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ABSTRACT Plant Protection
This study was conducted to identify and to determine the distribution
of root-knot nematode species in total of 625 ha of Laventer Research Article

(Lavandula x intermedia Emeric ex Loisel. var. Super) cultivated area
of Isparta and Burdur Provinces of Turkey. A total of 60 samples were Article History

collected in autumn of 2020. Root knot nematode species molecular Received 1 01.07.2021
identification was determined by species-specific primers from egg Accepted 117.08.2021
masses. The 17 samples taken from cultivated lavender fields were

found to be infected with Root knot nematode. As a result of molecular Keywords

identification, 12 of samples were found to be Meloidogyne incognita, Lavender

while 5 of them were found to be M. arenaria. This was the first report Meloidogyne incognita

of infestation of lavender by M. incognita in Turkey. Of studied areas, Meloidogyne arenaria
Keciborlu district of Isparta Province with most cultivated lavender Molecular identification

area sustained 7 samples of M. incognita and 3 of samples M. arenaria.

Turkiye'nin Isparta ve Burdur Tlerinin Lavantalarinda Kék-ur Nematod Tiirlerinin (Meloidogyne spp.)
Molekiiler Tanimlanmasi

OZET Bitki Koruma

Bu c¢alisma, Tirkiye'nin Isparta ve Burdur illerinde Lavanta

(Lavandula x intermedia Emeric ex Loisel. var. Super) yetistirilen Aragtirma Makalesi
yaklagik 625 ha'lhk bir alanda Kok-ur nematodu tiirlerinin

belirlenmesi ve yayiliglarinin saptanmasi amaciyla yuritalmustir. Makale Tarihgesi

2020 yilinin sonbaharinda toplam 60 o6rnek toplanmistir. Kok-ur Gelig Tarihi  :01.07.2021
nematod tiirlerinin molekiler tanimlamasi, yumurta paketinden tiire Kabul Tarihi :17.08.2021

6zgi primerler 1ile Dbelirlenmigtir. Kultira yapilan lavanta :
tarlalarindan alinan 17 6rnegin Kok ur nematodlari ile enfekte oldugu AnahFar KelnpelerLgvanta
bulunmustur. Molekiiler tanilama sonucunda bu o6rneklerin 12 MeJO{dogy ne 1ncogm?fa
tanesinde Meloidogyne incognita bulunurken, 5 tanesinde M. Me]ozc{ogy ne arenaria
arenaria saptanmigstir. Bu, Turkiye'de lavantada M. incognita Molekiiler tanilama
enfeksiyonuna iligkin ilk rapordur. Lavantanin en ¢ok yetistirildigi

Isparta Ili Keciborlu Ilgesinin Kék-ur nematodu ile enfekte oldugu

belirlenmistir. Kegiborlu Ilcesinde 7 ornek M. incognita tespit

edilirken, 3 6rnek M. arenaria tespit edilmistir.
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INTRODUCTION Lavandula X intermedia = L. hybrida), and Spike
Lavender (Lavandula spp.) is an aromatic herb of lavender (L. spica= L. latifolia) are important lavender
Lamiaceae. The essential oil obtained from the spikes species (Erbas et al, 2017). Lavender is densely
of the lavender is in great demand around the world cultivated in France, Bulgaria, Spain, Italy, Greece,
which is mostly used in cosmetics, perfumery, England, Russia, the USA, Austria, and the North
flavoring and pharmaceutical industries (Tarhan et African countries worldwide (Tucker, 1985; Erbas et
al., 2019). Lavender (L. angustifolia = L. officinalis= @l 2017). Lavender is cultivated approximately 1200
L. vera), Lavandin (L. angustifolia X L. latifolia = ha area in Turkey and in Burdur and Isparta

