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Effects of some plant extracts on root-knot nematodes in vitro and in
vivo conditions’

Bazi bitki ekstraktlarinin kok-ur nematodlarina karsi etkinliginin in vitro ve in vivo
kosullarda arastiriimasi

ilker KEPENEKCIi** Dolunay ERDOGUS* Pervin ERDOGAN*
Summary

One of the major pests of the vegetables, root knot nematodes (Meloidogyne spp.) (Tylenchina: Meloidogynidae)
(RKNs) can cause economic losses by forming knots on the host plant roots. RKNs are more prevalent in the greenhouse
vegetable growing areas of the coastal regions. In this study, the effects of plant extracts from five different plants;
Capsicum frutescens, Hyoscyamus niger (Solanaceae), Melia azedarach (Meliaceae), Xanthium strumarium and Achillea
wilhelmsii (Asteraceae) were evaluated against RKNs. In the first studies; the effects of plant extracts (0.5, 1.0, 1.5, 3.0, 6.0
and 12.0% concentrations) on eggs, egg masses and second stage juveniles (J2s) of the Meloidogyne incognita were
evaluated in laboratory conditions (in vitro tests). Concentrations of 3.0, 6.0 and 12.0% for H. niger, X. strumarium and M.
azedarach caused 100% inhibition of egg hatching and J2s mortality. Effects of the same plant extracts against M. javanica
on egg mass of nematode (1), the plant height (Il), the plant age (lll) plant dry weight (IV), root fresh weight (V) and root dry
weight (VI) were also evaluated in greenhouse-pot studies. Result of pot trials, 12.0% of H. niger and X. strumarium has
shown high effect on hatching studies. In the toxicity studies, 6.0% and 12.0% of X. strumarium and M. azedarach were
found effective. Three plant extracts (X. strumarium, H. niger and M. azedarach), against mixed populations of M. incognita
and M. javanica on tomatoes under natural greenhouse conditions (in vivo) were evaluated. Treatmets were repeated 4
times by watering for each pot (extract were applied 1 mi plant'1). In greenhouse trials, root gal indicies (root knot) and crop
yield (tomatoes) (kg pIant'1) values and effect of root gal indicies and yield (%) were evaluated. In vivo studies, it could be
concluded that, only the M. azedarach has effected the galling indicies and consequentelly crop yield significantly.

Keywords: Root knot nematode, Meloidogyne incognita, M. javanica, plant extracts, tomato

Ozet

Sebzelerin 6nemli zararlilarindan biri olan ve bitki koklerinde urlar meydana getirerek ekonomik baglamda Uriin
kayiplarina neden olan kok-ur nematodlari (Meloidogyne spp.) (Tylenchina: Meloidogynidae) (KUN) kiyi bélgelerimiz basta
olmak Uzere oOrtl alti sebze yetistiriciligi yapilan tim alanlarda yaygin olarak goértimektedir. Bu galismada, Capsicum
frutescens, Hyoscyamus niger (Solanaceae), Melia azedarach (Meliaceae), Xanthium strumarium ve Achillea wilhelmsii
(Asteraceae) bitkilerinden elde edilen bitkisel ekstraktlarin KUN'lere karsi etkileri arastiriimistir. ilk galismalar laboratuvar-petri
(in vitro) denemleri olarak yuritilmUstir. Denemlerde Meloidogyne incognita kultirinden elde edilen yumurta, yumurta
paketleri ve 2. dénem larvalar (L2)'Ina kars! ekstraktlar 6 farkli konsantrasyonda (0.5, 1.0, 1.5, 3.0, 6.0 ve %12.0) kullanilmistir.
H. niger, X. strumarium ve M. azedarach’nin 3.0, 6.0 ve %12.0 konsantrasyonlari yumurta acilimina ve L2 (larvaya toksisite)'ye
%100 etkili bulunmustur. Diger galismalar olan sera-saksi denemelerinde M. javanica kullanilmis; her bir bitki kéktndeki
yumurta paketi sayisi (1), bitkinin boyu (ll), bitkinin yas (Ill) ve kuru agirhdi (IV), kok yas (V) ve kuru agirigi (V1) parametreleri
degerlendiriimistir. Sera-saksi denemelerinden elde edilen sonuglarina goére; kdk-ur nematodu yumurta agilimina etkisi
calismalarinda, H. niger ve X. strumarium’un %12’lik konsantrasyonu yuksek etki géstermistir. Nematod larvalarina karsi olan
toksisite calismalarinda ise X. strumarium ve M. azedarach''n %6.0 ve 12.0’lik konsantrasyonlari etkili bulunmustur. Son
calismalar doga-sera calismalari (in vivo) olarak yiritilmistiir. Ug bitki ekstrakti (X. strumarium, H. niger ve M. azedarach) M.
incoqnita ve M. javanica ile karisik populasyonlar olarak bulasik oldugu tespit edilen seralarda uygulanmigtir. Parsellere 1 ml
bitki”" olacak sekilde stizgegli kovayla uygulanmistir. Calismalar; kok indeks ve verim (kg bitki'1) degerleri ile kok ur indeksi etki
ve verim artisi (%) acisindan degerlendiriimigtir. Doga-sera c¢alismalari sonucu, bitkisel ekstraktlardan sadece M.
azedarach’nin koklerde meydana gelen urlanmalar ve verim agisindan etkili oldugu soylenebilir.

Anahtar sozciikler: Kok ur nematodu, Meloidogyne incognita, M. javanica, bitkisel ekstraktlar, domates
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Introduction

Plant-parasitic nematodes are major pests in many countries, particularly in the tropics and
subtropics, where they are recognized as the cause of serious yield losses on a wide range of crops (Luc
et al., 2005; Sasser & Freckman, 1987). Among all plant-parasitic nematodes, root-knot nematodes
(Meloidogyne spp.) (Tylenchina: Meloidogynidae) (RKNs), are economically the most important and
agriculture productivity and quality limiting pathogens (Javed et al., 2006). The most destructive species
is Meloidogyne incognita (Kofoid & White) Chitwood (Tylenchina: Meloidogynidae), which causes serious
problems to tremendous number of economically important crops (Tsay et al., 2004). Nematode control is
largely based on synthetic nematicides, which is expensive and potential risk to environment,
consequentely non-target organisms. For more acceptable alternatives to chemicals, the possibilities are
being investigated of exploiting nematode-antagonistic plants for the management of plant parasitic
nematodes (Chitwood, 2002; Akhtar, 2004). Current management of nematodes are focused on plant
resistance, crop rotation, cultural practices or chemical nematicides (Chitwood, 2002). Because of these
disadvanteges, scientists found natural product with nematicidal activity such as plant extract, root
exudates, plant volatiles etc. Linford et al., (1938) were the first to study the nematicidal effect of chopped
pine-apple [Annanas comosus (L.) Merr. (Poales:Bromeliaceae)] leaves used as organic amendment
against Meloidogyne spp., while a review of phytochemical strategies for the control of nematodes was
given by Chitwood (2002). Numerous plant species, representing 57 families including Lamiaceae,
Asteraceae, Myrtaceae, Rutaceae, Lauraceae, can contain nematicidal compounds (Sukul, 1992; Andres
etal.,, 2012).

In Turkey, M. incognita, M. arenaria Chitwood, M. javanica (Treub) Chitwood and M. hapla
Chitwood are the most commonly found RKN species, with M. incognita being the most pathogenic and
widespread (Kepenekci, 2012). The use of plant extracts as an alternative to synthetic pesticides for
control of RKNs is becoming important. In recent years, research on this topic has increased rapidly in the
Mediterranean coast (Ntallie et al., 2011; Andres et al., 2012).

The objective of current study was to determine the efficacy of plant extracts derived from
Capsicum frutescens L., Hyoscyamus niger L. (Solanaceae), Melia azedarach L. (Meliaceae), Xanthium
strumarium L. and Achillea wilhelmsii C.Koch (Asteraceae) as alternative to chemical nematicides. The
effects of five different plants extracts on mortality of RKNs were investigated in vitro and vivo conditions.

Material and Methods

Plant material

Five indigenous plants namely; pepper (Capsicum frutescens), henbane (Hyoscyamus niger)
(Solanaceae), bead-tree (Melia azedarah) (Meliaceae), common cocklebur (Xanthium strumarium) and
yarrow (Achillea wilhelmsii) (Asteraceae) were collected from various ecological zones of Anatolia,
Turkey.

Extraction

Plant leaves were plucked from their branches and spread on polythene sheets on benches in the
laboratory for ten days to air dry. Then plants were dried at 80°C for 3-4 days. The dried materials were
ground to fine particles using a blender. Ethanol was added to the ground plant material and shakenon
arotary in a shaker at 120 rpm for 48 hours. The solution was filtered and the material was vacuumed in a
rotary evaporator at 50-60°C to obtain organic crude extracts (ethanol is eliminated) (Brauer & Davkota,
1990). Each plant extract was prepared in 200 g/200 ml and were used immediately in all tests.
Concentrations of 0.5, 1.0, 1.5, 3.0, 6.0 and 12.0% was prepared with distilled water (Orisajo et al., 2007).
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Culture root-knot nematodes

SC-2121 varieties of tomato [Solanum lycopersicum L. (Sloanaceae)] are known to be susceptible
to RKNs (Meloidogyne incognita for labarotory-petri dish studies and M. javanica for greenhouse-pot
studies), were sown into pots containing steriled soil and sand in greenhouse conditions at 25£1°C
temperature. Roots were well washed and were cut 1 centimeter in length and were shaken for 3.0-3.5
minutes in 1 liter of 0.525% NaOCI (Sodium hypochlorite) solution to extract nematodes eggs. Optained
solution was sieved through 75 and 26 um (200 and 500 mesh) sieves and nematode eggs were retained
on 500 mesh opening sieve were collected in 100 ml size glass beakers (Hussey & Barker, 1973). The
egg suspension was poured on to a cotton-wool filter and incubated at 26+2°C. Emerged second stage
juveniles (J2s) were collected daily for up to 4 days and stored fridge (4°C) until used for experiment. To
collect egg masses for labarotory-petri studies, tomato plants infected with a RKN (M. incognita) were
carefully washed by tap water and egg-masses were hand-picked into Petri dishes containing distilled
water.

Laboratory-petri dish studies (in vitro)

Nematicidal effect of plant extracts was evaluated on M. incognita under laboratory conditions.
Plant suspensions of concentrations of 0.5, 1.0, 1.5, 3.0, 6.0 and 12.0% were prepared with distilled
water. A suspension of eggs, medium size 5 egg masses and J2s in distilled water was prepared.

Effects of plant extract on egg hatching, one ml of RKN eggs suspension containing 101-123
(110+5.5) eggs ml™" added to 1 ml of selected plant extract and 3 ml of distilled water were transferred to
sterilized Petri dishes. Distilled water used as a control. All treatments were kept at 2812°C. After seven
days of exposure, the numbers of hatched eggs were counted. The toxicity of plant extract was assessed
as the mean percentage of the dead nematodes. Medium sizes of 5 egg masses [1712-1794
(1768.31£25.3) J2s 5 egg masses ml'1] added to 1 ml of the selected plant extract and 3 ml of distilled
water were transferred to sterilized Petri dishes. Egg masses kept in distilled water as control. Each
treatment was replicated 5 times. After 7 days exposure, the number of juveniles hatched was counted
with the aid of inverted microscope at magnification 40x.

Effects of plant extracts (0.5, 1.0, 1.5, 3.0, 6.0 and 12.0% concentrations) on eggs and J2s of the
M. incognita were evaluated in laboratory conditions. Suspensions of J2s [97-115 (103.7+4.1) J2s ml'1]
and eggs [101-123 (110+5.5) eggs ml'1] in distilled water were prepared. One ml of J2s or eggs
suspension, 1 ml of extract and 3 ml of distilled water was transferred in sterilized Petri dishes in five
replicates while, distilled water used as a control and kept at 28+2°C. After 7 days of exposure, the
numbers of dead RKN was counted. The toxicity of plant extract was assessed as the mean percentage
of the dead nematodes. Nematodes were considered dead if they did not move when probed with a fine
needle (Abbasi et al., 2008).

Greenhouse-pot studies

Tomato seeds (SC-2121 variety) were planted in 80 ml (5 cm diam. 4 cm height) pots filled with
autoclaved peat. Two-four leaves, tomatoes seedlings were transferred individually to the approximately
340 ml plastic pots (7 cm diam. 7 cm height) containing 320 g sterilized loamy sand soil (80% sand, 15%
silt and 5% clay). After 2 weeks, tomato seedlings (approximately 10 cm height) were inoculated with
3000 M. javanica eggs or 1000 J2s in 1 ml suspension (egg hatching and mortality test) (Adekunle &
Akinlua, 2007; Liman et al., 2010). Seedlings which showed either development disorders or larger than
average size were not used in the experiments. Meloidogyne javanica eggs or J2s were applied with a
pipet to 2 cm deep holes around the seedling roots. Plant extracts and nematodes were applied the same
time of holes explained above with the concentration of 3.0, 6.0 and 12.0% 1 ml extract per plant or pot.
The control pots received only water (- control) and only nematodes (+ control) containing [negative (-)
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control, water only (no nematodes were applied); positive (+) control, (nematodes only, 3000 eggs or
1000 J2s)]. The experiments contained five replicates (pots) for each treatment. The parameters; total
number of egg masses (l), plant height (Il), fresh (lll) and dry weight of the green parts of plants (IV) and
fresh (V) and roots dry weight (VI).

The experiment contained five replicates (pots) for each treatment, arranged in a randomized block
design (blocked by row on the greenhouse bench in controlled conditions). Temperature [13.32-33.59°C
(22.02°C £4.14)] and humidity [23.40-77.10% (36.34%9.25)] was monitored throughout the experimental
periods in the trial. Bioassays were conducted in a greenhouse between October 2012 and May 2013.

Nine weeks after treatments, the plants were harvested, plants were cut one cm above the soil
level to divide the roots from the above-ground portion of the plants and each section was weighed, then
dried at 70°C for 48 hours and weighed again (Mohammad et al., 2007). To count egg masses, plant
roots were stained red with phloxine B (Fenner, 1962; Dickson & Struble, 1965; Holbrook et al., 1983).
Roots with nematod galls were placed in an aqueous solution of phloxine B (0.15 g L tap water'1) for 15-
20 min (Daykin & Hussey, 1985). Root systems were rinsed in tap water to remove residual stain from the
roots, and egg masses were counted under a dissecting microscope or a magnifying glass with light (8x).

Nature-greenhouse studies (in vivo)

The results obtained from the greenhouse-pot studies caaried out in two different areas of
Mediterranean (Kepez-Antalya) and Aegean (Fethiye-Mugla) Regions of Turkey. These regions where
known to have planty of greenhouse crop production. All the studies conducted in the greenhouses were
based on the “Standart Pesticide Trial Methods” (Anonymous, 2009).

Due to the non-homogenius distribution of the nematodes in nature, the trials were conducted as
four replicates for each treatment and arranged in a randomized complete block designs in a naturally
mixed populations of M. incognita and M. javanica occurring greenhouse. The characteristics of the trials
were formed by plant extracts which had given promising results after greenhouse-pot studies, one of
which has (+) control [nematicide, Quillaja saponaria (QL Agri ®), had been applied to this extract as
comparison pesticide] and (-) control (only periodically upkept and watered).

All applications were performed with the filtered bucket. The trial plots were 8.0 m in length1.5 m in
width and containing total of two rows and thirty-two plants. Two trial plots were seperated by a 2.5 m
border line. Plant extracts (12% concentration of M. azedarach, X. strumarium and H. nigers) were
applied 4 times (early planting, with planting, 15" day after planting, 30" day after planting) with watering
pot (extracts were applied 1 ml plant'1). After application, drip irrigation was opened approximately 1 hour
for diffusing the biopreparats in the soil.

In the greenhouses, Care F1 (in Kepez) and ligin F1 (in Fethiye) tomato cultivars had been used.
In the nature-greenhouse applications; during the growing period of the tomato plant, the mature
tomatoes had been weighed and the effects of the applications to the efficiency had been evaluated. At
the end, twenty tomato plants were removed for each parcel and, the root galling of plants were evaluated
according to the 0-10 Zeck scale (Zeck, 1971).

Regarding the effect of the applications to the efficiency the weighings had been started on the 22M
of September, 2014 in Kepez and on the 11" of January, 2015 the last weighing were recorded. The
same day the tomato plants had been removed and evaluated for the root knots. In Fethiye the tomatoes
that had become mature between the dates 12" of September, 2014 and 08" of January, 2015 had been
weighed and 2 days after the last weighing the plants had been removed and had been evaluated
regarding the root knots. For both greenhouses, not only the weighing data were recorded 8 to 10 times
during the growing season but also in the intermittent periods the markatable tomatoes were recorded.
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The galling index (1), the percentage effect (%) (ll), efficiency (yields) (kg plant'1) (1) and efficiency
increase percentage (%) (IV) points of view were statistically evaluated.

During the trials, growing temperature and the humidity conditions in the greenhouse were
recorded using HOBO (the temperatue and the humidity recorder) [Kepez, 14.46-42.22°C (27.28°C
+7.71) and 62.26-84.12% (76.57%5.13); Fethiye, 15.57-43.12°C (24.85°C 16.88) and 67.33-96.97%
(86.24%+8.70)].

Nematodes diagnosis studies

Morphological and molecular diagnosis of nematodes taken from infected roots of tomatoes from
natural greenhouses —from Kepez (Antalya), Mediterranean Region and Fethiye (Mugla), Aegean
Region— were performed. Our result indicated that both greenhouse locations were contaminated with
mixed population of M. incognita and M. javanica. Greenhouses in Fethiye were sustained mostly M.
incognita and in Kepez however, sustained mostly M. javanica.

Statistical analysis

Analyses of varians were applied to the obtained data by using SPSS (1999) software. The found
effects were compared to the controls and means of data groups were separated by Duncan multiple
range test.

Results and Discussion

In this study, the nematicidal activities of pepper (Capsicum frutescens), henbane (Hyoscyamus
niger), bead-tree (Melia azedarach), common cocklebur (Xanthium strumarium) and yarrow (Achillea
wilhelmsii) were evaluated by root-knot nematodes (Meloidogyne spp.) (RKNs) hatching and mortality
test.

Laboratory-petri dish studies (in vitro): In trials performed at concentrations of 0.5%, 1.0% and
1.5%, the effect of treatments against the J2s (larva toxicity to second stage juveniles) was determined to
be too low. The effect was stronger when the concentrations were raised to 3%, 6% and 12%. Compared
with the other plant extracts, the A. wilhelmsii and C. frutescens were found to be less effective in terms
of killing capacity. The 6% and 12% concentrations of H. niger, M. azedarach and X. strumarium had the
highest killing capacity by killing all applied J2s. Higher concentrations were associated with higher death
rates (Table 1). Similar results were observed with the egg hatching trial rate, and the 6% and 12%
concentrations of H. niger, M. azedarach and X. strumarium as well as the 3% concentrations were found
to be 100% effective on egg hatching (no J2s hatching) (Table 1). According to these results of
laboratory-petri dish studies, we decided to use 3%, 6% and 12% concentrations for all the plant extracts
in the greenhouse-pot trials (Table 1).

Greenhouse-pot studies: The effect to the egg hatching and J2 mortality of nematodes in the
greenhouse-pot trials were evaluated separately. When we evaluate the number of egg masses on the
roots of the tomato; regarding the egg hatching; with the maximum concentration (12%) of X. strumarium
has the maximum effect (10.4 egg masses per plant) and followed by H. niger (19.8 egg masses per
plant). Although the effect to the larval toxicity of the M. azedarach was great, it has low effect on the egg
hatching. There counted 102.2 egg masses per plant in the 12% concentration of M. azedarach
application. In the control group there determined 196.2 egg masses per plant (Figure 1A). Regarding the
larval toxicity the 12% concentration of M. azedarach has the maximum effect with 3.6 egg masses. The
12% concentration of X. strumarium and 6% M. azedarach followed by 33.8 and 38.0 egg masses per
plant. H.n, which is effective to the egg hatching has low effect for the larval toxicity. In the control group
166.2 average number of egg masses had been determined (F= 11.92; df: 16.68; P<0.05) (Figure 1 A).
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Table 1. Effect of various concentrations of some plant extracts Melia azedarach, Xanthium strumarium, Hyoscyamus niger, Achillea
wilhelmsii and Capsicum frutescens on Meloidogyne incognita survival under laboratory conditions. Data are expressed as
mean+SD

Treatment Hatch inhibition and mortality of J2s after 7 days

Tested concentration

0.5% 1% 1.5% 3% 6% 12%
C. frutescens E 108+4.3 b 97+5.2b 22.618.9b 8+5.2a 3.6x1.1a 2.8+1.6a
EM™  1737+62.1¢ 1546.4£71.8 c 66.2+27 ¢ 8.6x5.4 a 4.4+3.7 a 3.8+2.4 a
J2s™ 104.4:4.8B 98.415.3B 36.6+16.3 B 12.4£3.2 ab 9.2+26a 52+19a
H. niger E 42+9.13 a 50.8+12.1 ab 16+11.8 ab Oa Oa Oa
EM 1212.24¢5.8 b 853+94.1 b 8.6x5.4 a Oa Oa Oa
J2s 49.2+11.7 A 38.6+11.1 AB 13.4+7.8 AB 0A 0A 0A
M. azedarach E 99+12.2 b 80.4+£1.36 ab 14.4+6.4 ab Oa Oa Oa
EM 1695.4+61.5¢c 1007.8+103.3 b 24+13.7 ab Oa Oa Oa
J2s 86.8+16 AB 36.4+4.9 AB 7.2£3 A 0A 0A 0A
X. strumarium E 46+£19.3 a 18.4+x7.8 a 4.6x4.5 a Oa Oa Oa
EM 1153.8451.3a 608.2+171.2a 9.8t59a Oa Oa Oa
J2s 53.4+13.7 A 18.848.3 A 8.6x5.8 A 0A 0A 0A
A. wilhelmsii E 107.845.4 b 85+6.6 ab 27£101b 7+53 a 3.8x1.3a 3.4x1.5a
EM 1730+32 ¢ 1518.4+122 ¢  40.4%13.1 bc 12.2+4 8 a 7.6x4.5a 4.4+25 a
J2s 103.2+¢3.8 B 90.8+7 B 38.614.5B 15.6+3.3 AB 10.6x2.9 AB 5421 A
Control (water E 114.2+2.58 b 109.4+52 b 111.446.9c 108.446 b 107.4+4.9b 109.246.3 a
only) EM 1758.8428.9 ¢ 1766.6+28.3d 1777.8¥17.4d 1763.8429.8b 1775.8421.7b 1767+31.7b
J2s 106.8+7 B 103.2+¢4.2 B 104.4+4.9 B 102.4+1.6 B 103.2+¢3 B 102.2+1.7 B

* Eggs ml” (lower case letters indicate significant, P<0.05), eggs suspension [101-123 (110+5.5) eggs mI""] (E)

** 5 egg masses which J2s out of ml” (italicized letters indicate significant differences, P<0.05), medium size 5 egg masses [1712-
17.94 (1768.3+25.3] juvenile 5 egg masses ml™') (EM)

*** Second stage juveniles (upper case letters indicate significant differences, P<0.05), juvenile suspension [97-115 (103.714.1)
juvenile mI'"] (J2s).

Regarding the plant length, from the egg hatching point of view the best effect comes from the 12%
concentration of X. strumarium which is same with the negative control (44.8 cm). The same
concentration of H. niger followed this with 42.3 cm but had taken place in a different group with the
control group statistically. In the same trials the applications which had been under positive control (33.6
cm) which are C. frutescens at 3%, 6%; M. azedarach at 3%; X. strumarium at 3%, 6%; and A. wilhelmsii
at 6% concentrations (28.6, 29.1, 28, 32.2, 26.2, 24.6 and 28.8 cm respectively) (F=7.98; df:16.68;
P<0.05) (Figure 1B). In the larval toxicity trials; although the maximum effect had come from 12%
concentration of M. azedarach with 42.5 cm. It statistically did not take place in the same group with the
-control 45.2 cm. All the plants in the other applications were found out that they are under the +control
(40.6 cm.) (F= 3.77; df:16.68; P<0.05) (Figure 1B).

Regarding the egg hatching, between the plant upper parts fresh weight and dry weight (Figure 1C,
D) and root dry weight (Figure 1F) parameters no difference had been found statistically except the plant
upper parts fresh weight and the fresh root weight in the larval toxicity trials (P>0.05).

The effect to the larval toxicity trials, the maximum effect about fresh root weight was found out for
the 3, 6 and 12% concentrations of M. azedarach as 15.11, 15.74 and 15.76 g. Among these applications
the minimum concentration application 3% is under —control (15.5 g). In all other applications, except the
all concentrations of X. strumarium (13.79, 14.4 and 14.39 g) were under +control (13.34 g) (F=12.10;
df:16.68; P<0.05) (Figure 1 E).
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For the “egg hatching” point of view, the maximum effect (1.84 g) for the plant upper parts dry
weight comes from the 12% concentration of X. strumarium applications which was higher than the
-control (1.78 g). Except 12% H. niger and 3% X. strumarium applications (1.64 and 1.62 g) all the other
applications were under +control (1.60 g) (F=4.84; df: 16.68; P<0.05) (Figure 1 F). When the trials were
evaluated regarding the root weight terms; for the fresh root weight the maximum effect had come from
3% concentration of X. strumarium with 15.2 g. In the applications the —control had 14.3 g and the
+control had 16.4 g root weight (F=2.55; df:16.68; P<0.05) (Figure 1 E). Regarding the root dry weight
terms, although the two applications (for 12% concentration of H. niger it is 1.84 g and for 12%
X. strumarium 1.86 g) had the maximum effect, they had been under the —control value of 2.08 g of root
weight. All the other applications were under +control value of 1.78 g of root weight (F=4.24; df.16.68;
P<0.05) (Figure 1 F).

A 1000 J2s (mortality) F=1191,df= 16,68, P<0.05 B + 1000 J2s (mortality) F=3.77; df= 16,68; P<0.05
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Figure 1. Effect of selected concentrations (3%, 6% and 12%) of five indigenous plant extracts (Melia azedarach, Xanthium
strumarium, Hyoscyamus niger, Achillea wilhelmsii and Capsicum frutescens) on Meloidogyne javanica reproduction (egg
hatching test, 3000 eggs were applied and mortality test, 1000 J2s were applied) under greenhouse tomatoes (SC-2121
variety) [negative (-) control, water only (no M. javanica eggs were applied); positive (+) control, (nematodes only, 3000
eggs or 1000 J2s)] [(A) total number of egg masses, (B) plant height, (C) fresh and (D) dry weight of the upper parts of
plants and (E) fresh and (F) dry roots weight].

As a significant results of all greenhouse-pot experiments (both of all trials, egg hatching and larval
toxicity); the number of egg masses found in the roots of tomato plants were evaluated; plant extracts of
X. strumarium at 12% for egg hatching trials and M. azedarach at 12% for larval toxicity trials were
reduced the nematode reproduction (10.4 and 3.6 egg masses per plant respectively) on tomato roots
compared to control groups (196.2 and 166.2 egg masses per plant respectively).

