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Original article (Ozgiin makale)

The isolation and characterization of bacteria isolated from
Capnodis tenebrionis L. and their biological control potential
against some insect pests

Ebru GUNEY AYDIN !, Kazzim SEZEN V"

Capnodis tenebrionis L.'den izole edilen bakterilerin izolasyonu,
karakterizasyonu ve bazi1 bocek zararhlarina karsi biyolojik miicadele
potansiyelleri

Oz: Capnodis tenebrionis L. (Coleoptera: Buprestidae), Tiirkiye'nin de dahil oldugu birgok
iilkede sert ¢ekirdekli meyve bahgelerinin en yikict zararlilarindan biridir. Bu ¢alismada C.
tenebrionis'in larva ve erginlerinden 21 bakteri izolati izole edilmis, morfolojik, fizyolojik,
biyokimyasal ve molekiiler Ozellikleri belirlenmistir. Buna gore C. tenebrionis'in
kiiltiirlenebilir bakteri florasi; Bacillus cereus, B. mycoides, B. pumilus, Paenibacillus
xylanilyticus, B. flexus, B. simplex, Raoultella terrigena, Enterobacter cloacae, Klebsiella
oxytoca, B. safensis, B. amyloliquefaciens ve B. aryabhattai olarak saptanmistir. Bu bakteri
izolatlarinin farkli zararli bocek tiirlerinin larvalarina karst biyolojik miicadele
potansiyelleri; Karaaga¢ yaprak bocegi (Pyrrhalta luteola M.), Petek giivesi (Galleria
mellonella L.) ve Un kurdu (Tenebrio molitor Ludwig) iizerinde incelenmistir. Bacillus
cereus izolatlart bu zararli bocekler iizerinde en yiiksek etkiyi gdstermis ve hedeflenen
zararlilarin  biyolojik miicadelesinde kullanilabilecek potansiyel bir etmen olarak
saptanmistir.

Anahtar sozciikler: Capnodis tenebrionis, Bakteriyel izolatlar, Biyolojik kontrol

Abstract: Capnodis tenebrionis L. (Coleoptera: Buprestidae) is one of the most
destructive pests of stone fruit orchards in several countries, including Tirkiye. In the
present study, 21 bacterial isolates were isolated from the larvae and adults of C.
tenebrionis. The morphological, physiological, biochemical and molecular characteristics
of the bacterial isolates were determined. The bacterial flora isolated from C. tenebrionis
was as follows: Bacillus cereus, B. mycoides, B. pumilus, Paenibacillus xylanilyticus, B.
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flexus, B. simplex, Raoultella terrigena, Enterobacter cloacae, Klebsiella oxytoca, B.
safensis, B. amyloliquefaciens and B. aryabhattai. The biological control potential of these
bacterial isolates against the larvae of several economic pest species, the elm leaf beetle
(Pyrrhalta luteola (M.)), the honeycomb moth (Galleria mellonella L.), and the mealworm
(Tenebrio molitor Ludwig), was investigated. The isolates of B. cereus showed the highest
efficacy against these insect pests.

Key words: Capnodis tenebrionis, Bacterial isolates, Biological control

Introduction

Capnodis tenebrionis (L.) (Coleoptera: Buprestidae), also known as the
Mediterranean flathead peach borer, is a widespread pest of stone fruit crops in the
Rosaceae family. It is widespread in several regions of the arid and semi-arid
Mediterranean regions (Vit 2004). The great wax moth, Galleria mellonella (L.)
(Lepidoptera: Pyralidae), causes the losses of honeycomb and pollen. The elm leaf
beetle, Pyrrhalta luteola (M.) (Coleoptera: Chrysomelidae), damages elms planted
for shade and ornamentation in Tiirkiye; the trees become bare due to excessive
leaf fall. In recent years, the mealworm, Tenebrio molitor Ludwig (Coleoptera:
Tenebrionidae), has become a new invertebrate model to study microbial infections
(De Souza et al. 2015), and is an alternative protein-rich food (Grau et al. 2017).

Several control methods have already been used against these pests. However,
the damage is still great. Synthetic pesticides are widely used in Tiirkiye to control
these pests. The complexity of chemical control, its negative impact on the
environment, and the associated costly damage, have encouraged the search for
alternative pest control strategies (Ben-Yehuda et al. 2000), especially to protect
organic fruit production. The use of entomopathogenic bacteria (EPB) is one of the
best potential alternatives to the use of synthetic pesticides (Muratoglu et al. 2011).

The most used microorganisms against insect pests today are entomopathogenic
bacteria. In studies conducted over the past 50 years, many entomopathogenic
bacteria have been isolated from insects and some have been found to cause
disease in them. Among them, Bacillus species, which belong to the soil bacteria,
stand out. The most important of these bacteria is Bacillus thrungiensis (Bt).
Bacillus thuringiensis is a spore-forming, Gram-positive, aerobic soil bacterium
that produces crystalline toxins with insecticidal properties against insects of the
orders Lepidoptera, Diptera and Coleoptera (Beegle & Yamamoto 1992). However,
it has also been isolated from diseased and healthy insects, from leaf surfaces of
plants, and from stored products (Burges & Hurst 1977; Carozzi et al. 1991; Kaelin
et al. 1994).

The objective of this study was to isolate the culturable bacterial flora of C.
tenebrionis collected in Tirkiye, and evaluate their potential against some
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economically important insect pests. Twentyone bacterial isolate were isolated
from the larvae and adults of C. tenebrionis. The isolates were identified using
morphological, biochemical, physiological and molecular techniques and tested
against the larvae of P. luteola, T. molitor and G. mellonella.

Materials and Methods

Collection of larvae and adults

The larvae and adults of C. tenebrionis were collected from orchards in Amasya
Province, Tiirkiye. The collected larvae and adults were brought to the laboratory
in plastic boxes with perforated lids to allow air circulation. In the laboratory, the
larvae and adults were macroscopically examined and then divided into dead
larvae, live larvae and adults. For the bioassays with the three insects, P. luteola,
were collected from the fields in Trabzon Province, and G. mellonella and T.
molitor were obtained from the laboratory cultures at the Department of Biology of
Karadeniz Technical University (KTU) in Trabzon, Tiirkiye.

Isolation of bacteria

Bacterial isolation was performed on live larvae, dead larvae and adults of C.
tenebrionis. Insects collected from the field were sterilized with 70% ethanol for 5
minutes (Poinar & Thomas 1978) and washed 3 times with sterile distilled water.
Larval and adult bodies were then homogenized in a nutrient broth, using a glass
mill. The homogenate was filtered through two layers of cheese muslin cloth into
sterilized tubes to remove larval debris. Then, 10, 25, and 50 pl of the larval
extracts were applied to nutrient agar and incubated at 30°C for 2-3 days. The
remaining mixtures were incubated at 30°C for 3—4 hours to enrich the number of
bacteria that showed low concentrations. Of these mixtures, 10, 25, and 50 ul were
also plated on nutrient agar and incubated for 2-3 days at 30°C. Finally, the
incubated larval suspensions were heated in a water bath at 80°C for 10 min to
eliminate non-spore forming bacteria. After heat inactivation, 10, 25 and 50 pl of
the heated suspensions were plated on nutrient agar and incubated at 30°C for 2—-3
days. Isolates were differentiated on the basis of colony color and morphology.
Pure cultures of the bacterial colonies were prepared and stored in 20% glycerol at
—80°C in the Microbiology Laboratory, Department of Biology, KTU, Trabzon,
Tirkiye.

Phenotypic and biochemical identification of bacterial isolates

Phenotypic and biochemical characterizations of bacterial isolates were performed
according to Bergey’s Manual of Systematic Bacteriology, Vols. 1 and 2 (Sneath et
al. 1986). Colony morphology of the isolates plated on nutrient agar plates was
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examined by direct observation and under a stereomicroscope. The shape of the
bacterial isolates was also determined using a light microscope at 1,000x
magnification. Gram staining was performed according to the procedure described
by Claus (1992). Endospore staining was performed using the method of Prescott
et al. (1996). Temperature tests were performed at 4, 10, 35, 40, 45 and 50°C; NaCl
tolerance tests were performed with medium containing 3, 5, 7, 9, and 11% NaCl;
and pH tests were performed with the medium at pHs 3, 4, 5, 6, 7, 8, 9, 10, and 11.

To determine the biochemical properties of the isolates, starch hydrolysis and
oxidase tests, and the catalase test, according to Benson (1985) and Cappuccino &
Sherman (1992), respectively, were performed. In addition, their growth on
McConkey agar was studied.

The API 20E, API 50CH and VITEK-2 systems were also used for biochemical
characterization of the bacterial isolates. Whereas the API 20E test was used for
Gram-negative bacteria, the APl 50CH test was used for Gram-positive bacteria.
At the end of the plating of the APl 50CHB test tubes, the tube with the number
zero was considered the control and color-changing of the tube was considered a
positive result. In the same way, reagents (TDA, JAMES, VP1-VP2, NIT1-NIT2)
were added to portions of the cultures in the APl 20E test tubes, the remainder was
observed for direct color change, and the metabolic and biochemical properties of
the isolates were determined. The API test results were evaluated using ldBactv.
1.1 software from G. Kronvall, with the media for the API20E and APl 50CHB
tests from bioMerieux, France.

To corroborate the results of the API tests, VITEK-2 tests (manufacturer’s
details) were performed; VITEK-2 is an automated microbial identification system
that provides highly accurate and reproducible results with its colorimetric cards
and associated hardware and software. Various metabolic activities, such as
acidification, alkalinization and enzyme hydrolysis of the bacterial isolates, were
determined fully automatically by using the VITEK-2 panel test system. The
results were then analysed by comparison with data in its database. In addition,
some biochemical properties were tested using the VITEK-2 BCL card for Gram-
positive, spore-forming bacteria, and the VITEK-2 GN card for Gram-negative
cocci and bacilli.

16S rRNA gene sequencing and phylogenetic tree

Partial sequencing of the 16S rRNA gene was used to confirm isolate
identification. The total genomic DNA of the bacterial isolates was extracted
according to the standard protocol and stored at —20°C until use. PCR amplification
of the 16S rRNA genes of the bacterial isolates was performed using universal
primers. UNI16SF (5’-ATTCTAGAGTTTGATCATGGCTCA-3” and UNI16S-R
(5’-ATGGTACCGTGTGACGGGCGGTGTGTA-3") primers were used as
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forward and reverse primers, respectively (Weisburg et al. 1991). To determine the
nucleotide sequence of the 16S rDNA gene regions, it they were sent to Macrogen
(The Netherlands) for automated DNA base analysis. Sequence analysis was
performed from both sides of the gene and the results were evaluated and
compared with other sequences in the gene bank.

Nucleotide sequences of 16S rRNA genes were edited with BioEdit and aligned
with ClustalW (Hall 1999). Phylogenetic analysis was performed using the
neighbour-joining method (NJ) run by MEGA 4.0 software (Tamura et al. 2011).
The NJ analysis was based on Kimura's 2-parameter test. Gaps in the alignment
were treated as missing data. The reliability of the phylograms was tested by
bootstrap analysis with 1,000 repetitions using MEGA 4.0. The closed circles in
black represent the isolates examined in this study. Bootstrap values >70% are
labeled. The scale at the bottom of the dendrogram indicates the degree of
dissimilarity.

Crystal protein

To amplify the cry genes of these nine isolates, genomic DNA was extracted from
the cultures using the Wizard Genomic DNA Purification Kit (Promega), according
to the manufacturer’s protocol and the PCR reaction was performed by using 4
pairs of universal primers for the cryl, cry2, cry3, and cry4 genes, as described by
Ben-Dov et al. (1997) in Kat1 et al. (2007).

By using light microscopy, a distinction was made between crystals, spores and
vegetative cells. Preparation of specimens for microscopic examination included
the following steps: The bacterial smears were immersed for 3 minutes in a small
vessel containing a Coomassie Brilliant Blue solution (consisting of 0.25%
Coomassie Brilliant Blue, 50% ethanol and 7% acetic acid). They were then rinsed
with tap water, air dried, and viewed under a light microscope (Shaerif &
Alaeddinoglu 1988).

For the SDS-PAGE gel, the spore-crystal mixture was resuspended in 1 M cold
NaCl and centrifuged at 12.000 rpm for 5 minutes. The pellet was washed twice in
sterilized dH,O and resuspended with sterilized dH,O. Protein concentrations were
determined with the Bradford (1976) assay method and analyzed in 10% SDS-
PAGE, as described by Laemmli (1970). Silver staining was used to detect proteins
after electrophoretic separation on polyacrylamide gel, and the molecular weight of
proteins was estimated by comparison with protein molecular weight standards.

Bioassays

The bacterial isolates were spread on nutrient agar plates to obtain single colonies
for each isolate. The obtained single colonies were inoculated into nutrient broth
medium and incubated overnight at 30°C. After incubation, the bacterial density
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was measured at ODgoo (optical density) and adjusted to 1.8x10° cfu/ml (Ben-Dov
et al. 1995). Five milliliters of this culture were centrifuged at 3000 rpm for 10
minutes. The pellet was then resuspended in 5 mL of sterilized phosphate-buffered
saline solution and used in bioassays.

The susceptibility of P. luteola, T. molitor and G. mellonella to each bacterial
isolate was tested under laboratory conditions. Healthy third-instar larvae of T.
molitor and G. mellonella were purchased and healthy second-instar larvae of P.
luteola were collected from elm trees (species) in Trabzon. The larvae used for the
bioassays were randomly selected. Fresh elm leaves, bran and semi-synthetic food
were used as the diets for P. luteola, T. molitor and G. mellonella, respectively, in
the bioassays. The semisynthetic foo was prepared as follows: 500 g of bran, 200 g
of honeycomb, 150 ml of filtered honey, 150 mL of water and 300 mL of glycerol
were thoroughly mixed (Bronskill 1961).

For each isolate, one milliliter of the bacterial suspension, as described above,
was dribbled onto the elm leaf, bran and semisynthetic feed, and placed in
individual plastic boxes, each containing a single bacterial isolate. Ten, second-
third instar larvae were placed on the food material in containers and maintained at
30 +2°C and 60% relative humidity in a 12:12 photoperiod. Larval mortality was
recorded every 24 hours, with all the dead larvae removed from the containers
daily. All bioassays were repeated 3 times on different occasions. Four different
concentrations (1.8x10° cfu/ml, 1.8x108 cfu/ml, 1.8x10" cfu/ml, and 1.8x10°
cfu/ml), based on ODego values of the bacterial isolates, were used in the dose-
response experiments. The bioassays were performed as previously described for T.
molitor. The mortality percentages were corrected in SPSS, according to the
Abbott formula (Abbott 1925).

Results and Discussion

A total of 21 bacterial isolates were collected from C. tenebrionis were identified to
species level by using phenotypic, biochemical, and molecular methods. Color and
shape of colonies of the bacterial isolates were determined on nutrient agar. Based
on Gram staining and endospore staining results, three of them were determined to
be Gram-negative, non-spore forming, coccobacilli, and the other 18 were
determined to be Gram-positive, spore-forming bacilli (Table 1).
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Table 1. Morphological and staining characteristics of the 21 bacterial isolates
collected from Capnodis tenebrionis in Tiirkiye.
Isolates Colony color Colony shape Cell shape Gram staining  Spore staining

L-1 Light cream Smooth Coccobacil - -
L-2 Cream Smooth Bacil + +
L-3 Cream Smooth Coccobacil - -
L-4 Cream Smooth Bacil + +
L-5 Cream Rough Bacil + +
L-6 Cream Rough Bacil + +
L-7 Light cream Rough Bacil + +
L-8 Light cream Rough Bacil + +
L-9 Cream Smooth Bacil + +
L-10 Cream Rough Bacil + +
OL-1 Light cream Rhizoid Bacil + +
OL-2 Light cream Rough Bacil + +
OL-3 Light cream Smooth Bacil + +
OoL-4 Cream Smooth Bacil + +
OL-5 Light cream Smooth Bacil + +
E-1 Cream Rough Bacil + +
E-2 Light cream Smooth Coccobacil - -
E-3 Cream Smooth Bacil + +
E-4 Cream Rough Bacil + +
E-5 Cream Rough Bacil + +
E-6 Cream Rough Bacil + +

Tests were performed to determine the optimal ranges of the physical factors,
such as pH, NaCl, and temperature, that affect bacterial growth. In the temperature
tests, all isolates were able to grow at 35°C, isolates numbered L-1, L-10, and OL-
5 were able to grow (but poorly) at +4°C, and isolates numbered L-1, L-10, and
OL-2 were able to grow but poorly at 10°C.Only the isolate OL-1 failed to grow at
40°C. The isolates numbered L-3, L-7, L-8, L-9, OL-2, OL-3, OL-5, and E-3 could
grow at 45°C, and the isolates numbered L-7 and E-3 could grow well at 50°C.

An important criterion in the identification of species is also that the bacteria
cannot produce and manufacture certain enzymes, can synthesize or cannot
synthesize some organic substances, or can or cannot degrade some organic
substances. For this purpose, starch hydrolysis, oxidase and catalase tests were
performed. The isolates ability to grow on MacConkey agar was also investigated
(Table 2).
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Table 2. Some biochemical characteristics of bacterial isolates collected from
Capnodis tenebrionis in Tiirkiye.
Isolates Catalase test Oxidase test Starch Hydrolysis test MacConkey test
L-1 - +
L-2
L-3
L-4
L-5
L-6
L-7
L-8
L-9
L-10
OoL-1
OL-2
OL-3
OL-4
OL-5
E-1
E-2
E-3
E-4
E-5
E-6
W: Weak positive

1
+

+ + -

+ + + + +
1

+ 4+ + + + + + o+ o+ o+ o+ o+
'

+
+ + o+
1

The use of the 16S rDNA gene sequences in the construction of phylogenetic
trees is widely used to determine bacterial systematics; examples of the bacterial
16S rRNA samples from this study are shown in Fig. 1.
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M L1 L2 L3 L4 LS5 L6 L-7 M L8 L9 L10 E1 E-2 E3 E4

e vy

v v

M E-5 E-6 OL-1 OL-2 OL-3 OL-4 OL-5

Figure 1. PCR results for 16S rRNA from bacterial isolates collected from
Capnodis tenebrionis in Tiirkiye (M: Marker, Fermentas, GeneRuler 1kb).

After all characterization studies, the cultured bacterial flora from C.
tenebrionis were determined to be: Bacillus cereus (E-1; MH220062, E-4;
MH220065, E-5; MH220066, E-6; MH220067, OL-4; MH220081, L-2;
MH220069, L-4; MH220071, L-5; MH220072, L-6; MH220073) Bacillus
mycoides (OL-1; MH220078), Bacillus pumilus (L-7; MH220074), Paenibacillus
xylanilyticus, (L-8; MH220075), Bacillus flexus (L-9; MH220076), Bacillus
simplex (L-10; MH220077, OL-5; MH220082), Raoultella terrigena (L-1;
MH220068), Enterobacter cloacae (L-3; MH220070), Klebsiella oxytoca (E-2;
MH220063), Bacillus safensis (E-3; MH220064), Bacillus amyloliquefaciens (OL-
2; MH220079) and Bacillus aryabhattai (OL-3; MH220080). The phylogenetic
tree data and 16S rDNA results support each other (Figs. 2 and 3).
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@E4
@®oL4
®L4
Bacillus anthracis Ames
@®Es5
®L2
®oL1
Bacillus mycoides DSM 2048(T)
[ J=8]
Bacillus thuringiensis ATCC 10792(T)
Bacillus cereus ATCC 14579(T)
®L5
@®Ec-1
®L6
@®L-10
®oL5
Brevibacterium frigoritolerans DSM 8801(T)
Bacillus simplex NBRC 15720(T)
®oL3
Bacillus aryabhattai B8W22(T)
® L9
Bacillus flexus IFO 15715(T)
Bacillus megaterium NBRC 15308 ATCC 14581(T)
®oL-2
Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7(T)
Bacillus subtilis subsp. subtilis NCIB 3610(T)
®L7
Bacillus pumilus ATCC 7061(T)
@®E3
Bacillus safensis
Paenibacillus illinoisensis NRRL NRS-1356(T)
®Ls
Paenibacillus xylanilyticus XIL14(T)

alindlles

Figure 2. Neighbour-joining analysis of the 16S rDNA region of the Gram-positive
isolates of bacteria from Capnodis tenebrionis in Tirkiye yielded this
phylogenetic tree.

