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Mortality effects of eicosanoid biosynthesis inhibitors on
Spodoptera littoralis larvae co-injected with the bacteria, Serratia
marcescens!

Eikosanoid biyosentezi inhibitorleri Serratia marcescens bakterisi ile birlikte Spodoptera
littoralis larvalarina uygulandiginda larvalar Uzerindeki 0lum etksi

Hasan TUNAZ% Mustafa KUSEK?
Summary

The first step of the cellular defense reactions to bacterial, fungal and some viral infections in insects is
nodulation. We posed the hypothesis that Spodoptera littoralis, expresses melanoic nodulation reactions to bacterial
challenge and that injecting S. littoralis larvae with eicosanoid biosnthesis inhibitors (EBIs) plus bacteria would
increase larval mortality. Injecting larvae with EBIs, immediately before intrahemocoelic injections of the bacterium,
Serratia marcescens, sharply reduced the nodulation response to bacterial challenges. Separate treatments with
specific inhibitors including dexamethasone (a phospholipase A; inhibitor), indomethacin, naproxen, ibuprofen,
(cyclooxygenase inhibitors), esculetin (a lipoxygenase inhibitor) and Phenidone (dual cyclooxgenase/lipoxygenase
inhibitor) impaired the ability of S. littoralis to form nodules in reaction to bacterial challenge. All concentrations of S.
marcescens alone, applied to S. littoralis, caused low mortality of the larvae. However, an increased mortality of the
larvae was seen when S. marcescens was co-injected with the EBIs with different modes of action. These findings
support our hypothesis that virulent effects of entomopathogenic bacteria can be increased when S. littoralis immune
systems were suppressed.

Keywords: Insect cellular immunity, nodulation, eicosanoid, bacteria, Spodoptera littoralis

Ozet

Boceklerde bakeri, fungus ve bazi virls hastaliklarina karsi olusan hiicresel bagdisikliklardan ilki nodilasyon
reaksiyonudur. Bu calismada Spodoptera littoralis larvalarinda Serratia marcescens bakterisine karsi olusan
nodulasyon reaksiyonu, bakterinin larvalar tzerindeki 6lum etkisi ve bakteri ile birlikte eiokosanoid biyosentezi
inhibitorleri larvalara uygulandiginda larvalarin 6lim oranini etkileyip etkilemeyecegdi test edilmistir. S. littoralis
larvalarina bakteri uygulamasinda hemen 6nce eiokosanoid biyosentezi inhibitorleri enjekte edildiginde bdceklerede
bakteriye kargl olugsan nodil sayisinda onemli derecede azalma olmustur. Tim S. Marcescens bakteri
konsantrasyonlari larvalara tek bagina uygulandiinda disuk oranda larva 6limu ortaya ¢ikmigtir. Diger taraftan S.
marcescens bakterisi ile birlikte eikosanoid biyosentezi inhibitérleri S. littoralis larvalarina uygulandiginda larvalar
Uzerindeki 6lim orani yalniz bakteri uygulanan larvalara oranla dnemli derecede yukselmistir. Bu bulgular béceklerin
bagisiklik sistemi baski altina alindiginda, S. marcescens bakterisinin entomopatojen etkisinin arttigini géstermistir.

Anahtar s6zciikler: Bécek hiicresel bagisiklidi, nodilasyon, eikosanoid, bakteri, Spodoptera littoralis
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Mortality effects of eicosanoid biosynthesis inhibitors on Spodoptera littoralis larvae co-injected with the bacteria, Serratia marcescens

Introduction

Insect defense systems to microbial infection produce humoral and hemocytic (cellular) reactions
(Gillespie et al., 1997; Stanley, 2000; Satyavathi et al., 2014; Stanley & Kim, 2014). Humoral reactions,
antibacterial proteins, such as cecropins, attacins, diptericins, and defensins, take hours for their full
expression (Leulier et al., 2003; Stanley & Miller, 2006). On the other hand, hemocytic responses are very
quick, typically occur within minutes of an infection cycle and involve direct interactions between
circulating hemocytes and infecting microbes (Stanley & Miller, 2006; Satyavathi et al., 2014). Specific
cellular defense mechanisms include phagocytosis, nodulation and encapsulation (Strand, 2008).

Eicosanoids are oxygenated metabolites of arachidonic acid and two other polyunsaturated fatty
acids, the structures and biosynthesis of which are outlined elsewhere (Stanley, 2000; Stanley & Kim,
2014). Eicosanoids are very well understood in the contexts of human and animal medicine, where they
mediate many pathophysiological events, such as inflammation. Eicosanoids are also important for many
actions in invertebrates, as reviewed (Stanley, 2000; Stanley & Kim, 2014).

Stanley-Samuelson et al. (1991) first time showed that eicosanoids mediate one or more cellular
reactions responsible for clearing bacterial infections from hemolymph circulation. After this work, more
detailed research was done to determine which of the several cellular defense reactions depend on
eicosanoid biosynthesis. Miller et al. (1994) hypothesized that eicosanoids mediate nodulation reactions
to bacterial infections. After these findings, Stanley and his colleagues developed the hypothesis that
eicosanoids mediate nodulation reactions to bacterial infections in most, if not all, insect species, now
known as the eicosanoid hypothesis (Stanley, 2000). Several research groups have tested the hypothesis
for many insect species, as summarized in reviews (Stanley, 2006; Stanley & Miller, 2006; Stanley & Kim,
2014). All experimental work has strongly supported the idea.

Howard et al. (1998) tested the influence of bacterial species on nodule formation in insects. Their
result showed that nodulation intensity varies according to the species of infecting bactaria. Mandato et
al. (1997) found that cell spreading, a distinct phase of nodulation, and phagocytosis are mediated by
eicosanoids in wax moths, Galleria mellonella. The eicosanoid hypothesis is also supported by another
line of work on humoral immunity. Morishima et al. (1997) found that biosynthesis of anti-bacterial
proteins also depends on eicosanoids in the silkworm, Bombyx mori. The other role of eicosanoids in
insect cellular immunity were tested by Dean et al. (2002) and Lord et al. (2002). They suggested that
besides bacteria, eicosanoids mediate Manduca sexta cellular response to the fungal pathogens,
Beauveria bassiana and Metarhizium anisopliae. These findings uniformly support the eicosanoid
hypothesis. Connick et al. (2001) tested the role of eicosanoid biosynthesis inhibitors when co-applied
with pathojen bacteria, Serratia marcescens for insect pest control. Their results showed that increased
mortality of the termites, Coptotermes formosanus was seen when the bacteria were co-applied with
eicosanoid biosytnhesis inhibitors. Similarly, Tunaz (2006) tested influence of different fungal species on
nodule formation and on mortality of Pieris brassicae larvae and to determine whether injecting P.
brassicae larvae with EBIs plus fungus would influence larval mortality. Again his result showed that
increased and faster mortality of P. brassicae larvae was seen when the fungi were co-applied with
eicosanoid biosytnhesis inhibitors. Moreover, Tunaz & Kisek (2012) showed that increased mortality of
Blattella germanica adults was seen when the bacteria, S. marcescens, were co-applied with eicosanoid
biosytnhesis inhibitors.

Therefore, the objectives of this study were to determine influence of the bacterium, S.
marcescens, on nodule formation and on mortality of larvae of S. littoralis and if injection of larvae with
EBIs plus the bacterium would kill the larvae faster or higher numbers than would the bacterium alone.
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Materials and Methods
Organisms

Spodoptera littoralis were reared on a culture (38 g agar, 2600 ml distil water, 300 g corn flour, 120
g wheat embryo, 100 g yeast, 20 g casein, 14 g wesson salt, 8 g sorbic acid, 4 g nipagin, 600 mg
streptomisin, 18 g ascorbic asid and 80 mg vitamin complex) and maintained in the laboratory at 2512 °C
and 65+5% relative humidity (RH). The larvae (5. instars) were tested for each bioassays at 25 + 2 °C
and 65 +5 % RH.

The pathogen used is a non-pigmented strain of an entomopathogenic bacterium, Serratia
marcescens (Miller & Stanley, 1998). The bacteria were grown in 50 ml of nutrient agar in environmental
horizontal shaker at 37°C and 100 rev/min. The bacteria were grown at concentration of 10° cell/ml and
used 5 pl to the each insect from different concentration of 10°, 10°, 10”,10° cell/ml.

Reagents

The phospholipase A, (PLA,) inhibitor dexamethasone {(11p, 16a)-9- fluoro-11,17,21-trihydroxy-
16-methylpregna-1,4-dione}, the cyclooxygenase inhibitors ibuprofen {a-methyl-4(2-methylpropyl)
benzeneacetic acid}, indomethacin {1-P-(chlorobenzyl)-5-methoxy-2-methyl-3-indolyl-acetic acid} and
naproxen {O-2-(6-methoxy-naphthyl) propionic acid}, the dual cyclooxygenase and lipoxygenase inhibitor
phenidone {1-pheny-3-pryazolidinone}, and the 5- and 12- lipoxygenase inhibitor, esculetin {6,7-
dihydroxycoumarin} were all purchased from Sigma Chemical Co. (St. Louis, MO).

Influence of eicosanoid biosynthesis inhibitors on nodulation

We divided larvae of S. littoralis into groups and injected individuals in each group with either the
phospholipase A, inhibitor dexamethasone, the cyclooxygenase inhibitors indomethacin, naproxen,
ibuprofen, and the dual cyclooxygenase and lipoxygenase inhibitor phenidone, or lipoxygenase inhibitor
esculetin, all in standard dosages of 104 ug in 4 pl of ethanol. Control insects were injected with 4 pl of
ethanol. Following injections, the larvae of the S. littoralis were infected with 10° S. marcescens cell in 5 pl
saline using a 50 pl Hamilton 701 micro-syringe. Control insects were injected with 5 ul saline containing
(0.85 % NaCl). All the injections were applied into one side of abdomen (laterally just under the cuticle) of
S. littoralis larvae for injecting directly into the hemolymph circulation. Each test was replicated three
times and ten larvae were used for each replicate. At 6 hour post injection (hpi), the larvae of the S.
littoralis were anesthetized and nodulation was assessed. For nodulation assessment, larvae of the S.
littoralis were anesthetized by chilling on ice, then their hemocoels were exposed. Melanized, brownish
black nodules were counted under a stereo microscope at 45x. The nodules were distinct, and direct
counting reliably reflected the extent of the nodulation response to infections. After the first counting, the
alimentary canal was removed. Nodules in the previously unexposed areas and remaining internal tissues
were then counted.

Influence of the bacteria concentrations on mortality of S. littoralis larvae

Different concentrations (109, 10°, 10°,10° cell/ml) of the bacteria were injected into one side of
abdomen (laterally just under the cuticle) of S. littoralis larvae using a 50 pyl Hamilton 701 micro-syringe.
The larvae of S. littoralis (10 larvae for each concentration of bacterial cell) were injected with different
concentration of S. marcescens cell in 5 pl saline using a 50 pyl Hamilton 701 micro-syringe. Control
insects were injected with 5 pl saline containing (0.85 % NacCl). Each test was replicated three times and
ten larvae were used for each replicate. After injection the larvae were kept on room temperature.
Mortality was assessed during the seven days after injections. Mortality was identified as the larvae
unable to move when placed on their dorsal side and unable to respond to prodding.
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Effects of eicosanoid biosynthesis inhibitors on mortality of S. littoralis larvae when co-
injected with the bacteria

Spodoptera littoralis larvae were divided into groups and individuals in each group were injected
with either PLA,; inhibitor dexamethasone, three of the cyclooxygenase inhibitor, naproxen, indomethacin
and ibuprofen, the dual cyclooxygenase and lipoxygenase inhibitor phenidone, or the lipoxygenase
inhibitor esculetin, all in standard dosages of 104 ug in 4 ul EtOH. Control insects were injected with 4 pl
EtOH. Following injections, the larvae were injected with 10° S. marcescens cell. Each test was replicated
three times and ten larvae were used for each replicate. After injection the larvae were kept on room
temperature as described. Mortality was assessed at selected times after injections as described above.

Statistical Analysis

Data on nodulation and mortality were analyzed using the General Linear Models procedure, and
mean comparisons were made using Least Significant Difference (LSD) test (p < 0.0001) (SAS Institute
Inc., 1989).

Results
Influence of eicosanoid biosynthesis inhibitors on nodulation

Figure 1 shows that, compared to control (EtOH) larvae of S. littoralis, the nodulation response to
bacterial infections was significantly reduced in all experimental S. littoralis groups (LSD, p<0.0001).
There were no significant differences among the effects of individual inhibitors.
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Figure 1. Effect of treating Spodoptera littoralis larvae with individual eicosanoid biosynthesis inhibitors on nodule formation in response to
infections with, Serratia marcescens. Each point indicates the mean number of nodules found in each insect, and the error bars
represent + SEM. Histogram bars with same letter are not significantly different from each other (LSD, p < 0.01).
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Concentration-response for S. marcescens on mortality of S. littoralis larvae

Table 1 indicates that the mortality due to S. marcescens cell was relatively low with all the
concentrations of the bacteria. Although experimental data do not show in a strictly linear manner, we
recorded increased mortality with increased concentrations of S. marcescens and increased time, from
approximately 7 % mortality on day 1 to 20 % mortality on day 7 at 10° cell/larvae and at 10° cell/larvae,
larval mortality reached a high of 30 % by day 7. At the highest concentrations, 10% and 10° cell/larvae, we
recorded 23-30 % mortality after 7 days, which is significanly diffrent (LSD, p<0.0001) than mortality of
the control larvae (3 % mortality by day 7).

Table 1. The influence of increasing concentration of Serratia marcescens cell on % mortality of Spodoptera littoralis with respect to
time (days)(x standart error)

Mortality (%) in Time

Bacterial concentration

1% day 2" day 3" day 4" day 5" day 6" day 7" day
10° cell/ml 0£0° 6.6£6.6"  6.616.6™ 1045.7% 10£5.7®  13.3¢3.3"  23.3x13.3"
10® cell/ml 6.6+6.6°  13.3#6.6°  13.36.6" 16.6+8.8"  16.6+8.8" 2045.7° 30+11.5
107 cell/ml 0£0° 3.3¢3.3° 3.3¢3.3° 3.3£3.3° 3.3£3.3° 6.6+3.3° 6.6+3.3°
10° cell/ml 6.6+3.3° 100" 10£0° 13.3+3.3"  16.6+6.6°  205.7° 2045.7°
Control (saline) 3.3£3.3*  3.3#3.3° 3.3#3.3° 3.3%3.3% 3.3%3.3% 3.3#3.3° 3.3#3.3°

* Means in the same column followed by the same letters are not significantly different (P<0.0001) as determined by LSD-test.

Effects of co-injected bacterial cell and EBIs on mortality of S. littoralis larvae

EBIs strongly enhanced absolute mortality and the speed of kill due to bacterial challenge (Table
2). High mortality (66-93 %) obtained in larvae treated with the all inhibitors plus the concentration (109
cell/larvae) of bacteria by 24 hpi. Very low mortality (0-13 %) was recorded in controls (only bacteria and
EtOH+ bacteria) at 24 hpi. Co-injections of some of EBIs plus bacteria led to quite high mortality of
larvae, from 87 % mortality with ibuprofen to over 90 % mortality with dexamethasone and esculetin by 24
hpi, whereas the control larvae produced significantly less mortality at 24 hpi (LSD, p<0.0001).

Table 2. Effect of eicosanoid biosynthesis inhibitors on% mortality of Spodoptera littoralis larvae infected with Serratia marcescens(x
standart error)

Eicosanoid biosynthesis inhibitors+bacterial Mortality (%) in Time

concentration 6 hours 24 hours

Only bacteria (10° cell/ml) 0+0° 0+0°

EtOH+ bacteria (10° cell/ml) 0+0° 13.3+6.6"
Phenidone+ bacteria (10° cell/ml) 6.6+6.6% 66.6+17.6°
Naproxen+ bacteria (10° cell/ml) 6.6+6.6° 80+11.5®
Esculetin+ bacteria (10° cell/ml) 6.6+6.6° 93.3+6.6°
Dexamethasone+ bacteria (10° cell/ml) 6.6+6.6% 93.3+6.6°
Indomethacin+bacteria (10° cell/ml) 0£0% 73.3%6.6°
Ibuprofen+ bacteria (10° cell/ml) 6.6+6.6% 86.6+13.3

* Means in the same column followed by the same letters are not significantly different (P<0.0001) as determined by LSD-test.
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Discussion

The data reported in this paper strongly support the idea that EBIs significantly increased insect
larval mortality due to pathogenic bacterial challenge. First, six different eicosanoid biosynthesis
inhibitors significantly reduced nodulation when compared to control treatments. Second, relative to
control larvae, the bacteria caused relatively low larval mortality. Moreover, treating larvae with any of six
EBIs substantially increased mortality due to bacterial challenge. We infer from these data that disabling
immune signaling by inhibiting eicosanoid synthesis renders insects unable to protect themselves from
bacterial challenge and that the lack of immune protection is lethal.

The idea that eicosanoids mediate insect cellular immunity was first suggested by Stanley-
Samuelson et al. (1991). They showed that when eicosanoid biosynthesis is inhibited by EBIs, M. sexta
larvae could not clear the pathogenic bacterium, S. marcescens from their hemolymph. More important,
this situation increased insect mortality. Since after this first paper, several laboratory groups have
indicated eicosanoids are involved in nodulation formation (Stanley, 2006; Stanley & Miller, 2006; Stanley
& Kim, 2014). There is now considerable evidence for the involvement of eicosanoids in insect immune
reactions to bacteria, fungal, protozoan and parasitoid challenge in a wide range of insects. Dean et al.
(2002) and Lord et al. (2002) tested the hypothesis that eicosanoids mediate nodulation reactions to
fungal infection in M. sexta. They found that eicosanoids act in M. sexta nodulation response to B.
bassiana and M. anisopliae. Connick et al. (2001) suggested that there were synergestic effects of EBIs
with the bacterium, S. marcescens on mortality of termites; Coptotermes formosanus. Similarly, Tunaz
(2006) tested influence of different fungal species on nodule formation and on mortality of P. brassicae
larvae and to determine whether injecting P. brassicae larvae with EBIs plus fungus would influence larval
mortality. Again his result showed that increased and faster mortality of P. brassicae larvae was seen
when the fungi were co-applied with eicosanoid biosytnhesis inhibitors. Additionally, Tunaz & Kisek
(2012) showed that increased mortality of B. germanica adults was seen when the bacteria, S.
marcescens were co-applied with eicosanoid biosytnhesis inhibitors. Similar to these works, we
suggested that there were synergestic effects of EBIs with the bacterium, S. marcescens on mortality of
S. littoralis. The bacterial concentration-response experiment (S. marcescens) on larval mortality showed
that mortality was relatively low without EBIs.

The pharmacological chemicals we used inhibit different eicosanoid biosynthetic pathways in
mammals. Dexamethasone inhibits phospholipase A, which releases arachidonic from membrane
phospholipids; naproxen, indomethacin and ibuporfen inhibit cyclooxygenase; esculetin inhibits
lipoxygenase; and phenidone inhibits both cyclooxygenase and lipoxygenase (Stanley, 2000). Hence,
because all the inhibitors we tested enhanced the susceptibility of S. littoralis to the injected bacteria, it is
possible that both cyclooxygenase and lipoxygenase pathways are involved in mediating the
immunomodulatory effects of eicosanoids in this insect. Finally, the results supported the hypothesis.
Eicosanoid biosynthesis inhibitors led to increased larval mortality, which supports the concept that
biological control programs can be enhanced by engineering gene-silencing constructs into crop plants.
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Determining phosphine resistance in rust red flour beetle,
Tribolium castaneum (Herbst.) (Coleoptera : Tenebrionidae)
populations from Turkey"

Tarkiye Un Biti Tribolium castaneum (Herbst.) populasyonlarinda fosfin
direncinin belirlenmesi

Erhan KOCAK* David SCHLIPALIUS?® Ramandeep KAUR?
Andrew TUCK*  Paul EBERT* Pat COLLINS?® Abdullah YILMAZ®
Summary

Fumigation with phosphine gas is the primary method of controlling stored grain pests. In Turkey, phosphine
has been used extensively since the 1950’s. Even though high levels of phosphine resistance have been detected in
several key stored products pests across the world, it has never been studied in Turkey despite this long history of
phosphine use. High-level phosphine resistance has been detected and genetically characterised previously in the
rust red flour beetle, Tribolium castaneum in other countries. Since this pest is also a common problem in stored
grain environment in Turkey, the current study was undertaken for the first time, to investigate the distribution and
strength of phosphine resistance in T.castaneum. Four strains of T. castaneum were tested through bioassays for
determining the weak and strong phosphine resistance phenotypes on the basis of the response of adults to
discriminating phosphine concentrations of 0.03 mg/L and 0.25 mg/L, for 20 hour exposures respectively. Phenotype
testing showed all strains exhibited some level of phosphine resistance with a maximum level of 196 fold. Sequencing
and genetic testing of seven field-collected strains showed that all of them carried a strong resistance allele in at the
rph2 locus similar to the one previously reported. Our results show that strong resistance to phosphine is common in
Turkish strains of T. castaneum.

Keywords: Wheat, phosphine resistance, Tribolium castaneum, molecular diagnostic, dihydrolipoamide
dehydrogenase, did

Ozet

Depolanmis hububattaki zararlilarla micadeledeki ana yontem fosfin gazi ile fumigasyondur. Fosfin gazi
Tarkiye’de 1950’li yillardan beri yogun olarak kullaniimaktadir. Fosfinin uzun yillardan beri depolanmis hububatta
kullanimina ve diinyada da pek c¢ok Ullkede yiiksek seviyelerde fosfin direncinin belirlenmis olmasina ragmen
Turkiye’de bugiine kadar bu konuda herhangi bir calisma yapilmamistir. Yiksek seviyelerde fosfin direnci, un biti
Tribolium castaneum’da belirlenerek diren¢ yapisi genetik olarak tanimlanmistir. Bu zararh Turkiye’de depolanmig
bugdayda yaygin bir zararli konumunda oldugundan, bu ilk galigma fosfin direncinin T. castaneum’daki durumunu ve
ulkedeki dagihmini ortaya koymak uzere yurutilmustir. Dort populasyon, zayif ve kuvvetli direng icin sirasiyla ayirici
fosfin konsantrasyonlari olan 0.03mg/L ve 0.25mg/L dozlari ile 20 saat slreyle uygulama temeline dayanan
bioassaylerle test edilmiglerdir. Bu testlerde popllasyonlarin timinde diren¢g oldugu ve diren¢ oraninin 196 kata
kadar ulastigi belirlenmistir. Yapilan genetik caligmalar ve sekans, tim popllasyonlarin kuvvetli direng allellerine
sahip olduklarini ve bu populasyonlarin daha énce literatlirde rapor edilenlere benzer olarak rph2 lokusundaki direng
allelini tasidiklarini gostermistir. Calisma sonuglarimiz, T. castaneum’un Tirkiye populasyonlarinda fosfine karsi
glglu bir direncin yaygin oldugunu gostermektedir.

Anahtar sozciikler: Bugday, fosfin direnci, Tribolium castaneum, molekiler tanimlama, dihydrolipoamide
dehydrogenase, did
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Introduction

The Rust Red Flour Beetle, Tribolium castaneum (Herbst.) is a serious pest of stored grains and
grain products across the world (Bell, 2000). Currently, fumigation with phosphine is the primary method
of control of this species across the world. Phosphine remains the fumigant of choice throughout the
world including Turkey over several decades for disinfestation of stored products because of its low cost,
residue free treatment, lack of viable alternative and ease of application (Heseltine & Thompson, 1957;
Zettler & Arthur, 2000; Anonymous, 2014).

Extensive use of phosphine has led to the development of resistance in key pest species (Collins et
al., 2002; Daglish et al., 2002). Phosphine resistance in T. castaneum was first reported through the
global survey by FAO in 1972-73 (Champ & Dyte, 1976). Ten years later, resistance levels in T.
castaneum were increased to 48.1% in developing countries (Taylor & Halliday, 1986). Resistance to
phosphine is an increasing problem and there have been widespread reports of resistance in T.
castaneum in Australia (Attia & Greening, 1981; Daglish & Collins, 1999; Jagadeesan et al., 2012), Brasil
(Sartori et al., 1990; Pimentel et al., 2007), Morocco (Benhalima et al., 2004), India (Rajendran, 1999),
China (Champ & Dyte, 1976; Cao et al., 1999; Zeng, 1999), Bangladesh (Mills, 1983), Malaysia (Rahim &
Sulaiman, 1999; Rahim et al., 2004), Pakistan (Taylor, 1986; Ansell, 1992; Ahmad et al., 2013), USA
(Zettler et al., 1989; Opit et al., 2012) and Thailand (Jittanun & Chongrattanameteekul, 2014).

Only recently, Schlipalius et al. (2012) discovered that mutations in the dihydrolipoamide
dehydrogenase (DLD) gene in Rhyzopertha dominica (F.) and T. castaneum are the cause of phosphine
resistance at the rph2 locus. This breakthrough research has enabled us to directly detect resistance
frequencies in field collected populations at the rph2 locus.

In the current research, we aimed to investigate the distribution and strength of phosphine
resistance on T. castaneum for the first time in Turkey.

Materials and Methods

T. castaneum samples were collected from grain storages in Ankara (Sincan and Ayas distric),
Konya (Karatay distric), Sanlurfa, Elaziy, Karaman and Mersin provinces (Table 3). At least 30
individuals from each province were collected, out of which 10 adults were preserved in 96% ethanol for
DNA extraction. Remaining insects were cultured on wheat flour + yeast (20: 1 w/w) at constant regimes
of 25°C+1 and 60+5% RH. Both live and ethanol preserved materials were imported to a QC-3
Quarantine Laboratory of Postharvest Grain Protection Unit - Ecosciences Precinct (Agri-Science
Queensland, Department of Agriculture, Fisheries and Forestry, Brisbane, Qld, Australia) through
appropriate quarantine permit. On arrival, the live samples were put into cultures in whole wheat flour and
yeast 20:1 and maintained at constant regimes of 30+1°C and 55+5% relative humidity (RH).

Phenotype characterisation by bioassay

All bioassay studies were carried out at the Postharvest Grain Protection Unit of the Department of
Agriculture Fisheries and Forestry in Brisbane, Queensland, Australia. Phosphine gas was generated by
dissolving commercially available aluminium phosphide tablets (Fumitoxin®, Nufarm Australia Limited) in
5% sulphuric acid solution and its concentration was determined by Perkin Elmer Clarus 580 gas
chromatography (USA) using a thermal conductivity detector (TCD) with Nitrogen (N,) as the standard.
Bioassays were undertaken by placing plastic cups containing 50 adults (1-2 weeks old) inside gastight
desiccators (4.0-6.0 L) and injecting phosphine through a rubber septum in the lid using a gastight syringe
(Manual Gas Chromatography Syringe, Hamilton® Company, USA).

Phenotypic resistance levels were determined for progeny of field collected adults from Ankara,
Konya and Sanlurfa provinces using a modified FAO method (FAO, 1975). Response of field strains to
phosphine were examined by phosphine fumigation at low dose (0.03 mg/L) and high dose (0.25 mg/L) at
25+1°C and 70+5 % RH for 20 h. Each assay was replicated twice. After fumigation, mortality was
assessed following a recovery period of seven days in whole wheat flour at 25+1°C and 55+5% RH. The
results were evaluated and presented in Table 1.
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Table 1. Interpretation of Phosphine bioassay results

Low dose (0.03 mg/L) High dose (0.25 mg/L) Classification

No survivors No survivors Susceptible
Survivors No survivors Weak resistance
Survivors Survivors Strong resistance

Probit analysis

After the initial resistance screening strains from Sanhurfa and Ankara (Ayas district), which
showed a strong resistance phenotype were reared at 25+1°C and 55+5% RH. Thereafter, these
populations were subjected to a series of doses of phosphine to determine their relative strengths of
resistance by using probit analysis. The doses for probit analysis were: control (air), 0.5, 1.0, 3.0, 5.0, 7.0,
9.0, 10.0, 12.0 and 14.0 mg/L of phosphine for 20 h. For each strain, a total of 1000 individuals were
divided into 50 individuals per dose with two replications per dose. After fumigation, mortality was
assessed following a recovery period of seven days in whole wheat flour at 25+1°C and 55+5% RH. The
percentage responding to all test levels were corrected using Abbott's formula (Abbott, 1925). If control
mortality was greater than 10%, the results were discarded and that test was repeated.

Probit analysis was performed and the LCs, and LCqyg g9 Values were calculated using the Genstat 9
(PC/Windows XP) program (Payne, 2004). Resistance ratios of field strains were calculated using
Australian susceptible T. castaneum strain (QTC4) as a reference.

Determination of nucleotide variants in the did gene

This process followed the same as described previously by Schlipalius et al. (2012). Total RNA
was extracted from 15 individuals of the Ankara (Ayas) and Sanliurfa strong resistant strains using an
Isolate mini RNA kit (Bioline). Complementary DNA (cDNA) synthesis was generated using a Superscript
11l cDNA Synthesis Kit (Invitrogen) according to the manufacturer’s protocol. The coding region of the T.
castaneum did gene was amplified from the cDNA (5x Buffer 4 ul, 50 mM MgCl, 0.6 ul, 2.5 mM dNTPs
0.6 ul, H,O (Gibco®) 10.55 ul,Tag 0.25 pl, 1 pl forward (AGAGGTCACTCGATAATG) and reverse
(CGGAAAAAAATGGGCAGC) RPH2 primers using the following PCR conditions: denaturation for 3 min
at 95°C, followed by 40 cycles of 95 °C for 20 s, 50 °C for 30 s and 72 °C for 2 min, and a final extension
at 72 °C for 5 min. The PCR product was visualised using 1% agarose gel with TAE buffer. This was run
in the gel at 150 volts for 40 min.

Following amplification the DNA fragment was purified and prepared for sequencing using a
QiagenQIAquick PCR Purification Micro-centrifuge column according to the manufacturer’'s protocol.
Sequencing was performed in AGRF (Australian Genome Research Facility).

Determination of rph2 allele frequencies in Turkish populations

Molecular characterisation was carried out in the School of Biological Sciences, University of
Queensland, Australia. The rph2 genotype that is responsible for resistance was tested from strains
collected from Ankara (Ayas and Sincan district), Konya, Karaman, Mersin, Elazig and Sanhurfa. The
marker amplification allowed us to calculate genotype frequency (homozygous and heterozygous
resistant, homozygous susceptible) in the samples.