Nature-greenhouse studies (in vivo): Nature-greenhouse trials were evaluated separately
regarding the root index and efficiency. In the Fethiye trials (Figure 2A, B); the M. azedarach, which had
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the maximum effect and which had the minimum root index or which caused the least galls on the
tomatoes roots with a 2.97 root index was taken place statistically in the same group with a registered
and +control [nematicide, Quillaja saponaria (QL Agri ®)]. X. strumarium and H. niger (7.35 and 7.53) had
quite low effects and were taken place in the —control (8.01) groups (negative control was only applied
water by drip irrigation) in the parcels-where no application were made and only watered- which were
contaminated with the nematodes (mixed populations of M. incognita and M. javanica on tomatoes under
natural greenhouse conditions) (F=17.307; df:4.19; P<0.05) (Figure 2 A). The M. azedarach applications
had showed the maximum effect (62.54%) as being the closest to the value of +control (72.45%) root knot
index effect (%). The applications that had high effects statistically were taken place in the same +control
groups. The H. niger and X. strumarium applications (6.08 and 7.59%) that takes place in the same group
with —control seems to have the quite low effect (F=21.823; df:4.19; P<0.05) (Figure 2 B). When the trials
were evaluated regarding the efficiency terms, the maximum tomato efficiency (yields of tomatoes) were
provided by the M. azedarach applications (3.90 g per plant). This application were statistically taken
place in a different group and determined different than the +control (4.50 g per plant). The H. niger and
X. strumarium applications (3.62 and 3.12 g per plant) had provided low efficiency and the X. strumarium
from these applications were statistically taken place in the same group with the —control groups (2.95 g
per plant) (F=8.331; df: 4.19; P<0.05) (Figure 2 A). When the trials were evaluated regarding the
efficiency increase terms there were no applications found that could take place in the same group with
+control (63.06%). The efficiency increase in the whole three applications were found low and they
statistically were taken place in the same group (11.46, 31.30 and 39.41%) (F=1.697; df: 4.19; P<0.05)
(Figure 2 B). When the Kepez (Antalya, Turkey) trials (Figure 2 C, D) were evaluated regarding the root
index terms, the maximum effect from M. azedarach applications (3.56) and this M. azedarach
applications were statistically taken place in the same group with +control (2.21). In the trials that were set
up, the X. strumarium and H. niger (7.53 and 7.62) had quite low effect and were taken place in the same
group with -control (8.40) (F=11.764; df. 4.19; P<0.05) (Figure 2 C). The M. azedarach application
(45.05%) had the maximum effect and had the closest value to the +control (73.69) root knot index effect
(%). The H. niger and X. strumarium applications (9.04 and 10.28%) determined to have the quite low
effect (F=11.764; df:4.19; P<0.05) (Figure 2 D). When the trials evaluated regarding the efficiency, the
highest tomato efficiency comes from the M. azedarach applications (2.94 kg per plant). This application
had been statistically taken place in the same group with +control (2.95 kg per plant). Low efficiency was
obtained from the H. niger and X. strumarium applications (2.39 and 2.65 kg per plant). In the —control
group in this study 2.11 kg plant'1 efficiency was obtained (F=8.614; df:4.19; P<0.05) (Figure 2 C). When
the trials were evaluated regarding the efficiency increase (%) terms, the M. azedarach applications had
the highest efficiency increase with a value of 39.82% and had statistically taken place in the same group
with the +control applications (40.19%) (F=4.042; df:4.19; P<0.05) (Figure 2 D).

The effect of M. azedarach on root galling was the highest in Fethiye compared to remaining
X. strumarium and H. niger treatments in nature-greenhouse studies. Also, in Kepez M. azedarach
sustained the highest effect and fall into the same group with + controls (nematicide). When the
nature-greenhouse studies were evaluated together with the all trials those had been set up in Kepez and
Fethiye; only M. azedarach had effect on the root knots and regarding the efficiency terms had effect on
the root-knot nematodes (Figure 2).

Evaluated the +control parcels of the both greenhouses, the efficiency of the trials in Kepez were
lower than the Fethiye. In Fethiye, sustained a quite high efficiency than those of in Kepez. In the control
parcels of both greenhouses it had been determined 4.50 kg pIant'1 for Fethiye and 2.95 kg plant'1 for
Kepez. Besides the greenhouses were quite similar, regarding the root knot index [control without
nematicide, only water used for (-control)] the tomato plant roots in Kepez had more knots than the other
greenhouse (Fethiye). In the control parcels index values were found out as 8.01 for Fethiye and 8.40 for
Kepez (Figure 2).

10



Kepenekgi et al., Turk. entomol. derg., 2016, 40 (1)
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Figure 2. Effect of three indigenous plant extracts (Melia azedarach, Xanthium strumarium and Hyoscyamus niger) is naturally
contaminated mixed populations of Meloidogyne incognita and M. javanica at Aegean (Fethiye-Mugla) (A, B) and
Mediterranean (Kepez-Antalya) (C, D) regions where greenhouse products are widespread [negative (-) control, only
periodically upkept and applied water by drip irrigation; positive (+) control, nematicide, Quillaja saponaria (QL Agri ®), had
been applied to this extract as comparison pesticide] [the index (root knot) values, the index percentage effect (%),
efficiency (yields) (kg plant”) and efficiency increase percentage (%)].

The result of this experiment showed that aquatic plant extract of C. frutescens, H. niger, M.
azedarach, X. strumarium and A. wilhelmsii were toxic to M. javanica in-vitro conditions. Nematoxic
effects were found even at the relatively low concentrations used in these experiments. Active ingredients
of extract were effectively ensured to nematodes. Highest percentages of egg hatch and life activities of
nematodes were monitored by control. A. wilhelmsii which is known poisonous plants use as an
insecticides (Baytop, 1997; Calmasur et al., 2006; Erdogan et al., 2010; Khani & Asghari, 2012). Many
studies were showed that Achillea sp. has antibacterial properties (Barel et al., 1991). Achillea wilhelmsii
shows more effective nematicide effect then Artemisia millefolium L. (Asteraceae) (Dias et al., 2000;
Ardekani et al., 2010). Ntallie et al. (2011) was studied some plant essential oils nematicidal activities
against M. incognita so A. millefolium were not found to be nematicidal effect. Oka et al. (2000) showed
that A. fragrantissima (Forssk.) Sch.Bip. (Asteraceae) was not effective against M. javanica on tomatoes
plants. This plant extract was not demonstrated as a nematicide in our country. This study was showed
that A. wilhelmsii has a low nematicide effect on root-knot nematodes. H. niger, a poisonous plant is used
for medicinal purposes. Dried leaves of H. niger in enclose area used as a repellent against mice (Coffey,
1994). There were undesignated as nematicide in any study of H. niger was found to be effective in our
experiment against M. javanica. Bead-tree is common in the Mediterranean region in Turkey. It was
known that their leaves and fruits were used as pesticides in many years (Yelekgi et al., 1981; Erdogan &
Toros, 2005). M. azedarach was widely studied and successful results were obtained (Lee, 1990; Hasabo
& Noweer, 2005; Maregiani et al.,, 2010; Rehman et al., 2012). In this study, the results have been
promising. In particular has been demonstrated to be effective against the root-knot nematodes. Common
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cocklebur is widely distributed all around the world. Many studies have been done with this plant in our
country and other countries (Cetinsoy et al., 1998; Erdogan & Toros, 2007). On this plant extracts have
been done considerable nematological study so far and got effective results (Bala et al., 1986; Nandal &
Bhatti, 1986; Malik et al., 1988; Shaukat & Siddiqui, 2001). Some study show that this plant extract effects
egg hatch (Mennan et al., 2000). With this study, X. strumarium extract has been found to be successful
inhibit egg hatching. C. frutescens, have been content many chemicals such as capsaicin, capsainoids
and allyl isothiocyanate, are widely used as pesticide and their capsaicin and its analogues content have
shown inhibitory activities towards the pests (Abbas et al., 2009; Mackeen et al., 1997). C. frutescens
which is common used plant in Turkey has not been found any studies against nematodes. This study
showed that C. frutescens plant extract didn’t affect nematodes so much as similar effect show up A.
wilhimsii.

According to X. strumarium, M. azedarach and H. niger are a good inhibitor of nematode egg
hatching and juvenile survival in this study. X. strumarium, M. azedarach and H. niger were found highly
effective against RKNs. H. niger and M. azedarach extracts may be due to possessing ovicidal and
larvicidal properties. M. azedarach is demonstrated more effective than other plant extracts and
necessities has been arisen work on it and evaluate their results. This is a first time known that the effect
of H. niger against nematode were revealed in the world. The use of M. azedarach extracts are
suggested as a potential substitute for synthetic nematicides used in the management of RKNs in the
greenhouse vegetable growing areas of the coastal regions.
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On the subgenus Eurysunius Reitter in Turkey Ill. A new species from
western Anatolia and additional records (Coleoptera: Staphylinidae,
Paederinae, Astenus)’

Tuarkiye’deki Eurysunius Reitter turleri 1ll. Bati Anadolu’dan yeni bir tlr ve ek kayitlar
(Coleoptera: Staphylinidae: Paederinae, Astenus)

Sinan ANLAS?*

Summary

Astenus (Eurysunius) ilgazi sp. n. from Afyonkarahisar province is described, figured and distinguished from
related species of the subgenus. Additional records of five species are also reported. Amongst them, Astenus
rhodicus Assing, 2013 is recorded for the first time from Turkey.

Keywords: Coleoptera, Staphylinidae, Paederinae, Astenus, Eurysunius, Turkey, new species, additional records

Ozet

Astenus (Eurysunius) ilgazi sp. n. tiri Afyonkarahisar ilinden tanimlanmis, sekillendiriimis ve bu altcinsin
benzer turlerinden farkhliklari gdsterilmistir. Ayrica, bes tire ait kayitlar verilmistir. Bunlardan, Astenus rhodicus
Assing, 2013 turl Turkiye icin yeni kayittir.

Anahtar sozciikler: Coleoptera, Staphylinidae, Paederinae, Astenus, Eurysunius, Tlrkiye, yeni tur, ek kayitlar
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On the subgenus Eurysunius Reitter in Turkey lll: A new species from western Anatolia and additional records (Coleoptera:
Staphylinidae, Paederinae, Astenus)

Introduction

The subgenus Eurysunius Reitter comprises 58 species in the Palaearctic region, which are
distributed mainly in the Mediterranean countries (Assing, 2015; Anlas, 2015; Schillke & Smetana, 2015).
Twelve of them are from Turkey and that represents more than 20 % of Eurysunius of the Palaearctic
fauna. All these species seem to be endemic to Anatolia.

There is limited studies on the Paederinae of Turkey. Therefore, a research project on the diversity
and biogeography of the Paederinae was carried out in the Aegean Region of Turkey. These research
activities yielded new data on the subgenus Eurysunius in western Anatolia (Anlas, 2014, 2015).

In this study, a new species and additional records are reported from Turkey, resulting 14 species
of the subgenus known from the country. Amongst them, 13 species are endemic to Turkey.

Material and Methods

Insect samples were collected from fields in western Anatolia, in spring 2015. The terminology
used in this paper follows Coiffait (1984) and Assing (2002). The study was conducted using a Stemi
2000-C microscope (Zeiss, Germany), combined with a digital camera (Zeiss Axiocam ERC5s) for the
photographs. The reference specimens of this study are deposited in the collection of the Alasehir
Zoological Museum, Manisa (AZMM) of the Celal Bayar University.

Head length was measured from the anterior margin of the frons to the posterior margin of the
head, length of pronotum was measured along the median line, elytral length was measured at the suture
from the apex of the scutellum to the posterior margin of the elytra. The length of the median lobe of the
aedeagus was measured from the apex of the ventral process to the base of the capsule.

Results

Taxonomy

Description of the new species

Astenus (Eurysunius) ilgazi sp. n. (Figures 1A-G)

Type Material Holotype: TURKEY: & “TR — Afyonkarahisar province, Ahir Mountains, Blyilkhacet
Hill, 1908 m, 38°40'30"N, 30°06'25"E, 02.V.2015, leg. Yagmur, Orgel & Altin / Holotypus & Astenus
(Eurysunius) ilgazi sp. n. det. S. Anlas 2015” (AZMM). Paratypes: TURKEY: 14, 59, same data as
holotype (AZMM); 38, 39, 02.V.2015, Afyonkarahisar province, Ahir Mountains, Biylikkavsak Hill,
38°43'08"N, 30°03'48"E, 1810 m, leg. Yagmur, Orgel & Altin (AZMM).

Etymology. The specific epithet honors Dr. Cetin ligaz, izmir, a specialist on herpetology, who has
carried out important zoological researches in Turkey.

Description. Habitus (Fig. 1A), body length 4.2-4.8 mm. Coloration: head and pronotum blackish or
dark brown, anterior half of elytra blackish, with the posterior area reddish-yellow; abdomen blackish with
narrow posterior margins of tergites and apex somewhat reddish, antennae rufous, legs reddish.

Head transverse, approximately 1.20 times as wide as long (Figs. 1A-B); dorsal surface convex,
with very dense and average sized, but rather shallow punctures; interstices reduced to narrow ridges;
pubescence short, yellowish. Eyes relatively small, in dorsal view distinctly shorter than postocular region.
Antennae moderately slender, 1 mm long, antennomere Il approximately 2.2 times as long as wide;
antennomeres V—X elongate.

Pronotum slightly transverse, 1.18 times as wide as long (Figs. 1A-B), widest at anterior angles,
slightly narrowed posteriorly; anterior and posterior angles each with a long setae of slightly more than
half of length of lateral margin of pronotum; posterior margin convex; dorsal surface with well-defined
impressions; microsculpture absent; punctation similar to that of head, but denser, surface somewhat
glossier than that of head; pubescence of similar length as that of head, but more conspicuous.
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Figure 1. Details of Astenus ilgazi sp. n. (A)—habitus; (B)— forebody; (C)—male sternite VII; (D)—male sternite VIII; (E-F) —
aedeagus, lateral view; (G)—aedeagus, ventral view; Scale bars: 1.0 mm (A); 0.5 mm (B); 0.2 mm (C-G).
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Elytra transverse and short (Figs. 1A-B), approximately 1.60 times as wide as long and 0.70-0.75
times as long as pronotum; microsculpture absent; punctation very dense and distinctly granulose,
distance between punctures slightly narrower than diameter of punctures; pubescence reddish-yellow,
more distinct than that of head and pronotum; posterior margin of each elytron with 6-7 long black setae.
Hind wings totally reduced.

Abdomen wider than elytra (Fig. 1B), approximately 1.15 times as wide as elytra, widest at
segment V, segments IlI-VI moderately transverse, tergites IlI-V approximately twice as wide as long;
punctation very dense and very fine; space bewteen puncures with distinct fine microsculpture;
pubescence yellowish, sometimes reddish-yellow; posterior margin of tergite VIl with palisade fringe.

& sternite VII in posterior median area slightly depressed and with some modified dark stout setae,
posterior margin weakly concave (Fig. 1C); sternite VIII deeply and acutely incised posteriorly,
pubescence unmodified (Fig. 1D); aedeagus approximately 0.65 mm long (Figs. 1E-G).

Comparative notes. The species is separated from all its consubgeners by the male sexual
characters, especially by the ventral process of the aedeagus which is of different shape, particularly in
lateral view. For illustrations of the male sexual characters of these species in Turkey see the figures in
Assing (2002, 2007, 2010, 2011, 2015) and Anlas (2014, 2015).

Based on the similar morphology of the male primary and secondary sexual characters, the new
species is closely related to Astenus sandiklicus Anlas, 2014 (Afyonkarahisar province) and Astenus
kumlutasi Anlas, 2015 (Afyonkarahisar and Usak province), but distinguished as follows: from A.
sandiklicus Anlas by the different coloration (A. sandiklicus: head, pronotum and elytra reddish brown,
abdomen blackish brown with the narrow posterior margins of the tergites and the apex somewhat paler),
by the different shape of the apical portion of ventral process of the aedeagus in lateral process (A.
sandiklicus: apical portion of ventral process shorter and weakly roundish shaped in lateral view); from A.
kumlutasi Anlas by the different coloration (in A. kumlutasi: forebody completely blackish, antennae
rufous, legs reddish brown, with the femora slightly darker), by the much shorter antennae (in A.
kumlutasi: antennae average 1.1 mm long), by the slightly narrower incision of the posterior margin of the
male sternite VIII and by the different shape of the ventral process of the aedeagus in lateral view (in A.
kumlutasi: apical portion of ventral process with more distinct protruding-shaped in lateral view). For
descriptions and illustrations of the species are above (see Figures 2A, C) and the respective references.

Distribution and bionomics. The new species was collected in two localities in the Ahir Mountains,
in Afyonkarahisar province, in grassland at an altitude of about 1800-1900 m. All specimens were
collected in the nests of Tetramorium sp. (Hymenoptera: Formicidae: Myrmicinae). This species is most
probably endemic to the Ahir Mountains.

Faunistic records
Astenus (Eurysunius) sandiklicus Anlas, 2014 (Figure 2A)

Material examined: Afyonkarahisar: 399, 01.V.2015, Dinar, Karakus Mountains, Sablali Hill,
38°09'42"N, 30°26"11"E, 1960 m, leg. Yagmur, Orgel & Altin; 299, 31.V.2015, Karakus Mountains,
Sablah Hill, 38°09'48"N, 30°26'19"E, 1990 m, leg. Yagmur & Orgel.

Distribution and Comments: The recently described species was known from Sandikli Mountains,
Afyonkarahisar province of Turkey (Anlas, 2014, 2015). This species is recorded again from the
surroundings of Sandikli Mountains. Assing (2015) remarks that the “The illustrations provided in the
original description do not reveal any differences whatsoever between the aedeagus of Astenus
sandiklicus and that of the geographically close Astenus sultanicus Assing, 2010 suggesting that A.
sandiklicus may represent a junior synonym”. A. sandiklicus seperated from A. sultanicus by the different
coloration (in A. sandiklicus: head, pronotum and elytra reddish brown, abdomen blackish brown with the
narrow posterior margins of the tergites and the apex somewhat paler; in A. sultanicus: head, pronotum,
and abdomen blackish, elytra yellowish, with the anterior margin and the scutellar area narrowly,
diffusely, and weakly infuscate), by the much longer and thinner body (in A. sultanicus: body broad and
compact), more shorter antennae and by the different shape of the apical portion of ventral process of the
aedeagus in lateral process (see Figs 2A-B).
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Figure 2. Details of Astenus sandiklicus Anlas (A), A. sultanicus Assing (B), A. kumlutasi Anlas (C), A. rhodicus Assing (D-G): (A-D)}—
aedeagus, lateral view; (E)}— aedeagus, ventral view; (F}— male stemite VII; (G}— male stemite VIII; Scale bars: 0.2 mm (A-G).
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Astenus (Eurysunius) sultanicus Assing, 2010 (Figure 2B)

Material examined: Afyonkarahisar: 18, 422, 09.V.2015, Emir Mountains, 38°55'38"N, 31°12'43"E,
1586 m, leg. Yagmur & Orgel; 14, 09.V.2015, Emir Mountains, 38°54'59"N, 31°12'36"E, 1722 m, leg.
Yagmur & Orgel.

Distribution: This species is known from Sultan Mountains in Konya province and Emir Mountains
in Afyonkarahisar of Turkey (Assing, 2010; Anlas, 2015).

Astenus (Eurysunius) kumlutasi Anlas, 2015 (Figure 2C)

Material examined: Kitahya: 19, 11.V.2015, Emet, Egrigdz Mountain, 39°22'57"N, 29°06'45"E,
1900 m, leg. Yagmur & Orgel. Usak: 233, 399, 24.V.2015, Gediz, Murat Mountain, 38°56'58"N,
29°40'18"E, 2191 m, leg. Yagmur & Orgel.

Distribution. The very recently described species was reported in some localities from the Akdaglar
and Murat Mountains, in the provinces of Kitahya and Usak, central-western Anatolia. This species is
recorded again from the surroundings of Akdaglar and Murat Mountains.

Astenus (Eurysunius) rhodicus Assing, 2013 (Figures 2D-G)

Material examined: Mugla: 24, 30.V.2015, Koycegiz, Cicekbaba Mountain, 37°03'13"N,
28°47'46"E, 1785 m, leg. Yagmur & Orgel.

Distribution: The recently described species was known only from the type locality on the Island
Rhodos, Greece (Assing, 2013). New record for Turkey. For illustrations of the habitus and male sexual
characters of this species see the figures 2D-G and Assing (2013: Figs. 7-13).

Astenus (Eurysunius) honazicus Anlas, 2015

Material examined: Denizli: 23, 39, 19.1V.2015, Ortaca Mountain, 37°41'48"N, 29°08'35"E, 1300
m, leg. Anlas, Yagmur, Orgel & Altin.

Distribution. A. honazicus was known only from Honaz Dagdi in Denizli province (Anlag, 2015). This
species is recorded again from the surroundings of the type locality. For illustrations of the species, see
Anlas (2015: Figs. 25-32 and 36).
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Residual toxicity of Spinetoram against to bean weevil,
Acanthocelides obtectus Say. (Coleoptera: Bruchidae) on bean

Spinetoram’in fasulye Uzerinde fasulye tohum bdcegi, Acanthocelides obtectus Say.
(Coleoptera: Bruchidae)’a karsi reziduel toksisitesi

Ozgiir SAGLAM" Hasan TUNAZ? M. Kubilay ER?

Summary

In present study, residual contact toxicity of spinetoram suspension applied to bean against Acanthocelides
obtectus Say. (Coleoptera: Bruchidae) adults was investigated under laboratory conditions. In laboratory bioassays,
A. obtectus adults were exposed to bean sprayed with spinetoram suspension at 0.1, 0.25, 0.5 and 1 ppm (mg active
ingredient’kg commodity) at 26+1 °C temperature, 6515 % relative humidity and completely dark condition. Paralysis
and mortality of the adults were recorded after 1, 3, 5 and 7 day of exposure and 40 day later the bean was examined
for progeny production. Based on the results obtained from the biological tests, concentration of spinetoram
suspension and the exposure period had a significant effect on paralysis and mortality rate of A. obtectus adults on
bean. Spinetoram treatments at all concentrations after 1 day of exposure resulted in low mortality of A. obtectus
adults. Mortality of A. obtectus adults increased after 1 day of exposure period. Spinetoram treatments at low
concentrations (0.1 and 0.25 ppm), resulted in low mortality of paralysis or mortality of A. obtectus adults at all
exposure times. However, spinetoram treatment at higher concentrations (0.5 and 1 ppm) after 3 day of exposure
resulted in almost 100 % paralysis or mortality of A. obtectus adults. These results indicated that 1 ppm concentration
of spinetoram is enough to obtain the complete mortality of A. obtectus for 3 day of exposure. Spinetoram treatments
at 0.25, 0.5 and 1 ppm completely hindered its progeny production. In conclusion, based on mortality and progeny
production results spinetoram would be potential to be used for control of A. obtectus on stored beans as an
alternative protectant to the conventional insecticides.

Keywords: Spinetoram, Acantocelides obtectus, residual action, toxicity, bean

Ozet

Laboratuvar kosullarinda yuratilen bu galismada fasulye tanelerine uygulanmis Spinetoram’in, Fasulye tohum
bocegi, Acanthocelides obtectus Say. (Coleoptera: Bruchidae) erginlerine karsi reziduel kontak toksisitesi
arastinimigtir. Laboratuvar denemelerinde, A. obtectus erginleri 26+1 °C sicaklk, 6515 % nem kosullarinda ve
tamamen karanlk ortamda 0.1, 0.25, 0.5 ve 1 ppm (mg aktif madde/kg Urlin) konsantrasyonlarindaki Spinetoram
sollisyonu uygulanmis fasulye ile muamele edilmistir. Uygulamadan 1, 3, 5 ve 7 gln sonra felg ve 6l ergin bireyler
sayllmis ve 40 glin sonra yeni nesil ergin gikislari gézlemlenmistir. Biyolojik testlerden elde edilen sonuglara gére
fasulye Gzerine uygulanan Sipenetoram konsantrasyonlari ve uygulama sureleri, A. obtectus erginlerinin felg ve 6lim
oranlari Uzerine 6nemli derecede etkiye sahip oldugu bulunmustur. Spinetoram’in tim konsantrasyonlari, 1 giin
uygulama slresinde A. obtectus erginlerin digsuk Olumlerine neden olmustur. Bir giinden sonraki uygulama
sirelerinde A. obtectus’un 6lum oranlarinda énemli artis gértlmustir. Spinetoram’in dusuk konsantrasyonlari (0.1 ve
0.25 ppm) tim uygulama sirelerinde, A. obtectus erginlerin disuk felg ve 6lumine neden olmustur. Ancak, ylksek
konsantrasyonlarda (0.5 ve 1 ppm) 3 glin uygulama siresinde A. obtectus erginlerin hemen hemen % 100 fel¢ ya da
olumu goérdlmustar. Elde edilen bu sonuglar A. obtectus erginlerinin tamamini 6ldirmek igin 1 ppm uygulama
konsantrasyonu ve 3 glnlik uygulama suresinin yeterli oldugunu ortaya koymustur. Spinetoram’in 0.25, 0.5 ve 1 ppm
uygulama konsantrasyonlari yeni nesil ergin ¢ikislarini tamamen engellemistir. Olim ve yeni nesil ergin sonuglari,
Spinetoram’in konvensiyonel insektisitlere bir alternatif koruyucu insektisit olarak depolanmis fasulyelerde zararh A.
obtectus mucadelesinde kullanilabilme potansiyeline sahip olabilecedini gostermistir.

Anahtar sozciikler: Spinetoram, Acantocelides obtectus, rezidiel etki, toksisite, fasllye
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Introduction

Worldwide, the dry bean (Phaseolus vulgaris L.) (Fabaceae) is the most economically and
nutritionally important legume for human consumption (Jones, 1999). Bean is one of the most commonly
used vegetables in human nutrition particularly in developing countries (Jones et al., 2011; Lopes et al.,
2015) and the common bean is estimated as the third-largest source of calories and the second-largest
source of dietary protein (Hillocks et al., 2006). However, attack by bruchids (Coleoptera: Bruchidae)
during storage compromises the quality and commercial value of beans. The bruchid, Acanthoscelides
obtectus (Say) is one of the major insect pests affecting the common bean (Hagstrum & Subramanyam,
2009; Mutungi et al., 2015). Larvae developing within the grain cause the largest damage (Swella &
Mushobozy, 2007), causing a reduction of dry matter and, hence, grain mass (Padin et al., 2002). Thus,
besides the reduction in grain weight, the insects destroy the embryo while feeding, reducing the
germination ability of the beans (Padin et al., 2002; Caneppele et al., 2003). Given the destructive power
of bruchids, many farmers sell their entire crop of beans immediately after harvest when the prices in the
market are still low, and they do not store seeds for the next sowing season or for their own consumption
(Schmale et al., 2006; Lopes et al., 2015).

The control of A. obtectus relies mainly on the application of fumigation and synthetic insecticides
on stored beans. Currently, phosphine (PH3) gas has been used for fumigation of stored beans infested
by the insect pests. But resistance problems of phosphine has already reported in a number of countries,
with very high levels of resistance in some parts of Asia and Africa (Mills, 1983; Taylor & Halliday, 1986;
Taylor, 1989; Zettler, 1997; Sayaboc et al., 1998; Rajendran, 1999), Australia (Collins et al., 2001; Nayak
et al., 2010; Emery et al., 2011) more recently in America (Opit et al., 2012; Saglam et al., 2015). The
synthetic insecticides used against stored bean insects are primarily organophosphorus and pyrethroid
compounds, and the residues from a single application can often prevent insects from establishing in
stored beans. However, use of residual insecticides is becoming less desirable because of the resistance
in major insects (Pimentel et al., 2007), regulatory restrictions on use of insecticides, awareness of
environmental pollution, the increasing cost of storage insecticides, erratic supplies, worker safety and
consumer desire for a pesticide-free product. All the above issues raise the need for the development of
new active ingredients that pose fewer concerns for both humans and the environment and are more
compatible with Integrated Pest Management (IPM) approaches in stored-grain protection.