[ J=%
{ U78183 Klebsiella oxytoca

oLl
{ Y 17658 Raoutella terrigena

KOU78182 Raoultella ornithinolytica

AJ251468 Enterobacter aerogenes

FJ611867 Enterobacter cancerogenus

—{
KC768786.1 Enterobacter cloacae

Figure 3. Neighbour-joining analysis of the 16S rDNA region of Gram-negative
bacterial isolates collected from Capnodis tenebrionis in Tirkiye yielded
this phylogenetic tree.
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The nine gram-negative bacterial isolates, which were thought to be B.
thuringiensis, were amplified by PCR to detect cry genes encoding for crystal
proteins. However, no bands of the same size were observed in comparison with
the control strain.

These nine bacterial isolates were then subjected to crystal staining to detect

crystal proteins. They were examined under a light microscope (type of microscope
& manufacturer’s details) and no crystal proteins were observed in any isolate.

Mixtures prepared to detect crystal proteins from isolates thought to be B.
thuringiensis in order to support the results of cry-gene PCR were analyzed in 10%
SDS-PAGE (Fig. 4). However, the crystal protein band was not observed in any of
the isolates.

Control E-1 E4 E5 E6 OL4 L2 L4 L5 L6 Marker

—— 150
— e 130

- e— 70

e

e 15
—— 10

Figure 4. Protein profiles of the isolates stained with silver nitrate. (M: Marker,
Control: B. thuringiensis kurstaki; BnBt).

To determine the insecticidal potential of these isolates, the third larval stage of
P. luteola was used under laboratory conditions. Isolates E-5 and E-6 showed the
highest efficacy with 87% mortality. This level of lethal effect was followed by
that caused by L-5 with 83%, L-6, L-4, E-1 with (80%), L-2, E-4, L-4, L-7 with
(77%) (Fig. 5).
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Figure 5. Insecticidal activities of bacteria isolated from Capnodis tenebrionis in
Tiirkiye on Pyrrhalta luteola; C: Control.

For the larvae of G. mellonella, the isolate OL-4 caused ed a mortality of 60%,
followed by the isolates E-4 and E-5 with (53%) (Fig. 6).
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Figure 6. Insecticidal activities of bacteria isolated from Capnodis tenebrionis on
Galleria mellonella; C: Control.

For T. molitor, the suspensions were prepared at four different dosages
(1.8x10° 1.8x108, 1.8x107, 1.8x108 cfu/ml). The isolate OL-4 showed the highest

lethal effect at

a concentration of 1.8x10° cfu/mL (47%), 13% at a concentration of

1.8%108 cfu/mL, and 7% at a concentration of 1.8x107 cfu/ml. Isolates E-1 and OL-
5 produced mortality of 20% and 20%, respectively, at a concentration of 1.8x10°,
7% and 13% at a concentration of 1.8x10% cfu/ml, and 3% and 3% at a

concentration

of 1.8x107 cfu/ml. These tests were followed by testing of the
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isolates, L-2 and E-6, which caused a mortality rates of 10% after the use of
1.8x10° and 1.8x10® bacteria, respectively. No mortality was observed for
Tenebrio molitor at a concentration of 1.8x10° cfu/ml (Fig. 7, Table 3).
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Figure 7. The dose tests of bacteria isolated from Capnodis tenebrionis on
Tenebrio molitor; C: control.

Morphological and physiological methods were used for bacterial
characterization, and 16S rDNA analysis was performed to confirm the
identifications of the isolates. The API20E, API5S0CH, and the results from
VITEK-2 identification systems were also used to support 16S rDNA sequence
analysis. Data obtained from these assayss were used whenever data obtained from
routine assays were insuficient for species identification.

Table 3. LCs and LCys (cfu/mL) values of OL-4, OL-5, and E-1 bacterial isolates

collected from Capnodis tenebrionis in Tiirkiye, against the larvae of
Tenebrio molitor.

Isolates LCso (FL, 95%) Slope + SE LCos (FL, 95%) df X?
OoL-4 1.82x10°(0.32x10°to 0.709+0.386 39.423x10° 1 0.478
(10.41x10°)
OL-5 34.35x10° (2.08x10° to 0.496+0.621 72461.38x10° 1 0.578
566.71x10°)
E-1 63.41x10°(3.23x10° to 0.496+ 0.659 132622.21x10° 1 0.727
1242.94x10°)

FL: fiducial limit, SE: standard error, df: degrees of freedom, X2: Chi square.

After 16S rDNA sequence analysis and biochemical testing, isolates E-1, E-4,
E-5, E-6, OL-4, L-2, L-4, L-5 and L-6 had characteristics of B. thuringiensis, B.
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cereus and B. toyonensis. SDS gel electrophoresis and crystal staining were
performed, and the isolates were found to contain no crystal protein, and the VP
(Voges-Proskauer) test was positive. Thus, they were identified as B. cereus which
can adapt to changing environmental conditions. Bacillus cereus is widely
distributed in the soil (Vilas-Boas et al. 2002). Many of these species have been
isolated from insects, such as Prodenia eridania, Plodia interpunctella and
Periplaneta americana (Steinhaus 1947).

In the efficacy tests, the isolates E-5 and E-6 of this group showed the highest
efficacy (87%) against the elm leaf beetle. In addition, the OL-4 and E-1 isolates
caused 80% mortality. Efficacy testing on honeycomb showed that the E-4 and E-5
isolates produced 53% mortality, and the E-6 and L-6 isolates produced 43%
mortality, whereas the OL-4 isolate had the highest lethal effect at 60%.

In this study, the efficacy tests on mealworm larvae, the isolate OL -4 caused
the highest mortality rate of 47% at a concentration of 1.8x10° cfu/ml. In a
different study, isolate L-4 caused 77% mortality of P. luteola, and B. cereus strain
Agsl caused 30% mortality of Agrotis segetum (Sevim et al. 2010).

Six B. cereus strains have been reported to produce several small, non-
protein insecticidal exotoxins (Perchat et al. 2005; Ruiu et al. 2015). In addition,
treatment of Caenorhabditis elegans and Meloidogyne incognita with the
supernatant of a B. cereus strain culture resulted in mortality of 77.89% of C.
elegans and 90.96%) of M. incognita (Gao et al. 2016).

16S rDNA sequence analysis revealed that the OL-1 isolate is similar to B.
thuringiensis, B. cereus, and B. mycoides. Because it forms a rhizoidal colony, the
VP (Voges-Proskauer) was positive and immobilized, it was determined to be B.
mycoides.

Bacillus mycoides is a rod-shaped, chain-forming bacterium that produces
unique rhizoid colonies consisting of cells connected end-to-end on agar plates.
Several reports on B. mycoides have described its plant growth-promoting effects
on sugar beet, cucurbits and tobacco (Neher et al. 2009). Bacillus mycoides caused
50% mortality of P. luteola, and 10% of G. mellonella. It is also showed biocontrol
activity against Cercospora leaf spot disease (Cercospora beticola Sacc.) of sugar
beet in both greenhouse and field experiments (Bargabus et al. 2002). In addition,
B. mycoides (strain B38 V) was reported to have antagonistic activity against
Sclerotinia scleratiorum (Ambrosini et al. 2015).

According to 16S rDNA analysis, the L-9 isolate could have been B. flexus, B.
aryabhattai or B. pumilus. Bacillus flexus has a positive ability to hydrolyze starch,
and is positive for the gelatinaseand oxidase tests. Bacillus flexus has been isolated
several times from different lakes and seaweeds, e.g., Ulva lactula (Wang & Zhao
2013). In the current study, solate L-9 was found to cause 33% mortality of P.
luteola and 10% mortality of G. mellonella. Studies showed that B. flexus inhibits
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the growth of fouling bacterial strains and strongly inhibits the production of byssal
filaments and their attachment in the mussel, Perna indica (Ramasubburayan et al.
2017).

According to the 16S rDNA sequence analysis, the OL -2 isolate was Bacillus
amyloliquefaciens, B. subtilis or B. velezensis. Based on all of the results, the
isolate was identified as B. amyloliquefaciens because the starch hydrolysis test
was positive, and the arginine hydrolysis test was negative. Bacillus
amyloliquefaciens is a non-pathogenic soil bacterium that exhibits certain
antifungal properties (Caldeira 2007). OL-2 had a potential caused mortality of
40% and 6% for P. luteola and G. mellonella, respectively. It caused mortality of 3,
14, and 13% of Plodia interpunctella larvae, Ephestia kuehniella larvae and
Sitophilus granarius adults, respectively (Demeli 2014).

16S rDNA analysis of the isolates OL-5 and L-10 suggestedthat they could be
Bacillus simplex or Brevibacterium frigoritolerans. Considering the results of
VITEK-2 testing, it was determined that these isolates were B. simplex. Bacillus
simplex was isolated from Thaumetopoea pityocampa (ince et al. 2008) and
Gryllotalpa gryllotalpa (Sezen et al. 2013). The OL -5 isolate caused 63%)
mortality of P. luteola and 43% of G. mellonella. Also, isolate L-10 caused
67%)mortality of P. luteola and 33% of G. mellonella but caused no deaths of T.
molitor. B. simplex caused 75% mortality of G. gryllotalpa nymphs (Sezen et al.
2013).

Isolate L-7 was identified as Bacillus pumilus, based on both 16S rDNA
sequence analysis and the results of the APl and VITEK-2 assay testing. The
negative results of the nitrate-nitrite, starch hydrolysis and indole tests confirmed
that this isolate was B. pumilus. This species had been earlier isolated from many
insect species such as Diatraea saccharalis (Fabricius) (Dantur et al. 2015). It
caused 77% mortality of P. luteola and 13%to G. mellonella. A soil isolate of B.
pumilus caused 95.7% mortality of Leptinotarsa decemlineata (Say) larvae
(Coleoptera: Chrysomelidae) (Ertiirk et al. 2008).

Te results of 16S rDNA sequencing suggested that the E-3 isolate could have
been Bacillus stratosfericus, B. pumilus, B. safensis or B. aerophilus. Based on
thethe API results, it was determined to be G. thermoglucosidasius. However, the
VITEK-2 panel system was unable to identify this isolate. Based on all of the test
results, it was identified as B. safensis. This species was first isolated from far-field
space (Satomi et al. 2006). Later, Tomova et al. (2013) isolated it from a cave in
Bulgaria. It caused 63% mortality of P. luteola and 20% of G. mellonella. It also iit
caused 80% mortality of Sesamia. nonagrioides (Eski et al. 2015).

After considering the preliminary results from 16S rDNA analysis, and VITEK-
2 and API test results, it was determined that the isolate OL-3 could be Bacillus
aryabhattai or B. megaterium. However, after looking at the biochemical
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properties of the isolate, it was identified as B. aryabhattai, based on the positive
gelatinase, VP (Voges-Proskauer) and starch hydrolysis tests. In a previous study,
it was isolated from Oryctes rhinoceros (Sari et al. 2016). In the current study, this
isolate caused 63% mortality of P. luteola and 10% mortality of G. mellonella.

16S rDNA sequencing and VITEK-2 system analysis showed that isolate E-2
could be Klebsiella oxytoca or Raoultella terrigena. Based on all the results of
biochemical testing, this isolate was identified as K. oxytoca. It had been
previously isolated from Diatraea saccharalis (Fabricius) (Dantur et al. 2015).
This isolate caused 50% and 13% mortality of the larvae of the elm leaf beetle and
honeycomb, respectively.

The L-3 isolate was identified as Enterobacter cloacae, based on the results of
API and VITEK-2 testing, and 16S rDNA sequence analysis. This bacterium had
been isolated from some pests, such as Bombyx mori (Watanabe & Sato, 1998),
Heliothis armigera (Hiibner), Agrotis segetum (Lipa & Wiland 1972) and
Melolontha melolontha (Sezen et al. 2001). It caused mortality of 20% and 40% of
elm leaf beetle larvae and M. melolontha larvae, respectively (Sezen et al. 2001).

16S rDNA sequencing of the L-8 isolate revealed it to be Paenibacillus
xylanilyticus, P. illinoisensis or P. pabuli. According to the results of APl and
VITEK-2 system testing, it was P. polymyxa and P. glucanolyticus, respectively.
Considering the results of all tests, this isolate was identified as P. xylanilyticus.
Paenibacillus species are found in soil, water and insect larvae (Daane et al. 2002).
It was isolated from G. gryllotalpa and found to cause 67% mortality of P. luteola
and 13% mortality of G. mellonella (Sezen et al. 2013).

Finally, isolate L-1 showed high similarity with Raoultella terrigena, R.
variicola and R. ornithinolytica, according to 16S rDNA sequence analysis; R.
terrigena according to the API results; and R. ornithinolytica, according to VITEK-
2 results. It was determined to be a Gram-negative, spore-free bacterium with a low
activity level. Based on all test results, it was identified as R. terrigena. This
species has been isolated from Dendroctonus rhizophagus and D. valens (Morales-
Jimenez et al. 2013). This L-1 isolate caused 53% mortality of P. luteola.

Conclusions

In this study, 21 bacterial isolates were isolated from the larvae and adults of C.
tenebrionis, a destructive pest of stone fruit orchards. The biochemical, molecular,
morphological, physiological, and characteristics of the isolates were determined.
Isolates E-5 and E-6 (Bacillus cereus) had the highest lethal effect (87%) on P.
luteola, while OL-4 (Bacillus cereus) had the highest lethal effect on both G.
mellonella and T. molitor. Thus, these three isolates appear to have the most
potential to be used against coleopteran and lepidopteran pests of agriculture. Field
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testing of the isolates against pests in the field would help determine whether their
laboratory success translates to field success. Separately, studies on different
groups of insect pests are still needed.
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Original article (Ozgiin makale)

Effects of the entomopathogenic fungus, Beauveria bassiana,
with adipokinetic hormone, on Myzus persicae and
Trialeurodes vaporariorum

Ismail KARACA!, Ozlem GUVEN?*, Umesh Kumar GAUTAM 3, Tugge
OZEK*

Entomopatojen fungus, Beauveria bassiana’nin Myzus persicae ve Trialeurodes
vaporariorum iizerindeki etkisinin adipokinetik hormon ile arttirnlmasi

Oz: Bu ¢alismanin amaci, adipokinetik hormon (AKH) ile birlikte uygulanan
entomopatojen funguslarin etkilerini aragtirmaktir. Adipokinetik hormon ile tek ve kombine
uygulanan Beauveria bassiana izolatlar1 yesil seftali yaprak biti, Myzus persicae ve sera
beyazsinegi Trialeurodes vaporariorum {izerinde test edilmistir. M. persicae’nin T.
vaporariorum’a gore uygulamaya daha duyarli oldugu bulunmustur. M. persicae iizerinde
BMAUM M6-4 ve BMAUM LD 2016'min tek ve hormon ile birlikte uygulamasinda
sirastyla %58, %67, %95 ve %95 6lim oram goriilmiistiir. Aym sekilde T. vaporariorum’a
bu fungularin tek ve hormon ile birlikte uygulanmasi sonucu sirastyla %44, %68 ve %45,
%78 oraninda O6lim goézlenmistir. M. persicae ve T. vaporariorum'da Bovine Serum
Albumin (BSA) standard1 ile 595 nm'de dlgiilen protein seviyesi, BMAUM M6-4+AKH
uygulamasinda en yiiksek besin mobilizasyonunu ortaya ¢ikarmistir. Adipokinetik hormon
tedavisinde karbonhidrat (glikoz) diizeyinin kontrol grubuna goére biraz arttii bulunmustur
En diisiik glukoz diizeyi entomopatojen fungus uygulamasinda oOlgiilmekle birlikte, en
yiiksek diizey adipokinetik hormon tedavisi ile birlikte B. bassiana izolatlarinda
saptanmustir. Entomopatojen funguslarla uygulanan AKH'nin etki mekanizmasi tam olarak
anlagilamamistir. Bu nedenle, boceklere karsi gelecekteki entegre yonetim stratejileri i¢in
bu alanda yapilacak daha ayrintili ¢alismalara ihtiyag vardir.
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Co-application of entomopathogenic fungi and adipokinetic hormone

Abstract: The aim of this study was to investigate the effects of the co-application of
entomopathogenic fungi (EMFs) and adipokinetic hormone (AKH) on the green peach
aphid, Myzus persicae, and the greenhouse whitefly, Trialeurodes vaporariorum. Single
and combined applications of two Beauveria bassiana isolates with AKH were tested. The
green peach aphid was more susceptible to treatments than the greenhouse whitefly.
Mortality rates of 58%, 67%, %95, and 95% were observed for the single and combined
applications of BMAUM M6-4 and BMAUM LD 2016, respectively, against M. persicae.
The application of these fungi singly and in combination with AKH against T.
vaporariorum caused mortality rates of 44%, 68% and 45% and78%, respectively. The
protein level measured at 595 nm with the standard, Bovine Serum Albumin (BSA), for M.
persicae and T. vaporariorum revealed that the highest level of nutrient mobilization was
for the BMAUM M6-4+AKH treatment. The level of carbohydrate (glucose) was slightly
higher in the AKH treatments when compared to the control group. The lowest glucose
level was measured for the entomopathogenic fungi application, and highest level was
determined for the isolates combined with AKH. The mechanism of action of AKH applied
with B. bassiana isolates is not fully understood. Therefore, more detailed studies are
needed in this area to determine the potential of this promising approach for inclusion in
IPM programs for the control of these insect pests.

Key words: Hormone, Beauveria bassiana, Entomopathogenic fungi, Myzus persicae,
Trialeurodes vaporariorum

Introduction

The rapid growth of the global population has increased the demand for
agricultural products and the importance of pest control has grown in response.
Chemicals applied to control insect pests have brought many problems in terms of
environmental and human health. Sustainable agriculture and ecological agriculture
have become more popular and reconizeded by the public to restore ecological
balance and to minimize the use of chemicals. The demand for products that do not
contain pesticide residues and the new laws and regulations introduced by the
European Union have been effective as a driving force in the application of
biological control methods to reduce the amount of pesticide applications (EFSA
2021).

Biological control, which is an important part of integrated pest management
(IPM) programs, utilizes predation, parasitism, herbivory, and pathogenicity
against insects, mites, other pests andplant diseases. Among the pathogens, myco-
biocontrol is the use of fungi to lower the pest density before crop damage the
economic threshold. Many insect groups may be infected by over 700 species of
fungi recorded as pathogenic. Entomopathogenic fungi (EMFs) such as
Metharizium anisopliae (Metschn.) Sorokin, and Beauveria bassiana (Bals.-Criv.)
Vuill. are well characterized with respect to pathogenicity against several insects,
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and have been used for the control of agricultural pests worldwide (Lacey et al.
2001).

Many studies have shown that the insect endocrine system, particularly various
insect neuropeptides, can be used as potential and specific physiological targets for
pest control, predominantly adipokinetic hormone (AKH) (Gidde & Goldsworthy
2003; Hoffmann & Lorenz 1998; Rayne & O'Shea 1997; Roeder 1999). The
mechanisms responsible for neuropeptides synthesis; their transport, secretion,
binding; and various physiological aspects offer numerous opportunities for a new
neuropeptide-based insect control strategy. Insect stress neurohormones appear to
be particularly suitable for this purpose due to their roles in physiological
processes. This is because stress conditions, such as starvation, injury, poisoning,
infectionn and intense activity, cause severe metabolic stress and the requirements
of animals under these stress conditions are basically similar, i. e,they must activate
their energy stores to eliminate or minimize the effects of the stressor or stresses
(Gade & Goldsworthy 2003; Kodrik et al. 2015).

Insect metabolism is predominantly controlled by the adipokinetic hormones
(AKHSs) belonging to the AKH/RPCH peptide family. This hormone is synthesized,
stored and released by neurosecretory cells in the corpora cardiaca (CC), a
neuroendocrine gland associated with the brain. One of the most important
functions of AKHSs is to control the energy part of insect metabolism. In general,
they act as typical stress hormones by activating the metabolism of lipids,
carbohydrates and/or certain amino acids to store more energy. Among other
functions, the AKHs stimulate the heartrate (Scarborough et al. 1984), regulate
general body movements (Kodrik et al. 2002) and starvation-induced foraging
behavior (Lee & Park 2004); participate in the activation of antioxidant
mechanisms (Kodrik et al. 2007), enhance food intake and digestive processes in
the insect gut (Kodrik et al. 2012; Bodlakova et al. 2017), and also interact with the
humoral and cellular immune systems (Goldsworthy et al. 2002). In terms of usage,
AKHs show their effects after penetrating the insects cuticle (Kodrik et al. 2002;
Lorenz 2003).