Genomic DNA was extracted from individual insect samples using a Chelex-100 DNA extraction
protocol (Schlipalius et al., 2001). A 368 bp fragment of the dld gene containing the nucleotide variant
corresponding to P45S variant previously reported (Schlipalius et al., 2012, Kaur et al., 2015) was
amplified by PCR in a reaction containing reaction concentrations of Terra PCR buffer 6 pl, restriction
enzyme (Mbol) 1 pl, ddH,O 3 pl and primers Mdu rph2 Fwd and Rev. The cycling conditions were:
denaturation for 3 min at 95 "C, followed by 40 cycles of 95 °C for 20 s, 55 'C for 20 s and 72 "C for 30 s,
and a final extension at 7 min. The Mbol restriction enzyme was subsequently used to determine
resistance genotypes in a cleaved amplified polymorphic sequence (CAPS) marker assay which
recognizes the specific nucleotide variation that corresponds to the P45S variant that has been reported
to confer resistance at the rph2 locus and gives two fragments 296 bp and 72 bp in length (Kaur et al., 2015).
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Results and Discussion

Phenotype characterisation of resistance in Turkish strains

The discriminative dose assays showed that all strains exhibited some level of phosphine
resistance. While the Ankara (Sincan) strain showed weak resistance phenotype, the Ankara (Ayas
district), Konya and Sanliurfa strains exhibited strong resistance. The resistance ratios of Sanliurfa and
Ankara (Ayas district) strains, which showed strong resistance, were at least 196.43 and 136.23-fold,
respectively (Table 2). However, since these strains were not selected to homozygosity for resistance,
indicated by the broad 95% fiducial limits, these resistance ratios are indicative only and would be
expected to increase under further selection. The first FAO worldwide survey found that the most
resistant strain was only 12 times more resistant than the susceptible reference (Champ & Dyte, 1976).
During the following decades, it has been revealed that high levels of phosphine resistance were found to
be 80-fold in Pakistan (Ahmad et al., 2013), 186-fold in Brasil (Pimentel et al., 2007), 119-fold in USA
(Opit et al., 2012), and 400-fold in Australia (Jagadeesan, 2012). However, the calculation of resistance
ratios is a function of both the response of the susceptible reference strains used as well as the frequency
of the resistance alleles in the strains being assayed and so it is difficult to interpret whether these
resistances are in fact similar or not. However, given that the rphl gene appears to confer only a weak
(~4-fold) resistance phenotype, would be reasonable to assume that all these strains would have strong
resistance alleles present at the rph2 locus.

Table 2. Dose —response results of Tribolium castaneum strains with phospine

Location No. tested®  Slope + SE LCso (95% FL) (mg/L) LCgg (95% FL) (Mg/L) df° X P RR®
Sanliurfa 900 3.030 £0.282  1.375(1.081-1.699)  14.390 (9.463-27.010) 7 17.32 0.015 196.43
Ankara (Ayas) 360 2.940+0.331 0.954 (0.767-1.155)  10.730 (6.989-20.550) 7 1.110 0.993 136.23

#Number of insects subjected to phosphine bioassay, excluding control.

PDegrees of freedom.

‘Resistance Ratio (RR) = Resistance Ratio (LCs of resistant /LCs, of susceptible strain).
RR was calculated wrt QTC4 (LCso = 0.007 mg/L)

Determination of nucleotide variants in the dld gene

Sequencing of the expressed dld gene showed that there was an amino acid variant (P45S)
present in the Sanhurfa (TC 38) and Ankara - Ayas (TC 48) strains that have previously been reported
(Figure 1). We used a CAPS marker assay that discriminated the genotypes at this particular rph2
resistance variant to determine the presence of this allele in T. castaneum collected from seven different
locations within Turkey: Ankara (Ayas - Sincan distric), Elazig, Karaman, Konya, Mersin and Sanliurfa
(Table 3).

The action mechanism of phosphine in insects is to reduce the impact of acethylcholinesteras
enzyme in the nervous system, block the dehydrogenes glycerophosphate enzyme in mitochondria and
deactivate "Complex IV". Also, there is a direct redox relationship between phosphine and cysteine in
reactive disulfide, breaking down the sulfide redox bonds in cysteines by blocking the glutathione
reductase enzyme (Nisa et al., 2011). One nucleotide changing (Cysteine to Threonine) between
susceptible and resistant individuals resulted to transformation of proline to serine (Figure 1). Because of
this mutation, phosphine resistance has been occurred.
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QTC4_DLD reference translation
Turkish_328 DLD translation
Turkish_48 DLD translation

QTC4_DLD reference translation
Turkish_28 DLD translation
Turkish_48 DLD translation

QTC4_DLD reference translation
Turkish_38 DLD translation
Turkish_48 DLD translation

QTC4_DLD reference translation
Turkish_328 DLD translation
Turkish_48 DLD translation

20 40
1 1

MOQSAITRMNVVESSLK I RCNRGALTYVFHHRQYSTTHDADLWVY I GEGPGGY VA
MQSAITRMVVESSLK I RCNRGALTYVFHHRQYSTTHDADLVY I GSGSGGY VA
MQSAITRMVVESSLK I RCNRGALTYVFHHRQYSTTHDADLVV I GSGSGGY VA

4] ED 100

1 1 ]
KAAQLGLEKTVC I IEKEPTLGGTCLMNVGC IPSKALLMNSHY YHMAHSGDL
KAAQLGLEKTVC I IEKEPTLGGTCLMNVGC IPSKALLMNSHY YHMAHSGDL
KAAQLGLKTVC IEKEPTLGGTCLMNMVGC IPSKALLMNEHY YHMAHSGDL

1 IZ-D 1 Iﬂ

GARGISVDNVRERLDLDKLMGQKEMAVKALTGG | AQLFKKNKYTLIMNGHGK |
GARGISVDNVRERLDLDKLMGQKEMAVKALTGG | AQLFKKNKYTLIMNGHGK |
GARGISVDNVRLDLDKLMGQKEMAVKALTGG | AQLFKKMNKYTLIMNGHGK |
160 180 200

] ] 1
TGVHNAVTALKPDGSSEVVMNTKNYL I ATGSEVTPFPGIE IDEEQIVSSTGA
TGVHNAVTALKPDGSSEVVMNTKNYL I ATGSEVTPFPGIE IDEEQIVSSTGA
TGVHNAVTALKPDGSSEVVMNTKNYL I ATGSEVTPFPGIE IDEEQIVSSTGA
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Figure 1. Sequencing of the expressed dld gene showing an amino acid variant (P45S) in the Sanliurfa (TC 38) and Ankara - Ayas

(TC 48) strains.

Determination of rph2 allele frequencies in Turkish populations

The P45S resistance variant was detected from all the strains assayed. It was observed that 77.4%

of all the individuals assayed carried at least one rph2 resistance allele (32.3% homozygous resistant +
45.1% heterozygous resistant). This result shows that the specific P45S allele of rph2 responsible for
strong phosphine resistance previously reported to be in other regions of the world (Schlipalius et al.,
2012; Jagadeesan et al., 2012; Kaur et al., 2015; Chen et al., 2015) is in relatively high frequency in
Turkish strains of T. castaneum collected from grain storages of Konya, Sanlurfa, Mersin, Elazig,

Karaman and Ankara provinces (Figure 2).

Table 3. The resistance allele in Tribolium castaneum collected from seven different locations within Turkey

Province Result Genotype
Ankara — Ayas Heterozygous Resistant
Heterozygous Resistant
Heterozygous Resistant
Homozygous Susceptible
Homozygous Susceptible
Ankara — Sincan Heterozygous Resistant
Heterozygous Resistant
Homozygous Susceptible
Homozygous Susceptible
Homozygous Susceptible
Elazig Heterozygous Resistant
Heterozygous Resistant
Homozygous Resistant
Homozygous Susceptible
Karaman Heterozygous Resistant
Heterozygous Resistant
Heterozygous Resistant
Heterozygous Resistant
Homozygous Susceptible
Konya - Karatay Homozygous Resistant
Homozygous Resistant
Homozygous Resistant
Homozygous Resistant
Heterozygous Resistant
Mersin Homozygous Resistant
Heterozygous Resistant
Sanlurfa Homozygous Resistant
Homozygous Resistant
Homozygous Resistant
Homozygous Resistant
Heterozygous Resistant
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Figure 2. The presence of resistance allele in Tribolium castaneum collected from different provinces within Turkey.

The high frequency of the P45S resistance allele in the Eurasian region suggests that this allele
may be the most common allele worldwide, even though it is likely to independently arising in all the
multiple regions it has been found. The reasons for this phenomenon may include the suggestion that the
P45S allele confers the strongest phosphine resistance phenotype, and also possibly confers the least
fitness cost. This would allow survival under strong selection pressures and maintenance in insect
populations that breed outside of storages and are not exposed to phosphine. It has been noted that
some rph2 alleles reported in T. castaneum do carry significant fitness costs (Jagadeesan et al., 2013),
however this has yet to be studied in detail for the P45S allele.

In present research, it was highlighted for the first time that strong level of resistance has been
developed in T. castaneum in Turkey over these years. Due to the limited number of populations involved
in the current study, we suggest that a more comprehensive study on characterisation of phosphine
resistance is urgently needed across Turkey; that should involve other key pest species such as R.
dominica, Cryptolestes ferrugineus (Stephens), Sitophilus oryzae (L.) and S. granarius (L.). It is important
to note that without this basic information, it is hard to undertake any resistance management strategies.
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1917) (Lepidoptera: Gelechiidae) from Turkey

Tarkiye'deki iki Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)
populasyonunda insektisit direnci

Melis YALGIN' Serhan MERMER' Leyla Didem KOZACI> Cafer TURGUTY

Summary

In this study, the resistance of two (Aydin and Urla) populations of T. absoluta against five commonly used
insecticides (indoxacarb, spinosad, azadirachtin, chlorantraniliprole and metaflumizone) were determined. Further,
the activity of insecticide detoxifying enzymes [gluthation-S-transferase (GST) and esterase (EST)] was also
evaluated to confirm the resistance. Aydin population of T. absoluta had higher resistant values 8-fold, 3.79-fold, 6.4-
fold and 1.84-fold for indoxacarb, metaflumizone, spinosad and chlorantraniliprole, respectively against all
insecticides except azadirachtin compared to the Urla population. It was determined that in comparison with
T.absoluta population from Aydin, the Urla population can be more susceptible to other insecticides except
azadirachtin. GST enzyme activity was 1.5-fold higher in Aydin than the Urla populations, however, EST enzyme had
similar activity in both the populations. The results of study imply that T. absoluta populations from Aydin (Turkey)
can be resistant against indoxacarb, metaflumizone, spinosad and chlorantraniliprole. Increased GST enzyme activity
in resistant populations confirms this resistance development. Insecticides of plant origin like azadirachtin, for which
least insecticide resistance was recorded, may be applied in combination with other methods to effectively control
T.absoluta.

Keywords: Tuta absoluta, resistance, enzymes, leaf dip
Ozet

Bu calismada T. absoluta'nin iki populasyonunun (Aydin ve Urla) en cok kullanilan 5 insektisite karsi
(indoxacarb, spinosad, azadirachtin, chlorantraniliprol ve metaflumizon) direng durumlari tespit edilmistir. Ayrica
detoksifikasyon enzimlerinin [glutation-S-transferaz (GST) ve esteraz (EST)] aktiviteleri de direnci dogrulamak igin
saptanmistir. T.absoluta Aydin populasyonunun azadirachtin hari¢ diger insektisitlere karsi (Urla populasyonuna
gore) sirasiyla indoxacarb, metaflumizon, spinosad ve chlorantaraniliprol'e kars1 8, 3.79, 6.4 ve 1.84 kat direng
gelistirdigi g6zlenmistir. Aydin populasyonu ile karsilastinldiginda Urla populasyonunun azadirachtin hari¢ diger
insektisitlere kargi daha duyarl olabilecedi saptanmistir. GST enzim aktivitesi Urla populasyonuna gére Aydin
populasyonunda 1.5-kat fazla iken, EST enzimi icin her iki populasyonda benzer sonuglar bulunmustur. Calismanin
sonuglari, Aydin (Turkiye)'dan alinan bir T. absoluta populasyonunun indoxacarb, metaflumizon, spinosad ve
chlorantraniliprol'e karsi direngli olabilecegine isaret etmektedir. Direngli populasyondaki artan GST enzim aktivitesi,
bu direng gelisimini dogrulamaktadir. En az insektisit direnci rapor edilmis olan bitkisel kaynakli insektisit azadirachtin
diger metodlarla birlikte bu zararlinin etkili bir sekilde kontrol edilmesinde uygulanabilir.

Anahtar s6zciikler: Tuta absoluta, direng, enzimler, yaprak daldirma
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Introduction

Tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) was first detected in South
America (Silva et al., 2011) then it was recognized in eastern Spain in 2006. It rapidly invaded European
and the North African Mediterranean Basin Countries (Desneux et al., 2010, 2011). By August 2009, it
had been detected in the Urla region of Turkey (Kilig, 2010). From there, it dispersed to Antalya Kumluca
Turkey in January 2010 (Erler et al., 2010) and has now spread to Aydin, Turkey.

Tuta absoluta is the main pest of tomato which damages the leaves, stalks, flowers and fruits. If no
preventative measures are adopted, this pest can destroy 80-100% tomato crops in both greenhouse and
open-field tomato production (Desneux et al., 2010). Each insect can lay 260 eggs on the leaves of
tomato plant; often resulting in up to 12 generations of insects (Silva et al., 2011). Larvae produce large
galleries in tomato plant leaves, burrows stalks, buds and fruits (Caceres, 1992;
Lietti et al., 2005). Because of the leaf mines, the yield of the tomato might be greatly reduced.
For instance, significant crop losses were reported in Spain, Italy and Greece (Roditakis et al., 2013b).
Crop reduction due to leaf damage was identified as key reason for reduced export of tomatoes from
USA, Canada, China and India (Desneux et al., 2011).

Due to its impact, different techniques were implemented for the management of this pest, such as
monitoring with pheromone traps or using natural enemies. The most substantial control method has
been the application of insecticides for sufficient and rapid control. However, repeated chemical control
often results in the resistance development in insects to the registered active ingredients. Resistance is
accelerated by multiple applications of the insecticide. Reports have shown that some producers apply
insecticide 36 times during vegetation period (Picango et al., 1995). Other researchers have documented
the resistance mechanisms and levels of this pest (Lietti et al., 2005; Durmusoglu et al., 2011,
Dagli et al., 2012)

Recent studies have reported insecticide resistance development of T. absoluta in diverse tomato
production regions. For example, field populations of Adana and Antalya strain of T. absoluta showed low
resistance to abamectin insecticide while Ankara strain of T. absoluta was not resistant to abamectin
(Konus, 2014). Low or no resistance levels were found toward pyrethroids, abamectin, spinosad, Bacillus
thuringiensis and the mixture deltamethrin+ triazophos, however indoxacarb and chitin synthesis
inhibitors showed high resistance (Silva et al., 2011). T. absoluta has also shown resistance to
indoxacarb and chlorantraniliprole in three laboratories from different countries (Greece, Spain and lItaly)
(Roditakis et al., 2013b). T. absoluta insecticide resistance has been attributed to the combination of the
insecticide's mode of action and its detoxification by special enzymes. A variety of enzymes and their
roles against insecticides have been studied. For instance, the registered insecticide spinosad, has a
unigue and powerful action mechanism on lepidopteran larvae (Reyes et al., 2012), is a nicotinic
acetylcholine receptor (n AchR). Allosteric activators have been found to directly impact the activity of
esterases (IRAC, 2013). Metaflumizone, which is specifically developed against Lepidoptera species, is a
voltage-gated sodium channel blocker. Indoxacarb is also a voltage-gated sodium channel blocker and is
bioactivated by esterases in the target insects (Ahmad & Hollingworth, 2004). Although azadirachtin has
unknown modes of action, the insects may become more resistant owing to the role of neem in reducing
enzyme levels through blockage of protein synthesis (Lowery & Smirle, 2000). Chlorantraniliprole has a
novel mode of action, ryanodine receptor modulator, it controls external ca* entry and ryanodine
receptor channels (RyRs).

The aim of this study was to evaluate the toxicities of five insecticides on two populations of
T. absoluta in order to establish if there are differences in susceptibility in those populations.
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Materials and Methods
Biological material (Tuta absoluta/insects + rearing + plant material)

Tuta absoluta populations were collected from tomato infested fields in Urla (Kuscular, Yagcilar)
and Aydin (Sultanhisar, incirliova, Germencik) Turkey during summer in 2011 and 2012. Larvae infested
leaves were collected, transferred to cages (40 x 40 x 40 cm), and kept in a climate chamber which had a
constant temperature of 25 + 1°C, relative humidity 65% and 16:8 h light: dark photoperiod. Larvae were
then fed with tomato leaves from plants cultivated under greenhouse conditions without any insecticide
treatment. In the cages water, sugar, and pollen mixture was used to endorse adult population.

The Newton tomato variety was used in the experiment. The plants were irrigated and inspected
every second day. Infested leaves were removed and destroyed to prevent cross breeding from unknown
strain. Tomatoes leaves without insecticides were used in this study to prevent any bias due to the
presence of mites. Urla and Aydin populations were reared in different climate chambers to prevent cross
contamination. The insects from these climatic chambers were collected when the adults reached an age
of 13-15 days. If the number of eggs were not adequate, plants were then removed and new plants were
placed for the insects’ oviposition progress. After 8 days, second instar larvae were collected and used for
the experiments.

Insecticides

The insecticides chlorantraniliprole (Altacor® 35 WG), metaflumizone (Alverde® SC) and indoxacarb
(Avauntl50SC) were provided by BASF. Spinosad (Laser SC 480 g/l) was provided by Dow
Agrosciences. Azadirachtin 10 g/l (NeemazaIR—T/S) was provided by Trifolion-M GmbH Germany.

Bioassay

Toxicity of insecticides on T. absoluta was evaluated by the IRAC method (IRAC, 2013). Second
instar larvae (4-5 mm in size) were collected from infested leaves of tomato plants in the cages. It was
ensured that larvae had never been in starvation stress. F2 generation larvae were obtained and these
were used to homogenize the larvae which was recommended in IRAC 022 method. Tomato leaves were
collected from top third of the plant ensuring similar size and placed in a moist paper towel to avoid
wilting. Commercial insecticide formulations were used in a leaf dip bioassay which is the most efficient
method for detection of the toxicity of insecticide formulations for T. absoluta (Galdino et al., 2011). The
control leaves dipped in the solvent without the insecticide and other leaves were dipped individually in
the different solutions for 3 seconds with agitation, making sure that the surfaces of the leaves were
covered by respective insecticides; then the treated leaves were dried. Two petri cups per concentration,
and six concentrations plus one control per insecticide were used. It is summed up a total of 14 petri cups
per insecticide. This method was applied for 5 insecticides individually. The bottom of each cup was
covered with moistened filter paper and these were then labeled according to the solution used. The
insecticide treated two leaves were then placed individually in the respective petri cups. Two insecticide
treated leaves were placed in 9 cm diameter petri dishes.

By using a fine soft brush, 10 larvae were put on each leaf, with two leaves used for each
insecticide concentration. Six different concentrations were used for each insecticide. Leaves not treated
with insecticides and the same numbers of larvae were used as a control. Mortality was calculated after
72 h using a fine soft brush. If larvae did not move when brushed, they were assumed as dead, while if
they moved they were assumed as alive. Also, if they were moribund larvae, they were assumed alive.

Activities of the two enzymes gluthathion S transferase (GST) and esterase (EST) of second instar
larvae were measured. Larvae extracts were prepared using Reyes method (Reyes et al., 2012). Protein
contents of larvae extracts were determined by Bradford method (Bradford, 1976). The same number of
larvae was used for evaluating EST and GST enzyme activity. Thirty larvae for each replication were
collected from the leaves of tomatoes, with analysis repeated six times for each treatment. Thus for each
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sampling site, 180 larvae were collected. They were homogenized on ice in 50 ul Hepes buffer (50 mM,
pH 7.0) by using pestils. Homogenates were centrifuged at 15,000 g for 15 min at 4 C. The supernatants
of each sample were used to measure enzyme activity.

Substrate B-naphtyl acetate (-NA) was used to determine esterase activity according to Walker
(1998). Absorbance was determined by a micro plate ELISA spectrophotometer reader. Each well
contained 10 pl extract and185 pl B-NA (0.03 mM, final concentration in well). After 20 min incubation at
30 °C, 55 pl Fast Garnet (0.4%) and SDS (2.5%) were added to the solution. Absorbance at 590 nm of
each well was measured after 20 min incubation in the dark room. EST activity was determined as n mol
B-NA mg protein'1 min™.

GST activity was determined by using monochlorobimane (MCB) as a substrate. Thirty pl of
extract, 168 ul and 100 mM GSH in Hepes Buffer (50 mM pH 7.0) and 2 yl 30 mM MCB were added to
each well. Fluorescence was measured after 20 min incubation at 22 "C with 450 nm emission and
380 nm excitation filter. Activities were determined as unit activity mg protein'1 min™ because of the
absence of bimane- glutathione adduct.

Data analysis

Insecticide bioassay data were subjected to probit analysis, using Polo Plus Program (LeOra
Software). The LCsy and LCy values, linearity of dose-mortality response and slope were computed
(Robertson et al., 2003). The mortality values of the control treatment of each insecticide were used to
perform the probit analysis, for calculating the regression line, the slope and the LCs’ for each insecticide.
The LCs’ of the susceptible population was used for the calculation of the Resistance Factor (RF) for
each insecticide The population which has a minor value of LC assumed as susceptible population since
there was no susceptible strain available for this insect to evaluate resistance factor.

The mean activity values of the two enzymes, EST and GST were calculated by Student Newman
Keuls analyses with SPSS program (Abdi & Williams, 2010). This test offered comparison of the enzyme
values of Urla and Aydin populations.

Results
Resistance factors of insecticides

Aydin and Urla populations of T. absoluta responded differently to applied insecticides in the
experiment (Table 1). In contrast to Urla population of T. absoluta, the Aydin population was found to
have developed a resistance against all insecticides (except azadirachtin). On the other hand, Urla
populations were noted to have a weak resistance only against azadirachtin. The highest insecticide
resistance in T. absoluta Aydin populations was found against indoxacarb followed by spinosad.
LCs, resistance ratio of indoxacarb was eight fold higher in Aydin population compared to Urla population.
LCso and LCg values for indoxacarb were 215.26 mg L™ and 695.64 mg L™ in Aydin population,
respectively. On the other hand, LCs, value was 26.81 mg L™ and LCqy value was 144.61 mg L™ in Urla
population. The resistance factor of azadirachtin was the lowest among the insecticides studied (Table 1).
LCso values of Aydin and Urla populations were 19.18 mg L™ and 23.60 mg L™, respectively. T. absoluta
exhibited three-fold increase in LCsy by metaflumizone in Aydin population as compared with Urla.
For metaflumizone, LCsq values of 2091.4 mg L™ and 550.47 mg L™ were found for Aydin and Urla
populations, respectively. RF values indicated that the Aydin population of T. absoluta was six fold higher
resistant than the Urla population for spinosad and the resistance factor of Aydin was also higher.
LCsq values for Aydin and Urla were found to be 0.7 mg L"and 0.11 mg LY, respectively. The LCgqratio of
the Aydin population to the Urla population for chlorantranilprole was 1.84, and its LCs, values were
15.35 mg L"and 8.36 mg L™ for Aydin and Urla, respectively.
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Table 1. Toxicity data of indoxacarb, azadirachtin, metaflumizone, chlorantraniliprole and spinosad against Aydin and Urla
population of Tuta absoluta

Number Tested Slope X2 LCs0 (95% CL) LCq0(95% CL) RF(95% CL)
Indoxacarb
Aydin 140 1.940 1.300 215.26 695.64
(162-360) (399-2704)
Urla 140 1.700 2.800 26.81 144.61
(13-39) (91-394)
Aydin/Urla 8.02
(4.4-14.4)
Azadirachtin
Aydin 140 1.060 1.508 19.18 303.00
(10-42) (93-19343)
Urla 140 1.800 6.600 23.60 115.23
(10-60) (49-2888)
Urla/Aydin 1.23
(0.2-1.1)
Metaflumizone
Aydin 140 1.270 0.140 2091.40 21356.00
(1160-12092) (5721-531398)
Urla 140 1.807 0.356 550.47 2818.20
(374-795) (1653-8360)
Aydin/Urla 3.79
(1.6-5.6)
Spinosad
Aydin 140 1.751 0.463 0.70 275.00
(0.140-2.770) (37-25985)
Urla 140 0.305 0.495 0.11 66.00
(0.013-0.440) (10-4812)
Aydin/Urla 6.40
(0.6-49.5)
Chlorantraniliprole
Aydin 140 0.210 0.848 15.35 63.25
(10.950-21.360) (40-144)
Urla 140 0.200 1.220 8.36 34.34
(5.390-11.570) (22-73)
Aydin/Urla 1.84
(1.1-2.8)

LCso in mg L™; LCq in mg L™; RF= Resistance Factor (LCsovalue of insecticide in Aydin/ LCsovalue of insecticide in Urla or
LCsovalue of insecticide in Urla / LCsovalue of insecticide in Aydin).

EST and GST activities

EST activities of the Aydin and the Urla populations were 0.110£0.02 n mol 3-NA/mg protein/min
and 0.097+0.03 n mol B-NA/mg protein/min, respectively (Figurel.A). There was no significant difference
(p>0.05) between the EST activities of the Aydin and Urla populations of T. absoluta. GST activities of the
Aydin and Urla populations were 1.905£0.55 unit activity/mg protein/min and 1.237+0.718 unit activity/mg
protein /min, respectively (Figure 1.B). Aydin population showed a significant lower value of GST activity
(P< 0.05) than the Urla population.
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Figure 1. A) Esterase activity ranges of T. absoluta populations in Aydin and Urla, B) Gluthathion-S-transferase activity ranges of
Tuta absoluta populations in Aydin and Urla.

Different letters on the bars indicate statistical differences (P < 0.05), Student Newman Keuls Analysis.
Discussion

In this study, the toxicities of five insecticides registered to control T. absoluta in two population
from Turkey were determined, and the possible responsible enzymes for induction of insecticide
resistance were investigated. Previously, several resistance studies have been done due to the spatial
dependence of T. absoluta. For example, in Brazil, the use of pyrethroid and organophosphorus
compounds was suggested to be avoided due to the high resistance ratio of T. absoluta to those
compounds (Branco et al., 2001). Deltamethrin was found the least toxic to T. absoluta while mevinphos
was found as the most toxic compound in Africa and Chile (Salazar & Araya, 2001). Previously,
resistance to indoxacarb was estimated since this insecticide was registered worldwide for the control of
moths. In this study, it was observed that indoxacarb resistance was 8.02-fold higher in the Aydin
population in relation to Urla. Recent studies have also reported cases of insecticide resistances in
T. absoluta from many parts of world. For example, in a study from Greece, Roditakis et al. (2013a) found
LCsq values of indoxacarb for resistant T. absoluta populations 4, 10 and 12-fold higher compared with the
susceptible populations. Similarly, Silva et al. (2011) reported 27.5-fold resistance development against
indoxacarb in resistant populations than the susceptible populations. The resistance ratio of indoxacarb
was found 15-fold higher compared with a laboratory susceptible population for Spodoptera litura
(Lepidoptera: Noctuidae) (Silva et al., 2011). The increased resistance was attributed to the activity of
GST enzyme (Ahmad et al., 2008).

According to our studies, metaflumizone was comparable between the study groups in the
experiment. T. absoluta showed 3.79-fold resistance in Aydin compared to the Urla population. Roditakis
et al. (2013b) reported that T. absoluta showed 5-fold resistance to metaflumizone in Crete province of
Greece when compared to the susceptible strain. Contrarily, metaflumizone was reported effective
against T. absoluta in Italy (Nannini et al., 2011). Although metaflumizone is a new semicarbazone
insecticide, frequent usage of this insecticide could have led to the development of resistance in
T. absoluta.

Currently, historically used insecticides are being replaced by novel ones because of the cross and
multiple resistances among insect pests (Metcalf, 1967; Singh et al., 2005; Cordova et al., 2006; Rattan,
2010). Spinosad is one among the alternative class of insecticides such as organophosphates,
carbamates and pyrethroids (Cleveland et al., 2002). Spinosad which is most commonly used against a
range of insects including Lepidoptera (El-Mageed & Elgohary, 2006) was found an effective insecticide
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for T. absoluta when the sample sites were compared in our studies. The Urla populations were
susceptible to this insecticide while the Aydin population had 6-fold resistance with respect to the Urla
population. In another study, it was established that resistance to spinosad, which is a neurotoxic
insecticide, ranged between 1.2 to 4.8-fold in Brazil (Silva et al., 2011). Reyes et al. (2012) reported that
four of the five field populations showed significantly lower susceptibility to spinosad, when compared with
the susceptible strain. In a study from Egypt, it was determined that spinosad resistance could contribute
to a decrease in AchE activity (EI-Mageed & Elgohary, 2006). Further, EST and mixed function oxidase
(MFO) can also reduce the efficacy of spinosad in T. absoluta (Reyes et al., 2012). The lower variability of
LCsq was observed between Urla and Aydin for Azadirachtin i.e. 1.23. Previously, researchers have
reported that effectiveness of azadirachtin against T. absoluta. For example, in as study from Brazil, the
azadirachtin was found to cause almost complete mortality of T. absoluta populations (Tomé et al., 2013).
The other studies also report a higher mortality of this insect pest through application of azadirachtin
(Gongalves-Gervasio & Vendramim, 2007; Durmusoglu et al., 2011). Many studies have reported the
resistance development in insect pest against chlorantraniliprole (Astor & Scals, 2009;
Roditakis et al., 2013a; Roditakis et al., 2013b). In our study, T. absoluta showed 1.83-fold resistance to
chlorantraniliprole, whereas European populations of T. absoluta showed 1 to 6-fold resistance to
chlorantraniliprole (Roditakis et al., 2013b).

In this study, the results regarding insecticide detoxifying enzymes support the observed resistance
ratios of insecticides. Aydin population was found to possess significantly higher GST activity compared
to the Urla population. In accordance with our results, some recent studies confirm an increased enzyme
activity in the insecticide resistant insect populations. For example, 1.3-fold higher GST activity was
reported for the T. absoluta populations which had developed a resistance against abamectin in two
provinces of Turkey (Konus, 2014). Another study from South America indicated that enzymes (oxidase,
GST, EST) activities differed significantly in susceptible and resistant populations of T. absoluta
(Reyes et al., 2012). Radwan & Taha (2012) had reported that dinotefuran, imidacloprid, fenoxycarb,
phenthoate and thiocyclam insecticides exposure causes reduction or increase in the activity of AChE
and GST enzymes.

