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Orijinal arastirma (Original article)

Evaluation of the pathogenicity of some entomopathogenic
fungi against Tomato leaf miner Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) larvae

Tadesse Kebede DABSU*, Orkun Baris KOVANCI"

Bazi entomopatojen fungus izolatlarnmin Domates giivesi Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae) larvalarina Kkarsi etkinliginin
arastirilmasi

Oz: Bu calismada, Tuta absoluta'ya karsi entomopatojenik funguslarin patojenitesi test
edilmistir. Deneme 2020/2021 yilinda Bursa Uludag Universitesi Bahge Bitkileri Boliimii
seralarmda yiritilmiistir. Araziden toplanan T. absoluta erginleri, iklim kabinleri
igerisindeki domates fideleri lizerinde iiretilmistir. Daha sonra, tesadiif bloklar1 deneme
deseninde faktoryel diizende her izolat i¢in bes farkli konsantarasyonda her tekerriirde on
birey olmak iizere ii¢ tekerriirlii denemeler kurulmustur. izolatlarin &ldiiriicii etkisi i¢in
yapilan varyans analizlerinde, izoOlatlar ve konsantrasyonlar arasinda 6nemli farkliliklar
(p<0.05) tespit edilmistir. En diisiik 6liim oran1 (% 80.77), en yiiksek LC50 (2.3x10%) ve
LT (LTso, 4.9 ve LTgg, 9.9 giin) degerleri ile Metarhizium anisopliae Ak-12 izolat1 en
etkisiz olarak bulunmustur. Yiiksek 6liim oram (%91) ve diisiik LTso Ve LTy, (4 ve 7.6
giin) degerleri ile 1x10%° konsantrasyonunda Beauveria bassiana Ak-10 en etkili izolat
olmustur. Sonuglar, 1x10° ve 1x10™ konidia/ml konsantrasyonlarinin en etkili, 1x10°
konidia/ml konsantrasyonunun ise etkisiz oldugunu gostermistir. Calisma, izolatlar ve
konsantrasyonlar arasindaki potansiyel degisimin T. absoluta larvalarinin 6lim
oranlarindaki varyasyonuna olan etkisini gostermistir.

Anahtar kelimeler: Biyolojik miicadele, Domates, Beauveria bassiana, Metarhizium
anisopliae, Tuta absoluta

Abstract: The current study was initiated to test the pathogenicity of entomopathogenic
fungi against Tuta absoluta. The experiment was conducted at Bursa Uludag University,
Horticulture Department glasshouse in 2020/2021. Tuta absoluta adults were collected and
larvae were reared on tomatoe seedlings in a growth chamber. Then, ten larvae were treated
with each isolate at five inoculum suspension concentrations in a factorial experiment
arranged in a completely randomized block design with three replications. The analysis of
variance for mortality revealed significant variations (p<0.05) among isolates and
concentrations. Metarhizium anisopliae Ak-12 caused the lowest mortality of 80.77% but
had the highest LCs, (2.3x10%) and the longest incubation period LTs, 4.9 and LTgg, 9.9
days and considered to be less pathogenic. Whereas Beauveria bassiana Ak-10 showed the
highest mortality 91% and the lowest LTs, 4 and LTqo, 7.6 days at 1x10™ conidia /ml,
followed by Beauveria bassiana Ak-14 and is considered the most aggressive. Conidia

! Bursa Uludag University, Agricultural Faculty, Plant Protection Department, Goriikle Campus,
16059 Bursa, Turkiye
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concentrations of 1x10° and 1x10™ conidia/ml were the most effective while 1x10°
conidia/ml was the least effective. Overall, the current work revealed the potential variation
among isolates and concentrations on the mortality of T. absoluta larvae.

Keywords: Beauveria bassiana, Biological control, Metarhizium anisopliae, Tomato,
Tuta absoluta

Introduction

The tomato (Solanum lycopersicum) is one of the most economically important,
popular and widely grown crops globally (Nicola et al. 2009). Despite the
importance of tomato as a food crop, its production and productivity are threatened
by various biotic and abiotic factors (Sora 2018). Mainly insect pests and
pathogens are the biotic factors responsible for the loss of tomato production
(Veres et al. 2020). Among insect pests, the tomato leaf miner, Tuta absoluta
(Meyrick) (Lepidoptera: Gelechiidae), is the most economically important pest in
tropical and subtropical regions of tomato cultivation (Rwomushana et al. 2019). It
was first reported in Turkey in 2009 and in Ethiopia in 2012 (Kilig 2010;
Gashawbeza & Abiy 2012).

This insect pest can cause high total yield losses wherever tomato is grown
(FAO 2017). After eggs are laid on the underside of leaves, stems or fruits, they
hatch and develop into larvae. Then the larvae invade tomato fruits and leaves,
feeding insidethe mesophyll tissue and creating galleries that cause necrosis
resulting inreduced yield (Guedes & Picango 2012; Biondi et al. 2018). Under
extensive attacks, plants show signs and symptoms such as abnormal leaf shape,
puncture marks, exit holes and necrosis (Rwomushana et al. 2019). Under non-
control conditions, tomato yield losses due to T. absoluta have been estimated at 80
to 100% of annual production and increased the price of tomatoes by 23%
(Desneux et al. 2010). Due to this pest, Ethiopia loses 60% to 82% of tomato
production (Shiberu & Getu 2017).

To date, there are no effective measures for sustainable control of T. absoluta
due to its high reproduction capacity; short generation cycle; and limited
opportunity for control with insecticides, as larvae feed on mesophyll within the
host plant’s tissues and are hidden inside of leaves, (Siqueira et al. 2001).
However, early detection by sex pheromone traps; application of various cultural
and mechanical control methods; biological control by the parasitoid wasp,
Trichogramma cacoeciae Marchal, mirid predator, Nesidiocoris tenuis Reuter
(Hemiptera: Miridae) (Biondi et al. 2013; CABI 2021), and Bacillus thuringiensis
(Sabbour & Nayera 2012), have been suggested as management strategies for this
pest. Despite the use of these control methods, tomato leaf miner infestation has
become increasingly difficult to control due to recommended control options not
being effective and/or not being implemented in a timely manner.

Among biological control agents, entomopathogenic fungi have been reported
to be very effective agents of infection of insect pests, particularly the
lepidopterans (Kaya & Vega 2012; Ruiu 2015). Based on their efficacy against T.
absoluta, the entomopathogenic fungi, Metarhizium anisopliae and Beauveria
bassiana species, were reported to be pathogenic to the tomato leaf miner in
different countries (Youssef 2015; Erler & Ozgur 2015; Shiberu & Getu 2017).
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Ndereyimana et al. (2020) determined the efficacies of M. anisopliae and B.
bassiana against third instar larvae of T. absoluta and reported highest mortality
rates of 82.8% and 60.8% at 1x10° conidia/ml, respectively. This result indicated
that M. anisopliae is more virulent and pathogenic than B. bassiana against third
instar larvae. Contradicting that result, Youssef (2015) reported that B. bassiana
(86.7%) was more effective than M. anisopliae (76.7%) against T. absoluta larvae
at 1x10° spores/ml. Similarly, Shiberu & Getu (2017) tested the efficacy of M.
anisopliae and B. bassiana isolates against third instar larvae and found larval
mortality of 87.5% and 95.83%, respectively, at a dosage of 2.5x10° conidia/ml
under laboratory conditions.

These mixed results indicate that there is a research gap in the efficacy testing
of entomopathogenic fungal species which should be resolved by further evaluation
to select the best potential candidate for effective T. absoluta control. The relative
efficacy testing of endemic entomopathogenic isolates occurring in different areas
is not widely done (Desneux et al. 2010). This indicates that there has been no
conclusive selection of the best entomopathogenic fungal candidates for use against
T. absoluta due to insufficient comparative efficacy measurements. In addition, the
differences in pathogenicity and virulence of entomopathogen fungal isolates and
their concentrations have not been widely investigated. Therefore, the main
objective of this study was to evaluate the pathogenicity of some local Turkish
entomopathogenic fungal isolates against T. absoluta.

Materials and Methods

Rearing of Tuta absoluta

Tuta absoluta adults were collected from infested tomatoes in the glasshouse of the
Horticulture Department of the Faculty of Agriculture, Uludag University, and 10
adults were released on young tomato (cultivar H-2274) seedlings planted in
plastic pots (8 x 9cm) and kept in insect-proof rearing cages in a growth chamber
at 25 'C and 65% RH and 16:8 hours light: dark photoperiod. For two days, adults
were fed with 10% sugar solution and then aspirated with a mechanical aspirator.
After egg hatching, the larvae were allowed to feed on the potted tomato plants
until the targeted third larval instar stage was reached. After 4-5 days, the eggs
hatched and the larvae started feeding in galleries. After two generations, they
were used for the bioassay. The third instar larvae, based on their age, colour and
size (8 to 12 days old and 3-6 mm in length), were harvested by opening the mines
(Rahtna & Bhat 2019).

Preparation of inoculum entomopathogenic fungal isolates

Pathogenicity testing was performed on third instar larvae of T. absoluta using four
different entomopathogenic fungal (EPF) isolates - M. anisopliae Ak-11, M.
anisopliae Ak-12, B. bassiana Ak-14 and B. bassiana Ak-10 (Table 1). The EPF
isolates, which were provided by Prof. Dr Ali Sevim from Kirsehir Ahi Evran
University, were grown on potato dextrose agar (PDA) medium and incubated at
26°C darkness for 14 days. Then the plates were placed in a biosafety cabinet at
room temperature for 48hrs to allow the fungi conidial toair dry. After two days of
incubation, the dry, powdered conidia were harvested from plates by gently
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scraping them from the surface of the media with a sterile metal spatula onto
aluminium foil under laminar flow. Finally, the harvested conidia were stored at
4°C until use (Jaronski & Mascarin 2013). For inoculation purposes, 0.00002,
0.0002, 0.002, 0.02 and 0.2 g of powdered conidia were suspended in 1 ml of
sterilized, distilled water in 15 ml test tubes, with 0.01% aqueous Tween 20% (two
drops) used as a wetting agent. The suspensions were vortexed for one minute and
then filtered through a cheesecloth to separate the conidia from the mycelia and
then homogenized by vortexing for 3 minutes, as described in Shiberu & Getu
(2017).

The concentration of the conidia suspensions of each isolate were adjusted to
1x10°, 1x10’, 1x10°, 1x10° and 1x10™ conidia /ml by using a hemocytometer, in
preparation for inoculation (Kushiyev et al. 2018). Before the bioassays, the
viability of the conidia was determined by spreading 0.1 ml of conidial suspension
on PDA plates. A sterile microscopic coverslip was placed on each plate and the
plates were incubated at 26+2'C and examined after 15 hours. The percentage
germination of the conidia was determined by counting 100 spores of each isolate.
The viability testing for each isolate was replicated three times. Over 90% of the
conidia of each isolate germinated.

Table 1. Source and detail information of entomopatogenic fungal isolates

Entomopathogenic fungual species
Beauveria Beauveria Metarhizium Metarhizium
bassiana bassiana anisopliae anisopliae
AK-10 AK-14 AK-11 AK-12
Source Soil Soil Soil Soil
. Konya, Konya, Konya, Konya,
Location Beysehir Beysehir Beysehir Beysehir
Coordinates 37°43'04.5"N 37°42'31.0"N 37°42'56.1"N 37°42'29.0"N
31°43'16.9"E 31°43'38.4"E 31°43'194"E 31°43'35.7"E
GenBank accession numbers
ITS MW689267 MW689268 MW689278 MW689279
Bloc ON089022 ONO089023 - -
EFl-a ON093091 ONO09392 - -
Rpbl ON093085 ON093086 ON125481 ON125482
fB-tubulin - - ON125494 ON125495

Experimental design

A glasshouse experiment was carried out to determine the pathogenicity of four
entomopathogenic fungal isolates at six suspension concentrations (0,1x10° 1x107,
1x 10%, 1x 10° and 1x10" conidia /ml) against third larval stages of T. absoluta in
a completely randomized block design with three replicates. The pathogenicity of
these isolates was tested by using a factorial experimental design with
concentration as a subfactor treatment and selected entomopathogenic fungal
isolates as the main factor treatment.

For this purpose, tomato cultivar H-2274 was planted in plastic pots (8 cm in
diameter x 9cm in height) filled with a mixture of peat soil and perlite at a 2:1 ratio
and grown in wooden boxes (150 x120 x 90 cm) lined with netting and allowed to
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grow for two months. Ten third instar larvae were released onto the upper side of
leaves of each tomato seedling (20cm in height). The pots were covered with
muslin cloth and incubated in screened cages for 24 h to allow the formation of
mines and galleries. After 24 h, three tomato seedlings infested with third stage
larvae(n=30) for each entomopathogen fungal isolate were sprayed with 2000 pl of
the appropriate conidial concentration as a foliar spray using a micropipette
(Eppendorf pipette, 5000ul) whereas the control seedlings were sprayed with the
same volume of distilled sterile water amended with 0.02% Tween 20. After
application, observations were performed on days 3, 5 and 7 as described in
Youssef (2015), and Shiberu & Getu (2017).

Data on disease measurement parameters included larval mortality; larvae were
counted as dead when they were not moving, and they were removed from the
sample once the data were collected. In subsequent days counting, data for each
assessment day were summed and calculated as cumulative larval mortality.

_ Dead larvae x 100
Mortality (%) =

Total larvae

In the case of death occurring in control treatment larvae as natural mortality, the
percentage mortality of larvae killed by the entomopathogenic fungal isolates alone
was corrected by using Abbott’s formula (Abbott, 1925):

Observed mortality (%) — Control mortality (%) * 100
100 — Control mortality (%)

Corrected mortality (%)

However, when the observed mortality in the treatment was the same as or less
than that in the control, the formula was not applied (Singh & Zahra 2017).
Furthermore, dead larvae were surface-sterilized in 1% sodium hypochlorite
solution, washed 3 times with sterile water, and then taken to another Petri-dish
covered with moistened filter paper and kept in darkness at 25+2 °C for one week
to allow fungal growth and confirm whether larval death was due to fungal
infection or not. The lethal times (LTs, and LTg) for each entomopathogenic
fungal isolate against T. absoluta, i. e., the number of days required to reach 50%
and 90% cumulative mortality, were determined. Lethal concentrations (LCs, and
LCy) were also calculated.

Statistical Analysis

A two-way analysis of variance was performed on mortality percentage data using
the General Linear Model of JMP @7.0 software package (SAS, Institute 1989-
2021). The interaction effect between entomopathogenic fungal isolates and
different concentrations was also analyzed with the ANOVA. Differences in
mortality means were determined by using Tukey’s honestly significant difference
test (P < 0.05). Lethal time and concentration values (LC50, LT50, LC90 and
LT90) were determined by probit analysis using SAS statistical analysis software
(Version 9.4) (Finney 1971).
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Results and discussion

Typical symptoms of fungal infection of Tuta absoluta

Observation of disease symptoms was started three days after spraying. Visible
disease symptoms were observed on T. absoluta third instar larvae which had been
infected with the entomopathogenic fungi, M. anisopliae and B. bassiana isolates.
After infection, typical disease symptoms were observed in the tomato leaf
galleries such as the immobility of the larvae and their colouration which turned to
brown, red and finally black at death (Figure 1). Further, mycosis had emerged
from the dead larvae which were removed and placed onmoistened filter paper in a
Petri dish. Typical mycosis symptoms on the dead larvae treated with B. bassiana
isolates including whitish mycelia and conidial growth, whereas the dead larvae
treated with M. anisopliae isolates had a dull green appearance. Similarly, Fergani
& Yehia (2020), described such types of symptoms

Figure 1. Third larval stage of Tuta absoluta showing typical disease symptoms after
infection. (a) Green muscardine on cadavers (b) White muscardine on cadavers.

Pathogenicity of entomopathogenic fungi against Tuta absoluta third instar
larvae in aglasshouse

Analysis of variance for percentage mortality of larvae revealed significant
differences (P<0.05) between the isolates and their conidia concentrations on the
third, fifth and seventh days after application (Tables 2 and 3). There was also a
significant difference in the interaction five and seven days after application
(P<0.05) (Table 2 and 3).

Pathogenicity testing showed that the isolates caused cumulative mortality
ranging from 8% to 91% at different conidial concentrations, while 0% to 13.33%
mortalities were recorded for sterilized, distilled water-treated controls (Table 2).
Seven days after inoculation, the B. bassiana isolates AK-10 and AK-14 had
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caused the highest cumulative mortality (91.35% and 90.39% ) whereas the M.
anisopliae isolates AK-11 and AK-12 isolates had caused 80.07% mortality at
1x10" conidia/ml compared to the control (13.33%), respectively (Table 2). In
addition, the highest corrected cumulative mortalities were 59.30%, 59.26%,
51.85% and 40.74% for B. bassiana AK-10, B. bassiana AK-14, M. anisopliae
AK-11 and M. anisopliae AK-12 isolate at 1x10' conidia/ml, respectively,
whereas the least corrected cumulative mortalities of 37.03%, 15.65%, 14.81% and
8.24% mortality were recorded for B. bassiana AK-10, B. bassiana AK-14, M.
anisopliae  AK-11 and M. anisopliae AK-12, respectively, at the lowest
concentration (1x10° conidia/ml) five days after inoculation. Also, compared to the
control, B. bassiana AK-10 and B. bassiana AK-14 caused the highest mortality
rates of 33.33% and 33.67%, respectively, followed by M. anisopliae AK-11
(26.67%) and M. anisopliae AK-12 (23.33%), respectively, three days after
treatment (Table 2).

High mortality was recorded in the larvae inoculated with the B. bassiana
isolate AK-10, followed by B. bassiana isolate AK-14, while the other two isolates
caused lower mortality at both 1x10% and Ix10° conidia/ml. Moreover, the B.
bassiana AK-10 and AK-14 isolates were significantly superior at all conidial
concentrations in their ability to cause larval mortality. In addition, the lowest
concentration (1x10°) conidia ml™* of all the tested EPF isolates, except for B.
bassiana AK-10, had caused less than 50% larvae mortality at the termination of
the experiment. This result indicates that B. bassiana was more effective than M.
anisopliae as it caused the highest mortality percentage to third instar larvae at
higher concentrations. Furthermore, the highest mortality rates were obtained with
the highest concentrations (1x10° and 1x10" conidia/ml). Hence, the
concentrations of 10° conidia/ml and 10*° conidia/ml were the most effective on the
third larval instars of T. absoluta, followed by 10° conidia/ml. The most likely
reasons for the pathogenicity and virulence differences among the four isolates
may be to differences in their enzyme activities and/or a virulence factor which
enables them to penetrate the host and cause infection.

