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Ozgiin makale (Original article)

Virulence of two strains of entomopathogenic nematodes
(Rhabditida: Steinernematidae) against adults of Sitophilus
granarius L. (Coleoptera: Curculionidae)

Taylan CAKMAK **

ki yerel entomopatojen nematod tiiriiniin (Rhabditida: Steinernematidae)
farkh sicakhklarda bugday unlu biti Sitophilus granarius L. (Coleoptera:
Curculionidae) erginleri iizerindeki etkinligi

Oz: Tiirkiye, bugday bitkisinin anavatamdir. Tiirkiye'de bugday iiretimi o6zellikle ¢ ve
Giineydogu Anadolu bolgelerinde yogunlagmustir. Sitophilus granarius L. (Coleoptera:
Curculionidae), bugdayda baslica depo zararlilarindan biri olup, Tirkiye'de bugday
Uretiminde onemli bir sorun teskil etmektedir. Tiirkiye'de Bilecik ilinden zeytin ve erik
bahgelerinden elde edilen iki yerel entomopatojenik nematod tiirii: Steinernema feltiae (izolat
8), S. carpocapsae (izolat 27), dért farkl1 konsantrasyon (250, 500, 1000 ve 2000 1Js/ml) ve
dort farkli sicaklikta (15, 20, 25 ve 30 °C) S. granarius erginleri iizerinde test edilmistir. Iki
entomopatojen nematod izolatinin S. granarius iizerindeki enfeksiyon oranlari ve etkinlikleri
8 giin boyunca izlenmis ve Slim oranlar tespit edilmistir. Elde edilen sonuglara gore,
uygulama sonrasi 8. giinde S. granarius’un ergin canli sayisi, S. feltiae ve S. carpocapsae’nin
farkli 1Js dozlarma gore karsilastirildiginda en diisiik canli ergin sayisi 3. dozda (1000 1Js/ml)
S. carpocapsae’de 25 °C’de 0.63+£0.47 olarak gozlenirken, bunu S. carpocapsae’nin 30
°C’de verdigi sonuglar (0.83+0.69) ve 20 °C sicakliktaki (0.83+1.06) takip etmistir. S.
feltiae’de ise uygulama sonrasi 8. giinde 2000 1J/ml dozunda 20 °C’de 1.63+0.94, 20 °C’de
ise 2.00+0.70 canl1 ergin sayisi gézlemlenmistir. Genel olarak, S. carpocapsae/27 izolatinin
S. granarius erginlerini S. feltiae/8 izolatina gore daha basarili bir sekilde enfekte ettigi ve
her iki izolatm da S. granarius erginlerine karsi biyolojik miicadelede kullanilma
potansiyeline sahip oldugu belirlenmistir.

Keywords: Sitophilus granarius, Steinernema feltiae, Steinernema carpocapsae, biyolojik
mucadele.

Abstract: Tirkiye is the country of origin for the wheat plant, and a significant portion of
wheat production is concentrated in the southeastern and central provinces. One of the most
serious pests affecting stored wheat grains in TUrkiye is Sitophilus granarius L. (Coleoptera:
Curculionidae), posing a significant threat to wheat production. This study evaluated the
efficacy of two locally sourced entomopathogenic nematode (EPN) species, Steinernema
feltiae (Strain 8) and Steinernema carpocapsae (Strain 27), isolated from olive and plum
orchards in Bilecik, Turkiye. The experiment was conducted using four different
concentrations of infective juveniles (1Js) (250, 500, 1000, and 2000 IJs/ml) at four

! Diizce University, Faculty of Agriculture, Department of Agricultural Biotechnology, Diizce, Tiirkiye
* Sorumlu yazar (Corresponding author): taylancakmak@duzce.edu.tr
ORCID ID (Yazar sirastyla): 0000-0003-4151-5724

Received (Alinis): 29 Agustos 2024 Accepted (Kabul edilis): 16 Aralik 2024



Virulence of two strains of entomopathogenic nematodes against Sitophilus granarius

temperatures (15, 20, 25, and 30 °C). Mortality rates of S. granarius adults were assessed
over an 8-day period following the application of EPNs. Results showed that on the 8th day
post-application, the lowest number of surviving S. granarius adults was recorded at the 1000
1Js/ml concentration of S. carpocapsae, with 0.63+0.47 at 25 °C. This was followed by
0.83+0.69 at 30 °C and 0.83+1.06 at 20 °C for the same nematode species. In contrast, S.
feltiae exhibited higher survival rates, with 1.63+0.94 living adults at 20 °C and 2.00+0.70 at
2000 1Js/ml on the 8th day post-application. Overall, the S. carpocapsae (Strain 27) isolate
demonstrated greater efficacy in infecting S. granarius adults compared to the S. feltiae
(Strain 8) isolate. Both isolates exhibit significant potential for use in the biological control
of S. granarius adults.

Keywords: Sitophilus granarius, Steinernema feltiae, Steinernema carpocapsae, biological
control

Introduction

Wheat (Triticum aestivum L. emend. Fiori et Paol.) is one of the most important
crops providing a staple food source for humans. As the global population rapidly
increases, the demand for food, and consequently wheat, continues to grow. The
world population, which was 6.1 billion in 2000, is projected to reach 9.3 billion by
2050 (Anonymous, 2009). In Tirkiye, wheat holds significant importance in terms
of nutritional potential. In 2021, approximately 68 million decares were planted with
wheat, yielding around 18 million tonnes (Kahraman & Kahraman 2023).

Sitophilus granarius Linnaeus (Coleoptera: Curculionidae), commonly known as
the granary weevil, is a major pest in grain storage facilities, particularly in
continental regions (Niewiada et al. 2005). This insect feeds on wheat grains, leading
to substantial reductions in both grain quality and yield (Ebadollahi 2011). The use
of chemical insecticides remains a widely accepted method for pest control (Huang
& Subramanyam 2005), but concerns about their environmental and health impacts
have grown. As a result, there has been an increasing focus on developing
environmentally safe, effective, and biodegradable alternatives, leading to a surge in
biological control research (Sarkar et al. 2021).

Among the biological control agents, nematodes are known to interact with
insects, with 23 families having parasitic relationships with them. Seven of these
families are exclusively composed of insect-parasitic nematodes (Poinar 1975). The
families Steinernematidae and Heterorhabditidae (Rhabditida) are particularly
important for biological control, as these nematodes are widely used as microbial
insecticides. Commercially produced by various companies, these nematodes have
proven effective against a broad range of pest species (Grewal et al. 2005;
Koppenhofer 2007). Entomopathogenic nematodes (EPNs), obligate parasites of
insects, play a significant role in biological control by targeting insect pests,
particularly in the soil. One of the key advantages of EPNs over chemical
insecticides is their host specificity (Smart 1995).

EPNs have demonstrated effective control of pests like S. granarius. When
applied in storage environments, they actively seek out their hosts, causing no harm
to vertebrates, and effectively eliminate insect pests even at low doses. Typically,
EPNs Kill their hosts within 48 hours by inducing septicemia through the release of
symbiotic bacteria (Unlii & Ozer 2003). The infective juvenile (1J) stage, the most
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active life stage, is the third larval stage. It resides in the soil and searches for hosts,
with the ability to survive for over a year without one. Infective juveniles enter the
host’s hemocoel through natural openings (mouth, anus, spiracles) or penetrate
thinner areas of the cuticle. This is especially true for Heterorhabditidae, which have
dorsal labial teeth to aid penetration (Bedding & Molyneux 1982; Wang & Gaugler
1998).

Inside the host, the nematodes and their symbiotic bacteria feed on the host’s
tissues, allowing the nematodes to grow and reproduce within the insect cadaver
(Poinar & Grewal 2012). The nematodes feed for about 2-3 generations, until the
host's resources are depleted. Eventually, infective juveniles in the J3 stage emerge
from the cadaver, migrate into the soil, and begin searching for new hosts (Poinar
1979; Akhurst & Boemare 2018).

While there are concerns about the efficacy of EPNs at low temperatures, they
can actively be used against S. granarius at temperatures above 15°C. Below this
threshold, EPNs may be less effective in infecting S. granarius adults. The aim of
this study is to investigate the virulence of two local Steinernema isolates (S. feltiae
and S. carpocapsae) at four different temperatures (15, 20, 25 and 30°C) with
virulence observations conducted at two-day intervals over an eight-day period,
targeting the adult stage of S. granarius under laboratory conditions.

Materials and Methods

Mass Production of Sitophilus granarius Adults

The wheat weevil, S. granarius, used in this study was reared in the laboratory using
1-liter glass jars filled with bread wheat grains. The tops of the jars were covered
with finely porous cloth to allow ventilation while preventing the adults from
escaping. The cultured insects were kept in an incubator set at 27+1 °C and 60+5%
relative humidity (Davis & Bry, 1985). Adult insects aged between 1 and 7 days
were selected for use in laboratory experiments. The insect culture was maintained
in the culture room of the Department of Agricultural Biotechnology, Faculty of
Agriculture, Dlzce University.

Mass Production of Galleria mellonella

G. mellonella larvae were reared on an artificial diet composed of 500 g of coarse
bran, 50 g of honey, 65 ml of glycerin, and 25 ml of sterile water. The larvae were
grown in glass jars and kept in incubators at 27+1°C (Kaya & Stock 1997). Some of
the developed larvae were reintroduced into the jars to maintain the culture, while
others were used for the mass production of entomopathogenic nematodes (EPNS).

Mass Production of Entomopathogenic Nematodes (EPNSs)

EPNSs used in this study were isolated from soil samples collected from olive and
plum orchards in Bilecik, Tirkiye (Table 1). The nematodes were identified through
morphological and morphometric measurements. Infective juveniles (1Js) were
obtained by exposing last-instar G. mellonella larvae to 100 g of soil. Fresh isolates
were cultured and produced on late-instar G. mellonella larvae. The nematode
cultures were renewed every two months in the laboratory, ensuring their viability.
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Emergence of 1Js from each G. mellonella larva was observed within 2-4 days under
optimal conditions, depending on the EPN species.

Determination of the effectiveness of entomopathogenic nematodes on S.
granarius

The experimental procedure followed the methodology described by Trdan et al.
(2006). Freshly emerged infective juveniles (1Js) from G. mellonella larvae were
counted and assessed for viability under an Olympus binocular microscope before
use. After determining the concentration of 1Js, they were placed in sterile Eppendorf
tubes containing sterile water for subsequent applications.

Petri dishes (9 cm diameter) were prepared by placing filter paper and 10 wheat
grains in each dish. Then, 10 adult S. granarius (aged 1-7 days) were introduced to
the dishes. Nematodes were applied to the S. granarius adults using a micropipette.
The dishes were incubated in the dark at four different temperatures (15, 20, 25, and
30°C) and 65% relative humidity (Model N: MCO-170AC-PE) following Kaya &
Stock (1997). Each treatment (control with only sterile water, 250, 500, 1000, and
2000 1Js/ml) was replicated three times.

The cadavers of dead S. granarius adults were collected at each observation day
(2, 4, 6, and 8 days post-application) using a needle under a stereo microscope
(Olympus). The number of dead adults was recorded, and 10 grains of wheat were
provided as sustenance for the control group.

Table 1. Entomopathogenic nematode species and isolate numbers used in this study
(Cakmak, 2024)

Isolate Species Location Host Plant
Strain 8 Steinernema feltiae Bilecik Olive orchard
Strain 27 Steinernema carpocapsae Bilecik Plum orchard

Statistical analysis

Data were analyzed using a three-way repeated measures ANOVA with
STATISTICA 14.0.0.15 (TIBCO Software Inc., 2020) to assess differences in the
number of living S. granarius adults at different nematode concentrations for the two
EPN strains. All data are presented as mean + standard error. The least significant
difference (LSD) test was used to compare means, with a significance level set at p
<0.05.

Results and Discussion

The infection of Sitophilus granarius were assessed by counting live and dead adults
at various observation points following the application of entomopathogenic
nematodes (EPNS). The infection potantial varied depending on temperature and the
concentration of infective juveniles (1Js) of the applied EPN species. The virulence
of each EPN strain was influenced by different temperatures and EPN isolates
(Figure 1 and 2).
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The highest mean numbers were observed with the Steinernema carpocapsae (27
isolate), yielding the lowest number of live S. granarius adults at 0.63+0.47 on the
8th day post-application at 25 °C (Figure 2).

On the 4th day post-application, S. carpocapsae was more effective in reducing
S. granarius populations compared to S. feltiae (1.97+0.72 at 20 °C; 1.87+1.26 at 25
°C), while S. feltiae resulted in higher numbers of surviving adults (6.53+1.59 at
20°C and 7.13£1.63 at 25 °C) at dose 4 (2000 1Js/ml) (Figure 1 and 2).

By the 6th day post-application, under dose 4 (2000 1Js/ml), the number of live
adults was again lower in the S. carpocapsae group, with 0.73+£1.33 at 25 °C and
0.80+1.48 at 20°C. At dose 3 (1000 IJs/ml), S. feltiae exhibited its highest efficacy
at 20 °C with 2.87+1.50, followed by 3.33£1.46 at 25 °C (Figure 1 and 2).

On the 8th day, a comparison of S. granarius survival rates across different doses
of S. feltiae and S. carpocapsae revealed that S. carpocapsae (1000 1Js/ml) was most
effective at 25 °C, resulting in 0.63+0.47 live adults. This was followed by S.
carpocapsae at 20 °C with 0.83£1.06 live adults and 0.83+1.69 at 30 °C with dose 4
(2000 1Js/ml). In contrast, S. feltiae resulted in 1.63+0.94 live adults at 20 °C and
2.00+0.70 at 20 °C with 2000 IJs/ml (Figure 1 and 2).
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Figure 1. Virulence of Steinernema feltiae on Sitophilus granarius adults (number of alive
individuals out of 10 adults) under laboratory conditions with four different temperatures
(Mean+SE). Differences between means tagged with colors compared to control days
were significant (P < 0.05). Control group (0 IJs); Dose 1: 250 1Js/ml; Dose 2: 500 1Js/ml;
Dose 3: 1000 1Js/ml and Dose 4: 2000 IJs/ml of Steinernema feltiae per 10 adults of S.
granarius. (F (36, 160)=0,116; P= 0.016) LSD test; Homogenous Groups, alpha =
0.05000 (Non-Exhaustive Search) Error: Between MS = 1,1323, df = 160.00 (Mean+SE).
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Overall, both isolates performed best at 25 °C, and increasing the concentration of
1Js resulted in higher mortality rates, as expected.