Spinosyns group insecticides exhibit low mammalian toxicity and are considered harmless for the
environment since they degrade to simpler fragments containing only carbon, oxygen, nitrogen, and
hydrogen (Dripps et al.,, 2011). Spinosad is a naturally occurring mixture of spinosyns A (primary
component) and D (minor component) (Sparks et al., 1999; Saldago & Sparks, 2005), Spinosad acts on
the insect nervous system at a unique site on the nicotinic acetylcholine receptor, and is active through
contact or ingestion (Dripps et al., 2011). Spinosad can be used effectively for organophosphate and
pyrethroid resistant strains of several stored product insects (Daglish, 2008). Spinosad possesses a
unique mode of action in insects and controls insect strains resistant to other grain protectants (Hertlein et
al., 2011). Also, in comparison with OPs and pyrethroids, Pozidi-Metaxa & Athanassiou (2013), reported
that spinosad was more effective than chlorpyriphos-methyl and equally effective as deltamethrin and
pirimiphos-methyl against the larger grain borer, Prostephanus truncates (Horn) (Coleoptera:
Bostrychidae).

Recently, spinetoram that is a mixture of two synthetically modified spinosyns (spinosyn J and
spinosyn L), which are metabolites of the bacterium Saccharopolyspora spinosa Mertz and Yao (Bacteria:
Actinobacteridae), was introduced as a new spinosyn insecticide with greater potency and faster speed of
action in comparison with spinosad (Dripps et al., 2008; Sparks et al., 2008). Recently, spinetoram has
been tested and found to be effective for the control of several stored grain beetle species (Vassilakos et
al., 2012; Isikber et al., 2013) while its efficacy was practically not affected by temperature and relative
humidity (RH) (Vassilakos & Athanassiou, 2013). Spinetoram has some surface treatment studies against
all life stages of Tribolium confusum du Val. (Saglam et al., 2013). Vassiliakos & Athanassiou (2012)
suggested that spinetoram is very effective against R. dominica, moderately effective against S. oryzae,
and not very effective against T. confusum. Spinetoram is considered more active and more persistent
than spinosad (Dripps et al., 2011).
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In spite of the fact that there are several published studies for the efficacy and toxicity of
Spinetoram against some stored grain insects (Vassilakos et al., 2012; Vassiliakos & Athanassiou, 2012;
Vassiliakos & Athanassiou, 2013). However, to our knowledge, the efficacy of spinetoram against stored
bean insects has not been tested so far. In the present work, residual toxicity of spinetoram against bean
weevil, A. obtectus on beans was tested under the laboratory conditions.

Material and Methods
Test insect

The A. obtectus strain used in this study was obtained from laboratory culture that originated from
bean seeds collected around Mersin Province, Turkey in October 2010. A. obtectus was reared on
uninfested bean (Phaseolus vulgaris) at 1 | glass jars (8.6 cm in diameter and 17.5 cm in height) in
incubators set at 65t5 % RH and 27+1 °C, under continuous darkness. New subcultures were
established weekly, by removing approximately 100 beetles from each of the two oldest jars, the oldest
then being discarded.

Commodity

Uninfested and untreated bean (Phoselus vulgaris L. var. Elbistan) with 8+0.5 % of moisture
content was used for the bioassays and insect rearing. The bean was placed a freezer at -18 °C for one
week to destroy any remaining insects before the seed was used for insect rearing and laboratory trials.
Moisture content of the bean was measured by using by using KETT-Pm-600 moisture meter (Kett
Electric Laboratory, Japan).

Insecticide and insecticide treatment

A water dispersible granule (WG) formulation of spinetoram (Delegate 250 WG) that contained 250
g of active ingredient (Al) per liter and was supplied by Dow AgroSciences, UK was used for bioassays.
One kg of bean was sprayed with spinetoram to create four concentration levels: 0 (control), 0.1, 0.25, 0.5
and 1 ppm (mg Al/kg of bean). The spinetoram WG formulation was suspended with distilled water to
prepare each concentration and 1 ml of the appropriate suspension was sprayed in each lot. The
insecticide application was made by using HSENG Airbrush AS18 model (Ningbo Haosheng Pndématik
Machinery Co., Zhejiong, China). To achieve even distribution of the insecticide, the bean was spread
into a plastic tray (48 x 33 x 8 cm) providing a thin mono layer as a spraying surface. Then, the sprayed
bean lots in the plastic tray were shaken manually for approx. 1 min to enhance the insecticide
distribution. Additional lots of 1 kg of beans were sprayed with distilled water as a control treatment. After
application, commodities were left one day for drying under laboratory conditions

Bioassays

Cylindrical glass vials with 450 ml of capacity were used as the experimental units for bioassays.
For each spinetoram concentration, five samples, each of 200 g, were taken from each jar of treated bean
and placed in vials. Then, 25 one to two-day old and mixed sex adults of A. obtectus were introduced into
each vial (separate vials for each concentration). All these vials were placed in incubators set at 251 °C,
6515 % RH and continuous darkness. Dead (no motion) and paralysis (only moving antenna and legs) of the
exposed individuals were recorded after 1, 3, 5 and 7 day of exposure in the treated and untreated substrate.
After the 7 day of exposure, all adults (dead or alive) were removed and the jars returned at the experiment
conditions. Forty days later (Rees, 2004), adult progeny emergences (F4) were counted in the vials.

Data analysis

For each count, mortality rate, paralysis rate and morality + paralysis rate of A. obtectus adults
were calculated. Control mortality was generally low, so no correction was considered necessary. Adult
mortality rate, paralysis rate and morality + paralysis rate were analyzed separately for each species
using the MANOVA Fit Repeated Measures Procedure with Wilk's lambda estimate of JMP software (Sall
et al., 2001), with dose rate as main effects, and time as the repeated variable. Arcsine transformation
was applied to mortality and paralysis data that were subjected by one-way ANOVA (Factor:
concentration). For progeny production, one-way ANOVA was performed, by using the same software,
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with number of progeny as the response variable, and concentration as main effect. In this case, the
number of progeny in the control vials was also included in the analysis. The means were separated
using Duncan test at the 5% level (Proc CM: One-way ANOVA, SPSS Statics 18, 2009).

Results

Regarding to mortality counts, all main effects and their interactions were significant as repeated
measures MANOVA parameters (Table 1). Generally, mortality of A. obtectus adults increased with
increasing of concentration at each exposure time, apart from first day. In all exposure times, except first
day, spinetoram treatments at concentration of 1 ppm resulted in significantly higher mortality than those
at the other concentrations. The lowest mortalities were achieved at 0.1 ppm concentration at each
exposure time. After 7 day of exposure, 48.8%, 66.4%, 93.6% and 100% of mortality of A. obtectus were
obtained at 0.1, 0.25, 0.5 and 1 ppm concentration of spinetoram respectively. Thus, the complete
mortality was achieved only at 1 ppm for 5 and 7 day of exposure (Fig. 1).

Table 1. Repeated measures MANOVA parameters for mortality, paralysis and mortality + paralysis counts of the bean weevil (in all
cases, error df=20)

of Mortality Paralysis Mortality + Paralysis
F F F
All between 4 106.4055 80.6058 190.5743 <0.0001
Intercept 1 1178.7295 948.0423 1959.0035 <0.0001
Dose 4 106.4055 80.6058 190.5743 <0.0001
All within 12 9.9648 13.7511 9.1045 <0.0001
Time 3 401.5952 44,5557 181.5643 <0.0001
Time*Dose 12 9.9648 13.7511 9.1045 <0.0001
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Fig. 1. Mean mortality (%+SE) of Acanthocelides obtectus on beans treated by spinetoram at the different concentrations for 1, 3, 5
and 7 day of exposure time (Means followed by the same lower case letter at each concentration are not significantly
different; Duncan test at 0.05; Errors bars on the graph indicate the standard error of mean mortality of each treatment).

Regarding to paralysis levels, all main effects and their interactions were significant (Table 1). After
7 day of exposure, 0%, 12.8%, 60.8% and 95.2% of mortality of A. obtectus were obtained at 0.1, 0.25,
0.5 and 1 ppm respectively. Spinetoram treatments at 0.5 and 1 ppm after 1 day of exposure had
significantly higher paralysis levels of A. obtectus than those at 0.1 and 0.25 ppm. However, very low
paralysis levels were obtained at same concentrations after 5 and 7 day of exposure. Paralysis data
indicated that adults of A. obtectus exposed on beans exposed spinetoram at high concentrations (0.5
and 1 ppm) were highly paralyzed just after 1 day of exposure (Fig. 2).
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Fig. 2. Mean paralysis levels (%*SE) of Acanthocelides obtectus adults on beans treated with spinetoram at the different
concentrations for 1, 3, 5 and 7 day of exposure (Means followed by the same lower case letter at each concentration are
not significantly different; Duncan test at 0.05; Errors bars on the graph indicate the standard error of mean mortality of each
treatment).

Analysis of mortality+paralysis data indicated that all main effects and their interactions were also
significant (Table 1). Generally, mortality+paralysis level of A. obtectus adults increased with increasing of
concentration at all exposure times, apart from 7-day of exposure. Mortality+paralysis levels of A.
obtectus adults at 1 ppm were higher than those at the other concentrations for 1, 3 and 5 day of
exposure. However, after 7 day of exposure, mortality+paralysis levels at 0.5 and 1 ppm were statistically
similar whilst they were higher than those at 0.1 and 0.25 ppm. 100% or nearly 100% mortality+paralysis
level of A. obtectus adults was achieved at 1 ppm after 1, 3 and 5 day of exposure, whilst it was obtained
at 0.5 and 1 ppm after 7 day of exposure.
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Fig. 3. Mean mortality + paralysis levels (%+SE) of Acanthocelides obtectus on beans treated with spinetoram at the different
concentrations for 1, 3, 5 and 7 day of exposure (Means followed by the same lower case letter at each concentration are
not significantly different; Duncan test at 0.05; Errors bars on the graph indicate the standard error of mean mortality of
each treatment).
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Progeny production (F)

There were significant differences in progeny production between spinetoram concentrations and
control treatment (F32,=433.9, P<0.0001). At 0.25, 0.5 and 1 ppm, no progeny of A. obtectus was
produced, whilst progeny production was observed at the lowest concentration (0.1 ppm). However,
progeny production at 0.1 ppm was significantly lower than that at control treatment. These results
indicated that spinetoram treatment at 0.25, 0.5 and 1 ppm would completely suppress the progeny
production of A. obtectus (Fig. 4).
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Fig.4. Mean number of adult progeny of Acanthocelides obtectus on beans treated by spinetoram at the different concentrations
(Means followed by the same upper case letter at each concentration are not significantly different; Duncan test at 0.05; Error
bars on the graph indicate the standard error of mean number of adult progeny of each treatment).

Discussion

Several grain protectants can provide long-term protection against a wide range of stored-product
beetle species. However, despite the fact that persistence is a desirable characteristic of a given grain
protectant, the use of an insecticide that is toxic to mammals in conjunction with high residues on the
products, is not permitted in stored product protection. Therefore, the use of an insecticide of very low
mammalian toxicity, such as spinetoram (Rat oral LDs, > 5000 mg/kg of body weight) can be considered
as a safe solution in this respect.

Based on the results obtained from the biological tests, the concentration of spinetoram suspension
and the exposure period had a significant effect on paralysis and mortality rate of A. obtectus adults on
beans. The mortality of A. obtectus significantly increased with increasing the concentration of spinetoram
and exposure time. Spinetoram treatments at all concentrations after 1 day of exposure resulted in low
mortality of A. obtectus adults. Mortality of A. obtectus adults increased after 1 day of exposure period.
Spinetoram treatments at low concentrations (0.1 and 0.25 ppm), resulted in low mortality of paralysis or
mortality of A. obtectus adults at all exposure times. However, spinetoram treatment at higher
concentrations (0.5 and 1 ppm) after 3 day of exposure resulted in almost 100 % paralysis or mortality of
A. obtectus adults. These results indicated that 1 ppm concentration of spinetoram is enough to obtain
the complete mortality of A. obtectus for 3 day of exposure. At 0.25, 0.5 and 1 ppm, no progeny of A.
obtectus was produced, whilst progeny production was observed at the lowest concentration (0.1 ppm).
These results indicated that spinetoram treatments at 0.25, 0.5 and 1 ppm completely hindered its
progeny production.
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Currently, no studies for efficacy of spinetoram against A. obtectus on beans have been published
in literature. However, there are some studies published about efficacy of spinetoram against several
stored grain insects. Vassilakos et al. (2012) found that spinetoram was effective against Tribolium
confusum du Val. (Coleoptera: Tenebrionidae) only in the high doses of 5 and 10 ppm (mg of Al/kg of
grain) and ineffective at 2 ppm after 21 days of exposure in treated wheat. Tribolium confusum young
larvae are susceptible to both spinosad and spinetoram (Vayias et al., 2009; Saglam et al.,, 2013).
Rhyzopertha dominica F. (Coleoptera: Bostrichidae) was the most susceptible among the species, while
concentrations of 0.5 and 1 ppm were needed to control Sitophilus granarius L. (Coleoptera:
Curculionidae) and Sitophilus oryzae L. (Coleoptera: Curculionidae) adults, respectively. These findings
for the concentration of spinetoram required to obtain the complete mortality of R. dominica, S. granarius
and S. oryzae on wheat stand in accordance with the results obtained in present study for A. obtectus on
beans. However, compared with the findings for T. confusum on wheat, reported by Vassilakos et al.
(2012), the concentration of spinetoram required to obtain the complete mortality of A. obtectus in present
study is much lower than that for T. confusum. This discrepancy can be due to the difference in insect
species and commodity tested. Likewise, previous studies document that the insecticidal efficacy of
spinosad and spinetoram is affected by several biotic or abiotic factors, such as the target species, the
type of commodity, the exposure interval and the type of surface that spinosad is applied to (Fang et al.,
2002; Subramanyam et al., 2003; Toews & Subramanyam 2003; Toews et al., 2003; Nayak et al., 2005;
Daglish & Nayak, 2006; Subramanyam, 2006; Subramanyam et al., 2007; Vassilakos et al., 2015).

In this study, spinetoram proved to be effective against A. obtectus on bean. Based on mortality
and progeny production results, at 1 ppm, spinetoram was found to result in the complete mortality of A.
obtectus and completely prevent its progeny production. In conclusion, present study indicated that
spinetoram would be potential to be used for control of A. obtectus on bean as an alternative protectant to
the conventional insecticides. However, further research is needed to obtain data on its persistence on
beans, its toxicity for other stored bean insects under laboratory and field conditions.
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Zygoribatula cognata (Oudemans)’nin (Acari: Oribatida: Oribatulidae) karyotip analizi
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Summary
Karyotypic characters, mitotic metaphase chromosomes, monoploid ideogram and karyogram of Zygoribatula
cognata (Oudemans) (Acari: Oribatida: Oribatulidae) were investigated for the first time. The chromosome number of
Zygoribatula cognata was 2n = 30. The chromosomes were holocentric characterized with lack a localized
centromere. No satellite was observed in the chromosomes. The sex chromosomes and sex determination of
Zygoribatula cognata could not be determined.

Keywords: Zygoribatula cognate, oribatid mite, karyotype, holocentric chromosome

Ozet

Bu calismada, Zygoribatula cognata’nin (Oudemans) (Acari: Oribatida: Oribatulidae) karyotipik karakterleri,
mitotik metafaz kromozomlari, monoploid idiyogrami ve karyogrami ilk kez arastiriimistir. Zygoribatula cognata’nin
kromozom sayisi 2n = 30’dur. Kromozomlarinin lokalize bir sentromer eksikligi ile karakterize olan holosentrik yapida
oldugu saptanmistir. Kromozomlarda satellit gézlenmemistir. Zygoribatula cognata’nin cinsiyet kromozomlari ve
cinsiyet tayini belirlenememistir.
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Introduction

Oribatid mites are placed in the order Oribatida Dugés in the subclass Acari Leach. The oribatid
mites often called “moss mites” or “beetle mites”, are associated with organic matter in most terrestrial
ecosystems. They found throughout the soil profile, in surface litter, on grasses, herbs and low-growing
shrubs, the bark, twigs and leaves of trees, and in aquatic, semi-aquatic and coastal habitats (Behan-
Pelletier, 1999). Orbatids comprise more than 10000 species representing 172 families (Gan, 2013).

The genus Zygoribatula Berlese placed in the family Oribatulidae Thor is distinguished from
Oribatula Berlese with the presence of a strong translamella (Fritz, 1982). This genus has a cosmopolitan
distribution and consists of at least 91 species and 6 subspecies are known (Subias, 2004; Bayartogtokh
& Smelyansky, 2008).

The species Zygoribatula cognata (Oudemans) is distributed in the Palaearctic region (Subias,
2004). There are many studies on distribution, habitats and morphology of this species (Fritz, 1982;
Ayyildiz, 1988; Behan-Pelletier, 1999; Subias, 2004; Bayartogtokh & Smelyansky, 2008; Gan, 2013).

Although there are many studies on Z. cognata, there is no information about the chromosome
number and karyotype analysis in the literature. The aim of this study is to investigate the chromosome
number, karyotype, ideogram and other detailed chromosomal measurements of Z. cognata.

Materials and Methods

The samples collected from natural habitats by Sedat Per. The collecting data is: Turkey: Kayseri,
Erciyes Mountain, 38° 35.988' N, 35° 30.575' E, 1944 m, in moss under Quercus pubescens Willd.
(Fagaceae), 11.X1.2001. 8 samples were used for chromosomal preparations.

Chromosomal preparations were obtained from the technique developed by Imai et al. (1988) and
substantially modified by Gokhman & Quicke (1995). The samples were crushed in 1% hypotonic sodium
citrate solution containing 0.005% colchicine (Sigma-Aldrich, Taufkirchen, Germany). Material was
incubated with a fresh hypotonic solution for 20 min. Then the material was treated with solutions of
fixative 1 (glacial acetic acid: absolute ethanol: distilled water 3:3:4), fixative 2 (glacial acetic acid:
absolute ethanol 1:1), and fixative 3 (glacial acetic acid). After fixation process, the material was
transferred onto pre-cleaned glass slides. The preparation was dried for 30 min, it was stained with
Giemsa (Sigma-Aldrich, Taufkirchen, Germany).

10 metaphase plates were obtained. A qualified metaphase plate was selected and photographed
with Olympus BX53 microscope (Figure 1). The chromosomes were measured in micrometers (um) using
the Bs200ProP image processing and analysis system. The karyogram and ideogram were drawn based
on length of chromosome size (arranged large to small). In Figure 2 the karyogram derived from the
metaphase plate in Figure 1. In Figure 1, the chromosomes were grown and separated with Adobe
Photoshop CS5. The karyogram was formed. The sharpness was given to the karyogram.
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Figure 1. Somatic metaphase chromosomes of Zygoribatula cognata.
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Figure 2. The karyogram of Zygoribatula cognata.

Results

Mitotic metaphase chromosomes, karyotype and monoploid ideogram of Z. cognata shown in
Figures 1-3, respectively. Analysis of somatic metaphases shown that the chromosome number of the
species was 2n = 30. Karyotype formula could not be given because the chromosomes were holocentric.
No satellite was observed in the chromosomes.
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Figure 3. The ideogram of Zygoribatula cognata.

The measurement data of the chromosomes were given (Table 1). The length of chromosomes
varied from 0.46 to 1.30 ym, and the average length of chromosomes was 0.84 + 0.26 um. The total
haploid length was 12.53 ym.

Table 1. The measurement data of the chromosomes of Zygoribatula cognata

Chromosome
Pair 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Length
(um) 1.30 | 1.20 | 1.16 | 1.06 | 1.02 | 0.90 | 0.86 | 0.80 | 0.72 | 0.66 | 0.65 | 0.64 | 0.60 | 0.50 | 0.46
um
Discussion

The chromosome number of Z. cognata is 2n = 30. The situation is uncommon. Although the
chromosome numbers in mites and ticks vary from 2 to 36 (Oliver Jr., 1977), the oribatid karyotypes
usually have much smaller chromosome numbers in the range of 14-18 (Norton et al., 1993; Heethoff et
al., 2006). A comparable situation was reported from two sibling species of muntjak which are Indian
muntjac (Muntiacus muntjak, Zimmermann) and Chinese muntjac (Muntiacus reevesi, Ogilby) (Yang et
al., 1995). Chromosome numbers of Muntiacus are extremely variable, ranging from 6 in Indian muntjac
to the relatively high number of 46 in Chinese muntjac (Wang & Lan, 2000).

The chromosomes are holocentric or holokinetic chromosomes. The holocentric chromosomes are
characterized with lack a localized centromere. In contrast, monocentric chromosomes are characterized
with a single localized centromere in many organisms (Schvarzstein et al., 2010). Chromosome break is a
diagnostic feature of holocentric chromosomes. In addition, if a holocentric chromosome is fragmented,
each fragment retains centromere activity. The holocentric chromosomes, owning to their diffuse
kinetochor activity, do at least theoretically pose no restriction to the multiplication of chromosomes via
multiple breakages, as the recovery of all fragments after chromosome break (Melters et al., 2012). The
holocentric chromosomes have been described in arthropods such as Acari, Odonata, Hemiptera and
Lepidoptera (White, 1973; Heethoff et al., 2006). The small holocentric chromosomes are approximately
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0.5-2 um length (Wrensch et al., 1994). Mitotic figures of metaphase plates of Z. cognata have small
holocentric chromosomes between 0.46-1.30 pym. Wrensch et al. (1994) reported that there are
holocentric chromosomes in the oribatid mites and superorder Acariformes. Many mites such as
Platynothrus (Berlese) (Camisiidae) (Taberly, 1987; Palmer & Norton, 1992), Trhypochthonius tectorum
(Berlese) (Trhypochthoniidae) (Taberly, 1987; Palmer & Norton, 1992) Tetranychus urticae (Koch)
(Tetranychidae) (Wrensch et al., 1994), Hemisarcoptes coccophagus (Meyer) (Hemisarcoptidae)
(Izraylevich et al., 1995) and Archegozetes longisetosus (Aoki) (Trhypochthoniidae) (Heethoff et al.,
2006) have holocentric chromosomes.

The sex chromosomes of Z. cognata could not be determined. In addition, the sex determination of
Z. cognata is quite difficult according to morphological features. Gender of the samples could not be
determined because their genital opening are covered with plates and very small. There are diplodiploidy
in the Acari and their ancestors (Norton et al., 1993; Wrensch et al., 1994). In diplodiploidy, sex
determination is often performed with sex chromosomes and sex ratio is 1:1, approximately (Fisher,
1930). Despite diplodiploidy, the sex determination is unknown in order Oribatida with the lack of sex
chromosomes (Sokolov, 1954; Norton et al., 1993; Wrensch et al., 1994; Heethoff et al., 2006).
Therefore, the males and females of oribatid mites have similar karyotypes with the equal number and
type of chromosomes (Sokolov, 1954). However, the sex rate is close to unity in sexual oribatid mites.
Beside that males are rare and sterile in parthenogenetic species (Taberly, 1987).

The chromosome number, chromosome type and chromosome symmetry/asymmetry are important
cytotaxonomic characters. The karyotype symmetry/asymmetry index formula was reported for
calculation of karyotype asymmetry in animal organisms (Eroglu, 2015). The formula includes
monocentric chromosomal type and centromeric position. It is not possible to calculate the karyotype
symmetry/asymmetry in animal organisms have holocentric chromosomes. Therefore, the karyotype
asymmetry of Z. cognata can not be determined.

In this study, the chromosome number, karyotype and ideogram of Z. cognata were determined.
The chromosome number was firstly reported.

Acknowledgement

This work was financially supported by the Scientific Research Projects Fund of Erciyes University.
The project number is 02-012-08.
References

Ayyildiz, N., 1988. Tirkiye faunasi igin yeni Zygoribatula Berlese (Acari, Oribatulidae) turleri. Doga Turk Zooloji
Dergisi, 12 (3): 204-209.

Bayartogtokh, B. & I. E. Smelyansky, 2008. Contribution to the knowledge of soil mite genera Zygoribatula and
Peloribates (Acari: Oribatida: Oripodoidea) in Central Asia. Soil Organisms, 80 (1): 19-44.

Behan-Pelletier, V. M., 1999. Oribatid mite biodiversity in agroecosystems: role for bioindication. Agriculture,
Ecosystems & Environment, 74 (1-3): 411-423.

Eroglu, H.E., 2015. Which chromosomes are subtelocentric or acrocentric? A new karyotype symmetry/asymmetry
index. Caryologia, 68 (3): 239-245.

Fisher, R. A. 1930. The Genetical Theory of Natural Selection. Clarendon Press, Oxford, 272 pp.

Fritz, G., 1982. Zygoribatula floridana n. sp. (Acari: Oribatulidae), with a list of species in the genus. Florida
Entomologist, 65 (4): 483-492.

Gan, H., 2013. Oribatid Mite Communities in Soil: Structure, Function and Response to Global Environmental
Change. (Unpublished PhD thesis) University of Michigan, Michigan, 164pp.

Gokhman, V. E. & D. L. J. Quicke, 1995. The last twenty years of parasitic Hymenoptera karyology: an update and

37



Karyotype analysis of Zygoribatula cognata (Oudemans) (Acari: Oribatida: Oribatulidae)

phylogenetic implications. Journal of Hymenoptera Research, 4: 41-63.

Heethoff, M., P. Bergmann & R. A. Norton, 2006. Karyology and sex determination of oribatid mites. Acarologia 46 (1-
2):127-131.

Imai, H., R. W. Taylor, M. W. Crosland & R. Crozier, 1988. Modes of spontaneous chromosomal mutation and
karyotype evolution in ants with reference to the minimum interaction hypothesis. The Japanese Journal of
Genetics, 63 (2): 159-185.

Izraylevich, S., U.Gerson & M. Wysoki, 1995. Karyotype and the sex determining mechanism of the mite
Hemisarcoptes coccophagus Meyer (Acariformes: Astigmata: Hemisarcoptidae). International Journal of
Acarology, 21 (4): 229-232.

Melters, D. P., L. V. Paliulis, I. F. Korf & S. W. Chan, 2012. Holocentric chromosomes: convergent evolution, meiotic
adaptations, and genomic analysis. Chromosome Research, 20 (5): 579-593.

Norton, R. A,, J. B. Kethley, D. E. Johnston & B. M. OConnor, 1993. “Phylogenetic Perspectives on Genetic Systems
and Reproductive Modes of Mites, 8-99”. In: (Eds. D. Wrensch & M. A. Ebbert) Evolution and Diversity of Sex
Ratio in Insects and Mites. Chapman & Hall, New York, 634 pp.

Oliver Jr, J. H. 1977. Cytogenetics of mites and ticks. Annual Review of Entomology, 22: 407-429.

Palmer, S. C. & R. A. Norton, 1992. Genetic diversity in thelytokous oribatid mites (Acari; Acariformes;
Desmonomata). Biochemical Systematics and Ecology, 20 (3): 219-231.

Schvarzstein, M., S. M. Wignall & A. M. Villeneuve, 2010. Coordinating cohesion, co-orientation, and congression
during meiosis: lessons from holocentric chromosomes. Genes & Development, 24 (3): 219-228.

Sokolov, I. I. 1954. The chromosome complex of mites and its importance for systematics and phylogeny. Trudy
Leningrad Obshchest Estestvoispyt, 72: 124-1509.

Subias, L. S. 2004. Listado sistematico sinonimico y biogeografico de los Acaros Oribatidos (Acariformes, Oribatida)
del mundo (1758-2002). Graellsia, 60 (1): 3-305.

Taberly, G. 1987. Recherches sur la parthéogenése thélytoque de deux espéces d’acariens oribatides:
Trypochthonius tectorum (Berlese) et Platynothrus peltifer (Koch). lll. Etude anatomique, histologique et
cytologique des femelles parthénogenétiques. Acarologia, 28: 389-403.

Wang, W. & H. Lan, 2000. Rapid and parallel chromosomal number reduction in muntjac deer inferred from
mitochondrial DNA phylogeny. Molecular Biology and Evolution, 17(9): 1326-1333.

White, M. J. D. 1973. “Animal Cytology and Evolution”. Cambridge University Press, London, 468 pp.