In conclusion, the susceptibility of T. absoluta to registered insecticides has decreased in certain
agricultural fields of Turkey. This insect may become a major pest of several crops if proper alternative
control measures are not adopted. The resistance development in T. absoluta was confirmed by
increased activity of GST enzyme. According to the results from the two population, azadirachtin was
found to have developed no or very weak resistance against T. absoluta populations which may be due to
a different mode of action of this insecticide. Future research work may be carried out to evaluate the
synergistic relationship between enzymes to develop alternative management strategies.
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Comparation of Alticini (Coleoptera: Chrysomelidae: Galerucinae)
species diversity in different habitats selected from Bafa Lake Natural
Park (Aydin) basin with a new record for Turkish fauna*

Tarkiye faunasi igin yeni bir kayitla birlikte Bafa Golu Tabiat Parki (Aydin)’'ndan secilmis
farkli habitatlarin Alticini (Coleoptera: Chrysomelidae: Galerucinae) tur gesitliliginin
kiyaslanmasi

Fatma BAYRAM? Ebru Giil ASLAN*

Summary

Alticini species composition, richness and abundance were studied comparatively in four different habitats with
different floristic characteristics chosen from Bafa Lake Natural Park. The study was conducted regularly at 15-day
intervals during 2012 and 2013. A total of 480 individuals belonging to 10 genera and 55 species of Alticini were
collected. Among them Longitarsus aeruginosus (Foudras, 1860) (Coleoptera: Chrysomelidae) was determined as
new record for the Alticini fauna of Turkey and is presented with related figures. According to Shannon-Wiener,
Simpson and Berger-Parker indices of diversity, Meadow area 1 (MA1) was detected as the most diverse habitat.
Jaccard and Bray-Curtis similarity indices showed that Alticini communities in Olive grove area 1 (OGAl) and
Meadow area 1 (MA1l) were more closely related. Data gathered from regular samplings were also displayed by
graphics obtained from analyses of Rarefaction and Abundance plot k-dominance. The reasons affecting species
diversity of areas were discussed.

Keywords: Alticini, diversity, Bafa Lake Natural Park, new record, Turkey

Ozet

Bafa GOli Tabiat Parki'ndan segilen farkli floristik 6zelliklere sahip dort alanin Alticini tir kompozisyonu,
cesitliligi ve benzerligi karsilagtirmali olarak calisiimistir. Arastirma 2012 ve 2013 yillari boyunca 15 ginlik
periyotlarla gergeklestiriimistir. Calismada 10 cinse bagh 55 ture ait toplam 480 Alticini bireyi toplanmistir. Bu
trlerden Longitarsus aeruginosus (Foudras, 1860) (Coleoptera: Chrysomelidae) Turkiye Alticini faunasi igin yeni
kayit olarak belirlenmigtir ve ilgili sekillerle birlikte sunulmustur. Shannon-Wiener, Simpson ve Berger-Parker cesitlilik
indekslerine goére Cayirlik Alan 1 tar ¢esitliligi en ylksek alan olarak tespit edilmistir. Jaccard ve Bray-Curtis benzerlik
indeksleri, Cayirhk Alan 1 ve Zeytinlik Alan 1’in daha yakin iligkili oldugunu géstermistir. Sonuglar Rarefaction ve
Abundance plot k-dominance analizlerinden elde edilen grafiklerle de desteklenmistir. Alanlarin tir cesitliligini
etkileyen muhtemel sebepler tartisiimistir.

Anahtar sozciikler: Alticini, gesitlilik, Bafa G6lU Tabiat Parki, yeni kayit, Turkiye
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Introduction

The flea beetles, tribe Alticini, make a highly diverse group of leaf beetles comprising of around 600
genera and 11,000 described species. The total number of Palearctic flea beetle fauna has reached to
2400 species, classified in 64 genera (Biondi & D’Alessandro, 2012; Kang et al., 2013; Konstantinov et
al., 2013; Nadein, 2013). Turkish Alticini fauna contains 22 genera and about 340 species (Ekiz et al.,
2013; Ozdikmen et al., 2014). Despite some efforts to identify the actual number of species, studies
focusing on Alticini species diversity and composition patterns are still very limited in Turkey.

Members of Alticini are highly specialized phytophagous insects, most of them being mono- or
oligophagous (Biondi et al., 2013). Adult flea beetles feed on various parts of the plants, including leaves
and non-woody stems (Konstantinov & Tishechkin, 2004). Some of them are serious agricultural pests
causing direct damage or transmitting viruses, however several species are beneficial due to their
importance as biological control agents of weeds (Booth et al., 1990; Jolivet & Verma, 2002). The
remarkable diversity of the group is correlated with their specific feeding habits. Huge population densities
on their host plants have made alticines considerable ecologically and economically important. Detailed
knowledge of species diversity patterns is therefore important for conservation biology, biodiversity
monitoring and community ecology (Aslan, 2010).

Natural parks are landscape protected by means of long-term planning, use and agriculture. These
valuable landscapes are preserved in their present state and promoted for tourism purposes. Currently, a
total of 189 natural parks are located in Turkey (MFWA, 2013) and Bafa Lake is one of them. The natural
parks are of great importance for the diversity of phytophagous insects because of their rich floristic
composition. However, detailed faunistical studies on Alticini group are absent or very limited in especially
western parts of Turkey. Bafa Lake is also important being a protected wetland area with high plant
diversity. So, the aims of this study are to: (i) survey the Alticini fauna of Bafa Lake Natural Park located
in western Turkey, (ii) compare the species diversity and faunal similarity among different habitats with
several characteristics chosen from the lake basin, and (iii)) add one more species to the Alticini fauna of
Turkey.

Material and methods
Study site

The survey was carried out in Bafa Lake Natural Park situated in the Aegean Region of Turkey
around the borders of Soke District (Aydin) and Mugla Province (Fig.1). Bafa Lake is located between 37°
28" N and 37° 32" N longitudes — 27° 22" E and 27°32" E latitudes, covering an area of 65—70 km?, and at
an altitude of 2.5-3 m. Its maximum depth changes seasonally between 20-23 m (Oztiirk et al., 2002).

The lake was formerly a bay of the Aegean Sea, later isolated from the sea as a result of alluvium
blockage of the opening of Latmos Bay caused by alluvial deposits of the Greater Menderes River. Bafa
Lake (including its surroundings) was declared as Natural Park by the Turkish government in 1994. It is
also included in the list of international RAMSAR agreement which was organized for protecting the
important wetlands (MFWA, 2013).

Four sites bordering the lake and representing different floristic compositions were selected for the
inventory. The main characteristics of these habitats are as follows:

Meadow area 1 (MA1) is located in the east coast of Bafa Lake. It has a flat bottom area and is
entirely covered with grassy vegetation. The site is mostly dominated by members of plant families viz.,
Lamiaceae, Poaceae, and Fabaceae. Open areas like that without woods and larger groups of trees tend
to have great proportions of herbs. Likewise it has a quite rich floristic composition as compared to other
sites.

148



Bayram & Aslan, Turk. entomol. derg., 2015, 39 (2)

Meadow area 2 (MA2) is located in the north coast of the lake. Plants belonging to Malvaceae and
Poaceae families are mainly dominant in this area. It has a virtually uniform herbaceous cover as
compared to MAL.

Olive grove area 1 (OGALl) is located in the south-east coast of Bafa Lake. Olive trees, one of the
representatives of the typical Mediterranean climate, are especially common in the southern parts of the
lake. Beside olive trees, members from the families Poaceae, Boraginaceae, Lamiaceae and
Brassicaceae form the widespread plant species of the area.

Olive grove area 2 (OGA2) is located in the southwest coast of the lake and situated on the side of
the Greater Menderes Basin. Shrubby plants, such as juniper and carob, constitute the majority of the
vegetation. The area is much exposed to human impact compared to others.

{

Meadow area 1'
Bafa Lake

~ Olive grove area 2

P'§

~Qlive grove area 1

Figure 1. Location of the Bafa Lake showing the study sites around the natural park.

Sampling method and collection

Field surveys were performed at 15-day intervals from March to September in 2012 and February
to November in 2013. Adult flea beetles were collected from various plants using an entomological
sweep-net and mouth aspirator. Sampling was performed in each study site respectively each consisted
of 750 sweeps of the net. Collected beetles were taken to the laboratory to be mounted and labeled.
Specimens were identified to species level under a LEICA EZ4 stereo-microscope using the taxonomic
keys and figures given by Cizek & Doguet (2008), Warchatowski (2010) and Konstantinov et al. (2011).
The insect samples are deposited at the Biology Department of Siileyman Demirel University, Isparta,
Turkey.

Data analysis

Species composition, diversity and similarity of Alticini communities in the four study sites of Bafa
Lake Natural Park were examined by using the program BioDiversity Pro (McAleece et al., 1997). The
Shannon-Wiener (H'), Simpson (1/D) (for measuring diversity), and Berger-Parker (1/d) (considering the
dominance) were used as the alpha-diversity indices (Equations 1-3). The Jaccard (C;) and Bray-Curtis
(Cy) indices were used to determine the degree of similarity in species composition between the Alticini
communities of different sites (Equations 4 and 5). The similarity dendrograms obtained from the results
of cluster analysis were plotted (Magurran, 2004). Sample-based rarefaction curves and k-dominance
plots were created to describe Alticini communities in more detail.
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Shannon-Wiener diversity index is defined as

H' = -2 pin(p)) Q)
Simpson index is defined as
D= 3pi? (2)
Berger-Parker index is defined as
Nmax

The quantity p; is the proportion of individuals found in the ith species, S is the number of species,
N is the total number of individuals, N,,., is the number of individuals in the most abundant species
(Magurran, 2004). For Simpson’s index and Berger-Parker index of dominance, the reciprocal forms (1/D
and 1/d) were used so that an increase in the value of index accompanies an increase in diversity and a
reduction in dominance.

Cluster analyses were performed by using Jaccard and Bray-Curtis indices in order to determine
the similarity among the sites.

Jaccard index is defined as

a

Cj - a+b+c (4)
Bray-Curtis index is defined as

2jN
1'CN (CN = Na i Nb) (5)

where N, is the total number of individuals in area A, N,, is the total number of individuals in area B, and
2jN is the sum of the lower of the two abundances for species found in both areas (Magurran, 2004).

Results
Species diversity and composition

A total of 480 flea beetles belonging to 10 genera and 55 species were recorded as a result of field
studies carried out during two years in four different sites selected from surroundings of Bafa Lake
Natural Park (Table 1).

Table 1. List of Alticini species collected from the four sites in Bafa Lake Natural Park

Species MA1 MA2 OGA1l OGA2 Total number Relative Abundance (%)

Phyllotreta Chevrolat

P. punctulata (Marsham) 4 4 0.83
P. atra (Fabricius) 7 7 1.46
P. fallaciosa Heikertinger 4 4 0.83
P. bulgarica Gruev 5 5 1.04
P. erysimi Weise 6 6 1.25
P. lativittata Kutschera 2 2 0.42
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Table 1. List of Alticini species collected from the four sites in Bafa Lake Natural Park (continued)

Species MA1 MA2 OGA1l OGA2 Total number Relative Abundance (%)
P. nigripes (Fabricius) 5 5 1.04

P. vittula (Redtenbacher ) 4 4 0.83

P. corrugate Reiche 11 11 2.29
Aphthona Chevrolat

A. warchalowskii Fritzlar 3 3 0.63

A. kuntzei Roubal 2 2 0.42

A. pygmaea (Kutschera) 5 5 1.04

Longitarsus Berthold

L. albineus (Foudras) 24 27 51 10.63
L. baeticus Leonardi 9 7 8 16 40 8.33
L. anchusae (Paykull) 7 7 1.46
L. aeruginosus (Foudras) 13 13 2.71
L. pellucidus (Foudras) 4 4 0.83
L. tabidus (Fabricius) 3 8 11 2.29
L. cerinthes (Schrank) 2 2 0.42
L. ochroleucus (Marsham) 5 5 1.04
L. nigrofasciatus (Goeze) 3 3 0.63
L. luridus (Scopoli) 5 3 8 16 3.33
L. angelikae Fritzlar 4 4 0.83
L. foudrasi Weise 2 2 0.42
L. fallax Weise 2 2 0.42
L. aeneicollis (Faldermann) 5 5 1.04
L. atricillus (Linnaeus) 2 2 0.42
L. succineus (Foudras) 2 2 0.42
L. ballotae (Marsham) 8 6 14 2.92
L. bertii Leonardi 2 2 0.42
L. lycopi (Foudras) 7 7 1.46
L. karlheinzi Warchalowski 6 6 1.25
Altica Muller

A. oleracea (Linnaeus) 3 3 0.63
Podagrica Chevrolat

P. fuscicornis (Linnaeus) 7 5 12 2.50
Dibolia Latreille

D. occultans (Koch) 2 2 0.42
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Table 1. List of Alticini species collected from the four sites in Bafa Lake Natural Park (continued)

Species MA1 MA2 OGA1l OGA2 Total number Relative Abundance (%)
D. carpathica Weise 2 2 0.42
D. depressiuscula Letzner 4 4 0.83
D. cynoglossi (Koch) 2 2 0.42

Psylliodes Berthold

P. aerea Foudras 3 3 0.63
P. toelgi Heikertinger 3 3 6 1.25
P. cuprea (Koch) 7 4 9 20 4.17
P. isatidis Heikertinger 24 19 20 4 67 13.96
P. circumdata (Redtenbacher) 4 9 13 2.71
P. wrasei Leonardi & Arnold 20 6 26 5.42
P. napi (Fabricius) 3 3 0.63
P. gibbosa Allard 2 2 0.42
P. anatolicus Gok & Cilbiroglu 1 1 0.21
P. chrysocephalus (Linnaeus) 5 5 1.04
P. ozisiki Leonardi & Arnold 8 8 1.67

Crepidodera Chevrolat

C. aurea (Geoffray) 6 6 1.25
C. aurata (Marsham) 2 2 0.42

Hermaeophaga Foudras

H.ruficollis (Lucas) 3 3 0.63

Chaetocnema Stephens

C.tibialis (llliger) 15 9 24 5.00
C.coyei (Allard) 4 4 0.83
C.obesa (Boieldieu) 6 6 1.25
Number of individuals 169 93 119 99 480
Number of species 26 19 15 13 55

Species composition and abundance varied within the sites of natural park where MA1 contained
26 species, MA2 contained 19 species, OGAL contained 15 species and OGA2 contained 13 species in
total. Longitarsus Berthold, Psylliodes Latreille and Phyllotreta Chevrolat were the most common Alticini
genera in the study area, respectively. Longitarsus was the most species-rich and abundant genus during
the whole study period with a percentage of 41% among all others (Fig. 2). Longitarsus albineus
(Foudras), L. baeticus Leonardi, Psylliodes isatidis Heikertinger, P. cuprea (Koch), P. wrasei Leonardi &
Arnold and Chaetocnema tibialis (llliger) were determined as the most abundant species, comprising
about 48% of the total specimens collected during study.
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Figure 2. Percentages of collected genera based on species number.

Of the total number of specimens, 35% were collected in site MA1, 25% in OGA1, 21% in OGAZ2,
and 19% in MA2. According to Shannon-Wiener, Simpson and Berger-Parker indices of diversity, MA1
was the most diverse area having the highest number of species and individuals (Table 2). The lowest
diversity was recorded from OGAZ2 in parallel with species numbers. MA2 had the highest value of
evenness which means that this site has individuals more equally distributed among species. Although
MAZ2 has the lowest number of individuals, high evenness value accompanied with high species number
ranked it above the sites OGA1 and OGA2.

Table 2. Results of the alpha-diversity indices of Alticini communities in the four sites

Indices MA1 MA2 OGAl OGA2

S 26 19 15 13
N 169 93 119 99
Shannon-Wiener (H’) 1.287 1.184 1.076 0.971
Simpson (1/D) 16.355 13.538 10.355 7.664
Berger-Parker (1/d) 7.042 4.895 4.958 3.667

Analyses of rarefaction and abundance plot k-dominance also showed similar results indicating
MAL as the most diverse. In the analysis of rarefaction, the most diverse site is located at the top of the
graph (Fig. 3a). However, sites with higher diversities are ranged at undermost in the analysis of
abundance plot k-dominance in which species are ranked with cumulative abundances (Fig. 3b).
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Figure 3. (a) Sample-based rarefaction curves for the flea beetles of the studied sites (b) Diagram of k-dominance of flea beetles in
the studied sites.
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Faunal similarity

Both Jaccard and Bray-Curtis similarity indices indicated that Alticini communities in OGA1 and
MA1 were more closely related (Fig. 4).

Jaccard Cluster Analysis Bray-Curtis Cluster Analysis
MA2 AA2
| 0cA2 oca2
i OGAL T 0GAl
MAl Ml
0 9% Similarity 30 100 0 %%Similarity 50 100

Figure 4. Similarity between Alticini communities inhabiting the four sites, based on species composition (Jaccard) and quantitive
data (Bray-Curtis).
Cluster analysis based on species composition (Jaccard’s index) revealed a similarity of 28%
between the Alticini communities of the two sites. However, according to Bray-Curtis index which takes
into account both species composition and number of individuals, the similarity rate was 46% (Table 3).

Table 3.The similarity indices (Jaccard and Bray-Curtis) of Alticini species compositions between the sites

Jaccard Bray-Curtis
MA1 MA2 OGAl OGA2 MA1 MA2 OGAl OGA2
MA1 * 9.76 28.13 11.43 MA1 * 25.19 46.53 16.42
MA2 * * 9.68 10.34 MA2 * * 28.30 14.58
OGAl * * * 12 OGA1l * * * 33.03
OGA2 * * * * OGA2 * * * *

Among the species collected from Bafa Lake Natural Park, some samples belonging to the genus
Longitarsus were noticed by the authors of which evaluation revealed that these were specimens of L.
aeruginosus, unknown from Turkey till now. The new record is briefly reviewed below.

Longitarsus aeruginosus (Foudras, 1860) (Coleoptera: Chrysomelidae: Galerucinae)
Material examined: Aydin, Bafa Lake Natural Park, 30 m, 16.vi.2013, 957, 42 2.

Known distribution: Albania, Andorra, Austria, Belgium, Belarus, France, Great Britain, Germany,
Greece, ltaly, Luxembourg, Malta, The Netherlands, Portugal, Spain, Cyprus (Lobl & Smetana, 2010).

Diagnostic notes: It is completely yellowish-brown; about 2.4-2.8 mm in length, upper side finely
and shallowly punctuate. Aedeagus very similar to that of Longitarsus succineus (Foudras 1860) but
clearly differs from it in lateral view; spermatheca quite typical, especially in the structure and morphology
of the ductus (Fig. 5). Specimens are larger and darker than L. succineus, also there are various setae on
apex of each elytron.
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Figure 5. Longitarsus aeruginosus habitus and genitalia. (a) habitus (Scale bar: 1 mm) (b) aedeagus ventral view (c) aedeagus

lateral view (d) spermatheca (Scale bar: 0.4 mm).

Host plant record: It was not possible to determine the exact host plant association of L.
aeruginosus in the study area, because samples were collected from several plants by sweeping.
However, previous host plant record for this species was given as Eupatorium cannabinum L. belonging
to the family Asteraceae (Ddberl, 1994; Warchalowski, 1996).

Discussion

Totally, 55 flea beetle species were recorded from Bafa Lake Natural Park one of which, L.
aeruginosus, is new record for Alticini fauna of Turkey. The flea beetles reported from the study area in
the present study represent about 16% of the whole Turkish Alticini.

The species composition of phytophagous beetles may vary considerably between sites because
of the differences in some determinants for insect species diversity such as host plant abundance,
distribution and species richness. Flea beetles are highly specialized phytophagous insects; therefore the
Alticini diversity is closely associated with the herbaceous vegetation diversity and abundance (Aslan,
2010). In this study, Meadow area 1 (MA1) was identified as the most diverse site. The main reason of
this is the high plant diversity in the area and less anthropogenic impacts compared to others. The
composition of Alticini communities in the sites also changed based on the richness and availability of
host plant species, or their alternatives existing at each site. The differences in the species composition of
the two meadow communities can be explained by differences in the floristic composition and plant
density at the sites which probably resulted from different humidity and soil conditions. Olive grove area 2
(OGAZ2) has the lowest species diversity. This is because; the area has mostly uniform herbaceous cover
and is much disturbed by grazing and human activities such as mowing, fertilizing, and draining.

Cluster analyses using Bray-Curtis and Jaccard similarity indices showed that, among the four
areas studied, the highest similarities of species compositions were found between MA1 and OGAL.
These two areas present similar vegetation structure thus, are more similar in species composition.
According to results from Jaccard cluster analysis, MA2 and OGA1 were clearly separated from other
sites. However, Bray-Curtis cluster analysis with respect to species abundance revealed a low degree of
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similarity between the communities MA2 and OGA2. This difference arise from the point that Bray-Curtis
index takes into account both species composition and number of individuals while Jaccard index works
only on shared species. OGA2 is located close to the Greater Menderes Basin and therefore is exposed
to more olive cultivation and fishing activities. These factors are probably responsible for the low species
richness and distant faunistic composition of the Olive grove area 2.

Longitarsus albineus, L. baeticus, P. isatidis, P. cuprea, P. wrasei and C. tibialis were the most
frequent and abundant species collected from Bafa Lake Natural Park throughout the field studies lasted
two years. Longitarsus was remarkably dominant within the whole genera in all collections. This may be
due to the broader trophic spectrum and ecological tolerance of the genus members in addition to their
ability of using various habitats.

Phyllotreta lativittata Kutschera, Aphthona kuntzei Roubal, Longitarsus cerinthes (Schrank), L.
nigrofasciatus (Goeze), L. foudrasi Weise, L. fallax Weise, L. atricillus (Linnaeus), L. succineus, L. bertii
Leonardi, Dibolia occultans (Koch), D. carpathica Weise, D. cynoglossi (Koch), Psylliodes anatolicus Gok
& Cilbiroglu, P. gibbosa Allard and Hermaeophaga ruficollis (Lucas) occurred more rarely in the study
sites during field surveys represented by single or double specimens. These rare species are either
accidental species, coming from the vegetation nearby the study sites, or generalist species, that are not
specialized on feeding on distinct plant species.

In this study, Alticini species composition and diversity among four different sites of Bafa Lake
Natural Park which is one of the important protected areas of Turkey were comparatively investigated.
Species richness and number of individuals in grasslands including the two meadow areas were higher
than olive grove areas. So, we can say that grasslands have higher species diversity in terms of
chrysomelids agreed in many other studies (Rehounek, 2002; Wasowska, 2004; Aslan & Ayvaz, 2009;
Aslan, 2010). One more aim of the present study was to search for any Alticini species specialized to feed
on olive trees. But, during the field surveys conducted between 2012 and 2013 in the chosen olive grove
areas, we didn’t ever observe such an association. Consequently, of the factors that have impact on the
diversity of Alticini communities, the influence of the vegetation richness and structure is the greatest. As
the presented results show, the vegetation diversity and occurrence of actual host plants decides the flea
beetle diversity or similarity of particular areas.
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Contributions to leafminer (Diptera: Agromyzidae) fauna and new
records of plant pests and weeds in Turkey!

Tarkiye galerisine@i faunasina katkilar ve bitki zararlilari ve yabanci ot zararhlarina
yeni kayitlar
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Summary

This study was conducted between 2011- 2013 in Mugla province in Turkey to determine the biodiversity of
family Agromyzidae. Specimens were collected from cultured and non-cultured plants by sweeping net, Malaise trap
and rearing methods in different localities. Altogether 19 new records of Agromyzidae species for Turkey belonging to
7 genera were found. Number of Agromyzidae species increased from 189 species to 208 species as result of this
study. Altogether 13 important actual or potential pests were identified among these newly found species and four of
them have potential for the weed control.

Keywords: Agromyzidae, leafminer, new records, distribution, Turkey

Ozet

Bu galisma 2011- 2013 yillari arasinda Mugla ilinde Agromyzidae familyasi tur gesitliligini belilemek amaciyla
gergeklestirilmistir. Galerisineg@i 6rnekleri tarim ve tarim disi alanlardan atrap, malaise tuzagi ve kiiltiire alma yontemi
kullanilarak farkh lokasyonlardan toplanmislardir. Calismanin sonucunda 7 cinse ait toplam 19 tiir Tirkiye faunasi igin
yeni kayit olarak bulunmustur. Bu calisma ile birlikte daha énce 189 olarak bilinen galerisinegi tir sayisi 208’e
yukselmistir. Bulunan turlerden bazilari dnemli kiltir bitkisi zararlilarindan ve bazilari da yabanci otlarin biyolojik
kontroliinde kullanilma potansiyeline sahip olan turler olarak bilinmektedir. Bu turlerden 13 tanesi tarimsal lretimde
zararl iken 4 tanesi de yabanci ot kontroliinde potansiyeli olan turlerdir.

Anahtar so6zciikler: Agromyzidae, galerisinegi, yeni kayit, yayilis, Turkiye
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Introduction

The Agromyzidae is one of the most species-rich families of Diptera with over 3000 species
worldwide. About 1210 species occur in the Palearctic region and more than 900 species of the family
occur in Europe (Spencer, 1989; Gu et al., 1991; Pakalniskis, 1992, 1994, 1996, 2000; Woodley &
Janzen, 1995; Sasakawa, 1997, Scheirs et al., 1999; Cerny, 2001, 2005a, b, 2007a, b;
Cerny & Merz, 2005, 2006, 2007; Cikman & Sasakawa, 2008; Civelek, 1998, 2002, 2003, 2004;
Civelek & Ulusoy, 2000; Civelek et al., 2000a, 2000b, 2007, 2008, 2009; Kogak & Sasakawa, 2010;
Dursun et al., 2010; Cikman & Sasakawa, 2011; Cerny, 2012, 2013; Cikman, 2012). Until now, only 189
species have been recorded in Turkey (Civelek, 1998, 2002, 2003, 2004; Civelek & Ulusoy, 2000;
Civelek et al., 2000a, 2000b, 2007, 2008, 2009; Kog¢ak & Sasakawa, 2010; Dursun et al.,, 2010;
Cikman & Sasakawa, 2011; Cerny, 2012, 2013; Cikman, 2012).

Larvae of most representatives of Agromyzidae are phytophagous. They feed and live on living
plant tissues. Most of them feed on the leaf parenchyma. Most species produce a characteristic form of
mine in the leaves; in some cases a mine type can help to identify the species. Some species are stem-
borers or develop in roots, seeds or cause galls. Phytobia spp. develops in the cambium of some trees.
About 150 agromyzid species are known as feeding on cultivated plants. Normally, pest species
population do not reach to high levels, but sometimes outbreaks can occur. Some species belonging to
Liriomyza genus can be serious pests in agricultural areas. Also adults are capable of transmitting some
diseases from infected plants to healthy ones (Civelek & Onder, 1997). Also female egg laying may act as
vector of diseases (Spencer, 1973; Zitter & Tsai, 1977; Matteoni & Broadbent, 1988; Cerny et al., 2001).

The aim of this study was to contribute to the knowledge of the leafminer fauna of Turkey.
Material and Methods

This study was carried out between 2011- 2013 in Mugla province in Turkey. The leaf-mining fly
specimens were collected from different localities including cultivated plants and wild plants by Oktay
Dursun, Hasan Sungur Civelek, Eyyiip Mennan Yildirim, Miroslav Bartak and Stépan Kubik. Coordinates
and altitude data were noted with Global Positioning System.

The collecting methods were as follows: sweeping (SW), rearing from plants (RP) and Malaise trap
(MT).

Slide preparations of male genitalia were made for species identification. The following general
procedures were applied: the abdomen of each male was boiled in 10% KOH for 10 minutes, then
transferred into 5% glacial acetic acid for 5 minutes and then transferred into 96% alcohol for 5 minutes.
Later abdomen was dissected under a stereoscopic microscope. The male genitalia were transferred into
euparol in order to preserve the material perpetually. Identifications were made by using Spencer (1972,
1973, 1976, 1989, 1990), Cerny (2001, 2005a, b, 2007a, b) by Dr. Hasan Sungur CIVELEK, Ing.Milo$
CERNY and Oktay DURSUN. Specimens were stored in the Entomology Laboratory, Department of
Biology, Faculty of Science, Mugla Sitki Kogman University, Turkey, Milo§ Cerny private collection,
Halenkovice, Czech Republic, and collection of Czech University of Life Sciences, Prague.
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Results

A total of 19 new species were recorded from Turkey. These species are listed below with their
distribution and host data.

Subfamily: Agromyzinae
Genus: Agromyza Fallén, 1810
Agromyza mobilis Meigen, 1830

Material examined: 13, Mugla, Ula, Akyaka (37° 03’ 16” N / 28°19’ 57” E), 6 m., 16-27.05.2011
(SW).

Hosts: Bromus ramosus Hudson, Phleum pratense Linneaus, Triticum aestivum Linneaus,
(Poaceae) (Robbins, 1991, Spencer, 1972b).

Distribution: Andorra, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, The Netherlands, Hungary, Italy, Japan, Latvia, Lithuania, Norway, Poland, Portugal, Slovakia,
Spain, Sweden, Switzerland, Ukraine, former Yugoslavia (Sasakawa 1961; Spencer, 1976; Scheirs et al,
1999; Cerny & Merz, 2006; Cerny, 2007b; Guglya, 2012; Martinez, 2012; Cerny 2013).

Agromyza woerzi Groschke, 1957

Material examined: 1J, Mugla, Ula, Akyaka (37° 03’ 16" N / 28° 19’ 35” E), 30 m., 30.04.2013
(SW); 14, Mugla, Kotekli, Mugla Sitki Kogman University Campus Area, (37° 09' 42" N / 28° 22’ 21" E),
700 m., 10.05.2013 (MT)

Hosts: Knautia sp. (Caprifoliaceae) (Spencer, 1990).

Distribution: Belarus, Czech Republic, Germany, Latvia, Lithuania, Norway, Poland, Slovakia
(Cerny & Merz, 2006; Martinez, 2012).

Genus: Ophiomyia Braschnikov, 1897
Ophiomyia rostrata (Hendel, 1920)

Material examined: 24J, Mugla, Ula, Akyaka (37° 03" 16" N / 28° 19" 35" E), 30 m,,
30.04-09.05.2013 (SW).

Hosts: Convolvulus arvensis Linneaus (Convolvulaceae) (Ostrauskas et al., 2003).

Distribution: Austria, Bulgaria, Czech Republic, France, Great Britain, The Netherlands,Ireland,
Lithuania, Poland, Spain, Sweden, Uzbekistan (Spencer, 1976; Cerny & Merz, 2006; Martinez, 2012;
Pitkin, 2014).

Ophiomyia slovaca Cerny, 1994

Material examined: 1 &, Mugla, Fethiye, Kayakoy (36° 34’ 77" N / 29° 04’ 98” E), 140 m., 8.04.2007
(SW).

Hosts: Vicia angustifolia Reichard, V. cracca Linneaus, V. villosa Roth (Fabaceae) (Pakalniskis,
1996).

Distribution: Cyprus, Czech Republic, Lithuania, Slovakia, Ukraine (Cerny, 1994; Cerny & Vala,
2006; PakalniSkis, 1994; Martinez, 2012; Guglya, 2011, 2012).
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Genus: Hexomyza Enderlein, 1936

Hexomyza simplicoides (Hendel, 1920)

Material examined: 14, Mugla, Ula, Akyaka (37° 03’ 19" N/ 28° 20’ 07" E), 6 m., 07.05.2013 (SW).
Hosts: Salix caprea Linneaus (Salicaceae) (Spencer, 1976)

Distribution: Austria, China, Finland, France, Germany, Great Britain, The Netherlands, Hungary,
Italy, Ireland, Japan, Kyrgyzstan, Lithuania, Poland, Slovakia, Spain, Switzerland, U.S.A. (Spencer, 1976;
Cerny, 2012; Martinez, 2012; Pitkin, 2014).