The current results were in accordance with the findings of Abdel-Raheem et
al. (2015) who reported that the higher the concentration of B. bassiana and M.
anisopliae, the higher the mortality of T. absoluta larvae. Tsoulnara & Gordon
(2016) also tested the efficacy of B. bassiana against third instar larvae and
reported 90 % mortality at a high concentration. Likewise, the result was in
agreement with the finding of Rodriguez et al. (2006) who stated that more than
90% larval mortality after larvae were treated with both M. anisopliae and B.
bassaina in a pot experiment. In addition, Ndereyimana et al. (2019) recorded a
highest larval mortality of 82.8% after applying B. bassiana against third instar T.
absoluta larvae, and, M. anisopliae (77%) caused lower mortality than B. bassaina
(87%) at 10° spores/ml (Youssef, 2015).
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Table 1. Corrected mortality percentages for Beauveria and Metaharizium isolates used at
different conidial concentrations against the third larval stage of the Tomato leaf miner,
Tuta absoluta, under glasshouse conditions.

% Corrected mortality larval days after

EPF isolates e aton inoculation
3DAT 5DAT 7DAT
10% 33.33" 59.30° 91.35°
10° 26.67% 53.707%® 88.46%
Beauveria bassiana AK-10 10° 26.6% 48.15% 84.61°
10 23330 40.74% 69,23
10° 20.00** 37.03% 50.0%"
10% 33.67° 59.26° 90.39°
10° 26.67% 51.85% 87.5%
Beauveria bassiana AK-14 108 23.333¢ 48.15% 84.61%
10’ 20.00** 37.03% 61.54%f
10° 16.67% 15.65%f 39.32¢MN
10% 26.67% 51.85% 80.77%¢
10° 23.33%° 40.74% 80.77%
Metarhizium anisopliae AK11 10° 20.00%° 33.33 57-70dEf9
10’ 13.33% 14.81% 30.77""
10° 10.00%* 14.81°% 27.18%
10% 23.33%° 40.74%¢ 80.77%
10° 20.00%¢ 29.630¢de 73.08
Metarhizium anisopliae AK12 10° 13.33" 18.52°%f 42,31
107 10.83" 18.520%f 30.77%"
10° 7.5% 8.24° 19.23"
Control 0.0 0.00° 3.33 13.33'
LSD at %5 9.09 12.48 15.44
CV (%) 18.52 25 17.11
SE-+ 5.55 7.63 9.43

*Means with the same letter(s) in columns are not significantly different from each other.
DAT -Days after treatment

Concentration—Mortality Bioassay (LCsoand LCgp)

The response of third instar larvae of T. absoluta to different concentrations of EPF
isolates fitted the probit model very well and showed a non-significant chi-square
value, but not for M. anisopliae AK-11 and AK-12, seven days after application (P
> 0.05; Table 3). The lethal concentrations needed to induce 50% and 90%
mortality (LC50 and LC90) ranged from 7.47E+06 to 4.32E+19 conidia/ml on the
3 5" and 7™ after application. The lowest LCs, and LCq, values obtained against
third instar larvae were for the B. bassiana isolates AK-10 AK-14 whereas M.
anisopliae AK-11 and M. anisopliae AK-12 showed the highest LCsy and LCgy
values on all days after treatment. The two B. bassiana isolates are therefore better
prospects for the control of T. absoluta.
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In this study, B. bassiana AK-10 had the lowest LCs, and LCqy values at all
days after inoculation, a steeper slope (b=0.26) and the least standard error
(SE=0.038) for 50% and 90% larval mortality. Hence, based on these lethal
concentration values and the regression slope, B. bassiana AK-10 is deemed the
most toxic and virulent isolate, followed by B. bassiana AK-14, whereas M.
anisopliae AK-12 had the highest LCs, and LCqy values and the lowest slope and is
therefore considered the least toxic isolate. Similar results were reported by
different authors who conducted concentration-dependent mortality experiments
with different conidial suspensions in glasshouses. The current results approximate
those of Sabbour (2014) who reported a LCs, value at 1.02x10° spores/ml for B.
bassiana, and 1.00 x10° spores/ml for M. anisopliae at 8.25 x 10° conidia/ml under
glasshouse conditions. Also, the LCs, values for B. bassiana and M. anisopliae
were 0.7x10 conidia ml™ and 2.5x10" conidia ml™, respectively (Wekesa et al.,
2006) and Aynalem et al. (2020) determined LCs, values ranging from 1.3x10° to
7x10" conidia/ml for M. anisopliae against third instars of T. absoluta.

Time—Mortality Bioassays (LTsp and LTg)

The period for inducing 50% and 90% mortalities of third instar larvae of T.
absoluta inoculated with four EPF isolates at different concentrations was
determined using a probit analysis program. The response of larvae to isolate
concentrations over time (Logl0 day) fitted the probit model as the - Chi-square
values were not significant (P>0.05) (Table 4). The time taken in days to kill 50%
and 90% of the larvae treated with the four isolates at varying conidial
concentrations differed among the isolates at all concentrations.

Probit analysis produced LTs, values that ranged from 4.0 days to 13.1 days and
LTg values from 7.5 days to 19.5 days for all isolates across all conidial
concentrations (Table 4). The lowest LTsq and LTg, values for B. bassiana AK-10
were 4 and 7.6 days, respectively, followed by B. bassiana AK-14 at 4.1 and 7.8
days, respectively, at 1x10* conidia/ml. The second lowest values were 4.3 and 8.2
days for B. bassiana AK-10, respectively, and 4.4 and 8.3 days for B. bassiana
AK-14, respectively, at 1x10° conidia/ml.
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Table 2. Lethal concentrations (LC 50 and LC 90) for Beauveria bassiana and Metarhizium
anisopliae isolates from Turkey against third instar larvae of Tuta absoluta on the 3rd,
5th and 7th days after treatment

7 Days after treatment

LC50 LC90 x2 95% FL for P-
EPF isolates value value Slope+SE (df=4) LC50 value
Metarhizium anisopliae 1.65E+06-
AK-12 6.62E+09 | 9.83E+12 | 0.21+0.07 14.9 5.68E+12 | 0.005*
Metarhizium anisopliae 1.48E+06-
AK-11 1.20E+09 | 6.38E+12 0.22+0.07 12.7 2.5E+11 0.013*
Beauveria bassiana 1.66E+04-
AK-14 2.13E+07 | 6.50E+10 | 0.25+0.038 6.97 1.45E+06 0.14
Beauveria bassiana 4.83E+04-
AK-10 7.47E+06 | 1.88E+10 | 0.26+0.038 2.75 5.53E+05 0.6

5 Days after treatment
Metarhizium anisopliae 1.97E+10-
AK-12 1.39E+12 | 1.95E+14 | 0.18+0.053 2.22 1.57E+13 0.7
Metarhizium anisopliae 1.48E+09-
AK-11 2.08E+10 | 2.75E+13 | 0.22+0.053 2.84 7.96E+12 0.59
Beauveria bassiana 9.15E+07-
AK-14 6.96E+08 | 6.36E+11 0.23+0.05 24 1.51E+10 0.66
Beauveria bassiana 2.25E+07-
AK-10 2.27E+08 | 5.89E+11 | 0.2440.042 0.7 5.34E+09 0.95
3 Days after treatment

Metarhizium anisopliae 9.18E+10-
AK-12 2.12E+13 4.32E+19 | 0.20 £0.08 0.22 4.26E+27 0.99
Metarhizium anisopliae 1.48E+10-
AK-11 9.20E+11 1.42E+19 | 0.20+0.068 0.45 2.92E+18 0.98
Beauveria bassiana 4.25E+10-
AK-14 4.91E+12 7.02E+18 | 0.19+0.058 0.92 1.87E+22 0.92
Beauveria bassiana 1.28E+10-
AK-10 9.38E+11 3.10E+12 | 0.21+0.053 1.77 4.32E+18 0.78

*In the P value column, ‘a’ means the Chi-square value is significant; FL = fiducial limits; df =
degrees of freedom of a number of concentrations (n: 4)

The M. anisopliae isolates AK-11 and AK-12 had higher LTsy values of 4.5, 4.
9, 4.8 and 5.5 days and LT values of 9.5, 9.9, 9.9 and 12 days at 1x10° and 1x10%

conidia/ml,

in the same order. On the other hand, at the lowest conidia

concentration of 1x10° conidia/ml, the LTx, values were 7, 8.5, 11.7 and 13.1 days
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for B. bassiana AK-10, B. bassiana AK-14, M. anisopliae AK-11 and M.
anisopliae 12, and the LTy, values were 13.8, 16, 18.7 and 19.5 days. As shown in
Table 4, larval mortality increased with increasing isolate concentrations whereas
thelethal time values decreased.

Each isolate of the two tested EPF species showed a positive pathogenicity
against T. absoluta but differed in their pathogenicity levels. Beauveria bassiana
Ak-10 had an LTs, of 4 days, followed by B. bassiana AK-14 with an LTs, of 4.1
days and can be considered more virulent than the other tested EPF isolates.
Furthermore, B. bassiana AK-10 had the lowest LTy, of 9.5 days, followed by B.
bassiana AK-14 with an LTs of 9.9 days. By having the lowest LTsy and LTg
values, B. bassiana (AK-10) can be considered the most pathogenic isolate,
followed by B. bassiana AK-14, while M. anisopliae Ak-12 had the third highest
LT values and was moderately lethal, followed by M. anisopliae Ak-11 isolates.

The results of the present study approximate those of Ozdemir et al. (2020) who
reported LTso and LTy values of 4.45 days and 5.34 days, respectively, for M.
anisopliae, and 4.07 days and 5.11 days, respectively, for B. bassiana, at 1x10®
conidia/ml.  Similarly, Shiberu & Getu (2017) reported LTz, and LTy, values of
5.01 days and 8.06 days, respectively, for B. bassiana, and 4.82 days and 8.14
days, respectively, for M. anisopliae, at 2.5x 10° conidia/ml. In contrast to the
results of the current study and some other studies cited herein, Nyalal et al. (2019)
reported lowest LTs, values of 3.9 days and 5.2 days for commercial M. anisopliae
Metatech® WP and B. bassiana Beauvitech, respectively, and Aynalem et al.
(2020) reported an LTs, value of 3.9 days for M. anisopliae was LT50.

Conclusions and recommendations

In the current experiments, the pathogenicity results showed that the evaluated EPF
isolates caused different third instar larval mortalities. Beauveria bassiana caused
the highest mortality (91%), had the shortest lethal time (LT50: 4 days), and the
lowest lethal concentration (LCs,, 7.47x10°conidia/ml) and therefore showed
superior virulence compared to the other three EPF isolates tested against third
instar T. absoluta larvae, while Metarhizium anisopliae caused the lowest mortality
(20% to 82%), and had the long incubation period before causing death (4.9 t013
days), and the highest LCs, (6.62E+10°-2.12x10"), and hence it was considered to
have low to moderate virulence. Overall, B. bassiana was more effective in killing
T. absoluta larvae. It was also found that increasing conidial concentrations
resulted in increased larval mortality. Among the applied EPF isolates,
concentrations of 1x10° and 1x10™ conidia/ml were the most effective in causing
larval mortality and can be recommended for application, subject to further
laboratory testing and then field testing. Hence, means that the entomopathogenic
fungal isolates were more effective at higher concentrations against the third larval
instars of T. absoluta. As the current work revealed potential pathogenicity
variation among the four EPF isolates and different mortalities at different
concentrations, further research is needed to better understand why these
differences are occurring. Moreover, research should be focused on identifying the
mechanisms of pathogenicity of B. bassiana and M. anisopliae isolates.
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Table 3. The mean LTs, and LTy values of third instar Tuta absoluta larvae after the
application of four entomopatogen fungi (EPF) isolates at a range of different
concentrations

. - 95% FL
EPF isolates Conidia/ml LT50 | LT90 | Slope £SE LT50 2
10 40 | 76 | 4.66£1.00 | 319496 | 1 73
o 10° 43 | 82 |434+0980 | 3649 | 5z
Beauveria bassiana . 3753
AK-10 10 45 | 9.0 | 4224098 1=9. 1.89°
107 53 | 11.0 | 328095 | 4816 | 0.73
a
10° 70 | 138 | 229+094 | 831-nf | 001
10 41 | 78 | 433£099 | 32-46 | 1.51°
o 10° 44 | 83 | 4530099 | 365 | 1700
Beauveria bassiana s 3953 .
AK-14 10 4.6 8.8 4.5440.99 ) ' 1.53
107 59 | 12.8 | 3.06+095 | 4.8-9.00 | 0.35°
10° 86 | 16.0 | 1.87+0.99 - 1.94%
10 45 | 95 | 394:096 | 3.7-53 | 061°
Metarhizium 10° 48 | 9.9 | 414:098 | 4258 | 2.49°
anésirillae 108 64 | 11.1 | 2794095 | 51-12.2 | 053
) 107 94 | 162 | 1.65+1.04 - 0.79°
108 11.7 | 18.7 | 1.85+1.096 0.25°
10 49 | 99 | 414008 | 4198 | 240
Metarhizium 10° 55 | 12.0 | 3.38+1.86 - 3.58°
anl(scigllae 10° 92 | 132 | 2.5121.03 | 8570 | 1090
) 107 11.2 | 17.4 | 1.99£1.06 - 0.097°
10° 13.1 | 195 | 1.58+1.2 - 0.56°

*y2- Chi-square values marked with “a” were not significant at the level of 0=0.05, indicating a good
fit of the probit model; DF:degrees freedom of a number of days (n:2); FL: fiducial limits; LTsy: Time
taken to cause 50% mortality; LTgo: Time taken to cause 90% mortality.
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Orijinal arastirma (Original article)

The weevil, Hypolixus pica (F.) (Coleoptera: Curculionidae)
as a potential biological control agent of Amaranthus species
(Amaranthaceae) in Adana Province, Turkey

Serkan PEHLIVAN ', Mahmut ERBEY ?, Ekrem ATAKAN?,

Adana’da Amaranthus tiirleri (Amaranthaceae) iizerinde bulunan
potansiyel bir biyolojik miicadele etmeni: Hypolixus pica (F.)
(Coleoptera: Curculionidae)

Oz: Amaranthus tirleri, Tiirkiye’de yazlik kiiltiir bitkileri ile bahgelerde verimi etkileyen
Oonemli yabanci otlarin basinda yer almaktadir. Pestisitlerin ¢evre ve insan sagligi
lizerindeki zararh etkileri ile Amaranthus tiirlerinin ¢esitli herbisit etki mekanizmalarina
kars1 yiiksek diizeyde dayaniklilik gelistirmesi, alternatif yabanct ot kontrol yontemlerine
ilgi duyulmasina neden olmustur. Yabanci otlarla biyolojik miicadele son zamanlarda
biiyilk 6nem kazandigindan, bu ¢alisma Adana ilindeki Amaranthus tiirlerinin potansiyel
olabilecek biyolojik miicadele ajanlarinin belirlenmesi amaciyla yliriitiilmiistiir. Bu amagla
Adana’nin ii¢ ilgesinde (Yiiregir-Ceyhan-imamoglu) rastlantisal olarak 10 tarlada sorvey
yapilmistir. Her tarladan rastgele 10 adet Amaranthus bitkisi toplanmis, kesip agilmis ve
farkli evrelerde bulunan boceklerin sayilar kaydedilmistir. Bu c¢aligma ile, Amaranthus
cinsine bagli 3 yabanci ot tiirii tespit edilmis olup Amaranthus palmeri L. en yaygin tiir
olmus, bu tiri Amaranthus retroflexus L. ve Amaranthus spinosus L. izlemistir.
Amaranthus bitkilerinde toplam olarak, 59 larva, 26 pupa ve 10 adet ergin birey tespit
edilmigtir. Ergin bireylerin tamami genital organlarmma gére Hypolixus pica (F.)
(Coleoptera: Curculionidae) olarak tanimlanmistir. Sonuglar, H. pica’nin A. palmeri ve A.
retoflexus’un potansiyel biyolojik miicadele ajan1 olabilecegini gostermistir. Bu nedenle H.
pica gibi potansiyel faydali bocekler i¢in kitle tiretim yontemleri gelistirmelidir. Ayrica,
ekolojileri ile hedef yabanci ot tiirleri iizerinde biyolojik miicadele etmeni olarak rollerini
belirlemek i¢in daha detayli caligmalara gereksinim vardir.

Anahtar kelimeler: Adana, Amaranthus spp., biyolojik miicadele, horoz ibigi, Tiirkiye

Abstract: Amaranthus species (Family) are among the most important weeds in summer
crops and orchards in Turkey. The detrimental effects of pesticides on the environment and
human health and the development of high levels of resistance to several herbicide classes
by Amaranthus species have generate interest in alternative weed control methods. Since
the biological control of weeds has gained great prominence recently, this study was carried
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out to determine the potential biological control agents of Amaranthus spp. in Adana
Province. Turkey. For this aim, ten randomly selected fields randomly were in three
districts (Yiiregir-Ceyhan-imamoglu). In each field, ten Amaranthus plants were collected
randomly and dissected, and the numbers of the weevils and theirdifferent stages were
recorded. In this study, three Amaranthus species were identified and A. palmeri was the
most common, followed by A. retroflexus and A. spinosus. Fifty-nine larvae, 26 pupae and
10 adults were collected from the Amaranthus plants. All adult individuals were identified
as H. pica according to their genital organs. Our results show that H. pica could be
considered to be a potential biological control agent of A. palmeri and A. retroflexus. More
detailed studies are needed to determine its ecology and role as a biological control agent of
the target weed species. In addition, it is crucial to develop mass rearing methods for
potential beneficial insects such as H. pica.

Keywords: Adana, Amaranthus spp., biological control, pigweeds, Turkey

Introduction

Turkey, which is located at the intersection of the continents of Asia and Europe,
has different geographical regions in terms of climate and soil characteristics, and
is especially rich in plant biodiversity. It has more than 12.000 plant species
(Akbas & Asav 2015). The highly diverse environment in Turkey also has many
invasive plants that cause great productivity losses in agroecosystems.

