(91.2%) olarak belirlenmistir. Bakterivor nematodlardan Cephalobidae familyasindan en az 1 tir tim toprak érneklerinde

saptanmistir.

Anahtar Kelimeler: Nematod faunasi, Zeytin, Turkiye

Introduction

Oleaceae is one of the most prominent families
of plants growing on earth, with 600 trees and
shrubs in 30 genera. The family contains an
economically important genus Olea, and Olea
europaea L. is the only species consumed as food
(Hashmi et al., 2015). The fruit of this tree, called
the olive, first domesticated in the Middle East
hundreds of years ago, is either consumed fresh
as food or used to produce olive oil (Breton et al.,
2009). Olive fruit and leaves are also used in the
medicine, cosmetics, and cleaning products
industries. This fruit is rich in phenolic acids,
phenolic alcohols, and flavonoids and nowadays
the

antioxidant content and health benefits. The olive

mostly consumed because of higher
oil produced by pressing berries is a primary food
in people's daily consumption.

Olive

Mediterranean countries, and about 95% of the

is mainly grown by farmers in
olive groves in the world are located in the
Mediterranean basin. From these countries,
Spain, Morocco, Italy, Greece, and the United
States total

production (Mushtaq et al., 2020). Tirkiye ranks

come to the fore regarding
fourth among olive producers and ranks sixth in
the point of area (in hectares) worldwide. Tiirkiye
contributes almost eight percent of the world's
olive production, according to Fao (2019). Except
for Eastern Anatolia and Central Anatolia regions,
olive cultivation is carried out in 36 provinces, and
the total production area constitutes 2% of the
country's agricultural area. About 76% of the
production in the country is done in the Aegean,
14% in the Mediterranean, 5.7% in Marmara, 4%
in Southeast Anatolia, and 0.3% in the Black Sea
regions (Efe et al., 2013).

The soil fauna contains dozens of different
organisms like insects, tardigrades, and fungi, and

nematodes from Phylum Nematoda occupy a

176

The identified 25.000
nematodes belonged to 2.271 genera and 256

significant  portion.
families. The unnamed species are estimated as
hundreds, and approximately 365 are identified
2000; Hodda,
2011). These organisms have different feeding

and named vyearly (Anderson,

habitats and are divided into five trophic groups:
omnivores, predators, fungivores, bacterivores,
and plant-parasitic herbivores (Kennedy and Luna,
2005).

Soil microfauna of olive orchards includes a
wide variety of nematodes, and one can be found
in any soil anywhere in the world (Kennedy and
2005). These be
nonparasitic free living. Of these, some plant-

Luna, can parasitic or
parasitic species cause root damage and prevent
plants from taking up water and nutrients from
the soil, while some species play a role in the
transmission of virus diseases. For this reason,
some are included in the nursery certification
system and on the quarantine lists. The initial
impact of these pests may not be severe at first,
but feeding for several years can cause significant
plant damage and vyield loss (De Klerk and
Loubser, 1988). Additionally, root wound areas
may be an entrance pathway for various fungal
and bacterial plant pathogens. For instance,
Verticillium dahliae, a severe disease of olive
whose prevalence is 55% in the Aegean region,
causes more severe epidemics with the presence
of nematodes such as Pratylenchus vulnus and
Meloidogyne spp. (Yolageldi, 2002). Again, diseases
like bacterial cancer can remain pathogenic in the
soil for about 15 years and may enter healthy
trees through wounds in plant roots that emerge
after nematode feeding (Gardan et al., 1992).

In contrast, free-living nematodes constitute
52% of all nematodes on the earth and likewise
occupy a more prominent place in olive orchards
the

bacterivorous nematodes play an essential role in

in point of population. Free-living
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the mineral cycle and can feed on many bacterial
species, including plant pathogens. Fungivorous
nematodes can also feed on many fungal plant
pathogens, such as Fusarium sp. and Botrytis sp.,
while predators can suppress pests' populations
by feeding (Taher et al., 2017).

The distribution, survival, abundance, and
reproduction of nematodes highly depend on the
climate and local factors. The area infested by
nematodes is regularly increasing by tillage, wind,
flooding, soil, and infected rootstock cultivation.
Despite the increase in prevalence, many species
remain undiagnosed. Across the world, 153 plant-
parasitic species belonging to 56 genera from
orders species),

Aphelenchida (4 genera/3

Dorylaimida (5 genera/36 species), and
Tylenchida (48 genera/114 species) co-infest olive
production areas. Four

genera, including

Mesocriconema, Helicotylenchus, Meloidogyne,
Xiphinema, and Pratylenchus, were reported as
most harmful because of causing moderate to
high damage depending on population density,
host susceptibility, and environmental conditions
(Ali et al., 2014).

Studies

structure in olive-growing areas are limited.

on nematodes and their trophic

Although there is data on some plant parasitic
species, the free-living non-parasitic species are
not well known. There needs to be more

information on the status of nematode
biodiversity in the western provinces of Turkiye.
Therefore,

determining the nematode diversity of olive

a two-year research focused on

orchards was conducted in Canakkale, Manisa,
Balikesir, and izmir provinces. The community
structure (trophic groups of nematodes, diversity
of free-living species, abundance) of surveyed
olive plantations has been discussed.