Subfamily: Phytomyzinae

Genus: Amauromyza Hendel, 1931

Subgenus: Cephalomyza Hendel, 1931

Amauromyza (Cephalomyza) labiatarum (Hendel 1920)

Material examined: 13, Mugla, Ula, Kapiz (37° 05’ 18" N / 28° 24’ 48” E), 592 m., 23.04.2013
(RP from Stachys sp.)

Hosts: Lamium sp., Melissa officinalis Linneaus, Mentha sp. Stachys sp. (Lamiaceae) (Spencer,
1990; Ellis, 2014).

Distribution: Albania, Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany,
Great Britain, Greece, The Netherlands, Hungary, Italy, Ireland, Lithuania, Luxembourg, Norway, Poland,
Romania, Sweden, Slovakia, Switzerland (Spencer, 1976; de Bruyn & von Tschirnhaus, 1991; Cerny &
Merz, 2005; Cerny, 2011; Martinez, 2012).

Amauromyza (Cephalomyza) monfalconensis (Strobl 1909)

Material examined: 13, Mugla, Sarnic Village, Akbik (37° 01° 41’ N / 28° 05’ 49” E), 30 m.,
11.05.2013 (SW).

Hosts: Rumex sp. (Polygonaceae) (Spencer, 1990).

Distribution: Austria, Czech Republic, Denmark, Estonia, Finland, France, Germany, Great Britain,
Greece, The Netherlands, Hungary, Ireland, Italy, Lithuania, Norway, Portugal, Romania, Slovakia, Spain,
Sweden, Switzerland, Uzbekistan, former Yugoslavia (Spencer, 1976; Cerny & Merz, 2006; Andersen
2012; Martinez, 2012; Cerny, 2009, 2013; Kahanpaa, 2014; Pitkin, 2014).

Genus: Cerodontha Rondani, 1861
Subgenus: Cerodontha Rondani, 1861
Cerodontha (Cerodontha) phragmitophila (Hering, 1935)

Material examined: 1 &, Mugla, Ula, Akyaka (37° 03’ 08" N / 28° 20’ 17°E), 4 m., 16.-22.09.2012
(SW).

Hosts: Phragmites sp. (Poaceae) (Spencer, 1990).

Distribution: Belgium, Bulgaria, Canary Isles, Cyprus, Czech Republic, Egypt, France, Hungary,
Israel, ltaly, Kazakhstan, Pakistan, Poland Spain, Uzbekistan, former Yugoslavia (Serbia, Kosovo,
Voivodina, Montenegro) (Cerny & Merz, 2006; Cerny & Vala, 2006; Cerny, 2011a, b; Martinez, 2012).
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Subgenus: Dizygomyza Hendel, 1920

Cerodontha (Dizygomyza) brisiaca Nowakowski, 1973

Material examined: 1 &, Mugla, Ula (37° 12’ 45" N/ 28° 27’ 42" E), 710 m., 01.05.2013 (SW).
Hosts: Unknown

Distribution: Austria, Czech Republic, Germany, Lithuania, Morocco, Poland (Cerny & Merz, 2006;
Martinez, 2012).

Cerodontha (Dizygomyza) fasciata (Strobl, 1880)

Material examined: 2373, Mugla, Koycegdiz, Toparlar (36° 58 39” N/ 28° 39’ 30" E), 60 m.,
05.05.2013 (SW).

Hosts: Poa chaixii Villars (Poaceae) (Spencer, 1990).

Distribution: Andorra, Austria, Belgium, Bulgaria, Canada, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Great Britain, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, North Korea,
Norway, Poland, Slovakia, Spain, Sweden, United States, former Yugoslavia (Serbia, Kosovo, Voivodina,
Montenegro), Switzerland (Spencer, 1976; Spencer, 1990; de Bruyn & von Tschirnhaus, 1991; Cerny,
2005c; Cerny & Merz, 2006; Cerny, 2007a, b; Martinez, 2012; Pitkin, 2014).

Cerodontha (Dizygomyza) iraeos (Robineau-Desvoidy, 1851)

Material examined: 24J, Mugla, Koycegiz, Toparlar (36° 58’ 39” N / 28° 39’ 30" E), 60 m.,
05.05.2013 (SW).

Hosts: Iris pseudacorus Linneaus (Iridaceae) (Spencer, 1990).

Distribution: Albania, Austria, Belarus, Belgium, Czech Republic, Denmark, Estonia, Finland,
France (including Corsica), Germany, Great Britain, The Netherlands, Hungary, Ireland, Latvia, Lithuania,
Moldavia, Norway, Poland, Romania, Slovakia, Spain, Sweden, Switzerland (Cerny & Merz, 2006;
Martinez, 2012; Pitkin, 2014).

Cerodontha (Dizygomyza) suturalis (Hendel, 1931)

Material examined: 13, Mugla, Kdycegiz, Toparlar (36° 58’ 39" N / 28° 39’ 30" E), 60 m.,
05.05.2013; 13, Mugla, Ula, Akyaka, (37° 03’ 19” N/ 28° 20’ 07" E), 6 m., 28.04.2013 (SW).

Hosts: Bolboschoenus maritimus (Linneaus) Palla,Carex hirta Linneaus (Cyperaceae) (Spencer,
1990).

Distribution: Albania, Austria, Belgium, Bulgaria, China, Cyprus, Czech Republic, Denmark,
Germany, Great Britain, Greece, France, Hungary, Ireland, Israel, Latvia, Lithuania, Poland, Slovakia,
Sweden, Switzerland (Spencer, 1976; Spencer, 1990; de Bruyn & von Tschirnhaus, 1991; Cerny & Merz,
2006; Cerny & Vala, 2006; Cerny, 2009, 2011a, b; Martinez, 2012; Pitkin, 2014).

Subgenus: Icteromyza Hendel, 1931
Cerodontha (Icteromyza) geniculata (Fallen, 1820)

Material examined: 1 &, Mugla, Kéycegiz, Agla village, Gokgeova lake, (37° 03 42" N/ 28° 48’ 28” E),
1750 m., 20.09.2012 (SW).

Hosts: Eriophorum latifolium Hoppe (Cyperaceae) (Spencer, 1990).
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Distribution: Afghanistan, Austria, Bulgaria, China, Czech Republic, Denmark, Estonia, Finland,
France, Germany, Greece, Great Britain, Hungary, The Netherlands, Hungary, India, Iran, Ireland, Israel,
Italy, Japan, Lithuania, Mongolia, Poland, Romania, Russia: Siberia, Slovakia, South Africa, Spain,
Sweden, Switzerland, U.S.S.R. (Former), Tunisia, Ukraine, former Yugoslavia (Spencer, 1976; Ellis,
2014; Cerny, 2010, 20114, b; Martinez, 2012; Pitkin, 2014).

Cerodontha (Icteromyza) rozkosnyi Cerny, 2007

Material examined: 243, Mugla, Ula, Akyaka (37° 03’ 19" N / 28° 20’ 07" E), 6 m., 05.05.2013
(SW).

Hosts: Unknown

Distribution: Czech Republic, Greece, Israel, Morocco, Romania (Cerny, 2011a, b).
Subgenus: Poemyza Hendel, 1931

Cerodontha (Poemyza) muscina (Meigen, 1830)

Material examined: 3 3, Mugla, Ula, Akyaka (37° 03’ 09” N / 28° 20’ 17” E), 4 m., 23.-27.09.2012
(SW).

Hosts: Dactylis sp., Festuca sp., Poa sp. (Poaceae) (Spencer, 1990; Ellis, 2014)

Distribution: Andorra, Austria, Belarus, Belgium, Canada, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Great Britain, Greece, The Netherlands, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Poland, Romania, Russia: Yakutia, Slovakia, Spain, Sweden, Switzerland,
U.S.A., former Yugoslavia (Spencer, 1976; de Bruyn & von Tschirnhaus, 1991; Cerny & Merz, 2006;
Cerny, 2007b, 2011a; Ellis, 2014; Martinez, 2012; Pitkin, 2014).

Cerodontha (Poemyza) phragmitidis Nowakowski, 1967

Material examined: 283 19, Mugla, Ula, Yenice- Marmaris intersection (37° 05’ 59" N / 28°24’ 16” E),
607 m., 15.06.2012 (SW).

Hosts: Phragmites australis (Cavalier) (Poaceae) (Spencer, 1990).

Distribution: Belgium, Czech Republic, Denmark, Estonia, France, Germany, Great Britain,
Hungary, Ireland, Japan, Latvia, Lithuania, The Netherlands, Poland, Russia, Sweden (Scheirs & de
Bruyn, 1992; Spencer, 1976; Martinez, 2012; Pitkin, 2014).

Genus: Napomyza Westwood, 1840
Napomyza scrophulariae Spencer, 1966

Material examined: 18, Mugla, Ula, Akyaka (37° 03" 19" N / 28° 20’ 07" E), 6 m., 28/04-
10/05/2013, 13, Mugla, Kéycegiz, Toparlar, (36° 58’ 39" N / 28° 39’ 30" E), 60 m., 05-07/05/2013 (SW);
243, Mugla, Kotekli, Mugla Sitki Kogman University Campus Area (37° 09’ 42" N / 28° 22’ 21" E), 700
m.,10.05.2013 (MT).

Hosts: Digitalis purpurea Linneaus (Plantaginaceae), Mentha sp. (Lamiaceae) (Spencer, 1972;
Spencer, 1976)

Distribution: Andorra, Czech Republic, Denmark, France, Germany, Great Britain, Ireland, Israel,
Lithuania, Morocco, Norway, Portugal, Slovakia, Spain, Sweden, Switzerland (Spencer, 1976; Cerny
2007b, 2013; Cerny & Merz, 2006, 2007; Martinez, 2012; Pitkin, 2014).
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Genus: Phytomyza Fallén, 1810
Phytomyza evanescens Hendel, 1920

Material examined: 1J, Mugla, Kotekli, Mugla Sitki Kogman University Campus Area (37° 09’ 42” N
/28° 22’ 21" E), 700 m., 10.05.2013 (MT).

Hosts: Ranunculus lanuginosus Linneaus (Ranunculaceae) (Spencer, 1972)

Distribution: Andorra, Austria, Belarus, Belgium, Canada, Czech Republic, Denmark (including
Faroe Is.), Estonia, Finland, France, Germany, Hungary, Iceland, Italy, Lithuania, The Netherlands,
Norway, Poland, Russia (including Yakutia), Slovakia, Spain, Sweden, Switzerland, United States,
Yugoslavia (Spencer, 1976; Cerny, 2005c, 2007b; Martinez, 2012).

Phytomyza kyffhusana Hering, 1928

Material examined: 1 &, Mugla, Ula, Akyaka (37° 03’ 08" N / 28° 20’ 17°E), 4 m., 16.-22.09.2012
(SW).

Hosts: Helichyrysum sp. (Asteraceae) (Pitkin, 2014).

Distribution: Austria, Czech Republic, Germany, Lithuania, Poland, Switzerland (Cerny & Merz,
2005; Martinez, 2012).

Conclusion

All of the above mentioned 19 species were recorded for the first time in Turkish in the family,
Agromyzidae fauna. In this way, the number of Agromyzidae species is now increased to 208 species
from 189 species.

It has been estimated that although there are approximately 30.000 insect species contemporary
known from Turkey, the actual number of species may be between 60.000 and 80.000 (Anonymous,
2009). This study registers 19 additional species that belong to Agromyzidae family. 13 are known to be
pests that are capable to damage plants especially from Poaceae, Apiaceae, Fabaceae, Salicaceae,
Lamiaceae, Polygonaceae, Iridaceae, Cyperaceae, Ranunculaceae and Asteraceae families (Spencer,
1990). Among the species registerated in this study, it is known that A. mobilis, C. (D.) fasciata and
C. (P.) muscina damage economically Poaceae species (Spencer, 1990; Ellis, 2014). Also
A. (C.) labiatarum and N. scrophulariae may give rise to important losses in Melissa officinalis and
Mentha sp. (Spencer, 1990). Ophiomyia slovaca is pest for the vetch (Vicia sp.) used as fodder
(Pakalniskis, 1996; Guglya, 2013). In addition to that, it is known that A. (C.) monfalconensis,
C. (D) suturalis, C. (I.) geniculata, Phytomyza evanescens and Hexomyza simplicoides species bring
about economical losses to Rumex sp. (Polygonaceae), Carexhirta, Eriohorumlatifolium (Cyperaceae),
Ranunculus lanuginosus (Ranunculaceae) and Salix caprea (Salicaceae) plants, respectively (Spencer,
1990).

Biological control of weeds is successfull in many situations. Using herbicides may affect negatively
environment and human health (Kolpin et al., 1998). Agromyza spenceri, C. (C.) phragmitophila and
C. (P.) phragmitidis feed on Phragmites spp. (common reed). Tewksbury et al. (2002) noticed their
potential for control of Phragmites populations. Also Ophiomyia rostrata is the pest of Convolvulus
arvensis (field bindweed) (Ostrauskas et al., 2003). We consider important that four of the newly found
species maybe used as weed control agents.
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Cicer turlerinde yaprak galeri sinegine [Liriomyza cicerina Rond.
(Diptera: Agromyzidae)] dayaniklihgin gelistiriimesi

Cengiz IKTEN" Fatma Oncii CEYLAN?  Cengiz TOKER?

Summary

Chickpea (Cicer arietinum L.) leaf miner [Liriomyza cicerina Rond. (Diptera: Agromyzidae)] is one of the main
insect pests of chickpea since it causes substantial yield losses in Turkey. The most efficient practical, environmental
and economical solutions to overcome leaf miner damage in chickpea is the utilization of resistant cultivars. The
present study aims selecting resistance for leaf miner via mutation breeding in two Cicer species viz. C. arietinum L.
and C. reticulatum Ladiz. Genotypes were irradiated with 200, 300 and 400 Gy gamma rays. A total of 20 genotypes
consisting of eight mutants, nine breeding lines, and two susceptible controls and one resistant control were
compared for resistance to leaf miner for two years. A highly pigmented mutant of C. reticulatum with multipinnate
leaves was highly resistant to leaf miner comparing with the controls and breeding lines under field conditions. It may
be useful to develop cultivars for resistance to leaf miner since C. reticulatum can be easily crossed with the
cultivated chickpeas.

Keywords: Chickpea, Cicer reticulatum, leaf miner, Liriomyza cicerina

Ozet

Nohut (Cicer arietinum L.) yaprak galeri sineg@i [Liriomyza cicerina Rond. (Diptera: Agromyzidae)] dikkate
deger verim kayiplarina yol actigi icin Turkiye’deki en 6énemli ve yaygin zararlilardan biridir. Nohutta yaprak galeri
sinegi zararinin ustesinden gelmek igin en etkili, pratik, gevreci ve ekonomik ¢dzumlerden biri dayanikl cesitler
kullaniimasidir. Bu ¢alisma C. arietinum ve C. reticulatum turlerinin dahil oldugdu iki Cicer tlrinde mutasyon islahi ile
yaprak galeri sinegine dayanikli mutant segmeyi amaglamistir. Genotipler 200, 300 ve 400 Gy gamma iginlari ile
isinlanmistir. Sekiz mutant, dokuz islah hatti, iki hassas kontrol ve bir dayanikli kontroli iceren toplam 20 genotip
yaprak galeri sinegine dayaniklilik i¢in iki yil karsilastiriimiglardir. C. reticulatum’un koyu pigmentli ve ¢ok yaprakcikli
bir mutanti yaprak galeri sinegine bulasmis dogal epidemi kosullarinda yaprak galeri sinegine karsi ¢ok dayanikli
olarak bulunmustur. C. reticulatum kultird yapilan nohutlarla kolayca melezlenebildigi icin yaprak galeri sinegine karsi
dayanikli gesit gelistirmede kullanisli olacaktir.

Anahtar s6zciikler: Nohut, Cicer reticulatum, yaprak galeri sinegi, Liriomyza cicerina
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Introduction

The genus Cicer L. consists of 49 taxa including 40 perennial and nine annual taxa along with the
cultivated chickpea, Cicer arietinum L. (Van der Maesen et al., 2007; Donmez, 2011; Smykal et al., 2015).
Based on their crossabilities, Cicer species have commonly been grouped into three gene pools.
The primary gene pool of the cultivated chickpea consists of the C. reticulatum Ladiz. known as a
progenitor of the cultivated chickpea (Ladizinsky & Adler, 1976) and C. echinospermum P.H. Davis.
These two annual wild species can easily be crossed with the cultivated chickpea via conventional
hybridization techniques (Muehlbaueret al., 1994). The cultivated chickpea contains two different groups
as 'macrosperma’ or 'kabuli’ and 'microsperma’ or 'desi'’ based on seed and plant characteristics
(Muehlbauer & Singh, 1987).

The cultivated chickpea is placed first among cool season food legumes on the basis of harvested
area in the world (FAOSTAT, 2013). Globally, the production is about 13.1 million t from 13.5 million ha
areas, with an average yield of 968 kg per ha. In Turkey, 506,000 t chickpea is produced from 423,557 ha
areas with an average yield of 1,195 kg per ha. Due to biotic and abiotic stresses, average seed vyield is
considered to be low globally.

Among biotic stresses, chickpea leaf miner [Liriomyza cicerina Rond. (Diptera: Agromyzidae)] is
one of the most widespread insect pests in the Mediterranean region (Reed et al.,, 1987; Singh &
Weigand, 1994; El —Bouhssini et al., 2008) including Turkey (Giray, 1970; Karman et al., 1970; Cikman &
Civelek, 2006; Cikman et al., 2006; Toker et al., 2010; Toker et al., 2012b). It was recorded in the former
USSR, Iraq, Iran, Afghanistan (Van der Maesen, 1979; Reed et al., 1987). The female flies puncture the
leaves and leaflets with their ovipositors and inserts about six eggs into upper epidermis of leaf. After four
days, when eggs hatched, the larvae bore in to leaves and mine tunnels through the parenchyma tissue
(Giray, 1970; Reed et al., 1987). Yield reduction in chickpea due to leaf miner damage ranges from 20%
to 40 % (Reed et al.,, 1987). Several integrated pest management (IPM) tools including cultural
approaches, chemicals, host plant resistance and biological agents can be utilized for control of chickpea
leaf miner. Chemical insecticides can bear both health and environmental risks. Also, the farmers living in
marginal areas do not prefer to use chemical insecticides in chickpea fields due to increasing unit costs.
For the control of leaf miner, the most suitable applications are believed to be cultural and biological
practices, and host plant resistance (Weigand, 1990; Singh & Weigand, 2006). Hence, improvement of
chickpea cultivars for resistance to leaf miner is an immense part of IPM and requires highly resistant
parents. The present study deals with screening and selection for resistance to leaf miner via mutation
breeding in two Cicer species.

Materials and Methods
Plant materials

The study utilized 20 genotypes containing mutants, improved lines selected for resistance to leaf
miner and control lines (Table 1 and 2). In a previous study, three genotypes of C. arietinum L. and one
genotype of C. reticulatum Ladiz. were subjected to 200, 300 and 400 Gy gamma rays from a ®Co
source in the Turkish Atomic Energy Agency (TAEK), Ankara, Turkey (Toker et al., 2005). Mutant
generations from M; to Ms were screened in the field for breeding characteristics as described by Toker et
al. (2012a,b). Mutant selection criteria was based on changes of agronomic characters such as leaf
shape, pod number, flower color and seed type of originating parent. In field screening process, some
mutant lines showed differential response to leaf miner damage and these mutant lines were selected for
further trials to elucidate their performance compared to ICARDA developed leaf miner resistance (LMR)
lines (Table 2). In resistance trials, the mutant lines were in Mg and M- generation and their appearances
and resistance status were stable from generations to generations indicating homozygosity of mutant
lines.
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Table 1. Leaf shape of mutants Cicer arietinum and their parents

Mutant genotypes Species Parents of mutants Irradiation dose Leaf shaoe

Parent Mutant
ACC 2208-1M C. arietinum CA 2969 200 Fern/Normal Simple
ACC 5406M C. arietinum ICC 4951 400 Fern/Normal Simple
ACC 3305-1M C. arietinum ICC 6119 300 Multipinnate Simple
ACC 3305-2M C. arietinum ICC 6119 300 Multipinnate Simple
ACC 3224M C. arietinum ICC 6119 200 Multipinnate Multipinnate
ACC 3204M C. arietinum ICC 6119 200 Multipinnate Multipinnate
ACC 3405M C. arietinum ICC 6119 400 Multipinnate Multipinnate
AWC 612-1M C. reticulatum AWC 612 200 Fern/Normal Multipinnate

Between 2010 and 2012 growing seasons, a total of 20 genotypes including eight mutants, nine
breeding lines and three controls were screened for resistance to leaf miner (Table 1 and 2). The
breeding lines affixed as LMR and FLIP from the International Center for Agricultural Research in the Dry
Areas (ICARDA) were improved for resistance to leaf miner (Table 2). ICC 6119 was used as resistant
control, while ILC 3397 and Sierra were used as susceptible controls (Table 2).

Table 2. Leaf shape of breeding Cicer arietinum and control lines

Breedina/Control lines  Species Leaf shape Breedina/Control lines  Species Leaf shape
LMR 57 C. arietinum Normal LMR 200 C. arietinum Multininnate
LMR 60 C. arietinum Normal FLIP 2005-1C C. arietinum Normal
LMR 154 C. arietinum Multipinnate FLIP 2005-7C C. arietinum Normal
LMR 161 C. arietinum Multipinnate ICC 6119 C. arietinum Multipinnate
LMR 162 C. arietinum Multipinnate Sierra C. arietinum Simple
LMR 165 C. arietinum Normal ILC 3397 C. arietinum Normal

Agronomic practices

Before sowing, experimental area was fertilized with N, P and K (20:20:20) at a rate of 20 kg per
ha. Weeds in the experimental areas were pulled by hand during seedling stage. Genotypes were grown
in rainfed conditions without irrigation. The susceptible controls ILC 3397 and Sierra were repeated every
two test rows. The plant materials were sown in two replicates in 4 m long rows with a row to row and
plant to plant distance of 45 cm and 5 cm, respectively.

Evaluation of chickpea genotypes for resistance to leaf miner

Plants were evaluated for resistance to leaf miner under field conditions using a 1-9 scale as
described by Toker et al. (2010) in Table 3.

Table 3. A visual 1-9 scale for resistance to leaf miner in Cicer species (Toker et al., 2010)

Resistance rating Reaction to leaf miner Appearance of genotypes

1 Very highly resistant Free from any damage

2 Highly resistant A few mines evident after careful observation

3 Resistant A few mines in less than 20% of the leaflets, no defoliation

4 Moderately resistant Mines present in 21 to 30% of the leaflets, no defoliation

5 Tolerant Mines present in 31 to 40% of the leaflets, some defoliation in the lower half of plants
6 Moderately susceptible  Many mines in 41 to 50% of the leaflets, defoliation of 10% of the lower leaflets

7 Susceptible Many mines in 51 to 70% of the leaflets, defoliation of 10 to 20% of the leaflets

8 Highly susceptible Many mines in 70 to 90% of the leaflets, defoliation of 20 to 30% of the leaflets

9 Very highly susceptible  Many mines in almost all of the leaflets (90%) and defoliation greater than 31%
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This scale is based on visual observations of two main damages caused by leaf miner. One is the
extent of mines on chickpea leaflets and the other is defoliation rate of leaflets following mining damage.
Screening was repeated during seedling, flowering and mid-podding stages and the highest visual scores
were recorded for each genotype.

Agro-morphological characteristics

Some agro-morphological characteristics; days to flowering (DFL), plant height (PLH), canopy
width (CAN), first pod height (FPH), stems per plant (SPP), pods per plant (PPP), biological yield (BIY),
seed yield (SEY), 100-seed weight (HSW), pigmentation (PIG) or flower color (FLC) and leaf shape (LES)
of the genotypes were recorded for assessment of relationships between leaf miner resistance (LMR) and
agro-morphological characteristics.

Climatic conditions

Weather in the experimental plots during growing seasons was typically warm. Temperature
gradually rises during spring months, while rainfall drastically drops in spring months. During the cropping
season, maximum temperature reaches about 30°C during the flowering and 35°C during the pod filling
stages.

Statistical analyses

MINITAB 13.1 was used for calculations of means * standard errors, analysis of variation
(ANOVA), and correlations. Data on resistance to leaf miner was converted from scale to percentage
prior to ANOVA.

Results and Discussion

Genotypic effects for resistance to leaf miner and agro-morphological characteristics were found to
be statistically significant (P < 0.01). Genotype by year interaction was insignificant for resistance to leaf
miner (P < 0.05). The scale data on resistance to leaf miner ranged from 1 to 9 score. Minimum and
maximum values (range) for days to flowering (50%) were 43 and 64 days, respectively. Ranges for plant
height and canopy width were detected between 9-59 cm and 15-49 cm, respectively. Range for first pod
height was between 0 and 35 cm. Ranges for stems and pods per plant were found as 1-3 and 0-49,
respectively. Range for biological yield per plant was recorded from 10 g to 890 g, whereas seed yield
was found between 2 g and 352 g per plant. Range for 100-seed weight was between 12 g and 57 g
(Table 4).

Table 4. Descriptive statistics and ANOVA for resistance to leaf miner and agro-morphological characteristics over 20 genotypes

Characteristics Mean +SE Minimum Maximum F values  Probability

Resistance to leaf miner (1-9) 4.96+0.2 1 9 86.99 >0.001
Days to flowering (50%) 50.39+0.3 43 64 3.91 >0.001
Plant height (cm) 45.54+0.6 9 59 3.16 >0.001
Canopy width (cm) 24.49+0.5 15 49 461 >0.001
First pod height (cm) 21.39+0.5 0 35 4.37 >0.001
Stems per plant (number) 1.30+0.1 1 3 4.04 >0.001
Pods per plant (number) 20.44+0.7 0 49 3.99 >0.001
Biological yield (g) 386.40+11.2 10 890 3.47 >0.001
Seed vield (g) 171.65+4.8 2 352 2.83 >0.001
100-seed weight (g) 35.93+0.8 12 57 24.30 >0.001
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AWC 612-1M selected from AWC 612 (C. reticulatum) was free from leaf miner damage with a
given score of 1.00. Some mutants (ACC 3204M, ACC 3405M and ACC3224M) and breeding lines (LMR
57, LMR 60, LMR 154, LMR 161, LMR 162, LMR 165, LMR 200, FLIP 20051C, FLIP 2005-7C) from
ICARDA were found as resistant as the control line (ICC 6119). Expectedly, Sierra and ILC 3397 were
found to be susceptible to leaf miner with scores of 7.50 and 9.00, respectively. The mutants, ACC 2208-
1M, ACC 3305-1M and ACC 3305-2, were susceptible having the score of 8.00, 7.75 and 7.75,
respectively (Fig. 1). AWC 612-1M had multipinnate leaf shape with dark pigmentation on plant (Fig. 2),
whereas its parent AWC 612 had normal leaf shape with lighter pigmentation. AWC 612-1M was the most
resistant chickpea among breeding lines, mutants and controls (Fig. 1).

O NWRUGOSN®W
1

Leaf miner resistance score (1-9)

ACC5406M

ACC 2208-1M
ACC 3305-1M
ACC 3305-2M
ACC3224M
ACC3204M
ACC 3405M
AWC 612-1M
FLIP 2005-1C
FLIP 2005-7C

Multipinnate

Figure 1. Leaf miner resistance scores in 20 Cicer genotypes. Bars show means * standard errors over two years.

Figure 2. ILC 3397 (leaf miner susceptible control), AWC 612-1M (leaf miner resistant mutant), Sierra (Leaf miner susceptible
control) and AWC 612-1M, respectively (from left to right).

LMR score was statistically and significantly correlated with 100-seed weight (r = 0.719**)
indicating that the leaf miner resistant genotypes had mostly small seeds. Muelbauer & Singh (1987)
reported that there was a positive relationship between large leaf and large seed size. Leaf miner
resistance score was significantly and negatively related with leaf shape (r = -0. 682**) explaining that the
resistant genotypes had generally multipinnate leaf (Fig. 2). There was also significant correlation
between leaf miner resistance and days to flowering (r = -0. 481*") indicating that late flowering
genotypes were less affected by leaf miner damages in Table 5.
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Table 5. Correlation matrix between leaf miner resistance and agro-morphological characteristics in 20 Cicer genotypes

Traits DFL FLC PLH SPP FPH CAN PPP LES BIY SEY HSW
FLC 0.251

PLH -0.560**  -0.270

SPP 0.383** 0.146 -0.226

FPH -0.075  -0.200 0.281 0.925**

CAN 0.221 0.182 -0.035 0.453**  0.004

PPP 0.203 0.455**  -0.125 0.387**  0.002 0.471*

LES 0.336* 0.152 -0.163 -0.035 0.220 -0.224 0.077

BIY -0.314* -0.311* 0.465**  -0.007 0.209 0.189 0.136 -0.132

SEY -0.458**  -0.263 0.416** -0.167  -0.060 0.095 0.075 -0.335* 0.756**
HSW -0.628**  -0.332* 0.469**  -0.378** -0.147 -0.146 -0.454*  -0.612 0.293 0.511**
LMR -0.481*  -0.118 0.282 -0.299  -0.310* -0.277 -0.370* -0.682**  -0.042 0.258  0.719**

The values marked * and ** are statistically significant at 0.05 and 0.01 probability levels, respectively.

The larger leaflet size is considered as an indicator of the more leaf miner per leaf (Toker et al.,
2010). The findings on resistance to leaf miner in the present study are in agreement with the report of
Toker et al. (2010). In the present study, leaf miner resistance was the highest among genotypes with
multipinnate leaves followed by normal ones, while genotypes with simple leaves were found to be
always susceptible (Figs. 1-2). In addition to genotypes having multipinnate leaf shapes, some breeding
lines with normal leaf shape from ICARDA were resistant to leaf miner. Comparable results were given in
the study of EI-Bouhssini et al. (2008). In the present study, however, the resistance levels in normal leaf
shaped-genotypes were not as high as multipinnate leaf shaped-genotype AWC 612-1M (Fig. 2).
Sithanantham and Reed (1980) pointed out that leaf miner damage was higher in genotypes with larger
leaflets than small leaflet ones. In current study, simple leaf shaped mutant lines (ACC 3305-1M and
ACC3305-2M) derived from resistant multipinnate parent ICC 6119 were as susceptible as control lines
(Fig. 1). This result further indicates that large leaflet supports more leaf miner than smaller ones.