Provinces, 167.8 and 456.8 ha of cultivated area are
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Table 1. Locatians of Root-knot nematode samples
Cizelge 1. Kok-ur nematodu orneklerinin lokasyon bilgileri

reported respectively (TUIK, 2021). The most lavender
cultivation is in Kuyucak village in Ke¢iborlu district

of Isparta Province which consisted of 93% lavender SO..amp;e no I(éoie ‘I{ﬂlage (0;( sm;lltl(}wn/b 2}15'“/13;)/
production of Turkey (Basaran, 2017). The largest 1Res no 0 TOVINCE \B0Y yacda 2asaoa Lo
. . . . . 1 E1 Sorkuncak/Egirdir/Isparta
lavender field in Turkey is in Akg¢akéy in Yesilova o
T . N 2 E2 Sorkuncak/Egirdir/Isparta
district in Burdur Province where 37 ha of cultivation 3 E3 Sorkuncak Egirdir/Isparta
are done in a single plot (Anonim, 2021). The cultivated 4 E4 Sariidris/ Egirdir/Tsparta
lavender cultivar in Isparta and Burdur provinces is 5 E5 Sariidris/ Egirdir/Isparta
Lavandula x Intermedia var. Super which has very 6 E6 Sariidris/ Egirdir/Isparta
well adapted particularly to the non-irrigated, arid, 7 E7 Egirdir/Isparta
and sloping lands of this locality (Erbas et al., 2017). 8 ISP1 Centre/Isparta
.. 9 ISP2 Centre/Isparta
Lavender is infected by many pests and pathogens and 10 KL1 Kilig/Keciborlu/Isparta
that might cause significant damage and effect 11 KL2 Kilig/Kegiborlu/Isparta
negatively in terms of their quality and essence yields 12 KLS Kili¢/Keciborlu/Isparta
(Gorustovich et al., 1997). Root-knot nematodes 13 KL4 Kili¢/Kegiborlu/Isparta
(Meloidogyne spp.) are the most economically 14 Al Aydogmus/Keciborlu/Isparta
important nematodes in agriculture due to damage to 15 A2 Aydogmus/Kegiborlu/Isparta
vascular tissues, wide host range, forming disease 16 A3 Ardl@h/Ke@?bOﬂ‘J/ISparta
complexes with soil pathogens (Udo et al., 2008; Moens i; ‘é‘i Arilch_/. Kec/llzorl.‘g/ Islpagta .
et al.,, 2009; Lobna et al., 2016; Siddiqui and Zaki, Cu uroren/Biegrbor w-sparta
. . . . . 19 C2 Cukuroren/Keciborlu/Isparta
2017). Meloidogyne incognita (Kofoid and White, 1912) 20 Cs Cukuréren/Keciborlu/Isparta
Chitwood, 1949, M. javanica (Treub, 1885) Chitwood, 21 C4 Cukuréren/Keciborlu/Tsparta
1949, M. arenaria (Neal, 1889) Chitwood, 1949 and M. 29 5 Cukuréren/Keciborlu/Tsparta
hapla Chitwood, 1949 are the most dominant species 23 Cé6 Cukuroren/Kegiborlu/Isparta
in agricultural and horticultural crops (Hussey and 24 Cc7 Cukuréren/Kegiborlu/Isparta
Janssen, 2002; Brito et al., 2008; Sarkar, 2020) and are 25 Cc8 CUkurﬁ?ren/Kec@bOﬂu/ISparta
common in the Mediterranean area (Ornat and 26 €9 Cukurgren/Kegiborlw/Isparta
Sorribas, 2008; Devran and Sogiit, 2009; Uysal et al., 27 K1 Kuyucak//Kegiborlu/Isparta
) . . . 28 K2 Kuyucak//Kegiborlu/Isparta
2017; Gongalves et al., 2020). Meloidoyne incognita .

. . . . 29 K3 Kuyucak//Kegiborlu/Isparta
was reported in lavender in Argentina (Gorustovich et 30 K4 Kuyucak//Keciborlu/Isparta
al., 1997) and Egypt (Ibrahim and Mokbel, 2009) in 31 K5 Kuyucak//Kegiborlu/Isparta
cultivars L. hybrida and L. officinalis, respectively. 39 K6 Kuyucak//Keciborlu/Isparta
Carneiro et al. (2014) found M. luci on L. spica. 33 K7 Kuyucak//Keciborlu/Isparta
Meloidogyne hapla from Greece (Goncalves et al., 34 K8 Kuyucak//Keciborlu/Isparta
2020) and M. arenaria (Ozalp et al., 2020) from Turkey 35 K9 Kuyucak//Kegiborlu/Isparta
are reported in L. angustifolia. 36 K10 Kuyucak//Kegborlu/Isparta