Recent studies on the use of EPNs against S. granarius adults have shown
promising results. For instance, Trdan et al. (2006) tested four EPN species
(Heterorhabditis bacteriophora, H. megidis, Steinernema feltiae, and S.
carpocapsae) and reported high efficacy against S. granarius adults. Similarly,
Negrisoli et al. (2013) found that increasing temperatures led to higher mortality
rates in Sitophilus species.

Laznik et al. (2010) evaluated the virulence of three S. feltiae strains against
Sitophilus oryzae adults, with mortality rates ranging from 42% to 72% at 25 °C, and
significantly lower mortality (6% to 11%) at 30 °C. In Turkiye, Yuksel et al. (2019)
reported that S. feltiae isolates demonstrated the highest virulence (86%) against S.
granarius adults at 25 °C.
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Figure 2. Virulence of Steinernema carpocapsae on Sitophilus granarius adults (number of alive
individuals out of 10 adults) under laboratory conditions with four different temperatures
(MeanzSE). Differences between means tagged with colors compared to control days are
significant (P < 0.05). Dose 1: Control group (0 1Js/ml); Dose 1: 250 1Js/ml; Dose 2: 500 1Js/ml;
Dose 3: 1000 Js/ml and Dose 4: 2000 Ks/ml of Steinernema carpocapsae per 10 adults of S.
granarius. (F (36, 160)=1,555, P= 0.034) LSD test; Homogenous Groups, alpha =0.05000 (Non-
Exhaustive Search) Error: Between MS = 0.31458, df = 160.00.

Temperature significantly affected infection rates, with the highest mortality
observed at 25 °C and reduced efficacy at 30 °C. This suggests that temperature is a
critical factor in optimizing nematode applications for biological control, and
strategies must be tailored to the specific environmental conditions of the application
site. The findings align with those of Trdan et al. (2006) and Negrisoli et al. (2013),
supporting the notion that higher temperatures increase EPN efficacy. Additionally,
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the studies conducted in Turkiye by Yuksel et al. (2019) reaffirm the potential for
biological control in local contexts.

Protecting stored products using chemical pesticides is challenging, and the focus
should shift towards employing EPNs for pest control. In this study, infection rates
of S. granarius adults varied based on the nematode species and the temperature at
which they were applied. Higher temperatures consistently resulted in higher
infection rates. While S. feltiae (Strain 8) showed lower activity against S. granarius,
both isolates, S. carpocapsae (Strain 27) and S. feltiae (Strain 8), demonstrated
similar levels of virulence across various temperatures (15, 20 and 25 °C). However,
S. carpocapsae (Strain 27) exhibited the highest overall efficacy.

The increasing use of EPNs in biological control against storage pests is due to
their broad host range, high mortality rates, ease of application, and minimal
environmental and health impacts. This study demonstrates that EPN isolates are
effective against S. granarius, and special application methods may enhance their
efficacy in storage conditions. Notably, S. carpocapsae (Strain 27) showed superior
performance against S. granarius adults, making it a promising candidate for future
biological control efforts.

The present study confirms the potential of using S. feltiae and S. carpocapsae in
biological control, particularly against S. granarius. The high infection rates of S.
carpocapsae highlight its potential for future biological control programs. These
results underscore the importance of environmentally friendly alternatives to
chemical insecticides, benefiting both environmental and human health. Future
research should explore the effectiveness of EPNs against different pest populations
and environmental conditions. Additionally, alternative application methods may
improve their efficacy in storage settings, representing an important step in
advancing biological control strategies in TUrkiye.
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Izmir ili pamuk tarlalarinda goriilen zararh akarlar ile iliskili
bazi predator tiirler ve popiilasyon gelisimleri

Rukiye ERNUR CiFTCi*, ismail KASAP

Predatory species and their population dynamics associated with pest mites in
cotton fields of izmir province

Abstract: This study, conducted during 2019-2020, aimed to identify predator species
associated with pest mites in cotton fields located in the Menemen and Bergama districts of
Izmir Province, Turkey. The red form of Tetranychus urticae Koch (Acari: Tetranychidae)
was identified as the primary pest species in these fields. Additionally, 11 predatory species
from 4 families and 3 orders were recorded as beneficial organisms. Among these, the
Phytoseiidae family (Acari), which predominantly preys on harmful mites and regulates their
populations, emerged as the most significant group, comprising 3 species across 2 genera.
The predatory insect fauna included 6 species from 4 genera within the Coccinellidae family
(Coleoptera) and 2 species from the Thripidae and Acolothripidae families (Thysanoptera).
Phytoseiulus persimilis Athias-Henriot was identified as the most prevalent predatory
species. Peak population densities of these predatory mites were observed in late July to mid-
August, with an average of 20-21 mites per leaf in cotton fields.

Key words: Predator, Biological control, Fauna, izmir, Cotton

Oz: Bu ¢aligma Izmir iline bagli Menemen ve Bergama ilgeleri pamuk alanlarinda goriilen
zararh akarlar ile iliskili baz1 tiirleri saptamak ve bu tiirlerin popiilasyon gelisimlerini
belirlemek amaci ile 2019-2020 yillarinda yiiriitiilmistir. Calismalar sonucunda pamuk
alanlarinda zararli olarak Tetrancyhus urticae Koch (Acari: Tetranychidae)’nin kirmizi
formu, faydali tiirlerden ise 3 takimdan 4 familyaya bagl 11 avc tiir saptanmistir. Bu
familyalar icerisinde, zararl akarlar ile yogun olarak beslenen ve onlarin popiilasyonlari ile
iligkili olan Phytoseiidae (Acari) familyasi, 2 cinse ait 3 tiir ile en 6nemli grubu
olusturmustur. Avci boceklerden Coccinellidae (Coleoptera) familyasindan 4 cinse bagl 6
tir ve Thripidae ile Acolothripidae (Thysanoptera) familyalarindan ise 2 predator tiir
belirlenmistir. Bu tiirler igerisinde Phytoseiulus persimilis Athias-Henriot en yaygin tiir
olarak gozlenmistir. Bu avci akarlarin pamuk alanlarinda, Temmuz ayinin sonu ile Agustos
ayinin ortalarinda yaprak basmna ortalama 20-21 akar ile en yiiksek popiilasyon yogunluguna
ulasabildikleri gbzlenmistir.
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Pamuk bitkisi (Gossypium hirsitum L. (Malvaceae)), insanin dogumundan
Oliimiine kadar hayatinin bir parg¢asi olan oldukc¢a 6nemli bir kiiltiir bitkisidir. Pamuk
bitkisi, zorunlu kullanim alaniyla insanlik i¢in, yarattigi katma deger ve istihdam
olanaklartyla da tiretici lilkeler i¢in ekonomik dneme sahip bir {iriindiir (Basal 2016).
Pamuk, islenmesi yoniinden ¢ir¢ir sanayisinin, lifi yoniinden tekstil sanayisinin,
¢ekirdegi yoniinden yag ve yem sanayisinin, linteri yoniinden de kagit sanayisinin
hammaddesidir. Petrole segenek olarak pamugun ¢ekirdeginden elde edilen yag, son
yillarda biyodizel iiretiminde hammadde olarak kullanilmaktadir (Anonymous
2020a). Turkiye, 2019-2020 pamuk Uretim déneminde, diinya pamuk Uretiminde
altinci, birim alandan elde edilen verimde besinci, tiiketimde altinci, ithalatta ise
dordiincii siradadir (Anonymous 2020b). 2019 yilinda Giineydogu Anadolu
Bolgesinin tiim ekim alanlar icerisindeki pay1 %60 olurken, Cukurova ydresinin
%20, Ege Bolgesinin pay1 ise % 19 olmustur (TUIK 2020a). Tiirkiye’de 2019 yilinda
iiretilen pamugun %85’ini kargilayan 6 il sirasiyla Sanlhurfa (%37), Aydin (%11),
Diyarbakir (%11), Hatay (%10), Adana (%9) ve Izmir (%6)’dir (TUIK 2020b).

Izmir ili pamuk iiretimi agisindan oldukga genis bir alana sahiptir ve 2019 yilinda
252.945 da alanda pamuk ekimi yapilmis, 141.920 ton iiriin hasat edilmis ve 561
kg/da verim elde edilmistir. izmir ilinde pamuk iiretiminin en yiiksek oldugu ilgeler
ise Menemen (82.129 da) ve Bergama (79.169 da) ilgeleri olmustur (TUIK 2020c).
Pamuk iiretiminde diger etmenlerin yaninda hastalik ve zararlilarin neden oldugu
verim kayiplarindan dolayr iiretim azalmaktadir. Zararlilar igerisinde ise Acari
Altsinifi igerisindeki Tetranychidae familyasina bagh tiirler olduk¢a 6nemli bir
konuma sahiptirler ve pamugun gelismesini, verimi ve tiriin kalitesini bozarak pazar
degerini disiirmektedirler (Sulek & Cakmak 2022; Sulek et al. 2023; Yiiksel et al.
2024). Ege Boélgesi’nde pamuk alanlarinda, Tetranychus urticae Koch, T.
cinnabarinus Boisduval (glinimuzde T. urticae’nin sinonimi olarak kabul
edilmektedir, Auger et al. 2013), T. turkestani Ugarov & Nikolskii (=T. atlanticus)
ve T. desertorum Banks (Acari. Tetranychidae) olmak iizere dort kirmiziriimeek
tiirli rapor edilmistir (Diizgiines, 1962; Dinger, 1975). Mart (2017) Ege, Dogu
Akdeniz Bolgesi ve Gilineydogu Anadolu Bolgelerinde pamuk alanlarinda T.
urticae’nin hakim kirmiziériimeek tiirii oldugunu bildirmistir. Yiiksel et al. (2024)
Aydin ilinde pamuk alanlarinda T. urticae'nin kirmizi formu (%57.1) ve T. turkestani
(%39.3)’nin en yaygin goriilen tiirler oldugu, T. urticae'nin yesil formunun (%3,6)
ise daha nadir gozlendigini bildirmislerdir.

Tarim alanlarinda zararli akarlarin popiilasyonlarmin  kontrol altinda
tutulmasmda en O6nemli etken ise predator tiirlerdir ve bu tiirler igerisinde ise en
onemli grup predatér akarlardir (Jeppson et al. 1975; Sekeroglu 1984; Kasap &
Cobanoglu 2007; Faraji et al. 2011). Predatér akarlar icerisinde Phytoseiidae
familyasinda yer alan tiirler, kirmiziériimceklerin en 6nemli avcilari olarak bilinirler.

Bu nedenle bu ¢alismada, Izmir ili pamuk alanlarinda bulunan fitofag akar tiirleri
ile iligkili oldugu diisiiniilen ve bu akarlarin popiilasyon yogunlugu iizerinde etkili
olan predator tiirlerin belirlenmesi ve Phytoseiidae familyasina bagl avci tiirlerin
populasyon gelisimlerinin saptanmasi amag¢lanmustir.
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Materyal ve Yontem

Bu ¢alismada Izmir ilinin 6nemli pamuk iiretim alanlarindan olan Menemen ve
Bergama ilcelerindeki pamuk alanlarinda bulunan zararh akarlar iizerinde beslenen
ve bu akar tiirleri ile iliskili 5nemli avc tiirleri saptamak ve Phytoseiidae familyasina
bagli avci akarlarin populasyon gelisimlerinin belirlenmesi amact ile gozlemler
yapilmustir. Calismalar 2019-2020 yillarida pamuk iiretim sezonu igerisinde izmir
ilinin Menemen ilgesinin 3 farkli mahallesinden (Kesik 2, Tuzcullu 2 ve Maltepe 2)
ve Bergama ilcesinin de 3 farkli mahallesinden (Asagikiriklar 2, Siileymanh 2,
Gogbeyli 2) ikiser tarlada olmak tlizere toplamda 12 tarlada ¢caligmalar yiiriitilmiistiir.
Pamuk alanlarimin se¢iminde farkli yoneyler ve alanlar olmasina dikkat edilmis,
tireticilerin yaygin olarak kullandiklar1 gesitler, {iretim ve miicadele yontemlerinin
benzer olmasi goz oniine alinmigtir. Bu tarlalarda 6rneklemelere pamuk bitkisinin
dort yaprakli oldugu mayis ayinda baslanmis ve ekim ayina kadar haftalik olarak
gidilerek zararli ve yararl tiirler saptanmustir. Akar 6rnekleri tarlay: temsil edecek
sekilde her bir tarladan 50 adet yaprak 6rnegi alinarak, kese kagitlarina yerlestirilmis,
iizerine 6rnegin alindigr ilge, kdy, tarih ve tarla numarasi yazilarak naylon poset
icerisinde buz kutularmma yerlestirilerek laboratuvara getirilmistir. Alinan yaprak
ornekleri sayimlari1 yapilana kadar +4°C’de buzdolabinda saklanmistir. Yapraklar
tizerindeki zararli ve predator akar tiirleri stereo-binokuler mikroskop altinda kontrol
edilerek sayimlar1 yapilmig ve ornekler %70°lik etil alkole alinarak saklanmustir.
Daha sonra preparasyon islemleri (Diizgiines, 1980)’e gore yapilmis ve teshis
calismalar1 tamamlanmustir. Zararh ve yararli akarlarin bazilar1 Canakkale Onsekiz
Mart Univ. Ziraat Fakiiltesi Bitki Koruma Boliimii Akaroloji Laboratuvarinda
teshisli 6rneklerden faydalanilarak yapilmustir. Teshisleri yapilamayan predator akar
tiirlerinin teshisleri Dog. Dr. Ismail DOKER (Cukurova Universitesi, Ziraat
Fakiltesi) tarafindan yapilmustir. Ornekleme alanlarindan atrap kullanilarak
toplanan yararli bocekler (Coccinellidae, Chrysopidae ve Nabidae familyalarina ait)
ignelenerek ve 30x30 cm boyutlarinda japon semsiyesi kullanilarak elde edilen
Thripidae ve Aelothripidae familyalarina ait yararli thripsler ise preparatlari
yapilarak teshise hazir hale getirilmistir. Coccinellidae familyas1 bireylerinin teshisi
Dr. Ogretim Uyesi Derya SENAL (Bilecik Seyh Edebali Universitesi) tarafindan,
Thripidae ve Aelothripidae familyalarina ait yararh thripslerin teshisi Dr. Fatma
OZSEMERCI (Bornova Zirai Miicadele Arastirma Enstitiisii Miidiirliigii) tarafindan
yapilmustir. Orneklerin preparasyon ve teshis ¢alismalar1 tamamlandiktan sonra,
tanis1 yapilan orneklerin bulunma sikligi, toplam bireyler tUzerinden hesaplanarak
degerlendirilmistir. Predatdr akarlarin popiilasyon gelisim grafiklerinde, 6rnekleme
alnindaki tiim tarlalardan toplanan bireyler degerlendirilmis ve yaprak basina
ortalama akar olarak popiilasyon degisim grafiklerinde gosterilmistir.