Wrensch, D. L., J. B. Kethley & R. A. Norton, 1994. “Cytogenetics of Holokinetic Chromosomes and Inverted Meiosis:
Keys to the Evolutionary Success of Mites, with Generalization on Eukaryotes, 282-343". In: Mites: Ecological
and Evolutionary Analyses of Life-History Patterns (Eds. M. A. Houck). Chapman & Hall, New York, 357 pp.

Yang, F., N.P. Carter, L. Shi & M. A. Ferguson-Smith, 1995. A comparative study of karyotypes of muntjacs by
chromosome painting. Chromosoma, 103 (9): 642-652.

38



Tirk. entomol. derg., 2016, 40 (1): 39-50 ISSN 1010-6960
DOI: http://dx.doi.org/10.16970/ted.95461

Orijinal arastirma (Original article)

Natural cellular immunity in field-collected insects from Hatay
province by assessing nodulation’

Hatay yodresinden toplanan bdceklerde olusan hicresel bagisikhgin nodulasyon testi ile
tespiti

Hasan TUNAZZ Ali A. ISIKBER? M. Kubiay ER?

Summary

Natural microbial infections to insects collected from agrarian fields surrounding Hatay Province,Turkey were
determined by assessing nodulaiton which is one of insect cellular immunity. After identifying insect specimens, the
insects were dissected to assess numbers of nodules. Nodulation is one of the predominant cellular immune
reactions to microbial infections and the nodules are permanently attached to internal surfaces of the insects. We
collected about 660 insect specimens for nodulation and found nodules in 99 % out of all the examined specimens.
Appearance of examined insects was healthy. Number of nodules in each insect ranged from 1 to 118. Our results
indicated that insects are regularly challenged by microbial infections in nature and insect immune systems can limit
the host range and effectiveness of microbial agents deployed in biological control programs. Therefore,
undertsanding insect immune systems is important for the efficacy and use of microbial pesticides in biological control
of insects.

Keywords: Insect immunology, naturally occurring infections, nodulation

Ozet

Bu calisma Hatay ydresinden toplanan bdceklerde dogada mikrobiyal hastaliklara karsi olusan hucresel
bagdisikhdi orataya koymak igin yiratulmugstir. Bocek turleri teshis edildikten sonra dogal mikrobiyal enfeksiyonlara
kargi olusan hicresel bagisikliklardan nodilasyon testi icin boécekler buz lzerinde bayiltilarak mikroskop altinda
vicutlari kesilerek (dissect) aciimistir. Boceklerde nodilasyon mikrobiyal enfeksiyonlara kargi olusturalan hiicresel
bagisiklardan birisi olup bdcedin i¢ organlarinda gorilmektedir. Calismada yaklasik 660 bdcek bireyi nodilasyon
reaksiyonu icin test edilmis ve test edilen béceklerde % 99 oraninda nodile rastlanmigtir. Bécek bireylerinde nodil
sayisi 1 ile 118 arasinda degismistir. Bu sonuglar dogada boéceklerin mikrobiyal enfeksiyonlarla karsi karsiya
oldugunu, boéceklerin bu enfeksiyonlarin Ustesinden gelebildigini ve dodada bdcek bagisikligini anlamanin zararli
bdceklerle micadelede kullanilacak mikrobiyal pestisitlerin etkinliginin ve kullaniminin artiriimasi bakimindan énemli
oldugunu ortaya ¢ikarmistir.
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Introduction

Insects are regularly infected by entomopathogens including viruses, fungi and bacteria in nature.
These entomopathogenic microbes can regulate insect populations in nature (Lacey et al., 2001). Insect
diseases and the possibilities of using insect disease agents in biological control of insects have been
known since 1957 (Steinhaus, 1957; Tanada, 1959). Currently entomopathogens including viruses, fungi,
bacteria, protozoans, parasitoids, nematodes and predators are commercially used in biocontrol of insect
pests, weeds and plant diseases.

Lomer (1999) mentioned that the success and failure of biocontrol of insects mostly depend on
various factors, including costs, the context of comprehensive IPM programs, education of users,
government activities, as well as political and environmental concerns. However, biological issues are
important for successful biocontrol of insects. These biological issues include the ecological level of
microbe-host population dynamics and the molecular and cell biology of host defense mechanisms, such
as, insect immunity, one of crucial barriers to the success of insect biocontrol programs.

Insect immunity is comprised of a number of systems. These are physical barriers, cellular and
humoral immunity. Integument and alimentary canal of insects protect them from microbial invasions as
physical barriers. Once microbes pass the physical barriers surrounding insect bodies, insect cellular
immunity, including phagocytosis and nodule formation, takes action against microbial invaders (Lavine &
Strand, 2002; Stanley & Miller, 2006). Finally, the humoral immune system of insect, which involves anti-
microbial peptides, takes some hours to activate (Lemaitre & Hoffmann, 2007). Insects also express
behavioral fevers following infection. The combined arsenal of immune effector mechanisms allows
insects to either stifle infections at their onset or to overcome invasions and infections.

We cannot figure out which insect immunity functions protect insects from microbial infections in
nature and we do not know how insect immunity can influence biocontrol programs. However, Ouedraogo
et al. (2004) mentioned that insect febrile reactions alone may affect the effectiveness of fungal biocontrol
agents in laboratory and field experiments. Therefore, insect defense mechanisms can limit the
effectiveness of microbes deployed for biocontrol of insect. Now, we have also known that most insects in
agrarian habitats of Kahramanmaras and Adana/Turkey experience naturally occurring infections and the
insects recover from invading microbes with fast-acting cellular defense actions, including nodule
formation (Tunaz & Stanley, 2009; Tunaz et al., 2015). Their work also showed that insect cellular
defense mechanism, nodulation, was affected by various factors including location, season, altitude,
taxonomic position, and biological stage of insects collected. Hence, to broaden this area, in this paper
we investigated natural microbial infections to field-collected insects from Hatay Province, another
different geographic area, by assessing nodulation, which is one of the insect cellular immune reactions.
For this purpose, we hypothesized that most insects in nature experienced microbial infections and they
overcome the infections. If the hyporhesis is true, insect immunity can limit the effectiveness of microbial-
based biocontrol programs. Here is the report of our research results to test the hypothesis.

Materials and Methods

Organisms

Insects were collected from Hatay Province of Turkey from April, 2011 until September, 2013.
Insects were collected either by hand or a net. We identified and recorded the collected insect species
and their biological stages, the collection sites and site altitudes. We transferred the insects to the
laboratory (20 + 1 °C, 60 + 5 % RH) at Kahramanmaras Siitgli imam University. The insects were further
identified to mostly species level. Voucher insect specimens were kept in the Entomology Collection,
Kahramanmaras Siitcli imam University.

Assessing nodulation

For nodulation assay, identified live insects were anesthetized by chiling on ice and then their
hemocoels were exposed. We counted nodules under a stereo microscope at 45x. The determination of
nodules and level of cellular immune response are based on Miller & Stanley (1998), who identified nodules as
distinct, melanized, brownish-black color nodules and the number of nodules reflected the extent of cellular
immune response to infections. The internal tissues including gonads, fat bodies and others were carefully
probed for previously unseen nodules.
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Statistical analysis

Data on nodulation were analyzed using the General Linear Models procedure, and mean
comparisons were made using Duncan test (SAS Institute Inc., 1989).

Results

A total of 66 different insect species collected during winter, spring, summer and fall of 2011, 2012
and 2013 were checked for nodulation (Tables 1-3). Thirteen different insect species belonging to
Lepidoptera, Hemiptera, Coleoptera, Orthoptera and Phasmida in 2011, fourthy-four different insect
species belonging to Lepidoptera, Hemiptera, Coleoptera, Orthoptera, Diptera, Hymenoptera, Odonata
and Phasmida in 2012, fifty-six different insect species belonging to Lepidoptera, Hemiptera, Coleoptera,
Orthoptera, Diptera, Hymenoptera, Odonata, Dermaptera and Phasmida in 2013 were collected from
various plants and soil and were checked for nodulation (Tables 1-3). We saw nodules in 99 % of the 660
specimens examined, although the range of nodules/specimen (from 1 nodule/insect to >118
nodules/insect) was quite wide.

Generally, more nodules were seen in the insects associated with soil than in those collected from
plants (Table 4). Specifically, we observed higher number of nodules in orthopteran specimens and sunn
pest adults. There were more nodules in orthopteran specimens and sunn pest adults associated with soil
(Tables 1- 3). It was also noted that the overwintered generations of Ostrinia nubilalis, Sesamia
nonagrioides and Eurygaster integriceps had much more nodules compared to new genaration larvae
and adults (Table 1- 3). Examining insect orders for nodulation assay, significantly more nodules were
recorded from orthopteran species than lepidopteran, hemipteran and coleopteran species (Table 6),
which is logical because orthopteran species were mostly collected from soil. There were no nodulation
differences in number among biological stages of insects. It was recorded statistically similar numbers of
nodules in larvae, nymphs and adults of insect species (Table 5). While the insects collected at lower
altidutes had more nodules than the insects collected at higher altitudes in 2011, there were no
nodulation number differences in collecting altitudes of insects in 2012 and 2013 (Table 7). Putting
together, insect orders in contact with soil are probably the main associations with higher number of
nodules. However, the actual occurrence of natural infection may be a random event with no predominant
patterns. On the other hand, the data indicate virtually all insects had experienced infection(s) in nature.

Table 1. Average numbers of nodules in insects collected from various sources in Hatay Province in 2011. Values indicate numbers
of discrete nodules + SEM. Collection dates are dd/m/yr

Average number of Sources Developmental stages Collection dates,
nodules altitudes
Lepidoptera
Pieris brassicae 59.4 + 18.6 Weeds Larvae 28/04/11, 350m
Pieris brassicae 12.3+3.6 Cabbage Larvae 21/10/11, 420m
Pieris rapae 2.7+0.92 Cabbage Larvae 21/10/11, 420m
Ostrinia nubilalis 3.6+0.94 Corn stalk Larvae 21/10/11, 420m
Sesamia nonagrioides 6.1+1.84 Corn stalk Larvae 21/10/11, 420m
Heliothis armigera 12.2+5.22 Cabbage Larvae 21/10/11,420m
Hemiptera
Eurygaster integriceps 11.8+ 104 Wheat New generation adults 01/06/11,150m
Eurygaster integriceps 117.5+ 38.2 Wheat Wintered adults 28/04/11,150m
Nezara viridula 5.7£1.19 Beans Adults 21/10/11, 420m
Eurydema ornatum 2.7+0.49 Radish Nymphs 21/10/11, 420m
Eurydema ornatum 3.4+0.78 Radish Adults 21/10/11, 420m
Coleoptera
Capnodis spp. 11.1+34 Apricot Adults 23/04/11, 500m
Coccinella 2.5+0.88 Weeds Adults 21/10/11, 420m
semptempunctata
Orthoptera
Acrididae 6 +2.57 Weeds Adults 21/10/11 420 m
Gryllus assimilis 20.8 +5.14 Soil Adults 21/10/11, 420m
Phasmida
Gratidia sp. 28.5+7.90 Soil Adults 21/10/11 420 m
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Table 2. Average numbers of nodules in insects collected from various sources in Hatay Province in 2012. Values indicate
numbers of discrete nodules + SEM. Collection dates are dd/m/yr

Average number Sources Developmental stages Collection dates,
of nodules altitudes
Lepidoptera
Arctia sp. 13.9+1.9 Weeds Larvae 26/03/12, 420m
Pieris brassicae 48.6 +17.3 Weeds Larvae 23/04/12, 300m
Pieris brassicae 9.7+1.64 Cabbage Larvae 19/11/12, 411m
Pieris brassicae 205+24 Cabbage Larvae 24/12/12, 410m
Papilio machaon 20.7+26 Weeds Larvae 20/06/12,,270m
Thaumetopoea pityocampa 142+ 4.3 Pine Larvae 20/6/12,700m
Colias croceus 1.44 + 0.41 Weeds Adults 12/07/12,,310m
Ostrinia nubilalis 5.61.6 Corn stalk Larvae 19/11/12, 334m
Sesamia nonagrioides 8.6 £ 3.52 Corn stalk Larvae 19/11/12, 334m
Pieris rapae 1.2+0.37 Cabbage Adults 22/10/12, 380m
Pieris rapae 11721 Cabbage Larvae 19/11/12, 411m
Pieris rapae 225+45 Cabbage Larvae 24/12/12, 410m
Pieris rapae 55+1.5 Cabbage Larvae 21/01/13, 410m
Pieris rapae 6.7 £0.73 Cabbage Adults 18/02/13, 387m
Helicoverpa armigera 542 +1.13 Cabbage Larvae 22/10/12, 350m
Helicoverpa armigera 36.33+5.6 Alfalfa Larvae 19/11/12,164m
Helicoverpa armigera 25+1.7 Alfalfa Larvae 24/12/12, 164m
Acronicta spp. 17£1.15 Alfalfa Larvae 19/11/12, 164m
Coleoptera
Cantharis sp. 5+1.14 Wheat Adults 26/3/12, 100m
Cantharis sp. 3.4+0.75 Wheat Adults 23/04/12,100m
Cantharis sp. 3.1£0.72 Wheat Adults 18/02/13, 360m
Carabidae 75+1.25 Weeds Adults 28/05/12,420m
Carabidae 17.25+2.91 Weeds Adults 05/06/12,320m
Coccinella semptempunctata 3.2+0.6 Weeds Adults 15/05/12, 420m
Coccinella semptempunctata 4.66+1.62 Weeds Adults 13/06/12, 400m
Coccinella semptempunctata 2.7+0.78 Weeds Adults 22/10/12, 389m
Coccinella semptempunctata 0.66+0.33 Weeds, Larvae 19/11/12, 164m
Coccinella semptempunctata 2.6+0.68 Weeds Adults 19/11/12, 164m
Coccinella semptempunctata 2.5+1.7 Weeds Adults 24/12/12, 180m
Coccinella semptempunctata 0.9+0.31 Wheat Adults 18/02/13, 361m
Larinus latus 9.741.37 Weeds Adults 20/06/12, 400m
Oxythyrea cinctella 11.5+£0.5 Weeds Adults 13/06/12, 400m
Hippodemia variegata 0.428+0.2 Weeds Adults 29/06/12, 270m
Coccinella bipunctata 0.57+0.29 Weeds Adults 12/07/12, 310m
Hypera variabilis 0.5+0.5 Alfalfa Adults 24/12/12, 164m
Staphylinidae 17.13+6.24 Soil Adults 21/01/12, 138m
Hemiptera
Dolycoris baccarum 5.87 £0.87 Weeds Adults 08/06/12,400m
Dolycoris baccarum 1.6+04 Weeds Nymphs 28/05/12, 420m
Dolycoris baccarum 224 +6.24 Weeds Adults 15/05/12,420m
Carpocoris mediterraneus 18 +5.56 Weeds Adults 15/05/12, 420m
Carpocoris mediterraneus 30 6 Weeds Adults 08/06/12, 40 m
Eurydema ornatum 47 £1.35 Corn Adults 26/03/12, 420m
Eurydema ornatum 4.37 £0.82 Weeds Nymphs 8/06/12, 400m
Eurydema ornatum 3.5 £0.80 Weeds Nymphs 12/07/12, 400 m
Eurydema ornatum 3.5£0.5 Alfalfa Adults 19/11/12, 164m
Cercopidae 0.7 £0.26 Weeds Adults 26/03/12, 100 m
Eurygaster integriceps 105.1 £ 14.078 Soil Wintered adults 23/04/12, 90m
Eurygaster integriceps 12 +1.53 Wheat New generation adults 20/06/12, 390m
Miridae 51+17 Weeds Adults 15/05/12, 320m
Miridae 6.6 £4.17 Weeds Adults 13/06/12, 390m
Aelia rostrata 75+25 Wheat New generation adults 20/06/12,390m
Ancyrosoma leucogrammes 10.66 + 3.71 Weeds Adults 08/06/12, 381m
Ancyrosoma leucogrammes 2+0.57 Weeds Adults 12/07/12, 400m
Cicadidae 6.6 £1.77 Weeds Adults 13/06/12, 400 m
Nezara viridula 5.5+0.94 Weeds Adults 20/6/12, 230m
Rhynocoris sp 10 £1.73 Weeds Adults 13/06/12, 39 m
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Table 2. (Continued)

Average number of Sources Developmental stages Collection dates,
nodules altitudes
Orthoptera
Acrididae 18 +3.57 Weeds Adults 28/05/12 420m
Acrididae 37+1.6 Weeds Adults 13/06/12 400m
Acrididae 30.5+ 5.139 Weeds Adults 12/07/12 428m
Acrididae 23.87 £ 2.71 Weeds Adults 22/10/12, 389m
Acrididae 52.3+3.6 Soil Adults 19/11/12, 175m
Acrididae 54 +9.6 Soil Adults 24/12/12, 385m
Acrididae 39+6.8 Weeds Adults 21/01/12, 138m
Poecilimon spp.(Tettigoniidae) 38+11.48 Weeds Nymphs 13/06/12, 400m
Poecilimon spp.(Tettigoniidae) 29.75 £ 6.58 Weeds Nymphs 29/6/12, 428m
Gryllus bimaculatus 15.2+ 11 Weeds Adults 21/01/12, 140m
Gryllus bimaculatus 28.32+3.8 Soil Adults 18/02/12, 351m
Diptera
Eristalis tenax 12.5+2.65 Weeds Adults 04/04/12, 420m
Hymenoptera
Cephus pygmaeus 4.3+0.66 Weeds Larvae 28/5/12 420m
20.7+2.6 Weeds Adults 13/06/12,270m
Apis mellifera 5.1+0.79 Weeds Adults 29/06/12 383m
Bombus sp. 3+0.36 Weeds Adults 12/7/12 420m
Xylocopidae 13.3+45 Weeds Adults 18/02/13, 380m
Odonata
Libellulidae 285+1.5 Weeds Adults 29/06/12 400m
Libellula depressa 27.5+3.5 Weeds Adults 22/10/12, 389m
Libellula depressa 67.26 + 13.14 Weeds Adults 19/11/12, 164m
Anax imperator 55.12 + 16.14 Weeds Adults 19/11/12, 164m
Phasmida
Gratidia sp. 9.7+2.78 Weeds Adults 12/7/12 270m

Table 3. Average numbers of nodules in insects collected from various sources in Hatay Province in 2013. Values indicate
numbers of discrete nodules + SEM. Collection dates are dd/m/yr

Average number Sources Developmental stages Collection dates,
of nodules altitudes
Lepidoptera
Ostrinia nubilalis 14.8+2.1 Corn stalk Wintered larvae 21/01/13, 338m
Ostrinia nubilalis 28.6+1.91 Corn stalk Wintered larvae 18/02/13, 105m
Sesamia nonagrioides 17 £ 3.2 Corn stalk Wintered larvae 21/01/13, 105m
Sesamia nonagrioides 36+2 Corn stalk Wintered larvae 18/02/13, 338m
Sesemia nanogrioides 23.2+2.33 Corn Adults 24/05/13, 90m
Papilio machaon 23+3.1 Weeds Larvae 21/06/13, 350m
Thaumetopoea pityocampa 41.249.3. Pine Larvae 28/06/13, 600m
Arctia sp. 14.2+2.1 Weeds Larvae 24/03/13, 420m
Vanessa cardui 7.2£1.3 Weeds Adults 12/04/13, 95m
Pieris brassicae 26.1+1.9 Cabbage Larvae 21/01/13, 410m
Pieris brassicae 384+123 Weeds Larvae 19/04/13, 400m
Pieris brassicae 40.2+7.3 Weeds Larvae 21/06/13, 450m
Pieris brassicae 12.3+4.12 Weeds Adults 11/07/13, 95m
Pieris brassicae 1.75+0.47 Alfalfa Adults 23/08/13, 65m
Pieris rapae 53+1.2 Cabbage Adults 5/04/13, 90m
Pieris rapae 8.2+2.1 Cabbage Adults 12/04/13, 85m
Pieris rapae 11.1+£2.03 Alfalfa Adults 19/07/13, 67m
Pieris rapae 11.2+52 Cabbage Larvae 26/07/13, 470m
Geometridae 10.242.3 Alfalfa Larvae 5/07/13, 100m
Colias crocea 2.1£0.41 Weeds Adults 11/07/13, 300m
Colias crocea 17.3+4.05 Alfalfa Adults 19/07/13, 70m
Colias crocea 16.3+3.9 Alfalfa Adults 2/08/13, 370m
Colias crocea 1.8+0.98 Alfalfa Adults 16/08/13, 60m
Colias crocea 2.6+0.76 Alfalfa Adults 23/08/13, 65m
Pontia sp. 9.33+£2.02 Alfalfa Adults 19/07/13, 60m
Aspitates sp. 20.5%7.2 Weeds Adults 17/05/13, 100m
Helicoverpa armigera 382+54 Alfalfa Larvae 8/06/13, 100m
Helicoverpa armigera 8.2+1.17 Alfalfa Adults 16/08/13, 60m
Helicoverpa armigera 20.16 £ 3.88 Alfalfa Larvae 23/08/13, 65m
Polyommatus sp. 6+23 Alfalfa Adults 19/07/13, 70m
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Table 3. (Continued)

Average number Sources Developmental Collection dates,
of nodules stages altitudes
Coleoptera

Oxythyrea cinctella 11.14£1.29 Weeds Adults 3/05/13, 73m
Oxythyrea cinctella 13.1£4.7 Weeds Adults 14/06/13, 350m
Coccinella semptempunctata 0.7+0.4 Weeds Adults 24/03/13 100m
Coccinella semptempunctata 1.9+£1.28 Weeds Adults 26/04/13, 85m
Coccinella semptempunctata 0.6+0.22 Weeds Adults 3/05/13, 80m
Coccinella semptempunctata 0.37+0.18 Weeds Adults 10/05/13, 68m
Coccinella semptempunctata 1£0.5 Weeds Adults 24/05/13, 90m
Coccinella semptempunctata 2.1+0.34 Weeds Adults 8/06/13, 100m
Coccinella semptempunctata 1.2+£0.62 Alfalfa Adults 26/07/13, 470m
Coccinella semptempunctata 1.2+0.86 Alfalfa Adults 16/08/13, 420m
Coccinella semptempunctata 1.5¢1.5 Alfalfa Adults 30/08/13, 110m
Larinus latus 9.2+2.8 Weeds Adults 5/04/13, 100m
Larinus latus 28.66+2.02 Weeds Adults 10/05/13, 68m
Larinus latus 22.5+2.5 Weeds Adults 10/05/13, 68m
Larinus latus 10.2+1.9 Weeds Adults 28/06/13, 410m

Larinus onopordi 31+2.32 Weeds Adults 3/05/13, 73m
Lixus sp. 17.316.4 Weeds Adults 26/04/13, 85m

Lixus sp. 8.5+5.5 Weeds Adults 19/07/13, 65m
Cantharis spp. 5.8+2.2 Wheat Adults 24/03/13 100m
Cantharis spp. 6.4+2.1 Weeds Adults 12/04/13, 85m
Cantharis spp. 4.8+0.92 Wheat Adults 19/04/13, 100m
Cantharis spp. 9+1.28 Weeds Adults 26/04/13,85 m

Cantharis spp. 3.85+0.76 Weeds Adults 3/05/13, 73m
Cantharis spp. 22+7 Weeds Adults 24/05/13, 90m
Phyllopertha horticola 4.2+0.77 Weeds Adults 26/04/13, 85m

Phyllopertha horticola 20.51£2.06 Weeds Adults 3/05/13, 73m
Phyllopertha horticola 8.8+0.86 Weeds Adults 10/05/13, 68m
Gonioctena fornicata 5.3£1.9 Alfalfa Adults 21/06/13, 450m
Hypera variabilis 3.2+1.2 Alfalfa Adults 24/05/13, 90m
Hippodemia variegata 12.2+6.7 Weeds Adults 28/06/13, 600m
Hippodemia variegata 0.62+0.23 Weeds Adults 5/07/13, 410m
Adalia decempuncatata 0.9+0.4 Weeds Adults 5/07/13, 410m
Coccinella decemlinata 0.28+0.18 Weeds Adults 24/05/13, 90m
Coccinella decemlinata 0.6+0.4 Alfalfa Adults 30/08/13, 110m
Adelia bipunctata 0.71£0.28 Weeds Adults 24/05/13, 90m
Adelia bipunctata 1.62+0.63 Alfalfa Adults 11/07/13, 95m
Adelia bipunctata 0.76+0.26 Alfalfa Adults 16/08/13, 420m
Coccinella undecipunctata 0.4+0.16 Alfalfa Adults 19/07/13, 67m
Coccinella undecipunctata 0.6+0.21 Alfalfa Adults 2/08/13, 370m

Hemiptera

Membracidae 1.1+0.7 Weeds Adults 28/06/13, 600m
Ancyrosoma leucogrammes 9.9+ 3 Weeds Adults 14/06/13, 350m
Ancyrosoma leucogrammes 8+2.3 Weeds Adults 19/07/13, 65m
Ancyrosoma leucogrammes 9+ 3.4 Weeds Adults 2/08/13, 400m
Eurygaster integriceps 91.7 £ 4.65 Wheat Wintered adults 24/03/13, 75m
Eurygaster integriceps 84.3+94 Wheat Wintered adults 12/04/13, 90m
Eurygaster integriceps 101.2+12.8 Wheat Wintered adults 19/04/13, 400m
Eurygaster integriceps 89.2+5.13 Wheat Wintered adults 26/04/13, 85m

Eurygaster integriceps 95.7 £ 5.08 Wheat Wintered adults 3/05/13, 73m
Eurygaster integriceps 88173 Wheat New generation adults 31/05/13, 73m
Nezara viridula 9+2 Weeds Adults 8/06/13, 400m
Nezara viridula 12.1£3.8 Alfalfa Adults 11/07/13, 95m
Nezara viridula 3.2+1.2 Alfalfa Nymphs 26/07/13, 480m

Nezara viridula 9.1£2.3 Alfalfa Adults 2/08/13, 60m
Nezara viridula 0.4+0.24 Alfalfa Nymphs 23/08/13, 65m
Nezara viridula 1.25+0.94 Alfalfa Nymphs 30/08/13, 110m
Cercopidae 1.24£0.92 Weeds Adults 24/03/13 90m
Eurydema ornatum 3.1 £0.9 Weeds Adults 24/03/13 100m
Eurydema ornatum 8.1 +£1.9 Weeds Adults 12/04/13, 90m
Eurydema ornatum 43 £0.9 Weeds, Nymphs 17/05/13, 100m
Eurydema ornatum 51 £1.2 Weeds Nymphs 8/06/13, 410m
Eurydema ornatum 41 +£0.9 Weeds Nymphs 11/07/13,350m
Eurydema ornatum 6.2 +1.9 Alfalfa Nymphs 26/07/13, 480m
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Table 3. (Continued)