. . . . 37 K11 Kuyucak//Kegiborlu/Isparta
The aim of this study was to identify root knot 38 K12 Kuyucak//Kegiborlu/Isparta
nematode species in lavender cultivation areas of 39 K13 Kuyucak/Keciborlu/Isparta
Isparta and Burdur provinces of Turkey by molecular 40 K14 Kuyucak//Kegiborlu/Isparta
methods and consequently determine their 41 K15 Kuyucak//Keciborlu/Isparta
distribution. 42 K16 Kuyucak//Keciborlu/Isparta
43 K17 Kuyucak//Ke¢iborlu/Isparta
MA IAL 44 K18 Kuyucak//Ke¢iborlu/Isparta
TER and METHOD. . 45 K19 Kuyucak//Ke¢iborlu/Isparta
Root-knot nematode sampling locations 46 K20 Kuyucak//Keciborlu/Isparta
Lavender fields in Isparta and Burdur provinces of 47 S1 Bogazkoy/Stitctiler/Isparta
Turkey were surveyed in autumn of 2020. A total of 60 48 S2 Bogazkoy/Stitctiler/Isparta
samples were collected in the study (Table 1). In each gg E; geige;guigui
field, root and soil samples were taken from lavender entrerburdau
. . 51 B3 Akgakoy/Yesilova/Burdur
localities indicating symptoms of stunting plants. Root 59 B4 Akcakéy/Yegilova/Burdur
samples were placed in a separate bag and brought to 53 B5 Akcakéy/Yesilova/Burdur
the laboratory in a cold chain and stored at 4°C for 54 B6 Akcakoy/Yesilova/Burdur
further use. 55 B7 Akgakéy/Yesilova/Burdur
56 B8 Ilyas/Yesilova/Burdur
Nematode extraction 57 B9 Ilyas/Y: es}lova/Burdur
. 58 B10 Ilyas/Yesilova/Burdur
Each lavender root samples were gently washed with 59 B11 Salda/ Yesilova/Burdur
tap water and examined under a stereomicroscope for 60 B12 Salda/ Yesilova/Burdur
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evidence of galls. Then, egg masses and mature
females were collected from infested roots using needle
and placed in Eppendorf tubes under a
stereomicroscope.

Molecular identification

DNA extraction from nematode isolates was performed
following cetyl trimethyl ammonium bromide (CTAB)
method with slight modifications (El-Qurashi et al.,
2017; Mondino et al., 2015). Two species-specific
primers were used in the PCR amplifications, which
was conducted by thermocycler (Veriti Thermal cycler,
Applied Biosystems, Thermo Fisher Scientific,
Waltham, MA, USA) in a total volume of 25 uL (Table
2). Reaction mixture consisted of 10 ng DNA (5 ul),
PCR buffer (2.5 pl), 2 mM MgCI2 (1 pl), 0.2 mM dNTP
(1 uD, 10 mM Primer F (1 ul), 10 mM Primer R (1 pl),

1 unit Taq DNA polymerase (GenEon, San Antonio,
TX, USA) (0.25 pl) and ddH20 (13.25 pul). PCR cycles;
initial denaturation at 94°C for 3 min, followed by 35
cycles each consisting of 30 sec at 94°C, 30 sec at 56°C
and 60 sec at 72°C for Far/Rar and 94°C for 3 min for
INCK14F/INCK14R primers, followed by 30 sec at
94°C, 30 sec at 60°C and 60 sec at 72°C with a final
extension at 72°C for 7min.

PCR products were separated using agarose
electrophoresis in 2% gel (Agarose Type I, Sigma-
Aldrich, St. Louis, MO, USA) with ethidium bromide.
The gel was run for 2 hours using constant voltage of
around 90 V and then visualized and photographed
under UV light using a gel documentation system. The
specific band was detected for each SCAR marker
separately.