Material and Method

A survey in olive orchards and soil sampling

The study was carried out between 2021
(October) and 2022 (October) in olive orchards in
the four biggest olive-producer provinces in
Marmara (Balikesir and Canakkale provinces)
Region and Aegean Region (Manisa and izmir
provinces). These provinces are located in the
western part of the country, and their olive grove
acreage (Balikesir: 83.612 ha; izmir: 112.752 ha;
Canakkale: 32.645 ha; 93.677 ha)
constitutes 36.2% of the total area of Turkiye.

izmir:

During the survey period, the air temperature in
four provinces was 19-24 degrees, and the
precipitation was 35-70 mm. Randomly selected
77 orchards were sampled. Gemlik, Domat, and
Ayvalik olive varieties were primarily grown in
surveyed areas.

Table 1. Olive orchard area details of izmir, Manisa, Balikesir, and Canakkale provinces

Olive orchard Locations Total production area (ha) Samples per location Total samples
Kemalpasa 5.896 4
izmir Bayindir 16.427 4 1s
Torbah 7.025 3
Odemis 6.026 4
Soma 71.480 6
Akhisar 45.100 5
Manisa Sehzadeler 2.570 3 26
Kirkagac 12.200 6
Saruhanh 10.500 6
Ayvacik 17.150 3
Canakkale Bayramig 4.056 2
Bozcaada 179 3 15
Merkez 1.861 3
Ezine 11.798 4
Burhaniye 18.196 5
Ayvalik 17.300 5 21
Balikesir Gomeg 11.550 3
Havran 8.012 3
Edremit 20.128 5
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The soils were taken from the rhizosphere
canopy of trees at a soil depth of 0-60 cm, and in
each orchard, 1 kg of soil was arranged by mixing
At
collected from different points in each orchard by

subsamples. least six subsamples were
moving in a zigzag pattern. A total of 77 soil
samples were taken from the survey area. The soil
in polyethylene bags,

labelled, and stored in suitable conditions to

samples were placed
prevent moisture loss.

Nematode recovery and identification
Approximately 100 cm3 of soil was used from
each sample to extract nematodes with the
In this
method, soil samples were placed on sieves with

modified Baermann Funnel method.
a single layer of filter paper. Sieves were placed in
trays, water was added until soils were wet, and
nematodes were allowed to submerge within 24
hours. The suspension was poured onto the 400
mesh sieve in the final step, and nematodes were
collected. The counting of nematodes was made
from 1 ml of the extracted suspension at 20X
magnification under the microscope.

All of the plant parasitic nematodes were
named based on species, and the free-living
species, except for the families Anguinidae,
Aphelenchida,
defined based on a genus. Nematodes were

and Aphelenchoididae, were
identified by examining individuals' morphological
the
microscope. Published identification keys and

and morphometric features under

descriptions were used in order to determine

genera and species. In order to prepare

nematode slides, heat-killed females were fixed in
TAF (7 ml 40%
triethanolamine + 91 ml), Seinhorst 1 (1 part

+ 2 ml

formaldehyde
glycerin + 79 parts distilled water), Seinhorst Il (5
parts glycerin + 95 parts ethanol) solutions.
Processed nematodes were fixed on a glycerin-
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dropped wax ring placed on the center of the
slide. (Seinhorst, 1959).

Extracted nematodes were classified based on
Siddigi (2000). Additionally, the species' feeding
habitat, feeding source, and colonizer-persister
values were determined (Bongers 1990; Yeates et
al. 1993). The absolute frequency of species was
calculated with the formula: Number of soil
samples containing species/Total number of soil

samplesx100 (Norton 1978).
Results and Discussion
Community structure of nematodes in olive
orchards

Nematode species in olive orchards in survey
areas were classified into five trophic groups, and
the biodiversity compromised 37 genera of
nematodes (fungivores, bacterivores, omnivores,
predators, and plant-parasitic) from 22 families
and eight orders. They were divided into two
groups free-living  (bacterivore, fungivore,
omnivore and predator) and plant parasites.

Plant-parasitic and bacterial feeders displayed
higher abundance in sampled orchards, followed
by omnivores, fungal feeders, and predators
(Figure 1). At least one bacterivore species was
present in all collected samples. The bacterivore,
fungivore, omnivore, predator, and plant-
parasitics constitute 11, 3, 2, 2, and 20 genera
(including one species from Ditylenchus),
respectively. The leading nematodes in izmir,
Manisa, Balikesir, and Canakkale were plant-
parasitic, followed by bacterivore and fungivore
species. They constituted nearly half of all
collected species. As seen in Figure 1, the ratio of
plant-parasitic species among all nematodes in all
the orchards was around 50%. The least abundant
with one or

were predators, two species

recovered from soils.
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Figure 1. The % proportion of nematode genera detected in izmir, Manisa, Canakkale, and Balikesir

provinces by trophic groups.

Free-living nematodes in olive orchards

In  this nematodes
belonging to 18 genera, 12 families, and 8 orders
were extracted from soils collected from olive
orchards. The identified free-living omnivore,
fungivore, bacterivore, and predator nematodes
belonged to Dorylaimida,
Rhabditida, Aphelenchida, Mononchida,
Monhysterida, and Triplonchida orders (Table 2).

research, free-living

Chromadorida,

iZMiR

MANiSA

The predominant orders were Tylenchida,
Aphelenchida, and Rhabditida. Acrobeloides spp.
was the most common genus occurring in 100%
of studied orchards. In addition, free-living
nematodes were classified into 1, 2, 3, and 4
groups according to their corresponding c-p
(colonizer-permanent) values. While species in
the c-p2 class were dominant in all provinces, no

species from c-p5 were found. (Figure 2).