Bulgular ve Tartisma

Calisma sonucunda zararhi akarlardan Tetrancyhus urticae Koch. (Acari:
Tetranychidae) (kirmizi form)’nin, Izmir ili Menemen ve Bergama ilgelerindeki
pamuk alanlarinda baskin tiir oldugu goriilmiistiir. Bu zararh ile birlikte bulunan
faydali tiirlerden, Phytoseiidae familyas: tiirleri iginde %78 bulunma siklig1 ile en
yaygin tiir olarak Phytoseiulus persimilis Athias-Henriot olurken, bu tirt %17
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bulunma sikligi ile Neoseiulus californicus (McGregor) ve %S5 bulunma sikligiyla
Neoseiulus barkeri Hughes izlemistir.

Caligmalar sonucunda zararh akarlar iizerinde beslenen diger bir avcl grup olarak
Coleoptera takimina bagl Coccinellidae familyas iiyeleri de belirlenmistir. Bu tiirler
icerisinde ise Stethorus punctillum Weise ve Stethorus spp. bireyleri oldukga 6nemli
tiirlerdir ve kirmiziériimceklerin populasyonlari tizerinde baski unsuru olarak dikkati
¢ekmistir. Ayrica caligmalarda yine Coccinellidae familyasmma bagh tiirlerden
Hippodamia (Adonia) variegata (Goeze), Scymnus pallipediformis (Gunther),
Scymnus (Pullus) subvillosus (Goeze) ve Coccinella undecimnotata Schneider
tirleri saptanmistir. Bu tiirlerin kirmiziériimeek popiilasyonu iizerinde dogrudan
onemli bir etkisi olmasa bile pamuk alanlarindaki predatér biyogesitliligi agisindan
oldukga Gnemli oldugunu soOyleyebiliriz. Surveyler sonucuda, Thysanoptera
takimina baglh Thripidae familyasindan Scolothrips spp. ve Aeolothripidae
familyasindan  Aeolothrips spp. tiirleri saptanmustir. Bu  tiirler hem
kirmizidriimeeklerin hem de diger emici fitofak zararlilarin popiilasyonlari tizerinde
baski unsuru olarak oldukc¢a &nemli predator tirlerdir. Cizelge 1°de Izmir ili
Menemen ve Bergama ilgelerindeki pamuk alanlarinda saptanan predatér tiirlerin
listesi verilmistir.

Familya: Phytoseiidae
Tur: Phytoseiulus persimilis Athias-Henriot, 1957

Incelenen materyal: Maltepe, (Menemen, Izmir), 06.06.2020, (1%); Kesik,
(Menemen, Izmir), 17.06.2020, (49); Siileymanli, (Menemen, Izmir), 06.06.2020,
(59): Seyrek, (Menemen, Izmir), 26.08.2020, (5%), 02.09.2020 (18%), 09.09.2020
(39); Gogbeyli, (Bergama, Izmir), 01.07.2020, (49); Bolcek, (Bergama, Izmir),
01.07.2020, (19).

Tur: Neoseiulus californicus (McGregor, 1954)

Incelenen materyal: Kesik, (Menemen, Izmir), 01.07.2020, (39); Siileymanl,
(Menemen, Izmir), 05.07.2020, (12), 02.08.2020 (19), 09.08.2020 (19),
23.08.2020 (39); Alibeyli, (Bergama, Izmir), 23.08.2020, (3%).

Tur: Neoseiulus barkeri (Hughes, 1948)

Incelenen materyal: Kesik, (Menemen, Izmir), 24.06.2020, (19), 08.07.2020 (19);
Bolcek, (Bergama, Izmir), 02.08.2020, (19).

Caligmalarin diger bir boliimii olan Phytoseiidae familyasina bagh tiirlerin
populasyon gelisimlerinin saptanmasi {izerine yapilan gézlemlerde ise avci akarlarin
2019 yilinda Menemen ilgesinde, Temmuz ayinin sonunda, Bergama ilgesinde ise
Agustos aymin ortalarinda sirasi ile yaprak basina ortalama 20 ile 21 akar oranina
ulasarak mevsim igerisindeki en yiiksek popiilasyon seviyesine ulastig1 gozlenmistir.
Bu tarihlerden sonra, avci akarlarin popiilasyonlari1 azalarak mevsim sonuna kadar
devam etmistir. 2020 yilinda ise avci akarlarm popiilasyon gelismeleri her iki ilcede
de Haziran ay1 ortalarinda baglamis, Bergama da mevsim sonuna kadar devam
ederken, Menemen il¢esinde temmuz ortalarindan sonra pamuk alanlarinda avci
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akarlara rastlanmamustir (Sekil 1). Bu durumun, Menemen ilgesinde Agustos basi ve
ortalarinda yapilan fazladan 2 pestisit kullanimi ile iligkili olabilecegi
diisliniilmektedir. Phytoseiidae familyasina bagli aveir akarlarin populasyon
gelisgimleri {izerine yapilan ¢aligmalarda, bu avci tirlerin  yogunluklarina
baktigimizda, yaklasik %78’i P. persimilis olarak dikkati ¢ekmistir. Bu turi %17
yogunlukla N. californicus ve %5 oram ile N. barkeri izlemistir. P. persimilis,
kirmizidriimceklere 6zellesmis bir avci akardir ve tiim diinyada kirmiziériimceklerin
en etkin avcisi olarak bilinmektedir. Bu aver akarin, Izmir ili pamuk iiretiminin en
yogun olarak yapildigi Menemen ve Bergama ilgelerindeki alanlarda saptanmasi
zararh akarlarin biyolojik miicadele imkanlar1 agisindan olduk¢a 6nemlidir. Sulek et
al. (2023) P. persimilis’in Aydin ili pamuk alanlarinda yaygin olarak bulundugunu
ve pamuk yapraklarindaki trikom yogunlugunun P. persimilis’in tiiketim
kapasitesini etkiledigini bildirmislerdir.

Kiiltiir bitkileri lizerinde bulunan zararli akarlar {izerinde beslenen avci tiirlerin
saptanmasi iizerine yapilan ¢alismalardan, Kara et al. (2023), 2018-2019 yillari
arasinda, Diyarbakir, Elazig ve Mus illeri biber, domates, fasulye, hiyar, kabak,
karpuz, kavun ve patlican alanlarinda yaptiklar1 ¢alismalarda phytoseiidae
familyasima ait 8 predat6r akar tiirii saptanmustir. Bu tiirler ise Neoseiulus barkeri
Hughes, Neoseiulus bicaudus Wainstein, Neoseiulus marginatus (Wainstein),
Neoseiulus zwoelferi (Dosse), Neoseiulus sp., Phytoseius finitimus Ribaga,
Proprioseiopsis messor (Wainstein), Typhlodromus (Anthoseius) rhenanus
(Oudemans) ve Typhlodromus (Anthoseius) recki (Wainstein) olarak belirtilmistir ve
bu tlrlerden N. barkeri %57.44 orani ile ¢aligma alanlarinda tespit edilen en yaygin
tiir olarak dikkatri ¢ekmistir. Elde edilen sonuglar1 karsilastirdigimiz zaman N.
barkeri, izmir ili pamuk alanlarinda da saptanan bir tiir olmustur. Ozman-Sullivan
et al. (2024), Samsun ilinde ii¢ farkli ekosistemde (mese, kavak ve ceviz alanlari)
2018-2022 yillar1 arasinda yaptiklari caligmalarda phytoseiidae familyasina bagli 13
cinse ait (Amblydromalus, Amblyseius, Euseius, Kampimodromus, Neoseiulella,
Neoseiulus, Paraseiulus, Phytoseius, Transeius, Typhlodromina, Typhlodromips,
Typhlodromus ve Typhloseiulus), 19 predator akar tiirii bildirmislerdir. Bu tiirlerden
Eusieus amissibilis Meshkov’in tiim galigma alanlarinda yaygin olarak saptandigini
bildirmiglerdir. Farkli bir alanda yapilan benzer bir calismada ise Yesilyanar &
Cobanoglu (2011), Istanbul ili park ve siis bitkileri iizerinde Phytoseiidae
familyasindan 11 tiirii belirlemisler ve bunlardan en yaygin tiiriin ise T. (T.) athiasae
oldugunu belirtmislerdir. Kasap et al. (2013), Canakkale ve Balikesir illerinde
Phytoseiidae familyasina ait 9 cinsten 17 predatoér akar tiirii belirlemisler ve bu
tirlerden T. athiasae’yi en yaygin tiir olarak belirtmislerdir. Kumral & Cobanoglu
(2014), Bursa, Yalova ve Ankara illerinde 2009-2011 yillarinda yaptiklari
calismalarda, domates alanlarindan phytoseiidae familyasina bagli avcilardan
Neoseiulus barkeri Hughes (Acari: Phytoseiidae) baskin tir oldugunu
belirtmislerdir. Miroglu & Cikman (2022), meyve agaclari, sebzeler, yabanciotlar
iizerinde yaptiklar1 gozlemlerde, 33 bitki tiirii lizerinde Tydeidae, Cheyletidae,
Stigmaeidae, Triophtyidae, Raphignathidae, Iolinidae ve Phytoseiidae familyalarina
bagli 15 predator akar tiirii saptanuslar, bu familyalardan Phytoseiidae familyasi1 7
ile en genis grubu olusturmustur. Phytoseiidae familyasindan, Phytoseius finitimus
(Ribaga, 1904) %37.5 orani ile en baskin tiir oldugunu bildirmistir.
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Cizelge 1. izmir ili Menemen ve Bergama ilgelerindeki pamuk alanlarmda saptanan
avcl tiirler

Table 1. The predatory species on the cotton area of Menemen and Bergama

province of Izmir

Phytoseiidae (Acari) Phytoseiulus persimilis Athias-Henriot

Neoseiulus californicus (McGregor)

Neoseiulus barkeri Hughes

Coccinellidae (Coleoptera) Stethorus punctillum Weise
Stethorus spp.
Hippodamia  (Adonia) variegata
(Goeze),

Scymnus pallipediformis (Gunther),
Scymnus (Pullus) subvillosus (Goeze)
Coccinella undecimnotata Schneider

Thripidae (Thysanoptera) Scolothrips spp.
Aeolothripidae (Thysanoptera) Aeolothrips spp.
Sonug

Sonug olarak izmir ili Menemen ve Bergama ilcelerindeki pamuk alanlarinda
yapilan ¢aligmalar, biyolojik miicadele agisindan degerlendirildigi zaman, saptanan
avcl tirler oldukca Onemlidir. Calismalar sonucunda zararli akarlar iizerinde
beslenen Phytoseiidae familyasina bagli ¢ tiir belirlenmistir ve bu predator akarlar
oncelikle akarlar iizerinde beslenen 6nemli avci tiirlerdir. Bu predator akar tiirlerin,
yogun pestisit uygulamalarmin yapildigt pamuk alanlarinda, populasyon
olusturabilmeleri de 6nemli bir sonug¢ olarak diisiiniilmektedir. Ayrica ¢aligmalar
sonucunda saptanan avci akar P. persimilis, kirmiziériimceklere 6zellesmis bir avel
akardir ve tiim diinyada kirmiziériimeceklerin en etkin avcisi olarak bilinmektedir.
Bu avci akarin, izmir ili pamuk iiretiminin en yogun olarak yapildigi Menemen ve
Bergama ilcelerindeki alanlarda saptanmasi zararli akarlarin biyolojik miicadelesi
agisindan olduk¢a 6nemlidir ve bu ¢alismalara temel olusturmasi agisindan olduk¢a
onemli oldugu diistiniilmektedir. Ancak ileride yapilacak kapsamli ¢aligmalar ile
zararli ve yararl tiirlerin popiilasyon gelismelerinin ve aralarindaki iliskilerin
ayrmtili olarak belirlenmesi, zararli akarlar ile yapilacak miicadele ¢alismalarinda
onemli katkilar saglayacag: diistiniilmektedir.
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(Omekleme tarihleri

Sekil 1. Izmir ili Menemen ve Bergama ilgelerinde 2019 ve 2020 yillar1 pamuk
alanlarindaki Phytoseiid tiirlerinin populasyon gelisimi (Asagi yonlii oklar
ilaclama tarihlerini gostermektedir).