Interestingly, recent studies have shown that AKHs have an adverse effect on
the defence reactions against insecticidal stress (PlavSin et al. 2015). The co-
application of insecticides with AKH increased the insect mortality in comparison
to that induced by the insecticides singly. Co-application of AKH with permethrin
(Kodrik et al. 2010) and endosulfan and malathion (Velki et al. 2011) against
Pyrrhocoris apterus (Linnaeus, 1758) (Heteroptera: Pyrrhocoridae), and
pirimiphos-methyl and deltamethrin (Plavsin et al. 2015) against Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae), caused significant mortality. The
mechanism underlying the interaction of AKH with insecticides to increase insect
mortality is not curremtly understood; however, it has been suggested that an
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increase in insect metabolism after AKH treatment might play a role (Kodrik et al.
2015). Increasing metabolism may cause easier and faster penetration of
insecticides to the tissues and cells. This hypothesis was supported by the
determination of metabolic density. Higher carbon dioxide production was
measured after insecticide application with AKH than after insecticide application
singly (Kodrik et al. 2015).

Entomopathogens pose a serious threat to insects. Therefore, insects develop
several defense mechanisms that help protect them, or at least reduce the impact of
this type of stress. A similar insect response was observed between the
entomopathogenic nematode Steinernema carpocapsae (lbrahim et al. 2017) and
the entomopathogenic fungus, Isaria fumosorosea (Gautam et al. 2020a,b), in
combination with AKH. The synergy of entomopathogenic fungi with AKH seems
to be very promising.

The main goal of this study was to demonstrate whether the application of
external AKHs significantly enhances the efficacy of the entomopathogenic
fungus, B. bassiana, against the green peach aphid, Myzus persicae (Sulzer)
(Hemiptera: Aphididae), and the greenhouse whitefly, Trialeurodes vaporariorum
(Westw.) (Hemiptera: Aleyrodidae).

Materials and Methods

Insect rearing

Two insect species, the green peach aphid, M. persicae, and the greenhouse
whitefly, T. vaporariorum, were used in this study. Myzus persicae and T.
vaporariorum were reared on pepper plants and eggplants, respectively, at 25 + 1
°C, and 65 = 5% RH and 16: 8 hours Light: Dark (L: D) in separate insect rearing
rooms. In order to maintain the colonies, the old pepper plants and eggplants were
replaced with clean plants from the plant rearing room every week.

Fungal strains and preparation of inoculum

The strain of the entomopathogenic fungus, B. bassiana (BMAUM M6-4), used in
this study was isolated from soil samples in Isparta Province, Tiirkiye (Baydar et
al. 2016), by using the "Galleria trap method" (Zimmermann 1986). The other B.
bassiana isolate, BMAUM LD 2016, was isolated from adult Leptinotarsa
decemlineata (Say) (Coleoptera: Chrysomelidae) collected from the campus of
Siileyman Demirel University in, Isparta, Tiirkiye.

Conidia from 2-3 weeks-old fungal culture were harvested in 30 ml of 0.03%
w/v Aqueous Tween® 80 and conidial concentration was determined by using a
Thoma haemocytometer. The final concentration was adjusted to 1 x 107
conidia/ml in 100 ml of 0.03% w/v Aqueous Tween® 80. Conidial viability was
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determined by inoculating a 1 x10° conidia/ml spore suspension on Potato dextrose
agar (PDA) and evaluating the germination of 100 spores after 24 h of incubation
at 25 + 2°C. Conidia viability always exceeded 90% for both strains of B. bassiana.

Adipokinetic hormone (AKH)

The adipokinetic hormone, Acypi-AKH: pGlu-Val-Asn-Phe-Thr-Pro-Thr-Trp-Gly-
GIn-NH2 (Jedlicka et al. 2012) used in this study was provided by Prof. Dalibor
Kodrik (Institute of Entomology ASCR, Biology Center, Ceské Budé&jovice, Czech
Republic).

Insect treatment with entomopathogenic fungi and adipokinetic hormone

The leaf dipping method was used for application of the entomopathogenic fungal
spores for testing against M. persicae. Clean pepper leaves were dipped for 5
seconds in the 1 x 107 conidia/ml spore suspension and dried on filter paper. Spore
treated leaves were placed in Petri dishes containing 12-15 ml of sterile water agar
(2%, wi/v) to minimize dehydration of the leaves. Ten nymphs were transferred to
each leaf and one hour after contact with the fungal spores, 2 ul of Acypi-AKH (80
pmol of Acypi-AKH in 20% methanol of Ringer's solution) was dropped on each
nymph with a fine tipped brush.

The insect treatments were entomopathogenic fungus singly, entomopathogenic
fungus with AKH, AKH singly, and control. Each trial was conducted withfive
replications, and all trials were repeated at least twice on different dates using
different fungal cultures and insect generations.

For the control group, sterile distilled water with 0.03% w/v Tween® 80 was
used in the application of the B. beauveria strain, and 2ul solvent was used in the
hormone application. The experiments were carried out in a climate chamber
(Termaks®) at 25 = 1 °C temperature, 60 £ 5% humidity and 16: 8 hours L:D
periods. Dead and living individuals of the insects were recorded daily.

Before the application of treatments, ten adult greenhouse whiteflies, were
released into mesh tent cages with clean tomato plants to stimulate egg laying.
After ten days, the tomato leaves containing the same age nymphs were used in the
treatments. Entomopathogenic fungi were applied to T. vaporariorum by using the
leaf dipping method, as previously mentioned (Gautam et al. 2020a). However,
leaves with nymphs were used instead of clean ones. The excess insects were
removed to leave ten nymphs on each leaf. The same treatments and conditions
mentioned above for M. persicae were applied to T. vaporariorum.

Nutrient Levels

Nutrient availability plays an important role in regulating insect growth and
controlling insect homeostasis. The analysis of nutrient levels in the bodies of

109



Co-application of entomopathogenic fungi and adipokinetic hormone

insects infected with entomopathogenic fungi was performed with the following kit
and the protocol determined by the manufacturer; the level of protein was
measured with The Bicinchoninic Acid Protein Test Kit (Sigma Aldrich)
(Stoscheck 1990) and the Bovine Serum Albumin (BSA) was used as the standard.
Protein readings were performed at 595 nm (T80 UV / VIS Spectrometer, PG
Instruments Ltd).

In the experiments, 5 aphids and 10 whitefly individuals were used for each
replication. One hour after treatment with the EMF, 2 pl of Acypi-AKH (80 pmol
of Acypi-AKH hormone) was applied on the top of each insect. These insects were
then homogenized in potassium phosphate solution (PBS) (pH 7.0). Ten pl of this
solution was transferred to an Eppendorf tube for each individual; the insects were
crushed with a plastic crusher and centrifuged at +4 °C 10000 g for 10 minutes.
The supernatants were used for the assays. Samples were stored at -20 °C until they
were processed.

Digestive enzyme activity

For the activity of digestive enzymes, the glucose level was determined, and for
this determination only the B. bassiana (BMAUM LD 2016) isolate and AKH were
applied, as described earlier. Thirty aphids and thirty whiteflies were removed one
hour after application and placed in 1.5 ml Eppendorf tubes containing 80%
methanol and 1% HCL. The glucose level was analyzed with a SHIMADZU HPLC
(RID 10A detector, Aminex HPX-87C carbohydrate column), and the results were
obtained in mg/g.

Data Analyses

The statistical analyses were performed with use of the SPSS (ver. 17) and JMP
(ver. 8) package programs. The data were subjected to one-way analysis of
variance (ANOVA) and subsequently the Tukey test to compare each treatment.
Insect mortalities were corrected according to Abbott’s formula (Abbott 1925), and
percentage mortalities were calculated. Probit analysis on the median lethal time
(LTso) of the B. bassiana isolate’s application singly and combined with AKH,
were calculated. Statistically significant difference was established at the level of P
< 0.05.

Results

The effect of entomopathogenic fungal isolates and AKH hormone
The effects of two isolates of the EMF, B.bassiana, on the green peach aphid (M.
persicae) and the greenhouse whitefly (T. vaporariorum), were observed from the
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second day after application (Figure 1). The treatment effects of the isolates and a
the hormone on the two insects are presented in Tables 1 and 2.

o S B L

Figure 1. The effects of the entomopathogenic fungus, Beauveria bassiana, on the
green peach aphid (Myzus persicae) (A) and the greenhouse whitefly
(Trialeurodes vaporariorum) (B).

Application of the two B. bassiana isolates singly and together with AKH were
very effective against the green peach aphid (Table 1). On the 1st day after
treatments, mortality was observed to increasedover time. After 48 hrs, all
applications, including the control, were included in the same statistical group.
After 72 hrs, the EMF singly and entomopathogenic fungus with AKH application
had more effect on the insect pests, and mean mortality was significantly different
between the hormone and control treatment. After 192 hrs, the highest mortalities
were observed for the B. bassiana isolate, BMAUM LD 2016, and for BMAUM
LD 2016 with AKH. There was no significant difference between theAKH and
control treatments (Table 1).
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Table 1. The mean number of dead nymphs (+ SE) of the green peach aphid, Myzus
persicae, after the application of two Beauveria bassiana (isolates singly
and with the hormone, AKH singly).

Mortality of Nymphs

a
Treatments 24 hrs* 48 hrs Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

0.2+0.2 2.5+1.0 32+1.2 3.9+1.3 4.0+1.3 5.6+1.3 5.8+1.3 6.5+1.2

BMAUM M6-4 a a ab abc bc b b b

BMAUM M6-4+  0.2+0.2  2.7+09  4.4+14 5.0£1.4 5.1£1.3 6.3£1.5 6.7£1.6 7.2£1.0

AKH a a a ab ab ab ab ab
BMAUM LD 0.2+0.2 2.240.7 4.5+1.2 6.4+0.9 7.34+0.6 8.5+0.3 9.54+0.2 9.6+0.2
2016 a a a a ab a a a
BMAUM LD 0.2+0.2 3.0+1.2 4.7+1.0 7.6+0.7 8.6:0.4 8.7+0.3 9.54+0.3 9.6+0.2
2016 + AKH a a a a a a a a
0.0+0.0 0.0+0.0 0.0+0.0 0.3+£0.2 0.3+0.3 1.0+0.3 1.0+£0.3 1.3£0.3
AKH
a a b c d c c c
0.0+0.0 0.0+0.0 0.0+0.0 0.3+£0.3 0.3+0.4 0.6+0.4 0.8+0.4 0.94+0.3
Control
a a b c d c c c

*Means within a column followed by the same lower case letter are not significantly different (P> 05).
2BMAUM: Biological Control Research and Application Center, AKH: Adipokinetik Hormone

The two Turkish isolates of B. bassiana (EMPs) used in this study werevery
effective against the greenhouse whitefly and the green peach aphid. Applications
of the entomopathogenic fungi with AKH caused higher mortality that was
significantly different from the other treatments (Table 2).

Table 2. Mean number of dead nymphs (= SE) of the greenhouse whitefly,
Trialeurodes vaporariorum after the application of two Beauveria bassiana
isolates singly or with thehormone AKH singlyon different days.

Mean Mortality of Nymphs

Treatments @

24hrs*  48hrs Day 3 Day 4 Day 5 Day 6 Day 7
BMAUM M6-4 0.0£0.0 0.0+0.0 0.6+0.2 1.2+0.3 3.0£1.03 3.8+1.6 4.4+1.2
a a abc abc ab ab a
BMAUM M6-4 + AKH 0.0£0.0 0.1+0.1 1.4+0.4 3.8+1.1 4.6£09 5.6+1.3 6.8+1.2
a a ab ab a a a
0.0£0.0 0.0+0.0 0.9+0.2 1.5+0.7 3.5+1.5 3.9+0.5 4.5+0.7
BMAUM LD 2016 a a abc abc ab ab a
BMAUM LD 2016 + 0.0£0.0 0.6+£0.9 1.7+0.6 4.6+1.5 5.02+1.7 5.8+1.8 7.8t1.4
AKH a a a a a a a
0.£0.00 0.0+0.0 0.2+0.1 0.2+0.1 0.2+0.1 0.3+0.2 0.3+0.2
AKH
a a bc bc b b b
Control 0.0£0.0 0.0£0.0 0.04+£0.03 0.07+0.07 0.1+0.1  0.1£0.1  0.1£0.1
a a c c b b b

*Means within a column followed by the same lower case letter arenot significantly different (P >
.05).
BBMAUM: Biological Control Research and Application Center, AKH: Adipokinetik Hormone.
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After calculating the effects of B. bassiana isolate (BMAUM LD 2016) singly
and together with adipokinetic hormone as percentages, it was determined that
mortality in the green peach aphid was significantly higher than in the greenhouse
whitefly (Table 3). Also, the BMAUM M6-4 treatment involving green peach
aphid nymphs showed significantly lower effects than theBMAUM LD 2016
treatments, singly and with AKH. For the nymphs of both insect species, the
BMAUM M6-4 isolate combined with AKH showed higher and statistically
significant effects (F = 59.98; 5.29, P < 0.05, df = 3) than the single applications
(Table 3).

Table 3. Percentage mortality of Myzus persicae and Trialeurodes vaporariorum
168 hrs after the application of entomopathogenic fungi singly and
combined with the hormone, AKH.

Percentage Mortality 2

Insect BMAUM BMAUM LD

species B'\IC/I'Z‘_L‘J‘M M6-4 BM';‘gll\él LD 2016 AKH  Control
+ AKH + AKH

Myzus 58+3 67+11 95+2 95+ 11 10+4 8+3

persicae b* ab a a c c

Trialeurodes 44 +£13 68+8 45+ 16 78+8 3+03 1+02

vaporariorum a ab a a b b

*Mean mortalities within a row followed by the same lower-case letter are not significantly different

(P<05).

BBMAUM: Biological Control Research and Application Center, AKH: Adipokinetik Hormone.

The effects of B. bassiana isolates singly or combined with AKH, depending on
the elapsed time, were calculated by using regression curves and equations. For M.
persicae, the LTs, values were 5.8, 4.8, 3.8 and 3.4 days for BMAUM M6-4,
BMAUM M6-4 + AKH, BMAUM LD 2016 and BMAUM LD 2016 + AKH,
respectively. For T. vaporariorum, the LTso values were 7.8, 5.8, 7.5 and 2.5 days
for BMAUM M6-4, BMAUM M6-4 + AKH, BMAUM LD 2016 and BMAUM
LD 2016 + AKH, respectively.

Protein levels

The total protein levels measured at 595 nm in M. persicae nymphs after the
application of the B. bassiana isolates singly or combined with AKH are given in
Figure 2. The lowest protein level was measured in the control group and that was
followed by the AKH and BMAUM LD 2016 treatments. The protein level
increased slightly in BMAUM LD 2016 + AKH, and the highest level was
obtained in the BMAUM M6-4 + AKH treatment (Figure 2).
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Figure 2. Total protein levels in Myzus persicae nymphs after the application of B.
bassiana isolates singly orcombined with AKH.

The protein levels in T. vaporariorum nymphs are presented in Figure 3. Quite
similar levels were observed in T. vaporariorum nymphs, as were the protein levels
in M. persicae nymphs, and the highest level was obtained for the BMAUM M6-4
treatment (Figure 3).
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Figure 3. Total protein levels in Trialeurodes vaporariorum nymphs after the
application of two B. bassiana isolates singly or combined with AKH.

Digestive enzyme activity
The activity levels of glucose enzymes across the treatments are presented in
Figure 4. The glucose level was slightly higher in the AKH treatments than in the
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control. The lowest glucose level was measured for the entomopathogenic fungal
applications against the nymphs of both insect species, and the highest level was
determined for the B. bassiana isolate combined with AKH, against M. persicae
(Figure 4).

25

Myzus persicae

20

8 Trialewrodes vaporariorum

T

Control BMAUM LD2016 BMAUM LD2016 + AKH

15 7

10 ¢

Glucose Levels ug/mg

Figure 4. Total glucose levels measured in Myzus persicae and Trialeurodes
vaporariorum treated with the B. bassiana isolate (BMAUM LD.2016)
applied singly and combined with adipokinetic hormone (AKH).

Discussion

Two local Turkish isolates (BMAUM M6-4 and BMAUM LD 2016) of the EMF,
B. bassiana, collected in Isparta Province, Tiirkiye, were very effective against the
important greenhouse pests, M. persicae and T. vaporariorum. The low LTso values
for these isolates raises the prospect of using them as microbial pesticides in IPM
programs. Both the mortality rates and LTso values revealed by this study are
within the ranges of the values stated in the literature (Akmal et al. 2013; Kim et al.
(2013). There are several reports about the effects of EMFs on aphids and
whiteflies (Akmal et al. 2013, Kim et al. (2013); Jandricic et al. 2014; Quesada-
Moraga et al. 2006). Testing 44 locally isolated entomopathogenic fungal and 4
commercially used isolates on the three aphid species M. persicae, Aphis gossypii
Glover and Aulacorthum solani Kaltenbach (Hemiptera: Aphididae), showed
promising results. Moreover, the local isolates of B. bassiana and M. anisopliae
were more effective than commercially available isolates (Jandricic et al. 2014).
The use of B. bassiana on four aphid species (Schizaphis graminum,
Rhopalosiphum padi, Brevicoryne brassicae and Lipaphis erysimi) produced LTso
values between 2.19 days and 3.73 days (Akmal et al. 2013). Also, similar results
for the application of Isaria spp., Lecanicillium spp., B. bassiana and Cordeceps
spp. on M. persicae were reported by Kim et al. (2013).
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Studies conducted to test the control of Bemisia tabaci author and T.
vaporariorum by 25 isolates of B. bassiana produced 3% to 85% mortality
(Quesada-Moraga et al. 2006). In another study, B. bassiana caused 46.3%
mortality of whitefly (Javed et al. 2019). Feng et al. (2004) investigated the effects
of B. bassiana on T. vaporariorum under greenhouse conditions and recorded
72.1% mortality on the 10th day, 86.3% mortality on the 15th day, and 97.9%
mortality on the 25th day.

In the present study, the synergistic effects of an entomopathogenic fungus and
AKH were investigated. The study found that the hormone application increased to
a certain extent the effect of entomopathogenic fungi after the first few days but the
increase was not statistically significant. Although today difficulties in hormone
supply and high cost limit the application of these entomopathogenic fungi and
AKH together, this basic research can be built on infuture studies, venturing that
the AKHSs can be produced synthetically in the future.

Recently, some studies have focused on using insecticides, microorganisms and
insect toxins in combination with AKHs (Goldsworthy et al 2002; Goldsworthy et
al 2005; Kodrik et al. 2015; Shaik et al 2017; Ibrahim et al. 2018; Gautam et al.
2020a), and they found increased mortality in insects. Ibrahim et al. (2017)
investigated the co-application of AKH and Steinernema carpocapsae against
firebug, Pyrrhocoris apterus (Heteroptera: Pyrrhocoridae) adults. The applications
increased mortality by about 2.5 times within one day, and carbon dioxide
production increased about 2.1 and 1.6 times compared to the control and only
EPN-treated insects, respectively. The application of AKHs with the
entomopathogenic  fungus, Metarhizium anisopliae, bacterium, Bacillus
megaterium, and laminarin, against Locusta migratoria (Linnaeus, 1758)
(Orthoptera: Acrididae), increased mortality in comparison to the use of the
microorganisms singly (Goldsworthy et al. 2005; Mullen & Goldsworthy 2006).
Similar results reported by Gautam et al. (2020a) also revealed that AKHs boosted
the lethality of infection by the EMF, Isaria fumosorosea, of the cockroach,
Periplaneta americana (Linnaeus, 1758) (Blattodea: Blattidae).

Conclusions

This current study demonstrated that the application of two B. bassiana isolates
together with AKH and T. vaporariorum, compared to the application of the
entomopathogenic fungal isolates singly. The mechanisms of AKH activity have
not been clearly explained yet but it may play a role in increasing the metabolic
rate and nutrient mobility in insects, which in turn increase the effects of
entomopathogenic fungi. More studies need to be conducted to understand the
physiological and biochemical modes of action of AKH in insects under stress
situations. Overall, this study produced a useful body of information that can
substantially contribute to the improvement of control strategies for two important
pests in IPM programs bring interesting results potentially usable also in pest
management strategies.
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Bagda Kursuni Kiif Hastahg (Botrytis cinerea Pers.)’na Kkarsi
antagonist bakterilerle biyolojik miicadele

Biological control of Gray Mold Disease (Botrytis cinerea Pers.) of
grapevine by antagonistic bacteria

Mehmet YILDIZY, Umit OZYILMAZ?*

Abstract: This study focused on isolating antagonistic bacteria from vineyard areas in
Sarigol/Manisa Province and using them for biological control against Gray Mold Disease
caused by Botrytis cinerea. Biological efficiencies of antagonists were investigated by in-
vitro and in-vivo studies. The compatibilities of the antagonists with azoxystrobin and
cyprodinil + fludioxonil, which are active ingredients of fungicides, were also examined. A
total of 11 B. cinerea strains were isolated, and the B33 isolate was used as the most
virulent disease isolate across the study. A total of 160 putative antagonistic bacterial
isolates were obtained from healthy grape plants. Among them, 17 bacterial isolates
inhibited mycelial growth of the fungal agent by between 6.8% and 80.1% in in-vitro dual
culture tests. The antagonistic bacteria were Bacillus halotolerans, B. licheniformis, B.
safensis, B. subtilis, B. velezensis, Kosakonia cowanii and Pseudomonas aeruginosa. Of the
17 antagonists, 13 were Bacillus species, while seven of them were strains of B. velezensis.
In plant studies conducted with the A7Len4, AlLen4 and A8Lenl isolates, an efficacy of
between 71.43% and 80.96% against the disease was determined. All three antagonists
werecompatible with up to two applications of azoxystrobin.