McplEcp2mlcp3mcpd

BALIKESIR CANAKKALE

Figure 2. % Proportion of free-living nematodes in terms of colonizer-persister values
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Table 2. Omnivore, fungivore, bacterivore, and predator nematodes genea and species identified in olive orchards in Western Tirkiye

Functional

Absolute frequency in

Families Order guild/c-p all samples (%) | M B (o
Alaimus De Man, 1880 Alaimidae Dorylaimida ba2 11.6 + - - +
Achromadora Cobb, 1913 Achromadoridae Chromadorida ba3 4.6 - - + -
Acrobeloides Cobb, 1924 Cephalobidae Rhabditida ba2 100 + + + +
Acrobeles von Linstow, 1877 Cephalobidae Rhabditida ba2 81.8 + + + +
Aphelenchus avenae Bastian, 1865 Aphelenchidae Aphelenchida fu2 95.3 + + + +
Aphelenchoides sacchari Fischer, 1894 Aphelenchoididae Aphelenchida fu2 13.4 + - - -
Aphelenchoides obtusus Thorne and Malek, 1968 Aphelenchoididae Aphelenchida fu2 3.5 - - + -
Aphelenchoides clarus Thorne and Malek, 1968 Aphelenchoididae Aphelenchida fu2 2.9 + - - -
Cephalobus Bastian, 1865 Cephalobidae Rhabditida ba2 97 + + + +
Clarkus Jairajpuri, 1970 Mononchidae Mononchida pra 13.4 + + + +
Dorylaimus Dujardin, 1845 Dorylaimidae Dorylaimida om4 10.5 + + + +
Ditylenchus myceliophagus Goodey, 1958 Anguinidae Tylenchida fu2 45 - + + +
Ditylenchus parvus Zell, 1988 Anguinidae Tylenchida fu2 2.3 - + + -
Eucephalobus Steiner, 1936 Cephalobidae Rhabditida ba2 28.6 + - - -
Labronema Thorne, 1939 Dorylaimidae Dorylaimida pra 0.6 - - + -
Mesorhabditis Osche, 1952 Rhabditidae Rhabditida bal 12.2 + + + +
Mesodorylaimus Andrassy 1959 Dorylaimidae Dorylaimida om4 91.2 + + + +
Monhystera Bastian, 1865 Monhysteridae Monhysterida ba2 7.6 + + + -
Panagrolaimus Fuchs, 1930 Panagrolaimidae Rhabditida bal 5.2 + - - -
Rhabditis Dujardin, 1845 Rhabditidae Rhabditida bal 61.9 + + + +
Tripyla Bastian, 1865 Tripylidae Triplonchida ba3 16.3 + + + +

ba: bacterivore fu: fungivore om: omnivore pr: predator i: izmir M: Manisa B: Balikesir C: Canakkale

88T-S/T :(7)/Lz 151643 L3jwijig DPID dA WILID] UDIIDH "£20Z YH4NIZQ
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When the number of free-living individuals in

determined as more abundant (Table 3). The

100 cm?® soil was counted, Acrobeloides, abundance of all genera was under 25
Cephalobus, and Mesodorylaimus genera were individuals/100 cm? soil.

Table 3. The mean abundance of free-living nematodes in 100 cm? soil

Species/genera iZMiR MANISA BALIKESIR CANAKKALE

Alaimus De Man, 1880 1.7+0.7 0 0 21+0.8
Achromadora Cobb, 1913 0 0 3.3+0.9 0
Acrobeles von Linstow, 1877 3.3+1.8 5.2+1.7 2+0.8 4,942.2
Acrobeloides Cobb, 1924 18.2+4.7 15.4+3.3 8.7+1.8 2+0.6
Aphelenchus avenae Bastian, 1865 10.1+2 7.8+1.7 7+1.6 4+0.8
Aphelenchoides sacchari Fischer, 1894 6.5+1.7 0 0 0
Aphelenchoides obtusus Thorne and Malek, 1968 0 0 3.3+0.47 0
Aphelenchoides clarus Thorne and Malek, 1968 3.840.7 0 0 0
Cephalobus Bastian, 1865 18+3.1 2412 11.8+1.6 14.3+1.1
Clarkus Jairajpuri, 1970 3.210.4 4.2+0.8 4.6+0.5 4+0.9
Dorylaimus Dujardin, 1845 9.6+0.9 5.1+0.6 4.7+0.7 3.840.6
Ditylenchus myceliophagus Goodey, 1958 0 13.1+1.3 7.5+0.9 5.2+1
Ditylenchus parvus Zell, 1988 0 4.1+0.7 3.7¢0.4 0
Eucephalobus Steiner, 1936 4.2+0.7 0 0 0
Labronema Thorne, 1939 0 0 2 0
Mesorhabditis Osche, 1952 4.8+1.2 5.3#1.1 8.8%1.6 6.8%11.1
Mesodorylaimus Andrassy 1959 20.31£2.8 14.6£2.8 10.3t1.6 11+1.7
Monhystera Bastian, 1865 3.7t0.4 3+0.8 3.310.7 0
Panagrolaimus Fuchs, 1930 3.740.9 0 0 0
Rhabditis Dujardin, 1845 7.4+1.5 5.2+0.6 4.210.6 4.7+1.1
Tripyla Bastian, 1865 4+0.8 3.410.9 5.1+1.4 3.610.5