Singh & Weigand (1994) screened over 7000 chickpea germplasm for resistance to leaf miner.
However, the study did not report any highly resistant genotypes. Reed et al. (1987) identified 21
chickpeas as moderately resistant after screening of 9500 genotypes. Singh & Weigand (2006) improved
three chickpea germplasm lines resistant to leaf miner having multipinnate leaf types. These genotypes
were further validated by Toker et al. (2010). Seven chickpea breeding lines were reported as resistant to
leaf miner (Malhotra et al., 2007). These resistant genotypes were used as parent in breeding programs
in ICARDA. As for wild Cicer species, Singh & Weigand (1994) found leaf miner resistance in C.
cuneatum Hochst. ex Rich.,C. judaicum Boiss., C. pinnatidum Jaub. & Spach. and C. reticulatum Ladiz.
after screening of 200 lines representing eight wild Cicer species. Similarly, Robertson et al. (1995) found
leaf miner resistance in C. bijugum K.H. Rech., C. echinospermum P.H. Davis, C. pinnatifidumJaub. &
Spach., C. judaicum Boiss., C. chorassanicum (Bge) M. Pop., and C. reticulatum Ladiz. In the present
study, AWC 612-1M was found as highly resistant to leaf miner (Figs. 1-2). Unlike the cultivated
chickpeas, this mutant was free from leaf miner damage probably since it had very tinny leaflets (Fig. 2).
This is the first report on C. reticulatum with multipinnate leaf since all accessions of C. reticulatum have
normal leaves (Robertson et al., 1995).

The unique mutant AWC 612-1M is under use in breeding programs through conventional breeding
methods since it can easily be crossed with the cultivated chickpea. In this sense, the present study is
one of the useful examples to improve of resistance to leaf miner via mutation breeding.
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Orijinal aragtirma (Original article)

Turkiye icin yeni bir zararh Ricania simulans (Walker, 1851)
(Hemiptera: Ricaniidae)*

Ricania simulans (Walker, 1851) (Hemiptera: Ricaniidae) a new pest for Turkey

Kibar AK*  Saban GUCLU® Cafer EKEN*  Reyhan SEKBAN?®
Summary

This study was carried out to determine distribution, host plant and biology of Ricania simulans (Walker)
(Hemiptera: Ricaniidae) in Eastern Black Sea Region of Turkey between 2009 and 2011. There is no important plant
pest in the Eastern Black Sea Region of Turkey except this species. However, population of R. simulans being
harmful in many wild and cultivated plant species in both nymphal and adult stages has been increased since 2009.
As a result of this study, it was determined that R. simulans has been widespread on coastal areas of Eastern Black
Sea Region of Turkey with an extensive host range including elderberry, bean, kiwifruit, wild blackberries, hydrangea,
fig tree, alder, cherry laurel, tea tree and grapevine. Nymphs of the pest emerge in the middle of May and it has 5
nymphal stages, the adults emerge early July and started to lay their eggs in early August, overwinter as eggs and
gives one generation in a year.

Keywords: Ricania simulans, Eastern Black Sea Region, distribution, host, biology

Ozet

Bu calisma, Turkiye'nin Dogu Karadeniz Bolgesi'nde zararli olan Ricania simulans (Walker) (Hemiptera:
Ricaniidae)'in yayihsini, konukgularini ve biyolojisini belilemek amaciyla 2009-2011 yillari arasinda yuratilmustur.
Bu zararli disinda Dogu Karadeniz Bélgesi'nde Uriinlerde miicadeleyi gerektirecek dnemli zararlilar mevcut degildir.
Fakat nimf ve erginleri birgok yabani ve kultir bitkisinde zararl olan R. simulans'in populasyonu 2009 yilindan beri
artmaktadir. Bu ¢alisma sonucunda R. simulans’in Dogu Karadeniz Bdlgesi sahil kesiminin tamaminda yayildigi
tespit edilmistir. Zararlinin en 6nemli konukgularinin murver, fasulye, kivi, yabani bégirtlen, ortanca, incir, kizilagag,
karayemis, ¢ay ve asma oldugu belirlenmistir. Nimfler Mayis ortasindan itibaren ¢ikarak 5 nimf dénemi gecirmekte,
erginler ise temmuz basinda gikarak yumurtalarini agustos basindan itibaren koymakta, kisi yumurta doneminde
gegirerek yilda bir nesil vermektedir.

Anahtar so6zciikler: Ricania simulans, Dogu Karadeniz, yayilis, konukgu, biyoloji
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Giris

Dogu Karadeniz Boélgesi ¢ay, findik ve kivi Gretimi bakimindan Turkiye’nin en énemli bolgesidir.
Tarkiye’deki findik Gretiminin % 10’u, 64.000 hektar Uretim alani bulunan Trabzon bdélgesinde (Trabzon-
Artvin) gerceklestiriimektedir (Yavuz, 2007). Karadeniz Bolgesi kivi Uretiminin de en 6nemli merkezi
durumunda olup, 12.112 dekar dretim alani ve 17.841 tonluk Uretim ile Tarkiye Uretiminin % 67’ini
karsilamaktadir (Kontas, 2012). Cayda ise durum daha farkli olup Trabzon, Rize ve Artvin illerinde 74.396
hektar alanda yaklasik 1 milyon 100 bin ton Uuretim ile Tirkiye'nin toplam dretiminin % 97’sini
karsilamaktadir (Paksoy et al., 2006).

Dogu Karadeniz Bdlgesi’'nin tarimsal yonden diger bir 6zelligi de yetistirilen Grlnlerde kimyasal
mucadeleyi gerektirecek yogunlukta hastalik ve zararhlarin bulunmamasidir. Bu baglamda &zellikle gay
plantasyonlarinda zararlilar yoninden dogal denge olusmus ve herhangi bir kimyasal mucadele
yapilimamaktadir. Buna benzer bir sekilde findik alanlarinda bazi yerlerde ilaglama yapilmamakla birlikte
bazi bahgelerde ilaglama yapilmakta, ancak kivi bahgelerinde herhangi bir kimyasal micadele
yapilmamaktadir. Bunlarin disinda geleneksel olarak aile ihtiyaglarina yonelik yetistirilen diger sebze,
meyve ve tarla Urlnlerinde de herhangi bir kimyasal uygulama yapilmamaktadir. Ancak, 6-7 yil dncesine
kadar Tirkiye’de bulunmayan ve anavataninin Cin oldugu bilinen (Tsaur, 2005) Ricania simulans
(Walker, 1851)'in Glkemizdeki yayilis alani ve populasyonu gliinden guine artmaktadir.

Ricaniidae, Fulgoroidea (Hemiptera) st familyasinda yer alan kiigik familyalardan birisidir. Diinya
genelinde 40 cins igerisinde yer alan yaklasik 400 turd vardir (Chou et al., 1985). Turler daha ok
Afrotropical, Australian ve Oriental bdlgelerde, az sayida tir ise Palaearktik bolgede bulunur. Imura
(2003), R. simulans’in nimf ve erginlerinin bir yabanciot tirl olan Solanum carolinense L. (Solanaceae)
ve cesitli familyalardan bircok bitki tlr( Gzerinde bulundugunu, bitkilerin sap kismindan bitki 6zsuyu
emerek beslendigini bildirmektedir. Avidzba & Bobokhidze (1982), zararlinin 1956 yilinda Abhazya’'da
(Rusya) tespit edildigini, Karadeniz’in subtropik sahilleri boyunca yayilarak Kafkasya'ya ulastigini;
bogurtlen, g¢ay, asma, turunggiller, seftali ve soya fasulyesi gibi bitkilerde beslendigini, Dzhashi et al.
(1982) ise zararlinin, Gurcistan'in giineyinde, kisi yumurta doneminde gegirerek yilda bir dol verdigini
bildirmektedir. Bunlarin disinda R. simulans’in ekonomik zarari ile ilgili kayda rastlaniimamasina karsin,
Avusturalya ve Yeni Zelanda’'da, ayni familyaya ait ve biyolojileri R. simulans ile benzer olan Scolypopa
australis (Walker)’'in 6nemli bir zararli oldugunu, kivi ve diger bazi kiltir birkileri ile birgok yabanci ot
tirinde yaygin olarak bulundugu, kivinin tehlikeli bir zararlisi oldugu ve kivi bahgelerinde bu zararliya
karsi genis spektrumlu ilaglarin kullanildigi belirtiimektedir (Logan et al., 2002; Charles et al., 2004).

Uzak Dogu kokenli olan bu zararlinin, Rusya ve Gircistan’da 30 yildan daha uzun bir slredir
bulundugu anlasiimaktadir (Avidzba & Bobokhidze, 1982; Dzhashi et al., 1982). Gurcistan ile Tirkiye
arasindaki sinir haraketliligi nedeniyle buradan gelen bulasik bitki materyalleri ile zararlinin lkemize
bulastigi disiniimektedir.

Tarkiye'de R. simulans’a karsi ilk defa genis kapsamli olarak yapilan bu g¢aligma ile zararlinin
bdlgede yayilisi, konukgulari ve biyolojisi ortaya konulmustur.

Materyal ve Yontem

Calismanin ana materyalini Ricania simulans’in yumurta, nimf ve erginleri ile konukgulari
olusturmustur.

Konukgulari, yayiligi ve yogunlugu

Zararlinin yayilig ve yogunlugunun belirlenmesi ile ilgili calismalar Dogu Karadeniz Bdlgesi'nde
Artvin ilinde, Hopa ve Arhavi ilgeleri; Rize ilinde, Findikli, Ardesen, Pazar, Cayeli, Merkez, Derepazari ve
iyidere ilceleri, Trabzon ilinde ise Of, Siirmene ve Arakli ilgelerinde (Sekil 1), bu ilgeleri temsil eden farkli
yonlerdeki en az u¢ kdydeki farkli bahgelerde yapilmistir. Belirtilen yerlere nimflerin yogun oldugu haziran
ayinin ortalarinda birer hafta arayla gidilerek érnekleme yapilmistir. Bitkilerin yaklasik 20 cm’lik strgtnleri
Uzerinde bulunan nimfler sayilmis ve her bir konukgudan en az 10 bitkide sayim yapilarak farkl
konukgular arasindaki tercih durumlari da ortaya konulmustur. Yogunluk belirlenmede zararlinin koloni
olusturdugu bitkiler dikkate alinmistir. Arazide teghisi yapilamayan bitkiler uygun sekilde kurutularak ilgili
uzmanlara teshis ettirilmigstir.
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Sekil 1. Galismanin yapildigi bolge.

Biyolojisi

Yumurta birakma yerlerinin belirlenmesine yonelik ¢calisma 2010-2011 yillarinda yuaratalmas olup
bu amacla 80x80x80 cm dlclulerinde 4 adet kafes kullaniimistir. Kafeslerden her birine bélgede yaygin
olarak gorillen gay, asma, kivi, mandarin ve elma fidanlarindan birer adet konulmustur. Bu kafeslerin her
birine temmuzun ikinci yarisindan itibaren, erginler yumurta birakmaya baslamadan énce 30 ergin erkek
ve 20 ergin disi salinmistir. Kafesler korunakli ve dogal sartlar iceren Caykur Genel Muadurligd’'ntn
deneme alanina (Hayrat Fidanhgi) yerlestirilmisti. 2010 yilinda kafeslere erginler 02.08.2010, 2011

yilinda ise 11.08.2011 tarihinde konularak, erginlerin tamami oliinceye kadar tutulmustur. Kafesler
kaldirildiktan sonra her bir konukguda yumurta dizini ve yumurta sayilari sayilarak dederlendirilmistir.

Dogada R. simulans’in biyolojisi ile ilgili galismalar 2009-2011 yillarinda, zararlinin yogun olarak
bulundugu Rize ilinde yuratiimustir. Mayis’in ikinci yarisindan itibaren gunlik periyotlarla nimf c¢ikisi,
haziranin son haftasindan itibaren ergin ¢ikisi, agustos ayinin basindan itibaren de erginlerin yogun
olarak bulundudu bitkilerin sirgunleri kontrol edilerek yumurta koyma tarihleri belirlenmistir.

Ayrica, 2009 ve 2010 yillarinda nimfler ilk gortldigu tarihten itibaren, bitin bireyler ergin oluncaya
kadar, her hafta nimf drnekleri alinarak alkol icerisinde laboratuvara getirilmistir. Bunlar laboratuvarda,
doénemlerine goére ayrilarak saylimis ve bdylece her bir nimf déneminin géruldigid dénemler belirlenmistir.

Arastirma Sonuglan ve Tartisma
Konukgulari, yayilisi ve yogunlugu

Calisma sonucunda zararlinin, Dogu Karadeniz Bélgesi'nde Sarp sinirindan (Hopa) baslayarak
Trabzon’un Arakl ilgesine kadar olan sahil kesiminde yayilis gosterdigi belirlenmistir.

Artvin ilinde ¢alisma yapilan alanlarda zararlinin en yogun bulundugu bélgenin Kemalpasa oldugu
(27 nimf/strglin) tespit edilmistir. Kemalpasa, Gurcistan sinirina en yakin boélgedir. Sirasiyla bu ilgeyi
Hopa (9 nimf/slrgiin) ve Arhavi (7 nimf/strgin) izlemistir.
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Rize’de zararlinin en yogun bulundugu ilgenin lyidere (25 nimf/siirgiin) oldugu ve bunu Derepazari
(23 nimf/sirgin) ve Merkez ilgenin (8 nimf/siirglin) takip ettigi belirlenmistir. Rize’nin dogu ilgelerinde
(Findikli, Ardesen, Pazar ve Cayeli) zararliya daha disik yodunlukta (3-5 nimf/sirglin) rastlanmistir. Bu
ilcelerdeki Ureticilerin zararlinin varliindan haberdar olmadiklari, zararlinin nimf ve erginlerinin dikkat
cekmedigi belirlenmistir.

Trabzon ilinde ise populasyonu en yogun ilgenin Siirmene (10 nimf/strgin) oldugu, Stirmene’yi Of
(4 nimf/strgin) ve Arakl'nin (3 nimf/sirgiin) takip ettigi tespit edilmistir. Sirmene haricinde diger
ilcelerdeki ciftgilerin zararlinin varligindan haberdar olmadiklarini belirtmiglerdir. Araklinin batisinda kalan
ilcelerde (Arsin ve Yomra) ve Trabzon (Merkez) de zararl tespit edilmemisgtir.

Zararlinin nimflerine bélgede yaygin olan bitkilerden en ¢gok murver (Sambucus spp.), fasulye, kivi,
yabani bégurtlen, ortanca (Hydrangea macrophylla Thunb. (Hydrangeaceae), incir, kizilagag, karayemis
(Prunus laurocerasus L. (Rosaceae), ¢ay ve asmada rastlanmakta olup bu bitkilerdeki ortalama
yogunlugu sirasiyla 33,85; 27,60; 22,25; 19,75; 19,08; 16,50; 14,20; 12,42; 10,20 ve 8,92 nimf/siirgin
olarak belirlenmistir. Ayrica zararliya egrelti otu, 1sirgan, findik, akasya, pelin (Artemisia absinthium L.
(Asteraceae) yeni dinya, lavanta, U¢ yaprak (Poncirus trifoliata (L.) (Rutaceae), ceviz, yabani hurma,
elma, mandalina, kestane, hiyar ve patlicanda da yer yer yogunluk olusturmaktadir.

Nimfler ilk 6nce tarim alanlarinin kenarinda yer alan mirver, yabani bégurtlen, 1sirgan ve pelin gibi
yabanci otlar, ¢it bitkileri ve asma gibi yumurtalarin yodun olarak birakildidi bitkilerde gértlmekte ve daha
sonra buralardan kultir bitkilerine gegmektedir. Findik, Kkivi, kizilagag, karayemis ve incir gibi
konukgularin daha ¢ok dip sirgunleri ve taze ug¢ sirglnlerinde beslenmektedir. Kiltlr bitkilerinden
fasulyede ozellikle ciceklenme doneminde yodun olarak zarar yapti§i, ayrica hiyar ve patlican gibi
sebzelerde de beslendigi tespit edilmistir. Ancak bu sebzeler ticari amagcla yetistirilen bitkiler olmayip,
kuguk bahgelerde Ureticilerin kendi inhtiyaglarini karsilamak icin yetistirdigi yerel ¢esitlerden olusmaktadir.

Biyolojisi
Kafeslerde yapilan galismada, zararlinin yumurta birakmak igin daha ¢ok asma ve cay bitkisini
tercih ettigi belirlenmistir (Cizelge 1).

Cizelge 1. Kafeslerde yumurta birakilan sirgin ve her bir stirgiindeki yumurta sayisi

I. Kafes IIl. Kafes 1ll. Kafes IV. Kafes Toplam Ortalama
Taplu
. Yil
Fidanlar YSs sSS Ys
SS YS SS YS SS YS SS YS SS

2010 1 20 1 35 2 17 2 150 6 222 1,50 37,00
Asma

2011 1 56 2 44 6 153 2 71 11 324 2,75 29,46

2010 4 108 3 63 3 74 9 156 19 401 4,75 21,10
Cay

2011 2 40 3 65 4 80 2 19 11 204 2,75 18,55

2010 - - - - - - - - 0 0 0,00 0,00
Kivi

2011 - - - - - - 1 35 1 35 0,25 35,00

2010 - - - - 1 20 - - 1 20 0,25 20,00
Mandarin

2011 4 27 9 102 - - - - 13 129 3,25 9,92

2010 - - - - - - 1 20 1 20 0,20 20,00
Elma

2011 - - - - - - - - 0 0 0,00 0,00

SS-Bulasik siirglin sayisi, YS-Yumurta sayisi.

Yapilan gézlemlerde zararlinin yumurta birakma tercihinde en énemli faktérin, bitki tiriinden gok,
konukguda yumurta koymaya elverigli surgunlerin bulunup bulunmamasi oldugu belirlenmistir. Zararli
yumurta koymak igin daha cok kuru ya da kurumaya yuz tutmus sirglnleri tercih etmektedir. Cayin
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periyodik olarak hasat edilmesi sonucu kesilen sirgiinlerden geriye kalan 1-2 cm uzunluktaki kisimlar
kurumakta ve kurumus olan bu kisa slrgunlere ¢ok yogun olarak yumurta konulmaktadir. Ancak, dogal
kosullarda 6zellikle eylll ayinda yapilan UglncU bigim esnasinda yumurta konulan bu strglnlerin gogu
kesilmektedir. Uziim asmalarinda ise bitkinin tutunmaya yarayan sirginleri (silik) erken dénemde
kurumaya baslamakta ve zararli yumurta koymak igin buralari ¢ok yogun bir sekilde tercih etmektedir.
Bunun yaninda kafeslere konulan bitkilerden baska, zararlinin bulundugu alanlardaki diger konukgularin
¢ogunlukla kurumak Uzere olan dal ve sirgunlerine yumurta konularak bu dokularin tamamen
kurumasina neden olduklari tespit edilmistir.

Calismanin birinci yili olan 2009 yilinda ilk nimf ¢ikisi mayisin son haftasi (24.05.2009), 2010
yiinda mayisin ikinci haftasi (12.05.2010), 2011 yilinda ise mayisin son haftasi (27.05.2011) olarak
belirlenmistir. Yumurtalarin aciimasi 2009 yilinda 10 Haziran, 2010 yilinda 29 Mayis, 2011 yilinda ise 26
Haziran tarihine kadar sirmustir. Nimflere 2009 yilinda 17.08.2009, 2010 yihinda 14.08.2010, 2011
yilinda ise 28.08.2011 tarihine kadar rastlanmistir. 2010 yilinda ekimin doérdinci (27.09.2010)
haftasindan kasimin birinci haftasina kadar (05.11.2010) ¢ok disik yogunlukta nimfe rastlanmasina
karsin, bu durumun zararlinin bulundugu ortamin ekolojik sartlarina bagli olarak ge¢ agilan
yumurtalardan kaynaklandigi distndlmektedir. Erginler 2009 yilinda 10 Temmuz-14 Ekim, 2010 yilinda 2
Temmuz-20 Ekim, 2011 yilinda ise 25 Temmuz-21 Ekim tarihleri arasinda dogada goériimustir. Erginlerin
yumurtalarini; 2009 yilinda agustosun Uglinci haftasindan (17.08.2009), 2010 yilinda agustosun ilk
haftasindan (02.08.2010), 2011 yilinda ise agustosun Uglncl haftasindan itibaren (24.08.2011)
koyduklari tespit edilmistir (Sekil 2).

Yumurtalar, otsu ve odunsu bitkilerin dal ve sirgunlerinin kabuklari altina birakiimakta ve bu
sekilde kisi gegiren zararli yilda bir nesil vermektedir.

Nimf dénemlerini belirlemek amaciyla 2009 ve 2010 yillarinda surdurilen ¢alismada zararlinin 5
nimf dénemi gegirdigi tespit edilmistir (Sekil 3). 2009 yilinda birinci nimf dénemi mayisin tUgincl haftasi
(24.05.2009) ile haziranin dg¢lincli haftasi (16.06.2009), ikinci nimf dénemi haziranin birinci haftasi
(08.06.2009) ile haziran’in dérdinci haftasi (26.06.2009), tu¢inct nimf dénemi haziranin ikinci haftasi
(13.06.2009) ile temmuzun Ug¢uncu haftasi (13.07.2009), dérdincu nimf dénemi haziranin dérdinci
haftasi (21.06.2009) ile agustosun birinci haftasi (03.08.2009), besinci nimf ddénemi ise temmuzun ilk
haftasi (05.07.2009) ile agustosun tg¢incl haftasi (17.08.2009) arasinda gorulmuastar (Sekil 3).

2009 [C2=2® YUMURTA BEEEER NIMF [ITTT ERGIN|

[IEE NSNS NN NN NN EEE NN
AAAAAAAAAAAAAAAASZ TN

2010
(ML RAAAAAAAAAAA]
-
SAAAAAAAAAAAAAAAAAAZIIINTY
2011

(SN NSNS NSNS NSNS EEEEN]
NAAAAAAAAAAAANAAZZUEFTY

I 1 1 1 1 1 Ll 1
I 1 Y2 1 Y 1 V2 1 2 1 1 V2 A 1 V2 [ B AV B (B [ | AV
Nisan Mayis Haziran  Temmuz  Agustos Eylul Ekim Kasim

1 1 1 1 ]

Sekil 2. Ricania simulans’in nimf, ergin ve yumurta donemlerinin yil igindeki zaman dilimleri.

2010 yihnda birinci nimf donemi mayisin ikinci haftasi (12.05.2010) ile haziranin ikinci haftasi
(8.06.2010), ikinci nimf donemi mayisin Uglincu haftasi (18.05.2010) ile haziranin son haftasi
(29.06.2010), UGglincu nimf dénemi haziranin ikinci haftasi (16.06.2010) ile temmuzun ikinci haftasi
(12.07.2010), dérdincl nimf dénemi haziranin Gglinct haftasi (22.06.2010) ile agustosun ikinci haftasi
(09.08.2010) arasinda, besinci nimf donemi ise haziran sonu (28.06.2010) ile agustos ortalarina
(14.08.2010) kadar gortimustir (Sekil 3).
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Sekil 3. Ricania simulans’in 2009 ve 2010 yillarindaki nimf dénemleri.

Erginler (Sekil 4 a,b) bahge kenarlarindaki ¢it bitkilerinde ve kdltir bitkilerinin taze sirgiinlerinde
beslenmektedir. Nimfler (Sekil 4 c,d,e) ilk basta bahge kenarlarindaki git bitkilerinde goériilmekte ve
buradan kultir bitkilerine gegmektedir. Nimf ve erginler taze ve sulu bitki dokularinda koloni olusturarak
beslenmekte ve buralarda fumajine neden olmaktadir. Bu durum &zellikle kivide son derece dikkat
cekmektedir (Sekil 4 f). Erginlerin dogada yodun olarak temmuz sonu agustos basinda bulundugu ve
ciftlesen digilerin agustos basindan itibaren yumurtalarini otsu bitkiler ve ¢ok yillik bitkilerin kurumakta
olan ince surgln ve dalciklarina birakmaktadir. Ergin disiler, 6zellikle ucu kesilmis ve geriye dogru
kurumaya baslayan dal veya slrgunleri yumurta birakma yeri olarak tercih etmektedir. Bunun yaninda
Ozellikle asmadaki tutunucu sirglnlerin kurumaya basladigi dénem ile digilerin yumurta birakmaya
baslamasinin ayni déneme denk geldigi ve bu organlara ¢ok yogun yumurta biraktiklari tespit edilmistir.
Disi yumurtalarini kabuk altina bitki dokusu i¢erisine tespih tanesi gibi diizgun bir hat boyunca dizer ve bir
yumurta dizininde yaklagsik olarak 5-35 adet yumurta bulunmaktadir. Bitki dokusunda yumurta birakilan
yerlerin bir hat seklinde tirtiklh ve yumurta birakilan dokularin kabarik olduklari belirlenmistir. Yumurta
konulan dokular ve acilan yaralar kolayca gorilebilmektedir (Sekil 4 g,h). Otsu bitkilere yumurtalarin
uctan itibaren konulmaya baslandidi ve genellikle sadece yumurta konulan kismin kurudugu tespit
edilmigtir. Ancak bazi odunsu bitkilerde yumurta konulan yan dallar veya surginlerin de kurumasina
neden oldugu belirlenmistir.

Bu g¢alisma Ricania simulans’in Dogu Karadeniz Bélgesi’'nde dikkat ¢ekici yogunlukta gortilmeye
baslamasindan ve Ureticilerden gelen sikayetler ile birlikte 2009-2011 yillarinda yuratalmuagsttr. Ancak
2008 yilinda zararlinin yodun oldugu yerlerde 6n c¢alismalar ylrutilerek zararlinin R. simulans oldugu
belirlenmistir.

Zararlinin, Dogu Karadeniz’de Sarp sinir kapisindan Trabzon’un Arakl ilgesine kadar olan bélgede
yayildigi, Hopa (Kemalpasa), lyidere, Derepazari, Rize Merkez ve Sirmene (Yeniay)nin zararlinin en
yogun bulundugu yerler oldugu belirlenmistir. Avidzba & Bobokhidze (1982), zararlinin ilk olarak 1956
ylinda Abhazya’da (Rusya) tespit edildigini, Karadeniz'in subtropik sahilleri boyunca yayilarak
Kafkasya’ya ulastigini bildirmistir.

Dzhashi et al. (1982), zararlinin Gircistan’in giineyinde, ¢alismada belirlenen sonugclara paralel bir
sekilde, kigl yumurta doneminde gegcirerek yilda bir ddl verdigini bildirmektedir. Ancak nimf ve erginleri
Tarkiye'ye goére yaklasik bir ay dnce ¢ikmaktadir.

Konukgulari ve konukgu tercihi ile ilgili calismalardan elde edilen sonuglara gére ergin ve nimflerin
kiltiir ve yabani bitkilerin taze sirglnleri (izerinde beslendikleri tespit edilmistir. Ozellikle ilk dénemde
(mayis-haziran) nimflerin yabani bdégurtlen, muarver, kivi, kizilagag, mandarin, fasulye ve hiyar gibi
bitkilerin taze sdrgunleri Gzerinde bulunduklari ve beslendikleri belirlenmistir. Avidzba & Bobokhidze
(1982), Abhazya’da (Rusya) bogulrtlen, gay, Uzim, seftali ve diger UrUnleri tercih etiklerini ve genis bir
konukguya sahip olduklarini bildirmiglerdir.
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Sekil 4. Ricania simulans; ergin (a,b), nimf (c,d,e), kivi meyve sapinda beslenen nimflerin olusturdugu fumaijin (f), yumurta birakilmis
surgliniin gérinimu (g), kabuk altindaki yumurtalar (h).

Zararlinin biyolojisiyle ilgili elde edilen somut sonuglardan kdltirel micadeleye ydnelik ¢ikarimlar
elde edilebilir. Cinku R. simulans’a karsi mekaniksel micadele disinda herhangi bir micadele
Onerilmemekte, zararlinin kis dénemini konukgu bitkilerin kurumus ve kurumak Uzere olan dal veya
surgunlerinde yumurta déneminde gegirmeleri nedeniyle bir sonraki yil nimfler ¢cikmadan énce bahgelerin
temizlenmesi ve yumurta ile bulasik bitkilerin veya dallarin imhasi populasyonu buyik OJlg¢ide
disurecektir. Ayrica, biyolojik miicadelesine yonelik olarak Guglu et al. (2010)'nin Rize (Merkez)'de R.
simulans’a karsi Lecanicillium muscarium’un etkinligi ile ilgili laboratuar ve arazi sartlarinda yapmis
olduklari gahigmada L. muscarium’un nimflere etkinliginin erginlerden daha fazla oldugu, Lm4 izolatinin,
R. simulans’in dogal kosullarda kontroli amaciyla kullanilabilecek potansiyele sahip oldugu
belirtiimektedir.

Ak et al. (2013), 2009-2011 yillarinda zararlinin nimflerine karsi Azadirachtin (400 ml/100 L) ve
Spinosad (35 ml/100 L)1 denemis; Azadirachtin’in %30, Spinosad’in ise %71.2-78.7’lik bir etkinlik
gosterdigini  bildirmistir. Ancak Saruhan et al. (2006)'nin bildirdigi gibi, 6zellikle ¢ay =zararlilarinin
populasyonlarinin dodal digman baskisi altinda dogal dengede olmasi nedeniyle, bu bdlgede yetistirilen
cay ile i¢c ice olmasi nedeniyle cay zararllarinin dogal dismanlari Uzerine olumsuz etki yaparak cay
zararlilarinin dogdal dengesinin bozulabilecegi dusuncesiyle Ureticilere ©nerilmemistir. Bunun sadece
nimflerin ilk ¢iktidi devrede yogun olarak bulundudu bahge kenarlarindaki ¢it bitkileri veya yabaci otlar
Uzerinde uygulanmasi énerilebilir.
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Tesekkur

Calismanin her asamasini destekleyen Tarimsal Arastirmalar ve Politikalar Genel Muadurligine,
Karadeniz Tarimsal Arastirma Enstitisti Midurligiine, isbirligi ve destekleri nedeniyle CAYKUR Genel
Muduarligane, Of, Rize ve Hopa Ziraat Odasi Bagkanliklarina tesekkir ederiz.

Yararlanilan Kaynaklar

Ak, K., S. Gicli & R. Sekban, 2013. Dogu Karadeniz Bolgesi'nde yeni bir zararli Ricania simulans (Walker, 1851)
(Hemiptera: Ricaniidae)a karsi azadirachtin ve spinosad etki maddeli biyopestisitlerin etkinliklerinin
belirlenmesi. Tarim Bilimleri Arastirma Dergisi, 6 (1): 10-14.

Avidzba, N.S. & Z. M. Bobokhidze, 1982. Biophenology of the Japanese leafthopper. Zashchita Rastenii, No:6, 36
pp.

Charles, J.G. & D.J Allan, 2004. Passionvine hopper, Scolypopa australis (Walker) (Hemiptera: Ricaniidae), egg
parasitism by Aphelinidae (Hymenoptera) in New Zealand. New Zealand Entomologist 27: 83-89.

Dzhashi, V. S., A. A. Nikolaishvili & T. Y. Demetradze, 1982. The Japanese leafhopper - a pest of bay. Zashchita
Rastenii, No: 2, 57 pp.