Keywords: Botrytis cinerea, biological control, antagonist bacteria, Bacillus velezensis

Oz: Bu calismada; Manisa ili Sarigol ilgesi bag alanlarindan antagonist bakterilerin
izolasyonu ve Kursuni Kif Hastaligina (Botrytis cinerea) karsi biyolojik miicadelede
kullanilabilme olanaklar1 arastirilmigtir. In-vitro ve in-vivo ¢alismalarla biyolojik etkinligi
arastirilan antagonistlerin ayrica azoxystrobin ve cyprodinil + fludioxonil etkili maddeli
fungisitler ile uyumluluguna da bakilmistir. Caligmada 11 adet B. cinerea izolat1 elde
edilmis ve en virilent B33 izolati ¢aligmanin tamaminda hastalik etmeni olarak
kullanilmistir. Saglikli bitkilerden 160 antagonist adayr bakteri izole edilmistir. Aday
bakteri izolatlar arasindan 17 bakteri izolat: in-vitro ikili kiiltiir testlerinde fungal etmenin
misel gelisimini %6.8-%80.1 arasinda engellemistir. Antagonist bakteri izolatlar1 Bacillus
halotolerans, B. licheniformis, B. safensis, B. subtilis, B. velezensis, Kosakonia cowanii ve
Pseudomonas aeruginosa olarak tanilanmistir. On yedi antagonistten 13 tanesi Bacillus
tirleriyken, 7 tanesinin B. velezensis oldugu belirlenmistir. A7Len4, AlLen4 ve A8Lenl
izolatlar1 ile yapilan bitki ¢aligmalarinda, B. cinerea’a kars1 %71.43-%80.96 arasinda etki
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saptanmustir. Bu ii¢ antagonistin de azoxystrobin etkili fungisit ile arazi dozunun iki katina
kadar uyumlu oldugu bulunmustur.

Anahtar Kelimeler: Botrytis cinerea, biyolojik savas, antagonist bakteri, Bacillus
velezensis

Giris

Kursuni Kiif Hastalig1 bag dahil birgok bitkide verim kaybina neden olan ve
Botrytis cinerea Pers (teleomorph: Botryotinia fuckeliana)’in neden oldugu fungal
bir hastaliktir. Uzerinde birgok ¢alismanin yapildigi bu hastalik hem sofralik hem
de saraplik tiziimlerde ciddi iriin kayiplarina neden olmakla birlikte sofralik
tiziimlerin ve saraplarin kalitesini de bozmaktadir (Bavaresco et al. 1997; Kurt
2016).

Diinyada farkli sicakliktaki iiziim iiretim bolgeleri de dahil olmak iizere, hem
hasat Oncesi hem de hasat sonrasi verim kayiplarina neden olan en &nemli
hastaliklardan biridir (Elmer & Reglinski 2006). Hastalik ile miicadelede ¢ok
sayida fungisit (Cyprodinil, Boscalid, Pyrimethanil, Cyprodinil + Fludioxonil,
Fenhexamid, Folpet) kullanilmaktadir. Ayni etken maddelerin sik kullanilmasi
sonucunda etken maddelere kars1 hastalik etmenlerinin gelistirdigi diren¢ bilinen
bir gercektir (Leroux 2007). Buna ek olarak &zellikle meyvesi tiiketilen tarim
riinlerinde, ilaglamalarin siklikla yapilmasi bazi kalinti problemlerini de
beraberinde getirmektedir. Insan ve ¢evre saghg diisiiniildiigiinde iilkeler bazi
diizenlemeler yaparak etken maddeleri ruhsatlandirmalarindan ¢ikarabilmektedir.
Hatta bazi etken maddeler bir takvime baglanarak diinyada kullanimi zaman i¢inde
yasaklanmaktadir (Pal & Mc Spadden Gardener 2006; Compant et al. 2013). Bu
konular diisiiniildiiglinde bilim insanlar1 alternatif miicadele yontemleri iizerine
odaklanmaktadirlar. Bunlardan en popiiler olanlarindan biri de biyolojik
miicadeledir. Bagda Kursuni Kiif Hastaliina karsi antagonist bakterilerin
kullanimi, bitki gelisimini arttiran kok bakterileri ve uyarilmis dayaniklilik ile ilgili
birgok ¢alisma yuritilmistir (Ferreira 1990; Paul et al. 1998; Whiteman &
Stewart 1998; Ait Barka et al. 2000; Rabosto et al. 2006; Magnin-Robert et al.
2007; Trotel-Aziz et al. 2008; Logman et al. 2009; Furuya et al. 2011; Boubakri et
al. 2015; Gruau et al. 2015; Haidar et al. 2016a; Kasfi et al. 2018; Nigris et al.
2018; Calvo-Garrido et al. 2019). Ulkemizde ise Kursuni Kiif Hastaligia karsi
yapilan biyolojik miicadele ¢alismalari domates (Yildiz 2000; Yildiz et al. 2007),
patlican (Akga & Tozlu 2022), cilek (Celik & Yildiz 2021; Geng Kesici & Dénmez
2022) gibi bitkiler {izerinde yapilmig, ayrica in-vitro etkinlik denemeleri
yiritilmiigtir (Yildiz 1991; Tekiner et al. 2020). Bagda ise mayalarin
degerlendirildigi calismalar bulunmaktadir (Nagme 2005; Yildiz et al. 2009).
Bakteriler biyolojik kontrol ajanlar1 (BKA) icinde siklikla kullanilan
mikroorganizma grubudur ve arastiricilar ¢aligmalart sirasinda Bacillus ve
Pseudomona tiirleri ile siklikla karsilasmaktadirlar. Birgok etki mekanizmasi ile
hastaliklar1 dogrudan ya da dolayli kontrol edebilen bu BKA’lar ayn1 zamanda
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bitkilerin mineral ve su alimini arttirarak ya da birtakim bilesikler iireterek bitki
biiylimesini de tesvik etmektedir (Elad & Stewart 2007; Compant et al. 2013;
Bonaterra et al. 2022). Antagonist bakterilerin hedef mikroorganizmalara olan en
bilinen ve siklikla karsilasilan etkileri {irettikleri metabolitleri sayesinde
olmaktadir. Bu metabolitlerin biiylikk bir ¢ogunlugu ikincil metabolit olarak
adlandirilir ve antibiyotik, siderofor vb. gibi islevler olarak karsimiza c¢ikarlar
(Sharrar et al. 2020). Hem ugucu hem ucucu olmayan bilesikler olan bu
metabolitler ayni tiirin bireyleri arasinda dahi biiyiik bir farklilik gosterebilmekte
ve izolata 6zgii davranislar sergileyebilmektedir (Kai 2020). Bu baglamda piyasada
ayni tiire ait farkli antagonistlerden yapilan preparatlarin bulunmasi, biyolojik
miicadele caligmalarinda farkli izolatlarin elde edilmeye calisilmasi ve bunlar
lizerine caligmalar yiriitilmesi konunun ne kadar 6zel bir noktada oldugunu
gostermektedir.

Bu c¢alismada bagin en oOnemli hastaliklarindan biri olan Kursuni Kiif
Hastaligmma kars1 etkili olabilecek antagonistik bakterilerin  bulunmasi
hedeflenmistir. Bu amagla elde edilen tiirlerin tanilanmasi, in-vitro ve in-vivo
testlerle biyolojik etkinlikleri arastirilmis ve bazi fungisitlerle olan uyumluluklari
da incelenmistir.

Materyal ve Yontem

Bu c¢aligmada; Ekim 2021°de Manisa ilinin Sarigél ilgesinden izole edilen
antagonist bakteri ve Botrytis cinerea izolatlar1 kullanilirken, laboratuvar
calismalarinda Aydin Adnan Menderes Universitesi, Ziraat Fakiiltesi, Bitki
Koruma Bolimii, Fitobakteriyoloji Laboratuvari olanaklarindan yararlanilmigtir.
Bitki ¢aligmalar1 ise yine ayni boliime ait 16 saat aydinlik, 8 saat karanlik ve
ortalama 25 °C’ye ayarli iklim odasinda yiiritilmiistir. Ayrica g¢alismanin
tamaminda Sultani Cekirdeksiz asma ¢esidi kullanilmis ve meyveler ile bag
cubuklari yine Manisa Sarig6l’den temin edilmistir.

Calismada kullanilan hastalik etmeni B. cinerea {izim meyvelerinden izole
edilmistir. Bunun i¢in Manisa Sarigdl’den 10 farkli bag alanindan hastalik etmeni
ile bulasik oldugu tahmin edilen meyveler buz kutusu iginde laboratuvara getirilmis
ve zaman kaybetmeden izolasyon yapilmistir. ilk 6nce %2’lik NaClO iginde 2
dakika bekletilerek yiizey dezenfeksiyonu yapilmis ve ardindan ii¢ kere steril
damitik su ile durulanmigtir. Kurutma kagitlarinda fazla nemi alinan pargalar daha
sonra Su Agar besi yerine ekilmis, bir hafta 20 °C’de inkubasyona birakilmis ve
gelisen fungal kolonilerin kenarlarindan alinarak PDA besi yerine aktarilmistir
(Burcak & Delen 2000). PDA besi yerinde gelisen fungal izolatlar daha sonra
mikroskop (Leica DMLS) altinda incelenerek; hif, salkim seklindeki tipik
konidiospor formasyonu ve konidiosporlar arastirtlmistir (Anonymous 2008; Toriin
2018). Daha sonra izolatlarin tek spor ¢alismalar yapilip 4 °C’deki buzdolabina
kaldirilarak sonraki ¢alismalarda kullanilmak {izere muhafaza edilmistir
(Kizilirmak 2019).

B. cinerea siiphesi ile saklanan izolatlarin patojenisite testleri yapilarak
izolatlarin viriilensi belirlenmistir. Bunun i¢in Sultani Cekirdeksiz tiziim c¢esidi
meyveleri kullanilmistir. Denemeye alinmadan once meyveler 5 dakika boyunca
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%?2’lik NaClO icinde bekletilerek yiizey dezenfeksiyonu yapilmis, li¢ kere steril
damitik su ile durulanmis ve steril kurutma kagitlar iizerine alinarak kurumasi i¢in
beklenmistir. Her meyve iizerine 3 mm ¢apinda ve 3 mm derinliginde bir delik
acilmis ve bu meyveler dibinde steril damitik su ile nemlendirilmis kurutma
kagitlart bulunan plastik kaplara yerlestirilmistir. Yilizeyle temasi engelleyecek
sekilde silikon halkalar {izerine yerlestirilen meyveler iizerindeki deliklere 15 pl
olacak sekilde 1x10° konidi/ml yogunlugundaki konidi siispansiyonu
damlatilmistir. Denemeler 3 tekerriirlii olarak yiiriitilmistir. 20 °C’deki bir
haftalik inkiibasyonun ardindan lezyon ¢aplari kumpas yardimiyla Glgiilmiis ve
izolatlar arasindaki farklar hesaplanmistir (Kasfi et al. 2018).

Patojenisite ¢alismalarinda ve diger spor sayimi gerektiren ¢alismalarda spor
konsantrasyonlari Thoma lami kullanilarak yapilmistir. Gerek siispansiyonu
olusturulacak izolat sayisinin fazla olmasi durumunda, gerekse seyreltmelerin
hesaplanmasi sirasinda, calismalar1 kismen yavaslatan bu islemi hizlandirmak ve
hesaplama hatalarin1 ortadan kaldirip sporlar1 fazla bekletmeden hizlica ¢alismaya
dahil etmek amaciyla JavaScript (ECMA 2023) bilgisayar dili kullanilarak TAROT
adiyla ufak bir bilgisayar programi olusturulmustur (ver 1.1). HTML (HyperText
Markup Language) tabanli olarak tasarlanan bu program; bilgisayara kurulum
gerektirmeyen ve sadece tarayici kaynaklarimi kullanan kodlar ile yazilmis olup,
lam lamel arasindaki yiikseklik, Thoma lamindaki karenin biiyiikligii, sayim
yapilan kare sayist gibi parametreleri de kullanicinin istedigi gibi ayarlayabilecegi
sekilde tasarlanmig bir Web sayfasi altinda g¢alismaktadir. Cok sayida sayimin
ortalamasim1 kendi alabilen ve istenen bir konsantrasyona seyreltme hesabini
otomatik  yapan  programa internete  erisebilen @ her  cihaz  ile
https://uozyilmaz.com/thoma/ adresinden ulasilabilmektedir (Bu ¢aligmada kodlar
verilmemistir. Ancak program server tarafinda ¢alisan bir 6ge icermedigi igin web
sitesinden tiim kaynak kodlara erigilebilir).

Antagonist bakteri izolasyonu

Araziden hastalikli meyvelerin alinmasi sirasinda, bunlarin arasinda en saglikli
goriilen asmalarin orta kismindan, salkim ve yapraklardan drnekler toplanarak buz
kutusunda laboratuvara getirilmistir. Hem yaprak hem de meyvelerden epifitik ve
endofitik antagonist bakteri izolasyonu yapilmigtir. Her yaprak Ornegi 2x2 cm
biiyiikliiglinde bir parcadan, her meyve Ornegi ise 4 adet iizim meyvesinden
olusmustur (Islem &ncesi agirliklar: alinmistir). Her bir rnekten 2 tekerriir olarak
izolasyon yapilmistir. Epifitik bakterilerin izolasyonu igin 6rnekler 50 ml steril
fizyolojik serum (%0.85 NaCl) icerisinde 15 dakika boyunca karistirilmis ve daha
sonra olusan siispansiyon 5 kere 1/10 olacak sekilde seyreltilmistir (0 ana
soliisyon). Endofitik bakterilerin izolasyonunda ise; drneklere %2’lik NaClO ile 2
dakika ylizey dezenfeksiyonu yapilmis ve steril damitik su ile ii¢ kere
durulandiktan sonra 5 ml fizyolojik serum igerisinde havanda ezilmistir. Bu
asamada ylizey dezenfeksiyonu sonunda, 3. durulama suyundan 50 pl alinarak
KingB (King et al. 1954) besi yerine yayarak ekilmis ve yiizey dezenfeksiyonu
kontrol edilmistir. Ezilerek olusturulan siispansiyon 5 kere 1/10 olacak sekilde
seyreltilmigtir (0 ana soliisyon). Hem epifitik hem de endofitik siispansiyon
serilerinden 50°ser pl almarak KingB besi yeri yiizeyine yayilarak ekilmis, 20
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°C’de 3 giin inkiibasyona birakilmig, gelisen koloniler sayilmis ve birim bitki
dokusundaki toplam bakteri miktar1 hesaplanmistir. Daha sonra farkli koloni
morfolojisine gore secilen bakteriler saflastirilmistir.

Antagonist aday1 bakterilerin B. cinerea’ya olan antagonistik etkilerinin
belirlenmesi amaciyla ikili kiiltiir testleri yapilmustir. Ikili kiiltiir testlerinde
patojenisite testlerine gore en virillent olan B33 kodlu B. cinerea izolati
kullanilmistir. Bunun i¢in; PDA (pH = 7.0) besi yerinin merkezinden 2.5 cm
uzakliktaki 4 noktaya, aymi antagonist bakteri 5 mm cap olusturacak sekilde
ekilmis, 24 saat sonra aktif gelisim gosteren hastalik etmeni izolatinin PDA
kiiltiirliniin kenarindan 1 cm c¢apli agar plag:1 alinarak antagonist aday1 bakterilerin
ekildigi petrilerin tam ortasina miseller asagi gelecek sekilde yerlestirilmistir.
Denemeler 4 tekerriirlii olarak kurulmus ve antagonist bakteri bulunmayan ancak
patojen inokulasyonu yapilan bir de kontrol grubu denemeye eklenmistir. Petriler
20 °C’deki inkubatoére kaldirilmis ve kontrol petrilerindeki fungal gelisim cap1 5
cm’ye ulastiginda engelleme zonlar1 hesaplanmistir (Buhur & Ozyilmaz 2013).
Ikili kiiltiir testinden az ya da ¢ok engelleme zonu olusturan antagonist bakteriler
%20 gliserin igeren Nutrient Broth besi yerinde —80 °C’deki derin dondurucuya
yedeklenmistir.

Antagonist bakterilerin tanilamasi ve bazi 6zelliklerinin belirlenmesi
Antagonist  bakterilerin  tanilanmasinda 16s rRNA sekans analizinden
yararlanilmistir.  Bunun  i¢in  Oncelikle DNA  ekstraksiyonu iglemleri
gerceklestirilmistir.  Yirmidort  saatlik  antagonist  bakteri  kiiltiirlerinden
mikrosantrifiij tlipleri i¢ine hafif slispansiyon olacak sekilde su siispansiyonlari
hazirlanmig, kaynatilmig, santrifiij edilmis ve siipernatant kalip DNA olarak
kullanilmigtir. Daha sonra 27F (AGA GTT TGA TCM TGG CTC AG) / 1492R
(TAC GGY TAC CTT GTT ACG ACT T) primer ciftleri (Lane 1991) kullanilarak
PCR islemi uygulanmistir. Olusan PCR firlinlerinin Macrogen firmasina hizmet
alimi seklinde sekansi yaptirilmstir (27F primeri ile tek yonlii). Gelen sekans ham
dosyalarinin kalitesinin incelenmesinden sonra diziler NCBI (National Center for
Biotechnology Information) gen bankasinda taranarak eslesmelere bakilmistir
(Blastn, Megablast) (Zhang et al. 2000; Morgulis et al. 2008).

Ayrica bu antagonist bakterilerin hedef disi canlilara olabilecek olumsuz
etkilerini de degerlendirmek {izere baz1 6zelliklerinin arastirilmasi igin 37 °C’de
gelisimi (Ozyilmaz 2007), pektolitik enzim aktivitesi (Bradbury 1970) ve tiitiin
agir1 duyarlilik (Klement 1968) testlerinin yaninda etki mekanizmalarini ortaya
koyan kitinaz (Berg et al. 2000; 2001), proteaz (Krechel et al. 2002) ve DNase
(Jeffries et al. 1957) aktive testleri yapilmustir.