Plant parasitic nematodes in olive orchards

Twenty-seven plant-parasitic species were
recovered in the survey areas. Of these, 73 % (19
species) were found in izmir, 61.5% (16 species) in
Manisa, 57.7% (15 species) in Balikesir, and 42.3
% (11 species) in Canakkale. The identified species
belonged to nine families (Boleodorinae,
Belonolaimidae, Criconematidae, Hoplolaimidae,
Longidoridae, Paratylenchidae, Pratylenchidae,
Telotylenchidae, and Tylenchidae) and two orders
(Tylenchida and Dorylaimida). The majority (25
the

species), Filenchus (4

species) were from Tylenchida
order. Pratylenchus (2
species), and Helicotylenchus (4 species) genera
came to the fore in terms of the number of
species present in the areas we surveyed. On the

contrary, in a previous study in Tirkiye, 19

Tylenchid species were identified in the Central,

Mediterranean, and Black Sea

(Cilbirlioglu, 2007).
The nematodes were divided into a migratory

Regions

ectoparasite, endoparasite, and microherbivores
according to their feeding strategies. Ectoparasitic
nematodes were prominent, microherbivorous
nematodes were present except Canakkale, while
semi-endoparasites were found only in izmir,
Balikesir, and Canakkale. (Figure 3).

Furthermore, nematodes in orchards were
species from 2, 3, and 5 colonizer-persister
groups. The ratios of c-p2, c-p3, and c-p5 groups
in all detected nematode species were 40.7%,
51.8%, and 7.4%, respectively. Nematodes from c-
p 5 were found in izmir but not in Manisa,

Canakkale and Balikesir (Figure 4).
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B Microherbivorous B Semi-end oparasite
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Figure 3. % Proportion of plant-parasitic nematode species classified based on feeding style

Hcp2 Ecp3 Hcp5s
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izZmir MANIiSA BALIKESIR CANAKKALE

Figure 4. % Proportion of plant-parasitic nematodes in terms of colonizer-persist

Lelenchus leplosoma, Psilenchus hilarulus) were
root-fungal feeders in terms of feeding habitat
and the rest were plant feeders. The classification
of identified species is given in Table 4.

However, in this study, some of the detected
nematode  species (Boleodorus thylactus,
Coslenchus turkeyensis, Filenchus sheri, F. clarus,
F. filiformis, F. cylindricus, Tylenchus davainei,
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Table 4. Plant-parasitic nematodes species identified in olive orchards in Western Tirkiye

Absolute frequency

Species Families Order c-p Feeding Strategy in all samples (%) i | m| B | ¢
Coslenchus turkeyensis Siddiqi, 1981 Tylenchidae Tylenchida 2 Microherbivorous 6.5 + - - -
Boleodorus thylactus Thorne, 1941 Boleodorinae Tylenchida 2 Migratory ectoparasite 18.2 + + + +
Ditylenchus dipsaci Kiihn,1857 Anguinidae Tylenchida 2 Migratory endoparasite 10.4 + - - -
Filenchus thornei (Andrassy, 1954) Andrassy, 1963 Tylenchidae Tylenchida 2 Migratory ectoparasite 23 +
Filenchus sheri (Khan and Khan, 1978) Siddiqi, 1986 Tylenchidae Tylenchida 2 Migratory ectoparasite 14.3 +
Filenchus cylindricus (Thorne and Malek) Niblack and. . . . .

Tylenchidae Tylenchida 2 Migratory ectoparasite 9 + + - +

Bernard
Filenchus filiformis Ebsary, 1991 Tylenchidae Tylenchida 2 Migratory ectoparasite 9 - -
Geocenamus brevidens (Allen, 1955) Siddiqi, 1970 Telotylenchidae Tylenchida 3 Migratory ectoparasite 32 + +
Helicotylenchus digonicus Perry in Perry, Darling & Thorne, L . . .
1959 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 29 + + + +
Helicotylenchus dihystera (Cobb, 1893), Sher, 1961 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 14.3 - - -
Helicotylenchus varicaudatus Yuen, 1964 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 7.8 - + -
Helicotylenchus tunisiensis Siddiqi, 1963 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 104 - - + -
Hemicriconemoides gaddi (Loos, 1949) Chitwood & Criconematidae Tylenchida 3 Migratory ectoparasite 3.9 + + - -
Birchfield, 1957
Lelenchus leprosoma de Man, 1880 Tylenchidae Tylenchida 2 Migratory ectoparasite 1.3 - - -
Longidorus elongatus (de Man, 1876) Micoletzky, 1922 Longidoridae Dorylaimida 5 Migratory ectoparasite 13 - - -
Mesocriconema xenoplax Raski, 1922, Loof and De Grisse, Criconematidae Tylenchida 3 Migratory ectoparasite 7.8 - + -
1989
Paratylenchus nawadus Khan, Prasad & Mathur, 1967 Paratylenchidae Tylenchida 2 Migratory ectoparasite 3.9 + - -
Pratylenchoides alkani Yiksel, 1977 Pratylenchidae Tylenchida 3 Migratory endoparasite 14.2 + + +
Pratylenchus neglectus Filipjev & Stekhoven, 1941 Pratylenchidae Tylenchida 3 Migratory endoparasite 13 + + + -
Pratylenchus thornei Sher & Allen, 1953 Pratylenchidae Tylenchida 3 Migratory endoparasite 10.4 - + + -
Psilenchus hilarulus deMan, 1921 Tylenchidae Tylenchida 2 Microherbivorous 6.5 + + + -
Rotylenchus cypriensis Antoniou, 1980 Hoplolaimidae Tylenchida 3 Migratory ectoparasite 7.8 - - - +
Rotylenchulus macrosoma Dasgupta et al., 1968 Hoplolaimidae Tylenchida 3 Semi-endoparasite 233 + - + +
Sauertylenchus maximus Allen, 1955 Telotylenchidae Tylenchida 3 Migratory ectoparasite 1.9 + - - -
Tylenchorhynchus cylindricus Cobb,1913 Belanolaimidae Tylenchida 3 Migratory ectoparasite 16.8 + + - +
Tylenchus davainei Bastian, 1865 Tylenchidae Tylenchida 2 Microherbivorous 5.2 - + + -
Xiphinema pachtaicum Tulaganov, 1938 Longidoridae Dorylaimida 5 Migratory ectoparasite 3.9 + - - -