Weeds, which are among these invasive plant species, are one of the major plant
protection problems in cropping areas and can reduce the yields by more than 90%
(Uygur 2002). Invasive weeds that cause harm in many parts of the world have
been reported in different studies in Turkey (Onen 2015; Eren et al. 2016).

Seventy four amaranth species (Amaranthus spp., Amaranthaceae) which can
become weeds have been described worldwide, mainly in the tropical and
temperate zones (Mosyakin & Robertson 2004). Amaranthus species are among the
most important weeds in summer crops and orchards in Turkey. With the listing of
Amaranthus crassipes L. in the ‘Flora of Turkey’, the number of Amaranthus
species increased to 15 and the number of taxa increased to 18 (Uygur et al. 2021).
Moreover, Amaranthus retroflexus L. is one of the most important weed species in
Europe because of the economic losses causes (Schroeder et al. 1993). Due to their
wide ecological tolerance, their naturalization in Turkey was not difficult (Uygur et
al., 2021). The first records in Turkey of Amaranthus palmeri L., a weed that is
difficult to control, were from Adana, Osmaniye and Hatay Provinces of Turkey in
2014 (Eren et al. 2016).

Amaranthus palmeri is an invasive species that is quickly spreading across the
western parts of Europe, Asia, Australia and North America (Steckel 2007). It is
estimated that this weed was introduced to Turkey in animal manure, irrigation
water and crop seeds. Although A. palmeri is seen especially in non-agricultural
areas such as roadsides and irrigation canals, it can be seen in the citrus orchards,
corn and peanut fields, which are important agricultural products of Turkey
(Turhan 2017). Another Amaranthus species, Amaranthus spinosus L., which is
native to tropical America is a noxious weed affecting 28 different crops in 44
countries (Waterhouse 1994). The presence of these weedy plant species was
reported in the Eastern Mediterranean Region of Turkey in 2000 (Génen & Uygur
2000).
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Herbicides are widely used to control weeds, including Amaranthus species, but
their residues cause insidious environmental pollution (Uygun et al. 1994).
Moreover, overreliance on herbicides has resulted in weak control of Amaranthus
species due to high levels of resistance to several herbicides (Barralis & Gasquez
1987; Gossett et al. 1992; Horak & Peterson 1995; Steckel 2007; Vencill et al.
2008; Norsworthy et al. 2008). For these reasons, classical biological control
methods are one of the most important strategies for sustainable agroecosystems.
Although biological control requires intensive research and investment in the short
term, it is the easiest, cheapest and sustainable method to apply for long term
success.

Over the past 100 years, a total of 114 weed species have been targeted with
200 biological control agents. There are many studies on insect species with
biological control potential on Amaranthus species in Europe; 241 insect species
have been reported from 21 Amaranthus species (El Aydam & Biirki 1997;
Winston et al., 2017). Among them, the Curculionidae (Coleoptera) family is the
most important, including 48 beneficial species (Haseeb et al. 2006).

In this family, the genus Hypolixus Desbrochers, 1898 (Curculionidae: Lixinae)
is distributed in the Palearctic, Afrotropical, Oriental and Australian regions
(Alonso-Zarazaga & Lyal 2002). Hypolixus truncatulus (F.) (Coleoptera:
Curculionidae) has been substituted for the use of herbicides in the control of A.
spinosus in Thailand (Napompeth 1982). Moreover, H. pica was harmful to the
roots and stems of A. caudatus L. in Egypt and the damage could reach 100%
locally (Kolaib et al. 1986). Also, Giiltekin & Korotyaev (2012) reported that
Cosmobaris discolor (Boheman) (Coleoptera: Curculionidae) and H. pica may be
useful as biological control agents against the A. spinosus.

Despite the increasing importance of biological control agents against weeds
across the world, a very limited number of studies have been conducted in Turkey.
Against that background, survey studies were carried out to determine potential
biological control agents on Amaranthus species in Adana Province, Turkey.

Materials and Methods

Ten fields (3 corn, 2 cotton, 2 soybean, 2 peanut and 1 sunflower) were surveyed
randomly in three districts (Yiiregir-Ceyhan-Imamoglu) of Adana Province in 2021
(Figure 1).
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Figure 1. Survey areas for Hypolixus pica on Amaranthus species in different cultivated
crops in Adana Province, Turkey.

Sampling was generally carried out at the edge of the field where Amaranthus
weeds were growing. In each field, ten plants were collected randomly and
dissected, and the numbers of weevils and their different stages were counted
(Giiltekin & Korotyaev 2012) (Figure 2). Immature stages of the sampled weevils
were cultured in a laboratory at 25 + 1°C, %60 £+ 10 relative humidity, and
14L:10D (L: light; D: dark) conditions, to obtain adults. All adult individuals were
identified by the second author.

To determine the Amaranthus species, plant samples were wrapped in paper,
put into labelled plastic bags and brought to the laboratory where they were

identified by Prof. Dr. Sibel UYGUR and Selin TUNK M.Sc. (Cukurova
University, Plant Protection Department, Herbology Laboratory, Adana, Turkey)

Data evaluation

The figure for surveyed areas was created on Google Earth with coordinated data.
The ratios of different Amaranthus species were determined by dividing the
number of Amaranthus identified in the same species by the total number of
Amaranthus sampled. Different life stages of H. pica found within the plant tissues
(galleries) of plants in the surveyed areas were determined. Ratios of the different
life stages of H. pica in different Amaranthus species were calculated from the
numbers of each biological stage of the weevil and the total number of the weevil
in the same weed.
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Figure 2. Damaged parts of Amarantus spp. due to the feeding activity of Hypolixus pica
and different life stages of the weevil in Adana Province, Turkey in 2021.

Results and Discussion

Three Amaranthus species were identified and A. palmeri was the most common
one, followed by A. retroflexus and A. spinosus (Figure 3).

m Amaranthus palmeri
®m Amaranthus retroflexus
= Amaranthus spinosus

Figure 3. Proportions of three Amaranthus species sampled and identified in Adana
Province, Turkey in 2021.

Three corn, two cotton, two soybean and two peanut fields, and 1 sunflower
field, infested with Amaranthus plants, were surveyed. A total of fifty-nine larvae,
26 pupae and 10 adults were collected from the Amaranthus plants (Table 1).
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Table 1. Total numbers of the different life stages of Hypolixus pica on Amaranthus species

in in the sampling locations in Adana, Turkey in 2021
Total number of Hypolixus
Sampling Amaranthus ICuIture_dh ica P
locations species plants wit P
amaranths Larvae | Pupae | Adult
1 | A. spinosus Corn 0 0 0
Lo 2 | A. palmeri Corn 7 2 2
Yiiregir -
3 | A. palmeri Cotton 1 2 0
4 | A. retroflexus Cotton 6 2 3
1 | A. retroflexus Soybean 3 2 1
Ceyhan 2 | A. palmeri Peanut 9 3 1
3 | A. palmeri Corn 9 4 1
1 | A. retroflexus Peanut 13 2 0
Imamoglu | 2 | A. palmeri Soybean 1 0 1
3 | A. palmeri Sunflower 10 9 1
Amaranthus spp. Total 59 26 10

All adult individuals were identified as H. pica, based on their genital organs
(Figure 4). There were no individuals recorded from A. spinosus. More than half
of the insects were collected from the A. palmeri and the rest were from A.
retroflexus (Table 1)

M. Esbey © a M. Erbey € b
M. Erbey €© M. Erbey €
'
’ g
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Figure 4. Aedeagus: (a) dorsal view, (b) lateral view, (c) spermatheca and (d) spiculum
ventral of the male of Hypolixus pica.

From A. retroflexus, a total of 32 H. pica individuals were collected; a substantial
majority (68.75%) were larvae, followed by pupae (18.75%) and the rest were
adults (12.50%). For A. palmeri, 58.73% were larvae of H. pica, followed by
pupae (31.75%) and adults (9.52%) (Figure 5).
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Figure 5. Ratios of different life stages of Hypolixus pica collected from three Amaranthus
species in Adana Province, Turkey

Amaranthus species are some of the most important invasive weeds in crop fields
and wastelands. In the United States of America, A. palmeri has been ranked as one
of the most problematic weeds of crop plant species such as cotton, maize, and
soybean (Ward et al. 2013). In the current research in 2021, A. palmeri was one of
the most common species and it was detected in cotton, maize, peanut and soybean
fields. In addition, A. retroflexus was collected from cotton, peanut and soybean
fields (Table 1). Although A. retroflexus grows on a wide range of soil types and
textures, it is less common on the acid soils in the south-eastern USA, where the
other pigweed species, A. palmeri, is more abundant (Weaver & McWilliams
1980). The abundance and ecological impacts of some invasive plant species are
much greater in their exotic ranges than in their native ranges (Hierro et al. 2013).
Eren et al. (2016) reported that A. palmeri was an extremely aggressive species that
had the potential to spread across large areas in Turkey.

Overreliance on herbicides to control weeds, including Amaranthus spp., and
their detrimental effects on the environment and human health, and the risk of
further deterioration of the natural balance, plus high levels of resistance to several
herbicide classes, have generated interest in alternative weed control management
such as biological control by arthropods and pathogens.

For more than a century, scientists have been interested in the potential use of
insects for the control of Amaranthus spp. regarded as weeds in Europe; 241
species were reported from 21 Amaranthus species by El Aydam & Biirki (1997).
Amaranthus palmeri was reported to be a host of some sucking insects, including
Aufeius impressicollis Stil, 1870 (Hemiptera: Rhopalidae), Lygus lineolaris
(Palisot de Beauvois) (Hemiptera: Lygidae), Polymerus basalis (Reuter, 1876) and
Taylorilygus pallidulus (Blanchard, 1852) (Hemiptera: Miridae) (Snodgrass et al.
1984; Jones & Allen 2012). Moreover, A. retroflexus has been determined to be a
host plant for many insects such as Ceutorrhynchus floralis (Paykull), Lixus
subtilis Boheman, Rhinoncus perpendicularis (Reich), Sitona lineatus Linnaeus,
Sitona hispidulus (Fabricius) and Tychius picirostris (Fabricius) (Coleoptera:
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Curculionidae) (Burki 1997). Also, several authors have suggested Disonycha
glabrata (Tisler, 1990) (Coleoptera: Chrysomelidae) as a potential control agent of
Amaranthus species (Hamenway & Whitcomb 1968; Vogt & Cordo 1976; Burki et
al., 1997). Disonycha glabrata (Fabricius) (Coleoptera: Chrysomelidae), which is
native to South America, feeds on A. retroflexus, and lays eggs internally
(Hamenway & Whitcomb 1968). Balsbaugh et al. (1981) reported that adults of
this species were released to suppress amaranths in North Dakota (USA) in 1979-
80. Also, Tisler (1990) noted that the same species was being successfully used in
the biological control of A. retroflexus in the warm regions of the USA.

Although many studies have reported different insect species on amaranth
plants, in this study only H. pica was collected from A. palmeri and A. retroflexus
growing naturally at the edges of, or inside fields of five different cultivated crops
in Adana Province (Table 1). Napompeth (1982) noted that the Curcolionidae
species, Hypolixus truncatulus (F.), has been substituted for the use of herbicides in
the control of A. spinosus in Thailand. Moreover, some Amaranthus species have
been determined to be host plants of H. pica in different countries (Tawfik et al.
1976; Kolaib et al. 1986; Pourtaherzarei et al. 2010). Kolaib et al. (1986) reported
that H. pica was harmful to the roots and stems of A. caudatus plants in Egypt, and
its damage could reach 100%. In Iran, adults of H. pica fed on leaves and seeds of
A. retroflexus and laid their eggs inside stems and the larvae tunneled in the stem.
New generation adults, which made holes when emerging from stems, produced
three offspring per year (Pourtaherzarei et al. 2010). More recently, H. pica and C.
discolor were determined to be potential biological control agents of A. spinosus in
Turkey (Giiltekin & Koryataev 2012). Overall, the results of the current study
corroborated the findings of earlier research in Turkey.

In conclusion, with increasing public pressure to use more environmentally
friendly and sustainable crop production, interest in alternative weed control
strategies is rising. Biological control could be one of the most important tools for
controlling weedy Amaranthus spp. However, controlling the weeds in the initial
stages of crop growth limits the potential use of classical biological control due to
the slow build-up of effective populations. For this reason, it is crucial to develop
mass rearing methods for potential beneficial insects such as H. pica and to
understand their ecology and interactions with the target weed species.
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Amerikan beyaz kelebegi, Hyphantria cunea (Drury)
(Lepidoptera: Arctiidae)’nin ergin popiilasyon takibi ile
biyolojik miicadelesinde parazitoit ve predatorlerinin
belirlenmesi*

Osman AVCIY, Sevcan OZTEMIZ ™, ibrahim CINER*

Determination of adult population monitoring with parasitoids and predators
in biological control of the Fall webworm, Hyphantria cunea (Drury)
(Lepidoptera: Arctiidae)

Abstract: The aims of this study were to determine the population dynamics of adults of
the polyphagous pest, the fall webworm, Hyphantria cunea (Drury) (Lepidoptera:
Arctiidae), and also its parasitoids and predators, inhazelnut plantationss in Diizce
Province, Turkey in 2019. In order to monitor the adult populations of this pest, light traps
were installed in plantations at two different locations in the Central and Cumayeri districts
of Diizce. There were population peaks in June and August that produced two generations
of offspring. To determine the parasitoids and predators of H. cunea infested leaf were
sampled in a total of 165 hazelnut plantations in 8 districts (Ak¢akoca, Cumayeri, Cilimli,
Gilimiisova, Golyaka, Merkez, Kaynasli, Yigilca) and the collected samples were
maintained in the laboratory. Trichogramma brassicae Bezdenko (Hymenoptera:
Trichogrammatidae), Chouioia cunea Yang (Hymenoptera: Eulophidae), Baryscapus sp.
(Hymenoptera: Eulophidae), Apanteles hyphantriae Riley (Hymenoptera: Braconidae),
Hyposoter sp. (Hymenoptera: Ichneumonidae), and Pales pavida Meigen (Diptera:
Tachinidae) and Exorista larvarum (L.) (Diptera: Tachinidae), were identified as
parasitoids of H. cunea, and Chrysoperla carnea (Steph.) (Neuroptera: Chrysopidae) was
identified as a predator. The pupal parasitoid, C. cunea, is a first record for Diizce Province.

Key words: Fall webworm, Hyphantria cunea, biological control, parasitoid, predator,
Diizce, hazelnut, population monitoring

Oz: Calismada Diizce ili findik bahgelerinde zararli Amerikan beyaz kelebegi Hyphantria
cunea (Drury) (Lepidoptera: Arctiidae)’nin ergin popiilasyon takibi ile parazitoit ve
predatorlerinin  belirlenmesi amaglanmis olup 2019 yilinda yiiriitilmiistir. Ergin
popiilasyon takibi Diizce ili Merkez ve Cumayeri il¢eleri olmak iizere iki farkli lokasyonda
belirlenen bahgelere kurulan 151k tuzagi ile yapilmistir. Zararlinin ergin bireyleri haziran ve
agustos aylarinda olmak {izere yilda iki tepe noktasit olusturdugu ve iki dol verdigi
saptanmustir. Hyphantria cunea’nin parazitoit ve predatérlerinin belirlenmesi igin 8 ilgede
(Akcgakoca, Cumayeri, Cilimli, Giimiisova, Golyaka, Merkez, Kaynasli, Yigilca) toplam
165 findik bahgesinde ornekleme yapilmis ve zararli ile bulasik toplanan Ornekler
laboratuvarda kiiltiire alinmistir. Zararlinin parazitoidleri olarak Trichogramma brassicae

*Bu ¢aligma yiiksek lisans tezinin bir boliimiidiir.
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Hyphantria cunea’nin popiilasyon gelisimi ve dogal diismanlari

Bezdenko (Hymenoptera: Trichogrammatidae), Chouioia cunea Yang (Hymenoptera:
Eulophidae), Baryscapus sp. (Hymenoptera: Eulophidae), Apanteles hyphantriae Riley
(Hymenoptera: Braconidae), Hyposoter sp. (Hymenoptera: Ichneumonidae), Pales
pavida Meigen (Diptera: Tachinidae), Exorista larvarum (L.) (Diptera: Tachinidae);
preadatorleri olarak Chrysoperla carnea (Steph.) (Neuroptera: Chrysopidae) tespit
edilmistir. Pupa parazitoidi, C. cunea Diizce ili i¢in ilk kayuttir.

Anahtar kelimeler: Amerikan beyaz kelebegi, Hyphantria cunea, biyolojik miicadele,
parazitoit, predator, Diizce, findik, popiilasyon takibi

Giris

Diinyada gerek iiretim ve gerekse tiiketim bakimindan sert kabuklu meyveler
icerisinde bademden sonra ikinci sirada yer alan findik, Tiirkiye, ABD, italya,
Ispanya ve Giircistan gibi uygun iklim kosullarma sahip iilkelerde
yetigebilmektedir. Diinyada findik {iretimi ve ihracati konusunda birinci konumda
olan Tirkiye, Diinya iretiminin %75'ini, ihracatinin ise %80-85'ini
gerceklestirmektedir (Anonymous 2016). Findik iki milyar dolar déviz girdisi
saglamasi ile iilkemiz ekonomisinde dnemli bir yere sahiptir (Aktas et al. 2011).
Ulkemizde 2019 yilinda 730.000 hektar alanda findik yetistiriciligi yapilmis olup,
{iretim 776 bin ton’dur (TUIK 2019). Diizce ili 2019 yili verilerine gore findik
iretim alani bakimindan (63,650 ha) Tiirkiye’de altinci {iretim miktar1 agisindan
(85,688 ton) ise besinci siradadir. Diizce ilinde tarim alanlarinin yaklagik %851
findik tiretimine ayrilmistir (Anonymous 2019).