Uziim meyveleri iizerinde biyolojik etkinlik testi

Ikili kiiltiir testlerine gore segilen toplam 17 antagonist bakteri, B. cinerea
izolatlarindan en viriilent olan B33 izolat1 ve Sultani Cekirdeksiz liziim ¢esidi
meyveleri biyolojik etkinlik testi igin kullanilmis ve patojenisite testindeki
agsamalar sirasiyla takip edilmistir. Ancak bu testlerde antagonist bakterilerin 1x107
CFU/ml siispansiyonundan 15 pl olacak sekilde yaralara damlatilms, iki saat sonra
B. cinerea’nin 1x10° konidi/ml oranindaki konidial siispansiyonundan ayni yara
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iizerine 15 pl konularak hastalik inokulasyonu yapilmistir. Meyveler 20 °C’de 7
giin inkubasyona birakilmistir. Degerlendirme 7. giinde lezyon caplart Slgiilerek
yapilmustir (Kasfi et al. 2018).

iklim odasinda biyolojik etkinlik testi

Bu amacla iklim odasi ¢alismalarinda kullanilmak iizere secilen A7Len4, AlLen4
ve A8Lenl antagonist bakterileri ve ocak ayinda ve 5-6 gozlii olacak sekilde
toplanmis olan bag c¢ubuklar kullanilmigtir. Dort santigrat derecede 10 giin
bekletilen bag cubuklar1 3-4 gozlii kalacak sekilde kesilmis, {ist kismi su kaybini
engellemek icin eritilmis parafin ile kapatilmig, alt kismi 3000 ppm IBA’ya
daldirilmis ve ardindan ig¢inde nemlendirilmis perlik bulunan yiiksek plastik
kaplara yerlestirilmistir (Tekeli 2014). Daha sonra gubuklar iklim odasinda 55 giin
bekletilerek hem koklenmesi hem de yapraklarin olugmasi saglanmig ve torf
bulunan saksilara aktarilmustir. Bitkilere 1x108 CFU/ml antagonist bakteri
siispansiyonu el piilvarizatorii yardimiyla tim yesil aksamin 1slatilmasi seklinde
piiskiirtiilmiis, bir giin sonra yine buna benzer olarak bu sefer 1x10° konidi/ml
olacak sekilde konidi siispansiyonu ile B. cinerea inokulasyonu yapilmustir.
Bitkiler polietilen torbalarla deneme siiresince Ortiilmistiir. Deneme {i¢ tekerriirlii
olacak sekilde yiiriitiilmiistiir. Denemeye sadece hastalik uygulamasi yapilmis bir
pozitif kontrol, hi¢bir uygulama yapilmamis bir negatif kontrol ve ayrica bir de
kargilastirma amagli kimyasal (%37.5 cyprodinil + %25 fludioxonil) kontrol
karakterleri eklenmistir. Uygulamadan 20 giin sonra bitkiler iizerindeki
(inokulasyondan sonra yeni yeserenler haric) tiim yapraklar uyarlama yapilan 0-4
skalas1 (0: yaprak ayasi saglikli, 1: yaprak ayast %0.1-5’1 lezyonlu, 2: yaprak ayas1
%5.1-20’si lezyonlu, 3: yaprak ayasit %20.1- 40’1 lezyonlu ve 4: yaprak ayasi
%40.1-100’ii lezyonlu) kullanilarak degerlendirilmistir (Kim et al. 2007).
Uygulamalara ait skala degerleri hastalik siddetine Tawsend-Heuberger (Towsend
& Heuberger 1943) formiilii kullanilarak g¢evrilmistir. Ayrica uygulamalarin etki
oranlari ise Abbott (Abbott 1925) formiilii kullanilarak hesaplanmistir.

Antagonistlerin bazi fungisitlerle uyumlulugu

Bu caligmalar antagonist bakterilerin iki farkli fungisit (azoxystrobin [Hektas,
Caira SCJ; 75 ml/100 L ve %37.5 cyprodinil + %25 fludioxonil [Syngenta, Switch
62.5 WG]; 50 g/100 L) ile entegre edilebilme imkanmni belirlemek amaciyla
yapilmistir. Caligmalarda MGY besi yeri (mannitol %2, sodium L-glutamate %0.4,
KH2PO. %0.1, sodium chloride %0.04, magnezyum siilfat %0.04, yeast ekstrakt
%0.05, pH = 7.0) kullanilmistir (Cha et al. 1997). Fungisitler sivi olarak hazirlanan
besi yerine tam (1x), yar1 (0.5x) ve iki kati (2x) doz olusturacak sekilde
karistirllmigtir. Konsantre (2x) besi yeri 121 °C’de 15 dk otoklav edilmis ve
fungisitler soguyan besi yerine sonradan eklenmistir. Tiipler igine hazirlanan
fungisitli besi yerleri antagonist bakteriler (A7Len4, AlLend4 ve AS8Lenl) ile
hazirlanan 1x10® CFU/ml yogunluktaki siispansiyonlardan 20 ul olarak inokule
edilmistir (Cizelge 1).
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Cizelge 1. Fungisitli MGY besi yeri igerigi.
Table 1. Content of MGY medium with fungicide.

2 ml 1x MGY besi yeri icin konulan miktarlar (pl)

Doz 0x 0.5x  1x  2x
MGY (2%) 980 980 980 980
Fungisit (4x) 0 250 500 1000
Damitik su 1000 750 500 O

Bakteri siispansiyonu* 20 20 20 20
*MQGY (2x) besi yeri i¢ine hazirlanmistir.

Besi yerleri 25 °C’de 48 saat boyunca calkalayicida inkubasyona birakilmis ve
siire sonunda tiiplerdeki bulaniklik (bakteri gelisimi) incelenerek kaydedilmistir.
Daha sonra her tiipten alman 20 pl besi yeri KingB agarli besi yerine nokta
seklinde ekilmigtir. Bakteriler gelismeleri icin yine 48 saat inkubasyona birakilmig
ve ardindan petride bakterilerin gelisimleri kaydedilmistir (Benlioglu & Benlioglu
1998). Bu calismaya ek olarak yapilan ikinci bir ¢alisma ile fungisitler yine ayni
dozlarda bu sefer PDA ile karistirilarak agarli besi yeri olusturulmus ve petrilere
dokiilmiistiir (Besi yeri ve fungisit son konsantrasyonlari yukaridakine benzer
olarak hesaplanmistir). Petriler kuruduktan sonra antagonist bakteriler nokta
sekilde ekilmis ve 25 °C’de inkiibasyona birakilmistir. Ekim isleminden 48 saat
sonra bakterilerin gelisme durumlar1 degerlendirilmistir (Mohiddin & Khan 2013;
Hanuman & Bindu Madhavi 2018).

Istatistik analizler

Calismada yapilan tiim testler/denemeler tesadiif parselleri deneme desenine gore
en az 3 tekerrirli olacak sekilde tasarlanmig olup, ortalamalarin
karsilastirilmasinda tek yonlii varyans analizi kullanilmistir (ANOVA, Fisher-LSD,
p < 0.05). Analiz islemlerinde R istatistik paket programi ve alt kiitiiphanesi
agricolae’dan yararlanilmistir (de Mendiburu 2021; R Core Team 2022).

Bulgular ve Tartisma

Botrytis cinerea izolatlarinin elde edilmesi

Manisa Sarigdl ilgesindeki Sultani Cekirdeksiz g¢esidi yetistirilen 10 farkli bag
alamindan toplam 40 adet 6rnekten izolasyon yapilmustir. Izolasyon sonucunda besi
yerinde gelisen fungal kolonilerden alinan 6rnekler mikroskop altinda incelenmis
ve toplam 11 adet izolat (B12, B33, B03, B44, B31, B02, B51, B32, B14, B42 ve
B73) Botrytis cinerea siipheli olarak elde edilmistir. izolatlarin patojen olup
olmadiginin ve ayrica patojen ise viriilensliginin belirlenmesine yonelik yapilan
patojenisite ¢alismalarinda, tiim izolatlarin meyveler lizerinde az ya da ¢ok (4.46 —
24.23 mm cap) bir lezyon olusturdugu, B33 kodlu izolatin istatistiki olarak diger
izolatlardan ayrildigi belirlenmistir. Bu izolat yiiksek viriilenslik gosterdiginden
dolayi ¢aligmanin kalaninda hastalik etmeni olarak kullanilmigtir.
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Antagonistik bakteri izolasyonu ve tanillanmasi

Bakteriler hem iiziim meyvesi hem yaprak dokusundan epifitik ve endofitik
durumlar1 dikkate alinarak izole edilmistir. Gerek epifitik gerekse endofitik
bakterilerin izolasyonunda calisilan parcalar tartilmis ve bdylece birim bitki
dokusundaki bakteri miktarlar1 hesaplanmistir. Seyreltme serilerine gore gozden
gegirilen petriler incelendiginde, epifitik bakteriler icin 3iincii, endofitik bakteri
icin ise linci seyreltme serileri sayilabilir ve degerlendirilebilir bulunmustur.
Ayrica endofitik bakterilerin izolasyonunda son durulama suyundan besi yerine
ekilen su Orneginde herhangi bir bakteri gelisimi gozlenmemis ve yiizey
dezenfeksiyonu basarili olmustur. Her 6rnekten iki izolasyon ¢aligsmasi yapilmis ve
hesaplanan degerler bu iki izolasyon c¢alismasinin ortalamasi olarak
degerlendirilmistir. Bir gram yaprak dokusundan 9.7x10% — 2.1x10" CFU epifitik
bakteri izole edilirken, aym yapraklarin farkli yerlerinden alinan dokularda 7.1x10*
—2.9x10* CFU endofitik bakteri izole edilmistir. Bir gram meyvede ise 1.4x10% —
2.8x10° CFU epifitik, 0.7x10' — 4.4x10*° CFU endofitik bakteri oldugu
hesaplanmustir.

Koloni morfolojisine gore bakteriler saflagtirilmis ve toplam 160 bakteri elde
edilmistir. Gelisme geriligi, koloniler ile calisilamamasi veya izolatlarin kisa
stirede 6lmesi gibi nedenlerle bunlar arasindan 130 tanesine in-vitro’da B. cinerea
(B33) izolatina karst ikili kiiltiir testleri yapilmistir. Bunlarin da i¢cinden 17 tanesi
fungal etmenin misel gelisimini degisen oranlarda engellemelerinden dolay1 aday
antagonist bakteri olarak belirlenmis ve ¢alismalarda kullanilmak {izere
yedeklenmistir. Ikili kiiltiir testlerinde etkinin %6.8 ile %80.1 arasinda degistigi
goriilmiistiir (Cizelge 2). Elde edilen degerler incelendiginde A7Len3, ASFep2,
A8Lenl, A7Len4, AlLen8, AllLen4, AllLepl, AllLep4, AT7Lep5 ve A6Len3
antagonist bakterilerinin diger bakterilerden istatistiki olarak farkli bir grupta yer
aldig1 gorilmistiir.
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Cizelge 2. Antagonist bakterilerin ikili kiiltiir testlerinde Kursuni Kiif Hastaliginin
misel gelisimini engelleme oranlari.

Table 2. The rate of inhibition by antagonistic bacteria of mycelial growth of Gray
Mold Disease in dual culture testing.

Kod Tiir Engelleme (%)*
AT7Len3 Bacillus velezensis 80.1 a
AS5Fep2  Bacillus velezensis 80.0 a
A8Lenl Bacillus velezensis 79.6 a
AT7Lend Bacillus velezensis 79.4 ab
AlLen8 Bacillus velezensis 79.1 ab
AllLend Bacillus velezensis 7.7 ab
AllLepl Bacillus subtilis 77.5 ab
AllLep4 Bacillus subtilis 76.7 ab
AT7Lep5 Bacillus halotolerans 74.2 ab
Ab6Len3 Bacillus licheniformis 73.3 ab
AOLen3 Bacillus subtilis 72.6 b
A8Len6 Pseudomonas aeruginosa 51.7 c
AllLen2 Bacillus velezensis 49.0 c
AT7Lep3 Kosakonia cowanii 38.6 d
A8Len4  Pseudomonas aeruginosa 37.1 d
AT7Len2 Bacillus safensis 26.3 e
A9Lep2 na** 6.8 f

*4 tekerriiriin ortalamasidir. Ayni harfle gosterilen degerler arasinda istatistiki olarak fark yoktur
(Fisher-LSD, p < 0.05).
**na: Diisiik sekans uzunlugu ve kalitesi nedeniyle tiir ismi verilmekten kaginilmistir.

Antagonist bakterilerin tiir diizeyinde belirlenmesine yonelik yapilan 16s rRNA
sekans analizleri sonucunda bakterilerin ¢ogunlugunun Gram pozitif tiirler oldugu
goriilmiistiir. Zay1f sekans kalitesi olan bir izolat (A9Lep2) hari¢ diger izolatlarin
hepsi ortalama 858 bp uzunlugunda irtinler ile NCBI bankasindaki tiirlerle %100
eslemis ve bir izolat (AlLen8) %99.76 digerleri ise %100 benzerlik gdstermistir.
Buna gore: A7Lep5 Bacillus halotolerans; A6Len3 Bacillus licheniformis; A7Len2
Bacillus safensis; AOLen3, AlLepl, AlLep4 Bacillus subtilis; A7Len4, AllLen2,
AllLen4, A8Lenl, AlLen8, AT7Len3, A5Fep2 Bacillus velezensis; A7Lep3
Kosakonia cowanii; A8Len6, A8Len4d Pseudomonas aeruginosa olarak
tanilanmistir (Cizelge 2).

Antagonit bakterilerin baz1 Ozelliklerinin belirlenmesine ydnelik yapilan
calismalarda ise; bakterilerin hepsinin 37 °C’de gelistigi, hatta A9Lep2 izolati harig
geri kalanlarin 20 °C’deki gelisiminden daha iyi bir gelisim gosterdigi
belirlenmistir. Buna ek olarak hicbir bakteri pektolitik aktivite ve tiitlinde asirt
duyarlilik gostermemistir (iki test igin kontrol olarak kullanilan Pectobacterium
carotovorum Eccl33 - SCRII33 pozitif sonu¢ vermistir). Bazi etki
mekanizmalarina bakildiginda; sadece A6Len3 izolati kitinaz aktivitesi gosterirken,
A9Lep2 ve A7Lep3 izolatlar: harig hepsi proteaz aktivitesi gdstermistir. Izolatlarin
hi¢cbiri DNase aktivitesi gostermemistir (kontrol olarak kullanilan Serratia
plymuthica HRO-C48 [Miiller et al. 2004] pozitif sonug vermistir).
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Uziim meyveleri iizerinde biyolojik etkinlik testi

Ikili kiiltiir testlerine gore secilen toplam 17 antagonist bakterinin hastaliga olan
etkileri iiziim meyveleri iizerinde arastirilmis ve kontrolle karsilastirildiginda
A7Len2 (B. safensis), AOLen3 (B. subtilis), A8Lenl (B. velezensis), AlLen2 (B.
velezensis) ve A7Len4 (B. velezensis) izolatlarinin daha az lezyon biiyiikligii
olugmasina neden oldugu goriilmiistiir (Cizelge 3). Diger izolatlar ise lezyon ¢apini
azaltmaktan ziyade hastaligin artmasina neden olmustur.

Cizelge 3. Antagonist bakteri izolatlarinin Meyvelerde Kursuni Kiif Hastalig
gelisiminin engellenmesi tizerine biyolojik etkinlik testi.

Table 3. Biological efficacy testing on inhibition of Gray Mold Disease
development on fruits by antagonistic bacterial isolates.

Antagonist bakteri Lezyon ¢ap1 (mm)* 9%Etki

A6Len3 23.43 a -17.74
AllLep4 23.41 a -17.63
A8Len4 22.38 ab -12.46
AlLepl 22.13 ab -11.21
ATLep5 21.15 abc -6.28
A9Lep2 20.96 abc -5.33
A5Fep2 20.95 abc -5.28
ATLep3 20.62 abc -3.62
A7Len3 20.32 abc -2.11
AlLen8 20.15 abc -1.26
A8Lenb6 20.10 abc -1.01
AllLend 20.03 abc -0.65
Pozitif kontrol 19.90 abc

A7Len2 18.36 bc 7.74
AOLen3 17.93 bc 9.90
A8Lenl 17.01 c 14.52
AllLen2 9.93 d 50.10
AT7lLen4 418 e 78.99

*3 tekerriiriin ortalamasidir. Ayni harfle gosterilen degerler arasinda istatistiki olarak fark yoktur
(Fisher-LSD, p < 0.05).

Bu izolatlar iginden gerek ikili kiiltiir testleri gerekse meyveler lizerinde yapilan
biyolojik etkinlik testleri dikkate alinarak A7Len4, A8Lenl ve AlLen4 izolatlar
secilmis, saks1 ve fungisitlerle uyumluluk denemelerinde bu izolatlar kullanilmigtir.
Her ne kadar A8Lenl izolati istatistiki olarak kontrol ile ayni gruba girmis olsa da
diger izolatlardan farkli davrandigi, yapilan optimizasyon ve On c¢alismalar
sirasinda bitki gelisimine olumlu yonde etki edebilecegi gozlendigi igin saksi
denemelerine dahil edilmistir.

iklim odasinda biyolojik etkinlik testi

Iklim odas1 denemesi ile iigii de B. velezensis olan A7Len4, A8Lenl ve AllLen4
antagonist bakterilerin B33 kodlu B. cinerea izolatina kars1 etkinligi koklendirilmis
Sultani ¢ekirdeksiz asma c¢ubuklarinda test edilmistir. Degerlendirme,
inokulasyondan sonra 20. giinde skala kullanilarak yapilmustir. inokulasyondan
sonra yeni ¢ikan yapraklar ortalamay1 etkileyebilecegi i¢in sayimlara dahil
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edilmemistir. Olgiilen skala degerleri ilk once hastalik orammna daha sonra da
kontrolle karsilastirilarak etki oranina cevrilmistir (Cizelge 4). Pozitif kontrol
bitkilerinde %43.75 oraninda hastalik ¢ikarken negatif kontrol bitkilerinde hastalik
belirtisine rastlanmamistir. Kimyasal kontrol olarak kullanilan %37.5 cyprodinil +
%25 fludioxonil aktif maddeli fungisit bitkileri hastalik ¢ikigina karsi %82.54
oraninda korurken, bakteri izolatlar1 A8Lenl %71.43, AlLen4 %73.88 ve A7Len4
%80.96 oraninda hastalik ¢ikisini engellemek suretiyle etkili olmustur. Antagonist
bakterilerin biyokontrol etkinligi ile fungisitlerin etkinlikleri aralarinda istatistiki
olarak fark bulunmamistir (Cizelge 4; Sekil 1).

Cizelge 4. Kursuni Kiif Hastaligina karsi antagonist bakterilerin iklim odasi
biyolojik aktivite testi.

Table 4. Climate chamber biological activity testing of bacteria antagonistic to
Gray Mold Disease.

Uygulama Hastalik siddeti (%)** Etki (%0)***
Kimyasal kontrol* 7.64 b 82.54
A8Lenl 12.50 b 71.43
AllLen4 11.43 b 73.88
A7Lend 8.33 b 80.96

Pozitif kontrol 43.75 a

*Kimyasal kontrol: %37.5 cyprodinil + %25 fludioxonil

**Tekerriirdeki bir bitkide skalaya gore degerlendirilen tiim yapraklarmin Tawsend heuberger
formiilii ile hastalik oranina g¢evrilmis halidir. 3 Tekerriiriin ortalamasidir, ayni harfle gosterilen
degerler arasinda istatistiki olarak fark yoktur (Fisher-LSD, p < 0.05).

***Hastalik oranlarmin pozitif kontrole gére Abbott formiilii ile hesaplanmis etki oranlaridir. Etki
oranlar1 arasinda istatistiki olarak fark bulunmamistir (p > 0.05).
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Sekil 1. Iklim odasinda antagonist bakteri ve kontrol ilaci uygulanan
karakterlerindeki Kursuni Kiif Hastalig1 siddetleri (Boxplot).