Figure 1. Population development of Phytoseiid species in cotton fields in Menemen
and Bergama districts of Izmir province in 2019 and 2020 (Arrows indicate pestisit
spraying dates).
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Chlorantraniliprole ve flubendiamide’in Asphondylia
gennadii (Marchal) (Diptera: Cecidomyiidae)’ye karsi

ewe o

biyolojik etkinligi ile Orius laevigatus ve Amblyseius
swirskii’ye Kkarsi yan etKilerinin belirlenmesi

Musa KIRISIK*

Determination of biological activity of chlorantraniliprole and flubendiamide
against Asphondylia gennadii (Marchal) (Diptera: Cecidomyiidae) and side
effects against Orius laevigatus and Amblyseius swirskii

Abstract: Asphondylia gennadii (Marchal) (Diptera: Cecidomyiidae) has recently
emerged as a significant pest causing substantial economic losses in pepper cultivation in the
Mediterranean region. This study evaluated the biological efficacy of chlorantraniliprole and
flubendiamide against A. gennadii in greenhouses where the pest was prevalent and
biological control methods were applied. Additionally, the side effects of these two
insecticides on the beneficial predators Orius laevigatus (Fieber) (Hemiptera: Anthocoridae)
and Amblyseius swirskii Athias-Henriot (Acari: Phytoseiidae) were assessed. The trials were
conducted at two locations in Antalya province (Kasaba/Kas and Dirgenler/Kas). Both
insecticides demonstrated effectiveness in controlling the pest; however, flubendiamide
exhibited higher mortality rates than chlorantraniliprole. At the recommended dosage,
flubendiamide achieved 90.3% pest control in Dirgenler and 88.7% in Kasaba by the 14th
day, while chlorantraniliprole provided 83.6% and 85.4% control, respectively. Regarding
the side effects on beneficial organisms, flubendiamide was observed to have a more limited
impact, whereas chlorantraniliprole resulted in a greater reduction of predator populations.
Applications at half doses mitigated the decline in beneficial insect populations and were
found to be more compatible with biological control efforts. These findings emphasize the
importance of integrating chemical and biological control methods for sustainable pest
management and highlight the role of selective insecticide use in Integrated Pest Management
(IPM) strategies.

Keywords: Asphondylia gennadii, pepper gall midge, chlorantraniliprole, flubendiamide,
Orius laevigatus, Amblyseius swirskii, Integrated Pest Management (IPM).

O2z: Akdeniz Bélgesi'nde son yillarda biber tariminda énemli ekonomik kayiplara yol acan
zararhlardan birisi biber gal sinegi Asphondylia gennadii (Marchal) (Diptera:
Cecidomyiidae)’dir. Bu galismada, zararlinin yogun olarak goriildigii ve biyolojik micadele
uygulamasi yapilan seralarda chlorantraniliprole ve flubendiamide’in zararliya karst
biyolojik etkinligini aragtirilmigtir. Ayrica bu iki aktif maddenin Orius laevigatus (Fieber)
(Hemiptera: Anthocoridae) ve Amblyseius swirskii Athias-Henriot (Swirski ve Amitai 1982)
(Acari: Phytoseiidae)’ye olan yan etkileri de incelemistir. Antalya ilinde iki farkli lokasyonda
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(Kasaba/Kas ve Dirgenler/Kas) yiiriitiilen denemelerde, her iki insektisitin de zararliyl
kontrol etmekte etkili oldugu tespit edilmistir. Flubendiamide, chlorantraniliprole'e kiyasla
daha yiiksek oOldiirme oranlarma ulasmistir. 14. giin sonunda flubendiamide'in tavsiye
dozunda Dirgenler'de %90.3, Kasaba'da %88.7 oraninda zararli kontrolii sagladigi
goriilmiigtiir. Chlorantraniliprole ise ayni siirede Dirgenler’de %83.6, Kasaba’da %85.4
oraninda zararli kontrolii saglamistir. Faydali bocekler tizerindeki yan etkiler incelendiginde,
flubendiamide uygulamasinda daha az bir popiilasyon diisiistiniin oldugu, chlorantraniliprole
uygulamasinda ise daha fazla bir popiilasyon diisiisii saptanmistir. Yar1 dozlarda insektisit
uygulamasi faydali bocek popiilasyonlarinda daha az diisiise yol agmis ve biyolojik miicadele
ile daha uyumlu bir yontem olarak oOnerilmistir. Bu sonuglar, Entegre Zararli Yonetimi
stratejileri icin kimyasal ve biyolojik miicadele yontemlerinin entegre edilmesi gerektigini
vurgulamaktadir.

Anahtar Kelimeler: Asphondylia gennadii, biber gal sinegi, chlorantraniliprole,
flubendiamide, Orius laevigatus, Amblyseius swirskii, entegre zararl yonetimi (IPM).

Giris

Biber (Capsicum annuum), diinya genelinde ve Tiirkiye’de 6nemli bir sebze tiirii
olarak genis alanlarda iiretilmektedir. Tiirkiye, diinya biber iiretiminde 6nemli bir
konuma sahip olup, 2023 yili verilerine gore diinya biber tiretiminin yaklagik %8’ini
gerceklestirmektedir (FAO 2023). Tiirkiye’nin biber tiretimi 6zellikle Akdeniz, Ege
ve Gilineydogu Anadolu bolgelerinde yogunlasmis olup, yilda yaklasik 3 milyon ton
biber iiretilmektedir (TUIK 2022). Diinya genelinde ise yillik biber iiretimi yaklasik
36 milyon ton seviyesindedir ve baslica tiretici iilkeler Cin, Meksika, Hindistan,
Ispanya ve Tiirkiye'dir (FAO 2023).

Biber tarimu, yiiksek ekonomik degeri ve pazar talebi nedeniyle 6nemli bir yere
sahip olsa da, zararlilar nedeniyle verimde biiylik kayiplar yasanabilmektedir. Biber
bitkisi, bir¢ok zararlinin hedefi olmakta ve bu zararlilar arasinda yaprakbitleri,
kirmizi6riimeek, beyazsinek, tripsler ve biber gal sinegi gibi tiirler yer almaktadir.
Bu zararlilar, biber bitkisine ciddi zarar vererek, hem iiriin kalitesini diisiirmekte hem
de verim kaybina yol agmaktadir (Yasarakinct & Hincal 1997; Anonymous 2008;
Can & Ulusoy 2022).

Asphondylia gennadii, Akdeniz bolgesinde yaygin olarak goriilen, biber
tariminda ekonomik kayiplara neden olan bir zararhidir. Ozellikle ¢igek dokiimii,
verimde azalma, tomurcuk ve meyvelerde olusturdugu gal olusumlar ile kalite
kayiplarina yol agmaktadir (Rangarajan & Mahadevan 1974; Anonymous 2008).
Zararlinin disi bireyleri yumurtalarini biberlerin ¢igek tomurcuklarina birakmaktadir
(Kiray 1965). Biber gal sinegi disilerinin yumurta birakmasindan yaklasik bir hafta
sonra larvanin biiyiimesiyle tomurcuk anormalligi goriiliir ve zarar1 fark edilir hale
gelir (Orphanides 1975; Anonymous 2008). A. gennadii, ergin donemi hari¢ diger
tim donemlerini biber meyvesi iginde gegirmektedir (Kiray 1965; Anonymous
2008).

Asphondylia gennadii'nin yayilis1, zarar orani, biyolojisi, popiilasyon degisimi ve
miicadelesine yonelik arastirmalar zararlinin kontrol altinda tutulmasi agisindan
onem arz etmektedir. Yiritiilen ¢alismalarda, A. gennadii'nin popiilasyon degisimi,
yasam dongiisii, konukcular1 ve biyolojik miicadele etmenleri iizerine ¢ok sayida
arastirmaya rastlanmistir (Alkan 1958; Kiray 1965; Skuhrava et al. 2005; Sertkaya
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et al. 2006; Karadz 2023). Bunun yani sira, biber gal sinegine karsi arazi sartlarinda
bazi kimyasal insektisitlerin biyolojik etkinliginin belirlenmistir (Pathipati et al.
2016). Ayrica, bazi botanik insektisitlerin de biber gal sinegine karsi etkinliginin
belirlendigi de goriilmiistiir (Ghatage et al. 2022).

Zararlilarin etkin kontrolii i¢in kimyasal miicadele yontemleri sik¢a kullanilsa da,
bu uygulamalarin faydali bocekler lizerindeki etkileri ciddi bir endise kaynagidir.
Orius laevigatus ve Amblyseius swirskii gibi biber alanlarinda biyolojik miicadelede
Onemli rollere sahip faydali boceklerin korunmasi, entegre zararli yonetimi (IPM)
acisindan biiyiik 6nem tasir (Baloglu 2015; Topaker & Kegeci 2017). Biyolojik
miicadele yapilan biber iiretim alanlarda O. laevigatus thripslere karsi, A. swirskii
ise thrips, kirmizidriimecek ve beyazsinek ile miicadelede etkili olmakta ve iireticiler
tarafindan kullanilmaktadir (Kegeci & Giirkan 2013; 2017; Topake1 & Kegeci 2017;
Cevikol & Karaca 2021)

Pathipati et al. (2016) yapmis olduklar1 ¢alismada Chlorantraniliprole ve
Flubendiamide etkili maddeli bitki koruma iriinlerinin biber gal sinegini arazi
kosullarinda  kontrol altina almada basarii  oldugunu  belirtmislerdir.
Chlorantraniliprole ve Flubendiamide, bdoceklerde ryanodine alkoloidinin
reseptorundin aktive edilmesine neden olmaktadir (Roditakis et al. 2013). Ryanodine
reseptorler Ozellikle kas kontroliinde olmak tizere birgok hiicre fonksiyonlarinda
gorev alan kalsiyumun kontrollii olumsuz salinimini etkilemektedir. Bu kimyasallara
maruz kalan boceklerde depolanmus kalsiyum salinimi kontrol edilemediginden
kaslarina hiikmedemezler. Sonug¢ olarak beslenmeyi birakma, uyusukluk, felg ve
oliim gibi durumlar gdzlenmektedir (Lahm et al. 2005). Ulkemizde aym aktif
maddlerle yapilan bir ¢alismada ise, Bulus et al. (2021), yapmus olduklar1 ¢galismada
chlorantraniliprole ve flubendiamide etkili maddeli bitki koruma tiriinlerinin farkl
yaslardaki Bombus terrestris is¢i arilari i¢in zehirsiz oldugu belirlemislerdir.

Bu calismada, chlorantraniliprole ve flubendiamide’in iki farkli serada, biber gal
sinegi A. gennadii'ye kars1 biyolojik etkinligi incelenmis, ayrica bu aktif maddelerin
faydali bocekler tizerindeki yan etkileri degerlendirilmistir.

Materyal ve Yéntem
Deneme alanlan ve kosullar

Denemeler Antalya Kas Ilgesinde Kasaba ve Dirgenler mahallerinde, biber tretimin
yogun yapildig1 ve zararlimin her yil zarar yaptigi iki serada gerceklestirilmistir.
Denemeler sonbahar yetistirme déneminde ve TAGEM Bitki Saglig1 Arastirmalari
Daire Bagkanlhigi tarafindan hazirlanan "Biber Galsinegi [Asphondylia capsici
Barnes (Diptera: Cecidomyiidae)] Standart ilag Deneme Metodu (2024)"e gore
yuritiilmistir (Anonim 2024). Deneme yapilan seralarda O. laevigatus ve A.
swirskii faydali boceklerinin salimi ilaglamadan 6nce yapilmistir. Deneme alanlarina
fide dikiminden bir hafta sonra, 2 adet bocek/m? dozunda O. laevigatus, 50 adet
akar/m? dozunda A. swirskii salimi gerceklesmistir. Deneme yerlerine iliskin bilgiler
Cizelge 1’de verilmistir.
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Cizelge 1. Deneme yerlerine iligkin bilgiler.

Table 1. Information about the experimental locations
Deneme yerlerine ait bilgiler

Kasaba Dirgenler

Biber tipi Kapya Kapya
Dikim tarihi 25.06.2024 01.07.2024

Fenoloii Cigek-tomurcuk ve meyve Cicek-tomurcuk ve meyve

) dénemi dénemi
Denemet‘)t:;\;anda bitki 80-90 cm 90-100 cm
Deneme yeri Plastik sera Plastik sera
Sulama Damlama Damlama
Toprak yapisi Killi-tinl Killi-tinl
Yesil akf;ri‘;ﬂ”a‘?‘ama 17.08.2024 17.09.2024

Deneme, 100 tomurcuk veya meyvenin 5-8’i bulasik oldugunda bulundugunda
agilmistir. Deneme tesadiif bloklar1 deneme desenine gore 4 tekerriirlii olacak
sekilde kurulmustur. Parsellerin biiylikliigii her bir karakter i¢in 20 m2 olacak sekilde
planlanmistir. Parseller arasinda 1-2 m genisliginde emniyet seridi birakilmustir.
Denemeye ait karakterler Cizelge 2’de verilmistir.

Cizelge 2. Denemeye ait karakterler.
Table 2. Characters belonging to the experiment.

Aktif madde ve L Uygulama  IRAC etki mekanizma
. Ticari ad1 ve firmasi .
formilasyonu dozu sinifi, kKimyasal grubu
- ALTACOR 35 WG, 12¢/100L
0 )
%35 Chiorantraniliprole FMC TURKEY su 28- Ryanodine receptor
ALTACOR 35 WG, modulators, Diamides

%35 Chlorantraniliprole EMC TURKEY 6 9/100 L su

222 g/l Flubendiamide ~ LUNGA, SUMI 30 ml/100 L

AGRO TURKEY su
_ TUNGA, SUMI 15 ml/100 L
222 g/l Flubendiamide AGRO TURKEY s

Kontrol

Sayimlar, her parselden kosegenler dogrultusunda ilerleyerek tesadiifen secilen
10 bitkinin tomurcuk ve meyvelerindeki canli larvalar1 saymak suretiyle yapilmustir.
Sayimlar ilaglamadan 1, 3, 7 ve 14 giin sonra yapilmistir (Anonim 2024). Sayim
sonuclar1 canli larvalar iizerinden, Abbott (1925) formiilii yardimiyla
degerlendirilmistir.
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Tlaclamalarn faydallara yan etkisinin belirlenmesi

Pestisit uygulamalari yapildiktan sonra 1, 3, 7, 14, 21 ve 28. giinlerde avci boceklerin
sayimlar1 gerceklestirilmistir. Biber galsinegi i¢in uygulama yapilan her parselde 10
bitkinin tamaminda seralarda O. laevigatus ergin ve nimfler igin ayr1 ayri
kaydedilerek yapilmistir. A. swirskii saymmi igin her parselde 10 bitki incelenmis
bitkilerin alt, orta ve ist kisimlarindan olmak iizere bitkilerden 20 adet yaprak 6rnegi
tesadiifen almmustir. Ornekler kese kagidinda laboratuvara getirilmis ve binokiiler
ile canli bireyler (larva, nimf ve ergin) toplu olarak sayillmistir. Uygulama yapilan
parsellerdeki farklilik bitkilerdeki ergin ve nimf sayilarma tek yonlii varyans analizi
(ANOVA) yapilarak belirlenmistir (P=0.05). Ortalamalar arasindaki farklilik ¢oklu
karsilagtirma testi (Tukey HSD) ile ortaya konmustur. Tiim istatistiki testler SPSS
22 (SPSS 2013) paket programi kullanilarak yapilmistir.