i: izmir M: Manisa B: Balikesir C: Canakkale
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When the number of individuals per 100 cm3
this
below the economic

soil samples collected in survey was

examined, populations

Filenchus thornei, Rotylenchulus macrosoma, and
Helicotylenchus digonicus were the most common
species in survey areas. Lelenchus leplosoma and

damage threshold were observed in many species Longidorus elongatus, detected only in one
(Table 5). For prevalence Geocenamus brevidens, orchard, were the rarest.
Table 5. The mean abundance of plant-parasitic nematodes in 100 cm? soil

izmiR MANISA BALIKESIR CANAKKALE
Coslenchus turkeyensis 2.8+0.7 0 0 0
Boleodorus thylactus 7.7£2.3 6.5+1.7 7.1+1.8 5.5+1.4
Ditylenchus dipsaci 11.7£1.9 0 0 0
Filenchus sheri 4.2+1.2 4+0.7 5+1.3 4.8+1.2
Filenchus thornei 4.510.9 3.6+0.5 410.6 4.2+0.7
Filenchus cylindricus 3.51+0.5 310.7 0 2.810.4
Filenchus filiformis 0 3.310.4 3 0
Geocenamus brevidens 10.2+1.2 9.9+1.5 9.2+1.8 7.9+1.3
Helicotylenchus dihystera 5.411.6 4.2+0.9 0
Helicotylenchus digonicus 6.2+1.5 5.7+1.4 6+1.2 4.4+1
Helicotylenchus tunisiensis 0 0 6.810.8 0
Helicotylenchus varicaudatus 0 4 5.810.6 0
Hemicriconemoides gaddi 2 3 0 0
Lelenchus leplosoma 1.9 0 0 0
Longidorus elongatus 2 0 0 0
Mesocriconema xenoplax 0 0 5.8+1 0
Paratylenchus nawadus 0 0 0 3.5+0.5
Pratylenchus thornei 0 5.2#1.9 5+1.8 0
Pratylenchus neglectus 7.1+1.2 6.1+0.8 6+0.7 0
Pratylenchoides alkani 6.4+0.7 5.6+1.1 4.3+1.3 5+1.7
Pslilenchus hilarilus 3.3+1 3+0.7 4+1 0
Rotylenchulus macrosoma 7.4+0.5 0 7.1+0.8 6.6%0.9
Rotylenchus cypriensis 0 0 0 5+0.8
Sauertylenchus maximus 2 0 0 0
Tylenchus davainei 0 4+0.8 2.6£0.5 0
Tylenchorhynchus cylindricus 3+0.6 2.840.4 0 2.7+0.5
Xiphinema pachtaicum 2 0 0 0

In this study in izmir, Manisa, Canakkale, and
Balikesir, free-living Cephalobidae (Bacterivore),
Anguinidae (Fungivore/Plant-parasitic),
Aphelenchoididae (Fungivore), and Dorylaimidae
(Omnivore) families took the lead with the
number of species identified. Some of these
families have also been found in olive orchards in
the study by Cetintas (2017) in Kahramanmaras

province in Turkiye, and in the study area, the

prominent genera were Cephalobus,
Acrobeloides, and Aphelenchus .
The presence of nematodes from the

Anguinidae and Aphelenchoididae families has
also been reported in olive-growing areas in
several countries. From the Anguinidae family,
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Ditylenchus species have been found in Spain,
Jordan, and ltaly. Aphelenchus avenae from the
in

family Aphelenchidae has been reported

Greece, Iran, Spain, and Jordan, and
Aphelenchoides species from Apheleonchoididae
have been found in Egypt, Syria, Spain, Jordan,
and Italy (Ali et al., 2014). These species can feed
on fungi and have been assessed as effective
biological control agents for some plant
pathogens. For instance, Aphelenchus avenae and
Aphelenchoides sacchari can feed on fungal
hyphae of more than 54 fungal species, including
plant pathogenic Alternaria solani (Ellis et Martin)
Sorauer, Aspergillus niger van Tieghem, Botrytis

cinerea Pers, Fusarium graminearum Schwabe, F.
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oxysporum Schltdl, Gliocladium roseum Barnier,
Gongronella butleri (Lendner) Peyronel and dal
Vesco, and Verticillium dahliae Kleb (Taher et al.,
2017). Additionally, by feeding with fungi, some
affect the
proliferation of plant-parasitic and fungal feeder