Average number Sources Developmental stages Collection dates,
of nodules altitudes
Eurydema ornatum 59 +0.68 Weeds Adults 16/08/13, 48m
Eurydema ornatum 0.66 +0.66 Weeds Nymphs 30/08/13, 110m
Aelia rostrata 47+28 Wheat New generation adults 28/06/13, 600m
Cicadidae 6.2+2.1 Weeds Adults 5/07/13,100m
Rhyncoris sp. 11.3+2.1 Weeds Adults 14/06/13, 350m
Rhyncoris sp. 79+1.9 Weeds Adults 26/07/13, 410m
Dolycoris baccarum 13.2 £0.92 Weeds Adults 5/04/13, 90m
Dolycoris baccarum 21 £11 Weeds Nymphs 17/05/13, 400m
Dolycoris baccarum 21 +£0.9 Weeds Nymphs 31/05/13, 410m
Carpocoris mediterranus 212 £4.2 Weeds Adults 17/05/13, 400m
Carpocoris mediterranus 28.32+11.2 Weeds Adults 8/06/13, 400m
Carpocoris mediterranus 6.2+23 Weeds Adults 30/08/13, 110m
Carpocoris sp. 7.24 £3.18 Alfalfa Adults 11/07/13, 95m
Carpocoris sp. 8.46 £ 3.1 Alfalfa Adults 2/08/13, 65m
Lygaeidae 18.2+3.2 Soil Adults 5/07/13,100m
Miridae 0.85+0.34 Weeds Adults 30/08/13,110m
Orthoptera
Acrididae 11.3+34 Weeds Nymphs 19/04/13, 100m
Acrididae 9.42+ 0.94 Weeds Nymphs 3/05/13, 73m
Acrididae 20.33+ 4.2 Weeds Adults 31/05/13, 410m
Acrididae 22.3+52 Weeds Nymphs 8/06/13, 100m
Acrididae 31.2+93 Weeds Adults 11/07/13,350m
Acrididae 32.6+6.26 Weeds Adults 19/07/13, 65m
Acrididae 82.8+11.2 Soil Adults 2/08/13, 60m
Acrididae 52.8 +6.63 Alfalfa Adults 16/08/13, 60m
Acrididae 57.12+7.02 Alfalfa Adults 23/08/13, 65m
Acrididae 56 + 10.39 Soil Adults 30/08/13, 110m
Poecilimon spp. 58.32+7.2 Soil Nymphs 5/04/13, 90m
(Tettigoniidae)
Poecilimon spp. 38.2+3.8 Weeds Nymphs 26/04/13, 85m
(Tettigoniidae)
Poecilimon spp. 6.55 £ 0.88 Weeds Nymphs 3/05/13, 73m
(Tettigoniidae)
Poecilimon spp. 303 Weeds Nymphs 10/05/13, 68m
(Tettigoniidae)
Poecilimon spp. 323+74 Weeds Nymphs 8/06/13, 100m
(Tettigoniidae)
Poecilimon spp. 31273 Weeds Nymphs 28/06/13, 410m
(Tettigoniidae)
Poecilimon spp. 22.6+£3.28 Weeds Nymphs 30/08/13, 110m
(Tettigoniidae)
Gryllotalpa gryllotalpa 67.3+10.2 Soil Adults 24/05/13, 90m
Diptera
Eristalis arbustorum 19.5+15 Weeds Adults 18/02/13, 360m
Eristalis tenax 16.3+1.7 Weeds Adults 18/02/13, 361m
Eristalis tenax 11.8 £ 3.1 Weeds Adults 24/03/13, 420m
Eristalis tenax 82+13 Weeds Adults 17/05/13, 400m
Eristalis tenax 7.1+1.06 Weeds Adults 21/06/13, 450m
Phasmida
Phasmidae 6+1.23 Weeds Adults 21/01/13, 138m
Gratidia sp. 8.6+2 Weeds Nymphs 14/06/13, 350m
Gratidia sp. 13.8 +3.26 Weeds Adults 11/07/13, 350m
Dermaptera
Dermaptera 26.75+1.49 Soil Adults 18/02/13, 321m
Hymenoptera
Cephus pygmaeus 3.9+0.99 Wheat Larvae 31/05/13, 410m
Apidae 8.1+3.1 Weeds Adults 21/06/13, 350m
Apis mellifera 49+0.59 Weeds Adults 28/06/13, 410m
Vespidae 4+£2 Weeds Adults 30/08/13, 110m
Odanata
Libellulidae 30.1+£28 Near the water Adults 21/06/13, 350m
Libellulidae 30.5+£3.5 Near the water Adults 19/07/13, 65m
Libellula depressa 8.5+3.5 Near the water Adults 30/08/13, 110m
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Table 4. A single-factor ANOVA across species for collection sources differences

Year Collection sources Nodules /insect? Number of individuals
Plant material 18.3+8.5° 140
2011 ) a
Soil 24.65+3.8 20
Plant material 14.7+2.0° 740
2012 . a
Soil 37.949.0 40
Plant material 15.5+1.6" 1370
2013 . a
Soil 58.24+9.1 50

*Mean number of nodules in a column followed by different letters are significantly different for each year {(F(114) = 0.07, P = 0.7915
for 2011), (F(1.76) =6.72, P <0.05 for 2012) and (F 1,140y = 23.86, P < 0.0001 for 2013)}

Table 5. A single-factor ANOVA across species for developmental stage differences

Year Developmental stages Nodules /insect Number of individuals
2011 Adults 23.0¢12.17 90
Larvae 16.05+8.8° 60
Nymphs 2.70%0.4° 10
2012 Adults 16.0£2.6° 560
Larvae 15.9+3.0° 170
Nymphs 15.44+7.6° 50
2013 Adults 16.2+2.1° 1060
Larvae 24.2+3.17 150
Nymphs 14.2+3.4° 210

No significant differences were detected for each year{(F 3 = 0.23, P=0.7957 for 2011), (F(2,75) = 0.00, P=0.9973 for 2012) and
(F(2,13g) =1.19, P=0.3084 for 2013)}

Table 6. A single-factor ANOVA across species for insect order differences

Year Insect orders Nodules /insect® Number of individuals
2011 Lepidoptera 16.0+8.8% 60
Hemiptera 28.2+22.39° 50
Coleoptera 6.8+4.3° 20
Orthoptera 13.4+7.4° 20
2012 Lepidoptera 12.242.9° 180
Hemiptera 13.245.1° 200
Coleoptera 51+1.2° 180
Orthoptera 33.2+3.7° 110
Hymenoptera 9.2+3.3 50
Odanata 44.5+9.8° 40
2013 Lepidoptera 17.0+2.2b° 300
Hemiptera 18.2+4.7b° 390
Coleoptera 6.9+1.3b 380
Orthoptera 36.7+5% 180
Hymenoptera 5.2+0.9 40
Odanata 23+7.2b° 30
Diptera 12.542.3 50

*Mean number of nodules in a column followed by different letters are significantly different for each year {(F11) = 0.24, P=0.8634

for 2011), (Fs.70) = 7.93, P<0.0001 for 2012) and (Fs,131) = 5.33, P<0.0001 for 2013)
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Table 7. A single-factor ANOVA across species for altitude differences

Year Altitudes Nodules /insect® Number of individuals
2011 0-150 m 64.6+52.8" 20
151- 300 m 12.6+4° 140
2012 0-150 m 25.0+10.8% 90
151- 300 m 21.6+5.3" 170
301-450m 12.8+1.6° 510
2013 0-150 m 17.6+2.3° 90
151- 300 m 2.1+0.4° 10
301-450m 16.1+2.6° 430
450m- ... 10.1+4.6° 80

*Mean number of nodules in a column followed by different letters are significantly different for each year {(F 14) = 7.62, P<0.05 for
2011), (F(2,74) = 3.05, P=0.0536 for 2012) and (F 3,135 = 0.51, P=0.6771 for 2013)}

Discussion

Insects pysiologically produce two categories of defense responses to microbial infections, humoral
and hemocytic defence reactions (Dunn, 1986; Gupta, 1991). Humoral reactions take several hours for
their full expression, and involve induced synthesis of antibacterial proteins, such as cecropins, attacins,
diptericins, and defensins (Dunn, 1986). In the presence of these proteins, bacteria lose their cellular
integrity because of the detergent properties of peptides. Insects also synthesize lysozymes, which
enzymatically attack bacteria by hydrolyzing their peptidoglycan cell walls (Dunn, 1986; Russell & Dunn,
1996).

Hemocytic reactions involve direct cellular interactions between circulating hemocytes and
bacteria. In contrast to humoral defense reactions, hemocytic responses are very quick, typically occur
within minutes of an infection cycle. Specific cellular defense mechanisms include phagocytosis,
nodulation and encapsulation (Gupta, 1991).

Nodulation reaction is one of insect cellular or hemocytic defense actions. Dunn and Drake (1983)
indicated that following an injection of bacterial cells into tobacco hornworm Manduca sexta, the insects
were capable to clear most bacterial cells from their hemolymph circulation by nodulation in the first 2 h
following the artificial infection. Occurence of nodulation involves more than one steps. First, insect
granulocytes attache to infecting microbe cells, second, the granulocytes are degranuted that causes
attraction of insect plasmatocytes to the growing nodule, and the spreading of plasmatocytes around the
nodule (Dean et al., 2004). Finally, the darkened, melanized nodules attach to an internal organ or body
wall, where they remain through the life of the insect.

Nodules are not easilly moved away from insect hemocoels when insect has experienced a
microbial infection. The presence of nodules in insect hemocoels indicates that the insect was infected
with microbes in the past or has a past microbial infection. Many researchers report nodulation reactions
in insects following infections of insects with microbes including bacteria, fungal spores and some viruses
(Miller et al., 1994; Dean et al., 2002; Lord et al., 2002; Blyukguzel et al., 2007; Durmus et al., 2008).
Howard et al. (1998) also reported that some bacterial species evoked far more nodules than similar
infections with other species.

In this paper, we obtained results which support the hypothesis that insects mostly have
experienced microbial infections in nature, they recovered and continued living. The results of all
experiments support this hypothesis. Nodules were seen in virtually all examined insect specimens,
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altough we recorded various numbers of nodules in different insect specimens, which indicate that
depending on conditions, insect may have small number of invaders or large number of invaders in
nature. Moreover, when we tested major insect orders, including Coleoptera, Lepidoptera, Hemiptera,
and Orthoptera for nodulation, the nodules were seen in all tested specimens from which we infer the
finding that apply to most insect species. Finally more nodules were seen in the insects collected from
soil, a site of significant microbial challenge, than in the insect collected from other sites. These results
showed that insects may face significant microbial infections during their lives but survive because their
immune systems are capable of overcoming the microbial infections in nature.

As referred above, far more nodules observed in insects associated with soil than in insects
collected from plant materials, such as the orthopterans and sunn pest adults. This result is important
because previous studies showed that using imidacloprid and entomopathogenic fungi together will lead
to increasing mortality of soil pests (Boucias et al., 1996; Quintella & McCoy, 1997). The result also
showed that overwintered insect generations, Ostrinia nubilalis, Sesamia nonagrioides and Eurygaster
integriceps, had much more nodules as compared to new generation larvae of O. nubilalis, S.
nonagrioides and adults of E. integriceps. Similarly, Tunaz & Stanley (2009) and Tunaz et al. (2015)
reported that the new generation of sunn pests had very few nodules as compared to older, overwintered
adults collected from Kahramanmaras and Adana provinces of Turkey. We recorded no nodulation
number differences at different developmental stages and altitutes of insects collected. However, in 2011,
the insects collected at lower altitudes showed more nodules than the insects collected at higher altitudes
Our data also indicated that significantly more nodules were seen in the orthopteran species than in the
lepidopteran, hemipteran, and coleopteran species, which is reasonable since orthopteran species were
mostly collected from soil, which support the findings of Tunaz & Stanley (2009) and Tunaz et al. (2015).
Drawing together, main issues that cause higher numbers of nodules in insects are insect orders and soil
contact of insects. From these results, we can speculate that all insects are exposed to possible infection,
and the actual occurrence of a natural infection is a random event. Collected specimens in our study were
healty in the field. These observations mean that the insects had been infected by microbes, and by the
time of our collections they had either checked the invasion or had recovered from the infections.

Pests cause crop losses about 30—-40% per year, depending on the particular crop, a large
proportion of which is due to insects (Oerke & Dehne, 2004). Therefore understanding of insect immunity
and pathogens on insect immunity are very important for controlling pest insects in agriculture, in which
microbial insecticides are used. Insects have the ability to recover from infections in nature which is
important for biological and agricultural implications. On the other hand, biologically, many microbes have
the ability to overcome insect immune systems. Wang & St. Leger (2006) reported that the fungal insect
pathogen, Metarhizium anisopliae produces a 60.4-kDa gene product, which effectively hides the hyphal
bodies from immune surveillance of insects. Similarly, Stanley & Miller (2006) indicated that the bacterium
Xenorhabdus nematophila secretes factors that inhibit the eicosanoid signaling, which is crucial to
launching cellular immune reactions. Therefore, we need to understand evolutionary mechanisms of
insect immunity and inhibitory actions of insect pathogens for getting effective result on insect pest
management. It is known that insect immunity sytems may limit use of biopesticides, which are
environmentally friendly insecticide. Hence, in this paper, we tried to understand insect immune reactions
in nature in which the insects were collected from Hatay Province of Turkey.
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Temperature-dependent development of the tomato leaf miner,
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) on tomato plant
Lycopersicon esculentum Mill. (Solanaceae)’

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)’nin domates bitkisi, Lycopersicon
esculentum Mill. Gzerinde sicaklida bagli gelismesi

Mehmet Salih ©ZGOKCE?* Alime BAYINDIR? ismail KARACA*

Summary

Laboratory studies on the temperature-dependent development of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae) were performed at 10 constant temperatures ranging from 15 to 34+1°C. The duration of total
development was measured for every temperature. Tayfun F1 tomato variety was used for larval feeding and all
experiments were carried out at climatic cabinets where had long daylight period (16:8) and 65+5% constant humidity
for every temperature. According to obtained data, developmental threshold (C) and thermal constant (K) were
calculated by using linear regression, and lower (Tp,;,,), optimum (T,,¢) and upper (Ty,4,) temperature thresholds for
total developmental period of pest were calculated by using Polynomial (4”’), Logan 6, Logan 10, Lactin 1, Briere 1
nonlinear regresyon models. Development time decreased with increasing temperature ranging from 78.17 days to
21.39 days within the range 15-29°C. Developmental threshold and thermal constant for total development of tomato
leaf miner were estimated as 8.94°C and 419.46 degree-days respectively. Lower, optimum and upper temperature
requests were estimated with different models and results obtained werein the range 8.9-12.5, 31.00-31.07 and 35.9-
38.5, respectively.

Keywords: Tuta absoluta, temperature-dependent development, developmental threshold, thermal constant,
optimum developmental

Ozet

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)'nin sicaklida bagh gelismesi laboratuvar kosullarinda 15-
34+1°C arasinda degisen 10 farkli sabit sicaklikta incelenmistir. Her bir sicaklikta toplam gelisme stiresi belirlenmistir.
Larvalarin beslenmesi igin Tayfun F1 domates ¢esidi kullaniimistir ve denemeler her bir sicaklik igin uzun gin
aydinlatmali (16:8), %65x5 orantili nem kosullarina sahip iklim kabinlerinde yurutiimustir. Elde edilen verilere gére
zararlinin gelisme esigi (C) ve sicaklik sabiti (K), dogrusal regresyon yontemiyle ve en disik, en iyi ve en ylksek
sicaklik esikleri dogrusal olmayan regresyon modelleri Polynomial (4”7), Logan 6, Logan 10, Lactin 1, Briere 1
yardimiyla hesaplanmigtir. Gelisme suresi artan sicaklia bagll olarak15-29°C sicaklik araliginda 78.17 glinden
21.39 gune azalmistir. Domates glivesi’nin toplam gelisme slresi igin gelisme esigi 8.94°C ve sicaklik sabitesi
419.46 gun-derece olarak tahmin edilmistir. En disulk, en iyi ve en yuksek sicaklik istekleri farkli modeller yardimiyla
siraslyla 8.90-12.50, 31.00-31.07 and 35.90-38.50 araliginda tahmin edilmistir.

Anahtar sozciikler: Tuta absoluta, sicakliga bagli gelisme, gelisme esigi, sicaklik sabiti, en iyi gelisme
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Temperature-dependent development of the tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) on tomato plant
Lycopersicon esculentum Mill. (Solanaceae)

Introduction

The tomato leaf miner, Tuta absloluta (Meyrick) (Lepidoptera: Gelechiidae), originated in South
America and feeds on many cultivars and weeds, which belong to the families of Solanacae and
Fabacea. So far, 26 different plant species have been specified as host plants. It feeds mainly on
tomatoes (Lycopersicon esculentum Mill.), potatoes (Solanum tuberosum L.), aubergines (Solanum
melongena L.), peppers (Capsicum annum L.), some weeds (Datura stramonium L., Lycium chilense
Coralillo, Solanum nigrum L., and Nicotiana glauca Graham) (Solanaceae) and beans (Phaseolus
vulgaris L.) (Fabaceae) (Harizanova et al., 2009; Abdul-Rassoul, 2014). Besides leaves of hosts, it also
attacks the stalk, stem, fruit, and even flowers, and by this way it can cause damage of approximately
100% (Souza et al., 1992).

The pest was first reported to have been transmitted from Chile to Argentina in 1964, and then it
was occurred in Valencia, Spain in 2007 (Vieira, 2008), in Cosenza, Italy in 2008 spring, and then in
autumn of the same year in the south France (EPPO, 2009). It has appeared in Turkey since 2009 and
caused considerable damage by spreading rapidly over suitable areas. It was occurred in North Africa, in
the Middle East, and in some Asian countries in the same year and the following years. It became one of
the greatest troubles of tomato growers in a short time by spreading rapidly all over the areas where
tomato was grown. Besides host suitability, suitable temperature is one of the most important reasons
why the pest spreads and causes damage. Temperature is one of the most important abiotic factors
affecting the biology of insects (Chapman, 1998). Determining the appropriate temperature conditions for
the pest is essential in terms of the studies of population dynamics. One of the main reasons why this
pest, which is of Neotropical origin, can mainly be seen more at northern latitudes and why it causes
damage is that these regions have the appropriate temperature zone for the pest. This study was
conducted in order to determine the temperature ranges in which tomato leaf minercan grow best, and in
which it can endure most. The most appropriate growth curves were determined in relation to the
developmentrates obtainedat various constant temperatures. Thus, the temperature values having the
potential for the pest to spread and create an epidemic, best developmental temperature, lower and
upper temperature requests, and thermal constant were all obtained for total developmental period.

Material and Methods

Tomato leaf miner adults were collected from tomato fields in Antalya and reared on potted Tayfun
F1 tomato variety, Lycopersicon esculentum, within sealed Plexiglas cages covered with tulle (40 cm x 50
cm x 50 cm) at 25°C temperature, 65+5% relative humidity and day light period (16:8 h). Experiments
were initiated with adults of tomato leaf miner taken from stock culture. Three potted plants were put in
each cage and 10 adults oftomato leaf miner were released for one day to lay eggs on seedlings. Then,
potted plants having eggs were taken to climate cabinets whose temperature, humidity, and light had
been adjusted before. In the study,10 different experimental groups, which had ranged 10 and 79 larvae,
were created in the climate cabinets adjusted to 15, 20, 23, 25, 27.5, 29, 30, 31, 33 and 34°C (Table 1).
Relative humidity was 65+5% and day light period was16:8 h for each temperature. Developmental and
survival data were recorded daily. Generation numbers of the pest in the most important tomato growing
areas of Turkey were calculatedtheoretically based on obtained development threshold and temperature
constant with average daily temperature.

Table 1. The development periods (days) of Tuta absoluta at ten different temperature conditions

Temperatures(°C) n Development periods (days) + Std. Dev
15 10 78.17+4.222
20 25 40.24+1.022
23 67 29.24+0.474
25 79 26.75+0.297

27.5 18 22.67+0.642
29 38 21.39+0.398
30 50 21.48+0.276
31 38 20.49+0.344
33 70 21.39+0.216
34 15 23.93+0.372
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Statistical analyses

A linear and six non-linear regression models were used for data analysis. The developmental
threshold (C) and the thermal constant (K) of tomato leaf minerin relation to total developmental time
were calculated by means of linear regression, and lower (Tp,;), optimum (T,,.) and upper (Tpqyx)
temperature thresholds for total developmental period of tomato leaf miner were calculated theoretically
by means of nonlinear models; Polynominal (4”’), Logan 6, Logan 10, Lactin 1, and Briere 1. The curves
were fitted with nonlinear regression using by CurveExpert Pro, SPSS (v.20), and MS Excel software.

Linear regression model

The thermal constant (K) and developmental threshold (C) can be estimated only by the linear
equation (Campbell et al., 1974; Obrycki & Tauber, 1982; Kontodimas et al., 2004).

1 —-a
d(T)—a+b.t K—; C_T

Where d(T) is the rate of development at temperature T (°C) (days-1), and aand b are constants.
Constant parameters were calculated based on the values obtained between 15 °C and 29 °C where
developmentrate increased linearly. Outside of this range, the relationship between developmental time
and temperature was nonlinear (Mills, 1981). The linear relationship between development time and
temperature was used for degree-days model:K: thermal constant (day-temperature); C: developmental
threshold (°C) (Wigglesworth, 1953; Campbell et al., 1974; Mills, 1981).

Non-linear regression models
Polynomial model (4th)
y=a+bx+cx*+dx3+ex*

Logan 6 model
x—T

Tma.
d(T) = . [eP-T — gPTmax=""4 ] (Logan et al., 1976; Logan, 1988)

Where d(T) is the rate of development at temperature T (°C) (days'1), Y is the maximum
development rate, p is a constant defining the rate of optimal temperature, T,,,, is the high temperature
threshold, and A is the temperature range over which physiological breakdown becomes the overriding
influence.

Optimum temperature for development (T,,,) was calculated by the equations of Logan et al. (1976).
In (e. bo))
) 1 — &. bo

AT

Topt = Tnax- (1 +e

Where ¢ = and by = p. T4y (Palyvos, 2009).

max

Logan10 model

1 (Tmax—T

—e" 2 ] (Logan et al., 1976; Logan, 1988)

A = @ [
Wherea and k are the empirical constants, and p, T,,,, and A are as in Logan 6 model.

Janish model
a(T) = “"7" [e"(T=Topt) + ¢=2(T=Topd)| (Janisch, 1932; Analytis, 1981)

Where T,,;, is the lower temperature and T,,, is optimum temperature, 1 and k are the empirical
constants.
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Lactin1 model
Tmax—T
d(T) = ePT — ¢(PTmax=="3— 4 ) (Brie're & Pracros, 1998; Tsai & Liu, 1998)
Where p, T,,.x @and A are as in Logan 6 model and A forces the curve to intercept the y-axis at a
value below zero and thus allow estimation of a low temperature threshold.

Briere1 model

d(T) = a.T.(T — Tpin) - Tmax — T (Brie're et al., 1999)

Where T is the rearing temperature (°C), a is an empirical constant, T,,;, is the low temperature
development threshold and T,,,, is the lethal temperature threshold.

Results and Discussion
Development time and survival

All experimental cohorts of tomato leaf miner were able to complete their developmentin every
temperatures conditions, except 35°C. Total development period from egg hatching toadult
exclusionsharply decreased ranging from 78.17 days at 15 °C to 21.39 days at 29°C, and then smoothly
increased ranging from 21.48 days at 30°C to 23.93 days at 34°C (Table 1). Like most ectothermic
organisms, temperature affects developmental time of tomato leaf miner significantly. Findings obtained
in this study are consistent with results ofother insects including tomato leaf miner (Estay, 2000; Uygun &
Atlihan, 2000; Atlihan & Ozgdkge, 2002; Pereyra et al., 2006; Andrew et al., 2013; Mahdi & Doumandiji, 2013).

Survival rate from egg to adult of tomato leaf miner obtained at different temperaturesare shown in
Figure 1. The survival rates obtained at temperatures ranged 23 - 27.5°C were higher than those of other
temperatures tested, andit was the lowest at 15 and 34°C. Survival rates of insects are under effects of
temperature as stated in different studies (Aldyhim & Khalil, 1993; Kersting et al., 1999; Atlihan & Chi,
2008; Andreadis et al., 2013).
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Fig. 1. Survival rate from egg to adult of tomato leaf miner, Tuta absoluta at different temperatures.

The developmental threshold, thermal constant, optimum development, lower and upper
development requests

The developmental threshold (C), thermal constant (K), optimum (7,,.) development temperature,
lower (T,,;) and upper (T,,4,) temperature requests for total immature development of tomato leaf miner
are presented in Table 2 and Figure 2. The development rate increased linearly with increasing
temperature from 15 to 29 °C withthe highestcoefficient of determination (1‘2) of 0.851. The developmental
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threshold and thermal constant were found 8.94°C and 419.46 Degree-days, respectively. The
development threshold of tomato leaf miner was reported as 9.8 °C by Mahdi & Doumandji (2013) and
8.1 °C by Estay (2000). Our result is between these two results mentioned. Differences from literature
might be due to host plants used for experiments.

Table 2. Values of the fitted coefficients and measurable parameters, the adjusted coefficient of determination of linear and five
nonlinear models for describing total development of Tuta absoluta

Models Parameters+ Std. Dev.
a -2.1E-02+2.4E-03
b 2.4E-0319.1E-05
K 419.460+
C 8.940
r
E

Linear

0.851
4.5E-03
Polynomial (4™ a -2.7E-01+1.3E-01
b 4.9E-02+2.3E-02
c -3.1E-03+1.4E-03
d 9.4E-05+3.9E-05
e -1.0E-06+3.8E-07
r

0.867

Tmin 12.500

Topt 31.000

Tmax 38.500

SE 4.3E-03

Logan 6 W 8.1E-021+6.5E+02
o 1.4E-01+4.4E+00

Topt 31.070

Tmax 38.173+6.4E-01

A 7.1E+00+2.2E+02

r 0.865

SE 0.004

Logan 10 a 5.6E-02+2.9E-03
k 5.7E+01+2.2E+01

o 1.9E-01+2.2E-02

Tont 31.070

Tmax 35.891+5.3E-01

A 1.1E+00+3.1E-01

r 0.869

SE 4.3E-03

Lactin 1 o 2.4E-03+1.4E-04
Tmin 9.500

Tont 31.000

Tmax 38.000+1.7E+00

A 2.4E+00+4.4E-01

A -1.0E+00+3.4E-03

r 0.868

SE 4.3E-03

Briere 1 a 2.7E-05+1.5E-06
Trnin 8.893+7.3E-01

Topt 31 000

Tmax 37.597+2.9E-01

r 0.866

SE 4.3E-03
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Fig 2. Fitting a linear and five nonlinear models, relationship of development rate of Tuta absoluta with temperature
described by the total preadult period.

Results of parameter estimation of Polynomial (4"'), Logan 6, Logan 10, Lactin 1 and Briere 1
models for development rates of tomato leaf miner are presented in Table 2. At all models,  was
calculated as around 0.87. While Logan 6 and Logan 10 models provide optimum (T,,.) and upper (T;,qx)
temperatures, Polynomial (4"7), Lactin 1 and Briere 1 models provide lower (T,,;,), temperatures,
additionally. The lower temperatures for development were estimated as 8.89, 9.50 and 12.50°C with
Briere 1, Lactin 1 and Poynomial (4"’), respectively. First two results are more close to the developmental
threshold. The optimum temperature of the pest was estimated as 31 °C withall models. The upper
temperature of pest was estimated very close to eachother with models used, except Logan 10, and
results are as follows; 38.5 °C (Polynomial 4”’), 38.17 °C (Logan 6), 38,00 °C (Lactin 1), 37.60 °C (Briere
1) and 35.89 °C (Logan 10).
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As an invasive species, potential of tomato leafminer to spread to more extensive areas within the
years to come is very high due to atmospheric movements or other reasons. Thus, knowing well the
environmental conditions affecting the pest’s life would be essential in terms of the measures that could
be taken. The minimum and maximum temperature requests of the pest would allow us to predict the
probable areas that it would spread as well as the periods when the pest would start causing damage.
The number of generations of any insect can be estimated theoretically by using development threshold
and temperature constant with average daily temperature. Based on parameters mentioned above,
theoretically calculated generation number of the pest in Turkey was presented in Table 3. Mersin and
Antalya were located in Mediterranean coast but the number of generations of the pest in Mersin is higher
than that of Antalya. Our results indicated that generation number of tomato leaf miner could change even
in the same region because of climatic differencesas mentioned in literature (Mahdi & Doumandiji, 2013).