Pestisitlerin yan etkisi ise, bitkilerdeki canli birey sayilari esas alinarak
Henderson — Tilton (1955) formiilii ile belirlenmistir. Bu formiil ile elde edilen 6liim
oranlari IOBC (International Organisation for Biological Control)’nin siif
degerlerine gore zararsiz veya az zararli, orta derecede zararl, zararli olarak
degerlendirilmistir (Boller et al. 2006) (Cizelge 3).

Henderson—Tilton Formuli:

. Tlag¢hda uygulama sonrasi canli sayist X Kontrolde uygulama oncesi canli sayist
Oliim orani (%)= (1- - ) X100
lla¢hda uygulama éncesi canli sayisi X Kontrolde uygulama sonrasi canli sayisi

Cizelge 3. Pestisitlerin tarla kosullarinda yan etki sinif degerleri (Boller et al. 2006)

Table 3. Side effect toxicity category of pesticides under field conditions (Boller et

al. 2006)
Simif Degeri Etki (%) Zararhlik Simifi
N 0-50 Zararsiz veya az zararlt
M 51-75 Orta derecede zararh
75+ Zararh
Bulgular

Caligmanin bulgularima gore, hem flubendiamide hem de chlorantraniliprole, A.
gennadii zararlisina karsi yiiksek bir biyolojik etkinlik sergilemistir. Ozellikle
flubendiamide, chlorantraniliprole'e kiyasla daha yiiksek oldiirme oranlarina
ulagmustir. 14. giin sonunda flubendiamide'in tavsiye dozunda Dirgenler'de %90.3,
Kasaba'da %88.7 oraninda zararli  kontrolii  sagladigi  goriilmiistiir.
Chlorantraniliprole ise ayni1 siirede Dirgenler’de %83.6, Kasaba’da %85.4 oraninda
zararli kontrolii saglamistir. Yar1 doz uygulamalarinda her iki insektisitte de zararh
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kontroli azalmakla birlikte, yine de etkili sonuglar elde edilmistir (Cizelge 4).
Flubendiamide'in genel olarak daha yiiksek etkinlik gostermesi, zararlilara karsi
daha etkili bir ¢6zlim sunabilecegini gostermektedir.

Cizelge 4. Pestisitlerin tarla kosullarinda Asphondylia gennadii tzerine biyolojik
etkinlikleri (Oliim orani, %)
Table 4. Biological activities of pesticides on Asphondylia gennadii under field

conditions
fla¢-Doz Lokasyon 1.gun 3.gun 7.gUn 14.gUn
Dirgenler 15.846.2 25.4+7.3 53.6%5.3 83.6+7.3
%35 Chlorantraniliprole Ac* Ac Bb Aa
(12 g/100 L su) Kasaba 13654 228466 555:7.4 85.4:4.2
Ac Ac Bb Aa
Dirgenler 10.4+3.1 15.6+45 44.8+8.1 72.4+54
%35 Chlorantraniliprole Ac Ac Bb Ba
(6 g/100 L su) Kasaba  132t48 16152 46423 757133
Ac Ac Bb Aa
. 221453 33.4+8.0 72.842.4 90.3+4.0
Dirgenler

222 g/l Flubendiamide Ac Ac Ab Aa

(30 m/100 L su) 263164 36.747.9 69.4+35 887425

Kasaba A A pos T
Dirgenler 185455 24.9+454 51.4+44 78.6%+1.8
222 g/l Flubendiamide Ac Ac Bb Aa
(o miooLs) 15.6+6.4 252461 53.246.2 77.5+2.6
Kasaba

Ac Ac Bb Aa

*Biiytik harfler siitunlardaki 6nemi, kiiciik harfler satirlardaki dnemi gosterir (P < 0.05)
Faydal bocekler iizerindeki etkiler

Faydali bocek popiilasyonlar1 iizerindeki etkiler agisindan degerlendirildiginde,
flubendiamide'in faydali tiirler olan O. laevigatus ve A. swirskii Uzerindeki yan
etkileri, chlorantraniliprole'e gore daha diisiik bulunmustur. Ornegin, O. laevigatus
icin flubendiamide'in tavsiye dozunda oliim orant %14.2 iken, chlorantraniliprole
icin bu oran %I18.7'dir (Cizelge 5). Benzer sekilde, A. swirskii igin
chlorantraniliprole'de %13.5 6liim oranmi kaydedilirken, flubendiamide'de %11.7'ye
diismiistiir. Bu sonuglar, flubendiamide'in hem zararlilari etkili bir sekilde kontrol
ederken hem de faydali bocek popiilasyonlarini koruma agisindan daha tercih
edilebilir oldugunu gostermektedir. (Cizelge 6). Yar1 doz uygulamalarinda bu etkiler
belirgin bir sekilde azalmigtir. Bunun yani sira deneme alaninda yapilan sayimlarda,
A. swirskii populasyonu deneme boyunca en diisiik ortalama 22 birey/bitki, en
yuksek ortalama 53 birey/bitki olurken, O. laevigatus popiilasyonu ise deneme
boyunca en diisiik ortalama 0.8 birey/bitki, en yiiksek ortalama 3 birey/bitki olarak
belirlenmistir.
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Cizelge 5. Pestisitlerin sera kosullarinda Orius laevigatus Uzerine yan etkinlikleri
(6liim orani, %) ve IOBC smif degerleri

Table 5. Biological activities (Mortality rate, %) and IOBC class values of pesticides
on Orius laevigatus under greenhouse conditions

i i i ; — 10BC
lla¢-Doz Lokasyon 1.giin 3.gln 7.gln 14.g0n degeri
Dirgenler 21¥0-3  54+21 7.1+16 18.7+44 N
%35 9 Aa* Ba Ba gh
Chlorantraniliprole
14401 25+1.3 6.8#32 11.3+35
12 g/100 L
(12¢/100Lsu)  Kasaba 5 " = 3 N
Dirgenler 15£02 22+09 3.4+13 53:17 N
%35 g Aa Aa A PV
Chlorantraniliprole D6i01 13104 dsza 6
6 9/100 L su .60. .3+0. 2%2. A2,
69 ) Kasaba Aa ™ o - N
Dirgenler 31+0.6 6.3x21 85x19 142452 N
222 g/l Flubendiamide Aa Ba Ba Bb
(30 miA00L 50 Kasaba 2803 4.8£24 6.9+20 10.5%33 N
Aa Ba Ba Bb
Dirgenler 0.6+0.2 1.3+0.2 3.1+18 4.5£1.0 N
222 g/l Flubendiamide Aa Aa Aa Aa
(15 ml/100 L su)
Kasaba 0:8%0.1 21204 2.9+06 3.8t14 N

Aa Aa Aa Aa

*Blyuk harfler sttunlardaki 6nemi, kiicuk harfler satirlardaki 6nemi gosterir (P < 0.05)
Tartisma

Bu calismada, A. gennadii zararlisina karsi kullanilan chlorantraniliprole ve
flubendiamide aktif maddeli pestisitlerin biyolojik etkinligi ve faydali bocek
popiilasyonlar iizerindeki yan etkileri incelenmistir. Sonuglar, her iki pestisitin de
A. gennadii popiilasyonlarin1 6nemli olgiide azalttigim, ancak flubendiamide'in
chlorantraniliprole’e kiyasla daha yiiksek bir 6ldiirme oranina sahip oldugunu
goOstermistir. Bu bulgu, Pathipati et al. (2016) benzer sonuglar elde ettigi ¢alismay1
destekler niteliktedir. Pathipati et al. (2016) arastirmasinda da, flubendiamide’in
lepidopter zararhilara karst chlorantraniliprole’e kiyasla daha etkin oldugu
belirtilmistir.
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Cizelge 6. Pestisitlerin sera kosullarinda Amblyseius swirskii Uzerine biyolojik
etkinlikleri (6liim orani, %) ve IOBC sinif degerleri

Table 6. Biological activities (Mortality rate, %) and IOBC class values of pesticides
on Amblyseius swirskii under greenhouse conditions

i .. .. .. .. I0OBC
Ila¢-Doz Lokasyon 1.gln 3.g0n 7.g0n 14.g0n degeri
Dirgenler 0.8+0.1 3.7#0.8 5.3t1.5 10.843.2 N
%35 g Aa* Aa Ab Ab
Chlorantraniliprole 12400 23503 65616 135524
12 g/100 L su LU 5T ol o2,
(12g ) Kasaba s o Y po N
Dirgenler 0.0+0.0 2.2#0.4 5.3+1.1 7.2+1.8 N
%35 g Aa Aa Ab Ab
Chlorantraniliprole 05101 13101 48:1l2 63510
6 0/100 L su 910. .310. R RO
g ) Kasaba s s A " N
Dirgenler 1.8+0.2 2.8+0.4 7.8+21 11.0#2.2 N
222 g/l g Aa Aa Ab Ab
Flubendiamide
(30 ml/100 L su) Kasaba 1.6£0.3 3.1+0.5 8.1+24 11.7+3.1 N
Aa Aa Ab Ab
Dirgenler 0.4+0.1 1.2+#0.2 2.9+0.8 4.3+0.6 N
222 g/l g Aa Aa Aa Aa
Flubendiamide
(15 ml/100 L su) Kasaba 0.9+0.1 1.5+0.1 2.6+0.1 5.8%+1.6 N
Aa Aa Aa Aa

*Biiytik harfler siitunlardaki 6nemi, kiiciik harfler satirlardaki dnemi gosterir (P < 0.05)

Chlorantraniliprole ve flubendiamide’in etki mekanizmalari, boceklerin ryanodin
reseptorlerini etkileyerek kas fonksiyonlarini bozmaya dayanir. Lahm et al. (2005)
calismalarinda bu kimyasallarin, boceklerin kaslardaki kalsiyum salinimini
engelleyerek felce ve 6liime yol agtigi gosterilmistir. Ayrica, Roditakis et al. (2013),
pestisitlerin bu mekanizma araciligiyla hedef zararlilarda yiiksek etkinlik
gosterdigini, ancak direng gelisiminin uzun vadede bir sorun olabilecegini
vurgulamaktadir. Calismamizda, chlorantraniliprole ve flubendiamide’in tavsiye
edilen dozda kullanildiginda A. gennadii popiilasyonunu 6nemli Slgiide azalttig
goriilmiistiir. Ozellikle flubendiamide’in Dirgenler ve Kasaba lokasyonlarinda
sirastyla %90.3 ve %88.7 zararli kontrol oranina ulagmasi, bu aktif maddenin
zararlilara kars1 daha etkili bir ¢6ziim sundugunu gostermektedir.

Pestisitlerin faydali bocekler tizerindeki yan etkileri, entegre zararli yonetimi
(IPM) stratejilerinin siirdiiriilebilirligi agisindan kritik bir 6nem tasir (Eilenberg et
al. 2001). Caligmamizda, chlorantraniliprole ve flubendiamide’in faydali bocekler
iizerindeki yan etkilerinin smirli oldugu bulunmustur. Ornegin, O. laevigatus
iizerinde yapilan testlerde, flubendiamide'in %14.2, chlorantraniliprole'in ise %18.7
6lim oranina yol ac¢tig1 goriilmiistiir. Bu bulgular, Desneux et al. (2007) kimyasal
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pestisitlerin faydali bocekler {iizerindeki toksik etkilerini azaltmaya yonelik
caligmalarim desteklemektedir. Benzer sekilde, A. swirskii Uzerindeki testlerde de
flubendiamide'in yan etkilerinin chlorantraniliprole’e kiyasla daha diisiik oldugu
tespit edilmistir.

Faydali bocekler, tarimsal ekosistemlerde dogal diisman islevi gorerek zararli
popiilasyonlarini kontrol eder ve bu nedenle korunmalar1 6nemlidir. Calvo et al.
(2015), A. swirskii ve O. laevigatus gibi predatorlerin, biber yetistiriciliginde thrips
ve beyaz sinekler gibi zararlilara karsi biyolojik miicadelede kritik rol oynadigini
gostermistir. Calismamizda chlorantraniliprole ve flubendiamide’in, bu faydal
bdcekler tizerindeki yan etkilerinin diigiik olmasi, kimyasal ve biyolojik miicadelenin
IPM stratejileri ¢ergevesinde bir arada uygulanabilecegine isaret etmektedir. Bu
bulgular, Cloyd & Bethke (2011)’nin entegre zararli yonetiminde pestisitlerin etkin
dozajlarda kullanimmin faydali bocekler iizerindeki etkilerini en aza indirmeye
yonelik arastirmalarini desteklemektedir.

Tozlayic1 boceklerin korunmasi, tarimsal tiretimde verimlilik agisindan blyuk
onem tagir. Bulug et al. (2021), chlorantraniliprole ve flubendiamide’in Bombus
terrestris is¢i arilar1 tizerindeki toksik etkilerini diisiik bulmus, bu da ¢alismamizdaki
bulgularla uyum géstermektedir. Bombus terrestris, bir¢ok bitki tlir(l icin kritik bir
tozlayicidir ve tozlayicilarin kimyasal pestisitlerden olumsuz etkilenmemesi,
tarimsal siirdiiriilebilirlik agisindan 6nemlidir. Gill & Garg (2014), pestisitlerin ar1
popiilasyonlar1 iizerindeki etkilerini arastirmig ve disiik toksisiteye sahip
pestisitlerin  tercih edilmesi gerektigini vurgulamuslardir. Bu baglamda,
chlorantraniliprole ve flubendiamide’in diisiik toksisitesi, zararli kontrolii
saglamanin yani sira g¢evresel etkilerin azaltilmasma da katkida bulunmaktadir.
Doker et al. (2015), chlorantraniliprole ve flubendiamide’in Iphiseius degenerans
(Acari: Phytoseiidae) predatér akarmdaki yan etkileri tiizerine arastirmalari
sonucunda bu iki aktifin Entegre Zararli Yonetimi programlarmma dahil
edilebilecegini belirtmislerdir. Whalen et al. (2016), yiirittikleri calismanin
sonuclar1 chlorantraniliprole ve flubendiamide uygulamasidan 21 giin sonra toplam
Hemipter predatorlerin popiilasyonunda, kontrole kiyasla énemli bir fark olmadigini
ortaya koymuslardir. Literatiir galigmalari yiiriitiilen bu ¢aligmay1 desteklemektedir.