Imura, O., 2003. Herbivorous arthropod community of an alien weed Solanum carolinense L. Appl. Entomol. Zool. 38
(3): 293-300.

Gigli, 9., K. Ak, C. Eken, H. Akyol, R. Sekban, B. Beytut & R. Yildinm, 2010. Pathogenicity of Lecanicillium
muscarium against Ricania simulans. Bulletin of Insectology, 63 (2): 243-246.

Kontas, E., 2012. Turkiye ve diinyada kivi Gretimi. Tarim Tlrk Dergisi, 38: 90-92.

Logan, D.P., P.A. Allison & K. Stannard, 2002. Selection of wild hosts for feeding by Passion vine hopper, Scolypopa
australis (Walker) (Hemiptera: Ricaniidae) in the Bay of PLENTY. New Zealand Plant Protection 55:368-373.

Paksoy, S. & H. Memis, 2006. “Rize’de tarim sektdrl, tarima dayali sanayiler ve cay, 129-135”. Rize Valiligi, |. Rize
Sempozyumu (16-18 Kasim 2006). Rize, 718 s.

Saruhan, Ii., C. Tuncer & K. Ak, 2006. Cay zararlilari. Rize Valiligi, |. Rize Sempozyumu (16-18 Kasim 2006), Rize,
718 s.

Tsaur, S. C., 2005. Some Fulgoroids (Insecta: Hemiptera) collected on Turtle Island, Taiwan. Zoological Studies 44
(1): 1-4.

Yavuz, G.G., 2007. Findik. Tarimsal Ekonomi Arastirma Enstitlisi-BAKIS. Sayi: 9, Nisha: 8.

186


http://www.cabdirect.org/search.html?q=au%3A%22Avidzba%2C+N.+Sh.%22
http://www.cabdirect.org/search.html?q=au%3A%22Bobokhidze%2C+Z.+M.%22
http://www.cabdirect.org/search.html?q=do%3A%22Zashchita+Rastenii%22
http://www.cabdirect.org/search.html?q=au%3A%22Dzhashi%2C+V.+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Nikolaishvili%2C+A.+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Demetradze%2C+T.+Ya.%22
http://www.cabdirect.org/search.html?q=do%3A%22Zashchita+Rastenii%22
http://www.cabdirect.org/search.html?q=do%3A%22Zashchita+Rastenii%22

Tark. entomol. derg., 2015, 39 (2): 187-198 ISSN 1010-6960
DOI: http://dx.doi.org/10.16970/ted.76791

Orijinal aragtirma (Original article)

Bademde yuiksek konsantrasyonlarda ozon gazi uygulamasinin Plodia
interpunctella (Hibner) ve Ephestia cautella (Walker)’ ya karsi etkinligi

Efficacy of gaseous ozone at high concentrations against Plodia interpunctella (HGbner)
and Ephestia cautella (Walker) in Almond
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Summary

In this study efficacy of gaseous ozone at high concentrations and short exposure time against all life stages of
Plodia interpunctella (Hibner) ve Ephestia cautella (Walker) (Lepidoptera: Pyralidae) in almond was investigated under
laboratory conditions. All life stages of E. cautella and P. interpunctella placed at the top and bottom position of 1.3 kg
almond in fumigation chamber were exposed to two different concentrations (8.35 and 33.33 mg/l) of ozone flush treatment
at 30 minute intervals for 6 hour. The results of biological tests indicated that ozone treatment at 33.33 mg/l concentration
resulted in % 100 or nearly % 100 mortalities of only adult and pupa stage of E. cautella and all life stages of P.
interpunctella placed at top position of the almond. However, ozone treatments at lower concentration (8.35 mg/l) caused
nearly % 100 mortalities of only adult and pupa stage of P. interpunctella at placed at top position of the almond. It was
clear that ozone treatments at low concentration (8.35 mg/l) resulted in significantly lower mortalities of all life stages of E.
cautella and P. interpunctella than those at high concentration (33.33 mg/l). Generally, in all ozone treatments the
mortalities of tested insects placed at top position of the almond were higher than those placed at bottom position of the
almond. Notably, it was hard to kill the larvae and eggs of E. cautella and P. interpunctella placed at bottom position of the
almond. Moreover, it was found that E. cautella was more tolerant to ozone treatments than P. interpunctella except their
egg stage. In conclusion, this study shows that ozone treatment at high concentrations and short exposure time could not
be effective alternative to methyl bromide for the rapid disinfestations of the almonds since it did not cause the complete
mortality of all life stages of E. cautella and P. interpunctella on almond.

Keywords: Gaseous ozone, almond, fumigant, Ephestia cautella, Plodia interpunctella
Ozet

Bu calismada laboratuvar kogullarinda bademde kisa uygulama siresinde ve yiksek konsantrasyonda ozon gazi
uygulamasinin Ephestia cautella (Walker) ve Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae) nin tim biyolojik
dénemlerine karsi biyolojik etkinligi arastiriimistir. Fiimigasyon gemberi igerisinde 1.3 kg kabuklu bademin Gst ve alt kismina
yerlestirilen E. cautella ve P. interpunctella’nin tim biyolojik donemleri 6 saat siresince yarm saat aralikla iki farkli
konsantrasyonda (8.35 and 33.33 mg/l) ozon gazi sirkilasyonuna maruz birakiimigtir. Biyolojik testler sonucunda 33.33
mg/l konsantrasyonda ozon gazi uygulamasinda urinin Ust kismina yerlestirilen E. cautella’ nin yalnizca ergin ve
pupalarin, P. interpunctella’nin ise tim biyolojik dénemlerin 100 % ya da 100 % yakin 6limleri elde edilmistir. Bunun
yaninda daha dustik konsantrasyonda (8.35 mg/l) ozon gaz uygulamasinda ise yalnizca Grinin st kismina yerlestirilen P.
interpunctella’ nin ergin ve pupalarin 100 % yakin olimleri elde edilmistir. Agik bir sekilde disik konsantrasyonda (8.35
mg/l) ozon gazi uygulamasinda E. cautella ve P. interpunctella’nin tim biyolojik dénemlerine ait 6lim oranlari yiksek
konsantrasyonda (33.33 mg/l) ozon gazi uygulamasindakilerden istatistiki olarak 6énemli derecede daha duslk oldugu
gorilmistir. Genel olarak tim ozon gazi uygulamasinda urtiniin st kismina yerlestirilen bdceklerin 6lim oranlari alt kisma
yerlestirilen béceklerinkinden daha yiiksek oldugu bulunmustur. Ozellikle Griinlerin alt kismina yerlestirilen E. cautella ve P.
interpunctella larvalarini ve yumurtalarini tamamen 6ldiirmenin gok gii¢ oldugu gorilmastir. Ayrica, bu galismada yumurta
donemi hari¢ E. cautella'nin genellikle P. interpunctella’ya gére ozon gazina daha dayanikli oldugu belirlenmistir. Sonug
olarak yiliksek konsantrasyonda ozon gazi uygulamasinin kisa uygulama siresinde bademde E. cautella ve P.
interpunctella’nin tim biyolojik dénemlerini tamamen kontrol edememesinden dolayr ozon gazinin Urunlerin bdcek
bulasmalarindan hizli bir sekilde arindirimasinda metil bromide potansiyel bir alternatif olamayacag gértiimektedir.

Anahtar sézciikler: Ozon gazi, badem, fimigant, Ephestia cautella, Plodia interpunctella
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Bademde yuksek konsantrasyonlarda ozon gazi uygulamasinin Plodia interpunctella (HUbner) ve Ephestia cautella (Walker) ya
karsi etkinligi

Giris

Badem yetistiriciliginin, diinya kabuklu meyve Uretimi igerisinde énemli bir yeri vardir. Dlinyadaki
toplam badem alani 2000 yilinda 1.7 milyon hektar iken, 2009 yilinda %7 artigla 1.8 milyon hektara
yikselmistir. Ispanya, diinya badem iretiminde % 34’ liik pay ile ilk sirada yer almaktadir (Yavuz, 2011).
ispanya’yi sirasiyla Amerika Birlesik Devletleri (ABD), Tunus ve iran izlemektedir. Tiirkiye, diinya kabuklu
badem Uretiminde 2012 yili itibariyle 75 bin ton Uretimle % 3.87’lik bir paya sahiptir (Anonymous, 2012).
Bademin depolanmasi esnasinda depo zararlilarinin bulasmasi badem sektérinde énemli sorunlara
neden olabilmektedir. Depolama sirasinda saklama kosullarina bagh olmakla birlikte nitelik ve nicelik
kayiplari blyik oranda depo zararlilari sonucu ortaya ¢ikmaktadir. Sert kabuklu meyvelerin depolanmasi
sirasinda Kuru Meyve Giivesi (Plodia interpunctella (Hibner), Lepidoptera: Pyralidae), Kuru incir Kurdu
(Ephestia cautella (Walker), Lepidoptera: Pyralidae) ve i¢ Findik Giivesi (Paralipsa gularis Zell.;
Lepidoptera: Pyralidae) gibi bocek bulagmalarin Grin kalitesini disirdigi bilinmektedir (Yasan & Kiper,
1972; Ferizli & Emekci, 2010). Ozellikle P. interpunctella ve E. cautella meyvede beslenerek meyve
kalitesini dusdrtrler. Ayrica Urlnun Uzerine ipegimsi bir ag érerek meyvelerin kirlenmesine neden olurlar
(Damarh et al., 1997). Buna bagh olarak badem ihracati esnasinda bocek veya bdcek kalintilarindan
dolay Urdnlerin geri gdnderildigi ve bdylece hesaplanmayan kayiplarin olusabildigi gérilmektedir.

Bocekleri hizli sekilde oldirmesinden, genis spektrumlu aktiviteye ve dislUk maliyete sahip
olmasindan dolayl depolanmig Urln zararhlarin kontrolinde yaygin olarak Metil bromit (MeBr)
uygulaniimakta (Fields & White, 2002) iken MeBr’in ozon tabakasini inceltici etkisi nedeni ile kullanimina
yasaklanmistir. Montreal Protokoll gergevesinde MeBr kullanimi gelismis ulkelerde 2005, Turkiye'de
2007 yihindan itibaren bazi karantina ve sevkiyat dncesi uygulamalari disinda yasaklanmig, gelismekte
olan ulkelerde ise 2015 yilindan itibaren uygulamanin baglamasi beklenmektedir (MBTOC, 1998; Bell,
2000; Schneider et al., 2003; Anonymous, 2004). Sonu¢ olarak MeBr kullaniminin yasaklanmasi ve
cevreye olan etkisi nedeni ile MeBr'in yerini alacak alternatif yontemlerin arastiriimasinin gerekliligi
giderek 6nem kazanmaya baglamistir. Bu baglamda kimyasal (fosfin, karbonil sulfit, sulfril florit, karbon
disulfit, ozon, etil format, metil iyodit, vb.) ve kimyasal olmayan (degistiriimis atmosfer, yiksek basing,
sicak/soguk uygulamalari, radyo frekansi, uzun dalga enerijisi, radyasyon, vb.) bircok yontem denenmis
veya denenmektedir (Johnson et al., 2000; Zettler & Arthur, 2000, Fields & White, 2002; Johnson et al.,
2003; Schneider et al., 2003; Aksoy et al., 2003). MeBr’'in yerini alacak kimyasal ve kimyasal olmayan
Onerilen bircok alternatiflerin olmasina ragmen her biri MeBr'in direk yerini almasini engelleyebilen
etkinlik, maliyet, penetrasyon ve kalinti bakimindan kisitlamalara sahiptir.

Ozon U¢ atoma sahip oksijen (O3) molekilinin bir formudur. Dogada gdék gurultisund takiben
havada taze temiz kokuyla karakterize edilen mavimsi veya renksiz bir gaz olarak dretilir. Normal
atmosfer sicakligi ve basincinda dengeli olmayan bir gaz olup, 35°C sicakliklarin Ustlinde hizlica oksijene
donusur. Bu nedenle kullanim aninda dretimek zorunda olup, (Uretildikten sonra depolanmasi
olanaksizdir. Ozon ticari olarak ¢ogunlukla bir korona akim jeneratért tarafindan saf oksijenden veya
havadan dretilir (Kim et al., 2003). Ozon, ¢esitli yararli uygulamalar olan etkili bir oksidantdir. Ozon,
suyun dezenfeksiyonunda, koku, tat ve rengin giderilmesinde, sudaki pestisitlerin, inorganik ve organik
bilesiklerin uzaklastirimasinda kullaniimaktadir. Ozonun tarimsal alandaki uygulamalari ise; sebze ve
meyvelerin korunmasi ve depolanmasi, kolay bozulur Uriinlerin ylizey dekontaminasyonu ve isleme
ekipmanlari, suyun ve paketleme materyallerinin dezenfeksiyonu seklinde 6zetlenebilir (Mendez et al.,
2003). Gaz formundaki ozon glc¢li bir sanitasyon ve fumigasyon maddesidir. Ozonun gida
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uygulamalarinda kullanimina yénelik ¢alismalardan bazilari; proses suyu sterilizasyonu ve geri déntsimu
(Xu, 1999), bakteriyel gelisimin 6énlenmesi (Kim & Yousef, 2000; Achen & Yousef, 2001; Sharma et al.,
2002), kuflerden kaynaklanan bozulmalarin dnlenmesi (Perez et al., 1999; Palou et al., 2002), meyve ve
sebzelerin yilkanmasi ve depolanmasi (Escriche et al., 2001; Beltran et al., 2005), kuru incirlerde
mikrobiyel yiikiin azaltimasi (Oztekin et al., 2006), paslanmaz celik yiizeylerdeki mikrobiyel
populasyonun azaltilmasi (Guzel-Seydim et al., 2004), depo zararlilarinin kontroli (Kells et al., 2001;
Mendez et al., 2003; Isikber et al., 2007), pestisit ve kimyasal kalintilarin pargalanmasi (Ong et al., 1996;
Hwang et al., 2001), kanatli ve et Urunlerinde mikroorganizmalarin kontrolidur (Kim et al., 2003; Meunpol
et al., 2003).

Ozon gazi genellikle bazi depolanmis tahil zararhlarinin micadelesinde kullaniimigtir. Mendez et
al. (2003) bocekle bulasik misiri 3 giin sireyle 50 ppm ozon gaziyla fimige etmislerdir. Bu uygulama
sonunda Misir biti (Sitophilus zeamais Motsch., Coleoptera: Curculionidae)'nin erginleri, Kuru Meyve
Guvesi (Plodia interpunctella Hibn.)'nin larvalari ve Un Biti (Tribolium castaneum Herbst., Coleoptera:
Tenebrionidae)'nin erginleri tUzerinde % 92-% 100 arasinda degisen 6lim oranlarina neden oldugunu
tespit etmislerdir. Erdman (1980) 45 ppm ozon konsantrasyonuna maruz birakilan Tribolium confusum
Jacquelin du Val ve T. castaneum’un erginlerinde ylksek o6lumlerin gergeklestigini bildirmistir. Leesch
(2003) laboratuar kosullarinda tek basina ylksek konsantrasyonda (300 ppm) ve kisa uygulama
suresinde (4 saat) ozon gazi uygulamasinin P. interpunctella’ nin pupalarinda yliksek oranda 6lime
neden oldugunu bildirmistir. Isikber & Oztekin (2009) iki depolanmis (riin zararlisi Ephestia kuehniella
Zeller (Lepidoptera: Pyralidae) ve T. confusum’un ozon gazina karsi duyarliliklarini arastirmislardir.
Calisma sonucunda E. kuehniella ve T. confusum’un gelisme dbénmelerinin ozon gazina Kkarsi
duyarhliklarinda énemli farkliigin oldugunu ve genel olarak T. confusum’un E. kuehniella’ya gére ozon
gazina daha dayanakli oldugunu bildirmislerdir. Athanassiou et al. (2008) 2 saat sureyle ylksek ozon
konsantrasyonuna (115 ppm) maruz birakilan Rhyzopertha dominica (F.) (Coleoptera: Bostrichidae) ve
Sitophilus oryzea (L.) (Coleoptera: Curculionidae) erginlerinin yaklasik % 60’nin ve 4 saat sureyle ayni
konsantrasyonda ozon uygulamasinda ise % 100’nun 6éldugunu bildirmislerdir. Ozon ile yuratulen tim bu
¢alismalar sonucunda ozon gazinin depolanmis Urln zararllarinin 6limine neden oldugunu, ancak
bdceklere kargi etkinliginin bocek tirlerine, bdocek donemlerine, uygulama yapilan driine ve uygulama
sekline gore farkhhklar gosterdigi gérilmektedir.

Sert kabuklu meyve sanayisi, hasat sonrasi bdcek bulagsmasini dnlemek igin kimyasal fumigant
olarak yalnizca fosfin kullanmaya devam etmektedir. Fosfin kullanimi, karsinojenik etkisinden (Garry et
al.,, 1990; Alavanja et al., 1990), dayanikliik sorunundan (Champ & Dyte, 1976; Zettler et al., 1989;
Zettler & Cuperus, 1990) ve uzun maruz birakma siresine (6 gun veya daha uzun sure) gereksinim
duyulmasindan dolay! tehdit altindadir. Ayrica, bu uzun maruz birakma slresi fosfinin karantina
uygulamalarinda kullanimini mimkin kilmamaktadir. Metil bromidin kaybedilmesi ile Urlinlerden bdcek
bulasmasini hizli sekilde kontrol edebilecek mevcut alternatiflerin bulunmamasindan dolay1 kuru meyve
ve sert kabuklu meyve sanayisi lizerine 6nemli derecede olumsuz etkiye sahip olmustur. Bu yizden hizh
bdcek dlumlerinin gerekli oldugu (bir giinden daha kisa maruz birakma suresi) karantina uygulamalari igin
yeni fimigantlarin gelistiriimesi kritik dneme sahiptir. Mevcut ¢alismada bademde metil bromide alternatif
olarak kisa maruz birakma suresinde yuksek konsantrasyonlarda ozon gazi uygulamasinin E. cautella ve
P. interpunctella’nin tim biyolojik dénemlerine (yumurta, larva, pupa ve ergin) karsi biyolojik etkinliginin
belirlenmesi amaglanmistir.
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Materyal ve Yontem
Materyal
Ozon liretim sistemi

Calismada urlnli ortamda yiksek ozon konsantrasyon uygulamasi igin kullanilan ozon uygulama

seti 5 Uniteden olusmaktadir (Sekil 1). Bunlar;

1.

o M w0 DN

Saf oksijen kullaniimasi durumunda 10 g/h, kuru hava kullaniimasi durumunda 5 g/h ozon lretme
kapasitesine sahip bir ozon jeneratérii (OZO 1VTTL — Ozomax, Kanada)

Oksijen gazi akis hizinin ayarlanmasini saglayan bir elektronik debi éiger (flowmetre),
Fumigasyon ¢emberi igerisindeki havayi ¢gekmeye yarayan vakum pompasi,

Uriin ve béceklerin yerlestirildigi ve ozon fiimigasyonun yapildigi ozon fumigasyon gemberi,
Oksijen tupl

Uriinli ortamda yiiksek konsantrasyonda ozon uygulamasi ile ilgili denemeler 9 cm gapindaki

metal kapakl 3 litrelik cam kavanoz igerisinde yurutilmustir. Bu kavanozlarin metal kapaklari Gzerinde 3
cm uzunlugunda 0.5 cm capinda iki metal rekor ile disari acilan iki delik bulunmaktadir. Her metal rekor
Uzerinde 5 cm uzunlugunda silikon hortum yerlestiriimistir. Bu deliklerin ilki ozon jeneratériine baglanmis
ve ikincisinin ucu vakum pompasina baglanmistir (Sekil 1). Hortumun bir ucu Grinli ortamdaki havanin
alinmasi saglanirken diger delikten ozon gazinin cam kavanoz igerisine verilmesi saglanmistir. Bdylece
ozon gazi istenilen araliklarla cam kavanoz igerisinde sirkiile edilmistir. Ozon gaz konsantrasyonunun
ayarlanmasi ise saf oksijen gazinin akig hizina goére ayarlanmistir. Oksijen tlpu ile ozon jeneratori
arasina bir debi Olger (flow metre) yerlestiriimistir ve oksijen gazinin akis hizi elektronik debi odlger
tarafindan yonetilmistir (Sekil 1).

Sekil 1.

Debi dler

Uriinlt ortamda ozon gazi fiimigasyon sistemi. A: 3 I'lik fimigasyon gemberi; B: Fiimigasyon gemberi igerisinde 1.3 kg Griin;
C: Bocekleri iceren agzi tiille kaph kiiglik cam siseler; D: Fimigasyon ¢emberi igerindeki kalan bos hacim.

Biyolojik testlerde kullanilan iiriin

Biyolojik testlerde % 10-12 uriin nemi igeren kabuklu Ferraduel badem ¢esidi (Prunus amygdalus

Batsch) kullaniimistir.
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Biyolojik testlerde kullanilan bdcek tiirleri

Biyolojik testlerde E. cautella ve P. interpunctella’nin tim biyolojik dénemleri kullaniimigtir. Biyolojik
testlerde kullanilan E. cautella kiltiriinin ana materyali Namik Kemal Universitesi Ziraat Fakiiltesi Bitki
Koruma BOlimU Laboratuvar'indan temin edilmistir. Biyolojik testlerde kullanilan P. interpunctella
kdltiriiniin ana materyali Ankara Universitesi Ziraat Fakiiltesi Bitki Koruma Bélimi Laboratuvarindan
temin edilmistir

Yoéntem
Ephestia cautella ve Plodia interpunctella’ nin yetistirilmesi

Ephestia cautella laboratuvarda 10:1:2 oraninda bugday kirmasi, kuru maya (Saccaromyces
cerevisiae) ve gliserin karisimindan olusan besin ortaminda yetistirilmistir (Rahman et al., 2004). Plodia
interpunctella ise 2: 1:0.25: 0.50: 0.25: 0.25 oraninda kepek, misir unu, kuru maya, bal, sit tozu ve
gliserin karisimindan olusan besin ortaminda yetistiriimistir (Ozkan, 2006). Calismada kullanilan bugday
kirmasi, misir unu ve kepek -17 °C sicakliktaki derin dondurucuda 4 giin sire ile tutularak olasi zararli
bulasikhhgi riski ortadan kaldirilmistir. Hazirlanan besin 3 litrelik cam kavanozlara ilave edilmis ve besin
Uzerine yaklasik 300-350’ser adet yeni birakilmis yumurta aktariimistir. Kavanozlarin kapaklarina hava
girisini saglamak ve baska zararlilarin bulasmasini 6nlemek amaciyla tul ile kapatiimistir. Ephestia
cautella ve P. interpunctella kultiri, 2621°C sicaklik ve % 6515 orantili nem iceren bdcek yetistirme
odasinda yapilmistir.

Uriinlii ortamda yiiriitiilen biyolojik testler

Alt saat slreyle 30 dakika arayla Grlnli ortamda test edilecek béceklere ozon gazi uygulamasi igin
1.3 kg badem kullaniimistir. Fumigasyon ¢emberi icerisine 1.3 kg Urin dokme olarak yerlestiriimistir.
Biyolojik testler icin E. cautella ve P. interpunctella’nin 50 adet yumurta, 20 adet larva, pupa ve ergin
kullaniimigtir. Biyolojik testlerde P. interpunctella ve E. cautella’nin 1-2 gunlik erginleri, pupalari ve
yumurtalari ve son dénem larvalari (28-32 gun) kullaniimig olup tim ddnemlerde bireyler 50 ml’ lik
siselere konulmustur. Larvalar i¢in siselere hacimlerinin 1/3 kadar (50 ml'lik siseler icin 10 g) taze besin
eklenmigtir. Ozon gazinin tuplere girebilmesi ve siselere konan boceklerin kagmasinin engellenmesi icin
agizlan tille kapatildiktan sonra 1.3 kg kabuklu bademin Ust ve alt kismina yerlestirildikten sonra
fumigasyon ¢cemberinin kapaklari kapatiimistir. Test edilecek boéceklerin ve 1.3 kg drindn bulundugu
fumigasyon c¢cemberi icerisinde 102 mm Hg dusuk basing (vakum) saglanana kadar ortamdaki hava
vakum pompasi (KNF, Almanya) yardimiyla tamamen ¢ekilmistir (Sekil 1). Fimigasyon ¢cemberi igerisinde
102 mm Hg dusuk basing (vakum) saglandiktan sonra iki farkli yiksek konsantrasyonda (8.35 mg/l
(3895 ppm) ve 33.33 mg/l (15545 ppm) ozon gazi atmosferik basing seviyesine (760 mm Hg) gelene
kadar Urun icerisine sirkile edilmistir. Bu ozonlama iglemi her 30 dakika aralayla toplam olarak 12 kez
tekrar edilmigtir. Kesikli ozon uygulamasi 26+1°C sicaklk, 65+5% orantili nem iceren iklim odalarinda
gerceklestiriimistir. Ozon gazi uygulamasindan sonra Urln igerisine yerlestirilen bocekleri iceren siseler
cikariimis ve biyolojik testler kisminda belirtilen ydnteme goére 6li-canli sayimlari yapiimistir. Denemeler 3
tekerrarli olarak yarttilmus olup her bir deneme icin 3 kontrol birakilmistir. Her uygulamadan sonra
biyolojik testlerde kullanilan badem &rnekleri degistirilerek yeni Gran kullaniimigtir.

Verilerin degerlendirilmesi ve analizi

Ozon uygulanmig bdcekler % 65+5 nem ve 26x1°C’ de iklim odasinda tutulmustur. Ozon
uygulamasindan sonra yumurtalar cam siseden cikartildiktan sonra firga yardimiyla mikadan yapilmig
kuguk delikler iceren hucreler igerisine yerlestirilmistir. Yumurtalar ve pupalar icin bir hafta sonra, erginler
igin 1 giin sonra ve larvalar igin ise pupa olduktan sonra élii-canli sayimi yapilmistir. Uriinlii ortamda ozon
gazinin E. cautella ve P. interpunctella (zerindeki etkisini belirlemek icin yurutilen biyolojik testler
sonucunda elde edilen canli ve 6lU birey sayilarini kullanilarak her uygulama i¢in 6lum oranlari (%)
hesaplanmistir. Her uygulama igin elde edilen 6lim oranlari Arcsin transformasyonuna tabi tutulmustur.
Buradan elde edilen verilere ¢ift yonlt varyans analizi (ANOVA) uygulanmis ve ortalamalar % 5 énem
seviyesinde goklu kargilastirmali LSD testine gore kiyaslanmistir (SAS Ins., 1985).
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Arastirma Sonuglan ve Tartisma

Yapilan varyans analizi (ANOVA) sonuglari ozon konsantrasyonun E. cautella’nin tim biyolojik
dénemlerine ait 6lim oranlar Gzerine istatistiksel olarak énemli etkiye sahip oldugunu gostermistir (Fz, 54
=220.68, P<0.0001). Benzer olarak urinin igerisine bocegin yerlestirildigi pozisyon (lrdndn alti ve Usti)
da E. cautella’nin tim gelisme donemlerine ait 6lum oranlari Uzerine istatistiksel olarak énemli etkiye
sahip olmustur (Fy 5,=27.94, P<0.0001). Uriiniin st kismina yerlestirilen 8.35 mg/l konsantrasyonda ozon
gaz uygulamasina ait E. cautella’nin tim biyolojik dénemlerine (ergin, larva ve yumurta) ait 6lim oranlari
33.33 mg/l konsantrasyonda ozon gaz uygulamasina ait 6lum oranlarindan énemli derecede daha duslk
oldugu gorulmastir. 33.33 mg/l konsantrasyonda ozon gaz uygulamasi Urintn Ust kismina yerlestirilen
larva ve yumurta dénemi hari¢ diger donemlerin (ergin ve pupa) %100 yakin 6limine neden olmusgtur.
Bunun yaninda 33.33 mg/l konsantrasyonda ozon gaz uygulamasi kabuklu bademin hem st hem de alt
kismina yerlestirilen larvalarin disik 6lim oranlarina (sirasiyla % 36.7 ve % 13.33) sahip olmustur. Hem
8.35 mg/l hem de yiksek konsantrasyonda ozon gaz uygulamasi 6zellikle kabuklu bademin alt kismina
yerlestirilen larvalarin 8lim oraninin ¢ok dusik oldugu goérilmistir. Kabuklu bademin igerisinde bdcegin
yerlestirildigi pozisyon 8.35 mg/l ozon uygulamasinda bdcegin ergin ve pupalarin ve 33.33 mg/l ozon
uygulamasinda ise ergin ve larvalarin 6lim oranlari Uizerine istatistiki olarak énemli etkiye sahip olmustur
(Cizelge 1). Genel olarak tim ozon uygulamlarinda kabuklu bademin st kismina yerlestirilen boceklere
ait 6lim oranlar alt kisma yerlestirilen béceklerinkinden daha yiksek oldugu gértlmustur.

Cizelge 1. Alti saat suresince yarim saat aralikla iki farkli konsantrasyonda ozon gazi sirkiilasyonuna maruz birakilan 1.3 kg kabuklu
bademin iki farkli kismina (Ust ve alt kisma) yerlestirilen Ephestia cautella’ nin tim biyolojik donemlerine ait 61im oranlari

Uygulama Bdcek Olim orani (%)+S.hata FveP LSD
konsantrasyonu pozisyonu Ergin Larva Pupa Yumurta degeri degeri
8.35 mg/l Ust 78.3+3.3 13.334#3.3 7545 46.7+2.4 F35=57.2 8.235
(3895 ppm) Ba Bc Ba Bb P<0.0001
Alt 11.7¢1.7 10+2.9 81.7+1.7 4412 F35=145.3 5.919
Cc Bc ABa Bb P<0.0001
33.33 mg/l Ust 98.3+1.7 36.7+4.4 95+2.89 64+2 F35=36.4 12.273
(15545 ppm) Aa Ac Aa Ab P<0.0001
Alt 2045 13.33+3.3 91.7+4 .4 58.7+1.3 F35=37.6 13.525
Cc Bc Aa ABb P<0.0001
Kontrol Ust 00 5+£1.7 5£2.9 27+2.7 - -
D C C C
Alt 0+0 5+1.7 5+2.9 2.7+2.7 - -
D C C C
FveP - Fs‘]_z =188.3 F5,12 =15.2 F5,12 =46.5 Fs‘j_z =43.9
Degeri P<0.0001 P<0.0001 P<0.0001 P<0.0001
FveP - 7.806 9.803 15.440 10.161
Degeri

Verilere iki yonli varyans analizi (ANOVA) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde LSD testine
gore ortaya konmustur. Ayni sttunda bulunan farkl biyik harfler ve ayni satirda bulunan farkli kiigik harfler istatistiki olarak
birbirinden farklidir.