fungivore nematodes indirectly
nematodes, such as Ditylenchus destructor (Jun
and Kim, 2004, Haraguchi and Yoshiga, 2020).
Ditylenchus dipsaci from the Anguinidae, only
found in olive growing areas in izmir, a species
reported from growing areas of 450 different
plants, has previously been found in olive areas,
but the host status is not known (Archidona-Yuste
et al., 2020)
Worldwide, 36 species belonging to five genera
in the order Dorylaimida and 48 genera and 114
species in the order Tylenchida were determined
(Ali et al, 2014). Within these orders, 27 species
were identified in four provinces during this study
in Turkiye. Two species belonged to Dorylaimida,
and others to Tylenchida. Within Tylenchida
to be
44.1%
feed on

Filenchus species were found most

common, occurring in of

orchards. Filenchus spp. can many

saprophytic  and plant-pathogenic  fungi,

including Rhizoctonia solani, Fusarium

oxysporum, and Pythium ultimum (Munawar et
al., 2022). Pratylenchus thornei, P. neglectus,
Rotylenchulus macrosoma, and Mesocriconema
xenoplax were other identified tylenchids in this
study that are considered economically damaging
pests of many crop plants. Pratylenchus species
feed on the cortical parenchyma in the roots of
olive trees and can cause necrosis in the cells and
a reduction in root growth (Castillo and Vovlas,
2007). Although Pratylenchus species have a high
distribution in olive fields, in studies, it has been
stated that some species should be considered
non-pathogenic since, in laboratory studies, it has
been determined that these species cannot
The
reproduction like one suggests that the olive is

reproduce well in olives. low rate of
not a good host (Castillo et al., 2010). Apart from
our study, Pratylenchus spp. has been reported in
Algeria, Greece, and several other countries, and

populations were lower (Hirschmann et al., 1966;

185

Lamberti et al.,, 1975). Similar results were
obtained in our study, and the populations of
Pratylenchus thornei and Pratylenchus neglectus
were determined, between 3-8 in fields.

In our study, Rotylenchulus macrosoma, which
we extracted from soils in izmir, Manisa, and
Canakkale, was found to multiply 1.9-2.5 times
olive in a study conducted by Castillo et al. (2003)
and, as a result, was considered parasitic to olive
trees.

M. xenoplax causes damage, especially in
vineyard areas. The economic damage threshold
this 50

individuals/100 grams of soil, and nematodes at

of species was determined as
this density have been reported to cause a 10-
25% vyield reduction in the vine (McKenry, 1992).
In our study in olive fields, the population
threshold of this species remained below the
economic damage threshold (Castillo et al., 2003).

Twenty-five species from the Longidoridae
family of Dorylaimida order have been identified
worldwide (Ali et al, 2014). In our study, only
Xiphinema pachtaicum, and Longidorus elongatus
were present in izmir. L. elongatus causes damage
as a virus vector and can transmit peach rosette
mosaic virus (PRMV), raspberry ringspot virus
(RRV), ring virus (TBRV),

artichoke italian latent virus (AILV) to several host

tomato black and
plants. A single nematode individual can transmit
the virus to a healthy plant. (Brown et al., 1995).
These viruses affect the development of many
cultivated plants. Especially peach rosette mosaic
virus can cause a 50% yield loss in the grapevine
(EPPO, 2016). However, there is no literature
record of the presence of these viruses in the
olive host plants

Unlike this study, 19 Tylenchid species were
identified in the Central, Mediterranean, and

Black Sea Regions of Tirkiye. Species of
Tylenchorhynchus cylindricus, Rotylenchus
cypriensis,  Helicotylenchus tunisiensis, and

Hemicriconemoides gaddi, which we identified in
izmir, Manisa, and Canakkale, have been found in
Adana, Antalya, Mersin, and Zonguldak by
Cilbirlioglu (2007). On the other hand, in his PhD
thesis conducted in Sanliurfa province, Yildiz
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(2007) found
nematodes, nine genera of bacterivores, three

six genera of plant parasitic

genera of fungivores and one genus of omnivore
nematodes in olive growing areas whereas Yildiz
and Mamay, (2012) found seven genera of plant
parasitic nematodes in pomegranate orchrads in
the same area.

In this study, the nematode populations in soils
were not so high. The vast majority of olive
orchards that we surveyed have not been
irrigated. However, fertilizer applications have
also rarely been made, and the soils were poor
regarding nutrients. Nematode populations have
been reported to multiply in moist and fertilized-
rich soils. Especially bacterivore nematode
populations have been reported to be high in
organic fertilizer-applied areas (Renco and
Kovacik, 2012). The low number of nematodes in
our survey areas may be due to these unsuitable
Additionally,

nematodes that we identified in olive orchards

environmental conditions.
have different contributions to the soil food web
and soil structure. Their improving effects on soil
mineral content and soil permeability have been
revealed in several studies. Some play a
N by

decomposing organic substances. By feeding and

significant role in mineralization
excretion, nematodes promote soluble N at 27%.
Acrobeles and Rhabditis species, which we
detected in olive fields in four provinces, have
been reported to cause an increase in the amount
of nitrogen in the soil by decomposing different
organic materials (Schmidt et al., 2020; Khanum
et al., 2021). Thus, by knowing the nematode
community structure in soils, average soil
conditions and nutrient contests can be estimated