Figure 1. Grey mold disease severity in response to antagonistic bacteria and
control applications in a climate chamber (Boxplot).
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Antagonistlerin baz fungisitlerle uyumlulugu
Test edilen A7Len4, AlLen4 ve A8Lenl antagonist bakterileri fungisit igeren besi
yerlerinde gelisimleri inokulasyondan 2 giin sonra degerlendirilmistir. Fungisitli
MGY s1v1 besi yerinde gelisme yeteneklerine bakildiginda, her ii¢ izolat da tiim
dozlarda besi yerini bulandirarak gelisim sagladigi gozlenmistir. Bulanik olan besi
yerindeki bakterilerin canli olup olmadiklarini anlamak icin buradan alinan 20 pl
besi yeri KingB agarli besi yerlerine ekilmis ve gelisimlerine burada da devam
ettikleri goriilmiigtiir. Fungisitli PDA besi yerinde gelisme durumlarina
bakildiginda ise testlenen ii¢ izolat da azoxystrobin igeren besi yerinde gelistigi
gozlenirken; A8Lenl tam doz ile iki kati doz, A7Len4 ve AlLen4 iki kat1 doz
cyprodinil + fludioxonil igeren PDA besi yerinde gelismedigi goriilmiistiir.
Ozellikle bag gibi bircok hastaligin hedefi olan bitkilerde kimyasal ilaglar sik
araliklarla kullanilmakta, bu ilaglar toprakta birikebilmekte, ¢cevreyi kirletmekte ve
buna ek olarak patojenler hastaliklara kisa siirede dayaniklilik olusturabilmektedir
(Leroux 2007). Biyolojik miicadele ¢ogu zaman kimyasal miicadelenin yerini tam
olarak alamasa da bir¢ok ilacin zaman iginde raflardan g¢ekilmesi ile alternatif
arayislarinin  odagma oturmustur. Bitki hastaliklar1 ile biyolojik miicadelede
bugiine kadar diinya iizerinde birgok ¢aligma yapilmis ve bu ¢alismalar katlanarak
artmaktadir. Istisnalar ve 6zel durumlar olmakla birlikte genellikle biyolojik
kontrol ajanlar1 (BKA) hastalik etmenlerinin bulundugu bitkilerden (kdk bdlgesi
topragi dahil, tim toprak alti ve ustii aksamindan) izole edilmektedir. Eger
uyartlmis dayaniklillk ya da bitki gelisimine tesvik gibi mekanizmalar
diistiniilmiiyorsa, genellikle bitkideki izolasyon bolgesi hastalik etmeninin hedef
aldig1 bolgelerdir. Calismamizda hedef patojen B. cinerea yine bu ¢alisma sirasinda
izole edilmistir. Toplam 11 hastalik etmeni izole edilirken, bunlarin viriilenslikleri
arasinda istatistiki farkliliklar oldugu saptanmis ve B33 izolatinin digerlerinden
daha biiyiik lezyon cap1 olusturdugu i¢in ¢alismanin geri kalaninda kullanilmistir.
Biyolojik miicadele denemelerinde hastalik etmeni agisindan eldeki viriilensi en
yiiksek bir ya da birkag izolat ile calismak hastaligin gergek kosullarda kontrol
edilmesinde fayda saglayacaktir. Calismamizda toplam 160 antagonist bakteri
aday1 elde edilmistir. Benzer bir ¢aligma 130 bakteri ve maya ile baslatilmistir
(Kasfi et al. 2018). Genellikle bu tiir calismalar ¢alisilan bitki ve hastalik etmenine
bagl olarak yiizlerce antagonist bakteri izolati ile baslamaktadir. Caligmamizda
ikili kiiltlir testlerine gelisme durumlarina gore toplam 130 bakteri aktarilmistir.
Deneyimlerimize gore, secilen farkli koloni morfolojisine sahip bakteri izolatlari
arasinda kabaca %10-20 diizeyinde antagonist bakteriler ile karsilasilma olasiligi
vardir. Her ne kadar calisilan etmen ve besi yeri gibi bir¢ok faktdr bu orani etkilese
de benzer degerleri literatiirde gérmek miimkiindiir (Kasfi et al. 2018; Ozyilmaz
2019). Calismamizda ikili kiiltir testi ile 17 bakterinin antagonist oldugu bulunmus
bu da toplam izole edilen bakteri sayisinin %10.63’e denk gelmektedir. ikili kiiltiir
ve diger laboratuvar testleri sonucu elde edilen antagonistler ayn1 zamanda saks1 ya
da arazide bagarili olacak diye bir durum sdz konusu degildir. Laboratuvar
calismalari ve bitki c¢aligmalari arasinda her zaman i¢in bir uyusmazlik ile
karsilasilmasi kuvvetle olasidir (Fravel 1988). Bunu bir nebze oniine gegmek ve
bitki caligmalarinda kullanilacak bakterileri segmek igin bazi arastiricilar yapilan
testlere puanlama getirmisler ve antagonistlerin aldiklar1 puana gore
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degerlendirmislerdir (Krechel et al. 2002). Baz1 c¢aligmalarda da saksi/sera/tarla
caligmalarindan 6nce kokgiik testi gibi 6n degerlendirme testlerini devreye sokarak
patojen, antagonist ve bitkinin laboratuvar kosullarinda biran evvel karsilastirilarak
degerlendirilmesi saglannmustir (Sang et al. 2008; Ozyillmaz 2019). Ancak
giinimiizde genel gecer yontem kabaca ¢ok izolattan ikili kiiltiir ile baglayarak
cesitli testler ile eleme yapilmasidir.

Calismamizda 16s rRNA sekans analizlerine gore antagonist bakteriler Bacillus
halotolerans, Bacillus licheniformis, Bacillus safensis, Bacillus subtilis, Bacillus
velezensis, Kosakonia cowanii ve Pseudomonas aeruginosa olarak tanilanmistir.
Basta Bacillus, Paenibacillus, Pseudomonas, Burkholderia ve Streptomyces gibi
birgok farkli bakteri tiirti, B. cinerea’nin biyolojik kontroliinde kullanilmakta
oldugu ve Bacillus tiirlerinin ise genel anlamda bitki hastaliklarinin kontroliinde
etkili en 6nemli antagonistler i¢inde yer aldig1 goriilmektedir (Haidar et al. 2016b).
Calisma konusu hastaliga karsi literatiirde Bacillus tiirleri ile yapilmis birgok
arastirma bulunmaktadir (Lee et al. 2006; Maachia et al. 2015; Wang et al. 2021;
Foughalia et al. 2022; Li et al. 2023). Pseudomonas aeruginosa ise yine siklikla
biyolojik miicadele ¢alismalarinda karsimiza ¢ikan tiirler arasindadir. Ancak her ne
kadar biyolojik miicadele ile iligkilendiriliyor olsa da etmen insan patojenleri i¢inde
yer almakta (Moradali et al. 2017), bu nedenle ¢alismalarda temkinli yaklagilmasi
gerekmektedir. Calismamiz sirasinda siklikla karsilasilmayan ancak biyolojik savas
caligmalarinda (Espinosa et al. 2023) anilan Kosakonia cowanii (= Enterobacter
cowanii) etmeni de izole edilmistir. Insan patojeni olan ve kanlardan izole
edilebilen etmen Gram negatif ¢ubuk sekilli bir bakteri olup dogada bitkilerden ve
topraklar siklikla izole edilmektedir (Yang et al. 2018). Bu tiirlerin biyolojik savas
calismalarinda laboratuvarda iyi sonu¢ vermesine karsin, insan sagligi agisindan
cok iyi degerlendirilmesi gerekmektedir (Ozyilmaz 2018). Calismamizda tesadiifi
olarak secilen antagonist izolatlarin neredeyse yarisi daha sonradan Bacillus
velezensis olarak tanilanmis ve bunlarin da biliyilk ¢ogunlugunun Yyaprak
endosferinden izole edildigi goriilmiistiir. Ozellikle bu tiiriin baskin olarak 6ne
cikmast nedeniyle c¢alismadaki saksi denemeleri de bu izolatlar {izerine
yogunlagsmistir. Literatiire bakildiginda patojenlere olan durdurucu etkilerinin
yaninda bitki gelisimini arttiran 6zellikleri ile endofitik karakterdeki bu bakteri ile
calisildigr goriilmektedir (Khan et al. 2020). Endofitik bakteriler, bitki dokularinda
yasayabilen ve bitkilerin biiylimesini tesvik eden, patojenlere kars1 koruyan 6zel bir
bakteri grubudur. Bunlar antibiyotik tretimi, bitki biiylimesine tesvik, uyarilmig
dayaniklilik, parazitism, yarigma gibi bircok mekanizmaya sahip olabilmektedir
(Eljounaidi et al. 2016). Kursuni kiif hastalig1 iizerine de bu endofitik 6zellikteki
bakterilerle ¢alisiimistir (Nigris et al. 2018; Bolivar-Anillo et al. 2020). Endofitik
bakterilerin yasam ortamlar1 bitki i¢i oldugu igin atmosferik dis sartlardan da az
etkilenebilecegi rahatlikla soylenebilir. Her ne kadar bitki gelisimine tesvik
calismamiz konusu olmasa da iklim odasi ¢aligmalarinda A8Len] izolatinin diger
uygulama ve kontrollere gore yesil aksam gelisimini arttirdigi ve govde {izerinde
harici kdklenmelere neden oldugu gézlenmistir (data verilmemistir). Bundan dolay1
ozellikle bu izolat icin bitki gelisimine tesvik caligmalarinin yapilmasmin uygun
olacagi goriilmiistiir. Bu konu iizerine yapilmis benzer ¢alismalar da bulunmaktadir
(Ait Barka et al. 2000; Sahin & Turan 2020).
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Her ne kadar kimyasal miicadeleye alternatif olarak biyolojik miicadele
diistiniilityor olsa da bazen aynm1 etmene bazen de farkli etmen gruplarina kimyasal
miicadele yapmak kacinilmaz olmaktadir. Bu durumda BKA’nin bu pestisitlerin
varliginda canliligimi  siirdiirmesi  gerekmektedir. ~Azoxystrobinin  bagda
Plasmopara viticola, Phomopsis viticola ve Erysiphe necator etmenlerine karsi ve
cyprodinil + fludioxonilin ise B. cinerea’ya karsi ruhsatli olmasindan dolay1
calismamizda bu fungisitler degerlendirilmistir. Testlenen izolatlarin azoxystrobine
kars1 (2 kat1 dozununa kadar) dayanabildigi goriiliirken, baz1 izolatlarin cyprodinil
+ fludioxonile karsi dayanimlarinin digerlerine goére nispeten az oldugunu
belirlenmistir. Bu da izolat se¢iminde bu konunun 6nemini ortaya koymaktadir.
Yapilan bir ¢alismada bazi Pseudomonas fluorescens izolatlarinin 6 fungisit, 10
insektisit ve 10 herbisit ile uyumu arastirilmis ve pestisitlere uyumu ile ilgili
uyumlu, orta uyumlu ve diisiik uyumlu olarak dagilim gosterdigi bulunmustur
(Hanuman & Bindu Madhavi 2018). Buna benzer olarak fungal ve bakteriyel bazi
antigonistlerin  ilizerine 6 pestisitin etkisinin arastirildigi  bir ¢aligmada
Pseudomonas tiirlerinin Bacillus tiirlerine gore testlenen pestisitlerle daha uyumlu
oldugu bildirilmistir (Mohiddin & Khan 2013). Ancak Bacillus tiirlerinin
olusturdugu endosporlar1 sayesinde her tiirli ¢evresel ve kimyasal stresi tolere
edebildigi bilinmektedir.

Calisma genel olarak degerlendirildiginde; bag yaprak ve meyvelerinden
yapilan izolasyon ¢aligmalarinda antagonist bakteri olarak agirlikli Bacillus tiirleri
karsimiza ¢ikmis ve Ozellikle Bacillus velezensis tiirli sayica fazla bulunmustur.
Yine ¢alisma sirasinda izole edilen hastalik etmenine karsi yapilan gerek in-vitro
gerekse in-vivo testlerde; A8Lenl, AllLen4 ve AT7Lend antagonist bakteri
izolatlarinin biyolojik etkinlikleri bakiminda o6ne ¢iktiklar1 goriilmiistiir. Bu
bakterilerin {igiiniin de bag yapraklarinda endofitik karakterli oldugu
disiiniildiigiinde 6zellikle bitki igindeki durumunun da gdzden gecirilmesi iyi
olacaktir. Ayrica bazi bakterilerin bitki gelisimine olan etkileri de bu c¢alismalar
sirasinda  gozlenmis fakat c¢alisma bu maksatla kurgulanmadigi igin
degerlendirilmemistir. Ozellikle bu izolatlarin bitki gelisimine tesvik ve uyarilmig
dayaniklilik gibi mekanizmalarinin ¢alisilmasi iyi olacaktir. Antagonist bakterilerin
pestisitler ile uyumlulugu tizerinde durulmasi gereken baska bir konudur.
Calismamiz sirasinda antagonistlerin 6zellikle azoxystrobine karst uyumlu oldugu
goriilmiis ve cesitli fungal hastaliklara karsi kullanilan bu fungisitten etkilenmedigi
bulunmustur. Buna ek olarak ¢aligsma sirasinda etkili bulunan antagonistlerin diger
bag fungal hastaliklarina karsi etkileri de ¢alisilmasi gereken bagka bir konu olarak
karsimiza ¢ikmaktadir.
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Antalya ili ortiialt1 domates iiretim alanlarinda Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) larva parazitoitlerinin
belirlenmesi iizerine arastirmalar*

The determination of larval parasitoids of Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) in greenhouses used for tomato cultivation
in Antalya Province, Tiirkiye

Yusuf YUKSEKYAYLA !, Mahmut Mete KARACA 2, Kamil KARUT 2

Abstract: The aim of this study was to determine the larval parasitoids of Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) in greenhouses producing tomatoes in Antalya
Province, Tiirkiye. The survey was conducted in the seven main tomato-producing districts
of Antalya, namely Aksu, Demre, Elmali, Finike, Korkuteli, Kumluca and Serik during the
March to October growing season in 2021. Samples were taken from a total of 920
greenhouses and parasitoids were obtained from 10.43% of the samples. Bracon
(Habrobracon) didemie Beyarslan (Hymenoptera: Braconidae) was identified as the only
parasitoid of T. absoluta in the greenhouses. The highest percentage of parasitoid
infestation was found in Elmali (15%), followed by Korkuteli (12.5%), Finike (12.4%),
Kumluca (11.43%), Serik (9.73%), Demre (8.97%) and Aksu (8.65%) districts. The first
parasitoid individuals were detected in the 3@ week of May (Serik, Kumluca and Finike),
and its emergence continued until October (Elmali and Korkuteli). Even with the intensive
application of insecticides to control T. absoluta, a larval parasitoid was identified within
the Antalya greenhouses where tomato production takes place. This situation highlights the
potential for increased parasitoid activity if environmentally friendly control approaches,
that have minimal impact on natural enemies, are applied.

Keywords: Tuta absoluta, parasitoid, biological control, greenhouse, tomato, Antalya

Oz: Bu calisma, Antalya ili sera {iretiminin yapildigi Aksu, Demre, Elmali, Finike,
Korkuteli, Kumluca ve Serik ilgelerinde zararli Domates Giivesi, Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae)’nin larva parazitoitlerini belirlemek amaciyla yuriitilmiistir.
Orneklemeler, ortiialti domates yetistiriciliginin yogun yapildig1 alanlarda, 2021 yilinin
mart ve ekim aylar1 arasinda yapilmistir. Antalya ilinde toplam 920 adet seradan &rnek
alinmis ve bu seralarin %10.43’iinden parazitoit elde edilmistir. Ornekleme yapilan
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ilcelerin  tamaminda Hymenoptera takimi Braconidae familyasina ait Bracon
(Habrobracon) didemie Beyarslan, saptanan tek larva parazitoiti tiirii olmustur. Parazitoit
elde edilen sera orani en yiiksek Elmali (%15) ilgesinde olmus, bunu sirasiyla Korkuteli
(%12.5), Finike (%12), Kumluca (%11.43), Serik (%9.73), Demre (%8.97) ve Aksu
(%8.65) ilgeleri izlemistir. 11k parazitoit bireyleri mayis aymin iigiincii haftasinda (Serik,
Kumluca ve Finike) saptanmus, parazitoit ¢ikislar1 ekim ayina (Elmali ve Korkuteli) kadar
devam etmistir. Antalya’da domates iiretiminin yapildig1 seralarda, ana zararli konumda
olan T. absoluta’min miicadelesinde yogun insektisit kullanilmasina ragmen bir larva
parazitoiti saptanmustir. Bu durum, sera alanlarinda goriilen zararlilara kars1 uygulanacak
miicadele yontemlerinde dogal diismanlara etkisi az, ¢evre dostu yontemler segilmesi
durumunda parazitoit aktivitesinin artabilecegini gostermektedir.

Anahtar Kelimeler: Tuta absoluta, parazitoit, biyolojik miicadele, Ortiialti, domates,
Antalya

Giris

Diinyada ve Tiirkiye’de en ¢ok {iretilen kiiltiir bitkilerinden birisi olan domates
(Solanum lycopersicum L.) Solanaceae familyasmin Solanum cinsi igerisinde
bulunmaktadir. Anavatani Peru olan domatesin, Diinya’ya Meksika’dan yayildigi
bilinmektedir (Gould 1983; Durmus et al. 2018). Diinya toplam yas sebze
iiretiminin %16’sin1 olusturan domates, lilkemizde yas sebze tariminda %41°lik bir
pay ile ilk sirada bulunmaktadir (FAO 2018). Tirkiye’de en ¢ok domates iiretimi
sirastyla Akdeniz, Ege ve Marmara Bolgelerinde gerceklesirken, illere gore
bakildiginda ise 2.8 milyon ton iiretim ve 193 bin dekar (%11.7) ekim alamyla ilk
siray1 Antalya almaktadir (TUIK 2021).

Tiim diinyada oldugu gibi iilkemiz tariminda da 6nemli bir yeri olan domatesin
verimini ve kalitesini etkileyen bir¢ok zararli arthropod tiiri bulunmaktadir
(Ongéren et al. 1977; Yasarakinct & Hincal 1997; Nawrocka 1999; Bulut &
Gogmen 2000; Kilig 2010; Canbay et al. 2011). Domates {iretim alanlarinda 6nemli
verim ve kalite kayiplarina yol acan bu zararlilar arasinda ise Domates Giivesi,
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) 6n plana ¢ikmaktadir (Siqueira
et al. 2000; Pereyra & Sanchez 2006).

Giiney Amerika Kitasi’'nda 1964 yilinda varligi tespit edilen T. absoluta,
2000°’li yillarin ortasinda Avrupa’da tespit edilmistir. Avrupa’da ilk defa
Ispanya’da goriilen zararli daha sonra Akdeniz’e kiyisi olan iilkelere yayilmistir
(Garcia & Espul 1982; EPPO 2005; Urbaneja et al. 2007; Arno et al. 2009). Tuta
absoluta Tiirkiye’de ise 2009 yilinda Izmir iline bagl Urla ilgesinde tespit edilmis
olup ayni yil igerisinde yapilan caligmalar neticesinde Canakkale ilinde de rapor
edilmistir (EPPO 2010; Kilig 2010). Bu yili takip eden ortiialt1 sezonunun
baslamasiyla Ocak 2010°da Antalya ilinin Kumluca ilgesinde, Nisan 2010’da
Mersin’in Adanalioglu beldesinde tespit edilmistir. Giiniimiizde domates liretimi
yapilan hemen hemen tiim Ortiialt1 ve agik alanlarin zararli ile bulagik oldugu
bilinmektedir (Erler et al. 2010; Karut et al. 2011; Tathh & Gd¢men 2011; Unlii
2011; Mamay & Yanik 2012; Bayram et al. 2014; Canbay et al. 2014; Aksoy &
Karaca 2015; Aslan et al. 2017; Tanik et al. 2020).
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Onemli popiilasyonlar olusturma yetenegine sahip olan T. absoluta, tiim
biyolojik dénemlerini domates bitkisinin yesil aksaminda ve meyvesinde bulmak
miimkiindiir, ancak larva dénemleri zararlidir. Larvalar bitkinin kok disindaki tiim
kisimlariyla beslenir ve her gelisim doneminde zarar verirler. Yumurtadan ¢ikan
larvalar, bitkinin biiylime uglarinda, yaprak, sap, govde ve meyvelerde galeriler
acarak zarar olustururlar (Estay 2000; Arno et al. 2009; Cuthbertson et al. 2013;
Guimapi et al. 2016).

Tuta absoluta, konukgu bitki tiiriiniin fazla olmasi ve genis cografi bolgelere
dagilabilme kabiliyetinden dolay1 giiniimiizde hala yayilimima devam etmektedir.
Zararlinin miicadelesinde daha ¢ok kimyasal miicadele tercih edilmekte ancak bu
durum c¢evre ve insan saghigmi olumsuz etkilemektedir (Lietti et al. 2005).
Zararhnin gerek biyolojisi ve gerekse beslenme davranisi (bitki dokusu igerisinde
galeri acarak) nedeniyle kimyasal miicadelede istenilen basar1 elde
edilememektedir. Bu sebepten dolay1 insektisit uygulama sayisi ve dozu artmis ve
buna bagli olarak T. absoluta insektisitlere kars1 dayaniklilik kazanmustir (Siqueira
et al. 2000; Lietti et al. 2005; Yalcin et al. 2015; Prasannakumar et al. 2020; Inak et
al. 2021). Aym zamanda kullanilan bu kimyasallar Macrolophus pygmaeus
(Rambur 1839) ve Nesidiocoris tenuis (Reuter, 1895) (Hemiptera: Miridae) gibi
dogal diigmanlar1 olumsuz etkilemekte ve seralarda uygulanan tiim savas
programlarinin bozulmasina neden olmaktadir (Arno & Gabarra 2011).

Bagta Giiney Amerika olmak {izere, zararlinin goriildiigii cografi bolgelerde
bir¢ok parazitoit tiirli belirlenmistir (Yu et al. 2006; Sanchez et al. 2009; Doganlar
& Yigit 2011; Biondi et al. 2018). Bunlarin basinda Trichogramma (Hymenoptera:
Trichogrammatidae) cinsine ait yumurta parazitoitleri gelmektedir (Chailleux et al.
2012; Chailleux et al. 2013). Yumurta parazitoitleri disinda genellikle dis parazitoit
olan larva parazitoitleri ile ilgili bulgular elde edilmis ve bu tiirlerin biiyiik bir
kisminin Hymenoptera takiminin Eulophidae ve Braconidae familyalarina ait
oldugu bildirilmistir (Parra & Zucchi 2004; Zappala et al. 2013; El-Arnaouty et al.
2014).