Findik yetistiriciliginde verimi etkileyen faktorlerin basinda ana zararli olarak
bilinen Amerikan beyaz kelebegi, Hyphantria cunea (Drury) (Lepidoptera:
Arctiidae) Kuzey Amerika orijinli olup, Avrupa ve Asya kitalarina yayilmistir.
Amerika’dan Macaristan’a ticari iriinlerle birlikte gelerek 1940 yilinda ilk kez
Budapeste’de belirlenmis ve daha sonra biitiin Avrupa’ya yayilmistir. Zararli 1945
yilinda Asya kitasinda Japonya, Cin, Kore, Rusya, Tiirkmenistan, Ozbekistan,
Giircistan, Azerbeycan ve Kazakistan’da gortilmiistiir (Boyev 1954; Gomi 2007;
Tuncer & Mdivani, 2014; Yang et al. 2015). Tirkiye’de ilk kez 1975 yilinda
Marmara Bélgesinde; Edirne, istanbul (Catalca, Silivri) ve Tekirdag illerinde
goriilmiigtiir. Karadeniz Bolgesi ile Kuzey Ege’de yayilmistir. Zararli 1982 yilinda
Orta Karadeniz Bélgesi’nde, 1997 yilinda ise Diizce ilinde goriilmiistiir (Iren 1977;
Bas 1982).

Ergin kelebekler gece aktiftir ve geceleri ugar, giindiizleri dinlenirler. Diizce’de
hava sicakhigi ve giin uzunluguna bagli olarak 2-3 generasyon vermektedir
(Anonymous 2011). Kis1 agaglarin toprak ile birlestigi yerlerde, aga¢ kabugunda ve
¢ok yaslt agaglarm kovuklarinda bir koza i¢inde pupa olarak gecirirler. Kislayan
pupalardan ¢ikan birinci generasyona ait kelebek ucusu genellikle mayis ayinda,
ikinci generasyon ait kelebek ¢ikislari ise temmuz ayinda goriiliir. Hava sicakligia
ve yagislara bagl olarak bu siire bir hafta gecikerek haziran ayina kayabilmektedir.
Yumurtalarim1 genel olarak u¢ dallarin yapraklan altina birakirlar. Yumurtadan
cikan geng larvalar birden fazla dali ve yapraklar da igine alarak ipeksi aglar
oOrerler, yapraklar1 sadece ana damar kalacak sekilde yiyerek zararli olurlar. Bitki
gelisimine verdikleri zarar ile onemli {iriin kaybina neden olurlar (Karadeniz et al.
2008; Anonim 2011).
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Diizce ilinde 1997 yilinda giris yapan zararliya kars1 yaklasik 20 yildan fazla
zararl ile miicadele yapilmakla birlikte zararli popiilasyonunda azalma meydana
gelmemekte, aksine her yil artan bir popiilasyon ile miicadele yapilmasi zorunluluk
hale gelmistir. Diizce ilinde findik iiretimini tehdit eden bu durumun sebebine
yonelik herhangi bir bilimsel veriye ulasilamamig olup, bu amagla ele alinan
calismada zararlinin ergin popiilasyon takibi ve dogal diismanlarinin etkinliginin
artmasi i¢in zararlinin parazitoit ve predatorleri belirlenmistir.

Materyal ve yontem
Caligmanin materyalini Diizce ili findik (Corylus avellana L.) (Betulaceae)
agaclari, Amerikan beyaz kelebegi, Hyphantria cunea (Drury) (Lepidoptera:
Arctiidae)’nin biyolojik donemleri, parazitoit ve pradorleri, 151k tuzagi, parazitoit
cikis kutulari, tiil, pamuk, makas, pens, yumusak firca, 6rneklerin muhafazasi igin
buzdolabi, stereo mikroskop, iklim odast ve laboratuvar plastik ve cam
malzemeleri olusturmustur.

Calismada zararlinin ergin popiilasyon takibi Diizce ilinin Cumayeri ve Merkez
ilge olmak iizere iki farkli lokasyonunda, parazitoid ve predatorlerinin belirlenmesi
i¢in ise Diizce ilinin sekiz il¢esinin tamaminda 2019 yilinda yiirGitiilmiistiir.

Diizce Ili Findik Bahgelerinde Hyphantria cunea (Drury)’min Ergin
Popiilasyon Takibinin Belirlenmesi

Hyphantria cunea (Drury)’nin ergin popiilasyon takibi i¢in Diizce ilinin Cumayeri
ve Merkez ilgeleri olmak {tizere iki farkli lokasyonunda belirlenen bahgelere birer
adet Robinson tipi 151k tuzagi kurulmustur (Sekil 1) (Smith et al. 1992; Zhang et al.
1998). Isik tuzaklar1 nisan ayindan itibaren hasada kadar haftada bir kontrol
edilerek tuzakta yakalanan ergin bireylerin sayimi yapilmistir (Sekil 2). Sayimi
yapilan numuneler plastik kaplara konularak laboratuvara getirilmis ve
kaydedilmistir. Sicaklik ve nem verileri Diizce meteoroloji istasyonundan
alinmustir.

Sekil 1. Hyphantria cunea’nin ergin popiilasyon takibinde kullanilan 11k tuzagi.

Figure 1. Light trap used for monitoring of Hyphantria cunea adult.

130



Hyphantria cunea’nin popiilasyon gelisimi ve dogal diismanlari

i

Sekil 2. Hyphantria cunea erginleri.

Figure 2. Adults of Hyphantria cunea

Diizce ili Findik Bahcelerinde Hyphantria cunea (Drury)’min Parazitoit
ve Predatorlerinin Belirlenmesi

Hyphantria cunea (Drury)’nin biyolojik miicadelesine yonelik parazitoit ve
predatorlerin belirlenmesi i¢in 6rneklemeler periyodik olmayan arazi ¢ikislar ile
Mayis-Kasim aylarinda Diizce ilinin 8 ilgesinde (Akgakoca, Cumayeri, Cilimli,
Gilimiisova, Golyaka, Merkez, Kaynasl, Yigilca) yiiriitiilmiis ve zararlinin ergin
Oncesi donemleri ile bulasik 6rnekler dogadan toplanarak plastik kaplara konulmusg
ve laboratuvara getirilmistir. Ornekleme ydntemi Findik Entegre Miicadele Teknik
Talimatinda belirtildigi sekilde yapilmistir (Anonymous 2011).

Parazitoitlerin Belirlenmesi: Yumurta parazitoitlerini belirlemek i¢in findik
bahgelerinde Orneklenen bitkilere birakilan yumurtalar yapraklariyla beraber
plastik kaplar i¢ine konularak laboratuvara getirilmis ve 26 °C sicaklik % 60+5
nem ve 16:8 aydinlik: karanlik iklim odasinda kiltire alimmustir. Hyphantria
cunea’nin larva ve pupa parazitoitlerini belirlemek igin zararli ile bulasik oldugu
tespit edilen bahgelerde aga¢ govdelerine sarilan oluklu karton veya ¢uval gibi
malzemelerden larva ve pupalar toplanmig ve dogal diigsmanlarin g¢ikislar1 takip
edilmistir (Jarfas & Viola 1986). H. cunea pupalar1 kurumus ve saglikli agaglarin
kabuk altlarindan, i¢ kisimlarindan, bahgelerdeki kiitiiklerin i¢lerinden, alt
kisimlarindan, odun yiginlarindan, o6zellikle de c¢it kaziklarindan ve findik
ocaklarinin koklerinden toplanmistir. Toplanan Ornekler polietilen torbalara
konularak buz kaplarinda laboratuvara getirilmistir. Laboratuvarda saglikli larva ve
pupalar ile hastalikli veya parazitlenmis olanlar ayrilmistir. Parazitlenmis olanlarin
her biri ayr1 plastik kaplarda kiiltiire almarak takip edilmis ve kayit altina
almmistir. Elde edilen parazitoidlerin teshisleri konu uzmanlar1 tarafindan
yapilmustir.

Predatorlerin Belirlenmesi: Hyphantria cunea’nin avcilarini belirlemek igin
ornekleme yapilan bahgelerde agiz aspiratorii ile ergin avci bocekler toplanmis,
diger biyolojik donemleri ise bitki {izerinde bulundugu bitki organiyla beraber veya
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samur firgalar yardimiyla alarak kiiciik plastik kap, tlip ve polietilen torbalar
icerisinde buz kaplarinda laboratuvara getirilmistir. Laboratuvarda predatdrlerin
ergin Oncesi donemleri farkli kiiltiir kaplarinda zararlinin yumurta ve larvalar
verilerek iklim odasinda kiiltiire alinmustir. Predatorler ergin oluncaya kadar
zararlinin  yumurta ve larvalarindan besin takviyesi yapilmistir. Ayrica
orneklemelerde findikta zararlinin ergin oncesi donemleri ile beslendigi tespit
edilemeyen avcilar da toplanarak iklim odasinda zararlinin yumurta ve larvalariyla
beslenmeye alimmustir. Elde edilen predatdr erginlerin teshisi yapilarak
kaydedilmistir (Anonymous 2011).

Bulgular ve Tartisma

Diizce ili Findik Bahcelerinde Hyphantria cunea (Drury)’mm Ergin
Popiilasyon Takibinin Belirlenmesi

Zararhnin ergin popiilasyon takibini yapmak amaciyla Diizce ili Merkez ve
Cumayeri ilcelerinde kurulan 1sik tuzaklarinda gozlemler yapilmistir. Cumayeri
ilgesine kurulan tuzaktan elde edilen verilerde zararliya ait ilk erginin nisan ayinda
(08.04.2019) yakalandig1, zararlinin yil igerisinde Haziran (01.06.2019) ve Agustos
(16.08.2019) aylarinda iki kez pik yaptig1 belirlenmistir (Sekil 3). Haftalik yapilan
gozlemlerde zararlinin hava sicakliginin ortalama 15,4 °C oldugu Mayis ayinin
ikinci haftasinda (08.05.2019) ilk dol g¢ikiglarinin basladigi, sicakligin ortalama
21,7°C oldugu Haziran ayimn ilk haftasinda (01.06.2019) en yogun ergin ¢ikist
gbzlemlenmistir. Bu tarihten sonra ergin ¢ikisinin azaldigi ve ortalama sicakligin
20°C’nin iizerinde oldugu Agustos aymnin ilk haftasinda ergin popiilasyonunun
arttig1 ve ikinci dol ¢ikislarinin basladigi gdzlemlenmistir. Ikinci dol ergin ¢ikislari
ortalama hava sicakliginin 23,3°C’ye ulastig1 Agustos aymin ikinci haftasinda pik
noktasina ulagmistir. Hava sicakliginin diistiigii Eyliil ayindan itibaren zararlinin
ergin ¢ikisinin azaldigi ve Kasim ayinin ilk haftasina kadar (01.11.2019) kadar
ergin c¢ikiglariin devam ettigi saptanmistir. Findikta meyve nohut biiyiikliigline
yaklastiginda popiilasyonun en yiiksek seviyeye ulagtigi gdzlemlenmistir. Diizce ili
Merkez ilgesinde de Cumayeri ilgesindeki verilere benzer sonuglar elde edildigi
gozlemlenmistir (Sekil 4). Sakarya ilinde zararlinin ergin cikisimi takip ettigi
calismasinda birinci dole ait ergin ¢ikisinin ortalama 10 giinde bitirse de, ikinci
dole ait ergin ¢ikisinin ii¢ ay kadar siirdiigiinii; iki cinsiyetteki ergin bireylerin
mart aymin baglarinda ¢ikis yapmaya basladigi, disi bireylerin ¢ikiginin haziranin
basina, erkek bireylerin ise mayis basina kadar devam ettigini saptamislardir.
Sakarya ilinde yapilan c¢aligma ile sicaklik degerlerinde ergin ¢ikislarinin
benzerlikler gosterdigi saptanmustir (Akkuzu & Mol 2006). Benzer sekilde
yurtdisinda yapilan ¢alismalarda da zararlimin iki d6l verdigi bildirilmistir (It6 et al.
1970).
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Sekil 3. Hyphantria cunea’nin Diizce ili Cumayeri ilgesinde ergin popiilasyon geligimi

Figure 3. Population development of Hyphantria cunea in Diizce, Cumayeri

25

Ergin Birey Sayisi (Adet/Tuzak)

20

15

10

=@==ERGIN SAYIS| ==@=YAG|S ==@=SICAKLIK D[lzce/l\/lerkez

‘£‘£.£>~>~k0<l:NNNNEE@&::;:;;;;;‘E:‘:«A
zzzm‘““'N:‘EgggwGJHN?(DE(D’OD’&DWL”“-‘WL”“-‘W“J&’
WQQEE S oo F S II 0o 0o s
o N - S8« © S - N - N

Sekil 4. Hyphantria cunea’nin Diizce ili Merkez il¢esinde ergin popiilasyon takibi

Figure 4. Population development of Hyphantria cunea in Diizce, Merkez
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Diizce Ili Findik Bahcelerinde Hyphantria cunea’min Parazitoit ve

Predatorlerinin Belirlenmesi

Diizce ilinde zararlinin dogal diismanlar1 olarak {i¢ takimdan alt1 familyaya bagl
sekiz tiir tespit edilmistir. Hyphantria cunea’nin parazitoidleri olarak
Trichogramma brassicae Bezdenko (Hymenoptera: Trichogrammatidae), Chouioia
cunea Yang (Hymenoptera: Eulophidae), Baryscapus sp. (Hymenoptera:
Eulophidae), Apanteles hyphantriae Riley (Hymenoptera: Braconidae), Hyposoter
sp. (Hymenoptera: Ichneumonidae), Pales pavida Meigen (Diptera: Tachinidae),
Exorista larvarum (L.) (Diptera: Tachinidae); preadatorii olarak Chrysoperla
carnea (Steph.) (Neuroptera: Chrysopidae) tespit edilmistir. Pupa parazitoidi, C.
cunea Diizce ili i¢in ilk kayittir.

Cizelge 1. Hyphantria cunea’nin parazitoit ve predatorleri

Table 1. Parasitoids and predators of Hyphantria cunea

Takim Familya Tiir
Parazitoit
Hymenoptera | Trichogrammatidae | Trichogramma brassicae Bezdenko
Hymenoptera | Eulophidae Chouioia cunea Yang
Hymenoptera | Eulophidae Baryscapus sp.
Hymenoptera | Braconidae Apanteles hyphantriae Riley
Hymenoptera | Ichneumonidae Hyposoter sp.
Diptera Tachinidae Pales pavida Meigen
Diptera Tachinidae Exorista larvarum (L.)
Predator
Neuroptera | Chrysopidae | Chrysoperla carnea (Steph.)

Kuzey Amerika, Avrupa ve Asya kitalarinda Amerikan beyaz kelebeginin dogal
diismanlar1 ile yapilan c¢aligmalarda; Tachinidae familyasmna ait toplam 27
parazitoit tiir tespit edilmistir (Warren & Tadic 1967). Bir baska ¢alismada ise,
Kuzey Amerika, Avrupa ve Asya’da Tachinidae familyasina ait tiir sayisinin 54’¢
ulastig1 bildirilmistir (Sullivan & Ozman-Sullivan 2012). Japonya’da H.cunea’y:
parazitleyen Tachinidae familyasina bagli 6 tiirden en yaygin olanlarin Exorista
japonica (Townsend 1909), Drino inconspicua (Meigen) ve Compsilura
concinnata (Meigen) oldugu rapor edilmistir (Watanabe 2005). Ulkemizde Orta
Karadeniz Bolgesinde Neuroptera, Hemiptera, Diptera ve Hymenoptera
takimlarina bagli 12 adet dogal diismani saptanmistir. Bazi Sriimcek ve kus
tiirlerinin H. cunea larvalari ile beslendigi bildirilmistir (Tuncer 1992).

Samsun’da zararlinin parazitoidleri arasinda Chalcididae, Ichneumonidae ve
Tachinidae familyalarina bagl tiirler saptanmustir (Sullivan et al. 2010, Sullivan et
al. 2011; Sullivan & Ozman-Sullivan 2012). Marmara Bélgesinde C. concinnata,
Exorista larvarum (Linnaeus) ve Pales pavida (Meigen) tiirlerinin belirlendigi (Bas
1982), Samsun’da bu 3 tiire ilave olarak Nemoraea pellucida (Meigen) tiirlerinin
tespit edildigi bildirilmistir (Tuncer 1992). Zararlinin kiglayan popiilasyonunu
baskilayan etkin pupa parazitoidi, Chouioia cunea Yang (Hymenoptera:
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Eulophidae) 1989 yilinda tespit edilmistir (Sullivan et al. 2009). Bir baska
caligmada ise, Eylil-Kasim aylarinda toplanan H. cunea pupalarindan
Psychophagus omnivorus (Walker, 1835) ve C. cunea olmak iizere iki tiir parazitoit
tespit edilmistir (Rezaei et al. 2006). Cin’de H. cunea’nin en etkili parazitodi
olarak Chouioia cunea Yang (Hymenoptera: Eulophidae) tespit edilmistir (Xin et
al. 2017). Ayrica, Chouioia cunea’nin Avrupa igin ilk kayit oldugu da bildirilmistir
(Boriani 1991). fran’da da Psychophagus omnivorus (Walker) ve Chouioia cunea
(Yang) parazitoidleri ilk kez zararlinin pupalarinda tespit edilmistir (Rezaei et al.
2003). Zararlinin yumurta parazitoidi olarak Trichogramma dendrolimi Matsumura
fran’da belirlenmistir (Rezaei et al. 2006). Bu calismada ise Trichogramma
brassicae  Bezdenko  tespit  edilmistir.  Benzer sekilde  Tachinidae,
Trichogrammatidae ve Eulophidae familyalarina ait parazitoit tiirler tespit edilmis
olup, ii¢ farkli takimdan alt1 familyaya bagl sekiz tiir belirlenmistir. Belirlenen
tiirler Diizce ili i¢in ilk kayattir.