Table 3. Estimated generation numbers of Tuta absoluta in the most important tomato produced areas in Turkey after infestation

Years

2010 2011 2012 2013 2014
Ankara 6.12 4.75 6.23 5.43 5.42
Antalya 8.51 7.55 8.62 8.16 8.06
Bursa 7.01 5.46 6.83 6.43 6.64
Canakkale 7.27 5.95 7.32 6.83 6.69
izmir 9.59 7.96 9.01 8.66 8.66
Manisa 8.74 7.06 8.51 7.95 7.79
Mersin 10.87 9.59 9.96 10.32 10.28
Mugla 6.84 6.06 7.08 6.56 6.14
Samsun 6.98 5.29 6.51 6.19 6.39
Sanlurfa 10.38 8.47 9.65 9.34 9.59
Tokat 6.21 4,92 5.81 5.17 5.66

Biology and the development periods of tomato leaf minerat different temperatures were examined
in previous studies (Haiji et al., 1988; Coelho & France, 1987; Estay, 2000; Pereyra et al., 2006; Andrew
et al., 2013; Mahdi & Doumandji, 2013). However, they studied at temperatures that development rate
increased linearly. Temperatures at which development rate stopped and declined were not examined
yet. In this study, the best temperature values for development of tomato leaf miner and maximum
temperature for the pest to resist were also calculated. The temperature range for tomato leaf miner to
grow best was 29.5-32.0°C, and maximum temperature range for it to resist was 34.18-40.5°C.

Results obtained here can be used to estimate population development, and the regions where the
pest can spread. Additionally, greenhouse conditions can be arranged based on results obtained in this
study to control the pest.
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Pest status of western flower thrips, Frankliniella occidentalis
(Pergande) (Thysanoptera: Thripidae), in tunnel-grown strawberry

Ortli altinda yetistirilen cileklerde Bati gicek thripsi, Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae)'nin zarar durumunun arastiriimasi

Ekrem ATAKAN" Serkan PEHLIVAN' Arzu KiMiNSU?

Summary

The western flower thrips, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) is often recognized
as a serious pest of strawberries worldwide. Although F. occidentalis is known as the dominant species among thrips
infesting strawberry plants, limited information is available about comparable data of treated and untreated plots of
tunnel-grown strawberry in Turkey. In this study, significantly more larvae and adults of F. occidentalis were collected
from the flowers, when compared with red or green fruits during the year 2011-2012 (P<0.05). Nearly 60% of flowers
were infested with 10 or more adults, which is the current economic threshold level (ETL; 10 thrips per flower) in this
crop. Furthermore, about 6% of red fruits were found to be infested with one or more adults and larval thrips.
However, it was observed that population density i.e. 0.4-0.6 and 15 adults per green or red fruit and flowers,
respectively, did not cause any damage to the flowers and fruiting parts. No significant difference was observed in the
yields of treated and untreated strawberry plots during 2011-2012. It was concluded that population density i.e. 15 F.
occidentalis individuals per flower may not cause visible damage. Furthermore, economic threshold level for F.
occidentalis (ETL; 10 thrips per flower), appears to be too low. It is suggested that the ETL of F. occidentalis in
strawberry needs to be re-evaluated in Turkey.

Keywords: Western flower thrips, strawberry, plastic tunnel, damage
Ozet

Bati cigek thripsi, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) ciledin énemli bir zararlisi
olarak bilinmektedir. F. occidentalis Turkiye'de cileklerde ana thrips tlrl olarak bilinmesine karsin, 6rti altinda ilagli
ve ilagsiz parsellerinde bitkiye olan zararina iligkin kargilastirmali veriler bulunmamaktadir. 2011-2012 yillarinda, yesil
ve kirmizi meyveler ile kargilastirildiginda, 6nemli sayida F. occidentalis larvalari ve erginleri gigeklerde bulunmustur
(P<0.05). Ekonomik zarar esigi (EZE) degerine (10 thrips /cigek) gore giceklerin %60’ 10 veya daha fazla thrips ile
bulagik olmustur. Ayrica, kirmizi meyvelerin yaklasik %6’sinin 1 veya daha fazla sayida thripsle bulasik oldugu da
saptanmistir. Onbes ergin thrips /gicek ve ayrica yesil veya kirmizi meyvelerde 0.40 veya 0.60 ergin thrips /meyve ile
en ylksek thrips yogunluklar zarara neden olmamistir. 2011 ve 2012 yillarinda ilagh ve ilagsiz parseller arasinda
verim yénunden énemli farkliliklar bulunmamistir. Mevcut ekonomik zarar esiginin F. occidentalis igin oldukga dusik
oldugu, gicek basina 15 F. occidentalis bireyinin bile giceklerde gérinen zarara neden olmadigi kaydedilmistir. Elde
edilen sonuglara dayanarak, F. occidentalis’in EZE’nin yeniden degerlendiriimesi énerilmektedir.

Anahtar sozciikler: Bati gigek thripsi, cilek, ortu alti, zarar
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Introduction

Turkey is the fourth main strawberry (Fragaria ananassa and Rosaceae) producer among the
European countries (Anonymous, 2014). Marmara, Aegean and Mediterranean are among the potential
strawberry growing regions of Turkey. Mersin province located in the eastern Mediterranean region is the
main strawberry producing region in Turkey.

Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae) is a serious pest infesting a wide
range of crops worldwide (Lewis, 1997). It is often considered as a major pest of open field and tunnel-
grown strawberries in some countries (Allen & Gaede, 1963; Argaman et al., 1989; Tommasini & Maini,
1995; Linder et al., 1998; Steiner, 2003). F. occidentalis which has a sucking-piercing mouth cone, scars
plant tissues and finally causes damages of flower abortion, fruit bronzing, and fruit deformations of
strawberries. F. occidentalis has a habit of visiting many different plant flowers. This issue is more likely
due to flowers providing essential resources of nectars and pollens especially for female thrips to produce
eggs (Trichilo & Leigh, 1988) and mating site for thrips (Rosenheim et al., 1990). Several species of thrips
are having serious pest status in strawberry (Sterk, 1990; Steiner, 2002; Steiner & Goodwin, 2005).

Frankliniella occidentalis which was recorded for the first time in Turkey in 1993 (Tun¢ & Gégmen,
1994). Recently, it has been reported as the dominant pest species in strawberry fields of the eastern
Mediterranean region of Turkey (Atakan, 2008). This thrips has not been reported previously as a pest of
strawberry grown in open fields in the southeastern Mediterranean region of Turkey (Sekeroglu et al., 1998).

Generally, it is difficult to manage thrips species due to their wide geographical distribution, high
reproductive capacity, as well as large numbers of host plants and feeding on flowers, buds and other
plant organs (German et al., 1992). Additionally, insecticides are not capable to control cryptic stages (i.e.
their eggs being in the plant tissues and pre-adult stages, pre-pupa and pupa present in the soil or in
hidden sites) leading to reduce apparent efficacy of pesticides against F. occidentalis (Immaraju et al.,
1992). Chemical control is commonly used against pest thrips species, but frequent use of insecticides
may induce problems such as destruction of natural enemies and resurgence of insecticide resistance
(Desneux et al., 2007; Nauen & Denholm, 2005)

The F. occidentalis damage results in flower abortion, fruit bronzing, and fruit deformation on
strawberries. Flowers may provide the all the essential elements for life, such as nutrition (Trichilo &
Leigh, 1988) and mating site (Rosenheim et al., 1990). Therefore, some observations associated with
thrips on strawberry suggest that F. occidentalis infestation affects mainly the development of strawberry
flowers and fruits. In Turkey, economic threshold level of flower inhabiting thrips in strawberry is 10
individuals (adult or larval thrips) per flower. According to Atakan (2008), over 15 adults of F. occidentalis
per flowers had caused slight necrotic spots around petals or beneath the calyx of fresh strawberry
flowers (Atakan, 2008). Despite of these well-known facts, strawberry growers in the Cukurova region
generally rely on pesticidies for the management of this pest (Sekeroglu et al.,, 1998; Atakan, 2011).
Furthermore, comparable data associated with a described relationship between thrips infestation levels
in flowers or on fruits and the yield and quality of strawberry in treated and untreated plots of tunnel-
grown strawberry crop have still been lacking.

Main objective of this study is to determine abundance of thrips on various plant parts and
population dynamics of larval and adult flower thrips in insecticide-treated and untreated plots and thus to
confirm whether insecticide application done against the thrips on strawberry is realistic at the current
economic damage level.

Material and Methods
Study site

The experiments were conducted in high plastic tunnels at the Yaltir Agricultural Produce
Corporation (Adana province, Turkey) during the years 2011 and 2012. The total area of the experiment
was nearly 0.25 ha. Plot size was 62.5 m? (10 m length x 5 row x 1.25 m in between rows). The middle

62



Atakan et al., Turk. entomol. derg., 2016, 40 (1)

two rows were selected as sampling unit in each plot. Half of the plots were treated with active ingredient
spinosad 480 SC (Laser 480 SC, Dow AgroSciences, Turkey) 200 ml ha” when F. occidentalis infestation
reached to the economic threshold level (10 thrips per flower), the other half served as control
(untreated). There were two main treatments: insecticide treated-plot and untreated plot. Each treatment
was replicated for four times. All plots were treated with acaricides such as bifenazate (Floramite 240 SC,
Hektas, Turkey) 60 ml per 100 | water and spiromesifen (Oberon 240 SC, Bayer Crop Science, Turkey)
50 ml per 100 | water against red spider mites Tetranychus cinnabarinus (Boisd.) (Acarina:
Tetranychidae). All plots were also treated with fungicide pyraclostrobin + boscalid WG 12.8 + 25.2%
(Signum WG, BASF Turk, Turkey) 150 g per 100 | water to prevent grey mould (Botrytis) infection. A
knapsack sprayer with a 15 | tank was used to apply all of the pesticide treatments in the experiment.
Spinosad were used against thrips on 29 March and 24 May in 2011 and on 16 May in 2012 in treated
plot. Both of treated and untreated plots were sprayed with spiromesifen (12 April and 12 May in 2011,
and 11 April and 9 May in 2012), bifenazate (19 April in 2011 and 25 April in 2012) and pyraclostrobin +
boscalid (12 April in 2011 and 11 April in 2012). Experimental plots (treated and untreated) were irrigated
by the drip irrigation system. Magnesium sulphate 16% (50 kg ha'1), zinc sulphate 23% (25 kg ha'1), iron
6% (2000 gr ha™), nitrogen (200 kg ha™), fumic acid (10 | ha™) and phosphoric acid 85% (45 | ha™') were
applied to all plots in March, April and May.

Sampling and identifying of thrips species

To determine the abundance of F. occidentalis and other arthropods in the flowers, five flowers
from each sampling unit were randomly selected, yielding 20 flowers each treatment on each sampling
date. Flowers were gently removed and placed in plastic tubes (50 cc) individually. Five red or green fruits
in each plot were also randomly selected, yielding 20 green or red fruits from each treatment. Fruits were
also gently removed and immediately inspected for the presence of thrips by aid of a hand lens. Flower
samples were stored in tubes in an ice-chest and transported to the laboratory for further processing. For
extraction of insects, only flowers were submerged into 60% ethanol and agitated for 25 sec. Flowers
were dissected carefully to remove any remaining thrips and rinsed in 60% ethanol for 25 sec. Thrips
collected from the flowers were put into small plastic vials (2 ml) containing 60% ethanol for slide-
mounted processing. Each empty collection tube was washed into a Petri dish with ethanol (60%) for two
times in the same way to get any remaining thrips. Adult thrips were slide-mounted and identified to
species. Thrips adults were counted under the stereomicroscope with 45x magnifications, and immature
thrips (thrips larvae) were pooled into a single category.

Distribution of Frankliniella occidentalis on plant parts

To determine the preference of adults and larvae on various plant parts (fresh and fully opened
flowers, young green fruits and mature fruits) of strawberry, were sampled throughout the sampling dates
in 2011. A total of five plants were randomly selected on each sampling date. One flower or fruit (green
and red fruits) from each plant was taken. Fruits were removed and immediately inspected for the
presence of thrips by aid of a hand lens. Flowers were picked into plastic tubes and stored in an ice-box.
F. occidentalis were removed by rinsing the samples with ethanol in the laboratory to determine the
number of larvae and adults in the collected samples. Collected F. occidentalis and other thrips species
were identified using above mentioned method. Thrips collected at each sampling date were divided by
the number of examined fruiting parts i.e. flowers, red and green fruits sampled to obtain an average
number of thrips per sampling unit. The mean numbers of adults or larvae on fruiting parts at each
sampling date were pooled over a month because there were few numbers of thrips on red and green
fruits. Effects of plant parts on the abundance of adults and larvae (monthly mean number of larvae and
adults) were analysed.

Yield

All plants of strawberry in each experimental plot were harvested by hand picking on 19 April, 17
May, 21 May and 4 June in 2011, and 15 May and 19 May in 2012. The harvested fruits were classified
as first and second degree, and mature fruits were weighted.
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Statistical analysis

Means of thrips (larvae and adult) numbers on various plant organs were compared by Tukey’s
honest significance test at P<0.05. Total number of thrips in flowers was plotted against percentage of
flowers infested with 10 or more thrips in 2011 and 2012. Linear regression analysis at P<0.05 was
completed to describe the correlation between these two variables. A total of 15 data points per year were
used to determine linear correlation between the above mentioned two variables as well as between the
percentage of red fruits infested with 1 or more thrips and total numbers of thrips in flowers. Densities of
thrips in treated and untreated plots as well as yield of strawberry in treated and untreated plots were
compared by Student t-test at P<0.05 (independent two-tailed test). All analyses were performed by using
the statistical program SPSS 15.0. (SPSS, 2006).

Results
Distribution of Frankliniella occidentalis on plant parts

Distribution of larvae and adult F. occidentalis on fruiting bodies of strawberry is presented in
Figure 1. Significantly more larvae (March: F= 12.957, df= 2,57, P<0.0001; April: F= 46.901, df= 2,57,
P<0.0001; May: F= 75.507, df= 2,57, P<0.0001) and adults (March: F= 94.2957, df= 2,57, P<0.0001;
April: F= 98.8101, df= 2,57, P<0.0001; May: F= 179.286, df= 2,57, P<0.0001) were collected from the
flowers in sampling months in treated experimental plot during 2011. Similarly significantly more numbers
of larvae (March: F=24.223, df= 2,57, P<0.0001; April: F= 39.643, df= 2,57, P<0.0001; May: F= 105.281,
df= 2,57, P<0.001) and adult (March: F= 95.234, df= 2,57, P<0.001; April: F= 32.023, df= 2,57, P<0.0001;
May: F= 245.771, df= 2,57, P<0.0001) of F. occidentalis were detected in flowers in untreated
experimental plot during 2011. A relatively low number of F. occidentalis was recorded on green or red
fruits compared to the flowers. Red fruits hosted more larvae or adults than immature green fruits but
these differences were not statistically significant (P>0.05). Significantly more numbers of adult F.
occidentalis in flowers were recorded in May for each of the treatment.
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Figure 1. Distribution of Frankliniella occidentalis on various plant parts of strawberry in larvae (a) and adult (b) in treated and
untreated plots during 2011.

Population dynamics of Frankliniella occidentalis in flowers

Mean numbers of F. occidentalis in flowers of treated and untreated plots in 2011 is given in Figure
2. In treated plots minimum larval (0.45 per flower) and adult populations (0.08 per flower) were recorded
on 22 March and 8 March, respectively. The highest larval (5.05 per flower) and adult (11.75 per flower)
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densities were recorded on 29 March and 24 May, respectively. The number of adults and larvae peaked
in flowers (5.05 larvae and 5.98 adult thrips per flower) on 29 March. Thrips population density (total
density) exceeded the action threshold level on that sampling date. The total number of thrips slowly but
steadily increased after the treatment. The abundance of adults had a second peak with 11.75 adults per
flower on 24 May. The abundance of adults sharply declined to low level after 31 May. In mid-June very
few larval and adult F. occidentalis were extracted from the flowers.

Although population trends of larvae and adults in untreated plots were in general similar to that of
in treated plots, there were some significant differences on some sampling dates (Figure 2). In untreated,
minimum larval (0.25 per flower) and adult population (0.12 per flower) was recorded on 7 June and 15
March, respectively in 2011. The highest larval (6.30 per flower) and adult (9.00 per flower) densities
were recorded on 24 March and 24 May, respectively. Abundance of larvae and adults in untreated
flowers peaked on 29 March and 24 May. The highest recorded abundance of total thrips was 11.2 thrips
per flower on 24 May.
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Figure 2. Mean numbers of Frankliniella occidentalis in flowers in treated (a) and untreated plots (b) in 2011 and 2012. Solid arrows
(insecticide) and dashed arrows (fungicides and/or acaricides) indicate applications [Spinosad were applied against thrips
on 29 March and 24 May in 2011 and on 16 May in 2012. Both of treated and untreated plots were sprayed with
spiromesifen (12 April and 12 May in 2011, and 11 April and 9 May in 2012) and bifenazate (19 April in 2011 and 25 April
in 2012) against spider mites and pyraclostrobin + boscalid (12 April in 2011 and 11 April in 2012) against Botrytis].

Total mean numbers of F. occidentalis were significantly higher on 22 March (t= 3.741, df= 38,

P<0.001), 19 April (= 3.168, df= 38, P<0.001), 24 May (t= 2.382, df= 38, P<0.05) and 31 May (t= 5.139,

df= 38, P<0.0001) than those found numbers in untreated plots.

Mean numbers of F. occidentalis in flowers of treated and untreated plots in 2012 is given in Figure
2. In treated plots minimum larval (0.10 per flower) and adult population (0.20 per flower) were recorded
on 11 April and 21 March of 2012, respectively. The highest larval (2.35 per flower) and adult (9.65 per
flower) densities were recorded on 16 May. Abundance of larvae and adults in treated plots started to
increase in the second week of April (Figure 2). Peak abundance of adults with a mean of 9.65 thrips per
flower and larval thrips with a mean of 2.32 thrips per flower was recorded on 16 May in 2012. The
abundance of thrips fluctuated between 6 and 7 thrips per flower from late May until mid-July. There were
a few adults and larvae of F. occidentalis in late-June (20 June). In untreated plots, minimum larval (0.20
per flower) and adult population (0.20 per flower) was recorded on 21 March of 2012. The highest larval
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(1.20 per flower) and adult (13.30 per flower) densities were recorded on 2 May and 16 May, respectively.
The abundance of thrips fluctuated until 16 May. The observed peak abundance on this date was 13.3
adults per flower. After the peak the population density of adults abruptly declined to a very low infestation
level. The mean number of larvae throughout the entire sampling period remained low compared to that
of in treated plots. Total mean numbers of F. occidentalis were significantly higher on 18 April (= 3.911,
df=38, P<0.001), 9 May (t= 5.223, df= 38, P<0.0001), 30 May (t= 6.764, df= 38, P<0.0001), 6 June (t=
6.693, df= 38, P<0.0001) and 31 May (t= 5.364, df= 38, P<0.0001) than those found in untreated plots.

Correlation between Frankliniella occidentalis abundance and flower density

Linear correlation between number of F.occidentalis per flower and number of flowers per plant in
treated and untreated plots are given in Figure 3. Thrips abundance in any treatment was not correlated
to flower density (Figure 3; P>0.05). F. occidentalis abundance was relatively low when loads of the
flowers on plants peaked. In other words, thrips abundance did not follow flower density on strawberry
plants.
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Figure 3. Linear correlation between the mean number of Frankliniella occidentalis per flower and the mean number of flowers per
plant in treated (a) and untreated plots (b) in 2011 and 2012.

Correlation between damage threshold and Frankliniella occidentalis abundance in flowers
and red fruits

Linear correlation between number of thrips per flower (x) and percentage of strawberry (y) flowers
with a minimum of 10 thrips are reported in Figure 4 and Table 1. Negative correlation was observed
between these two variables in treated and untreated plots during both years. Percentage of flowers with
10 or more adults F. occidentalis in treated plots in 2011 and 2012 were 63% and 52%, respectively.
Percentage of flowers with 10 or more adults F. occidentalis in untreated plots in 2011 and 2012 were
56% and 60%, respectively. Percentage of flowers with 10 or more adults + larvae of thrips in treated and
untreated plots was equated to 3%.

The percentage of red fruits with 1 or more thrips and the number of adult thrips per flower are
plotted in Figure 5. The correlation between these two variables was significantly positive in treated and
untreated plots in 2011 (treated plot: F= 10.342, df= 1,15, P= 0.0006, R? = 0.42, Y= 1.8184x + 4.005;
untreated: F= 7.304, df= 1,15, P=0.017, R?= 0.34, Y= 2.314x + 4.674).
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Figure 4. Percentage of flowers with 10 or more thrips and the mean number of adult Frankliniella occidentalis per flower in treated
(a) and untreated plots (b) in 2011 and 2012.

Table 1. Linear correlation between the percentage of strawberry flowers with a minimum of 10 Frankliniella occidentalis (y) and the
mean number of thrips per flower sampled (x). The action threshold is calculated from the equation

Action threshold for

Year Plot type Stage(s) Damagﬁstéeshold Linear equation R? minimum nL_Jtmber per
uni

2011 Treated Adult 10 6.512x-1.473 0.54 63%
Adult+larvae 10 0.126x+2.138 0.71 3%
Untreated Adult 10 5.844x-2.212 0.92 56%
Adult+larvae 10 0.205x+0.979 0.95 3%
2012 Treated Adult 10 5.363x-3.039 0.85 52%
Adult+larvae 10 0.201+1.353 0.89 3%
Untreated Adult 10 6.137x-1.368 0.91 60%
Adult+larvae 10 0.234x+1.340 0.83 3%

Yield

Strawberry yield in the treated and untreated plots are given in Table 2. There was a significant
difference between treated and untreated plots only on 21 May, 2011 (t= 4.243, df= 1,6, P= 0.005) and no
difference in strawberry fruit yield between treated and untreated plots on other harvesting dates was
found in both years (P>0.05)
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Figure 5. Percentage of red fruits with 1 or more thrips and the mean number of adult Frankliniella occidentalis per flower in treated
(a) and untreated plots (b) in 2011.

Table 2. Strawberry yield (kg ha‘1) intreated and untreated plots in Adana province, Turkey in 2011 and 2012

Year First class Second class
Sa&mpling Treated* Untreated Treated Untreated
ates
19 Apr 2440.00+17.73a  2400.00+61.27a 640.00+£10.20a 400.00+13.65a
17 May 1440.00+20.65a  1280.00+22.40a 440.00+12.00a 400.00+13.85a
2011 21 May 1200.00+8.24a 720.0048.01b 220.00+14.00a 240.00+15.87a
4 Jun 2050.00+13.06a  1902.00+8.24a 400.00+13.85a 520.00+12.00a
Total 6400.83+x47.10a  6800.00+52.86a 1700.00+35.53a 1540.00+26.60a
15 May 1200.00+20.13a  1160.00+7.65a 480.00+9.23a 440.00+12.75a
2012 19 May 1440.00+2.13a 1200.00+8.50a 1040.00+15.31a 800.00+16.00a
Total 2600.00+16.49a  2440.00+23.88a 1520.00+15.45a 1240.00+24.78a

"Means with same letters in rows are not statistically significant according to Student t-test at P<0.05.

Discussion

Frankliniella occidentalis were collected mainly from flowers and relatively low numbers of this
thrips were recorded on green and red fruits of strawberry. Therefore, it is suggested that it is more
appropriate to sample flowers in order to estimate thrips abundance in strawberry. Our results are in
agreement with the findings of Steiner & Goodwin (2005) reported that the majority of F. occidentalis were
detected in flowers in Australian strawberry fields. Furthermore, immature green and red fruits can be
used for sampling when flowers are not available in adequate numbers for monitoring of F. occidentalis.

During late season relatively high population of F. occidentalis was recorded in strawberry flowers,
this might be due to migration of the F. occidentalis from the surrounding wild vegetation to the strawberry
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flowers being in less numbers in that period. F. occidentalis (mainly adults) has been noted on the
majority of the flowering weeds grown nearby the experimental area. This thrips left the spring annual
weedy plants when these host plants lost their flowers or nutritional contents in late spring period (May) in
Cukurova region (Adana province) (Atakan & Uygur, 2005). Abundance of F.occidentalis in general and
abundance of larvae in particular was significantly greater in flowers of treated than untreated plots on
some sampling dates (Figure 2). Reason of this issue remained unknown.

Abundance of F. occidentalis recorded in every treatment was below the action threshold level of
10 thrips per flower at most sampling dates in both years. F. occidentalis abandoned strawberry plants
after May when the number of flowers per plant was much less than those in April. Yildirnm & Baspinar
(2013) also observed that F. occidentalis migrated from strawberry plants after early summer (June) in
Aydin province, Turkey. In the current study, F. occidentalis exceeded action threshold level only once or
twice in treated and untreated plots. Nearly 60% of flowers were infested with 10 or more adults of F.
occidentalis. Additionally, nearly 6% of red fruit was found infested with 1 or more thrips (adults + larvae).
However, there was no apparent damage of F. occidentalis to flowers even in untreated plots. Our results
seem to be in conflict with previous studies carried out in various countries. For example, while Gremo et
al. (1997) stated that 10 thrips individuals should be considered as an action threshold, Laudonia et al.
(2000) suggested 15 F. occidentalis per flower as an action threshold level in Italy. These differences
among the studies may be due to different ecological conditions such as climate, different variety of
strawberry or different strain of F. occidentalis. However, findings of the current study are agreed with
findings of Stefania et al. (1999), who reported that 15-20 mobile forms of F. occidentalis on strawberry
crop grown in plastic tunnels in Italy is economic threshold level. Coll et al. (2006) also suggested that 25
F. occidentalis individuals per flower in spring time cause economic damage to strawberries grown in
open field in Israel.

Although, there was a weak but statistically significant correlation between the percentage of red
fruit with the mean number of adult thrips in flowers, no typical damage (bronzed or scarred fruits) was
observed on sampled red or green fruits. At the peak abundance of thrips in flowers (15 total thrips per
flower) the mean number of thrips on red or green fruits was very few. In our previous study carried out in
a strawberry field outdoors (Atakan, 2008), F. occidentalis densities with at least two times higher than
the ETL was reported to cause damage in the form of withered stigmas, anthers and slight necrotic spots
on petals of some flowers. Additionally, at the peak abundance of thrips in flowers (22-24 thrips per
flower), less numbers of the thrips adults or larvae were observed on fruits and their feeding damage
resulted in the occurrence of slightly bronzed fruit surface beneath the calyx of red fruits. Contrary to our
previous work, Coll et al. (2006) reported that when thrips abundance increased to an infestation level of
25 F. occidentalis adults per flower, typical thrips damage with silvering and bronzing of the fruits were
encountered. These differences might be due to different strain of F. occidentalis and different strawberry
variety. However, Steiner (2002) reported that important bronzing damage due to larval and adult F.
occidentalis feeding upon green or red fruit was crucial when F. occidentalis abundance was over 10
thrips per fruit, and relative humidity and temperature were both high. Sampson & Kirk (2012) also
reported that there was a good correlation between abundance of larval F. occidentalis and strawberry
fruit damage in the Midlands, UK.

In conclusion, F. occidentalis infestation rarely exceeds the action threshold level and at this
threshold level no typical thrips damage was detected on flowers or fruits. Although F. occidentalis infests
mainly strawberry flowers, no association was found between thrips abundance and the density of flowers
on plants. In this study F. occidentalis did not affect strawberry yield at all. F. occidentalis is the dominant
thrips species in strawberry crops cultivated in the South-eastern Mediterranean region of Turkey.
However, F. occidentalis did not seem to be an economically important pest of strawberry even if they
cause damage to the fruiting parts in late-season as previously reported (Atakan, 2008). The registered
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insecticide active ingredient spinosad is widely used to control thrips in strawberry in Turkey but the
residual effect of this insecticide against F. occidentalis lasts for less than 10 days. In the Mediterranean
region, strawberry growers have used this insecticide frequently in thrips management. Use of the same
insecticide at frequent intervals may lead to the selection of a resistant strain in the target pest and cause
negative side-effects such as killing of beneficial insects commonly found in strawberry.