Dogada mevcut dogal diismanlarin korunmasit ve desteklenmesi biyolojik
miicadelenin uygulama yontemlerinden biridir. Tuta absoluta miicadelesinin daha
etkin ve biyolojik miicadele gibi c¢evre dostu yontemlerle yapilabilmesi igin,
zararlinin dogal diismanlarinin ve yogunluklarinin belirlenmesi, bunlar iizerinde
ayrintili ¢alismalarin yapilmasi ilk adim olarak goriilmektedir. Bu g¢alismanin
amaci, Antalya ilinde Ortialti domates yetistiriciligi yapilan alanlarda T.
absoluta’nin larva parazitoitlerini tespit ederek, bu zararliya karsi yapilacak
biyolojik miicadele calismalarina katki saglamaktir.

Materyal ve Yontem

Sorvey calismalari

Antalya ili domates yetistirilen sera alanlarinda T. absoluta parazitoitlerini
belirlemek amaciyla 2021 yili {iretim sezonunda; Aksu, Demre, Elmali, Finike,
Korkuteli, Kumluca ve Serik olmak {izere toplam 7 ilceden ornekler alinmistir.
Kiiltiir bitkisi ekim-dikim zamanina gore farklilik gosteren drneklemeler; Demre ve
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Finike il¢elerinde mart-haziran aylar1 arasinda, Aksu, Kumluca ve Serik ilgelerinde
mart-temmuz aylar1 arasinda, Elmali ve Korkuteli’nde ise agustos-ekim aylarinda
gerceklestirilmistir (Cizelge 1). Orneklemeler, domates seralarimn bulundugu
ilgelere yapilan, periyodik olmayan arazi ¢ikislar ile gerceklestirilmistir. Ziyaret
edilen bu seralarda, T. absoluta larvalar1 ile bulagik 100 domates yapragi kese
kagidina alinarak, buz kutular1 igerisinde parazitoitin elde edilecegi oda kosullarina
getirilmistir. Yapraklar, bitkilerin farkli yerlerinden (alt, orta ve fiist) rastgele
secilmistir. Zararhmin larva donemi ile bulagik yapraklar parazitoit erginleri
cikincaya kadar ince tiil ile kapli ve sadece bir kismi 151k alan parazitoit elde etme
kaplarinda oda kosullarinda bekletilmistir. Yapraklarda baska bir zararlmin (Orn.
Liriomyza spp.) neden oldugu galerilerin olmamasina dikkat edilmistir. Her bir
seradan alinan 6rnekler farkli popiilasyon kabul edilerek farkli parazitoit elde etme
kaplarina alinmustir.

Yapilan giinliik kontroller ile T. absoluta’nin larva dénemlerinden elde edilen
ergin parazitoit ornekleri agiz aspiratorii yardimi ile toplanarak, %70’lik alkol
bulunan Eppendorf tiiplerine alinmistir. Tipler igerisine parazitoitlere ait etiket
bilgileri yazilarak teshisleri yapilmak {izere + 4 °C’de saklanmigtir. Calismalardan
elde edilen parazitoit tiirleri, tan1 i¢in ilgili konu uzmanina goénderilmistir.

Verilerin degerlendirilmesi

Yapilan sorveyler sonucunda Antalya ili domates seralarinda T. absoluta’nin
parazitlenme durumu Oncelikle her ilge igin farkli tarihlerde O6rnek alinan sera
say1si, parazitoit elde edilen sera sayisi1 ve her seradan elde edilen birey sayisi bir
arada olacak sekilde grafikler ile sunulmus ve her il¢e i¢in parazitotin goriilmeye
basladig1 ve son buldugu tarihler belirtilmistir. Bunun diginda 6rnekleme yapilan
her ilge ve Antalya ili i¢in olmak {izere parazitoit elde edilen sera oranlari
hesaplanmistir. Bu degerleri elde etmek icin parazitoit elde edilen sera sayisi
ornekleme yapilan toplam sera sayisina boliiniip yiiz ile ¢arpilmustir.

Bulgular ve Tartisma

Ornekleme yapilan ilgelerin tamaminda parazitoit elde edilmis ve parazitoitlerin
tamaminin Hymenoptera takimi, Braconidae familyasindan Bracon (Habrobracon)
didemie (Beyarslan 2002) oldugu tespit edilmistir. Bu bulgu daha 6nce Antalya ili
icin bildirilenlerden farklidir. Topake¢i et al. (2022), Antalya’nin Elmali ve
Korkuteli ilgesi sera alanlarinda B. concolorans Marshall (Hymenoptera:
Braconidae) ve B. variegator Spinola (Hymenoptera: Braconidae) olmak iizere iki
parazitoit tiirli belirlediklerini ve B. variegator (Hymenoptera: Braconidae)’in
Tiirkiye icin ilk kayit niteliginde oldugunu bildirmislerdir.

Bu calisma ile Antalya ilinde ilk kez belirlenen B. didemie, 2002 yilinda
Beyarslan tarafindan tanimlanmis, ardindan Tiirkiye’den farkli aragtiricilar (Yu et
al. 2006; Beyarslan et al. 2010) tarafindan da konukgusu belirtilmeden
kaydedilmistir. Doganlar & Yigit (2011), bu tiirii Antakya’da ilk kez T. absoluta
larvalari lizerinden saptamis daha sonra Altun & Cikman (2019), B. didemie’yi T.
absoluta’nin larva parazitoiti olarak bildirmislerdir. Ayrica Ameri et al. (2015), B.
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didemie’nin Iran i¢in yeni kayit oldugunu belirlemislerdir. Son olarak Karut et al.
(2023) B. didemie’yi Adana ili tarla domatesi iiretim alanlarinda saptamis ve
domates giivesinin biyolojik miicadelesinde kullanilabilecek potansiyel dogal
diisman olarak bildirmislerdir.

Tuta absoluta’ya karsi biyolojik miicadele ¢alismalar1 ana vatani olan Giiney
Amerika’da baslamis, zararlimin 2000’li yillarin ortalarinda Avrupa’da rapor
edilmesi ve devaminda biiylik zarar oranlarina ulagmasiyla birlikte, dogal
diismanlarimin belirlenmesine yonelik ¢alismalar hiz kazanmistir (Desneux et al.
2010; Abbes et al. 2013; Zappala et al. 2013; Ferracini et al. 2019; Arno et al.
2021). Bu baglamda birg¢ok parazitoit T. absoluta’nin dogal diismani olarak rapor
edilmistir (Desneux et al. 2010; Biondi et al. 2018). Bunlar arasinda Braconidae
familyasina ait tiirler T. absoluta’nin larva parazitoiti olarak hem Giiney
Amerika’da hem de Avrupa’da kaydedilmis ve zararliyla miicadelede iimit var
sonuglar elde edilmistir (Marchiori et al. 2004; Bacci et al. 2008; Desneux et al.
2010; Loni et al. 2011; Ferracini et al. 2012; Gabarra et al. 2013; Zappala et al.
2013).

Tuta absoluta parazitoitlerinin ve yaygmliklarinin belirlendigi bu c¢alisma
kapsaminda sadece bir tiir saptanmistir. Ancak bu konuda gerek Tiirkiye’de
gerekse farkli iilkelerde yiiriitillen ¢aligmalarda belirlenen tiir sayisinin daha fazla
oldugu goriilmektedir. Ornegin; Doganlar & Yigit (2011), Hatay ilinde
Hymenoptera takiminin Eulophidae, Chalcididae, Pteromalidae ve Braconidae
familyalarina ait 9 parazitoit tliriin bulundugunu bildirmislerdir. Karabiiyiik (2011),
Dogu Akdeniz Bolgesi sebze alanlarinda Hymenoptera takimina bagh 5 familya
(Mymaridae, Ichneumonidae, Chalcidoidae, Braconidae, Eulophidae) tespit
etmistir. Bayram et al. (2014), Gilineydogu Anadolu Bolgesi’nde (Sanliurfa,
Diyarbakir ve Mardin) zararhinin iki larva parazitoidi, B. hebetor ve Apanteles sp.
(Hymenoptera: Braconidae) ile bir larva pupa parazitoidi Campoplex sp.
belirlemiglerdir. Bayram et al. (2016), Necremnus cosmopterix Ribeset Bernardo
(Hymenoptera: Eulophidae)’i T. absoluta’nin larva parazioti olarak bildirmiglerdir.

Antalya ili sera domatesi tiretiminin yogun yapildigi ilgelerde en fazla 6rnek
185 adet ile Aksu ve Serik ilgelerinden alinmig, bu ilgeleri 175 adet ile Finike
izlemistir. En az Ornek Antalya’min yiliksek rakimli ilgeleri olan Elmali ve
Korkuteli’nden alinmigtir. Bu ilgelerde ulasimin zor ve iiretim sezonunun kisa
olmasi nedeniyle en fazla 40 seradan 6rnek alinabilmistir (Cizelge 1).

Cizelge 1. Antalya ili sera alanlarinda 6rnek alinan ilgeler, drnekleme periyodu ve
ornek alian sera sayilari.
Table 1. Sampling details of greenhouses of Antalya.

ilce Sezon Sera Sayisi
Aksu Mart-Temmuz, 2021 185
Demre Mart-Haziran, 2021 145
Elmali  Agustos-Ekim, 2021 40
Finike Mart-Haziran, 2021 150
Korkuteli  Agustos-Ekim, 2021 40
Kumluca Mart-Temmuz, 2021 175
Serik Mart-Temmuz, 2021 185
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Demre ilgesinde ornekleme mart aymin 3. haftasinda 10 adet sera ile baglamus,
haziran ayinin 3. haftasina kadar devam etmistir. Mayis ayinda yiiksek sera
sayisina ulasilmasina ragmen herhangi bir parazitoite rastlanmamistir. Demre ilgesi
seralarinda ilk parazitoit bireyleri haziran aymin ilk haftasinda (12 adet) elde
edilmistir. Ergin cikiglar1 haziran ay1 siiresince devam etmis, 2 ve 3. haftalarda
benzer sayida (13 adet) parazitoit elde edilmistir (Sekil 1).

Finike il¢esinde drnekleme mart ayinin 3. haftasinda baglamis, haziran ayimin
4. haftasina kadar devam etmistir. Ornek alinan sera sayis1 mart ayinda 10 adet ile
baslarken, iiretim sezonunun ilerlemesiyle bu sayr mayis ayinda 20 adede
ulagmistir. Finike ilgesi seralarinda ilk parazitoit bireyleri mayis aymin 3.
haftasinda saptanmis, ergin ¢ikiglar1 haziran ayinin son haftasina kadar devam
etmistir. En yliksek parazitoit sayisi haziran aymin 3. haftasinda saptanmis, haftalik
parazitoit sayilari 2 ile 24 adet arasinda degismistir (Sekil 1).

Kumluca ilgesinde Ornekleme mart aymin 3. haftasinda baslamig, temmuz
aymnin ilk haftasina kadar devam etmistir. Kumluca ilgesi seralarinda ilk parazitoit
bireyleri mayis aymin 3. haftasinda saptanmis, ¢ikislar temmuz ayinin 1. haftasina
kadar devam etmistir. En yiiksek parazitoit sayisi, 15 adet ile 6rnek alinan sera
sayisinin en yiikksek oldugu (40 adet) haziran aymin 4. haftasinda saptanmigtir
(Sekil 1).

En yiiksek 6rnek alinan sera sayisina ulasilan iki ilgeden biri olan Serik’te mart
aymin ilk haftasinda baslayan sorveylerde, ilk parazitoit ¢ikisi mayis aymin 3.
haftasinda toplanan Orneklerden elde edilmis ve sayisi haftalara bagl olarak
degisse de ergin c¢ikiglart sorveyin son haftasina kadar devam etmistir. En yiiksek
ergin parazitoit sayisi haziran ayinin 3. haftasinda saptanmis, diger haftalarda bu
say1 5 ile 12 adet arasinda degismistir (Sekil 1).

Aksu il¢esinde 6rnekleme mart ayinin ilk haftasinda baslamis, temmuz ayinin
2. haftasina kadar devam etmistir. Aksu ilgesi seralarinda ilk parazitoit bireyleri
haziran aymnin ilk haftasinda saptanmis, en yiiksek parazitoit sayisi 12 adet ile
haziran aymin 4. haftasinda kaydedilmistir (Sekil 1).
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Sekil 1. Antalya ili ilgelerinden 6rnek alinan, parazitoit saptanan ve buralardan elde

edilen parazitoit sayilari.

Figure 1. The numbers of sampled, parasitoids obtained greenhouses and

parasitoids in Antalya.

Korkuteli ilgesinde Ornekleme agustos aymin 4. haftasinda baslamis, ekim
aymin ilk haftasina kadar devam etmistir. Korkuteli ilgesi seralarinda ilk parazitoit
bireyleri agustos ayinin 4. haftasinda saptanmis, ¢ikislar ekim ayinin ilk haftasina
kadar devam etmistir. En yiliksek parazitoit sayisi (3 adet) son 6rnekleme haftasinda
elde edilmistir (Sekil 2). Elmali ilgesinde, parazitoitler, ilk 6rnekleme haftasindan
(agustos basi) itibaren saptanmis, diigiik sayilarda da olsa ekim ayinin ilk haftasina

kadar devam etmistir (Sekil 2).
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Sekil 2. Antalya ili Korkuteli ve Elmali ilgelerinden 6rnek alinan, parazitoit
saptanan ve elde edilen parazitoit sayilart.

Figure 1. The numbers of sampled, parasitoids obtained greenhouses and
parasitoids in Korkuteli and Elmali, Antalya.

Antalya ili seralarinda parazit elde edilen sera oran1 %8.65 ile %15 arasinda
degismis, en yiiksek Elmali (%15) ilgesinde saptanmis, bunu sirasiyla Korkuteli
(%12.5), Finike (%12), Kumluca (%11.43), Serik (%9.73), Demre (%8.97) ve
Aksu (%8.65) ilgeleri izlemistir. Toplam 920 adet seradan ornek alinmis ve bu
seralarin %10.43 linde parazitoit elde edilmistir. (Sekil 3).
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Sekil 3. Antalya ili farkli ilgelerinden Ornek alinan sera sayilari ile parazitoit elde
edilen sera oranlari (%).

Figure 3. The numbers and rates of sampled and parasitoids obtained greenhouses
in Antalya.

Bu c¢alisma kapsaminda amag, T. absoluta’nin larva parazitoitlerini ve
yayginliklarin1  belirlemek oldugundan saptanan tiiriin parazitleme oranlari
belirlenmemistir. Ancak bu konuda daha 6nce yapilan ¢aligmalarda T. absoluta’nin
parazitlenme oranlarinin %]1.1 ile %21 arasinda degistigi goriilmektedir. Marchiori
et al. (2004), Brezilya seralarinda Braconidae familyasina ait 22, Chalcididae
familyasina ait 13 tiir belirlemis, bu familyalara ait parazitleme oranlari da sirastyla
%4.2 ve %2.6 olarak bildirmiglerdir. Bacci et al. (2008), Brazilya’da Bracon
cinsine ait bir tiirin T. absoluta’nin tgiincti larva donemini %0-16.8 oraninda
parazitledigini bildirmiglerdir. Doganlar & Yigit (2011), Antakya ilcesinde B.
hebetor (Hymenoptera: Braconidae) ve B. didemie tiirlerin parazitleme oranlarini
sirastyla, %1.1 ve %7.0 olarak belirlemiglerdir. Luna et al. (2011),
Neochrysocharis formosa (Westwood) (Hymenoptera: Eulophidae)’nin T.
absoluta’yt parazitleme oraninin  %1.5 ile %I11.2 arasinda degistigini
bildirmislerdir. Kinyanjui et al. (2021), T. absoluta ile bulasik alanlarda yedi farkh
parazitiot tiirlin parazitleme oraninin %7.26, Hockeria sp. (Hymenoptera:
Chalcididae)’ye bagl tiirlerin yaygin oldugunu bildirmislerdir. Sambo et al. (2022)
Stenomesius sp. near japonicus (Ashmead) (Hymenoptera: Eulophidae) ve B.
nigricans (Hymenoptera: Braconidae) tiirlerini T. absoluta ile bulasik alanlarda
sirastyla en yliksek %17 ve %21 oranlarinda belirlemislerdir.

Bu calismada, Antalya’da domates iiretiminin yapildig1 seralarda, zararlilarin
miicadelesi igin yapilan insektisit uygulamalarina (¢ogunlukla Metaflumizone,
Indoxacarb, Abamectin, Methoxyfenozide, Spinetoram, Spinosad,
Cyantraniliprole, Emamectin benzoate ve Flubendiamide) karsin bir larva
parazitoiti B. didemie saptanmistir. Bu durum, sera alanlarinda zararhlarla
miicadelede dogal diismanlara etkisi az, c¢evre dostu yontemler secilmesi
durumunda parazitoit aktivitelerinin artabilecegini gdstermektedir. Elde edilen bu
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sonug, sera alanlarinda uygulanacak biyolojik miicadele temelli tiim savas
caligmalariyla, domatesin ana zararlist konumunda olan T. absoluta’nin bu
konumundan uzaklastirilmasina katki sunabilecek son derece 6nemli ve imitvar bir
bulgu niteligindedir.
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Canakkale ili’nde tarim dis1 bir habitat olan Cardak
Lagiinii’ndeki afidofag syrphidler (Diptera: Syrphidae)*

Sahin KOKY™ ismail KASAP?

Aphidofagous syrphids (Diptera: Syrphidae) from the Cardak Lagoon area, a
non-agricultural habitat in Canakkale Province, Tiirkiye

Abstract: The present study aimed to determine the aphidophagous syrphids (Diptera:
Syrphidae) in the Cardak Lagoon area, which is close to agricultural areas in Canakkale
Province, Turkiye. Sampling was done during the spring and summer in 2020. Five syrphid
species belonging to five genera were associated with seven aphid species (Hemiptera:
Aphididae) on eight host plants were collected. Episyrphus balteatus (de Geer) was the
most polyphagous syrphid, being associated with the five host aphid species, whereas
Eupeodes corollae (Fabricius) was associated with only one host aphid species. These
results revealed that non-agricultural habitats such as a lagoon and wetland, which are close
to agricultural fields, are an important refuge for aphidophagous syrphids, and highly likely
for other predators and parasitoids. Consequently, this study suggests that the Cardak
Lagoon and associated wetland constitute an important biodiversity resource and their
protection should be a high priority, including as a refuge for fauna that can contribute to
the biological control of pests in nearby agricultural areas.

Keywords: Syrphid, aphid, interaction, non-agricultural, lagoon, Canakkale

Oz: Bu calisma ile Canakkale ili’nde tarim alanlarina yakin olan Cardak Lagiinii’ndeki
afidofag syrphidlerin (Diptera: Syrphidae) belirlenmesi amaglanmustir. Orneklemeler 2020
yilinin bahar ve yaz aylari boyunca gerceklestirilmistir. Calisma sonucunda, sekiz farkli
konukcu bitki {izerindeki Hemiptera takimi Aphididae familyasindan yedi afit tiirii ile
iligkili, Syrphidae familyasindaki bes cins igerisinde toplam bes afidofag syrphid tespit
edilmistir. Tespit edilen tiirler arasinda, bes konukgu afit tiirii ile iliski olan Episyrphus
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balteatus (de Geer) en yaygin bulunan Syrphidae tiirii olmugtur. Diger taraftan, Eupeodes
corollae (Fabricius)’nin sadece bir konukgu afit tiirii ile iligkili oldugu belirlenmistir. Bu
sonuglar, tarim alanlarma olduk¢a yakin konumda olan lagiin ve sulak alanlar gibi tarim
dist habitatlarin afidofag syrphidlerin varligi agisindan zengin bir potansiyele sahip
oldugunu ortaya koymustur. Sonug olarak, bu verilerin afidofag syrphidlerin korunmasina
ve tarimsal tUriinlerdeki zararli afitlerin biyolojik miicadelesinde daha etkin kullanimina
katki saglayacag diistiniilmektedir.