Calismamizda tam doz ve yar1 doz uygulamalar1 karsilastirildiginda, her iki
pestisitin de yar1 dozda etkili sonuclar verdigi, ancak tam doz uygulamalarinin daha
yiiksek biyolojik etkinlik gosterdigi goriilmiistiir. Bu bulgu, pestisitlerin dnerilen
dozlarda kullaniminin zararlilar tizerindeki hizli ve etkili kontrolii sagladigini
dogrulamaktadir (Roditakis et al. 2013). Bununla birlikte, diren¢ gelisimi olasiligi,
pestisit yonetiminde dikkate alinmasi gereken Onemli bir faktordiir. Nauen &
Bretschneider (2002), zararlilarin chlorantraniliprole ve flubendiamide gibi
kimyasallara kars1 direng gelistirme potansiyeline sahip oldugunu ve bu durumun
uzun vadede zararli yonetimini zorlastirabilecegini belirtmektedir.

Sonuclar

Sonug olarak, bu ¢alisma, chlorantraniliprole ve flubendiamide’in A. gennadii
zararlisina karst etkili oldugunu ve bu pestisitlerin faydali bocekler {izerindeki yan
etkilerinin sinirli oldugunu ortaya koymustur. Flubendiamide, 6zellikle zararlilara
kars1 daha yiiksek etkinlik ve faydali bocekler iizerinde daha diisiik yan etkiler
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sergilemistir. Bu bulgular, entegre zararli yonetimi stratejilerinde bu kimyasallarin
kullaniminin faydali olabilecegini ve tarimsal siirdiiriilebilirlik agisindan énemli bir
secenek sundugunu gostermektedir. Ancak, direng gelisimi ve cevresel etkiler
tizerine daha fazla arastirma yapilmasi gerekmektedir.
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Ozgiin makale (Original article)

Tiirkiye icin yeni bir ava tiir: Cybocephalus nipponicus
Endrody-Younga (Coleoptera: Cybocephalidae)

Sitkran OGUZOGLU **, Mustafa AVCI !, Gillser PATLAR*?

A new predator species for Turkiye: Cybocephalus nipponicus Endrédy-
Younga (Coleoptera: Cybocephalidae)

Abstract: The predator species Cybocephalus nipponicus Endrédy-Younga naturally
spreads in Southeast Asia and the South Pacific, was reported first time in Tulrkiye. Studies
were conducted in the center of Burdur province and it was found the species fed on Unaspis
euonymi (Comstock) (Hemiptera: Diaspididae) and Marchalina hellenica (Gennadius)
(Hemiptera: Marchalinidae). It would be useful to conduct comprehensive research on the
species in Turkiye, which has been evaluated for biological control purposes by some
countries in recent years.

Keywords: Predator, biological control, scale insects, new record, Burdur

Oz: Dogal yayillisi Giineydogu Asya ve Giiney Pasifik olan aver tiir Cybocephalus
nipponicus Endrédy-Younga’un Tirkiye’de varligi ilk kez tespit edilmistir. Burdur ili
merkezinde yapilan c¢alismalarda tirtin  Unaspis euonymi (Comstock) (Hemiptera:
Diaspididae) ve Marchalina hellenica (Gennadius) (Hemiptera: Marchalinidae) ile
beslendigi bulunmustur. Baz iilkeler tarafindan son yillarda biyolojik miicadele amaciyla
degerlendirilen tiiriin Tiirkiye’de kapsamli aragtirilmasi faydali olacaktir.

Anahtar Kelimeler: Avec tiir, biyolojik kontrol, kabuklu bit, yeni kayit, Burdur

Giris

Cybocephalidae Jacquelin du Val familyasi, diinya {izerinde 16 cinste 207 tiir (soyu
tilkenmis tiirler dahil) iceren Cucujoidea iist familyas: icinde kiiciik bir gruptur
(Smith 2021). Larva ve erginleri avci olan tiirlerin biiyiikliikleri 0.5-2.5 mm arasinda
degismektedir (Pintilioaie & Mate 2023). Tiirlerin ¢ogu, Diaspididae, Coccidae ve
Pseudococcidae gibi boceklerle (Hemiptera: Coccomorpha) beslenirken, bazilari da
Aleyrodidae (Beyazsinekler) ve Tetranychidae (Kirmizidriimcekler) ile beslenir
(Smith 2022). Familyanin filogenetik durumu konusunda tartigmalar stirmekte, bazi
arastiricilar ayr1 bir familya olarak kabul ederken bazilar1 da Nitidulidae familyasi
icinde gostermektedirler (Lee et al. 2024).

Cybocephalus Erichson cinsi diinya genelinde 178 tiirii kapsamaktadir (Smith
2021). Avrupa’da ise 23 Cybocephalus tiirti bulunmustur (Pintilioaie & Mate 2023).
Bugiine kadar Tiirkiye’de iki alttiirle birlikte dort tiir kaydedilmis olup bunlar;
Cybocephalus fodori Endrédy-Younga, Cybocephalus fodori fodori, Cybocephalus

5 Isparta University of Applied Sciences, Faculty of Forestry, Department of Forest Engineering,
Isparta, Turkiye
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fodori minor, Cybocephalus mediterraneus Endrédy-Younga, Cybocephalus politus
(Gyllenhal), Cybocephalus rufifrons Reitter’tur. Tiriin diger cybocephalid tiirleri
gibi 6nemli bir avci tiir olmasi sebebiyle bazi iilkelerde biyolojik miicadele
programlarinda yer aldig1 bildirilmektedir (Pintilioaie & Mate 2023; Serri et al.
2024). Bu tiir Asya ve Giiney Pasifik'e 6zgli olmakla birlikte Amerika Birlesik
Devletleri'ne gotiiriilmiis ve basartyla yerlesmistir. ABD ve Bat1 Hint Adalari'ndan
bildirilen konukgular arasinda 18 Diaspididaec ve bir Tetranychidae tiirii
bulunmaktadir (Smith 2022). Cybocephalus nipponicus'un biyolojisi bazi
arastiricilar tarafindan ayrintili olarak incelenmistir. Disilerinin ortalama 288
yumurta biraktigi ve yumurtadan ergine kadar gegen siirenin yaklasik yedi hafta
siirdiigii, toplam yasam siiresinin 11-14 hafta arasinda oldugu ve yilda ti¢ nesil
verebildigi belirlenmistir (Alvarez & Van Driesche 1998a; 1998b; Smith & Cave
2006). Bu calismada biyolojik miicadele uygulamalarinda degerlendirilebilecek
tirtin Tiirkiye entomofaunasi i¢in ilk kaydi verilmektedir.

Materyal ve Yontem

Calisma, Burdur ili kentsel yesil alanlart ve Kent Ormaninda 2018 yilinda
yiiriitiilmiistiir (Sekil 1). Ornekler Burdur Orman Isletme Miidiirliigii bahgesi
(Koordinat: 37°43°03’K-30°16°34"’D, vyiikselti: 961 m), Burdur Ogretmenevi
bahcesi (Koordinat: 37°43°00°°K-30"16"39""D, yiikselti: 959 m) ve agaclandirma
yoluyla tesis edilmis kizilgam agaclarindan olusan Burdur Kent Ormanindan
toplanmistir (Koordinat: 37°41°407°K-30°12°02°D, yiikselti: 890 m). Ave: tiire ait
ornekler mayis-kasim déneminde farkli tarihlerde yapilan arazi ¢alismalarinda elde
edilmistir. Orneklerin preparasyonlar1 yapilarak, erkek ve disi ayrimlar
gergeklestirilmistir.
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Sekil 1. Cybocephalus nipponicus 6rnekleme alani
Figure 1. Cybocephalus nipponicus sampling area
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Tir Prof. Dr. Nedim UYGUN (Cukurova Universitesi, Ziraat Fakiltesi, Bitki
Koruma Boliimii, Emekli Ogretim Uyesi) tarafindan teshis edilmistir. Av tiirleri
yazarlar tarafindan teshis edilmistir. Tiim Ornekler Isparta Uygulamali Bilimler
Universitesi Orman Fakiiltesi, Orman Entomolojisi ve Koruma Anabilim Dali
biinyesinde bulunan Entomoloji Miizesinde muhafaza altina alinmiglardir.

Bulgular ve Tartisma

Calismada Cybocephalus nipponicus’un Burdur Orman isletme Miidiirliigii ve
Ogretmenevi bahgesinde Euonymus japonica Thunb. (Celastraceae) (zerinde
Unaspis euonymi (Comstock) ve Burdur Kent Ormaninda ise Pinus brutia Ten.
(Pinaceae) uzerinde Marchalina hellenica (Gennadius) tiirlerinin avcist oldugu
belirlenmistir.

Tiiriin sistematigi

Simif . Insecta Linnaeus, 1758

Takim : Coleoptera Linnaeus, 1758

Familya : Cybocephalidae Jaquelin Du Val, 1858

Cins : Cybocephalus Erichson, 1844

Tr : Cybocephalus nipponicus Endrédy-Younga, 1971

Incelenen materyal: Burdur Orman Isletme Miidiirliigii bahgesi, 37°43°03”’K-
30°16°34°°D, 961 m, 18.V.2018, Rosa sp., 19; Euonymus japonica, 583 2422;
Ogretmenevi bahgesi, 37°43°00°K-30°16°39°’D, 959 m, 02.VIL.2018, Salix
babylonica, 1J; 02.IX.2018, Euonymus japonica, 1733 999; 20.X1.2018, Abies
nordmanniana subsp. bornmuelleriana, 13 19; Euonymus japonica, 13 8%9%;
Burdur Kent Ormani, 37°41°40>°K-30°12°02""D, 890 m, Pinus brutia, 1& (Toplam
69 birey).

Tammi: Tiirlin erginlerinin uzunlugu 1,0-1,2 mm arasinda degismektedir.
Erkeklerinin bag, pronotum, prosternum, mesosternum ve bacaklari sar1 renkte, diger
kisimlar1 siyahtir. Disileri ise siyah renkte olup sar1 bacaklara sahiptir. Erginleri sar1
renkli antenlere sahip olup anten topuzunun u¢ kismi kesik yapilidir (Smith 2022;
Serri et al. 2024) (Sekil 2).
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ventral dorsal -

Sekil 2. Cybocephalus nipponicus a, b) erkek, ¢, d) disi
Figure 2. Cybocephalus nipponicus a, b) male, c, d) female

Tiirkiye’de Cybocephalidae familyasindan Cybocephalus cinsine ait dort tor
olmak (izere toplam 6 takson tespit edilmistir. Ayrica cins diizeyinde tespit edilen bir
calisma bulunmaktadir (Cizelge 1). En yaygn tiir olan C. fodori Adana, Diyarbakir,
Elazig, Malatya ve Mugla illerinde tespit edilmistir. Bu tiir Tirkiye’de Citrus
deliciosa (Tenora), C. sinensis (L.) (Rutaceae), Olea sp. (Oleaceae) ve Prunus
armeniaca L. (Rosaceae)’da goriilmiistiir. Avlarin1 genellikle Hemiptera takimi
Diaspididae familyasina ait tiirler olusturmakta, Tiirkiye’de bu familyadan
Aonidiella aurantii Maskell, A. citrina (Coquillet), Chrysomphalus dictyospermi
(Morgan), Coccidae familyasindan Sphaerolecanium prunastri (Boyer de
Fonscolombe), Pseudococcidae familyasindan Plancoccus citri Risso, Lepidoptera
takimi Pyralidae familyasindan Prays oleae (Bernard) tiirleri saptanmigtir
(Soydanbay 1976; Yigit & Uygun 1982; Bozbuga & Elekgioglu 2008; Yigit 2013;
Telli & Yigit 2019; Giilmez et al. 2023).

Cybocephalus fodori’nin Tirkiye’de goriilen iki alt tiiriinden biri olan C. fodori
minor en yaygin olan taksondur. Bu taksonun goriildiigii konukgu bitki tirleri;
Cedrus libani A. Rich. (Pinaceae), Citrus sp. (Rutaceae), Crataegus oxyacantha L.
(Rosaceae), Diospyros virginiana L. (Ebenaceae), Olea sp. (Oleaceae), Pistacia sp.
(Anacardiaceae), Prunus armeniaca L., Prunus sp. (Rosaceae) ve Syringa sp.
(Oleaceae)’dir. Tirkiye’de tespit edilen avlar1 ise Aonidiella aurantii Maskell,
Epidiaspis leperii Signoret, Lepidosaphes pistaciae (Archangelskaya), Parlatoria
pergandii (Comstock), Pseudaulacaspis pentagona (Targioni Tozzetti), Torosaspis
cedricola (Balachowsky & Alkan) (Diaspididae), Eulecanium ciliatum (Douglas),
Sphaerolecanium prunastri Fonscolombe (Coccidae), Panonychus citri (McGregor)
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(Tetranychidae), Planococcus citri (Risso) (Pseudococcidae) ve Euphyllura olivina
Costa (Liviidae) tirleridir (Ulgentiirk 1998; Ulgentiirk & Toros 1999; Ulgentiirk
2001; Ulgentiirk et al. 2001; Ulgentiirk et al. 2004; Elek¢ioglu & Senal 2007;
Bozbuga & Elekcioglu 2008; Ozgen & Bolu 2009; Giincan 2009; Dostbil 2012;
Ozgen et al. 2015; Dostbil & Ulgentiirk 2016; Elekcioglu & Olgiilii 2017; Elek¢ioglu
& Olgiilii 2018; Basar & Yasar 2018). Diger alt tiirii olan Cybocephalus fodori
fodori’nin Jelinek & Audisio (2007) tarafindan Tirkiye’de bulundugu belirtilmistir.
Ayrica aym calismada C. politus ve C. rufifrons tiirlerinin Tiirkiye’den kaydi
bildirilmigtir.