Bocegin biyolojik doénemlerinin ozon gazi uygulamasina karsi hassasiyetleri arasinda da
istatistiksel olarak énemli farkliliklar oldugu bulunmustur (F3 s, = 45.99, P<0.0001). Hem 8.35 mg/l hem de
33.33 mg/l ozon gaz uygulamasinda kabuklu bademin Ust kismina yerlestirilen E. cautella’in pupalarin
ve erginlerin 6lim oranlari diger dénemlerinkinden istatistiki olarak 6nemli derecede daha ylUksek
bulunurken hem 8.35 mg/l hem de 33.33 mg/l ozon gaz uygulamasinda kabuklu bademin alt kismina
yerlestirilen E. cautella’nin yalnizca pupalarin 6lim oranlari dider dénemlerinkinden istatistiki olarak
onemli derecede daha yiliksek bulunmustur (Cizelge 1). Tim ozon uygulamalarinda larva dénemine ait
Olim oranlari ise diger dénemlerin 6lum oranlarindan istatistiki olarak énemli derecede daha dusik
bulunmustur. Hem dusiuk hem de ylksek konsantrasyonda ozon gaz uygulamasinda kabuklu bademin
Ust kismina yerlestirilen E. cautella’nin ergin 6lim oranlari yumurta 6lim oranlarindan istatistiki daha
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yuksek bulunurken kabuklu bademin Ust kismina yerlegtirilen E. cautella’ nin ergin 6lim oranlari yumurta
Olim oranlarindan istatistiki daha disik bulunmustur (Cizelge 1). Bu iki déonemin Olim oranlari
larvalarinkinden yliksek ancak pupalarinkinden disik bulunmustur.

Ephestia cautella ile ilgili ylrttilen calismada elde edilen sonucglara benzer olarak ozon
konsantrasyonun P. interpunctella’nin tim gelisme donemlerine ait 6lim oranlari Uzerine istatistiksel
olarak 6nemli etkiye sahip oldugu gorilmustur (F,, s4 =521.3, P<0.0001). Benzer olarak Grtnin igerisine
bdcegin yerlestirildigi pozisyon (Urlnin alti ve Ustl) da P. interpunctella’nin tim gelisme dénemlerine ait
6lim oranlar Gzerine istatistiksel olarak énemli etkiye sahip olmustur (F;, 5,=45.78, P<0.0001). Acik bir
sekilde Urtnln Ust kismina yerlestirilen 8.35 mg/l ozon gaz uygulamasinda P. interpunctella’nin yalnizca
yumurtalarina ait 6lim oranlari 33.33 mg/l ozon gaz uygulamasina ait 6lum oranlarindan dnemli derecede
daha dusuk oldugu gérilirken P. interpunctella’nin diger donemlerin (ergin, larva ve pupa) 6lim oranlari
arasinda 6nemli farkhhklar bulunmamistir (Cizelge 2.). Bunun yaninda 33.33 mg/l konsantrasyonda ozon
gaz uygulamasi Urinin dst kismina yerlestirilen tim biyolojik dénemlerin %100 ya da %100 yakin
6limuane neden olurken 8.35 mg/l konsantrasyonda ozon gaz uygulamasi ise yalnizca Urinln Ust kismina
yerlestirilen ergin ve pupalarin %100 yakin 6limine neden olmustur. Hem 8.35 mg/l hem de 33.33 mg/l
konsantrasyonda ozon gaz uygulamasi kabuklu bademin alt kismina yerlestirilen yumurtalarin tzerine
disik etkiye sahip oldugu goérilmustir. Genel olarak kabuklu bademin st kismina yerlestirilen béceklerin
Olim oranlari alt kisma yerlestirilen bdceklerinkinden daha yiksek o6lim oranlarina sahip oldugu
gorilmustar.

Cizelge 2. Alti saat suresince yarim saat aralikla iki farkli konsantrasyonda ozon gazi sirkiilasyonuna maruz birakilan 1.3 kg kabuklu
bademin iki farkli kismina (Ust ve alt kisma) yerlestirilen Plodia interpunctella’nin tim biyolojik donemlerine ait 6lum oranlari

Uygulama Bdcek Olim orani (%)+S.hata Fve P LSD
konsantrasyonu pozisyonu Ergin Larva Pupa Yumurta degeri Degeri
8.35 mgl/l Ust 96.7+3.3 83.33%3.3 96.7+1.7 42.7+3.5 Fs5=23.1 13.434
(3895 ppm) ABa ABb ABa Bc P=0.0003
Alt 86.716.7 68.3+12 78+1.7 29.3+21.3 F35=8.3 12.016
Ba Bb Ca Cc P=0.0078
33.33mgl/l Ust 100+0 93.3+3.3 1000 93.712.9 Fs5=4.98 11.598
(15545 ppm) Aa Ab Aa Ab P=0.0309
Alt 9015 76.7£3.3 88.3+1.7 48.715.2 Fs5=17.9 9.877
Ba Bb BCab Bc P=0.0007
Kontrol Ust 0+0 1545.8 5+2.9 7.3+1.8 - -
Cb Ca Dab Da
Alt 0+0 15+5.8 5+2.9 7.3+1.8 - -
Ca Ca Da Da
FveP - Fs12=76.2 Fs12=215 Fs1,=90.6 Fs12=83.9
degeri P<0.0001 P<0.0001 P<0.0001 P<0.0001
Fve P - 14.716 15.641 11.367 7.457
degeri

Verilere iki yonli varyans analizi (ANAVO) uygulanmis olup, ortalamalar arasindaki farkliliklar %5 6nem seviyesinde LSD testine
gore ortaya konmustur. Ayni situnda bulunan farkl buyilk harfler ve ayni satirda bulunan farkh kigik harfler istatistiki olarak
birbirinden farklidir.

Plodia interpunctella’nin biyolojik ddnemlerinin ozon gazi uygulamasina karsi hassasiyetleri
arasinda da istatistiksel olarak 6nemli farkhliklar oldugu bulunmustur (F3 5,=22.81, P<0.0001). Hem 8.35
mg/l hem de 33.33 mg/l ozon gaz uygulamasinda kabuklu bademin hem Ust hem de alt kismina
yerlestirilen P. interpunctella’nin pupalarin ve erginlerin 6lim oranlari diger dénemlerinkinden istatistiki
olarak 6nemli derecede daha ylksek bulunmustur (Cizelge 2). Tim ozon uygulamalarinda (Grinin Ust
kisminda 33.33 mg/l konsantrasyonda ozon gaz uygulamasi hari¢) yumurta dénemine ait 6lim oranlari
ise diger donemlerin 6lum oranlarindan istatistiki olarak énemli derecede daha dusik bulunmustur. Hem
8.35 mg/l hem de 33.33 mg/l ozon gaz uygulamasinda kabuklu bademin Ust kismina yerlegtirilen P.

193



Bademde yuksek konsantrasyonlarda ozon gazi uygulamasinin Plodia interpunctella (HUbner) ve Ephestia cautella (Walker) ya
karsi etkinligi

interpunctella’nin erginlerin ve pupalarin 6lim oranlari yumurtalarin ve larvalarin 8lum oranlarindan
istatistiki olarak daha yuUksek bulunurken kabuklu bademin alt kismina yerlestirilen P. interpunctella’nin
yumurtalarin 6lim oranlari ise larvalarin 6lim oranlarindan istatistiki olarak daha disik bulunmustur
(Cizelge 2). Tum bu sonugclar farkl konsantrasyondaki ozon gazi uygulamalarinin P. interpunctella’nin
farkli biyolojik donemleri Gzerindeki biyolojik etkinliklerinde énemli farkhliklarin oldugunu géstermektedir.

Ozon gazinin farkh depolanmis Urin zararlilari kargi etkinligi ile ilgili daha énceden yiritilen
calismalarda ozon gazi konsantrasyonun ve ozon uygulama siresinin ozon gazinin depolanmig Urin
zararhlarina karsi etkinliginde 6nemli rol oynadidi bildiriimistir (Kells et al., 2001; Sousa et al., 2008;
Isikber & Oztekin, 2009; McDonough et al., 2011). Mevcut calismada da agik bir sekilde daha disik
konsantrasyonda (8.33 mg/l) ozon gaz uygulamasinda E. cautella ve P. interpunctella’nin tim biyolojik
doénemlerine ait 6lim oranlar yiksek konsantrasyonda (33.33 mg/l) ozon gaz uygulamasindakilerden
istatistiki olarak 6nemli derecede daha disik oldugu gorilmistir. Genel olarak urlnlerin Ust kismina
yerlestirilen bdceklerin 6lim oranlar alt kisma yerlestirilen bdceklerinkinden daha ylksek oldugu
bulunmustur. Ozellikle Griinlerin alt kismina yerlestirilen E. cautella ve P. interpunctella larvalarini ve
yumurtalarini tamamen 6ldirmenin ¢ok gi¢ oldugu goértlmustir. Bu sonuglar ozon gazinin boécekleri
oldirmek icin Urlin icerisine yeterince penetre olmadigini gostermistir. Ozonun Urin arasindan ilk
hareketine ortamin ozon talebi olarak tanimlanan bir olay tarafindan engel olundugu distnilmektedir
(Kim et al., 1999). Ozon gazi ile reaksiyona giren Urln yuzeyindeki kimyasal elementler tam olarak
bilinmemektedir. Ancak, Kells et al. (2001) tahil daneleri ozon gazina maruz birakildiklarinda tahil
daneleri arasindan ozon gazinin hareketi ¢ok az bir i¢ direngle hizli oldugunu bildirmislerdir. Mason et al.
(1997) ozon gazinin kirli tahil daneler temiz daneler Uzerine yapilan iki farkli ozon uygulamasini test
etmislerdir. Bu arastiricilar benzer sekilde ozon gazinin temiz daneler Uzerine yapilan uygulamada ozon
gazinin hizh bir sekilde parcalanmadigini ve Urtnle reaksiyona girmeksizin bdcekleri dldirecek ozon
konsantrasyonuna ulasarak uriin igerisine hizli bir sekilde hareket ettigini bildirmiglerdir.

Bu ¢alismadan elde edilen sonuglar E. cautella ve P. interpunctella’nin gelisme dénemlerinin ozon
gazina duyarliliklari arasinda énemli farkhliklar oldugunu ortaya koymustur. Mevcut ¢alismada E. cautella
ve P. interpunctella’nin yumurta ve larva dénmelerinin ozon uygulamalarina ergin ve pupa dénemlerine
gOre daha dayanikh oldugu goérilmustir. Leesch (2003) 4 saat sureyle 300 ppm ozon gazina maruz
birakilan of P. interpunctella’nin tim biyolojik dénemlerinin duyarllklarini laboratuvar kosullarinda test
etmistir. Calisma sonucunda ozon uygulamasina en hassas dénemin ergin olurken bunu larva ve pupanin
takip ettigini ve yumurtanin ise ozon gazindan hi¢ etkilenmedigini bildirmistir. Bu sonuglar mevcut
calismada elde edilen sonugclarla paralellik gdstermektedir. Bu ¢alismada ozon gazinin bir flimigant olarak
E. cautella ve P. interpunctella‘ya karsi etkinligi ile ilgili elde edilen sonuglar ozonun depolanmigs tahillarda
zararh béceklere karsi etkinligini belirlemeye yonelik yapilan diger calismalarla da kiyaslanabilir. Kells et
al. (2001) tarafindan elde edilen sonuglar 3 glin sureyle 50 ppm konsantrasyonda ozon uygulamasi S.
zeamais ve T. confusum, erginlerin ve P. interpunctella’nin larvalarinin yiksek Olimlerine neden
oldugunu bildirmiglerdir. Bu c¢alismada ozon konsantrasyonu mevcut c¢alismadaki ozon
konsantrasyonundan oldukga dusik olmasina ragmen uygulama suresinin mevcut ¢alismada test edilen
surelerden daha uzun oldugu goériimektedir. Bu ylizden test edilen béceklere karsi ozonun etkinligindeki
farklilklar ozon konsantrasyonundaki, uygulama suresindeki veya ozon uygulama metodundaki
farklihktan kaynaklanabilecegi 6n gorilmektedir.
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Sekil 2. Alti saat slresince yarim saat aralikla 8.35 mg/l konsantrasyonda ozon gazi sirkilasyonuna maruz birakilan 1.3 kg kabuklu
bademin iki farkli kismina (Ust ve alt kisma) yerlestirilen Ephestia cautella ve Plodia interpunctella’nin tim biyolojik
dénemlerine ait 6lim oranlari.

Test edilen bocek tlrlerinin 0zon gazi karsi hassasiyetleri arasinda da istatistiksel olarak énemli
farkhliklar oldugu gorulmustar (Sekil 2; F;, 35=75.34, P<0.0001). Alti saat suresince yarim saat aralikla
8.35 mg/l konsantrasyonda ozon gazi sirkiilasyonuna maruz birakilan kabuklu bademin hem Ust hem de
alt kismina yerlestirilen P. interpunctella ergin ve larvalarin 6lim oranlari E. cautella ergin ve larvalarin
Olim oranlarindan istatistiki olarak énemli derecede daha ylksek bulunmustur (ergin Ust kisim igin F; 4=
10.57, P=0.0314; ergin alt kisim igin Fy , = 34.11, P=0.0043; larva ust F, 4= 137.86, P=0.0003; larva alt
F, 4=23.14, P=0.0086). Ozon gazina maruz birakilan kabuklu bademin st kismina yerlesgtirilen P.
interpunctella pupalarin 8lim oranlari E. cautella’nin ergin ve larvalarin 6lim oranlarindan istatistiki olarak
Onemli derecede daha yuksek bulunurken (F; ,=15.47, P=0.0171) alt kismina yerlestirilen E. cautella ve
P. interpunctella pupalarin 6lim oranlar istatistiki olarak benzer bulunmustur (F 4,=15.47, P=0.0171).
Yumurta déneminde ise kabuklu bademin alt kismina yerlestirilen E. cautella yumurtalarinin 6lim oranlari
P. interpunctella yumurtalarinin 6lim oranlarindan istatistiki olarak 6nemli derecede daha ylksek
bulunurken (Fy, 42=37.73, P=0.036) Ust kismina yerlestirilen E. cautella ve P. interpunctella yumurtalarin
Olim oranlar istatistiki olarak benzer bulunmustur (F, ,=0.88, P=0.4012). Tum bu sonuclar yumurta
doénemi hari¢ E. cautella’nin genellikle P. interpunctella’ya goére ozon gazina daha dayanikh oldugunu
gOstermigtir. Benzer sekilde ozon gazi ile ilgili daha 6nceden yirutilen calismalardan elde edilen
sonuglar toksisite sonuglari depolanmig Uriin zararlisi tlrlerin ozon gazina karsi duyarliliklarinda énemli
farklihklarin oldugunu gostermektedir (Leesch, 2003; Isikber & Oztekin, 2009; McDonough et al., 2011).
Nitekim, Leesch (2003) T. confusum erginlerinin ozon gazina P. interpunctella erginlerine gére daha
dayanikh oldugunu bildiriimistir. Benzer sekilde McDonough et al. (2011) T. castaneum ve P.
interpunctella’nin %100 6limlerini elde etmek igin gerekli olan konsantrasyon x uygulama suresi (C x t
product) degerlerini heasplamiglar ve T. castaneum’un P. interpunctella’ya goére daha yilksek ozon
konsantrasyonuna veya daha uzun ozon uygulama siresine ihtiyag duyguklarini (sirasiyla 256,500 ppm-
dakika ve 183,000 ppm-dakika konsantrasyon x uygulama stiresi (C x t product) degeri) bildirmislerdir.
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Sonug olarak bu galismada yiksek konsantrasyonda ozon gazinin kisa uygulama siresinde (6
saat) kabuklu bademde E. cautella ve P. interpunctella’nin tim biyolojik dénemlerini tamamen kontrol
edememesinden dolayl ozon gazinin Urlnlerin bécek bulagsmalarindan hizli bir sekilde arindiriimasinda
(karantina uygulamalarinda) metil bromide potansiyel bir alternatif olamayacadi goérilmektedir. Bundan
sonraki ¢alismalarda yiiksek konsantrasyonlarda ozon gazinin daha uzun uygulama suresinde (24 saat)
depolanmig Urln zararlilarina karsi biyolojik etkinliklerinin ve ozon gazinin Urin kalitesitesine etkisinin
arastiriimasinin faydali olacagi disinudimektedir.

Tesekkur

Bu calisma, TUBITAK tarafindan 1090802 nolu proje ile desteklenmistir. Bu desteklerinden dolayi
TUBITAK a tesekkiir ederiz.
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Bozyazi ilgesi (Mersin) muz seralarinda onemli bitki paraziti
nematodlarin (Helicotylenchus multicinctus, H. dihystera ve
Meloidogyne spp.) (Nemata) popiilasyon degisimlerinin arastiriimasi*

Investigation on population dynamics of important plant parasitic nematodes
(Helicotylenchus multicinctus, H. dihystera and Meloidogyne spp. (Nemata) in banana
greenhouses grown in Bozyazi (Mersin)

Ece B. KASAPOGLU?  Giirkan YORAZ? ibrahim Halil ELEKCIOGLU?
Summary

Banana is a plant which grown in tropical and subtropical areas, and has economic importance. Plant parasitic
nematodes in banana production areas cause significant crop losses annually. Previous studies showed that spiral
nematodes (Helicotylenchus dihystera (Cobb, 1893) (Tylenchida: Hoplolaimidae), H. multicinctus (Cobb, 1893)
(Tylenchida: Hoplolaimidae)) and root-knot nematodes (Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida:
Meloidogynidae)) and M. javanica (Treub, 1885) (Tylenchida: Meloidogynidae)) are widespread in banana production
areas in Turkey. Plant parasitic nematodes are commonly found in banana field were identified and population
fluctuations of spiral and root-knot nematodes were investigated monthly in Mersin. In this study, soil and root
samples were collected monthly from a banana greenhouses in Bozyaz district of Mersin province between 2012 and
2014. Helicotylenchus multicinctus, H. dihystera, Meloidogyne incognita and M. javanica were identified in different
population densities in Banana growing area and among them H. multicinctus was found as most dominant nemotod
species. It was determined that population of H. multicinctus generally increased in April and decreased in Nowember
and February in both year.

Keywords: Helicotylenchus multicinctus, Spiral and Root-knot nematode, population dynamics, banana, greenhouse
Ozet

Muz, tropik ve subtropik alanlarda yetisen, ekonomik éneme sahip bir bitkidir. Bitki paraziti nematodlarin, muz
uretim alanlarinda her yil 6nemli oranda Urtin kaybina neden oldugu bilinmektedir. Turkiye’nin muz Uretim alanlarinda
bitki paraziti nematodlar daha &énceki calismalarla belirlenmis, spiral (Helicotylenchus dihystera (Cobb, 1893)
(Tylenchida: Hoplolaimidae), Helicotylenchus multicinctus (Cobb, 1893) (Tylenchida: Hoplolaimidae)) ve kok-ur
nematodlarinin (Meloidogyne incognita (Kofoid & White, 1919) (Tylenchida: Meloidogynidae) ve M. javanica Treub
1885 (Tylenchida: Meloidogynidae)) yaygin oldugu belirtiimigtir. Mersin ilindeki muz alanlarinda yaygin olarak
bulunan bitki paraziti nematodlar belirlenmis ve spiral ve kdk-ur nematodlarin aylara gére popllasyon dalgalanmalar
arastinimistir. Bu calismada Mersin ili Bozyazi ilgesindeki muz seralarinda spiral ve kdék-ur nematodlarinin
populasyon dagilimlarini arastirmak amaciyla 2012-2014 yillari arasinda her ay dizenli olarak toprak ve kdk drnekleri
alinmistir. Muz serasinda H. multicinctus, H. dihystera, Meloidogyne javanica ve M.incognita farkli popllasyon
yogunluklarinda tespit edilmis ve en yodun nematod tiriu olarak H. multicinctus gézlenmistir. H. multicinctus’un
populasyon yogunlugunun genel olarak Nisan ayinda yiikseldigi, Kasim-Subat aylarinda ise azaldigi belirlenmistir.

Anahtar sozciikler: Helicotylenchus multicinctus, Spiral ve Kék-ur nematodu, poptilasyon degisimi, muz, sera
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Giris

Tropik ve subtropik alanlarda yetistiriciligi yapilan muz bitkisinin, Dinya genelinde 102 milyon ton
(FAO, 2010), Tirkiye'de ise 207.727 ton (TUIK, 2012) lretimi gergeklesmektedir. Ulkemizde muz
yetistiriciligi yalnizca Akdeniz Bdlgesi'nde yapilmakta ve bolge Ureticilerine 6nemli ekonomik gelir
saglamaktadir. Zararli organizmalar igerisinde, bitki paraziti nematodlarin énemli zarar yaptigi ve Diinya

genelinde yillik %19,7 oraninda verim kaybina neden olduklari bildiriimektedir (Sasser & Freckman,
1987).

Dinyada muz alanlarinda, Rotylenchulus reniformis Linford & Oliveira 1940 (Tylenchida:
Rotylenchulidae), Radopholus similis (Cobb, 1893) Thorne, 1949, (Tylenchida: Pratylenchidae),
Helicotylenchus multicinctus  Cobb, 1893 (Tylenchida: Hoplolaimidae), H. dihystera Cobb, 1893
(Tylenchida: Hoplolaimidae), Meloidogyne spp. ve Pratylenchus spp. gibi tlrlerin Grin kayiplarina neden
olduklari bildiriimektedir (Costilla et al., 1979; Barekye et al., 2000; Araya et al., 2002; Sundararaju et al.,
2003; Kamira et al., 2013). Muz yetistiriciligi yapilan alanlarda spiral nematodlar (Helicotylenchus spp.) ve
kok ur nematodlari (Meloidogyne spp.) tim dinyada ekonomik olarak zararli durumundadirlar. Spiral
nematodlar Ozellikle subtropik alanlarda muz kokleri Uzerinde kahverengi leke seklinde belirti
olusturmalari ve kokun 6zellikle korteks tabakasinda beslenerek, gelisimini engellemeleriyle bilinmektedir
(Barekye et al., 2000; Moens et al., 2006). Kékin korteks tabakasinda yumurta déneminden itibaren ergin
disi dénemine kadar beslenmektedirler (Decker, 1989). Bu alanlarda, hem toprakta hem de bitki
koklerinde en yogun bulunan tirtin muz spiral nematodu, H. multicinctus oldugu belirtimektedir (Kamira
et al.,, 2013). Muz koklerinde olusturduklari zararlar ise farkli tirlerin yogunluklari ve bitkinin vejetatif
doénemine gore degismektedir (Gowen et al., 2005). Turkiye’de muz yetistirilen alanlarda yuritilen sérvey
g¢alismalarinin sonucuna gore Rotylenchulus reniformis ve Radopholus similis bulunmamakta, buna
karsin, H. multicinctus, H. dihystera, Meloidogyne spp. yaygin olarak bulunmaktadir (Girdemir, 1979;
Elekcioglu, 1992; Elekciogdlu & Uygun, 1994; Misirlioglu et al., 2008).

Muz alanlarinda nematodlara karsi en uygun micadele ydntemlerini belirlemek icin zararh
nematodlarin popilasyon gelismelerinin arastiriimasi buyik énem arz etmektedir (Chavez & Araya,
2010). Turkiye’de muz alanlarinda yaygin bulunan tirlerin tanimlanmalari ve =zarari gibi konular
arastinimistir (Girdemir, 1979; Elekcioglu, 1992; Elekcioglu & Uygun, 1994; Misirhoglu et al., 2008).
Buna kargsin turlerin popllasyon gelismeleri ve dalgalanmalari izerine ¢alisma yapilmamistir. Bu amagla
Mersin ili Bozyazi llgesi muz seralarinda énemli bitki parazit nematod tirlerinin 2 yil boyunca aylk
populasyon degisimleri arastiriimistir.

Materyal ve Yontem
Doga g¢aligmalari

Mersin ili, Bozyazi ilgesi'nde 5 da biyikliginde, yagmurlama sistemi ile sulanan muz serasinda
2012-2014 yillan arasinda "Anamur muzu” olarak bilinen 8-14 yas araliindaki “Dwarf cavendish” ve
“Grand nain” muz c¢esidinin bulundugu sera, deneme alani olarak belirlenmistir. Denemenin
baslangicinda her ay dizenli olarak bir 6n c¢alisma olusturmasi igin kék ve toprak ornekleri alinmistir.
Yapilan galisma sonucunda deneme alaninda kék ur nematodlarinin ¢ok disiik yodunlukta olduklari
belirlenmistir. Wang & Hooks (2009 a) Hawaii’'de muz bitkileri Gzerinde yaptiklari sérvey ¢alismasinda, H.
multicinctus’un toprak ve kokte bulunma oranlarinin ayni oldugunu belirtmiglerdir. Yapilan 6n ¢alismada
benzer sonuglar elde edildiginden, yodun is glcini azaltmak amaciyla ¢alisma suresince sadece toprak
ornekleri alinmis ve degerlendirilmistir.

iki Gretim sezonu boyunca arastirmanin yiriitildigii serada nematisit kullaniimamistir. Denemeye
alinan sera 4 parsele ayrilmis olup, her parseldeki muz bitkilerinden zikzak sekilde gidilerek, toprak
sondasi yardimiyla, 0-30 cm derinliginden toprak 6érnedi alinmistir (Southey, 1986). Toprak Ornekleri
gerekli etiketlemeler yapildiktan sonra Cukurova Universitesi, Ziraat Fakdiltesi, Bitki Koruma Bolimi
Nematoloji Laboratuvari (Adana, Tarkiye)'na getirilip, 4°C’de buzdolabinda muhafaza edilmigtir.
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Laboratuvar ¢aligmalar

Toprakta serbest ve hareketli bulunan nematodlarin elde edilmesi amaciyla gelistiriimis Baermann
huni yéntemi’nin modifiye edilmis bigimi olan Petri yontemi kullaniimis ve 4 parselde bulunan hareketli
ergin disi ve larvalara ait bireyler elde edilmistir. Bu amagla 12 cm ¢apinda, 2 cm yuksekliginde plastik
Petriler kullaniimis ve 50 cc (100 g) toprakta bulunan nematodlar elde edilmistir (Barker, 1985; Southey,
1986). Topraktan elde edilen ve santrifij tlpleri icerisinde ¢Okeltilen nematodlar etlivde 60°C’de 5 dakika
bekletilerek oldirtlmus ve TAF ¢ozeltisi [7 ml formalin (% 40 formaldehit) + 2 ml triethanolamin + 91 ml
saf su] igerisinde fikse edilmistir (Hooper, 1986). Fikse edilen nematodlar Seinhorst (1959) yontemine
gore saf gliserin igerisine alinmigtir. Saf gliserin igerisine alinan nematodlar cinslerine gére ayrilarak,
balmumu-ytzik (wax-ring) yontemiyle 6nceden hazirlanmis olan lam tGzerine alinmis daha sonra lamel ile
Isitici Uzerinde sabitlestiriimis ve tur teshisleri yapiimistir (Hooper, 1986).

Mersin ili Bozyazi ilgesi'nde, bir uretici serasinda Ocak 2012-Nisan 2014 arasinda her ay dizenli
olarak alinan toprak &rneklerinde bitki paraziti nematod ve saprofit gruplarinin teshisleri yapilmisg,
populasyon yogunluklari belirlenmistir (Sekil 2, 3, 4). Spiral ve kdk-ur nematodlarin, gerekli preparatlari
yapildiktan sonra, disi bireylerin morfometrik ve allometrik 6lcim degerlerine goére tur teshisleri
yapilmigtir.

Arastirma Sonuglan ve Tartisma

Bitki paraziti nematodlar igerisinde en yaygin ve yogun olarak H. multicinctus bulunmus,
H. dihystera, Meloidogyne javanica ve M. incognita tirlerine ise ¢ok diisik populasyon yogunluklarinda
yalnizca birkac ornekte rastlanmistir. On calismada K&k ur nematodlarinin sadece larvalarina
rastlanmistir. Kéklerde ergin bireylere rastlanmadigi icin kék ur nematodlari “sp.” dizeyinde verilmistir.

Bu oOrneklerde tespit edilen bitki paraziti nematod turlerinin populasyon yogunluklarinin
ortalamasina goére aylik populasyon gelisme seviyesi, erkek, disi ve larva bireylerinin populasyon
dizeyleri belirlenmistir. Bozyazi ilgesi'ne ait ortalama hava sicakligi verileri Meteroloji Genel Mudurliigi
(MGM)'nden elde edilmis ve Sekil 1’de verilmigtir. Aylik ortalama sicaklik verileri dikkate alindiginda
(Sekil 1), en yuksek sicakhdin her iki yilda da Temmuz aylarinda, en disuk sicakhgin ise Aralik ve Ocak
aylarinda kaydedildigi gértlmektedir. Bitki rizosferindeki toprak sicakliginin da bu dogrultuda seyrettigi
literatUr kayitlarina dayanarak kabul edilmektedir.
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Sekil 1. Bozyazi (Mersin) ilgesi igin 2012, 2013 ve 2014 yillarina ait ortalama sicaklik degerleri (MGM).
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Meloidogyne spp.) (Nemata) populasyon degdisimlerinin arastiriimasi

Helicotylenchus multicinctus’un popilasyon yogunlugunda, ilkbahar ve yaz aylarinda sicakliga
bagli olarak genel bir yikselme oldugu goéralmastar (Sekil 2). H. multicinctus’'un populasyon
yogunlugunun 2012 ve 2013 yillarinda iki tepe noktasi olusturmus, 2012 yili Subat ve Mart aylarinda
yukselmeye baslamis, daha sonra disis goérilmustiur (Sekil 2). Zararlinin populasyon yogunlugu
Temmuz ve Agustos aylarinda en yuksek dizeye ulagsmistir. Bu yillarin Ekim ve Kasim aylarinda ise;
daha 6nce en yiksek dizey olarak tespit edilen dizeylerden daha dusuk olmakla birlikte zararlinin
populasyon yodunlugunda yiukselme goérUimustir. Her iki yihin Ekim ve Kasim aylarindaki bu dizeyler
dikkate alindiginda, H. multicinctus’un yil igerisinde populasyon yogunlugunun u¢ tepe olusturdugu
sOylenebilir. Popllasyonlardaki bu inis ve c¢ikiglarin toprak sicakliginin yani sira dogal disman
aktivitesinden kaynaklandigi distnilmektedir.
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Sekil 2. Bozyazi (Mersin) ilgesi muz serasinda 2012-2014 yillari arasindaki bitki paraziti nematod popiilasyon dagihmi.