Sonu¢

Diizce ilinde zararlinin yaygin bulundugu ve bulasma oraninin yiiksek oldugu
goriilmiistiir. Zararlinin ergin bireylerinin 2019 yilinin haziran ve agustos aylarinda
iki tepe noktasi olusturdugu ve iki dol verdigi tespit edilmistir. Zararlinin entegre
miicadelesinde dogru zamanda uygulama yapmak i¢in bu aylarin kritik dénem
oldugu belirlenmistir. Dogal diismanlari olarak {i¢ farkli takimdan alt1 familyaya
bagl sekiz tiir tespit edilmistir. Belirlenen tiirler daha 6nce Diizce ilinde tespit
edilmemis olup dogal diisman faunasina katki saglamistir. Gelecekte yapilacak
biyolojik miicadele ¢alismalarinda kullanilabilme potansiyeline sahiptir. Biyolojik
miicadelenin de dahil oldugu entegre =zararli ydnetiminde var olan dogal
diismanlara zarar vermeyecek ¢evre dostu uygulamalar ile bitki koruma iiriinlerinin
tercih edilmesi ve uygun doz ve zamanda uygulanmasinin dogal dengenin
korunmasi ve siirdiiriilebilir olmasi agisindan 6nemli oldugu kaanatine varilmistir.
Ozellikle zararlinin miicadelesinde toplu miicadele yapmanin gerekli oldugu ve
almacak tedbirlerin geciktirilmeden alinmasi zararlinin yayilisina engel olmak ve
popiilasyonunun ekonomik zarar esiginin altinda tutulmasi agisindan O6nemlidir.
Zararli ile miicadelede dogru zaman se¢imi ve dogal diismanlara en az zarar
verecek ¢evre dostu alternatif miicadele yontemleri uygulanmalidir.
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Domates rizosferindeki funguslarin domatesteki solgunluk
etmeni Fusarium oxysporum f.sp. lycopersici’ye karsi
antagonistik etkilerinin arastirilmasi

Esra TUNABAS ', Ali ERKILIC'

Investigation of the antagonistic effects of tomato rhizosphere fungi against
Fusarium oxysporum f.sp. lycopersici, the causal agent of tomato wilt disease

Abstract: In this research on the biological control of tomato wilt disease caused by
Fusarium oxysporum f.sp. lycopersici (FOL), a total of 29 candidate fungal antagonists
were isolated from tomato rhizospheres. All of the tested Aspergillus and Penicillum
species inhibited the in vitro mycelial growth of FOL but at different levels. While all these
fungi produced inhibition zones on PDA medium, some of them preceded with their
volatile and non-volatile antibiotics or mycelial competition. Trichoderma species, which
were isolated at low frequency, exhibited a suppressive effect on the mycelial growth rate
of FOL via volatile and non-volatile antibiotic production in vitro. In addition, Aspergillus
flavus, Penicillium griseofulvum and Trichoderma aggressivum inoculation inhibited
disease incidence in plants by 26.3%, 31.6% and 21.1%, respectively. However, T.
brevicompactum was the most effective fungus; it reduced the incidence of disease by
78.9%.

Keywords: Fusarium oxysporum, Rhizosphere fungi, Antagonism

Oz: Domateste Fusarium oxysporum f.sp. lycopersici (FOL)’nin hastalik olusturmasin
engellemeye yonelik olarak yiiriitiilen bu ¢alismada, domates rizosferinden 29 fungus tiirii
izole edilmistir. Aspergillus ve Penicillium tiirlerinin hepsi in vitro’da FOL’iin miseliyal
gelismesini degisen oranlarda engellemislerdir. Bu funguslarin hepsi PDA besi yerinde
inhibisyon zonu olustururken bazilar1 miseliyal gelismeyi engelleyici, bazilari da ugucu ve
ugucu olmayan antibiyotik etkileriyle 6n plana ¢ikmistir. Trichoderma tiirleri ¢ok diisiik
oranda elde edilmis olmasina ragmen, in vitro’da miseliyal gelisme hizi, ugucu ve ugucu
olmayan antibiyotik {retimleriyle FOL’li baskilama 6zelligi gostermiglerdir. FOL’iin
domates bitkilerinde hastalik olusturmasimi A. flavus, P. griseofulvum ve T. aggressivum
sirastyla %26.3, 31.6 ve 21.1 oranlarinda engellemislerdir. Hastalik olusumunu en iyi
engelleyen fungus %78.9 etki oraniyla T. brevicompactum olmustur.

Anahtar kelimeler: Fusarium oxysporum, Rizosfer funguslari, Antagonizm
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Giris

Domates yetistiriciliginde fungus, bakteri ve viral etmenlerden dolayr onemli
kayiplar s6z konusu olmaktadir. Uretim yapilan bolgelerimizde kok ve kok bogazi
curiikliigii ve solgunluk etmenleri énemli olup, bu konuya yonelik calismalarda
Fusarium oxysporum f.sp. lycopersici, Fusarium oxysporum f.sp. radicis-
lycopersici, Fusarium solani, Pyrenochaeta lycopersici, Phytophthora parasitica,
Rhizoctonia solani ve Verticillium dahliae, fungal etmenleri énemli patojenler
olarak rapor edilmistir. Bu hastalik etmenleri igerisinde Fusarium oxysporum f.sp.
lycopersici (FOL)’nin neden oldugu solgunluk hastaligi 6nemli verim kayiplarina
yol agmaktadir (Yiicel 1994; Uslu & Yildiz 1995; Yildiz & Doken 2001).

Toprak kokenli patojenlere karst kimyasal miicadele oldukca zor olup, entansif
tarim alanlarinda bazi toprak fumigantlar1 basarili sonuglar verebilmektedir. Ancak
topraga fumigant uygulanmasi topraktaki kalintinin giderilememesi durumunda
fitotoksik etkilere neden olmakta ve bu nedenle zahmetli ve pahali bir yontem
olarak karsimza c¢ikmaktadir. Giiniimiizde domateste FOL’e karsi en yaygin
kullanimi olan yontem toprak solarizasyonudur. Bu yontem yazlari sicak gegen
bolgelerde entansif tarim alanlarinda kullanilabilmektedir. Serin bolgelerde ve
genis alanlarda yapilan tarla tariminda solarizasyonun kullanilmasi basarisiz
olmasinin yami sira, uygulanmasi giic ve pahalidir. (Rowe & Farley 1981).
Gilinlimiizde ticari olarak yetistiriciligi yapilan domates c¢esitleri igerisinde patojene
tam dayanikli ¢esit olmamasi, alternatif miicadele yontemleri gelistirmeyi zorunlu
kilmaktadir. Bu yontemler igerisinde bitkide patojenlere karst biyotik ve abiyotik
uyaricilarla dayanikliligin  tesvik edilmesi ve biyolojik miicadele Onem
kazanmaktadir.

Patojenlere kars1 bitkilerde dayanikliligi saglayan kimyasallardan ozellikle
salisilik asit, BABA (B-1,3 amino-n- butyric asit) ve asibenzolar s-methyl pek¢ok
patojene karsi calismalarda kullanilmis abiyotik uyaricilardir (Kuc 1987; Raupach
& Kloepper 2000; Giiven 2007). Abiyotik uyaricilarin toprak kokenli patojenler,
iletim demeti patojenleri ve yesil aksam patojenlerine kars1 etkinligi ile ilgili
pekeok calisma mevcuttur (Ojha et al. 2012; Giilser et al. 2014; Puhur 2020). Bitki
kokleri ile simbiyotik olarak yasayan mikorizal funguslar da aslinda bitkiyle
kurduklar1 simbiyosiz sirasinda bitkileri uyararak patojen infeksiyonlarindan
korunmalarma yardimci olur. Mikorizalarin bitki besleme agisindan dnemi diginda
patojenlere karsi bu uyarict 6zellikleri Glomus cinsinden pekgok fungusun Bitki
Koruma alaninda kullanimina olanak saglamistir (Demir & Onogur 1999; Ozgénen
et al. 2001).

Bitki patojenlerine kars1 yiiriitiilecek biyolojik miicadele sadece ticari olarak
gelistirilmis preparatlarin kullanimi ile degil, ayn1 zamanda dogada mevcut
rekabetci saprofitlerin gelistirilmesi seklinde de yiiriitiillmektedir (Monaco et al.
2009). Rizosfer olarak adlandirilan bitkilerin kok bdlgesi pek ¢ok saprofit
mikroorganizmanin ve patojenlerin yasam yerleridir. Bu mikroorganizmalar
rizosferde saprofit olarak kok eksudatlar1 ve organik madde ile beslenmektedirler.
Rizosferde saprofit mikroorganizmalarin yiiksek popiilasyonlara ulasmasi, daha az
rekabetci olan patojenleri baskilayabilir. Saprofit mikroorganizmalarin rizosferde
besin ve yer i¢in girdikleri rekabet sirasinda Trettikleri antibiyotikler de
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patojenlerin bu bolgeye girisini sinirlandiric1 faktorlerdendir (Vega 2007; Dogan et
al. 2019).

Bir bitkinin vejetasyonu siiresince, bitkiyle beraber yasayan mikroorganizmalari
bilmek, bunlarin popiilasyon dalgalanmalarint ve bunu etkileyen nedenlerini
anlayabilmek, patojenlere karsi rizosferi bir kalkan olarak kullanabilmenin 6n
sartidir. Buradan hareketle bu c¢alismada domates rizosferindeki funguslari
saptamak ve bunlarin FOL’e kars1 antagonistik etkilerini belirleyerek Fusarium
solgunlugunun miicadelesinde kullanilma olanaklar1 arastirmak hedeflenmistir.

Materyal ve yontem

Domates rizosferindeki fungal populasyonun belirlenmesi

Bu amagla Adana ili Seyhan ilgesinde bir tarlaya Haziran 2020°de, 120 adet sanayi
tipi Ciisseli domates fidesi, 3 sira halinde dikilmistir. Bitkiler damla sulama ile
sulanip, normal giibreleme programi uygulanmig ve herhangi bir pestisit
kullanmamaya 0Ozen gosterilmistir. Rizosfer mikoflorasini saptamak amaciyla
dikimden 2 hafta sonra Orneklemeler baslamis ve bu oOrnekleme 2’ser hafta
araliklarla 5 kez yapilmistir. Bitkiler her sira 1 tekerriir olacak sekilde siralarin orta
kisimlarindan bir bel yardimiyla sokiilerek, bitkinin tiim kok bolgesi topragiyla
birlikte laboratuvara getirilmistir. Laboratuvara getirilen bitkilerin kok bolgesi
toprag1 bir kiivet igerisine silkelenerek rizosfer topragi elde edilmis ve bu toprak 1
giin oda kosullarinda kurumaya birakilmigtir. Kuruyan toprak 5-6 mm’lik
eleklerden gecirilip 10’ar gram toprak tartilmistir. Ayn1 zamanda erlenmayerlerde
90 ml distile su 121°C’de 20 dakika otoklav edilmistir. Otoklav sonrasi soguyan
erlenlerin igerisine 10’ar gram toprak ilave edilmistir ve 2 saat siireyle 120 rpm’de
calkalayicida calkalanmistir. Elde edilen siispansiyondan seyreltme serisi
hazirlanmis ve 2. ve 3. seyreltme serilerinden alinan 100ul siispansiyon PDA
bulunan petrilerin katilasmis ortam yiizeyine aktarilmis ve steril baget yardimiyla
ortam ylizeyine yayilmustir. Petriler 25°C sicaklikta 4 giin siireyle inkiibe edilmis,
bu siirenin sonunda gelisen koloniler sayilmistir. Sayim sirasinda farkli gelisme
gosteren koloniler saflastirilmistir. Saf olarak elde edilen bu funguslar sonraki
asamalarda kullanilmak tizere egik agarli cam tiiplerde +4 °C ve kagit kiiltiirlerde -
20 °C’de buzdolabinda saklanmustir.

Rizosfer fungus tiirlerinin klasik ve molekiiler tanilanmasi

Fungus tiirlerinin klasik yontemlerle tanilanmasinda kolonilerin rengi, sekli ve
biiyiikliikleri, gelisme hizi, konidiofor, vesikiil, fialid ve konidilerin 6zellikleri,
eseyli ve eseysiz lireme yapilarinin sekli, 6zellikleri ve sklerot varligi incelenmistir.
(Sutton 1973; Barnett & Hunter 1972; Domsch et al. 1980).

DNA ekstraksiyonu; PDA ortaminda gelistirilmis saf kiiltiirden alinan
miselyum ezme posetleri igerisine 650 pl 2X CTAB buffer ilave edilerek ezilmis
ve homojenat pipet yardimiyla 1.5 ml’lik steril eppendorf tiipler igerisine
aktarilmustir. Tiplere 2 pl mercaptoethanol eklenmis ve vortex ile karigtirilmigtir.
Tiipler 65°C sicakliktaki kuru blok 1siticida yarim saat kadar inkiibe edilmis ve
karistma 600 pl chloroform-isoamylalkol (24:1) eklenmis, 45 saniye kadar
vortekslenmis ve 14000 rpm’de 10 dakika boyunca santrifiij edilmis, tistteki berrak
fazdan 200 pl alinip yeni tiiplere konulmustur. Bu sivinin {izerine yeniden 200 pl
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chloroform-isoamylalkol eklenip vortekslenmis ve 14000 rpm’de 10 dakika
santrifiij edilmis, tistteki berrak fazdan 120 pl alinarak yeni ependorf tiiplere
aktarilmig, tizerine 100 pl isopropanol eklenerek, tiipler hafifce 5-6 kez
calkalanmigtir. DNA’nin bu asamada alkolle baglanip dibe ¢okmesi i¢in eppendorf
tiipleri yaklasik yarim saat -20°C’de buzdolabinda bekletilmistir. Buzdolabindan
cikarilan eppendorf tiipleri 14000 rpm’de 15 dakika santrifiij edilerek DNA’nin
cOkelmesi gergeklesmis, st sivi kismi dokiilmiis ve dibe ¢oken DNA 1 ml
hacmindeki %70’lik alkolle yikanmis, kurutma kagitlar1 tlizerine dokiilerek 10
dakika siireyle kurutulmustur. Pelet haldeki DNA’nin 50 ul TE buffer eklenerek
¢Oziinmesi saglanmistir (Doyle & Doyle 1990; Nejat et al. 2009). DNA’larin
bulundugu tiipler -20°C’de buzdolabinda saklanmigtir.

Genomik DNA’nin PCR ile cogaltilmasi; Her izolat igin santrifiij tiipi
igerisine 38.75 ul PCR grade su, 0.25 pl Taq polimeraz enzimi, 2 ul dNTP
niikkleotidleri, 5 pul Taq PCR Buffer (10X), 1 pl ileri ve 1 pl geri yonlerde
primerlerden (ITS4 / ITSS5; White ve ark., 1990) karisim hazirlanmistir. Bu
bilesenleri iceren karigim tiiplere konulduktan sonra igerisine hedef gen
bolgesinden cogaltilacak DNA’dan 1 pl ilave edilmis ve tiipler karistirilarak
thermocycler cihazina yerlestirilmistir. Thermocycler cihaz1 95°C’de 3 dk. (ilk
denatiirasyon), 95°C’de 1 dk., 52°C’de 1dk., 72°C’de 1 dk. (35 kez) ve sonra
72°C’de 7 dk., olacak sekilde programlanmigs ve DNA ¢ogaltma islemi
gercgeklestirilmistir (Hirano & Arie 2006).

Izolatlara ait ¢ogaltilan DNA’lari gbriintiilemek i¢in %2’lik agaroz jel
elektroforez kullanilmigtir. DNA 6rnekleri parafilm {izerine damlatilip 2 pl 40X’lik
SYBR Green I® (Lonza, USA) boyasi ile boyanmis ve taraklarin olusturdugu
cukurlara doldurulmustur. Tank uglarina 55 volt’luk gerilim ve 250 mA akim
verilerek DNA’nin akim y6niinde yiiriitiilmesi gerceklestirilmistir. Daha sonra UV
151k (320 nm) altina alinmis ve olusan DNA bantlar1 goriilmiis ve fotograflanmustir.
Gen sekanslama sonucu elde edilen niikleotid dizileri NCBI-BLASTnN sisteminde
analiz edilerek molekiiler tan1 islemi gerceklestirilmistir.

Rizosfer funguslarmmmm in vitro’da FOL’e antagonistik etkilerin
belirlenmesi
Aday antagonistlerin FOL’Gin miseliyal gelismesi {izerine etkileri in vitro
caligmalarla bir dizi farkli test uygulanarak belirlenmistir. Caligmada viriilensligi
kanitlanmis bir FOL izolat1 kullanilmustir.

ikili Kiiltiir: Domates rizosferinden elde edilen fungularm ikili Kkiiltiirde
FOL’{in miseliyal gelismesi tizerine etkilerini incelemek i¢in, aday antagonistler ve
FOL’iin 6 mm’lik miseliyal diskleri PDA ortamina karsilikli gelecek sekilde
kenarlardan 2 cm uzaga yerlestirilmislerdir. Fazla spor olusturan funguslar i¢in 2-3
giinliik kiiltiirlerden igne ucuyla alinan parca FOL karsisina yerlestirilmistir.
Mayalarda bu islem ¢izgi yontemiyle yapilmistir. Bu sekilde hazirlanan ikili
kiiltiirler 25°C’de inkiibasyona birakilmiglardir. Inkiibasyondan 5-6 giin sonra ikili
kiiltiir petrileri incelenerek patojen ve saprofit kolonisi arasindaki inhibisyon zonu
Ol¢lilmistiir. Ayn1 zamanda FOL’in kisa ve uzun yarigaplart Olgiilerek %
Engellenme Orani hesaplanmistir {% Engellenme: [(Uzun yaricap-Kisa yaricap)/
Uzun yarigap]*100}.
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Hifsel interaksiyonlar: ikili kiiltiir calismalar1 esnasinda patojen ve saprofit
koloniler arasinda iki koloni birbirlerine degdikten hemen sonra, kolonilerin
birbirleriyle temas ettikleri yerlerden parcalar alinarak trypan blue ile boyanmis ve
mikroskop altinda incelenmistir. Bu incelemelerde patojen hiflerinde dejenerasyon,
antagonistin patojen hiflerini sararak gelismeyi engelleme, bogma ve penetre etme
gibi 6zelliklerinin olup olmadig1 incelenmistir.