Cybocephalus mediterraneus Endrody-Younga, Mersin ve Mugla illerinde
bulunmustur. Bu tiirtin, Citrus sinensis tizerinde Aonidiella aurantii tiiriiniin avcisi
oldugu bildirilmistir (Soydanbay 1976; Lason 2007). Cins diizeyinde tespitinin
yapildigi ¢alismada Morus alba L. (Moraceae) iizerinde Pseudaulacaspis pentagona
(Targioni-Tozzetti) (Diaspididae) tiirtiniin avcist olarak belirtilmistir (Mohammed
2017).

Cybocephalus nipponicus’un dogal yayilis alamt Giineydogu Asya ve Giliney
Pasifik bdélgeleridir. Unaspis euonymi (Diaspididae) ile miicadele amaciyla
Kore’den Amerika Birlesik Devletleri'ne gotiiriilmiis ve basariyla yerlesmistir
(Smith & Cave 2006; Smith 2022). Ayrica Tayland’dan Tayvan ve Giiney Afrika’ya
da gotiirtilmiistiir (Labuschagne et al. 1996; Smith & Bailey 2007; Song et al. 2012).
Tiiriin Avrupa’daki ilk kayd1 Italya’dan (Lupi 2002) bildirilmis, ardindan Ispanya
(Velaetal. 2015; Vifiolas et al. 2017; del Pino et al. 2020), Fransa (Merkl et al. 2017;
Le Monde des insects 2024), Macaristan (Merkl et al. 2017) ve Romanya (Pintilicaie
& Mate 2023)’da tespit edilmistir. Tiiriin Asya iilkelerinden getirilen zararh tiirlerle
bulagik siis bitkileri ile tasinmis oldugu diisiiniilmektedir (Pintilioaie & Mate 2023).
2024 yilinda yapilan bir ¢alismada ise Tiirkiye’ye komsu olan Iran’dan kayit
bildirilmistir (Serri et al. 2024).

Cybocephalus nipponicus, genellikle Diaspididae familyasindan tiirlerle
beslenmektedir. Tirin Diaspididac familyasindan 18 ve Tetranychidae
familyasindan bir tiir ile beslendigi belirtilmistir (Smith 2022). Tiiriin; Diaspididae
familyasindan Aonidiella aurantii Maskell, Aspidiotus destructor Signoret,
Aulacaspis crawii (Cockerell), Aulacaspis tubercularis Newstead, Aulacaspis
yasumatsui Takagi, Carulaspis visci (Schrank), Chrysomphalus bifasciculatus
Ferris, Diaspidiotus macropranus, Diaspis echinocacti (Bouché), Fiorinia externa
Ferris, Fiorinia phantasma (Cockerell & Robinson), Hemiberlesia lataniae
(Signoret), Hemichonaspis sp., Lepidosaphes beckii (New-man), Pseudaulacaspis
cockerelli (Cooley), Pseudaulacaspis pentagona, Quadraspidiotus perniciosus
(Comst), Unaspis euonymi ve Unaspis yanonensis Kuwana tirleri ile Tetranychidae
familyasindan Panonychus citri (McGregor) tiirii ile beslendigi bildirilmistir (Smith
2022; Serri et al. 2024). Tiriin tespit edildigi bitki tiirleri: Citrus aurantium L.
(Rutaceae), Cycas revoluta Thunb. (Cycadaceae), Euonymus japonicus, Morus alba,
Opuntia ficus-indica (L.) (Cactaceae), Phoenix canariensis (Arecaceae) ve
Pittosporum tobira “variegatum” (Pittosporaceae)’dur (Smith 2022; Serri et al.
2024).

Yapilan caligmalarda genis yaprakli tiirlerdeki avlarla beslendigi belirlenen
Cybocephalus nipponicus, Tirkiye’de igne yaprakli agac turlerinden Pinus brutia
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(Pinaceae) lizerinde tespit edilmistir. Ayni cinse ait C. fodori minor turtinin Cedrus
libani’deki (Pinaceae) Torosaspis cedricola (Balachowsky & Alkan) (Diaspididae)
ile beslendigi belirtilmektedir (Dostbil 2012; Dostbil & Ulgentiirk 2016).
Cybocephalus nipponicus’un M. hellenica’mn avcisi oldugu ilk kez kaydedilmistir.
Bu c¢alismada C. nipponicus Euonymus japonica, Salix babylonica ve Abies
nordmanniana subsp. bornmuelleriana iizerinden toplanmis olup, E. japonica’da
Unaspis euonymi tirii ile beslendigi belirlenmistir. Salix babylonica ve A.
nordmanniana subsp. bornmuelleriana tirlerinde herhangi bir av tird
gozlenmemistir.

Cybocephalus nipponicus’un Tiirkiye’ye Avrupa iilkelerinden ithal edilen siis
bitkileriyle gelmis olabilecegi diisiiniilmektedir. Tiirkiye’de C. nipponicus’un biyo-
ekolojisinin ¢alisilmasi ve besin rekabetindeki etkisinin arastirilmasi faydali
olacaktir. Biyolojik miicadele uygulamalarinda kullanim olanaklariin arastiriimasi
ve gelecekte entegre miicadele kapsaminda degerlendirilebilme potansiyelinin
belirlenmesi 6nerilmektedir.
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Cizelge 1. Tirkiye’de tespit edilen Cybocephalus tlrleri
Table 1. Cybocephalus species found in Tirkiye

Tirler Tarih Lokasyon  Konukcu bitki Avl Kaynak
Cybocephalus . .
fodori fodori - - - - Jelinek & Audisio 2007
Crateagus ) - Ulgentiirk 199_8;'Ulger1turk
17.06.1996 Ankara Eulecanium ciliatum & Toros 1999; Ulgentiirk
oxyacantha 2001
21.06.2000 Isparta Prunus sp. Sphaerolecanium Ulgentiirk et al. 2004
prunastri
13.06.1999 Afyonkarahisar Prunus sp. Epidiaspis leperii Ulgentiirk et al. 2004
. Pseudaulacaspis - .
16.06.1999 Ankara Syringa sp. pentagona Ulgentiirk et al. 2004
Panonychus citri,
- Hatay-Dértyol Citrus sp. Planococcus citri,  Elekgioglu & Senal 2007
Aonidiella aurantii
- Mersin-Erdemli Citrus sp. A. aurantii Elek¢ioglu & Senal 2007
- - Olea sp. Euphyllura olivina Zngguga & Elekgioglu
Cybocephalus - Malatya  Prunus armeniaca S. prunastri Ozgen & Bolu 2009
fodori minor -
- Afyonkarahisar - S. prunastri Ulgentiirk et al. 2001
- Ankara - S. prunastri Ulgentiirk 2001
- [zmir - P. pentagona Glincan 2009
o . . Dostbil 2012; Dostbil &
21.06.2008 Ankara Cedrus libani Torosaspis cedricola Ulgentiirk 2016
2003-2004 Siirt Pistacia Lepidosaphes Ozgen et al. 2015
pistaciae
Adana, Mersin, .
2012-2013 Hatay, Citrus sp. Parlatoria pergandii Elek¢ioglu & Olguli 2017
Osmaniye
- - Diospyros - Elekcioglu & Olcili 2018
virginiana
- Antalya - - Basar & Yasar 2018
08.06.1965 Mugla-Bodrum Citrus deliciosa dC'hrysompha'Ius Soydanbay 1976
ictyospermi
29.09.1966 Mugla-Fethiye Citrus sinensis A. aurantii Soydanbay 1976
- Adana, Igel - - Yigit & Uygun 1982
) ) Bozbuga & Elekgioglu
Olea sp. Prays oleae 2008
Cybocephalus Aonidiella aurantii,
fodori ) ) ) A. citrina, Giincan 2009
Chrysomphalus
dictyospermi
- Malatya Prunus armeniaca S. prunastri Yigit 2013
- - - Planoccus citri Telli & Yigit2019
- Dlyarba}qr, Prunus armeniaca S. prunastri Gulmez et al. 2023
Elazig
Cybocephalus 29.09.1966 Mugla-Fethiye Citrus sinensis A. aurantii Soydanbay 1976
mediterraneus 27 05 2004 Mersin-Silifke - - Lason 2007
Cybocephalus - - - Jelinek & Audisio 2007
politus
Cybocephalus - - - Jelinek & Audisio 2007
rufifrons
gtpybocephalus - Morus alba P. pentagona Mohammed 2017
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Tesekkiir

Tiirtin teshisini yapan Saym Prof. Dr. Nedim UYGUN (Cukurova Universitesi,
Ziraat Fakiiltesi Bitki Koruma Boliimii, Emekli Ogretim Uyesi, Adana)’a tesekkiir
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The impact of daily limited prey density levels on some
biological characteristics of Phytoseiulus persimilis Athis-
Henriot at various temperature and humidity conditions

Cengiz KAZAK®

Farkh sicakhik ve nem kosullarinda giinliik sinirh av yogunlugu diizeylerinin
Phytoseiulus persimilis Athis-Henriot'un baz: biyolojik 6zellikleri iizerine
etkisi

Oz: Bu caligmada, giinliik sinirlt av diizeylerinin 25, 30 ve 27-35°C degisken sicakliklarda,
%75+5 ve %90+5 bagil nem kosullarinda aver akar Phytoseiulus persimilis Athias-
Henriot'un baz1 biyolojik o6zellikleri iizerine etkilerinin belirlenmesi amaclanmistir.
Calismada av olarak avci akar gruplarindan ilkine her giin bir yumurta, bir larva ve bir
Tetranychus urticae Koch (Kirmizi form) ergini (erkek); ikinci gruba iki yumurta, iki larva
ve iki ergin erkek; ticlincli gruba (ic yumurta, Ug larva ve (g ergin erkek; dérdlnci gruba ise
dort yumurta, dort larva ve dort ergin erkek verilmistir. Tiim P. persimilis larvalari 25 ve 30
°C'de (%75; %90 bagil nem) beslenmeden protonimf dénemine ulagmistir. Ancak, her iki
nem seviyesinde de 27-35 °C'lik degisken sicaklik araliginda higbir yumurta agilmamustir.
En yliksek ortalama émir, ergin éncesi protonimf déneminden itibaren toplam 10 gin ile 25
°C'de (%75 bagil nem) ikinci av seviyesinde gozlenmistir. En yiiksek yumurta tiiketimi,
ortalama 27.4 adet ile dérdiincil av seviyesinde 30 °C'de (%75 bagil nem) gézlenmistir. Buna
karsilik, en yiiksek larva ve ergin erkek tiiketimleri, dordiincii av diizeyinde sirasiyla 26.80
larva ve 29 adet ergin erkek ortalamasiyla 25 °C’de (%90 bagil nem) gerceklesmistir. Ilk av
diizeyinde, higbir sicaklik ve nem diizeyinde iireme gergeklesmemistir. P. persimilis'in lreme
giicii genel olarak 25 °C sicaklikta (%75 ve %90 bagil nem) ikinci besin diizeyinden sonra
av yogunlugundaki artiga paralel olarak artmistir. P. persimilis'in en ylksek reme guct 25
°C (%90 bagil nem) ve dordinci besin dlzeyinde tim ovipozisyon siresi icin 1.9 adet
yumurta olmustur.

Anahtar stzcukler: Phytoseiulus persimilis, sicaklik, nem, sinirli av yogunlugu

Abstract: This study aimed to determine the effects of daily limited prey levels on certain
biological characteristics of the predatory mite Phytoseiulus persimilis Athias-Henriot at 25,
30, and 27-35 °C, with relative humidity conditions of 75£5% and 90+5%. In the study, four
groups of predatory mites were established by providing varying densities of prey items daily.
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The first group received one egg, one larva, and one adult male of Tetranychus urticae Koch
(Red form) each day; the second group received two eggs, two larvae, and two adult males;
the third group received three eggs, three larvae, and three adult males; and the fourth group
received four eggs, four larvae, and four adult males daily. All Phytoseiulus persimilis larvae
successfully progressed to the protonymph stage without feeding at 25 and 30 °C (75% and
90% RH). However, no egg hatching was observed within the variable temperature range of
27-35 °C under both humidity conditions. The longest mean longevity was recorded at the
second prey density level at 25 °C (75% RH), with an average duration of 10 days starting
from the protonymph stage. The highest mean egg consumption was observed at 30 °C (75%
RH) at the fourth prey level, with a mean of 27.4 eggs. In contrast, the highest consumption
of larvae and adult males occurred at 25 °C (90% RH), with means of 26.8 larvae and 29
adult males, respectively, at the fourth prey level. At the first prey level, no oviposition
occurred under either temperature or humidity condition. Oviposition of P. persimilis
generally increased in tandem with the prey density, with a noticeable rise after the second
prey level at 25 °C (75% and 90% RH). The highest oviposition rate, with a total of 1.9 eggs
over the entire oviposition period, was observed at 25 °C (90% RH) at the fourth prey level.

Key words: Phytoseiulus persimilis, temperature, humidity, limited prey density

Introduction

Tetranychid mites reproduce rapidly and can attain significant population densities,
particularly in unbalanced agricultural eco-systems (Van de Vrie et al. 1972). These
mites disrupt chlorophyll synthesis by feeding on the foliage of host plants, which
significantly impedes both plant growth and fruit development (Jeppson et al. 1975).
While insecticides and acaricides may provide temporary mitigation of mite
populations, their effectiveness is often compromised by challenges such as the
development of resistance and the presence of undesirable pesticide residues (Burges
1974). In light of concerns related to environmental health and consumer safety, as
well as the necessity to maintain mite populations below economical thresholds,
biological control has emerged as a promising strategy. This approach has achieved
considerable success in recent years (Vacante & Firullo 1983; Brodgaard 1989;
Tiftikei et al. 2020; 2022; Yasar et al. 2024).

Although numerous natural enemies of phytophagous mites have been
documented, predatory mites from the family Phytoseiidae within the subclass Acari
are recognized as some of the most efficacious (Oatman et al. 1977; McMurtry et al.
2015). A substantial body of research has focused on the utilization of predatory
phytoseiid mites as biological control agents against tetranychid mites (Havelka &
Kindlmann 1984; Rasmy & Ellaithy 1988). Notably, Phytoseiulus persimilis Athias-
Henriot (Acari: Phytoseiidae) has emerged as one of the most effective species
within this family. This species is currently commercially reared in Europe
(Anonymous 1977), Canada, and the United States (Steiner & Elliot 1987), and it
has been successfully implemented as a biological control agent against tetranychid
mites, particularly in greenhouse environments (Perdiki et al. 2008).