Table 2. Species specific primers of root-knot nematodes for molecular identification
Cizelge 2. Molekiiler tanimlama i¢in kok-ur nematodlarinin tiire 0zgii primerleri

Nematode Primers Primer sequences (5-3) Fragments (bp) Reference

species Primer Primer sekanslari Uzunluklari Kaynak

Nematod tiirii

M. arenaria FAR TCGGCGATAGAGGTAAATGAC 420 Zijlstra vd., 2000
RAR TCGGCGATAGACACTACAACT

M. incognita  INCK14R CCCGCTACACCCTCAACTTC 399 Randing vd., 2002
INCK14F GGGATGTGTAAATGCTCCTG

RESULT and DISCUSSION identified as M. arenaria (Figure 2). Meloidogyne

Root knot nematode infested plant roots were found in
17 (28.3%) of 60 samples collected from lavender fields
in Isparta and Burdur provinces. Root knot nematodes
were found in 3 of 12 samples in Burdur Province and
14 of 48 samples in Isparta Province (Table 3).

As a result of the molecular analysis, while 12 of the
17 samples with Root knot nematode were identified
as Meloidogyne incognita (Figure 1), 5 of them were

arenaria were detected in one sample (B12) in Burdur
Province and four samples (E1, A3, K5, K17) from
Isparta Province. Only two samples of M. incognita (B3
and B7) were found in Yesilova district in Burdur
Province whereas in Isparta Province, 10 samples of M.
incognita (C5, C9, K4, K11, K16, K20, E4, ISP1, KL3,
S1) were identified. Seven samples of M. incognita and
3 samples of M. arenaria were determined in intensive
lavender cultivated Keciborlu district (Table 3).

Table 3. Number of infested samples with Root knot nematode in lavender fields
Cizelge 3. Lavanta tarlalarinda Kok ur nematodu ile enfekte olmus érnek sayisi

Province District Number of Number of samples with Meloidogyne Meloidogyne
17 Ilge samples nematodes Incognita arenaria
Ornek sayisi Nematod ile bulasik
ornek sayisi
Isparta Egirdir 7 2 1 1
Centre 2 1 1 X
Keciborlu 37 10 7 3
Stutculer 2 1 1 X
Burdur Centre 2 X X X
Yesilova 10 3 2 1
Total 60 17 12 5

In Turkey, Lavender is most cultivated in Keg¢iborlu
district of Isparta province and no study has been
found on the detection of root knot nematode in this
region. In the study, it was determined that Kegiborlu
district was significant locality infected with root-knot
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nematode. It was confirmed that tomatoes were grown
before lavender in the C5 and K20 sampling areas of
Kegiborlu district where M. incognita was detected. On
the other hand, it was found that potatoes were grown
before lavender in B3 and B7 sampling areas in



KSU Tarim ve Doga Derg 25 (4): 000-000, 2022
KSU J. Agric Nat 25 (4): 000-000, 2022

Arastirma Makalesi
Research Article

Yesilova district where M. incognita was detected.
Previously, M. arenaria was detected in lavender fields
of Edirne and Kirklareli in Turkey (Ozalp et al., 2020).
However, there is no report of M. incognita infecting
lavender in Turkey. The present study is the first
report of M. incognita in lavender in Turkey by using

ONA 5 C9 K4 K11 K16K20 B3 B7 E4 ISP1 KL3S1

ladder

molecular markers. Moreno et al. (1990) reported that
lavender species were a suitable host for M. arenaria.
Meloidoyne incogita was found infecting L. hybrida
Rev. from Argentina (Gorustovich et al., 1997) and L.
officinalis Chaix et Vill. from Egypt (Ibrahim and
Mokbel, 2009).
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Figurel. PCR products amplified using primers INCK14R/INCK14F
Sekil 1. INCKI14R/INCKI14F primerleri kullanilarak ¢ogaltiimis PCR tiriinleri
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ladder B12 E1 A3
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Figure2. PCR products amplified using primers

FAR/RAR
Sekil 2. FAR/RAR primerleri kullanilarak ¢ogaltilmis
PCR iirtinleri
CONCLUSION

In conclusion, this study showed the detection of root
knot nematode infestation in the lavender fields of
Isparta and Burdur provinces. M. incognita was more
common nematode species in studied area. It is
necessary to pay attention to lavender seedlings
transportion to prevent the dispersal of nematodes
from this region to other regions of the country. In
addition, weeds that are known to be host to root knot
nematodes should be controlled in the fields. Newly to
be established lavender field should have soil analyses
before starting production with a nematode resistant
variety.
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