Based on our field results, it appears that population rarely exceeds the economic threshold and
only for a short period of time, therefore, no control measure should be applied against thrips in
strawberry. The current ETL for F. occidentalis appears to be too low, and it appears that even 15 thrips
per flower may not cause typical damage to flowers. Based on our results, it is concluded that ETL of F.
occidentalis needs to be re-evaluated in strawberry fields in Turkey.
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Contributions to the Turkish oribatid mite fauna (Acari: Oribatida)
Turkiye oribatid akar faunasina katkilar (Acari: Oribatida)
Nusret AYYILDIZ' Ayse TOLUK"

Summary

Seven known oribatid mite species viz. Nothrus silvestris Nicolet, Hermanniella multipora Sitnikova,
Licnobelba caesarea (Berlese), Jacotella frondeus (Kulijev), Adoristes (Gordeeviella) krivolutskyi Shtanchaeva,
Subias & Arillo, Autogneta (Rhaphigneta) flagellata (Mahunka) and Phauloppia lucorum (Koch), are recorded for the
first time from Turkey. The morphological features of species mentioned here have been presented with SEM
photographs, and their zoogeographical distributions are given. Key to the species for each genus is also given.

Keywords: Nothrus, Hermanniella, Licnobelba, Jacotella, Adoristes, Autogneta, Phauloppia, new records.

Ozet

Yedi oribatid akar tird, isim olarak Nothrus silvestris Nicolet, Hermanniella multipora Sitnikova, Licnobelba
caesarea (Berlese), Jacotella frondeus (Kulijev), Adoristes (Gordeeviella) krivolutskyi Shtanchaeva, Subias & Arillo,
Autogneta (Rhaphigneta) flagellata (Mahunka) ve Phauloppia lucorum (Koch), Turkiye'den ilk kayittir. Adi gegen
turlere iliskin morfolojik 6zellikler tarama elektron mikroskobu fotograflari ile birlikte sunulmus ve zoocografik
dagilimlari verilmistir. Ayni zamanda her bir cins icin tlrlere teshis anahtari verilmigtir.

Anahtar sozciikler: Nothrus, Hermanniella, Licnobelba, Jacotella, Adoristes, Autogneta, Phauloppia, yeni kayitlar.
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Introduction

Oribatid mites (Acari) are often the dominant microarthropod group in forest soil-litter habitats. They
are actively involved in decomposition of organic matter, in nutrient cycling and soil formation (Behan-
Pelletier, 1999). Oribatid mites consist of 10.826 described species and subspecies worldwide (Subias,
2004, updated 2016) and the total species number is estimated to be up to 100000 (Schatz, 2002). The
highest number of species is known from the Palaearctic region, followed by the Oriental and Neotropical
regions (Schatz, 2004). The beginning of taxonomic works on oribatid mites in Turkey goes back to the
1980s (Ayyildiz, 1988 a-e, 1989; Ayyildiz & Luxton, 1989 a,b; Ayyildiz & Ozkan, 1988). To date, the
number of oribatid mite species and genera known from Turkey is about 200 and 90, respectively (Ozkan
et al., 1994; Bayartogtokh et al., 2000; Bayartogtokh et al., 2002; Grobler et al., 2003, 2004; Erman et al.,
2007; Toluk & Ayyildiz, 2008). So, it is expected that continued researches on the Turkish oribatid mite
fauna will significantly augment the known species diversity for the country.

In the present paper, seven known species belong to the genera Nothrus Koch, Hermanniella
Berlese, Licnobelba Grandjean, Jacotella Banks, Adoristes Hull, Autogneta Hull, and Phauloppia Berlese
are added to the Turkish fauna with remarks on the recorded species. Previous records of oribatid
species belonging to the genera Nothrus, Hermanniella, Autogneta and Phauloppia mentioned here
included N. anauniensis Canestrini & Fanzago (recorded as N. biciliatus Koch) from Erzurum, H.
punctulata Berlese from Yozgat, A. (Rhaphigneta) numidiana (Grandjean) from Artvin and P.
rauschenensis (Sellnick) (recorded as P. saxicola Travé) from Ankara (Ayyildiz, 1988a; Grobler et al.,
2004; Toluk et al., 2006; Toluk & Ayyildiz, 2009). Prior to this study there was no record for the genera
Licnobelba, Jacotella and Adoristes (Gordeeviella) from Turkey.

Material and Methods

The mite specimens in soil, litter and moss taken from Artvin, Antalya and Bolu provinces of Turkey
between 2008 and 2014, were extracted using Berlese funnels and preserved in 75% ethyl alcohol.
Measurements and descriptions are based on specimens mounted in temporary cavity slides that were
studied using a compound microscope. All measurements are presented in micrometers (um). Body
length was measured in lateral view, from the tip of the rostrum to the posterior edge of the ventral plate,
to avoid discrepancies caused by different degrees of notogastral distension. Notogastral width refers to
the maximum width in dorsal aspect. For scanning electron microscope (SEM) investigations, the
specimens were mounted on aluminum-stubs with double sided carbon tape and dried in a desiccator.
Then the specimens were sputter-coated with 15 nm gold/palladium. SEM photographs were taken using
a Zeiss/Leica LEO 440 scanning electron microscope at the Technology Research and Application
Center of Erciyes University. The morphological terminology follows that of Norton & Behan-Pelletier
(2009). The examined specimens are deposited in the Acarological Collection of the Zoological Museum,
Erciyes University, Kayseri, Turkey.

Results and Discussion

A total of seven species belonging to 7 genera of oribatid mites from Artvin, Antalya and Bolu
provinces of Turkey were determined. These species are given below.

Genus Nothrus Koch

Rostrum with median incision, bothridium present, genital and anal plate large, occupying entire ventral
side posterior to epimeres, aggenital setae absent, epimeres | with 57 setae, legs with 1-3 claws.

Key to the species of the genus Nothrus of Turkey

1. Posterior notogastral setae rod like, long, not widened, barbed distally; leg tarsi with one claw,
1€NGth = 710810 ... . e e e N. silvestris Nicolet

- Posterior notogastral setae widened distally, relatively short, not much longer than the others; leg
tarsi with three claws, length = 700-810 ........ccccoveveeeeeeneen. N. anauniensis Canestrini & Fanzago
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Nothrus silvestris Nicolet
Measurements: Body length: 732-773 um, body width: 402—408 ym (n=6).

Morphological features (Fig. 1A-F): Rostrum rounded. Rostral setae (ro) barbed. Lamellar setae
(le) barbed and slightly curved, set on apophyses. Interlamellar setae (in) phylliform, barbed. Sensilli (ss)
long, rod-like and barbed. The middle part of notogaster, between folds, covered with distinct, large,
round pits. Lateral surface with small pits. Distance between setae c,—c, shorter than between c,—cs.
Sixteen pairs of notogastral setae present, not widened, rod like. Epimeral setal formula 3-1-3-3. Genital
plates with 9 pairs of setiform setae (g1.9); 2 pairs of short anal setae (an;.;); 3 pairs of adanal setae (ad;.
3). All legs monodactylous.

Figure 1. Nothrus silvestris Nicolet. A- Dorsal view; B- Prodorsum; C- Notogaster; D- Ventral view; E- Subcapitulum;
F- Genito-anal region.

Material examined: Turkey, Bolu province, N: 40°56.447', E: 031°44.763', 784 m, 25.V.2014,
collected in litter and soil, 6 exs. (2 of them were mounted on aluminum stubs and gold-coated for
scanning electron microscopy).
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Remarks: This species is new record for Turkish fauna. It is widespread in various acidophilous
and mesophilic forests, also on drier peatlands (Weigmann, 2006). Turkish specimens are collected in
soil and litter. The dimensions of the species are given as 710-810 pm by Weigmann (2006). The Turkish
specimens (732-773 x 402—-408 um) are in the range of the known dimensions of the species. This
species is well characterized by the shape of sensilli, phylliform barbed interlamellar setae, 16 pairs of
notogastral setae, nine pairs of genital setae, number of claws and shape of posterior notogastral setae.

Genus Hermanniella Berlese

Bothridia situated near prodorsal margins, notogaster with a pair of lateral, tube-like projections,
notogastral setae usually of the same type (except f; dilated leaf-shaped), aggenital setae absent.

Key to the species of the genus Hermanniella of Turkey

1. Interlamellar setae widened, strongly leaf-shaped and bent in the direction of the bothridia, much
shorter than sensilli; notogastral plate without areolae, posterior notogastral setae rather widened strongly
barbed, length=516-582 um ........ccciiiiii H. multipora Sitnikova

- Interlamellar setae not widened, rod like and forward directed to the lamellar setae, almost the
same length as sensilli; notogastral plate with areolae, posterior notogastral setae rod like, length= 510—
7400 ¥ o T PPNt H. punctulata Berlese

Hermanniella multipora Sitnikova
Measurements: Body length: 440-540 um, body width: 220-321 ym (n=8).

Morphological features (Fig. 2A-F): Body surface covered with cerotegument. Rostrum widely
rounded in dorsal view. Rostral and lamellar setae narrow, thickened barbed, curved inwards.
Interlamellar setae strong, barbed, leaf shaped. Sensilli with long stalk (37 um), short (13 um) and weakly
thickened head. Notogaster oval-shaped. Cerotegument forming papilliform granules. Sculpture of
integument under cerotegument of dorsal part represented by a vast number of very small slitlike
apertures. No areolae. Fifteen pairs of notogastral setae present, variable in length and thickness. The
setae f; and especially h; and h; dilated, h3 very small and barely perceptible in length. Epimeral setal
formula 3:1:3:3. Seven pairs of genital setae, five pairs arising closer to inner margin than others and
latter two pairs much larger than the inner pairs. One pair of aggenital setae; two pairs of anal setae;
three pairs of adanal setae smooth, only adanal setae ad; longer and thicker than others, with bent
apices. All legs monodactylous.

Material examined — Turkey, Artvin province, a forest in 7 km along Borgka-Murath town road, N:
41°22°39", E: 41°41°117, 210 m, 27.X.2008, collected in moss on tree, 10 exs. (2 of them were mounted
on aluminum stubs and gold-coated for scanning electron microscopy).

Remarks — This species is distributed in Palaearctic region (Subias, 2004, updated 2016). It is new
record for Turkish fauna. Holotype and paratypes were originally collected from litter under cypress tree
and a rotten hornbeam trunk near footpath in Sochi, and litter from mixed woodland in Malesna River
valley, Soviet Far East (Sitnikova, 1973). Turkish specimens are collected in moss on tree. The
dimensions of the species are given as 552 um (516-582) x 325 ym (282-382) by Sitnikova (1973). The
Turkish specimens (440-540 x 220-321 um) are in the range of the known dimensions of the species.
This species is well characterized by the shape of sensilli, the vast number of very small slit like apertures
on notogaster, 15 pairs of notogastral setae, dilated setae f;, h; and h, and by the very small barely
perceptible setae hzand the lack of areolae on the notogaster.
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Figure 2. Hermanniella multipora Sitnikova. A- Dorsal view; B- Prodorsum; C-The posterior part of notogaster; D-
Ventral view; E- Genital plate; F- Anal plate.

Genus Licnobelba Grandjean

Adults with exuviae on dorsal; thick cerotegument formed by high polygonal pieces; notogastral
surface smooth, shiny and with 4-6 pairs of setae; six pairs of genital setae present.

Licnobelba caesarea (Berlese)
Measurements — Body length: 250-280 pm, body width: 120-140 uym (n = 6).

Morphological features (Fig. 3A-F): Prodorsal surface covered by a thick reticulated
cerotegumental layer, forming a web-like pattern. Rostrum rounded. Rostral setae inserted from ventral
side. Lamellar setae inserted on small lateral apophyses. Both of them covered by thick cerotegument
with small granules. Sensilli large, leaf-shaped, with a very short stalk. Notogaster covered with unclear
tubercules. Five pairs of postero-lateral notogastral setae; Lyrifissures ia and im wide and very clear.
Discidium weakly developed and rounded. Epimeral setal formula 3:1:3:3. Six pairs of short and thin
genital setae, one pair of aggenital setae, two pairs of anal setae and three pairs of adanal setae. All legs
tridactylous and covered by a thick cerotegumental layer. Tibia | with large and well developed apophysis.
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Material examined — Turkey, Antalya province, Gullik Mountain, N: 37°00°59.52", E: 30°00°59.52",
550 m, 26.V1.2010, soil and litter, 6 exs. (2 of them were mounted on aluminum stubs and gold-coated for
scanning electron microscopy).

Figure 3. Licnobelba caesarea (Berlese). A- Dorsal view; B- Prodorsum; C- Sensillus; D- Ventral view; E-
Subcapitulum and epimeral region; F- Genito-anal region.

Remarks — This species is distributed in Mediterranean (Subias, 2004, updated 2016). It is a new
record for Turkish fauna. The body length is given as 270-285 pm by Grandjean (1931) and 260-
302x120-160 pm by Pérez-Ifigo (1994), 275-281x125-137 um and 270-302x125-160 um by Kahwash et
al., (1990). The Turkish specimens (250-280 x 120—-140 um) are in the range of the known dimensions of the
species. This species is well characterized by the shape of sensilli; prodorsum with a polygonal sculpture; five
pairs of postero-lateral notogastral setae. Pérez-lfiigo (1994) who states that notogaster is completely smooth,
without any kind of network pattern. However, notogastral surface covered with unclear tubercules in the
Turkish specimens. The reason for this contrast, we believe that due to the microscopic examination.

Genus Jacotella Banks

Adults without exuviae on dorsal; sensilli with slightly dilated head; notogastral setae h, absent;
seven pairs of genital setae present, legs covered by a thin cerotegument layer; pedotectal tooth absent.

Jacotella frondeus (Kulijev)
Measurements: Body length: 332-392 um, body width: 180-216 uym (n = 5).
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Morphological features (Fig. 4 A-F): Body surface covered by polygonal cerotegument. Rostral
setae well sclerotized. Lamellar setae inserted on short apophyses antero-dorsally on the rostrum.
Interlamellar setae on small tubercle. Sensilli with broadly expanded head. Four pairs of notogastral setae (hy,
p1, p2 and pgz). Posterior notogastral setae h; and p; inserted on strong apophyses, h, absent, h; much longer
than others. Epimeral setal formula 2:2:3:1. Seven pairs of genital setae, one pair of aggenital setae, two pairs
of anal setae and three pairs of adanal setae. Genital and anal openings separated by a band of cuticle that
covers the articulation of the preanal shield. Discidium absent. All legs tridactylous.

Figure 4. Jacotella frondeus (Kulijev). A-Dorsal view; B-Prodorsum; C- Notogastral ornamentation; D-Ventral view; E-
Genito-anal region; F- Sensillus.
Material examined — Turkey, Antalya province, Gullik Mountain, N: 37°00°59.52", E: 30°00'59.52",
550 m, 26.V1.2010, soil and litter, 5 exs. (2 of them were mounted on aluminum stubs and gold-coated for
scanning electron microscopy).

Remarks — This species is distributed in Eastern Mediterranean (Subias, 2004, updated 2016). It is
new record for Turkish fauna. The dimensions of the type specimen are given as 422 x 266 um by Kulijev
(1979). The Turkish specimens (332-392 x 180-216 um) are in the range of the known dimensions of the
species. This species is well characterized by the shape of sensilli, notogaster with a polygonal sculpture;
four pairs of notogastral setae. In this regard, the Turkish specimens closely resemble the species in all
features.
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Genus Adoristes Hull

Lamellae separated, with or without cuspis, without translamellae; sensilli clavate or sharply
pointed at tip; notogaster without long humeral process and with 11 pairs of setae; five pairs of genital
setae present; legs with 3 claws.

Subgenus Adoristes (Gordeeviella) Shtanchaeva, Subias & Arillo
Adoristes (Gordeeviella) krivolutskyi Shtanchaeva, Subias and Arillo
Measurements: Length: 480—648 um, width: 256—344 um (n = 6).

Morphological features (Fig. 5 A-E): Rostrum truncate swelling at middle and forward-projected.
Rostral setae smooth. Lamellae long and same width over the entire length, without translamella and
lamellar cuspids less obvious. Lamellar setae smooth and inserted on distal edge of lamellae.
Interlamellar setae smooth and long. Bothridium hidden by anterior margin of notogaster. Sensilli spindle-
form, slightly barbed, apical part longer than length of head. Anterior margin of notogaster slightly
concave. Eleven pairs of very small, smooth and thin notogastral setae. Lyrifissures im present but
difficult to see. Epimeral setae short, smooth and thin. Epimeral setal formula 3:1:3:3. Five pairs of genital
setae, three anterior pairs very close to each other and longer than two posterior pairs. One pair of
aggenital setae, two pairs of anal setae and three pairs of adanal setae. Adanal lyrifissures jad situated in
paranal position. All legs tridactylous.

Figure 5. Adoristes (Gordeeviella) krivolutskyi Shtanchaeva, Subias & Arillo. A-Dorsal view; B-Prodorsum; C-
Sensillus; D- Notogaster; E- The posterior part of notogaster.
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Material examined — Turkey, Bolu province, Golcuk lakeside, N: 40°39°38", E: 31°37°598", 1225 m,
10.V.2008, litter, 6 exs. (2 of them were mounted on aluminum stubs and gold-coated for scanning
electron microscopy).

Remarks — This species is distributed in Caucasus and Portugal (Subias, 2004, updated 2016). It
is new record for Turkish fauna. It is currently known only from type locality, Batumi (Georgia) and
southern Portugal. The specimens belonging to this species were extracted from soil under Eucalyptus
and relict forest of conifers in Batumi (Georgia), and soil under Quercus suber in Luzianes (Portugal)
(Shtanchaeva et al., 2010, 2012). The dimensions of the type specimen are given as 500-640 x 250-330
pm by Shtanchaeva et al. (2010). The Turkish specimens (480—648 x 256—-344 um) are in the range of
the dimensions of the type specimen. This species is well characterized by the shape of sensilli and
lamellae without translamella; eleven pairs of notogastral setae; five pairs of genital setae

Genus Autogneta Hull

Rostrum with a median incision; costulae long, narrow, far from each other; prodorsum laterally
without granula (with granula in Rhaphigneta); legs with one claw.

Subgenus Autogneta (Rhaphigneta) Grandjean
Key to the species of the subgenus Autogneta (Rhaphigneta) of Turkey

1. Distal apex of notogastral setae curved like a hook, length= 456-504 ym............. A. (R.)
flagellata (Mahunka)

- Distal apex of notogastral setae smooth, length= 350-445 pm......ccccccvvvvvvennnnnnn. A (R)
numidiana (Grandjean)

Autogneta (Rhaphigneta) flagellata (Mahunka)
Measurements: Body length: 488-504 um, body width: 268-272 ym (n=5).

Morphological features (Fig. 6 A-F): Rostrum divided by a deep incision. Costulae long, reaching
near the bothridia. Lamellar setae arising at the distal end of the costulae and reaching beyond insertion
points of rostral setae. Interlamellar setae long and ciliate. Apex of sensillus weakly thickening bearing
slightly dentate. Bothridia well developed. Prodorsum laterally with granula. Notogaster with a pair of
prominent humeral processes. Ten pairs of notogastral setae present. Distal apex of notogastral setae
curved like a hook. Epimeral setal formula 3-1-3-3. Six pairs of genital setae; one pair of aggenital; two
pairs of anal; three pairs of adanal. Lyrifissures jad in paraanal position. The adanal setae are situated as
follows: ad, - postanally, ad, - paraanally, ad; — preanally. All legs monodactylous.

Material examined — Turkey, Bolu province, N: 40°56°443", E: 031°44°816", 795 m, 25.V.2014,
collected in soil and litter, 5 exs. (2 of them were mounted on aluminum stubs and gold-coated for
scanning electron microscopy).

81



Contributions to the Turkish oribatid mite fauna (Acari: Oribatida)

Figure 6. Autogneta (Rhaphigneta) flagellata (Mahunka). A-Dorsal view; B- Notogaster; C-Prodorsum; D- Ventral
view; E- Lateral view of body; F- Lateral view of prodorsum. .

Remarks — This species is new record for Turkish fauna. Holotype and paratypes were originally
collected from soil under Pinus and Quercus coccifera tree, ground near the summit of Mount Gournis
(Mahunka, 1977). Turkish specimens are collected in litter and soil. The dimensions of the species are
given as 456-483 x 249-272 ym by Mahunka (1977). The Turkish specimens (488-504x 268-272um)
are in the range of the known dimensions of the species. This species is well characterized by the shape
of sensilli and costulae, 10 pairs of distal apex of notogastral setae recurving like a hook notogastral
setae.

Genus Phauloppia Berlese

Lamellae linear; translamella absent; 14 pairs of notogastral setae present; four pairs of porose
areas present; dorsosejugal suture medially interrupted or continuous; genital plates with four pairs of
setae; legs with 3 claws.
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Key to the species of the genus Phauloppia of Turkey

1. Areae porosae Aa significantly long, tape-shaped the others (A;-A3) oval; notogastral setae long
(about 150 pm); dorsosejugal suture medially interrupted; length 600-900 um ........ P. lucorum (C. L. Koch)

- All areae porosae (Aa, A;-Aj3) oval; notogastral setae short (about 25 um); dorsosejugal suture not
medially interrupted; length 310-390 um ..., P. rauschenensis (Sellnick)

Phauloppia lucorum (C. L. Koch)
Measurements: Body length: 720-890 um, body width: 440-570 ym (n= 3).

Morphological features (Fig. 7A-F): Rostrum rounded. All prodorsal setae setiform and barbed.
Lamella indicated as a weak line. Sensillus with short stalk and claviform head with some small spines.
Dorsosejugal suture medially interrupted. Fourteen pairs of smooth notogastral setae present, variable in
length. Four pairs of porose areas present. Aa significantly long, tape-shaped. A;.; roundish oval.
Epimeral setal formula 3-1-3-3. Four pairs of genital setae, one pair of agenital setae, two pairs of anal
setae, three pairs of adanal setae. All legs tridactylous.

Figure 7. Phauloppia lucorum (Koch). A- Dorsal view; B- Prodorsum; C- Rostrum; D- Ventral view; E- Genital plate;
F- Anal plate.
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Material examined — Turkey, Artvin - Kafkasér road, N: 41°10°13", E: 41°487°42", 860 m,
20.1X.1992, moss on Quercus sp., 3 exs. (2 of them were mounted on aluminum stubs and gold-coated
for scanning electron microscopy).

Remarks — This species is new record for Turkish fauna. It is a common in moss and lichen
coatings on trees and on stones, rocks (Weigmann, 2006). Turkish specimens are collected in moss on
tree. The dimensions of the species are given as 600 x 900 ym by Weigmann (2006). The Turkish
specimens (720-890 x 440-570 um) are in the range of the known dimensions of the species. This
species is well characterized by the pattern shape of prodorsum and notogaster, dorsosejugal suture
open in the middle, the claviform sensilli, fourteen pairs of smooth notogastral setae, four pairs of porose
areas (Aa the longest, A;.; roundish oval).

Conclusion

The present study added seven species new to the oribatid fauna of Turkey. The genera
Licnobelba and Jacotella, and the subgenus Adoristes (Gordeeviella) are reported for the first time from
Turkey. For Autogneta (Rhaphigneta) flagellata (Mahunka, 1977) and Adoristes (Gordeeviella)
krivolutskyi Shtanchaeva, Subias & Arillo, 2010, Turkey are the first locality record outside its type locality
(Greece) and the third locality record outside its type locality (Georgia) and Portugal, respectively.
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Sera domatesi yetistiriciliginde Eretmocerus mundus (Hymenoptera:
Aphelinidae) ve Macrolophus melanotoma’nin Bemisia tabaci
(Hemiptera: Miridae, Aleyrodidae)’ye karsi etkinlikleri’

Efficacy of Eretmocerus mundus (Hymenoptera: Aphelinidae) and Macrolophus
melanotoma aganist Bemisia tabaci (Hemiptera: Miridae, Aleyrodidae) in protected tomato

Kamil KARUT?  Cengiz KAZAK?
ismail DOKER? Amir Abdullahi Yousif MALiIK?3

Summary

In this study, the success of single and combined releases of Eretmocerus mundus Mercet (Hymenoptera:
Aphelinidae) and Macrolophus melanotoma (Costa) (Hemiptera: Miridae) aganist Bemisia tabaci (Gennadius)
(Hemiptera: (Aleyrodidae) were determined on greenhouse grown tomato plants that planted in net cages. The
studies were conducted in spring growing seasons of the years 2009 and 2010. Experiments were established with
four different treatments namely B. tabaci single (control), M. melanotoma single, E. mundus single, M.
melanotoma+E. mundus combined releases with 3 replications (cage). In both years the B. tabaci, E. mundus and M.
melanotoma were released 20, 6 and 0.5/plants, respectively. In order to determine population development of B.
tabaci and E. mundus, leaf samples were taken at weekly intervals. In addition, numbers of immature and adult
stages of M. melanotoma were counted by using visual control method on whole parts of 15 plants in each predator
released cages. In the parasitoids released cages, the mean numbers of immature B. tabaci were not reached higher
than 0.56 and 2.82 individuals/cm? in 2009 and 2010, respectively. These numbers were found to be lower than
control and M. melanotoma single releases. The highest immature B. tabaci numbers were determined in control
treatments as 51.10 and 31.12 per cm? in both years. Although M. melanotoma single release treatment reduced the
whitefly numbers statistically compared to control treatment, it was not succeed as much as E. mundus. The results
of this study showed that B. tabaci populations could be control without any insecticide treatments in greenhouse by
using biological control programs that will be consisted with E. mundus and M. melantoma in Turkey.

Keywords: Biological control, Bemisia tabaci, Eretmocerus mundus, Macrolophus melanotoma

Ozet

Bu calismada, Eretmocerus mundus Mercet (Hymenoptera: Aphelinidae) ve Macrolophus melanotoma
(Costa) (Hemiptera: Miridae)' nin Bemisia tabaci (Gennadius) (Hemiptera: (Aleyrodidae)’ye karsi ayri ayri ve bir arada
etkinlikleri cam sera igerisine yerlestiriimis tul kafesler igerisinde yetistirilen domates bitkileri Gzerinde belirlenmigtir.
Calisma 2009 ve 2010 yillarinda bahar uretim sezonunda gergeklestiriimistir. Denemeler, tek B. tabaci (kontrol), tek
M. melanotoma, tek E. mundus ve M. melanotoma+E. mundus bir arada olmak Uzere 4 farkli uygulama ve 3 tekrarli
(kafes) olarak kurulmustur. B. tabaci, E. mundus ve M. melanotoma, her iki yilda da bitki basina sirasiyla 20, 6 ve 0.5
adet olacak sekilde salinmistir. Deneme siresince B. tabaci ve E. mundus popullasyon gelisimlerini belirlemek
amaciyla haftalik araliklarla yaprak érnekleri alinmistir. Ayrica, her kafeste rastgele segilen 15 bitkinin tamaminda
go6zle kontrol yontemi kullanilarak M. melanotoma’nin nimf ve ergin dénemleri sayilmistir. Calismada tek ?arazitiot
salimi yapilan kafeslerde ergin éncesi B. tabaci yogunluklari 2009 ve 2010 yillarinda sirasiyla 0.56 adet/cm” ve 2.82
adet/cm?nin (izerine cikamamis ve kontrol ile tek avci salimi yapilan kafeslerden disuk bulunmustur. En ylksek B.
tabaci ergin 6ncesi yogunlugu ise ayni yillarda 51.10 ve 31.12 adet/cm? ile kontrol uygulamalarindan elde edilmigtir.
Tek basina M. melanotoma uygulamasi, kontrolle karsilastinldiginda beyazsinek yogunlugunda istatistiksel olarak
onemli dislse sebep olsa da E. mundus kadar basarili olamamistir. Bu ¢alismada elde edilen sonuglar, Turkiye'de
domates seralarinda E. mundus ve M. melanotoma’nin birlikte kullanildigi biyolojik micadele yénteminin B. tabaci
populasyonunu hig insektisit uygulamaya gerek kalmadan basariyla baski altina alabildigini gdstermistir.