for olive orchards.
Conclusion

The study results indicate the distribution and
frequency of occurrence of the most common
nematode species in izmir, Manisa, Balikesir, and
Canakkale. During the study, free-living and plant-
several nematode were

parasitic species

identified in olive orchards. At least one free-
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living or plant-parasitic nematode was found in all
orchards. The species richness was higher in izmir
compared to other provinces. Free-living
nematodes belonging to 18 different genera were
identified, and generally, bacterivorous species
were found to be more abundant in 100 cm? soil.
On the contrary, 27 plant parasitic nematode
species were identified. Although the populations
of these species are less than ten individuals in
100 cm? soil, the abundance was slightly higher in
Ditylenchus dipsaci and Helicotylenchus digonicus.
Nematodes were very distributed in agricultural
areas. Care should be taken when moving soil or
rooted plants from these areas to newly planted
areas to prevent the spread of these harmful
organisms. Special care should be taken for virus
vector nematode species in infected areas to

avoid infecting viruses on healthy plants.
Acknowledgements
This research was not funded by a project.

Conflict of Interest: The author has declared no
conflict of interest.

Author Contributions: Lerzan OZTURK carried out
orchard surveys, identified nematode species,
and prepared a manuscript.

References

Ali, N., Chapuis, E., Tavoillot, J., & Mateille, T. (2014). Plant-
parasitic nematodes associated with olive tree
(Olea europaea L.) with a focus on the
Mediterranean Basin: A review. Comptes Rendus
Biologies, 337(7-8), 423-
442. doi:10.1016/j.crvi.2014.05.006.

Anderson, C. R. (2000). Nematode parasites of vertebrates:
Their development and transmission. CABI. p. 1. ISBN
978-0-85199-786-5.

Archidona-Yuste, A., Cantalapiedra-Navarrete, C.,
Palomares-Rius, J. E., Castillo, P. & Tzortzakakis, E. A.
(2020). Plant-parasitic nematodes associated with
cultivated and wild olive trees in Crete,
Greece.Hellenic Plant Protection Journal, 13(1), 24-
28.

Bongers, R. (1990). The maturity index: An ecological
measure of environmental disturbance based on
nematode species composition. Oecologia, 83, 14-
19.



Oztiirk, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 175-188

Brown, D. J. F., Robinson, W. M. & Trudgill, D. L. (1995).
Transmission of viruses by plant nematodes. Annual
Review of Phytopathology, 33, 223-249.
https://doi.org/10.1146/annurev.py.33.090195.0012
55.

Breton, C. M. & Bervillé, A. J. (2009). The life history of the
olive tree examined through molecular marker data
In: Berti L, Maury J, editors. Advances in olive
resources. Kerala, India: Transworld Research
Network, pp 105-135.

Castillo, P., Vovlas, N., & Troccoli, A. (2003). The reniform
nematode, Rotylenchulus macrosoma, infecting olive
in southern Spain. Nematology, 5, 23-39.

Castillo, P., & Vovlas, N. (2007). Pratylenchus (Nematoda:
Pratylenchidae): diagnosis, biology, pathogenicity
and management. Nematology Monographs and
Perspectives 6. (Series editors: Hunt, D.J. & Perry,
R.N.). Leiden, The Netherlands, Brill, 529 pp.

Castillo, P., Nico, A. |, Navas-Cortés, J. A., Landa, B. B,
Jiménez-Diaz, R. M., & Vovlas, N. (2010). Plant-
parasitic nematodes attacking olive trees and their
Management. Plant Disease, 94(2), 148-162.
https://doi.org/10.1094/PDIS-94-2-0148

Cilbircioglu, C. (2007). Plant parasitic nematodes associated
with Olea europea L. fauna of Turkey. Journal of
Agricultural and Urban Entomology, 24(4), 227-231.
doi:10.3954/1523-5475-24.4.227.

Cetintas, R. (2017). Kahramanmaras Sitcli Iimam
Universitesi meyve bahgesindeki nematodlar ve
trofik gruplan . KSU Doga Bilimleri Dergisi , 13(1), 34-
41 . Retrieved from
https://dergipark.org.tr/tr/pub/ksudobil/issue/3056
0/330722.

de Klerk, C. A., & Loubser, J. T. (1988). Relationship
between grapevine roots and soil-borne pests. pp.
88-108 in J. L. Van Zyl, ed. The grapevine root and its
environment. Pretoria: Government Printer.

Efe, R., Soykan, A., Cirebal, 'I. & Sénmez, S. (2013). Olive
and olive oil; Edremit Municipality: Balikesir, Turkey.
ISBN 978-605-62253-3-8.

EPPO. (2016). Peach rosette mosaic nepovirus, Data Sheets

on Quarantine Pests. EPPO, Paris.

(2019). Statistical data of
http://www.fao.org/faostat/en/#data/QC.
Hashmi, M. A., Khan, A., Hanif, M., Farooq, U. & Perveen, S.

(2015). Traditional uses, phytochemistry, and
pharmacology of Olea europaea (Olive). Evid Based
Complement  Alternat Med, 541591. doi:
10.1155/2015/541591.

Hirschmann, H., Paschalaki-Kourtzi, N. & Triantaphyllou A.
(1966). A survey of plant-parasitic nematodes in
Greece, Annales de [Institut Phytopathologique
Benaki, 7, 144-156.