Sivi Ortamda antibiyotik iiretimi: ikili kiiltiirde olusturduklar1 inhibisyon
zonu veya hifsel interaksiyon yoluyla FOL’iin miseliyal gelismesini engelleyen
funguslar, sivi ortamda antibiyotik tireterek FOL’iin gelismesi iizerindeki etkileri
incelemek amaciyla secilmistir. Antagonistlerin 6 mm’lik miseliyal diski 250
ml’lik erlenmayer igerisindeki 100 ml PD sivi ortamina aktarilmigs ve bu
erlenmayerler 24°C sicaklikta, 120 rpm’de 7 giin boyunca inkiibe edilmistir. Bu
sirenin sonunda sivi kiiltlir Whatman no:1 filtre kagidindan gecirilerek hifler
uzaklagtirilmig, kalan sivi 0.22 pm millipore filtreden gegirilerek steril kiiltiir
filtrat1 elde edilmistir. Bu kiiltiir filratindan, 50°C’ye sogutulmus 10 ml PDA
bulunan tiiplere, 500 pl eklenmistir. Tiipler yaklasik 15 saniye kadar vortekslenmis
ve petri kaplarina dokiilmiistiir. Katilasan ortam {izerine FOL izolatindan 6 mm’lik
disk alinip petrilerin tam ortasina inokiile edilmistir. Bu petriler 25°C’de 7 giin
boyunca inkiibe edilmistir. 7 giiniin sonunda FOL’{in koloni c¢ap1 olgiilmiis ve
kontrolle karsilagtirilarak, FOL’{in miseliyal gelismesinin engellenme oranlart %
Abbott formiiliine gore hesaplanmugtir.

Ucucu antibiyotik iiretimi: Saprofit mikroorganizmalar ve FOL, PDA bulunan
petrilerin ortasina inokule edilmis ve daha sonra petri kapaklar1 ¢ikarilmig FOL’lin
bulundugu petri patojenlerin tizerine ters ¢evrilerek birbirinin tizerine denk getirilip
bantlanmigtir. 25°C’de 7 gilin boyunca inkiibasyona birakilmigtir. Bu siirenin
sonunda FOL’iin koloni c¢ap1 Olclilmiistiir. FOL’iin miseliyal gelismesinin
engellenme oranlar1 % Abbott formiiliine gore hesaplanmigtir.

Antagonist funguslarin FOL’iin hastalik olusturmasi iizerine etkilerinin
belirlenmesi

Calismanin bu boliimiinde, in vitro’da FOL’iin miseliyal gelismesini engellemede
etkili olduklar1 belirlenen 12 fungal tiir, patojenin bitkide hastalik olusturmasini
engelleme yoniini test etmek icin saksi calismasi olarak 24°C sicaklik, 12 saat
aydmlik/karanlik kosullardaki iklim odasinda denemeye almmustir. Bu hedef
dogrultusunda o6ncelikle domates fidelerinin inokulasyonunda kullanilmak iizere
FOL’iin bugday inokulumu hazirlanmistir. Antagonist funguslar ise PDA
ortaminda gelistirilen 10 giinliik kiiltiir olarak uygulanmstir.

Denemede kullanilan 15 cm ¢apli saksilar yariya kadar toprak-torf-kum (3:1:1)
ile doldurulmus, daha sonra 9 cm’lik petride gelistirilen 10 gilinlik antagonist
kiiltiiriintin 4’1ik igerigi saks1 topragina eklenmis ve saksi ayn1 yetistirme harci ile
doldurulmustur. Bu sekilde hazirlanan saksilar iklim odasinda 3 giin siireyle
bekletilerek antagonistlerin topraga kolonizasyonu saglanmistir. Bu siire sonunda
her sakstya FOL’lin 12 gram bugday inokulumu eklenmis ve saks1 topraginin fide
dikim derinligine kadar karistirllmigtir. Domates fidelerinin dikimi 1 giin sonra
yapilmis ve fidelerin kok ucu hafifce kesilerek dikim gerceklestirilmistir. Iklim
odasinda 3 hafta gelistirilen saksilara giibreleme ve sulama gibi bakim islemleri
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yapilmig ve bu siire sonunda FOL’{in hastalik olusturmasi degerlendirilmistir. Bu
calismada her antagonist i¢in 10 saks1 kullanilmis, bunun yaninda sadece patojen
uygulanan saksilar kontrol olarak birakilmistir. Degerlendirme islemi 6lii-canli fide
olarak yapilmis, uygulamalardaki hasta bitki oranlart (%) ve uygulamalarin
etkinligi (%) hesaplanmistir.

Ikinci denemede iklim odasinda 12 antagonist ile yiiriitiilen bu calismada etkili
bulunan 4 antagonist ile tekrar saksi denemesi kurulmustur. Bu deneme 4
antagonist, 1 kontrol olmak iizere tesadiif parselleri deneme deseninde, 5 tekerriirlii
olarak kurulmus ve her tekerriirde 4 saksi yer almistir. Bdylece her uygulama i¢in
20 saks1 ve her saksida bir bitki kullamilmustir. iklim odasinda 3 hafta gelistirilen
bitkilerde FOL’lin hastalik olusturmasi olii-saglam fide olarak degerlendirilmis,
uygulamalar arasindaki farklar LSD coklu karsilagtirma testi ve uygulamalarin
etkinligi % Abbott formiilii ile hesaplanmustir.

Uciincii denemede ise yukaridaki denemede bitkiler sokiildiikten sonra saksi
toprag1 2 ay siireyle iklim odasinda tutulmustur. Buradaki ama¢ hem antagonist
hem de patojenin dayanikli formlarda yasamini siirdiirerek, bitki varliginda nasil
bir aktivite gostereceklerini belirlemek olmustur. Bu nedenle saksi topraginin
tamamen kurumasina izin verilmemistir. 2 aylik bekleme siiresinin ardindan higbir
uygulama yapilmadan domates fidesi dikilmistir. Diger denemede oldugu gibi,
burada da degerlendirme hasta ve 6lii seklinde yapilmis, elde edilen bu degerlere
varyans analizi uygulanmigs ve uygulamalar arasindaki farklar LSD g¢oklu
karsilagtirma testi, uygulamalarin etkinligi ise % Abbott formiilii ile hesaplanmustir.

Bulgular ve tartisma

Domates rizosferinden elde edilen funguslar

Adana ili Seyhan ilgesinde Haziran basinda dikilen sanayi tipi Ciisseli domates
cesidinde 15 giin araliklarla 5 kez yapilan rizosfer topragi izolasyonlarindan elde
edilen fungal izolatlar makroskobik olarak koloni 6zelliklerine gore gruplandirilmig
ve ardindan mikroskobik ve molekiiler yontemlere gore tanist yapilmustir.
Izolasyonlar sonunda domates rizosferinden 11 cinse ait 29 fungus tiirii izole
edilmistir. Izole edilerek tamilanan bu fungal tiirlerin 10’u Aspergillus, 5’i
Penicillium, 4’4 Fusarium, 2’si Talaromyces, 2’si Trichoderma ve birer adet
Absidia, Cladosporium, Clonostachys, Mortiriella, Mucor ve Beyaz maya olduklari
belirlenmistir (Cizelge 1).

Rizosfer funguslarinin patojenleri baskilayic1 6zelliklerini incelemeye yonelik
olarak yapilan pek ¢ok calismada, benzer sekilde bitkilerin rizosfer topragindan
Aspergillus, Penicillium, Trichoderma, Rhizopus ve Mucor cinslerine ait fungus
tiirleri izole edilmistir (Yiicel 1989; Chandrashekar et al. 2014; Nurbailis et al.
2015; Shinkafi & Gobir 2018). Bu ¢alisma sonucunda da Aspergillus tiirleri
rizosfer topragindan en ¢ok izole edilen fungus grubu olmustur.

Rizosfer funguslarimin in vitro’da FOL’e Antagonistik Etkileri

Domates rizosferinden izole edilen 29 fungus tiiriinin in vitro’da FOL’e karsi
antagonistik etkileri ikili kiiltir, sivi ortamda antibiyotik {iretimi ve ugucu
antibiyotik iiretimi agisindan degerlendirilmistir.
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Cizelge 1. Domates rizosferinden izole edilen funguslar
Table 1. Fungi isolated from the tomato rhizosphere

Fungus Ad1 IZ,\??t Fungus Ad1 IZ,\(I)(l)ét

Aspergillus spp. Fusarium spp.

Aspergillus chevalieri ET10 Fusarium acuminatum ET25

Aspergillus flavus ET21 Fusarium brachygibbosum ET37

Aspergillus fumigatiaffinis ET43 Fusarium nygamai ET7

Aspergillus insuetus ET6 Fusarium solani ET8

Aspergillus keveii ET33 Talaromyces spp.

Aspergillus niger ET19 Talaromyces oumae-annae ET46

Aspergillus

ochraceopetaliformis ET39 Taloromyces pinophilus ET47

Aspergillus sclerotiorum ET35 Trichoderma spp.

Aspergillus terreus ET4 Trichoderma aggressivum ET27

Aspergillus ustus ET13 Trichoderma brevicompactum ET26

Penicillium spp. Digerleri

Penicillium brocae ET30 Absidia sp. ET2

Penicillium citrinum ET32 Beyaz maya ET16

Penicillium griseofulvum ET12 Cladosporium cladosporioides  ET28

Penicillium pinophilum ET41 Clonostachys rosea ET1

Penicillium shearii ET38 Mortierella alpina ET42
Mucor circinelloides ET31

ikili kiiltiir: FOL’e kars1 29 fungus tiiriiniin ikili kiiltiirdeki antagonistik etkileri,
patojen ve antagonist kolonileri arasindaki inhibisyon zonu, petride FOL’{in koloni
gelismesinin engellenme oran1 (%) ve kolonilerin birlestigi noktada hifsel
interaksiyon varligi olmak iizere 3 acidan degerlendirilmis ve sonuglar Cizelge
2’de gosterilmigtir. Cizelgeden de goriilecegi gibi bazi tiirler inhibisyon zonu
olusturmamigtir (Fusarium ve Trichoderma tiirleri gibi). FOL ile aralarinda
inhibisyon zonu olusturan funguslarda bu zonun genisgligi 2.1 ila 15.6 mm arasinda
degismistir.

Domates rizosferinin en yaygin grubu olan Aspergillus tiirlerinden A. chevalieri
2.1 mm ile en diisiik inhibisyon zonunu olustururken, A. ocraceopetaliformis en
yiikksek engelleme zonuna (7.2 mm) sahip olmustur. Sekil 1°de iki Aspergillus
tiriiniin FOL’e kars1 olusturduklar1 inhibisyon zonu goriilmektedir. Rizosferin
diger onemli bir grubu olan Penicillium tirleri 2.5 mm ile en diisiik inhibisyon
zonu olusturan 2 tiir P. citrinum ve P. griseofulvum olmus, P. shearii ise 8.7 mm
ile en yliksek inhibisyon zonuna sahip olmustur.
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Cizelge 2. Rizosfer funguslarmin ikili kiiltirde Fusarium oxysporum f.sp. lycopersici’ye
etkileri

Table 2. Effects on Fusarium oxysporum f.sp. lycopersici of rhizosphere fungi in dual
culture

Fungus Ad1 Inhlbl(sr?f](r)]% Zonu Engell?;::)e Orani
Aspergillus chevalieri 2.1 17.2
Aspergillus flavus 4.0 18.2
Aspergillus fumigatiaffinis 2.4 12.9
Aspergillus insuetus 5.6 18.8
Aspergillus keveii 3.6 25.8
Aspergillus niger 5.4 28.8
Aspergillus ochraceopetaliformis 7.2 32.6
Aspergillus sclerotiorum 5.4 27.4
Aspergillus terreus 5.6 18.9
Aspergillus ustus 3.6 9.3
Penicillium brocae 6.3 9.1
Penicillium citrinum 2.5 14.5
Penicillium griseofulvum 2.5 13.1
Penicillium pinophilum 3.6 13.9
Penicillium shearii 8.7 23.4
Fusarium acuminatum 0.0 8.3
Fusarium brachygibbosum 0.0 47.5
Fusarium nygamai 0.0 10.5
Fusarium solani 0.0 24.8
Talaromyces oumae-annae 6.6 17.1
Taloromyces pinophilus 6.4 17.1
Trichoderma aggressivum 0.0 18.5
Trichoderma brevicompactum 0.0 26.4
Absidia sp. 0.0 31.9
Beyaz maya 15.6 8.3
Cladosporium cladosporioides 7.6 13.9
Clonostachys rosea 0.0 9.4
Mortierella alpina 4.2 18.3
Mucor circinelloides 0.0 12.6

Ikili kiiltirde FOL’e karsi antagonistik etki agisindan denemeye alinan
funguslar inhibisyon zonu olustursun veya olusturmasin, miseliyal gelismesi
sonucu petrideki yer agisindan rekabeti ortaya koyabilmek amaciyla da
degerlendirilmistir. Bunun i¢in FOL’iin ikili kiiltiir ve kontrol petri geligmesi
dikkate alinarak, miseliyal gelismesinin engellenme oranmi (%) hesaplanmistir
(Cizelge 2). Cizelgeden goriilecegi gibi Aspergillus tiirleri %9.3 ila 32.6 arasindaki
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oranlarla FOL’lin miseliyal gelismesini engellemis ve en etkili tir A.
ochraceopetaliformis olmustur. Penicillium tiirlerinde engelleme oran1 daha diisiik
bulunmus ve en basaril tiir P. shearii (%23,4) olarak saptanmustir. Fusarium tiirleri
icerisinde F. brachygibbosum miseliyal gelisme hizinin yiiksek olusu nedeniyle
FOL’e kars1 %47,5 oraninda en yiiksek engelleme orani sergilemistir. Trichoderma
aggressivum ve T. brevicompactum da sirasiyla %18,5 ve 26.4 oranindaki etkisi ile
FOL {iizerinde 6nemli bir engelleme gostermistir.

Ikili kiiltirde FOL ve aday antagonist arasinda inhibisyon zonu olusturmadan
temas eden kolonilerde ayrica, kolonilerin birbirlerine degdigi noktalar mikroskop
altinda incelenerek hifsel interaksiyon aranmistir. Bu durum ozellikle Trichoderma
tirleri agisindan onemlidir (Boosalis, 1964; Wegrzyn and Gorzynska, 2019).
Ancak calismada yer alan 2 Trichoderma tiiriinde ve diger aday antagonistlerde
FOL hiflerini bogma, sarma ve penetre etme gibi herhangi bir hifsel iligki
saptanamamigstir.

ET 4 Aspergillus terreus ET 21 Aspergillus flavus

Sekil 1. Aspergillus terreus ve A. flavus’un Fusarium oxysporum f.sp. lycopersici ile
olusturduklar1 inhibisyon zonu

Figure 1. Inhibition zone of Aspergillus terreus and A. flavus with Fusarium oxysporum
f.sp. lycopersici

Siv1 kiiltiirde antibiyotik iiretimi: ikili kiiltirde FOL iizerine etkileri dikkate
alinarak Fusarium tiirleri ve ayrica beyaz maya ile iz miktarda elde edilen bazi
tirler olmak iizere 8 tiir elenmis, geriye kalan 21 fungal tiir ise sivi ortamda
iirettikleri antibiyotiklerin patojenin miseliyal gelismesi {izerine etkileri yoniinden
testlenmistir. Aspergillus tiirlerinde 4’i kontrole gore negatif bir etki gosterirken, 2
tirtin FOL’#i engelleme orami oldukga diisiik olmustur. Ancak A. flavus, A. niger,
A. terreus ve A. ustus kiiltlir filtratlar1 FOL’iin miseliyal gelismesini sirasiyla
%22.3, 33.2, 42.1 ve 53.4 oranlarinda engellemistir. Penicilium tiirleri igerisinde P.
griseofulvum ve P. citrinum %32.7 ve 33.0 oranlan ile yiiksek bir engelleme
oranina sahip olmuslardir. Trichoderma tiirleri %29.3-33.0 ve Talaromyces tiirleri
%45.5-50.2 oranlarinda engelleme gosterirken, izolasyonlarda diisiik miktarlarda
elde edilen Cladosporium cladosporioides ve Mortierella alpina da sirasiyla %33.0
ve 38.0 gibi yiiksek etki oranlarina sahip olmuslardir (Cizelge 3).
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Ucucu antibiyotik iiretimi: Antagonist funguslarin ugucu antibiyotik
tiretimlerinin FOL’in miseliyal gelismesine etkileri incelendiginde Aspergillus
tiirlerinden 2’si negatif, birisi de iz miktarda engelleme gosterirken, diger tiirler
patojen gelismesini %21.4 ila 43.3 arasinda degisen oranlarda etkilemislerdir.
Penicillium tiirleri icerisinde sadece P. citrinum %33.0 engelleme orani ile 6nemli
olurken, Trichoderma tiirleri kiiltiir filtratindakine benzer sekilde etkili olmustur
(%36.0 ve 39.0). Yine izolasyonlarda diisiik miktarlarda elde edilen Cladosporium
cladosporioides ve Mortierella alpina da sirasiyla %54.3 ve 43.8 gibi yiiksek etki
oranlarina sahip olmuslardir (Cizelge 3).

Cizelge 3. Funguslarin kiiltiir filtratlarinin ve ugucu antibiyotiklerinin Fusarium oxysporum
f.sp. lycopersici nin miseliyal gelismesi lizerine etkileri (% engelleme orani)

Table 3. Effects of culture filtrates and volatile antibiotics of fungi on the mycelial growth
of Fusarium oxysporum f.sp. lycopersici (% Inhibition Rate)

Fungus Ad1 Siv1 Kiiltiir Ucucu Antibiyotik
Aspergillus chevalieri -1.9 33.4
Aspergillus flavus 22.3 37.7
Aspergillus fumigatiaffinis 2.2 34.8
Aspergillus insuetus -75 43.0
Aspergillus keveii -9.9 2.2
Aspergillus niger 33.2 42.5
Aspergillus ochraceopetaliformis 9.9 43.3
Aspergillus sclerotiorum -13.0 -7.9
Aspergillus terreus 42.1 21.4
Aspergillus ustus 53.4 -12.2
Penicillium brocae 15.2 6.0
Penicillium citrinum 33.0 33.0
Penicillium griseofulvum 32.7 -6.8
Penicillium pinophilum 13.0 19.2
Penicillium shearii 11.5 -0.9
Talaromyces oumae-annae 50.2 -5.7
Taloromyces pinophilus 45.5 14.6
Trichoderma aggressivum 33.0 36.0
Trichoderma brevicompactum 29.3 39.0
Cladosporium cladosporioides 33.0 54.3
Mortierella alpina 38.0 43.8

Rizosfer funguslari igerisinde yiliksek bir popiilasyona sahip olan Aspergillus ve
Penicillium tiirleri pek ¢ok c¢aligmada bitkilerde patojen Fusarium tiirlerine karsi
ozellikle ikili kiiltiir testlerinde yiiksek etkinlik gostermislerdir. Alwathnani &
Perveen (2011), FOL’e kars1 A. niger’in %70 Penicillium sp.’nin ise %58 oraninda
engelleyici etkisinden s6z etmektedir. Benzer sekilde Emmanuel et al. (2019), yine
FOL’e kars1 yiiriittiikleri ¢aligmada Aspergillus tiirlerinin %78 ve Penicillium’larin
ise %88 engelleme oranlarini elde etmislerdir. Populasyonlar yiiksek oranlarda
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olmasa da Trichoderma tiirlerinin patojenleri baskilayici etkisi caligmalarda hep 6n
plana ¢ikmaktadir. Oskay (2007), T. harzianum’un Fusarium tiirlerine kars1 %92
oraninda engelleyici etkiye sahip oldugunu bildirmektedir. Antagonist funguslarin
ikili kiiltiirde olusturduklari inhibisyon zonu, gercekte antibiyotik iiretimlerinden
kaynaklanmaktadir. Antagonistlerin s1v1 ortamda tirettikleri antibiyotikler ve ugucu
antibiyotiklerin de patojen funguslarin miseliyal gelismesini engelleyici etkilerine
yonelik olarak yapilan ¢aligmalarda, Aspergillus ve Penicillium tiirlerinin yanisira
ozellikle Trichoderma tiirlerinin yiiksek etkinlikleri dikkat cekici olmaktadir.
Trichoderma tiirleri ugucu ve ugucu olmayan antibiyotik tretimleri ile patojen
funguslar iizerinde Onemli etkiye sahip olduklar1 bildirilmistir (Erkilig1988;
Ozgonen et al. 2010; Tapwal et al. 2015; Erdevil 2020).