A considerable amount of research has been devoted to investigating the
biological characteristics of P. persimilis under controlled laboratory conditions
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(Friese & Gilstrap 1982; Gillespie & Quiring 1994; Mutuku et al. 2024). In the
majority of these studies, with the exception of those examining low prey densities
(such as functional response experiments), prey availability was meticulously
managed to circumvent any deleterious effects on the predator's consumption and
reproductive capacity (Skirvin & Fenlon 2001). Consequently, these experiments
have taken place in environments characterized by stable food availability. However,
it is essential to acknowledge that the dynamics observed in laboratory settings may
not accurately reflect those in natural environments (Havelka & Kindlmann 1984).
Natural enemies typically thrive in habitats where prey or hosts are not consistently
present at high densities, and these ecological interactions occur under variable
temperature and humidity conditions (Nachman & Zemek 2002).

It is anticipated that a decrease in prey density will significantly adversely affect
the biological characteristics of P. persimilis, akin to the effects observed in other
predatory mite species (Park et al. 2021). Consequently, the population may show
slower developmental rates, longer developmental periods, and reduced reproductive
rates as prey density declines (Sentis et al. 2012; Nielsen et al. 2014). However, there
is currently a paucity of information regarding the impact of restricted feeding
conditions on the biological characteristics of predatory mites in general, and P.
persimilis specifically. To address this knowledge gap, the present study aims to
enhance understanding of the biological characteristics of P. persimilis under
varying temperatures, different humidity levels, and conditions of limited prey
availability.

Materials and Methods

Host plant and Tetranychus urticae rearings

Host plant rearing was conducted in an acclimatized climate room maintained at
2511 °C, 60+10% relative humidity (16:8; L:D). Phaseolus vulgaris L. (common
bean) served as the host plant for the rearing of Tetranychus urticae (red form)
(Acari: Tetranychidae). For this purpose, bean seeds were germinated in plastic pots
(10 x 15 cm sized), filled with a peat-sand mixture. Once the plants developed 3 to
4 true leaves, they were transferred to a separate climate room with identical
conditions suitable for T. urticae rearing. Subsequently, these plants were inoculated
with T. urticae using bean leaves previously infested with red spider mites.

Phytoseiulus persimilis rearing

Predatory mite rearing was carried out in a separate acclimatized climate room
(25%1 °C; 70+5%; 16:8; L:D) throughout the study. Every other day, five bean plants
exhibiting sufficient density of T. urticae were transferred to the P. persimilis rearing
room. The P. persimilis obtained from predatory mite rearing was subsequently
introduced onto these plants to facilitate the rearing of the predatory mites.
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Effects of daily limited prey density levels on Phytoseiulus persimilis

The effects of daily limited prey densities on P. persimilis under varying temperature
and humidity conditions were determined using cells with a diameter of 3 cm and a
height of 1 cm, affixed to plexiglass plates measuring 7 x 4 cm and 0.5 c¢cm in
thickness. Then, a certain number of T. urticae eggs, larvae, and adult males were
placed in each cell as daily prey. Following the introduction of newly hatched
predatory mite larvae into the same arena, the tops of the cells were encircled with a
specialized adhesive to prevent the escape of individuals from the cells.

Cells containing prey and predators were subsequently placed in transparent
plexiglass boxes measuring 27 x 30 x 10 cm, which were covered with glass.
Ambient relative humidity was maintained using saturated salt solutions (Winston
& Bates, 1960). Specifically, pre-prepared solutions were positioned at the bottom
of the boxes to achieve the desired humidity levels at the specified temperatures.
Sodium chloride (NaCl) and Barium chloride (BaCl,) were employed to maintain
relative humidity levels of 75+5% and 90+5%, respectively. The experiments were
conducted in climate cabinets set to a constant temperature of 25+1 and 301 °C, as
well as a daily fluctuating temperature of 27 °C (16h) and 35 °C (8h) within a
photoperiod of 16:8, L:D.

Four groups of predatory mites were established by providing varying numbers
of prey items daily. The first group received one egg, one larva, and one adult male
of T. urticae each day; the second group received two eggs, two larvae, and two adult
males; the third group received three eggs, three larvae, and three adult males; and
the fourth group received four eggs, four larvae, and four adult males daily. Male
predatory mites were introduced into the cells for a period of time to allow adult
female predatory mites to mate. Daily counts were conducted until the adult mites
died, during the observations the number of prey consumed and the eggs laid by the
females were counted and subsequently removed from the arena. No prey was given
to control treatments in the experiments. All stages of the prey were transferred to
the cells using a fine-tipped brush.

Experiments were conducted with 15 replicates for each daily prey density level
across all the temperature and humidity combinations. Since the larvae passed to the
protonymph stage without feeding, the impact of daily limited prey densities on the
longevity of P. persimilis was evaluated as the sum of the protonymph, deutonymph
and adult life spans of female individuals. A one-way analysis of variance was
applied to the data and Duncan multiple comparision test was used to determine the
difference between means (P<0.05). However, analysis of variance was not applied
to the oviposition data due to the very low egg-laying capacity of the predator at both
temperature and humidity levels.
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Result and Discussion
Effects of daily limited prey density levels on total longevity

All P. persimilis larvae successfully developed to the protonymph stage without
feeding at 25 and 30 °C (75% and 90% RH). However, no egg hatching occurred
within the variable temperature range of 27-35 °C across both humidity conditions.
In all treatments, the overall mean longevity of P. persimilis was significantly
different from the control, with the exception of the first prey density level at 30 °C
(90% RH) (Table 1).

The highest mean longevity was recorded at the second prey density level at 25
°C (75% RH), with an average duration of 10 days starting from the protonymph
stage (Table 1). This mean was statistically different from the total mean longevity
observed in the control and at the first prey density level at both 25 °C (75% and
90% RH) and at 30 °C (75% RH), as well as at all prey density levels (first, second,
third, and fourth) at 30 °C (90% RH) (Table 1). In control, all predatory mites died
of starvation before reaching the deutonymphal stage, resulting in no significant
differences in total mean longevity among the individuals. In the control, the mean
duration of the protonymph stage was 0.97, 1.17, 1.11, and 0.95 days at 25 and 30
°C (75% and 90% RH), respectively (Table 1).

Table 1. Total mean longevity of Phytoseiulus persimilis from the protonymph stage, based
on daily limited prey density levels at two different temperature and humidity levels

(day)*

Temperature 25°C 30°C

Humidity (%0) 7545 9045 7515 9045
Control 0.97f 1.17f 1.11° 0.93f
Prey level 1 4.66 cde 6.22 bed 3.3le 2.02 f
Prey level 2 10.00a 8.51 ab 7.28 abc 4.15 de
Prey level 3 9.24 ab 8.73 ab 7.68 abc 6.64 bcd
Prey level 4 9.20 ab 9.48 ab 9.06 ab 4.97 cde

*Means with different letters are significantly different according to Duncan multiple comparison test
(P <0.05).

Effects of daily limited prey density levels on prey consumption

The total mean numbers of eggs, larvae, and adults consumed by P. persimilis
during its immature and adult stages at both temperature and humidity levels are
shown in Table 2. The highest mean egg consumption was observed at 30 °C (75%
RH) at prey density level four, with a mean of 27.4 eggs. In contrast, the highest
mean consumption of larvae and adult males occurred at 25 °C (90% RH), with
means of 26.80 larvae and 29 adults, respectively at fourth prey density level.
Overall, for all three prey types, consumption at 25 °C (75% RH) for the first and
second prey density levels, as well as the fourth prey density level at both 25 °C and
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30 °C (90% RH), and fourth prey level at 30 °C (75% RH) were significantly
different from consumption at other temperature, humidity and prey density levels
(Table 2).

Table 2. Total mean number of Tetranychus urticae consumed by Phytoseiulus persimilis
from the protonymph stage, based on daily limited prey density levels at two different
temperature and humidity levels*.

Temp. RH.
Prey level Egg Larvae Adult

25°C 7% 1 3.80 fg 3.20 ef 3.06 fg

2 16.20 cd 15.40 bc 15.90 cd

3 19.20 abcd 19.10 ab 21.70 abcd

4 25.60 abc 24.60 a 23.80 ab
25°C 90% 1 5.26 f 5.06 fe 5.00 fg

2 13.80 de 10.80 cd 12.50 de

3 17.80 bed 17.10 bc 17.50 bcd

4 25.80abc  26.80a 29.00 a
30°C 7% 1 2.53¢ 1.93f 2.66 ¢

2 12.50 de 11.00 bcd 12.20 de

3 16.20 cd 14.50 bc 16.90 cd

4 27.40 a 26.10 a 26.80 ab
30°C 90% 1 1.66 h 140 f 1.20h

2 7.06 ef 5.06 de 6.40 ef

3 15.20 d 14.20 bc 13.80 de

4 13.20 de 11.80 bc 14.00 cd

*Means with different letters in the same column are significantly different according to Duncan
multiple comparison test (P <0.05).

Oviposition related to daily limited prey density levels

The total mean number of eggs laid by P. persimilis females during the
oviposition period at the limited prey dnesity levels is shown in Figure 1. No
oviposition was observed at the first prey density level under both temperature and
humidity conditions. Oviposition of the P. persimilis increased in parallel with the
increase in prey density after the prey level two at 25 °C (75% and 90% RH). The
highest oviposition of P. persimilis was 1.9 eggs for the whole oviposition period at
25 °C (90% RH) and prey level four. At 30 °C (90% RH), reproduction occurred
only at the prey level four (Figure 1).

Begljarow (1967) and Bohm (1970) reported low survival rates of P. persimilis
eggs at temperatures above 30 °C, while McClanahan (1968) found significant
mortality of P. persimilis eggs even at 30 °C. Similarly, Pruszynski & Cone (1973)
observed 100% mortality of P. persimilis eggs at 35°C, and Tanigoshi et al. (1975)
noted 100% mortality of Galendromus occidentalis (Nesbitt) (Acari: Phytoseiidae)
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eggs at 38.4 °C. In the present study, an 8-hour exposure to 35 °C resulted in 100%
mortality of P. persimilis eggs under both humidity conditions, despite temperature
variability. The egg stage of predatory mites is particularly sensitive to
environmental conditions, especially humidity. Unlike the mabile life stages, which
can meet their moisture requirements through feeding, the egg stage lacks this
ability. Consequently, fluctuations in ambient and egg temperatures can lead to rapid
moisture loss and significantly increased mortality within a short period of time
(Ghazy et al. 2016).
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Figure 1. Total mean number of eggs laid by Phytoseiulus persimilis throughout its
oviposition period, based on daily limited prey density levels

The total mean longevity of P. persimilis, including immature stages, was 10 days
at 25 °C (75% RH) at prey density level two, while no difference was observed in
the longevity of predators at prey density levels three and four at the same
temperature and humidity, despite the increase in prey densities. It was found that
the increase in prey density did not have a significant effect on the longevity of P.
persimilis at 30 °C (90% RH). This result is thought to be due to increased
reproduction associated with increased prey availability, with some of the energy
gained directed toward reproductive activities. When P. persimilis was fed 1, 2, 4,
and 20 Tetrancyhus pacificus (McGregor) (Acari: Tetranychidae) protonymphs daily
as prey, the total developmental time of the predatory mite was 8.7, 3.7, 3.2, and 3.2
days, respectively (Takafuji & Chant 1976). Although the total developmental time
from the egg stage was not determined in this study, it was observed that this period
varied between 3 and 5 days on average. Kazak (2008) reported that the
developmental time of P. persimilis fed on T. cinnabarinus at 25 and 30 °C (75+10%)
varied between 5.79 and 3.88 days.
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Based on these reports, the adult longevity of P. persimilis at 25 °C varied
between 4 and 5 days depending on increasing prey density under both humidity
conditions. However, at 30 °C, this duration was shorter except at 75% RH and prey
level four. These results suggest that elevated temperatures increase the energy
requirements of the predatory mite, while the daily provision of four eggs, larvae and
adults at the highest prey density is insufficient to meet these requirements.
Furthermore, Zhang et al. (2014) reported that reactive oxygen accumulation in
Neoseiulus cucumeris (Oudemans) (Acari: Phytoseiidae) exposed to extreme
temperatures caused antioxidant system deficiency and death.

Depending on the prey levels used in the study, the highest total consumption was
84.1 eggs, larvae and adults occurred at the prey density level four at 25 °C (90%
RH) with a total mean longevity was 9.48 days. When P. persimilis was provided
with one egg, larva and adult per day, no reproduction was observed at any
temperature and humidity level. The lowest oviposition was recorded at 30 °C (75%
RH) at the second prey density level, with a total mean of only 0.3 eggs per female.
In contrast, the highest reproduction was observed at 25 °C (90% RH) at the fourth
prey density level, where the total number of eggs per female reached two eggs over
the lifetime.

These findings suggest that P. persimilis needs to consume more than one egg,
one larva, and one adult prey daily to optimize its egg production. However, the lack
of reproduction at certain food levels indicates that surrounding temperature and
humidity significantly influence reproductive success at lower prey densities.
Lababidi (1988) reported that at 25 °C (60% RH), P. persimilis must consume 7.8 T.
urticae eggs to lay a single egg. Furthermore, it was observed that other predatory
mites, such as A. cucumeris and G. occidentalis, require 8.4 and 8.8 T. urticae eggs,
respectively, to lay one egg. Despite differences in reproductive capacity among
predatory mites, egg laying across all assessed limited food levels was generally low.
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Discussion, Acknowledgements (if needed), and References.
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abstract.
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2017) but should not be included in the reference list.

For Journal:
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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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Senal D. 2006. Avct bocek Chilocarus nigritus (Fabricius) (Coleoptera:
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For Internet Sources:
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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”.
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basim ticreti almnir.
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Turkiye Biyolojik MUcadele 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.

Yazigsma adresi:

Turkiye Biyolojik Miicadele Dergisi
Gukurova Universitesi Kampisii 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 cogaltilmasi i¢in izin
alinmasi zorunludur.
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