Hodda, M. (2011). "Phylum Nematoda Cobb, 1932. In:
Zhang, Z.Q. (Ed.) Animal biodiversity: An outline of
higher-level classification and survey of taxonomic
richness". Zootaxa, 3148, 63-95.
doi:10.11646/zootaxa.3148.1.11.

Jun, O. K., & Kim, Y.H. (2004). Aphelenchus avenae and
antagonistic fungi as biological control agents of
Pythium spp. The Plant Pathology Journal, Korean
Society of Plant Pathology.
https://doi.org/10.5423/ppj.2004.20.4.271.

FAO. FAO.

187

Kennedy, A. C. & de Luna, L. Z. (2005): Rhizosphere.
Encyclopedia of soils in the environment, 399-
406. doi:10.1016/b0-12-348530-4/00163-6.

Khanum, T. A., Mehmood, N., & Khatoon, N. (2021).
Nematodes as biological indicators of soil quality in
the agroecosystems. In C. Cristiano, & T. E. Kaspary
(Eds.), Nematodes-Recent Advances, Management
and New Perspectives. IntechOpen.
https://doi.org/10.5772/intechopen.99745.

Haraguchi, S. & Yoshiga T. (2020). Potential of the fungal
feeding nematode Aphelenchus avenae to control
fungi and the plant parasitic nematode Ditylenchus
destructor associated with garlic. Biol. Control, 143,
1-7.
https://doi.org/10.1016/j.biocontrol.2020.104203.

Hashmi, M. A., Khan, A., Hanif, M., Farooq, U. & Perveen, S.
(2015). Traditional uses, phytochemistry, and
pharmacology of Olea europaea (Olive). Evid Based
Complement Alternat Med, 2015, 541591. doi:
10.1155/2015/541591.

Hirschmann, H., Paschalaki-Kourtzi, N. & Triantaphyllou A.
(1966)., A survey of plant-parasitic nematodes in
Greece, Ann. Inst. Phytopathol. Benaki 7, 144-156.

Jun, O. K., & Kim, Y.H. (2004). Aphelenchus avenae and
antagonistic fungi as biological control agents of
Pythium spp. The Plant Pathology Journal, Korean
Society of Plant Pathology.
https://doi.org/10.5423/ppj.2004.20.4.271.

Lamberti, F., Grecon, N., Zauchi, H. (1975). A nematological
survey of date palms and other major crops in
Algeria, FAO. Plant Prot. Bull, 23, 156-160.

McKenry, M.V. (1992). Nematodes in grape pest
management. 2nd ed. D.L. Flaherty et al. (eds.), pp.
281-285. Publication 3343. University of California,
Division of Agriculture and Natural Resources.

Mushtag, A., Hanif, M. A., Ayub, M. A, Bhatti, I. A. &
Romdhane, M. (2020) Olive. In: Hanif, M. A., Nawaz,
H., Khan, M. M., Byrne, H. J. (eds) Medicinal plants of
South Asia. Elsevier, pp. 541-555.

Norton, D. C., (1978). Ecology of Plant-Parasitic Nematodes.
Wiley-Interscience, New York.

Renco, M. & Kovacik, P. (2012). Response of plant parasitic
and free-living soil nematodes to composted animal
manure soil amendments. Journal of
Nematology, 44, 329-336.

Schmidt, J., Hallmann, J., Finckh, M. (2020). Bacterivorous
nematodes correlate with soil fertility and improved
crop production in an organic minimum tillage
system. Sustainability. 12. 6730.
10.3390/s5u12176730.

Seinhorst, J.W. (1959). A rapid method for the transfer of
nematodes from fixative to anhydrous glycerin.
Nematologica, 4, 67-69.

Siddiqgi, M. R. (2000). Tylenchida: parasites of plants and
insects. 2nd edition. CAB International Wallingford

Oxon 833 pp.
Taher, I. E.,, Ami, S. N., Haleem, R. A., & Shareef, B. (2017).
First record of mycetophagous nematode

Aphelenchus avenae In Iraq with description and
testing their propagation on different fungus culture.
Bulletin of The Iraqg Natural History Museum, 14,
251-259. 10.26842/binhm.7.2017.14.3.0251.

Yeates, G. W., Bongers, T. D., de Goede R. G. M., Freckman,


https://dergipark.org.tr/tr/pub/ksudobil/issue/30560/330722
https://dergipark.org.tr/tr/pub/ksudobil/issue/30560/330722
https://doi.org/10.5423/ppj.2004.20.4.271
https://doi.org/10.5772/intechopen.99745
https://doi.org/10.5423/ppj.2004.20.4.271

Yildiz,

Oztiirk, 2023. Harran Tarim ve Gida Bilimleri Dergisi, 27(2): 175-188

D. W. & Georgieva, S. S. (1993). Feeding habits in soil
nematode families and genera — an outline for soil
ecologists. Journal of Nematology, 25, 315-331.

S. (2007). Sanhurfa ili nematod faunasi ve
biyogesitliligi (izerine arastirmalar. Doktora tezi. C.U.

188

Fen Bilimleri Enstitls(, Bitki Koruma Anabilim Dali, p.
102.

Yildiz, $. & Mamay, M. (2012). Sanlurfa ili nar bahgelerinde
bitki paraziti nematodlarin belirlenmesi.  Harran
Universitesi Ziraat Fakiiltesi Dergisi 16(2): 19-23.