Rizosfer funguslarimin Domates Bitkilerinde FOL’iin Hastahk
Olusturmasi Uzerine Etkileri
Antagonist funguslarin in vitro’da FOL’tin miseliyal gelismesini engelleme
oranlar1 gbz oniine alinarak, 12 fungal tiir secilmis ve bunlarin domates fidelerinde
FOL’in hastalik olusturmasi fiizerine etkileri testlenmistir. Bu amagla 4
Aspergillus, 1 Cladosporium, 1 Mortierella, 2 Penicillium 2 Talaoromyces ve 2
Trichoderma tiri FOL’in  domates fidelerinde hastalik olusturmasin
engellemelerine yonelik olarak iklim odasinda saksi denemesiyle olarak testlenmis
ve sonuglar Cizelge 4’de gosterilmistir. Cizelgeden de goriilecegi gibi hastalik
olusumunu engelleme iizerine en yiiksek etki %87.5 oraniyla Aspergillus flavus,
Cladosporium cladosporioides, Penicillium griseofulvum ve Trichoderma.
aggressivum’dan elde edilmistir . Ozellikle A. niger, A. terreus ve Taloromyces
tirleri in vitro’da FOL’e yiiksek etkinlik gostermelerine karsin, bitkide hastalik
olusumunu engelleme iizerine higbir varlik gosterememislerdir.

FOL’iin domates fidelerinde hastalik olusturmasimi engellemede yiiksek basari
A. flavus, P. griseofulvum, T. aggressivum ve diger Trichoderma tiirii olan T.
brevicompactum ile daha fazla sayida domates fidesi kullanilarak tekrar saksi
denemesi kurulmustur. T. brevicompactum ilk denemede diisiik bir etkinlik
gostermis olsa da, antagonistik etkilerinin yiiksek oldugu bilinen bu fungus tekrar
daha fazla sayida bitki ile denenmek iizere segilmistir. Ikinci deneme
degerlendirildikten 2 ay sonra ayni saksilara tekrar domates dikimi yapilarak
3’lncli bir deneme olarak tekrarlanmigtir. Dort fungus tiiridi ile kurulan ikinci
denemede P. griseofulvum ve T. brevicompactum %62.5 orani ile hastalik
olusumunu en fazla engelleyen uygulamalar olmustur. Aymi saksilara baska bir
uygulama yapmadan 2 ay sonra tekrar fide dikimi yapildiginda T.
brevicompactum’un %78.9 etki oraniyla diger uygulamalardan 6nemli bir fark
gostererek one ¢iktigi goriilmektedir. Diger uygulamalarin etkinligi %21.1 ila 31.6
arasinda olmus ve istatistiksel olarak benzer etki gostermislerdir (Cizelge 5).
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Cizelge 4. Antagonistlerin Fusarium oxysporum f.sp. /ycopersici’nin domates bitkilerinde
hastalik olusturmasi tizerine etkileri (1. Deneme)

Table 4. Effects of antagonists on disease induction by Fusarium oxysporum f.sp.
lycopersici in tomato plants (1st trial)

Aday Antagonist Hasta }?;/tol;l Orani % Etki
Aspergillus flavus 10 87.5
Aspergillus insuetus 60 25.0
Aspergillus niger 80 0.0
Aspergillus terreus 80 0.0
cclg)ddg)ssg)srrigg]es 10 87.5
Mortierella alpina 60 25.0
Penicillium citrinum 50 37.5
Penicillium griseofulvum 10 87.5
Talaromyces oumae-annae 80 0.0
Talaromyces pinophilus 80 0.0
Trichoderma aggressivum 10 87.5
previcompacu 50 375
Kontrol 80

A. flavus ikili kiiltir galisgmalarinda hem sivi ortamda iirettigi, hem de ugucu
antibiyotikleri ile patojen gelismesini smirlandirict  etki  gdstermistir. P.
griseofulvum ise ugucu antibiyotik tiretmemistir. Bu iki fungus hem antibiyotik
uretimleri, hem de rekabetgi 6zellikleri ile hastalik olusumunu %6.3-26.3 ve 62.5-
31.6 oranlarinda engelleyebilmislerdir. Oysa Trichoderma tiirleri hem antibiyotik
iiretimlerinin yiliksekligi, hem de rekabetci yonleri ile 6ne ¢ikan funguslar olmustur.

Farkli kiltiir bitkilerinde Fusarium tiirlerinin neden oldugu kok ¢iiriikligii ve
solgunluk hastaliklarina kontrol etmeye yonelik olarak yiiriitiilen ¢aligmalarda
fungal antagonist olarak, Trichoderma tiirleri 6n plana ¢ikmaktadir. Thalenko et al.
(2020), Fusarium oxysporum, Fusarium solani ve Alternaria cucumerina’nin
neden oldugu hiyar kok crikligini Trichoderma viride ve T. longibrachium
tirlerini kullanarak %83 oraninda azaltabilmislerdir. EI-Sharkawy et al. (2021) ise
bezelyede Fusarium kok ciriikligiinii Trichoderma harzianum, Pseudomonas
fluorescens ve asbuskiiler mikorizal fungus kombinasyonu ile %80 oraninda
engellediklerini bildirmislerdir. Benzer ¢alismalarda soganda Fusarium oxysporum
f.sp. cepae %89 (Moka et al. 2021) ve patlican solgunluk etmeni Fusarium
oxysporum f.sp. melongenae’nin hastalik ousturmasini %45 oraninda azaltildig1
(Pinto et al. 2021) ifade edilmistir.
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Cizelge 5. Antagonistlerin Fusarium oxysporum f.sp. lycopersici’nin domates bitkilerinde
hastalik olusturmasi lizerine etkileri (2. ve 3. denemeler)
Table 5. Effects of antagonists on disease induction by Fusarium oxysporum f.sp.
lycopersici in tomato plants (2nd and 3rd trials)

2. Deneme 3. Deneme
Uygulama Hasta Bitki Hasta Bitki
0 . 0 .

Oran (%) % Etki Oramn (%) % Etki
Aspergillus flavus 75 b* 6.3 70b 26.3
Penicillium griseofulvum 30a 62.5 65b 31.6
Trichoderma aggressivum 65b 18.8 75b 21.1
Trichoderma brevicompactum 30a 62.5 20a 78.9
Kontrol 80b 95 b

* Siitun igerisinde farkli harf igeren ortalamalar LSD (0.05) testine gore farklidir

Sonuc¢

Domateste FOL’e kars1 saprofit mikofloranin antagonistik etkilerini saptamak
amaciyla, domates rizosferinde 29 fungus tiirii elde edilmistir. En yiiksek fungal
popiilasyonu Aspergillus tiirleri olustururken, bunu Mortirella ve Penicillium
tiirleri izlemistir. Saprofit funguslarin FOL’{in miseliyal gelismesi iizerine etkileri
degiskenlik gostermistir. Yiiksek popiilasyona sahip Aspergillus ve Penicillium
tiirlerinin hepsi FOL ile ikili kiiltiirde inhibisyon zonu olusturmus, ancak bazilar
sivi ortamda, bazilari da ugucu antibiyotik liretimleri ile daha etkili olmuslardir.
Trichoderma tiirlerinin 6zellikle hizli gelismeleri ve ugucu ve ugucu olmayan
antibiyotik iiretimleri 6nemli olmus ve patojeni bu yonleriyle baskilamiglardir.
Antagonist funguslar icgerisinde FOL’lin bitkide hastalik olusumunu engelleme
acisindan A. flavus, C. clodosporoides, P. griseofulvum, T. aggressivum ve T.
brevicompactum on plana ¢ikmiglardir. Ancak en basarili fungus T.
brevicompactum olarak belirlenmistir.
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First report of Neoseiulus roumelioticus (Acari: Phytoseiidae)
in Turkey

ismail DOKER"", Cengiz KAZAK', Kamil KARUT"
Tiirkiye’de Neoseiulus roumelioticus (Acari: Phytoseiidae)’un ilk kaydi

Oz: Daha énce sadece Yunanistan’dan yapilan orjinal tanimi iizerinden bilinen avcr akar,
Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi (Acari: Phytoseiidae)
Tiirkiye’de ilk kez kayit edilmektedir. Avci akar tiirii, Istanbul ili Cilingéz Tabiat
Parki’ndan Asteraceae familyasina ait bir bitkiden toplanmig bireyler iizerinden yeniden
tanimlanmustir.

Anahtar kelimeler: Biyolojik miicadele, avci akar, fauna, morfoloji, yeniden tanimlama

Abstract: Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi (Acari:
Phytoseiidae), a predatory mite previously known only from its original description from
Greece, is reported for the first time in Turkey. The species is re-described and illustrated,
based on specimens collected from an unknown species of plant in the family Asteraceae in
Ciling6z Nature Park in Istanbul Province, Turkey.

Keywords: Biological control, predatory mite, fauna, morphology, re-description

Introduction

The phytoseiid mites (Acari: Mesostigmata: Phytoseiidae) are one of the most
utilized groups of predators for the biological control of plant-feeding mites and
some small soft-bodied insects that include thrips and whiteflies (Papadoulis et al.
2009). The genus Neoseiulus Hughes includes several important species, such as N.
californicus (McGregor), N. fallacis (Garman), N. longispinosus (Evans) and N.
womersleyi (Schicha), which are Type Il selective predators of tetranychid mites,
but also Type 111 generalist predators, such as N. barkeri Hughes and N. cucumeris
(Oudemans), found in soil/litter habitats (McMurtry et al. 2013). All of them have
been widely used commercially for the biological control of the pest groups
mentioned earlier.

Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi was described by
Papadoulis et al. (2009), based on material collected from moss and low
herbaceous plants, in Greece. Later studies showed no indication of the presence of
N. roumelioticus, not only in Turkey, but also in other Mediterranean countries
(Kasap & Cobanoglu 2009; Faraji et al. 2011; Kasap et al. 2013; Doker et al. 2020;
Tsolakis & Ragusa 2016; Cakar et al. 2020; Kreiter et al. 2020; Bas et al. 2022).
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In this study, N. roumelioticus is re-described and illustrated, based on material
specimens collected from Cilingdz Nature Park in Istanbul Province, Turkey.

Materials and Methods

Plant samples collected from Cilingdz Nature Park in Istanbul Province, Turkey
were transferred to the laboratory in an icebox. Phytoseiid mites were extracted by
using Berlese-Tullgren funnels and stored in 75% alcohol. Before slide preparation,
they were kept in 60% lactic acid for 24 hours at 50 °C. Microscope slides were
prepared using Hoyer’s medium. Further examinations were conducted using an
Olympus® CX-41 microscope. Drawings were prepared with a pencil while using
a camera lucida attached to the microscope. The lines were further corrected using
tracing paper and a rapidograph pen. Final corrections were made using a computer
program (Adobe Photoshop version CS6), whenever required. Measurements are
given in micrometers. The taxonomic system used follows that of Chant and
McMurtry (2007). The setal nomenclature used follows Lindquist and Evans
(1965), as adapted by Rowell et al. (1978). The dorsal and ventral setal pattern
utilized is that of Chant and Yoshida-Shaul (1989; 1991). The examined specimens
are deposited in the mite collection of the Acarology Laboratory, Cukurova
University, Adana, Turkey.

Results
Systematics
Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi
(Figure 1-5)
Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi, 2009: 87.

Female (n=5).

Dorsum (Figure 1). Dorsal setal pattern 10A:9B (r3 and R1 off shield). Dorsal
shield, sclerotized, oval with slight waist at level of Z1, smooth except some
patches of lateral striations or reticulations. Bearing five pairs of solenostomes
(gd1, gd2, gd4, gd6, and gd9). Muscle-marks (sigilla) visible mostly on podosoma,
length of dorsal shield 328 (320-335), width 163 (155-165) at level of s4, width
183 (170-190) at level of S2. All dorsal setae smooth, except Z4 and Z5 slightly
serrated. Measurements of dorsal setae as follows: j1 14 (13-15), j3 19 (18-20), j4
15 (13-18), j5 17 (15-18), j6 17 (15-18), J2 24 (23-25), J5 11 (10-13), z2 19 (18—
20), z4 19 (18-20), z5 16 (15-18), Z1 24 (23-25), Z4 47 (45-50), Z5 63 (60-65), s4
28 (25-30), S2 26 (25-28), S4 28 (25-30), S5 14 (13-15), r3 18 (17-19), and R1
17 (16-18). Peritreme extending seta level of j3.

Venter (Figure 2). Ventral setal pattern 14:JV-3:ZV. Sternal shield smooth,
slightly sclerotized with three pairs of setae (ST1, ST2, ST3), two pairs of poroids
(pstl and pst2). Distance between ST1-ST3 66 (65-68), distance between ST2-ST2
56 (55-58). Metasternal setae ST4 and a pair of pores (pst3) on metasternal shields.
Genital shield smooth; width at level of genital setae (ST5) 61 (60—63). Ventrianal
shield reticulated posteriorly and striated anteriorly, bearing three pairs of pre-anal
setae (JV1, JV2, and ZV2), a pair of para-anal (Pa) and a post-anal setae (Pst).
Preanal solenostomes (gv3) small rounded and located posteromedian to JV2.
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Length of ventrianal shield 118 (118-120), width at level of ZV2 102 (100-105).
Setae JV4, JV5, ZV1, ZV3, and six pairs of poroids on integument surrounding
ventrianal shield. Setae JV5 smooth, much longer than other ventral setae, 53 (50—
55) in length.

Chelicera (Figure 3). Fixed digit 27 (25-28) long with three teeth clustered
apically and a pilus dentilis; movable digit 27 (25-28) long with three teeth.

Spermatheca (Figure 4). Calyx of spermathecal bell-shaped flaring distally, 11
(10-13) in length; atrium nodular and narrower than base of calyx, with major duct
thick-walled, fusiform, vacuolated area where it joins atrium; without neck
between atrium and calyx; major duct long; minor duct visible.

Legs (Figure 5). Length of legs (base of coxae to base of claws) as follows: leg |
318 (310-325), leg 11 233 (225-245), leg 111 228 (220-235), leg IV 315 (310-320).
Genua I, I, and IV each with seven setae. Leg IV with one sharp pointed
macrosetae, StlV 59 (55-63) in length.

Male. Not collected in this study.

Material examined. Five females collected from an unknown species of plant in
the family Asteraceae, in association with thrips, Cilingdz Nature Park, Istanbul
Province, May 1, 2017, coll. . Déker.

World Distribution. Greece (Papadoulis et al. 2009) and Turkey (this study).

Remarks

Neoseiulus roumelioticus was described by Papadoulis et al. (2009), based on the
specimens collected from moss and low herbaceous plants in various locations in
Northern (Macedonia) and Central Greece. The species is only known to date from
Greece, based on its original description.
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100 pm

50 pm

20 pm

Figures 1-5. Neoseiulus roumelioticus Papadoulis, Emmanouel & Kapaxidi, female: 1.
Dorsal shield; 2. Ventral idiosoma; 3. Chelicera; 4. Spermatheca; 5. Leg IV (Genu,
tibia and basitarsus). Scale bars = 100 um for 1, 2; 20 um for 3, 4; 50 pm for 5.

Therefore, the finding of the current study represents a new record for the Turkish
fauna, as well as the first discovery of the species after its original description.
Morphological characters and measurements of the Turkish specimens are almost
identical to the original description, except for the length of the calyx of
spermatheca. Papadoulis et al. (2009) also reported a bell-shaped calyx of
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spermatheca but its length was 24 in the original description as opposed to 11 (10—
13) in the current materials. Upon a request by the present authors, Dr. Theodoros
I. Stathakis (Agricultural University of Athens, Greece) kindly examined and
confirmed that the length of the calyx of spermatheca in the holotype and a
paratype specimen were 12 in length.

Neoseiulus roumelioticus is similar to N. alustoni which was reported by Doker
et al. (2016) for the Turkish fauna. This species can be separated from N. alustoni
by having an almost smooth dorsal shield (reticulated in N. alustoni), three teeth on
the movable digit of the chelicera (two in N. alustoni), five pairs of dorsal
solenostomes (four in N. alustoni, gd2 absent), and generally shorter dorsal setae
which do not reach the base of subsequent setae (longer and reaching the base of
subsequent setae in N. alustoni).

Nothing is known of the biology and feeding habits of N. roumelioticus as it has
been reported only from Greece and Turkey, based on taxonomical descriptions.
However, the finding of this predator in association with unknown thrips suggests
that studies should be conducted under laboratory and field conditions to determine
its potential as a biological control agent of this group of pests.
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3. Makalenin ilk sayfasinda iist bilgi olarak sola dayali, 10 punto, normal
karakterde;
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olacak sekilde 11 karakterde bold olarak yazilmalidir. Eser ve yazar adlarina
“Ekle — Basvuru — Dipnot” takip edilerek numara verilmeli ve ilk sayfanin
sonunda bunlara ait bilgiler, sorumlu yazarin e-mail adresi ile alinig ve kabul
edilis ifadeleri 9 karakterde yazilmalidir.