Anahtar Kelimeler: Syrphid, afit, etkilesim, tarim dis1, lagiin, Canakkale
Giris

Afitler (Hemiptera: Aphididae) diinyada tarim {rilinleri yetistiriciliginde ciddi
ekonomik kayiplara sebep olabilen en 6nemli zararli bocek gruplarindan biri olarak
bilinmektedir. Afitler bitki 6zsuyu ile beslenmeleri, salgiladiklar1 toksinlerden
dolay1 gal ve sekil bozukluklarina sebep olmalari, salgiladiklar: tatlims1 madde ile
fumajine sebep olmalar1 ve 270’ten fazla bitki viriis hastalik etmenine vektorlik
yapmalarindan dolayr tarim {iriinlerinde onemli zararlara sebep olmaktadirlar
(Katis et al. 2007). Tarimsal iiretimi yapilan bitkilerin neredeyse tamaminin en az
bir zararl afit tiirline konukguluk yaptig1 bilinmektedir (Peters et al. 1991). Afitler
farkli konukgu bitkiler {izerinde yasamlarini devam ettirseler de belirli konukc¢u
bitkilere 6zellestikleri bilinmektedir. Afitler cesitlilik, tiir zenginligi, bulunma
orani, bitki etkilesimleri ve dogal diisman cesitliligi agisindan tarim, tarim dist ve
kentsel habitatlarda farkli tepkiler ortaya koyabilmektedirler (Jankovi¢ et al. 2017;
Kok et al. 2020; Dogan & Kok 2023). Ayrica, aniz ve mera alanlari, yol kenarlari,
kentsel ve peyzaj alanlar1 gibi tarim disi1 habitatlar yil igerisinde konukc¢u
degistirerek go¢ eden yasam dongiisiine sahip afitler i¢in alternatif barinma alanlar1
olmasi agisindan 6nemlidir (Wilkaniec et al. 2015).

Diinyada 2000°den fazla arthropoda tiiriiniin zararli tiirlerin biyolojik
miicadelesinde etkili oldugu bildirilmistir (van Lenteren et al. 2006; Kaser &
Heimpel 2018; Iturralde-Garcia et al. 2020; Tiftikgi et al. 2020). Afit
popiilasyonlar1 da diger zararli bocek gruplarinda oldugu gibi predator, parazitoit
ve patojen gibi dogal diismanlar tarafindan baski altinda tutulmaktadir (VoIkl et al.
2007; Gontijo et al. 2015; Mohammed & Hatcher 2017). Bu dogal diisman
gruplarindan Syrphidae (Diptera) familyasindaki tiirlerin erginleri polinatdr olarak
ve bazi tiirlerin larvalarn ise afitler basta olmak iizere bircok bocek grubunun
predatorii olarak onemli bir rol oynamaktadir (Dunn et al. 2020). Bazi syrphid
tiirlerinin erginleri beslenmek icin ¢icekli bitkilerin nektar ve polenine ihtiyag
duyarlar ve bdylece tozlasmaya da dolayl olarak katki sunmaktadirlar (Lefebvre et
al. 2014). Diger taraftan, Syrphinae (Syrphidae) altfamilyasina ait tiirler ise dogal
diisman  olarak  tarimsal {iriinlerde zararli afitlerin  popiilasyonlarinin
baskilanmasinda onemlidir (Speight 2008; Rodriguez-Gasol et al. 2020). Bu
tirlerin larvalarinin afitler ile beslenmesinin yani sira bazi tiirlerin erginleri
avlarinin feromonlarin1 algilayarak kolay bir sekilde avimi bulma o&zelligine
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sahiptir. Bu 6zelliklerinden dolay1 afidofag syrphidler afitlerin dogal diismanlar
olarak 6nemli bir potansiyele sahiptir (Dib et al. 2010).

Tarim dis1 alanlarda bulunan ¢igekli yabanci otlar, ¢ali ve aga¢ formundaki
bitkiler zararli bocek tiirlerinin yani sira onlarin dogal diismanlarina da ev sahipligi
yaparak hem biyogesitlilik hem de tarim alanlarindaki biyolojik miicadeleye
olumlu katkilar saglamaktadir (Landis et al. 2000; Amoabeng et al. 2020). Bu
yonden bakildiginda, tarim alanlarinda yakin konumda bulunan tarim dist
alanlardaki uygun habitat yonetimi hem dogal diigmanlara alternatif av veya
konuk¢u saglamast hem de dogal diismanlarin olumsuz etkilerden korunmasi
acisindan 6nemlidir. Ayrica tarim dis1 habitatlardaki dogal diismanlarin korunmasi
ve desteklenmesi istilaci zararl tiirlerin olumsuz etkilerinin de en aza indirilmesine
katki saglamaktadir (Jonsson et al. 2010). Diinyada ve Tiirkiye’deki tarim dist
habitatlar arasinda, sulak alanlar hem faunal hem de floral cesitliligin yiiksek
oldugu korunan alanlarin basinda gelmektedir. Lagiinlerin de icerisinde bulundugu
kiyr sulak alanlari, birgok zararli tiir ve bunlarin dogal diismanlart i¢in besin,
barinma ve kislama alanlarina ev sahipligi yapan nadir jeomorfolojik olusumlardir.
Birgogu tarim alanlarina oldukca yakin konumda olan bu habitatlar hem zararl
tiirlere hem de dogal diismanlarina rezerv alan olmasi agisindan oldukca énemlidir
(Tomanovic et al. 2012).

Uc tarafi denizler ile cevrili olan Tiirkiye’de tarim alanlarma olduk¢a yakin
konumda ¢ok sayida kiyr sulak alani veya lagiin bulunmaktadir. Bu alanlarda
yiiriitiilen hem floral hem de faunal galismalar oldukg¢a sinirli kalmistir. Ozellikle
bu alanlardaki zararli afit ve dogal diismanlart {izerine ¢ok simirli veriler
bulunmaktadir. Bu dogrultuda bu calisma ile Canakkale ili'ne tarim alanlaria
olduk¢a yakin konumda olan Cardak Lagiinii’nde konuk¢u bitkiler iizerindeki
afidofag syrphid-afit etkilesimlerinin ve syrphidlerin tarim alanlarindaki zararli
afitlerin biyolojik miicadelesinde kullanim potansiyellerinin ortaya c¢ikarilmasi
amaglanmugtir,

Materyal ve Yontem

Ornekleme bélgesi

Cardak Lagiinii Avrupa ve Asya kitalarini birbirinden ayiran iki suyolundan biri
olan Canakkale Bogazi’nin Marmara Denizi’ne a¢ilan kuzey kisminda 40° 22’ 36"-
40° 23" 36" N ve 26° 42’ 45-26° 44’ 18" E koordinatlarinda yer almaktadir. Cardak
Lagiinii deniz igerisinde uzanan bir kara pargasi ve anakara ile arasinda bulunan bir
lagiin goliinden olugmaktadir. Lagiiniin toprak yapisi aliivyon, kahverengi orman
topragi ve kumul topraktan olusmaktadir. Bu alan Akdeniz ve Karadeniz ikliminin
gecis noktasi konumundadir. Cardak Lagiinii etrafinda ¢ok sayida tahil, sebze ve
meyvelikleri i¢eren tarim alanlar1 bulunmaktadir (Sekil 1).
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Sekil 1. Canakkale ili’nde bulunan Cardak Lagiinii 6rnekleme bolgesi.
Figure 1. The sampling area in the Cardak Lagoon in the Canakkale Province.

Afidofag syrphid, konuk¢u afit ve konukcu bitkilerin toplanmasi,
preparasyonu ve teshisleri

Bu calisma kapsaminda, Cardak Lagiiniinden afidofag syrphid ve afit bireyleri ile
konukcu bitkilerin drneklemeleri 2020 yili bahar aylarinda (Mart, Nisan, May1s)
haftada bir ve yaz aylarinda (Haziran, Temmuz, Agustos) ise 15 giinde bir olacak
sekilde gergeklestirilmigtir. Lagiin alani lizerindeki ¢igekli yabanci ot, ¢ali ve agag
formundaki bitkilerden afitler ile bulasik oldugu belirlenen bitkiler belirlenmis ve
afit kolonisi lizerinde ve etrafinda tespit edilen ergin syrphid bireyleri kiigiik atrap
veya emgi tipi ile yakalanip Ornekleme kavanozlari igerisinde laboratuvara
getirilmistir. Bulagik afit kolonileri iizerinde tespit edilen syrphid larvalarinin
orneklenmesi igin ise, bulagik bitki kisimlar1 budama makasi ile kesilip dnce bir
gazete kagidina sarilmig daha sonra polietilen torba igerisine koyularak buz
kutularinda laboratuvara getirilmistir. Laboratuvara getirilen bulasik bitki kisimlari,
afit kolonisi iizerindeki larvalardan ergin syrphid bireylerinin elde edilmesi igin iist
kismi nemlenmenin &nlenmesi amaciyla bir til ile kapatilmis plastik kutular
igerisinde iklim odast kosullarinda [25+£2 °C, %65+10 nem ve 16:8
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(aydinhk:karanlik)] kiiltiire almmistir. Sonraki giinlerde yapilan kontrollerde bu
plastik kutulardan elde edilen ve daha 6nce Ornekleme alanindan laboratuvara
getirilen ergin syrphid bireyleri pamuga emdirilmis etil asetat kullanilarak cam
kavanozlar igerisinde Oldiiriilmiistiir. Daha sonra bu bireyler viicudunun uygun
yerinden bdcek ignesi kullanilarak ignelenmis ve etiket bilgileri de yazilarak
teshise hazir hale getirilmistir. Teshis i¢in hazirlanan ergin syrphid bireyleri teshis
icin uzmanina goénderilmistir.

Diger taraftan, konukgu afitlerin teshis edilebilmesi icin arazi kosullarinda
toplanan veya laboratuvara getirilen bulagik bitkiler iizerinden elde edilen afit
kolonilerindeki yeterli sayida kanatli ve kanatsiz donemdeki afitler bir firca
yardimu ile igerisinde %96 etil alkol bulunan eppendorf tiipleri igerisine almmigtir.
Etiket bilgileri de tiipler iizerine eklenerek teshise hazir hale getirilmistir. Lagiin
alanindan 6rneklemesi yapilan konukgu afitlerin preparasyon ve teshisi i¢in Hille
Ris Lambers (1950)’in 6nerdigi yontem kullanilmistir. Afitlerin teshisleri, HD
kamerast bulunan LEICA DM 2500 model 11k mikroskobu ile LAS 4.1 paket
programi kullanilarak Blackman & Eastop (2006; 2023)’a goére yapilmistir. Bu
calisma kapsaminda toplanan konukgu afitlerin teshisleri sorumlu yazar tarafindan
gergeklestirilmistir. Ayrica konukgu bitkilerden yabanci ot formunda olanlarin
teshis i¢in herbaryumlari yapilmis, ¢ali ve aga¢ formunda olanlarin da ayrintili
fotograflar ¢ekilerek konu uzmani tarafindan teshisleri gergeklestirilmistir.

Afidofag syrphid-konukeu afit-konukgu bitki etkilesimleri

Cardak Lagiinii alaninda tespit edilen afidofag syrphid-konukg¢u afit-konukcu bitki
etkilesimlerinin ortaya koyulmasi amaciyla, tiim 6rnekleme siirecinde konukgu
bitkiler lizerinde tespit edilen syrphid ve afitlerin toplam birey sayilari esas alinarak
R (3.6.1) programu igerisindeki “bipartite” paketinin “plotweb2” fonksiyonu
kullanilarak tripartite etkilesim grafigi olusturulmustur (R Development Core Team
2023).

Bulgular ve Tartisma

Bu ¢alismada, Canakkale ili’nde tarim alanlarma oldukga yakin bir konumda olan
bir tarim dis1 habitat ve sulak alan olan Cardak Lagiiniinde, sekiz farkli konukgu
bitki iizerindeki Aphididae familyasindan yedi afit tiirii ile iliskili, Syrphidae
familyasindaki bes cins igerisinde toplam bes afidofag syrphid tiirii tespit
edilmisgtir.

Tespit edilen tiirler Cizelge 1°de verilmistir.
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Cizelge 1. Canakkale ili Cardak Lagiin’de tespit edilen konuk¢u bitki tiirleri,
afidofag syrphid tiirleri ve konukgu afit tiirleri

Table 1. The host plant species, aphidofagous syrphid species and host aphid
species in the Cardak Lagoon in the Canakkale Province

Konukcu Bitki Tiirleri

Artemisia sp. (Asteraceae)

Elaeagnus angustifolia L. (Elaeagnaceae)
Papaver rhoeas L. (Papaveraceae)
Prunus dulcis (Mill.) (Rosaceae)

Rumex sp. (Polygonaceae)

Senecio vulgaris L. (Asteraceae)
Sonchus oleraceus (L.) (Asteraceae)
Sonchus sp. (Asteraceae)

Afidofag Syrphid Tiirleri

Episyrphus balteatus (de Geer)
Eupeodes corollae (Fabricius)
Paragus quadrifasciatus Meigen
Scaeva pyrastri (Linnaeus)
Syrphus vitripennis Meigen

Konukcu Afit Tiirleri

Aphis fabae Scopoli

Aphis solanella Theobald

Brachycaudus helichrysi (Kaltenbach)
Brachycaudus amygdalinus (Schouteden)
Capitophorus similis van der Goot
Hyperomyzus lactucae (Linnaeus)
Uroleucon sonchi (Linnaeus)

Bu ¢alisma sonucunda bes farkli afit tiirii tizerinde tespit edilen E. balteatus en
yaygin afidofag syrphid tiirii olarak belirlenmistir. Diger syrphidlerden, P.
quadrifasciatus, S. pyrastri ve S. vitripennis iki farkli afit tiirii iizerinde tespit
edilmigtir. Eupeodes corollae ise sadece bir afit tiirii lizerinde tespit edilmistir. Afit
tiirlerinin etkilesimleri gbz oniine alindiginda ise H. lactucae’nin ii¢ farkli afidofag
syrphid tiiriine konuk¢uluk yaptig1 belirlenmistir. Diger afitlerden, B. amygdalinus,
B. helichrysi ve U. sonchi ikiser farkli syrphid tiirline konukguluk yaparken A.
fabae, A. solanella ve C. similis iizerinde ise sadece bir syrphid tiirii tespit
edilmistir. Konuk¢u bitkiler géz 6niine alindiginda, Sonchus sp. ve S. oleraceus
tizerinde beser farkli afidofag syrphid-afit etkilesimi goriiliirken, E. angustifolia, P.
rhoeas ve Rumex sp. lizerinde ise sadece birer farkli afidofag syrphid-afit etkilesimi
tespit edilmistir (Sekil 2).
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Episviphus balteatus
Eupeodes corollae
Paragus quadrifasciatiis
Scaevapyrasti

Sviphus vitripennis

Artemisia sp.
Rumex sp.
Sonchus sp.

Prun

Seneciovulgaris

Elaeagmus angustifolia
2 gusty

Papaver rhoeas

Sonchus oleraceuts|

Sekil 2. Canakkale Ili Cardak Lagiiniindeki afidofag syrphid (iist), konukgu afit
(orta) ve konukgu bitki (alt) tiirlerinin tripartite etkilesim grafigi (Siyah
barlar tiirlerin bulunma oranlarin1 ve gri barlar tiirlerin etkilesimlerini
gostermektedir.).

Figure 2. The graph of tripartite interactions of aphidofagous syrphids (top), host
aphids (mid) and host plants (bottom) species in the Cardak Lagoon in the
Canakkale Province (Black bars in the graph shows the abundance of the
species and gray bars shows the interactions.).

Tarim alanlarinda fonksiyonel ¢esitliligin  ve ekosistem hizmetlerinin
siirdliriilmesinde tarim dig1 habitatlar olduk¢a Onemli bir rol oynamaktadir.
Medeiros et al. (2018) tahil yetistirilen alanlarin etrafindaki habitat farkliliklarinin
tarimsal ekosistemlerdeki syrphidler iizerindeki etkilerini habitat karmasikligi
derecesine gore aragtirmiglardir. Caligmanin sonucunda syrphidlerin tiir zenginligi
ve bollugunun tarim dig1 habitatlarin orani ile pozitif olarak iligkili oldugunu ortaya
cikarmuglardir. Ayrica, syrphid tiirlerinin gesitliliginin de tarim dis1 habitatlar ile
iligkili oldugu ve bu habitatlarin azalmasinin tir kaybina sebep oldugunu
bildirmislerdir. Bu sonuca paralel olarak, bu ¢aligmada tarim alanlarina oldukca
yakin konumdaki ¢ok kiigiik bir alan olan Lagiin habitatindan bes farkli afidofag
syrphid tiirii elde etmemiz tarim dis1 habitatlarin sagladigi potansiyeli destekler
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niteliktedir. Syrphid tiirlerinin tarim dis1 habitatlardaki varligini destekleyen
faktorlerin basinda av mevcudiyeti gelirken, tarim alanlarindaki hasat, pestisit
uygulamas1 ve kaynak mevcudiyetinin diisik oldugu donemlerde tarim disi
habitatlar syrphidler i¢in 6nemli siginak alanlaridir (Tscharntke et al. 2007; 2012).
Ayrica tarim dig1 alanlar ergin syrphidler i¢in énemli besin kaynaklar1 olan ¢ok
sayida cicekli bitkilere de ev sahipligi yapmaktadir. Bu ¢alismada lagiin alaninda
tespit ettigimiz Artemisia sp., P. rhoeas ve S. vulgaris gibi ¢igekli yabanci otlar
iizerinde barindirdig1 afit kolonileri ile hem afidofag syrphidlerin larvalarina besin
saglarken hem de ¢igekleri ile ergin syrphid tiirlerine kaynak olusturmaktadir.
Wojciechowicz-Zytko & Wilk (2023) tarafindan elma bahgeleri ve etrafindaki yar
dogal habitatlarda yiiriitiilen ¢alismada, etraftaki tarim dis1 habitatlardan toplanan
syrphid sayisinin elma bahgelerine gore oldukca fazla oldugunu bildirmislerdir.
Ayrica c¢alismada syrphidlerin meyve bahgesinin yakinindaki yar1 dogal
habitatlarda ¢icek acan bitkiler tarafindan ¢ekildigini ve daha sonra meyve
bahgesine go¢ ederek afit kolonilerini azalttigin1 ortaya koymuslardir. Burada
bahsedilen ¢alismalarin ve bizim ¢alismamizda ortaya koydugumuz sonuglar tarim
dis1 habitatlarin afidofag syrphidler i¢in 6nemli bir potansiyele sahip oldugunu
gosterebilir. Ayrica, tarim digt habitatlardan biri olan ve genellikle tarim alanlarma
olduk¢a yakin konumda olan sulak alanlar afidofag syrphidlerin cesitliligine
onemli katkilar sunabilir. Tarim alanlar1 etrafinda bulunan tarim dis1 habitatlarda
yiiriitiilen ¢aligmalar afidofag tiirler basta olmak tizere sulak alanlarin diger tarim
dis1 habitatlar ile kiyaslandiginda syrphidlerin tiir zenginligi agisindan 6nemli bir
potansiyele sahip oldugunu gosterebilir (Djellab et al. 2013; Moquet et al. 2018;
Toikkanen et al. 2022).

Diger taraftan tarim dis1 habitatlar tarimsal zararli afitlerin biyolojik
miicadelesinde en etkin sonuglar1 saglayan bazi afidofag syrphid tiirleri i¢in de
onemli siginak ve av alanlar1 olusturmaktadir (Bayrak & Hayat 2008; Kok et al.
2020). Bu afidofag syrphidlerden biri olan, E. balteatus larvalarinin konukgu sayisi
oldukca genis olup 100’den fazla afit tiirii iizerinde beslenmektedir (Sadeghi &
Gilbert 2000). Yapilan ¢alismalar hem tarim alanlarinda hem de sulak alanlar gibi
tarim dis1 habitatlarda afidofag syrphidlerden baskin olan tiiriin E. balteatus
oldugunu ortaya koymaktadir (Moquet et al. 2018; Wojciechowicz-Zytko & Wilk
2023). Bu ¢alismada elde ettigimiz E. balteatus’un tarim dis1 bir habitat olan sulak
bir alanda baskin tiir olmasi1 da bu ¢aligmalardaki sonuglar1 desteklemektedir.

Bu calismada elde edilen veriler tarim alanlarina yakin olan lagiin ve sulak
alanlar gibi tarim dis1 habitatlarin afidofag syrphidlerin tiir zenginligi ve bollugu
acisindan Onemli bir potansiyele sahip olabilecegini ortaya koymustur. Tarim
alanlarma olduk¢a yakin bir alandan elde edilen bu sonuglarin, afidofag
syrphidlerin tarim alanlarinda zararli afitlere karsi daha etkin bir biyolojik
miicadele araci olarak kullamilmasina katki saglayacagi diistiniilmektedir. Bu
calismadaki sonuglara dayanarak, tarim alanlarindaki dogal diigmanlarin korunmasi
ve desteklenmesinde farkli tarim dig1 habitatlarin 6nemi ortaya ¢ikmaktadir. Sonug
olarak, tarimsal habitatlarda afidofag syrphidler basta olmak iizere yiiksek diizeyde
dogal diisman biyogesitliligini garanti altina almak i¢in, tarim alanlarinin
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etrafindaki tarim dis1 habitatlarin korunmasinin ve habitat yonetiminin tesvik
edilmesi gerektigi diistiniilmektedir.
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