Muz alanlarinda kék ur nematodlari yaygin olarak bulunmakla beraber, spiral nematodlar ile birlikte
kokun korteks tabakasindan beslenmektedir. Bu nedenle kék ur nematodu ve spiral nematodlar rekabet
icerisindedirler. Elekcioglu (1992) yaptidi ¢alismada muz alanlarinda M. incognita ve M. javanica’nin
degisik yayginlik oraninda ve karigik populasyonlar halinde yaygin olduklarini bildirmektedir. Vovlas et al.,
(1994) ile Wang & Hooks (2009b), H. multicinctus’'un genellikle az bulundugu bdlgelerde kok ur
nematodlarinin daha baskin oldugunu bildirmigler ve kdk ur nematodlarinin ylizeyinde bakteriyel patojen
olarak etkili olan Pasteuria penetrans (Thorne 1940) Sayre & Starr 1986 (Bacillales: Alicyclobacillaceae)
tespit etmislerdir. Buna goére topraktaki nematodlara karsi bakteriyel ve fungal parazitlerin, nematodlarin
populasyon yogunluklarina etkisinin oldugu ve kdk ur nematodu popilasyonunun bundan dolayr disik
oldugu dusunulebilir. H. multicinctus’un en yuksek dizeyde bulunmasi, H. dihystera ve Meloidogyne
spp.’'nin ise dusuk dizeylerde gorilmesi turler arasi rekabetten dolayi olabileceginin gostergesidir. Diger
spiral nematod tiri olan H. dihystera ve kék ur nematodlari (Meloidogyne spp.) ¢alisma siresince H.
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multicinctus’a gbére ¢ok daha dusik popllasyon yogunluguna sahip olduklari ortaya konmustur. Bu
durumun tir ici ve tlrler arasi rekabetten dolayi oldugu soylenebilir. Lashein & Youssef (2013), Misir'da
zeytin alanlarinda 26-27°C’de Helicotylenchus sp.’nin populasyonunun yukseldigini, 14°C’de sicakligin
distigl kis aylarinda populasyonda belirgin bir digsme oldugunu bildirmiglerdir. Brezilya’da 2002-2004
yillari arasinda yapilan diger bir calismada, genel olarak hava sicakliginin ve yagisin en yuksek oldugu
Aralik ayinda H. multicinstus’un populasyonunda yiikselme gorilmis ve sicaklik ve yagisin disik oldugu
aylarda ise populasyonda dismeler oldugu ortaya konulmustur (Ribeiro et al., 2009).

Denemenin yiritildigi serada 2012-2013 ile 2013-2014 iretim dénemlerinde toplam bitki paraziti
ve saprofit nematodlarin populasyon gelismeleri Sekil 3'de verilmistir. Genel olarak saprofit nematodlarin
poptlasyon yogunlugunun 2013-2014 deneme ddéneminde bir dnceki yilla gére daha ylksek dizeyde
oldugu gorulmektedir. 2012-2014 yillar arasindaki bitki paraziti nematod popullasyonuna bakildiginda
populasyon yogunluklarinin Subat aylarinda en disuk oldugu, Haziran ve Eylul aylarinda ise en yliksek
diizeye ulastigi gorilmektedir. Genel olarak ifade edilecek olursa, saprofit ve bitki paraziti nematodlarin
popullasyon yogunluklarindaki degisimlerin birbirine paralel seyrettigi sdylenebilir. PopUllasyon
yogunluklarinda kis ve yaz aylarindaki dususler sicaklik degisimlerine, sicakligin nematodlarin gelismesi
icin optimum oldugu zamanlardaki degisimleri ise, biyolojilerine ve toprakta bulunan dogal dismanlarin
baskisina baglanabilir. Nitekim Jatala (1986), fungus, avci nematod, bakteri ve tardigrad'larin biyolojik
savasimda rol oynadigini; Siddiqui & Mahmood (1996) ise Ozellikle toprakta bulunan nematod paraziti
funguslarin (entomopatojen funguslar), nematod popilasyonunu énemli derecede azalttigini belirtmistir.
Yine Wang & Hooks, (2009a) Hawaii'deki muz ekili alanlarda tuzak olusturan funguslar, predator
nematodlar ve Pasteuria penetrans gibi dogal dismanlarin yogun olarak bulundugunu ve bitki paraziti
nematodlari baski altina alma potansiyellerinin ylksek oldugunu bildirmektedir.
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Sekil 3. Bozyazi (Mersin) ilgesi muz serasinda 2012-2014 yillari arasinda bitki paraziti nematodlar ve saprofit nematodlarin dagilimi.
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Bozyazi ilgesi (Mersin) muz seralarinda 6nemli bitki paraziti nematodlarin (Helicotylenchus multicinctus, H. dihystera ve
Meloidogyne spp.) (Nemata) popllasyon degisimlerinin arastiriimasi

Queneherve (1989) Afrika’da tropikal bir iklime sahip Fildisi sahillerinde, Mayis ayindan Temmuz
ayina kadar yillik en fazla yagdisin oldugu ve ortalama sicakligin 24-27°C oldugu dénemde, toprakta ve
kokte H. multicinctus’'un populasyon yogunlugunun arttigini bildirmistir. McSorley & Parrado (1986) R.

similis’in bulunmadigi muz alanlarinda ve sicakligin minimum 15.6°C’den ylksek oldugu bélgelerde H.
multicinctus’un daha fazla zarar meydana getirdigini belirtmektedirler.

Bozyazi lilgesi muz serasinda ana zararll konumunda olan H. multicinctus’'un &érnekleme
donemlerinde larva, disi ve erkek oranlari Sekil 4’'de gosterilmistir. Genel olarak erkek bireylerin

poptlasyon yogunluklarinin distk oldugu, buna karsin her érneklemede degisik yodunlukta larva ve
disilere ait bireylerin bulundugu gorilmektedir.
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Sekil 4. 2012-2014 yillari arasinda muz spiral nematodu

(Helicotylenchus multicinctus)'nun popllasyon degisimine bagh olarak
biyolojik dénemleri.

Spiral nematodlarin muz bitkilerinde meydana getirdigi ekonomik zararlar géz 6niine alindiginda,

H. multicinctus’un dogda kosullarinda, erkek ve disi bireylerinin oranlarinin bilinmesi micadeleye yonelik
calismalara yardimci olacaktir. Karakas (2007) H. multicinctus’'un yumurta dénemi ve 4. larva
doneminden sonra erkek ve disi bireylerin olustugunu belirtmektedir. Bu c¢alismaya gore; larva
doénemlerinin disi ve erkek bireylere gore daha ylksek diizeylerde seyrettigi, disi bireylerin populasyon

yogunlugunun erkek bireylerden daha fazla oldugu gériimektedir. Bu durumda H. multicinctus’'un daha
¢ok partenogenetik olarak gogaldigi séylenebilir.
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Muz Uretilen bazi Glkelerde muzun ¢ok dnemli bir zararlisi olan Radopholus similis (Cobb 1893)
(Tylenchida: Pratylenchidae) ve H. multicinctus birlikte bulunurken, tlkemizde simdiye kadar R. similis'e
rastlanmamistir. Vilardebo & Guerout (1976) R. similis’in spiral nematodlara gére daha siddetli zarar
olusturdugunu, Mc Sorley & Parrado (1986) ise R. similis ‘in bulunmadidi alanlarda H. multicinctus’un
zarar oraninin arttigini bildirmektedirler. Tlrkiye'nin muz yetistirilen alanlarinda R. similis’in bulunmamasi,
H. multicinctus’'un potansiyel olarak daha zararli olmasini sagladigi yani tirler arasi rekabette avantajli
duruma getirdidi soylenebilir. Ayrica, R. similis, H. multicinctus, kék lezyon (Pratylenchus) ve kdék ur
(Meloidogyne) nematodlarinin genellikle karisik populasyon olarak goérildigini ve H. multicinctus ve
Pratylenchus sp.’nin yogun bulundugu yerlerde, R. similis'in yodunlugunu azaltabilecegi gézlenmis ve bu
durumun o6zellikle Helicotylenchus sp. ve R. similis’in muz bitkisinin kdk korteksinde beslenmelerinden
kaynaklandigi belirtiimigtir (Barekye et al., 2000; Chavez & Araya, 2010).

Calismadan elde edilen bulgular 1si§inda H. multicinctus’un popiilasyon yodunlugunun Mersin ili
Bozyaz! ilgesi kosullarinda Mart ayindan itibaren artmaya basladigi gdz éniine alindiginda, miicadele
yontemleri ve 0Ozellikle kimyasal miuicadelenin uygulanmasinda bu zamanin en uygun olabilecegi
Onerilebilir.

Bitki paraziti nematodlar ile micadelede son zamanlarda ruhsat alan nematisitlerin iginde biyolojik
muicadele etmenleri de bulunmaktadir. Kimyasal miicadelenin tercih edildigi durumlarda miicadele
zamaninin bu calismada ve dider Ulkede yurutilen ¢alismalarda ortaya konuldugu gibi populasyon
yogunlugunun artmaya basladigi zamana denk getiriimesi basari i¢in blyldk énem arz etmektedir. Ayrica
dayanikh hibrit gesitlerle ilgili calismalarda (Krishnamoorthy et al., 2005) tespit edilen gesitlerle ilgili
olarak, bu cesitlerin Ulkemiz kosularinda performanslarinin da arastiriimasi ve ona goére onerilmesi
gerekmektedir. Toprakta bulunan yararli organizmalar ve diger organik Urlnlerin bitki paraziti nematodlari
baskilayabilecegi dusiinildiginde, biyolojik preparatlara yonelim hem ekolojik sistemin korunmasi hem
de insan saglidi icin uygun mucadele ydontemlerinden biri olmaktadir.
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Biber hat ve gesitlerinin Meloidogyne incognita’ya karsi dayanikhiligi

Resistance of pepper lines against Meloidogyne incognita

Adem OZARSLANDANY Hasan PINAR? Atilla ATA?  Davut KELES?

Summary

Root-knot nematodes (Meloidogyne spp. (Nematoda: Meloidogynidae)) are important pests of pepper causing
important crop losses. The study was carried out in joint of Biological Control Research Station and Alata Horticultural
Research Station from 2010 to 2014. Fifty-seven pepper lines were tested at 25 + 2.0°C against Meloidogyne
incognita (Kofoid & White) Chitwood, populations collected from the pepper fields in Mersin. Results of infection of
nematodes were evaluated as gall index 60 days after inoculation. The 27 of the lines were considered resistant with
0-2 gall index and 30 were considered susceptible with 3-5 gall index. The homozygous pepper lines determined to
be resistant were tested 3 times using different M. incognita populations. The pepper lines resistant for nematodes
were crossed with susceptible lines having high yield and fruit quality characteristics. The nematode resistant hybrids
913XH9, 100XH8, N-269X1547 and N269X953-W showed the highest yield performance. These candidate hybrids
could be used in root-knot nematode infected agricultural areas.

Keywords: Root knot nematode, M. incognita, pepper, resistance

Ozet

Kok ur nematodlari (Meloidogyne spp.) (Nematoda: Meloidogynidae)) biberlerde énemli Griin kayiplarina
neden olan bir zararlidir. Bu galisma 2010-2014 yillarinda Biyolojik Miicadele Arastirma Istasyonu Midirligi ve
Alata Bahge Kiiltiirleri Arastirma Istasyonu Miidirliigiinde yiritiimustir. Elliyedi saf biber hatti Mersin ilindeki biber
alanlarindan alinan Meloidogyne incognita (Kofoid & White) Chitwood, popllasyonuna kargi 25+2.0°C testlenmistir.
Nematod inokulasyonundan 60 gun sonra ur skalasina bakilarak degerlendirme yapilmistir. Testlenen biber
genotiplerinden 27 adeti 0-2, 30 adeti 3-5 ur skalasi grubunda yer almistir. Dayanikli bulunan hatlar, farkli M.incognita
populasyonuna karsi U¢ kez tekrar test edilmistir. Dayanikh hatlar ile hassas olan yiksek verimli hatlar melezlenerek
verim degerleri alinmigtir. Bunlardan 913XH9, 100XH8, N-269X1547 ve N269X953-W melez kombinasyonlari en
yuksek verim performansi géstermiglerdir. Yeni gesit adaylari kok-ur nematodunun ekonomik kayiplara neden oldugu
tarim bolgelerinde ticari olarak kullanilabilir.

Anahtar s6zciikler: Kok ur nematodu, M. incognita, dayaniklilik, biber
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Giris

K6k ur nematodlari (Meloidogyne spp.) (Nematoda: Meloidogynidae) dinya genelinde cesitli
Urtnlerin en 6nemli zararhlarindandir. Tirkiye’de Meloidogyne arenaria (Neal) Chitwood, Meloidogyne
javanica (Treub) Chitwood ve Meloidogyne incognita (Kofoid & White) Chitwood’'nin sebze alanlarinda en
yaygin ve ekonomik énemli tirler oldugu bildirilmistir (Elekcioglu et al., 1994; S6gut & Elekcioglu, 2000;
Ozarslandan & Elekcioglu, 2010). Biber yetistiriciliginin yapildigi alanlarda M. incognita’nin yaygin oldugu
bilinmektedir. M. incognita biberde Ureyip zarar verirken, M. javanica biberde ireyemez ve zarar veremez
(Hartman & Sasser, 1985; Peixoto et al., 1997; Ozarslandan & Elekcioglu, 2003). Sebze alanlarinda kk-
ur nematodlari ile micadelede genellikle fumigant etkili nematisitler kullaniimaktadir. Wesemael et al.
(2011), bu kimyasallarin insan saghgina ve gevreye zararli oldugunu bildirilmistir. Ayrica, Grlin rotasyonu
ile konukgusu olmayan Urtnlerin ve dayanikli gesitlerin kok ur nematodu infeksiyonunu azaltmada etkili
oldugunu, fakat bunun basarili olmasi igin birgok Grinin konukguluk durumlarinin bilinmesinin énemli
oldugunu da bildirmiglerdir. Dayanikli biber hatlari M. incognita’nin tremesini sinirlayarak kontrol
etmektedir. Bundan dolayr dayanikh hat ve cesitler, solarizasyon, urin rotasyonu gibi diger kontrol
Onlemleri ile beraber entegre micadele programlarinda kullaniimaktadir (Tzortzakakis et al., 2000).

Biberde allel olmayan farkli nematod dayaniklilik genleri vardir. ilk dayaniklilik geni N geni olarak
isimlendirilmistir. Biber N geninin, M. arenaria, M. incognita ve M. javanica’'ya karsi dayanikhhk
sagladigini, fakat bu dayanikliligin etkinliginin nematod izolatina ve inokulum diizeylerine bagl oldugunu
go6stermiglerdir(Thies et al., 2008). N geni ilk defa Mississipi Nemaheart genotipinde tespit edilmis ve
geriye melezleme ile dayaniklilik hassas biber gesitleri Carolina Wonder ve Charleston Bell'e aktariimistir
(Thies & Fery, 2002). Bu dayanikliligin 32°C de bile etkili oldugu ve kirilmadigi saptanmistir (Thies &
Fery, 2002).

Djian-Caporalino et al. (1999, 2001, 2007) yaptid1 calismada, bagimsiz Me dominant genlerini Me1
(PM217-P1 201234)), Me3 (PM687-PI 322719)) ve Me7 (PM702-Criollo de Morelos 334) olarak tespit
etmiglerdir. Bu genler dominant genler olup M. arenaria, M. incognita ve M. javanica’ya karsi dayanikllik
saglamaktadirlar. Bunlara ek olarak, Mech1 (PM702) ve Mech2 (PM217) genlerinin M. chitwoodi’ye karsi
dayanikhhk sagladigini tespit edilmis olup, biberde toplamda dokuz dayaniklik geninin tespit edildigi (N,
Mel, Me2, Me3, Me4, Me5, Me7,Mech1 and Mech?2) bildiriimistir (Hare, 1957; Bleve-Zacheo et al., 1998;
Djian-Caporalino et al., 2001;2007; Wang & Bosland, 2006; Wang et al., 2009).

Biberde nematod dayaniklihdini saglayan farkli genlere kargi molekuler belirtecler gelistirilmistir
(Djian-Caporalino et al., 2001; 2007; Fazari et al., 2012; Gisbert et al., 2013). Fakat biber genotiplerine ve
ilgili dayanikliik genine gore kullanilan belirteclerin glvenirliligi dedismekte ve klasik testleme kadar
glvenli sonug vermemektedir.

Bu sebeple, Alata Bahge Kiiltiirleri Arastirma istasyonu Miidiirligi biber i1slah galismalarindan elde
edilen saf hat ve c¢esit adaylarinin M. incognita’ya karsi dayaniklilik durumlar klasik testleme ile
belirlenmistir.

Materyal ve Yontem

Bitki materyalleri, diinya sebze merkezinden (AVRDC, Taiwan) temin edilen ve farkli dayanikhhk
genlerini tasidigi bilinen biber hatlari, Yolo Wonder B (H1), California Wonder 300 (TMR) (H2 ve H3), PM
687 (H5), PM 217 (H6), Criollo De morelos 331 ve Carolina Cayenne (H8, H9) ile ylksek verimli
nematoda hassas yerli hatlardan olugsmaktadir.

Calismada kullanilan biber fideleri, 11 cm ¢apinda ve 500 cm® hacimlik plastik saksilara dikilmistir.
Bitkilerin yetistirildigi toprak yapisi; %80 kum, %5 mil ve %15 toprak olacak sekilde hazirlanmis ve
deneme oOncesi 1 saat 121 °C sicaklikta otoklav edilerek dezenfekte edilmistir. Testlemeler 25+1°C
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sicaklik ve %60+10 nem, 16 saat aydinlik ve 8 saat karanlik kosullarinin saglandigi iklim odasinda
yurGtiimusttr. Bitkilere nematod inokulasyonundan bir hafta 6nce ve bir hafta sonra glbreleme
yapiimamistir. Diger dénemlerde rutin dengeli gibreleme yapilimistir.

Denemelerde kullanilan Kék-ur nematodu (M. incognita) Uretimi nematoda hassas oldugu bilinen
“Poyraz F1” biber gesidinde yapilmistir. Kék-ur nematodunun Uretildigi bitki kdklerinden, stereo binokdler
altinda yumurta paketleri ¢ikartilarak gelistiriimis Baermann-huni ydntemine goére 2. dénem infektif larvalar
elde edilmigtir. Denemeler, biber fideleri 2-4 yaprakh dénemde, yaklasik 15 cm boyuna ulastiklarinda
tesadif parselleri deneme desenine gore 4 tekrarl olarak kurulmustur. Biber fidelerinin dort tarafina agilan
2 cm toprak derinligine her bir saksiya ortalama 1000 adet 2. dénem larva inokulasyonu yapilmistir.

Denemenin Degerlendiriimesi: Elliyedi adet biber hat veya ¢esidi, kok ur nematodu inokulasyondan
60 gun sonra, kdk urlanma orani Uzerinden degerlendirilmigtir. Bitkilerin dayanikliik veya duyarlilik
durumlari, kdk ur nematodlarinin ur ve yumurta olusturmasina baghdir. K&k ur nematodu bitki kdklerinde
ur olusturabilir. Fakat iyi konukgusu olmadigi durumlarda yumurta Uretmeyebilir. Bu nedenle, bitki kdkleri
Hartman & Sasser (1985) tarafindan olusturulan asagidaki “0-5 yumurta kesesi ve ur sayisi skalasina”
gore degerlendirilmistir. Degerlendirme sonucuna gore; kdklerde 0-2 degerini alan biber bitkileri dayanikli,
3-5 degerini alan bitkiler ise hassas olarak belirlenmistir.

0: Kékte yumurta kesesi ve ur olusumu yok
: Kdkte 1-2 yumurta kesesi ve ur olugsumu var

: Kokte 3-10 yumurta kesesi ve ur olusumu var

1

2

3: Koékte 11-30 yumurta kesesi ve ur olusumu var
4: Kdkte 31-100 yumurta kesesi ve ur olusumu var
5

: Kékte 100’den fazla yumurta kesesi ve ur olugsumu var

Bitki koklerinde olusan urlanma degerleri sonuglarina, SPSS 10.0 (SPSS Inc., Chicago, IL, USA)
paket programi kullanilarak varyans analizi yapiimis ve ortalamalar 0.05 dnem seviyesinde Duncan
testine gore karsilastinimistir. Biber verim degerleri ise LSD testine gore karsilagtiriimigtir.

Dayanikh biber hatlari farkli M. incognita popullasyonlarina kargi testlemeleri yapilarak dayaniklilik
durumlari teyit edilmistir. Bu ¢alisma sonuglarinin saglikli olmasi, virtlent bir populasyonu kullanmamak
icin Mi geni igeren dayanikli domates gesitlerine nematod inokulasyonu yapilarak nematodun virtlent olup
olmadig! kontrol edilmistir. Dayaniklihk calismasinda devamh ayni kdltarin kullanilmasindan dolayi
nematod tembellesmekte ve hassas biber c¢esidini dahi infekte etmemektedir. Bundan dolayr nematod
kulturleri yilhk olarak yenilenmis ve hassas biber ¢esidinde tretimi yapiimistir.

Nematod testlemesi sonucu dayanikh olarak elde edilen biber hatlari ile verimleri iyi olarak belirlenen
hatlarin melezlenmesi sonucu elde edilen melez populasyonlarin, 20 Subat 2013 tarihinde 3 tekerrtrli ve
her tekerriirde 25 bitki olacak sekilde araziye dikimleri yapilarak, Haziran 2013 sonuna kadar verim degerleri
alinmistir.

Bulgular ve Tartisma

Bu calismada toplam 57 biber hat ve ¢esidi testlenmis olup, bunlardan 27’si dayanikli 30'u ise
hassas olarak tespit edilmistir (Cizelge 1). Dinya Sebze Merkezi’'nden (AVRDC) alinan hatlardan PM
687, PM 217 ve Carolina cayenne, M. incognita’'ya karsi dayanikli iken, Yolo Wonder B, California
Wonder 300, Criollo De morelos 331 hassas olarak tespit edilmistir. Gelistirilen saf hatlardan N269, N379,
N1023, 398A, N59, N390, 216, N50, N171, 232, 233, 251 ve 205 M. incognita’'ya dayanikli olarak tespit
edilmistir. Dayanikh bulunan saf hatlar ile ylksek verimli Gmitvar hassas biber hatlari ile melezleme
calismalari yapilarak dayaniklilik aktariimaya ¢alisiimistir.
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Cizelge 1. Meloidogyne incognita’ya karsi biber saf hat ve gesitlerinin reaksiyonlari

Kodu Ur skala degeri Kodu Ur skala degeri Kodu Ur skala degeri
H1 (YOLO WONDER B) 4,5+0,29d" 398A 0,0£0,00a 15AXH9 0,0£0,00
H2 (CALIFORNIA WONDER 300 (TMRY)) 5,0£0,00e 253XCM334 0,0£0,00a 253X398A 0,0£0,00
H3 (CALIFORNIA WONDER 300 (TMRY)) 5,0+0,00e INANXH8 0,0£0,00a INANXCM334 0,0+0,00a
H5 (PM 687) 0,0+0,00a 448XH8 0,0£0,00a N50 0,5+0,29b
H6 ( PM 217) 0,0+0,00a 448XH9 0,0£0,00a 1787XH8 0,0+0,00a
H8( CAROLINA CAYENNE) 0,0+0,00a 913XH8 0,0£0,00a N171 0,0+0,00a
H9 (CAROLINA CAYENNE) 0,0+0,00a 913XH9 2,0+0,20c 232 0,0+0,00a
Criollo De morelos 331 5,0+0,00e N59 0,0+0,00a 233 0,0+0,00a
N269 0,0+0,00a N390 1,8+0,25¢ 251 0,0+0,00a
N379 0,0+0,00a 216 0,0£0,00a 205 0,0+0,00a
N1023 0,0£0,00a 913 5,0£0,00e x-5-1 5,0+0,00e
N164 4,5+0,29d 253 5,0£0,00e 32 5,0+0,00e
448XH7 5,0£0,00e 15A 5,0£0,00e 765-4-2-B 5,0+0,00e
1787 5,0£0,00e N 284 5,0£0,00e N 284 5,0+0,00e
1121A 5,0£0,00e INAN 5,0£0,00e KM7-1 5,0+0,00e
1530-W 5,0£0,00e 36 5,0£0,00e 475-A 5,0+0,00e
953-W 5,0£0,00e 1547 5,0£0,00e X-5-1 5,0+0,00e
441 5,0£0,00e  INAN 33-63 5,0£0,00e 761-4 5,0+0,00e
107 5,0£0,00e 284 5,0£0,00e 425 5,0+0,00e

* Ayni sutunda ayni harfleri igeren gesit ve hatlar Duncan (P<0,05)’a gore birbirinden farksizdir.

Yolo Wonder B, M. incognita’ya kargi hassas olarak tespit edilmistir. Bu elde edilen calisma
sonuglari Fery et al. (1998) ve Thies et al. (2008)’'nin yapmis oldugu ¢alisma ile paralellik gbstermektedir.
California Wonder hassas olarak tespit edilmis ve Fery & Dukes (1996)’in yaptiklari ¢alisma ile paralellik
gOstermektedir. Thies & Fery (2000) Yolo Wonder B ve California Wonder biber hatlarini M. incognita’ya
karsi hassas olarak tespit etmislerdir. PM 217, PM 687 ve Carolina Cayenne M. incognita’ya karsi
dayaniklihk goéstermistir. Bircok calismada da PM 217 ve PM 687 hatlarinin M. incognita’'ya karsi
dayanikh oldugu belirtilmistir (Bleve-Zacheo et al., 1998; Djian-Caporalino et al., 1999; 2001; 2007).
Djian-Caporalino et al. (2001) PM 217, PM 687, CM334 ve Yolo Wonder biber hatlarinin kdk ur
nematodlarina dayanikli oldugu bildirmistir. Bu ¢alismada Carolina Cayenne genotipinin M. incognita’ya
karsi dayanikh oldugu (Fery et al., 1986; Fery & Dukes, 1996) ve Criollo de morelos 331 hattinin hassas
oldugu teyit edilmistir. Fakat Criollo de morelos 334 (CM334) hattinin bizim sartlarimizda M. arenaria, M.
javanica ve M. incognita’ya karsi dayanikli oldugu gdrulmustir (Pegard et al. 2005). Kokalis-Burelle et al.
(2009), yaptiklari calismada Carolina Cayenne, Carolina Wonder, Charleston Hot, Charleston Belle ve
Mississippi Nemaheart hatlarinin denemelerde M. incognita’ya karsi dayanikli; Aristotle, PA-136 ve
Caribbean Red Habanero ise hassas olarak tespit etmislerdir. Carolina Cayenne’nin M. incognita irk-1, 2,
3 ve 4’e (Zamora et al., 1994) ve M. arenaria’nin irk 1 ve 2’'sine (Noe, 1992) dayanikli oldugunu
bildirilmistir. Gelistirilen N269, N379, N1023, 398A, N59, N390, 216, N50, N171, 232, 251 ve 205 no’lu
biber saf hatlari yukarida belirtilen dayanikh biber hatlari gibi M. incognita’ya karsi dayaniklilik
gOstermistir.

Biber bitkisindeki Me ve N genleri, domates bitkisindeki Mi geninin aksine, yiksek sicaklikta da Kék
ur nematodlarina karsi dayanikliligin kirilmadigi; bu genlerin kullaniminin tropik, sub-tropik ve sicak
ihman bolgelerinde bir avantaj oldugu bildirilmistir (Djian-Caporalino et al., 2007; Ozarslandan &
Elekgioglu, 2003; Thies et al., 2008). Bu nedenle gelistirilen saf hatlarin dayanikhilidinin degisik
sicakliklarda kirllmamasi beklenmektedir.
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Cizelge 2. Kék-ur nematodu dayanikli biber hatlari ile yliksek verimli saf hassas hatlarin melezlenmesi sonucu elde edilen hibritlere
(F) ait verim degerleri

Toplam verim Toplam verim Toplam verim

Genotip (g/bitki) Genotip (g/bitki) Genotip (g/bitki)

253XN50 105,8+6,3)l  N-269X32-C  131,54¢7,9fg  1787XH-8  837+50Im
253X398-A 140,648 4fh  N-260X36 1752+10,5de  1787XHO  137,68,3fi
253XH-9 141,3+8,5(h  N-269X194 1762+10,6de N-269X1121- 140,38 4fh
1787XH-8 837+50Im  N-260X1547 217,8+131b N-260X441 106,764l
1787N269 137,683 N-269X407  160,069,6dg N-269X953-W  207,8+12,5bc
inanXH8 162,049,7df  N-269X1121- 139,4+84fh N-269X1530- 149,49 0eh
100XHS8 2318+139b  N-269X1895 186,5:11,2cd N-269X32-A  120,8+7,2hk
inanXH9 722¢43m  N-269X425  134,4+8,1f  N-269X107  120,8:8,3hk
448XH-8 82,3+49Im  N-269X32-B 171,2¢10,3de N-269X475-A  138,148,3f1
448XH-9 94,6+57km  N-269X32-D  106,5+64jl  36XN-269  181,0:10,9cd
1787XN269  108,4:651  N-269X414 1495:00eh  913XH-8  121,046,6hk
1787XNS0  171,2t103de  N-269X32-B  175,5:¢10,5de  913XH-9  265,6+159a

N-269X1780 150,8+9,0eg
* Ayni sttunda ayni harfleri igceren gesit ve hatlar LSD (P<0,05)’ye gore birbirinden farksizdir.

Calismada 37 adet melez bitkiye ait verim degerleri Cizelge 2'de verilmistir. Bu calismada 913XH9
melezi, 265,6 g/bitki ile en yilksek degeri alirken, inanXH9 melezi, 72,2 g/bitki ile en dislk degeri almistir.
Diger 35 melez ise bu iki melezin verimi arasinda dagilm gostermistir (Cizelge 2). Cizelge 2’de verilen ilk
bulgulara goére sirasiyla 913XH9, 100XH8, N-269X1547 veN269X953-W nolu hibritlerden en yiksek
verim alinmigtir.

a b

Sekil 1. Saf hat, melez ve gesitlerdeki kok ur nematodu simptomlari; a ve b 'deki sekillerde, soldaki bitki kokleri nematoda hassas,
sagdaki bitki kdkleri dayanikli.

Sekil 1’de goérindiagu gibi Kok ur nematodu dayanikli saf hat, melez ve cesitlerde ur
olusturamazken hassas ¢esitlerde ur olusturmustur. Ancak bu ur olusumu domatesteki kadar belirgin
degildir.
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K6k ur nematodlari biberde ana zararli konumunda olup Uriin kaybina neden olmaktadir. Bundan
dolayl kok ur nematodlar ile micadele galismalarinda dayanikli cgesitlerin, entegre micadele igerisinde
diger micadele yontemleri ile beraber kullaniimalari 6énerilmektedir. Sadece dayanikli cgesitler ile
mucadele edildiginde, virtlent populasyonlarin gelisme olasihigindan dolayi, diger micadele yontemleri ile
beraber uygulamak dayanikli ¢esidin kullanimini uzatmaktadir.

Tesekkur

“Turkiye F1 Hibrit Sebze Cesit ve Nitelikli Hat Gelistirme Projesi ve 109G029 nolu KAMAG 1007
projesi kapsaminda TUBITAK tarafindan desteklenmistir. Finansal destek nedeniyle TUBITAK’a, altyapi
destegi sagladigi icin Gida, Tarim ve Hayvancilik Bakanligi'na ve bilimsel danismanlik katkilarindan
dolayr Dog. Dr. Nedim MUTLU, Prof. Dr. i. Halil ELEKCIOGLU ve Prof. Dr. Saadet BUYUKALACA'ya
tesekkir ederiz.
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