9. Yazar adlarindan sonra 11 punto bir satir bosluk birakilarak eserin ikinci dildeki
basligi 11 karakterde, sola yasli ve bold olarak yazilmalidir.

10. Abstract ve Oz basliklar1 12 karakter, bold, paragraf girintisi yapilmadan iki
nokta (:) konduktan sonra ayni satirdan baslayarak, metin kismi 10 karakterde,
tek satir araligi ile yazilmali ve 150 kelimeyi gegmemelidir.

11. “Keywords ve Anahtar kelimelerler (bold)” Abstract ve Oz metinlerinden sonra
6 nk bosluk birakilarak sola yasl ve 10 karakterde yazilmalidir.

12. Eserin; 2, 4, 6, 8 gibi ¢ift nolu sayfalarinda st bilgi olarak makale basligini
kisaca ifade eden bir climle saga yasli; yine 3, 5, 7, 9 gibi tek nolu sayfalarinda
ise sol tarafta derginin Tiirkce ve Ingilizce agik adi ve sag tarafta yazar adi
(Oztiirk & Karacaoglu veya Uygun et al. gibi) ile derginin yil, cilt ve say
numarasi 10 karakterde normal ve sonrasinda 10 punto bir satir bosluk olacak
sekilde yazilmalidir.
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13. Ana boliim bagliklart; sola yasli, bold, ilk harfleri biiyiik ve 13 karakterde
yazilmali, bagliklardan 6nce 11 punto tek satir, sonra 6 nk bosluk birakilmalidir.
Alt baslik varsa 12 karakterde, sola yasli, ilk harfi biiyiik digerleri kii¢iik, bold
olarak yazilmalidir.

14. Eserin tim metin kismu 11 karakterde, normal, iki yana yasl, tek satir
araliginda, ilk paragrafta girinti yok, ancak ara paragraflarda ise 0.5 cm girinti
olmali ve paragraflar arasinda bosluk birakilmamalidir.

15. Fotograf ve grafikler “Sekil”, sayisal degerleri iceren tablo ve gizelgeler ise
“Cizelge” olarak belirtilmeli ve Sekil 1, Sekil 2 veya Cizelge 1, Cizelge 2 gibi
ardisik olarak numaralandirilmalidir. Sekil basliklart seklin altinda, dncesinde 6
nk bosluk ve cizelge basliklar1 ise gizelgenin iistiinde sonrasinda 6 nk bosluk
olmali, normal, 10 karakterde olacak sekilde ve tek satir araliginda yazilmalidir.
Eger varsa, cizelge dipnotlar ¢izelge altinda, normal, sola yash ve 8 karakterde
kisa ve 0z olarak verilmelidir.

16. Tiirkge hazirlanan eserlerde, Ingilizce "Figure" ve "Table" basliklar1 ayrica
verilmelidir.

17. Her iki dilde de yazilan eserde kaynaklara iligskin bildirimler metin icerisinde
"yazar ve yil" sirasina gore yapilmali, metin i¢indeki agiklama ve yazar sayisina
bagl olarak bildirim "Uygur (2008), Ulusoy & Kazak (2009), Aysan et al.
(2010)," drneginde oldugu gibi veya bildirimin sonunda tamami parantez iginde
olacak sekilde verilmelidir Ornegin; (Karut 2008; Ulusoy & Oztiirk 2009;
Elekgioglu et al. 2010).

18. Eser metninde organizmalarin bilimsel adlar1 ilk gectigi yerde "Author" adi ile
birlikte a¢ik, daha sonra cins adi kisaltilmis olarak yazilmali ve gerek metin ve
gerekse kaynaklar da "italik" olmalidir. Ana ve alt bagliklar ile gizelge ve sekil
basliklarinda ise, Author ad1 verilmeden acik yazilmalidir.

19. Kaynaklar listesi ilk yazarin soyadina gore, numara verilmeden alfabetik
olarak, 10 karakterde, tiimii kiigiik harf (6zel isimler harig), 0.5 cm asili ve tek
satir araliginda yazilmalidir. Tek veya daha fazla yazarli eserlerin bildiriminde
son yazardan 6nce "&" isareti kullanilmalidir. (Orn.: Oztiirk N. 2011., Karut K.
& S. Satar 2009., Uygun N., S. Satar & M. Karacaoglu 2010.). Dergilerin
isimleri agik wve italik, diger kaynaklar normal karakterde acik olarak
yazilmalidir. Internetten alan kaynaklarin ise ayrica web adresleri ile erisim
tarihleri de belirtilmelidir (Orn.: Erisim tarihi: 10 Ocak 2010).

Dergi:

Oztirk N. & M.R. Ulusoy 2003. Mersin ili kaysilarinda saptanan

zararlilar. Alatarim Dergisi, 2 (2): 21-26.

Pruszynski S. & W.W. Cone 1973. Biological observations of Typhlodromus

athiasae Porath and Swirski (Acari: Phytoseiidae) on hops. Annals of the

Entomological Society of America, 66: 47-51.

Kongre veya sempozyum:
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Karut K. & E. Sekeroglu 1999. Chrysoperla carnea (Stephens) yumurtalarimn

laboratuvar kosullarinda depolanma olanaklarinin arastirilmasi. Tiirkiye 4.

Biyolojik Miicadele Kongresi Bildirileri, 26-29 Ocak 1999, Adana, 203-210.

Oztiirck N. & M.R. Ulusoy 2009. Pests and natural enemies determined in

pomegranate orchards in Turkey. I. International Symposium on Pomegranate and

Minor Mediterranean Fruits, 16-19 October 2006, Adana-Turkey, 350-355.

Tez:

Senal D. 2006. Avci bocek Chilocarus nigritus (Fabricius) (Coleoptera:

Coccinellidae)'un bazi biyolojik ve ekolojik 6zellikleri ile dogaya adaptasyonu

iizerinde arastirmalar. Doktora tezi, Cukurova Universitesi Fen Bilimleri Enstitiisii,

Balcali-Adana, 127 s.

Kitap:

Uygun N. 1981. Tiirkiye Coccinellidae (Coleoptera) Faunas1 Uzerinde Taksonomik

Aragtirmalar. Cukurova Universitesi Ziraat Fakiiltesi Yaymlari, Yaym No: 157,

111s.

Kitaptan bir boliim:

Elekgioglu I.H. & U. Gézel 2001. Turunggillerde zararli nematodlar ve entegre

miicadelesi (Editor: N. Uygun, Tiirkiye turunggil bahgelerinde entegre miicadele,

zararlilar-nematodlar-hastaliklar-yabanciotlar). TUBITAK-TARP Tiirkiye

Tarimsal Arastirma Projesi Yayinlari, Ankara, 61-69.

Internet:

Neden Biyolojik Miicadele? URL: http://www.biyolojikmucadele.org.tr (Erisim

tarihi: 24 Nisan 2008).

Yazan belli olmayan yaynlar:

Anonymous 2008. Tiirkiye'de ¢ilek iiretimi. T.C. Basbakanlik Devlet Istatistik

Enstitiisii, Yayin No: 1577, Ankara.

20. Hazirlanan makale metinlerinin word dosyasi,e-mail: bimude@cu.edu.tr adresi
ile dergiye gonderilmelidir.

21. Eser yayina kabul edildiginde, telif haklar1 formu tiim yazarlar tarafindan
imzalanip dergiye gonderildikten sonra basim asamasina gecilir (Telif haklari
formu, dernek web sayfasinda mevcuttur).

Not 1: Sozlii goriismeler ve yayimlanmamis eserlere (Yiiksek lisans ve Doktora
tezleri harig) ait bildirimler kaynak olarak kullanilmamali ve kaynak listesinde yer
almamalidir.

Not 2: Makaleler arastirma ve yayin etigine uygun olarak hazirlanmalidir.
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Turkish Journal of Biological Control
Instructions for Authors

1. Manuscripts should be prepared in Microsoft Word (MS Word 2000 or later)
with Times New Roman font, size 11 pt, single line spacing and standard letters.

2. Manuscripts should be prepared on standard A4 pages, with 4.5 cm margins
above and below the text and 4.0 cm margins on each side. Manuscripts should not
be more than 16 pages, including figures and tables.

3. On the first page of the manuscript; include “Tiirk. biyo. miic. derg., ISSN 2146-
00357, in 10 pt standard letters as a header and leave a single line spacing in 14 pt.

4. The following sections are required:

For original research papers: Title, Author name(s) and affiliation(s), Abstract (In
English and Turkish), Keywords, Introduction, Materials and methods, Results,
Discussion, Acknowledgements (if needed), and References.

For review papers: Appropriate sub-titles can be used following the abstract and
the introduction.

5. The title should be in the same language as the main text, bold type, 14pt font,
left-justified and with single line spacing. The first letters of proper nouns should
be capitalized (e.g. Ankara, Turkey, Germany). Italic characters should be used for
the scientific name of the organism(s). The author(s) name(s) should be included.
The name of the manuscript and the author’s should be numbered by "References
— Insert Footnote" and the information about them at the end of the first page
should be written in 9 characters with the e-mail address of the responsible author
including date of acceptance.

6. Following the title, leave a single line spacing in 11 pt. Author’s name(s) in
standard letters, except for the capitalized first letter, and without the author’s title
or any academic qualifications; left-justified, bold type and 11 pt. A comma
followed by a space should be used to separate authors’ names.

7. Following the authors’ name(s), leave a single line spacing in 11 pt, and the title
in the other language (Turkish or English) should be provided 11 pt, left-justified
and bold.

8. Abstracts in both languages in 12 pt, bold, without a paragraph space, and after a
full colon (:), in 10 pt, single-spaced. The abstract should be less than 150 words.

9. Six “Key words (bold)” in 10pt, left-justified, following a 6nk space after the
abstract.

10. A right-justified running title and left-justified author’s name/authors’ name(s),
in 10pt, standard letters at the top of the page on odd and even numbered pages,
respectively (e.g. on P. 1, 3, 5, 7... Oztiirk & Karacaoglu or Uygun et al.; and on P.
2,4, 6, 8... Phytoseiidae in Turkey.

11. Titles for main sections should be left-justified, bold, 13 pt and with the first
letter capitalized. Leave a single line spacing and 6 nk spaced lines, both in 11 pt,
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before and after the titles, respectively. If needed, sub-titles should be in 12 pt, left-
justified, bold, and with the first letter capitalized.

12. The main text should be 11pt, standard letters, justified, single-spaced, without
a paragraph space for the first, leave a 0.5 cm space for the second and following
paragraphs.

13. Photos and graphs should be named “Figure”, as Figure 1, Figure 2, etc.; tables
which contain numerical data or any other text, such as comparison, information
etc., should be named “Table”, as Table 1, Table 2, etc. Figure captions should be
given below the figures. Leave an 6nk space between the figures and their captions.
All captions to be in 10 pt and standard letters.

14. Citations in the text in chronological order e.g. Uygur (2008), Ulusoy & Kazak
(2009), Aysan et al. (2010), or at the end of sentence, e.g. (Karut 2008; Ulusoy &
Oztiirk 2009; Elekcioglu et al. 2010).

15. Use author’s name/authors’ names and year after the scientific name for
organisms at the first mention. If mentioned again, the genus name should be
abbreviated, followed by species name and without the authors name/authors’
names and year. All scientific names should be given in italic font, both in the text
and in the reference list. In Figure and Table captions and main titles and sub-titles,
use only the full name of the organism(s), without abbreviation, not including
author’s name/authors’ names and publication year.

16. The reference list should have the surnames of the first authors in alphabetical
order, without numbering, 10 pt, normal letters, except for proper nouns, with 0.5
cm hanging indent, and single line spacing. For papers authored by more than one
person, the symbol "&" should be given before the last author’s name (e.g. Oztiirk
N. 2011, Karut K. & S. Satar 2009, Uygun N., S. Satar & M. Karacaoglu 2010).
The full name of the journal should be provided without abbreviation and in italic

type.

Include the accession date for the internet source e.g. Web Accessed: January 10,
2010.

Personal communications can be cited in the text as e.g. (C. Kazak pers. comm.
June, 2017) but should not be included in the reference list.

For Journal:

Pruszynski S. & W.W. Cone 1973. Biological observations of Typhlodromus
athiasae Porath and Swirski (Acari: Phytoseiidae) on hops. Annals of the
Entomological Society of America, 66: 47-51.

For Meetings and symposiums:

Oztirk N. & M.R. Ulusoy 2009. Pests and natural enemies determined in
pomegranate orchards in Turkey. I. International Symposium on Pomegranate and
Minor Mediterranean Fruits, 16-19 October 2006, Adana-Turkey, 350-355.
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For Thesis:

Senal D. 2006. Avci bocek Chilocarus nigritus (Fabricius) (Coleoptera:
Coccinellidae)'un bazi biyolojik ve ekolojik 6zellikleri ile dogaya adaptasyonu
iizerinde arastirmalar. Doktora tezi, Cukurova Universitesi Fen Bilimleri Enstitiisii,
Balcali-Adana, 127 s.

For Books:

Chant, D.A. & J.A. McMurtry 2007. Illustrated keys and diognoses for the genera
and subgenera of the Phytoseiidae of the world (Acari: Mesostigmata). Indira
Publishing House, West Bloomfield, 219pp.

For Book Chapters:

Elekcioglu I.H. & U. Goézel 2001. Turuncgillerde zararli nematodlar ve entegre
miicadelesi (Editor: N. Uygun, Tiirkiye turunggil bahgelerinde entegre miicadele,
zararhlar-nematodlar-hastaliklar-yabanciotlar). TUBITAK-TARP Tiirkiye
Tarimsal Aragtirma Projesi Yayinlari, Ankara, 61-69.

For Internet Sources:
Why Biological Control? URL.: http://www.biyolojikmucadele.org.tr (Web
Access: April 24, 2008).

For Publications by Unknown Authors:
Anonymous 2008. Strawberry production in Turkey. Turkish Statistical Institution,
Pub. No: 1577, Ankara.

Prepared manuscripts should be submitted via the online manuscript submission
system by clicking on “http://dergipark.gov.tr/tbmd” and following the prompts

All manuscripts will be directed to the related editor, and if the editor is satisfied
with the contents of the paper, the manuscript will be subjected to the blind peer
review process. You will ultimately be informed whether your manuscript is
accepted for publication. If it is accepted, the corresponding author should submit
the journal’s copyright form signed by all the authors; the form can be obtained
from the web site of the Biological Control Society of Turkey by clicking on
“http://www.biyolojikmucadele.org.tr/default.asp”.

Thank you for submitting your manuscript to the Turkish Journal of
Biological Control.






Tiirkiye Biyolojik Miicadele Dergisi Yayn ilkeleri

1. Tiurkiye Biyolojik Miicadele Dergisi, Tiitkiye Biyolojik Miicadele Dernegi'nin yayin

organidir.

2. Dergi zararlilar, hastaliklar ve yabanci otlarin biyolojik miicadele etmenleri (bocekler,
akarlar, nematodlar, bakteriler, funguslar, viriisler, antogonistler vb.) {izerinde yapilan
faunistik, sistematik, biyolojik, ekolojik, av-avci, konukguparazitoit iligkileri,
antogonistlik, ilaglarin yararlilar lizerindeki yan etkileri vb. temel ve uygulamali orijinal
caligmalar1 yayimlar. Ayrica entegre miicadele icinde biyolojik miicadele ve biyolojik
miicadelenin basarisini artiracak biyoteknik miicadele calismalari da derginin ilgi alani
igindedir.

. Dergide, yukarida belirtilen konularda olmak iizere 6zgiin bilimsel ¢alisma, bilimsel not
ve yayin kurulu tarafindan davet edilen derleme ¢alismalar da yayimlanir.

. Derginin yayn dili Tiirk¢e ve Ingilizce’dir.

. Calismanin daha Once herhangi bir yerde yaymlanmamis ve yaymlanmasi igin
degerlendirme agsamasinda olmamasi gerekir.

. Yurtigi - yurtdigi bilimsel toplantilarda s6zlii veya poster olarak sunulmus ve sadece
Ozeti basilmis calismalar da sunum yeri belirtilmek kosuluyla yayimlanabilir.

. Her ¢alisma igin, bagvuru sirasinda "Dernek Yonetim Kurulu”’nun o yil i¢in belirledigi
basim icreti alinir.

. Elektronik ortamda gonderilen orijinal ¢aligmalar yayin kurulu tarafindan belirlenen an
az 2 hakem tarafindan incelendikten sonra eserin yayimlanip yayimlanmayacagina karar
verilir.

9. Dergide yaymlanmasi i¢in bagvurusu yapilan eserlerle birlikte “Telif Hakki Formu” da

tiim yazarlar tarafindan imzalanarak gonderilmelidir.

10. Basilan ¢aligmalar igin yazarlarmna telif iicreti 6denmez.

11. Dergide basilan makalelerde goriilen bilimsel hatalarin sorumlulugu yazarlarina aittir.
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Tiirkiye Biyolojik Miicadele Dergisi

Tiirkiye Biyolojik Miicadele Dergisi, Tiirkiye Biyolojik Miicadele Dernegi tarafindan yilda
iki kez (Temmuz-Aralik) yayimlanir. Dergide zararlilar, hastaliklar ve yabanci otlarin
biyolojik miicadelesi ile ilgili Tirk¢e veya Ingilizce yazilmis orijinal arastirmalar ile kisa
notlar yayimlanir.

Yillik abone bedeli: 100 TL Tek say1 bedeli: 65 TL

CABI ve TUBITAK/ULAKBIM tarafindan taranmaktadir. Indexed in CABI and
TUBITAK/ULAKBIM.

Yazisma adresi:

Tiirkiye Biyolojik Miicadele Dergisi
Cukurova Universitesi Kampiisii PTT Subesi
Posta Kutusu:33

01330 Adana - Turkey

E-mail: bimude@cu.edu.tr
Web: http://www.biyolojikmucadele.org.tr

Bu dergide yayimlanan eserlerin tiim haklar1 Tiirkiye Biyolojik Miicadele Dernegi’ne aittir.
Yayimlanan eserlerin herhangi bir sekilde kismen veya tamamen ¢ogaltilmasi i¢in izin
alinmasi zorunludur.