Anahtar sozciikler: Biyolojik micadele, Bemisia tabaci, Eretmocerus mundus, Macrolophus melanotoma
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Giris

Tarkiye’'de, ortlaltt sebze yetistiriciligi, sera ve algak plastik tinel altindaki tarimsal Uretimi
kapsamakta olup, toplam oértiialti Gretim alani 2014 yili itibari ile yaklasik 64.911 ha'ra ulasmistir (TUIK,
2014). Turkiye 2012 Uretim sezonunda 10.350.000 ton domates Uretimi ile diinyada Cin, Hindistan ve
A.B.D.’den sonra dérdiincii sirada yer almaktadir (FAO, 2013). Ortii altinda gergeklestirilen diger sebze
Uretimlerinde oldugu gibi domates uretiminde karsilasilan sorunlarin basinda zararli ve hastaliklar ilk
sirayl almaktadir. Bunlardan beyazsinek, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) (i) ergin
oncesi ddénemlerinin bitkilerde dogrudan beslenmesi, (ii) salgiladiklari madde ile saprofit mantarlarin
gelismesi sonucu fumajin olusmasi ve (iii) virUsleri tasiyarak ekonomik kayiplara neden olmasindan
dolay! dnemli bir zararl olarak karsimiza ¢ikmaktadir (Stansly & Naranjo, 2010). Turkiye’de bu zararliya
karsi, Ureticiler tarafindan oncelikli olarak kimyasal micadele tercih edilmekte olup, bir tretim sezonunda
kokteyl ilaglardan olusan en az 10 uygulama yapilmaktadir (Karut et al., 2012). Basarnli bir biyolojik
miicadele uygulamasi kimyasal muicadele uygulamalarindan kaynaklanan, kalinti ve direng gibi
olumsuzluklarin éniine gegmektedir (van Lenteren, 2006; Kazak et al., 2015). GlinUmUizde seralarda
yetistirilen Urlnlerde zararlilara karsi biyolojik micadele tim dinyada basariyla uygulanmaktadir. Bu
nedenle Turkiye'de de seralarda domates Uretiminde B. tabaci ile micadelede etkili bir biyolojik miicadele
programinin gelistiriimesi zorunludur.

Gunidmuzde o6zellikle seralarda B. tabacinin biyolojik mucadelesinde kullaniimak Uzere birgok
dogal diisman cesitli firmalar tarafindan kitle halinde Uretilip satiimaktadir (Gerling et al., 2001; Alomar et
al., 2006; Arno et al., 2010). Ancak ticari dogal disman tarleri ile karsilastirildiginda yerli tirlerin ortama
ve zararliya olan daha ylksek adaptasyonlarindan dolay! basarili olma sanslari artmaktadir. Parazitoid
Eretmocerus mundus Mercet (Hymenoptera: Aphelinidae) ve avci Macrolophus melanotoma (Costa)
(Hemiptera: Miridae) Tarkiye’'nin de iginde bulundugu Akdeniz Ulkelerine uyum saglamis yerli dogal
disman turleridir (Alomar et al., 1994; Gerling et al., 1998; Ulusoy, 1999; Castafné et al., 2004; Urbaneja
& Stansly, 2004; Perdikis et al., 2007; Karut et al., 2012). E. mundus Dogu Akdeniz’de seralarda
saptanan en yaygin parazitoid tlrldir (Karut, 2006; Karut et al., 2012). M. melanotoma ise yil boyunca
Dittrichia viscosa L. (W. Greuter) (Asteraceae) bitkisi Gzerinde bulunmakta ve popullasyonu yaz aylarinda
artmaktadir (Lykouressis et al., 2012; Evangelou et al., 2013).

Beyazsinegin Turkiye'de 1928 yilindan itibaren farkli kultir bitkilerinde sorun oldugu bildiriimektedir
(Arik et al., 1976). Ancak zararlinin seralarda biyolojik micadelesine yonelik yapiimis ¢alisma sayisi
oldukga sinirhdir. Sinirh sayidaki bu calismalarda, B. tabaci ve dogal dismanlarinin sorveyleri ile
durumlari belirlenmis, ayrintili salim ve etkinlik calismalari yapilmamistir (Onciier et al., 1994;
Yasarakinci & Hincal, 1996; Yoldas et al., 1999; Bulut & Gé¢gmen 2000; Yasarakinci, 2001; Karut, 2006;
Karut et al.,, 2012). Turkiye'de yayinlanan galismalarla karsilastinildiginda, yurtdisinda zararli ve dogal
dismanlarinin seralardaki mevcut durumlarini bildiren ¢alismalarin yaninda B. tabacinin biyolojik
micadelesine yonelik M. caliginosus (Wagner), M. pygmaeus (Rambur) (Hemiptera: Miridae) ve E.
mundus gibi tirlerin kullanildigi salim galismalari daha fazla ydrtttilmastir (Stansly et al., 2005; Alomar et
al., 2006; Gabarra et al., 2006; Lépez & Andorno, 2009). Ancak beyazsinegin diger bir potansiyel dogal
dismani M. melanotoma ile yapilan galismalar laboratuvar denemeleri ile sinirli kalmistir (Lykouressis et
al., 2012). Ayrica, yapilan c¢alismalar incelendiginde, domates bitkisinde B. tabaci’nin biyolojik
miicadelesinde M. melanotoma’nin parazitoit E. mundus ile birlikte zararliya karsi kullanim olanaklarinin
arastinldigi bir galismaya rastlanmamistir.

Bu baglamda, bu calismada temel amag, seralarda domates yetistiriciliginde E. mundus ve M.
melanotoma’nin  yerli populasyonlarinin, B. tabacinin micadelesinde kullanim olanaklarinin
arastiriimasidir. Béylece, seralarda bir tretim sezonunda 10-12 adede ulasan ilaglama sayisi azaltilacak,
daha saglikh ve kalici olan biyolojik micadele yénteminin seralara yerlestiriimesi igin gerekli bilgi
birikimine katki saglanacaktir.
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Materyal ve Yontem
Bemisia tabaci, Macrolophus melanotoma ve Eretmocerus mundus uretimi

Bemisia tabaci baslangi¢c popiilasyonu, Cukurova Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Bolumu arastirma parselinden pamuk bitkileri Gzerinden toplanmistir. Zararli B. tabaci Uretimi, igerisinde
domates, patlican ve pamuk bitkileri bulunan iklim odalarinda gergeklestiriimistir. Avci M. melanotoma,
Mersin ili'nden Dittrichia viscosa (L.) Greuter (Asteraceae) bitkileri (izerinden toplanmistir. Toplanan
bireylerden bir kismi ileride yapilacak molekdiler tani ¢calismalarinda kullaniimak tzere % 96’lk alkolde
saklanmistir. S6z konusu avcl, beyazsinek ile bulasik bitkiler Gzerinde av Uretiminden farkl bir iklim
odasinda kultire alinmistir. Daha 6nce yapilmis galismalarda M. caliginosus (Wagner) olarak bilinen
tirin aslinda M. pygmaeus (Rambur) ve M. melanotoma (Costa)dan olusan tir kompleksi oldugu ve
bunlarin tire 6zel primer kullanilarak molekiler yéntemler ile ayrilabildigi Evangelou et al. (2013) ile
Castane et al. (2013) tarafindan bildirilmistir. Ayrica ayni arastiricilar M. pygmaeus’'un Solanaceae
familyasina ait kiltlr bitkilerinde (domates, patlican vb), M. melanotoma’'nin ise kultirl yapilmayan ve
Akdeniz Ulkelerinde yaygin olarak bulunan D. viscosa bitkisini tercih ettigini bildirmislerdir.

Denemelerde kullanilan ve D. viscosa bitkisinden toplanan avci bdcegin teshisi, Castane et al.
(2013)'1in bildirdigi ture 6zel, 154 bg¢ agirhiginda bant veren, mitokondrial gen bélgesine ait primer gifti
(Mp1F/Mp4R ve Mm1F/Mm3R) kullanilarak Cukurova Universitesi, Bitki Koruma Bélimii, Bdécek
Biyoteknolojisi Labortuvari'nda klasik PCR yéntemi ile yapilmistir.

Eretmocerus mundus’un baslangi¢c popilasyonu, Bitki Koruma Bolimia Arastirma ve Uygulama
Parseli'nden beyazsinek ile bulasik pamuk (Gossypium hirsitum L., Malvaceae) yapraklarindan elde
edilmistir. Bunun igin pamuk yapraklari laboratuvar kosullarinda parazitoid elde etme kaplarina alinmis,
buradan toplanan erginler ile Uretim baslatiimistir. E. mundus’un tanisi Sharaf (1982)'e goére anten,
abdomenin ilk iki segmentindeki renklenme ve ovipozitdr ucunun 6zelliklerine bakilarak yapilmistir. E.
mundus Uretimi, igerisinde beyazsinek ile bulasik bitkilerin bulundugu iklim odasinda gergeklestirilmistir.

Zararll ve dogal digsman Uretimlerinin tamami 251 °C sicaklik, % 7010 orantil nem ve 16:8
aydinlik-karanlhk 6ézelliklere sahip iklim odalarinda yapilmistir.

Denemelerin kurulmasi

Denemeler, 2009 ve 2010 yillari bahar sezonunda, Cukurova Universitesi, Ziraat Fakiiltesi, Bitki
Koruma Bolimu Arastirma ve Uygulama Parseli'nde bulunan cam seralar igerisine kurulmus olan
3X3X2.5 m élgiilerinde tiil kafeslerde yiritilmistir. Calismalarda fide Ureticilerinden saglanan, GOKCE
cesidi domates (Lycopersicon esculentum Mill., Solanaceae) fideleri kullaniimistir. Fideler, her kafeste 30
adet bitki olacak sekilde aktariimistir. Denemeler tesadif parselleri deneme desenine gore “E. mundus
(1), M. melanotoma (2), M. melanotoma+E. mundus (3) ve kontrol (4) olmak tzere 4 farkh uygulama ve 3
tekrarli olarak kurulmustur. Birinci uygulamada igerisinde B. tabaci ile bulasik bitkilerin bulundugu
kafeslere sadece parazitoid E. mundus, ikinci uygulamada sadece avci M. melanotoma, UgUncl
uygulamada E. mundus ve M. melanotoma birlikte salinmistir. Dérdlincl uygulamada ise hi¢ dogal
disman salimi yapiimayip kontrol olarak birakilmistir. Her bir kafes bir tekrar olarak kabul edilmistir.
Fideler aktarildiktan bir hafta sonra, B. tabaci Uretim kolonisinden agiz aspirtatéri yardimiyla
Epphendorf® tlplerine aktarilan ergin B. tabaci bireyleri bitki basina 20 adet olacak sekilde kafeslere
salinmistir. Daha sonra beyazsinegin domates bitkileri Gzerinde populasyon olusturmasi ve parazitlenme
icin uygun dénem olan 2. nimf donemine gelmesi i¢in beklenmistir (Karut, 2007). Yaklasik 10 glin sonra,
parazitoid Uretim kafeslerinden Uzeri bol parazitoid pupalariyla dolu yapraklar ergin bireylerin elde
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edilmesi igin parazitoid ¢ikarma kaplarina alinmigtir. Burada pupalardan gikan erginler agiz aspiratori
yardimiyla Epphendorf® tlplerine alinmistir. E. mundus ergin disileri 6 adet/bitki olacak sekilde
salinmistir (Lopez & Andorno, 2009). M. melanotoma saliminda da benzer yontem izlenmis, Uretim
kolonisinden agiz aspiratéri yardimiyla Falcon tlplerine aktarilan M. Melanotoma’'nin giftlesmis ergin
disileri her iki bitkiye 1 adet olacak sekilde salinmistir (Gabarra et al., 2006).

Ornekleme

Zararl ve dogal diusman orneklemelerine, E. mundus ve M. melanotoma’nin yerlesip poptlasyon
olusturmasini saglamak amaciyla salimdan 2 hafta sonra baslanmistir. B. tabaci ergin Oncesi
dénemlerinin popilasyon gelisimi ile parazitlenme oranlarinin belirlenmesinde, her kafesten rastgele
secgilen 15 bitkinin orta boliminden birer yaprak (Her uygulama igin toplam 45 yaprak) alinarak
laboratuvara getirilmis ve sayimlar stereobinokiler mikroskop yardimiyla yapiimistir. Sayimlarda 2x2 cm
(4 cm2) boyutlarinda, Uzerinde 2 adet sayim olanagi veren sablonlar kullaniimistir. Hazirlanan bu sablon
yaprak alt yizeyine tesadufi olarak yerlestiriimis ve her yaprakta toplam 8 cm? alanda B. tabacinin ergin
oncesi donemleri ile parazitli bireyler ayri ayri sayllmistir. Parazitlenme orani, 8 cm? alanda bulunan
parazitli birey sayisinin toplam birey sayisina bolimda ile hesaplanmistir. B. tabaci erginleri sezon sonuna
kadar kafes igerisinde gozle kontrol yéntemi kullanilarak sayilmis, her kafeste rastgele segilen 15 bitkinin
Ust boliminden 2 yaprak olmak Uzere toplam 30 yaprak hafifgce gevrilerek yaprak alt ylizeyinde bulunan
erginler kaydedilmigtir.

Macrolophus melanotoma’nin nimf ve ergin dénemleri de goézle kontrol yéntemi kullanilarak tim
sezon boyunca sayilmistir. Bunun igin her kafeste rastgele secilen 15 bitkinin tamami goézle kontrol
edilerek avcinin nimf ve erginleri sayilarak kaydedilmistir.

istatistiksel analizler

Elde edilen veriler SPSS 17.0 (Chicago IL, USA) paket programinda Tekrarli ANOVA Varyans
Analizi (Repeated Measures ANOVA) kullanilarak analiz edilmigtir. Doért farkli uygulama "between
subjects-factor" ve uygulamalarin érnekleme tarihleri "within subjects-factor" arasindaki fark her iki yil igin
ayri ayri Bonferroni ¢oklu karsilastirma testi ile 0.05 6nem seviyesinde belirlenmistir. Analizden énce tim
verilere logaritmik transformasyon [Log10 (n+1)] uygulanmis olup, sonuglar orijinal veriler kullanilarak
sunulmustur.

Arastirma Sonuglari
Bemisia tabaci popiilasyon geligsimi 2009

Ortalama B. tabaci ergin dncesi ve ergin yogunluklari, dort uygulama arasinda, tekrarl ANOVA
varyans analizi sonuglarina gére dnemli derecede farkli bulunmustur (Ergin éncesi uygulama: F3 177) =
152.918; P < 0.001; Ergin uygulama: F3 176y = 892. 633; P < 0.001). Ayni uygulama icinde farkl
Ornekleme tarihlerinde de istatiksel fark saptanmigtir (Ergin 6ncesi, 6rnekleme tarihi: F (47, 1416) = 206.201;
P < 0.001; Ergin 6rnekleme tarihi: F (5.1, 1056y = 531.938; P < 0.001). Benzer olarak drnekleme tarihleri ve
uygulama X drnekleme tarihi etkilesimi de 6nemli derecede farkli bulunmustur (Ergin éncesi, uygulama X
Ornekleme tarihi: F142, 14165= 30.511; P < 0.001; Ergin, uygulama X érnekleme tarihi: F(154, 1056y = 101.416;
P < 0.001).

Dért farkli uygulamada haftalik en distk ergin 6ncesi B. tabaci yogunlugu, E. mundus’un tek
basina salindidi uygulamadan elde edilmis olup, deneme slresince ortalama 0.56 (adet/cmz)’yl (1
Haziran) gegmemistir (Sekil 1). Haftalik en dlisuk B. tabaci ergin birey yogunlugu ise parazitoit ve avcinin
bir arada salindi§i uygulamada elde edilmis, ortalama 2.24 (adet/yaprak)'i (23 Haziran) gegcmemistir
(Sekil 2). Beyazsinegdin ergin ve ergin 6ncesi dénemleri igin, parazitoit salinan uygulamalar istatiksel
olarak birbirinden farksiz, kontrol ve sadece M. melanotoma salinan uygulamalardan farkh bulunmustur
(P<0.001) (Sekil 1 ve 2).
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Sekil 1. Domates bitkisinde 2009 yilinda dort farkl uygulamada elde edilen ortalama ergin dncesi Bemisia tabaci yodunluklari.
*Ayni harfi tasiyan uygulamalar arasinda Bonferroni testine gére fark yoktur (P<0.001).
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Sekil 2. Domates bitkisinde 2009 yilinda doért farkli uygulamada elde edilen ortalama ergin Bemisia tabaci yogunluklari.
*Ayni harfi tasiyan uygulamalar arasinda Bonferroni testine gére fark yoktur (P<0.001).

Bemisia tabaci popiilasyon geligimi 2010

Tekrarli ANOVA varyans analizi sonuglarina goére, ortalama B. tabaci ergin 6ncesi ve ergin
yogunluklari, 2009 yilina benzer sekilde, dort uygulamada 6énemli derecede farkl bulunmustur (Ergin
Oncesi uygulama: F11=60.859; P < 0.001; Ergin uygulama: F1s = 496.470; P < 0.001). Ayni
uygulama iginde farkli érnekleme tarihleri arasinda da istatiksel olarak fark bulunmustur (Ergin éncesi,
Ornekleme tarihi: F1 696=04.430); P < 0.001; Ergin 6rnekleme tarihi: Fg4, 1176=293.283; P < 0.001). Ayrica
uygulama X érnekleme tarihi etkilesimi de dnemli derecede farkli bulunmustur (Ergin éncesi, uygulama X
Ornekleme tarihi: F12.4, 696)=5.709; P < 0.001; Ergin, uygulama X &rnekleme tarihi: F(193 1176) = 28.700; P <
0.001). Haftalik en dusuk ergin éncesi B. tabaci yogunlugu parazitoitin tek basina salindigi uygulamadan
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elde edilmis ve 29 Haziran’da ortalama 2.82 (adet/cmz) ile en yiksek degerine ulasmistir (Sekil 3).
Haftalik en disUk B. tabaci ergin birey yogunlugu, ergin dncesi dénemlere benzer sekilde, E. mundus’un
tek basina salindigi uygulamadan elde edilmis ve ortalama 3.90 (adet/yaprak)’i (29 Haziran) gegmemistir
(Sekil 4). Beyazsinek ergin dncesi poptlasyon yogunluklari parazitoit salinan uygulamalarda (tek E.
mundus ve E. mundus+M. melanotoma) istatiksel olarak farksiz bulunurken, diger uygulamalardan
(Kontrol ve tek M. melanotoma) farkli bulunmustur. Ergin yogunlugu ise bitlin uygulamalarda birbirinden
farkh bulunmustur (P<0.001) (Sekil 4).

NE M E. mundus+M. melanotoma
§ 60 El E. mundus

% 50 OM. melanotoma
'g / B Kontrol

< 40
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s 30
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Sekil 3. Domates bitkisinde 2010 yilinda dort farkli uygulamada elde edilen ortalama ergin éncesi Bemisia tabaci yogunluklari.
*Ayni harfi tasiyan uygulamalar arasinda Bonferroni testine gére fark yoktur (P<0.001).

[ E. mundus+M. melanotoma
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100 -
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Sekil 4. Domates bitkisinde 2010 yilinda doért farkli uygulamada elde edilen ortalama ergin Bemisia tabaci yogunluklari.
*Ayni harfi tasiyan uygulamalar arasinda Bonferroni testine gére fark yoktur (P<0.001)
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Parazitoit, Eretmocerus mundus aktivitesi

Genel olarak, her iki yilda da % parazitenme orani tek basina E. mundus salimi yapilan
uygulamada, parazitoitin avci ile birlikte salindi§i uygulamadan daha ytksek bulunmustur. E. mundus’un
M. melanotoma ile bir arada salindidi ve tek basina salindigi uygulamalarda en yiksek parazitlenme
orani, 2009 yilinda sirasi ile % 31.23 ve % 60.54, 2010 yillinda ise % 42.43 ve % 53.19 olarak
saptanmistir (Sekil 5a-b).
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Sekil 5. Domates bitkisinde 2009 ve 2010 yillarinda Eretmocerus mundus ve Macrolophus melanotoma’nin ayri ayri ve bir arada
salindigi uygulamalardan elde edilen parazitienme oranlari (%) (A,B) ile ortalama avci yogunluklari (adet/bitki) (C, D).

Avcli, Macrolophus melanotoma aktivitesi

Bitki basina ortalama avci yogunlugu 2009 yilinda 2010 yilindan daha yiksek bulunmus ve sezon
sonunda (1 Temmuz) tek avci salimi yapilan kafeslerde bitki basina ortalama 14.3 adet’e kadar ¢ikmistir
(Sekil 5¢). Ancak 2010 yilinda bitki basina ortalama avci yogunlugu oldukga distk olmus ve 0.61 adedin
(25 Mayis) Uzerine gikamamistir (Sekil 5d). Bununla birlikte, M. melanotoma yodunlugu disik olmasina
ragmen kontrol ile karsilastirildiginda ergin ve ergin dncesi B. tabaci yogunlugunda azalmaya neden
olmustur (Sekil 1, 2, 3, 4).

Tartisma

Parazitoit, E. mundus salimi yapilan kafeslerde B. tabaci populasyonu tek basina avci salimi yapilan
ve kontrol kafeslerinden oldukga disuk bulunmus ve E. mundus’un yerli populasyonu zararliy1 baski altina
almada basaril olmustur. Stansly et al. (2005) domates ve biber bitkisinde yapmis olduklari ¢galismada, E.
mundus’un biber bitkisinde domates bitkisinden daha basarili oldugunu bildirmislerdir. Domates bitkisinde
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istenilen basarinin elde edilebilmesi i¢cin biberde uygulanan salim oranindan daha yuksek bir salim orani
gerektigini belirtmislerdir. Bu ¢calismada arastiricilarin domates bitkisinde uyguladiklari salim oranindan (~50
adet/bitki) cok daha dlslk bir salim oraninda (6 adet/bitki) dahi E. mundus’un basarili oldugu saptanmistir.
Benzer durumu Gabarra et al. (2006) da belirlemis ve Stansly et al. (2005)'1n uyguladidi salim oranindan
daha dusik bir salim orani ile basarili sonuglar elde etmislerdir. Her ne kadar kaltlr bitkisi farklh olsa da bu
calismada kullanilan salim oranina benzer bir oranda, Lopez & Andorno (2009) Arjantin’de biber seralarinda
bahar Uretim sezonunda E. mundus’un % 54’lUk parazitlenme oraniyla B. tabaci populasyonunu baski altina
alabildigini saptamislardir.

Tek basina M. melanotoma uygulamasi, kontrol ile karsilastirildiginda B. tabaci populasyonunda bir
azalmaya neden olsa da zararlyi baski altina almada basarili olamamistir. Elde edilen bu sonu¢ Gabarra et
al. (2006)'in elde ettigi sonugla benzerlik gbstermistir. Arastiricilar bir diger Macrolophus tiri olan M.
caliginosus’un tek basina basarili olamamasinin nedeninin uygulanan salim oranindan kaynaklanmis
olabilecegini bildirmislerdir. Salim oranina ek olarak, konukgu bitki faktérinin de avcinin basarisini
etkileyebilecegi dusinilmektedir. Lykouressis et al. (2012) tzerinde av bulunmayan Solanaceae bitkileriyle
yapmis olduklari ¢galismada, M. melanotoma’nin patlican bitkisini domates ve biber bitkilerinden daha gok
tercih ettigini saptamislardir. Nitekim, Karut et al. (2015) patlican bitkisinde yapmis olduklari ¢galismada M.
melanotoma’nin E. mundus’un basarisina katkida bulundugunu belirlemislerdir. Bu galismada elde edilen
sonuglar, M. melanotoma’nin domatese ek olarak farkh Kkdltir bitkilerinde ve farkli salim oranlarinda
basarisinin belirlenecegi calismalarin yapilmasinin yararli olacagini géstermistir.

Parazitoit salimi yapilan kafesler kendi icerisinde karsilastirildiginda, avci ve parazitoidin birlikte
salindigi kafesler ile parazitoidin tek basina salindigi kafeslerde ergin dncesi B. tabaci yogunluklari her iki
yilda da istatiksel olarak ayni grupta yer almasina ragmen, yogunluk tek basina salimda gérece olarak daha
distk bulunmustur. Bu durumun dogal dismanlar arasindaki birlik i¢i avcilik (intraguild predation, IGP)'tan
kaynaklanmis olabilecedi ve M. melanotoma’nin E. mundus’'un basarisini etkiledigi distnutlmektedir.
Castane et al. (2000) ispanya’nin Katalan Bélgesi'nde yer alan seralarda yapmis olduklari ¢alismalarda M.
caliginosus’un Encarsia formosa Gahan (Hymenoptera: Aphelinidae) tarafindan parazitienmis siyah pupalar
ve parazitli olmayan pupalar ile beslendiklerini ancak bu durumun seralarda beyazsinek muicadelesini
olumsuz etkilemedigini bildirmiglerdir. Gabarra et al. (2006) ispanya'da 6zellikle bahar sezonunda E.
mundus ve M. caliginosus’un birlikte salindigi durumlarda B. tabaci’yi daha basarili bir sekilde baski altina
alabildigini bildirmislerdir. Malo et al. (2012) ise bir baska Macrolophus turG olan, M. pygmeous'un, E.
mundus tarafindan parazitlenmis ve parazitenmemis B. tabaci nimfleri ile beslendigini ancak avcinin
parazitlenmemis nimfleri daha fazla tercih ettigini ve zararli ile micadelede dogal dismanlarin birlikte
salinmasinin basariyl artirdigini saptamiglardir. Bu ¢alismada her ne kadar parazitoit tek basina daha
basarili gérlinse de, ergin salimi yapilan E. mundus’un seraya yerlesip popullasyon olusturana kadar gegen
surede (en az 15 gun) avcinin zararli Uzerinde bir baski olusturacagindan B. tabaci micadelesinde her iki
dogal dismanin birlikte salinmasinin daha uygun olacagi disindlmektedir.

Bu calismada elde edilen sonuglar, Tirkiye'’de domates seralarinda E. mundus ve M.
melanotoma’'nin yerli populasyonlarinin birlikte kullanildi§i biyolojik micadele yonteminin, B. tabaci
populasyonunu hig insektisit uygulamaya gerek kalmadan basariyla baski altina alabildigini gdstermistir.

Tesekkur
Bu calisma 1080087 numarali proje kapsaminda TUBITAK tarafindan desteklenmistir.
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Panonychus ulmi (Koch) ve Neoseiulus californicus (Mc Gregor)’un
lireme giicii ve yasam siirelerine bazi pestisitlerin etkisi: hormoligosis™?

The effects of some pesticides on fecundity and lifespan of Panonychus ulmi (Koch)
and Neoseiulus californicus (Mc Gregor): hormoligosis

Elif SARITAS® Recep AY®
Summary

Farmers generally prefer to use chemical control methods against many of diseases, pests and weeds that
cause economic losses in agricultural production. There are disadvantages of pesticides used in the control of pest, they
disrupt the natural balance, causing directly or indirectly poisoning of people and animals, they have harmful effects on
natural enemies which result in increase in pest populations and hormoligosis. Sublethal doses of some pesticides result
in increase of the fecundity in insects and mites. This is called hormoligosis. In this study, the effect of some pesticides
commonly used in apple orchards was investigated on the reproductive rate and lifespan of European red mite
(Panonychus ulmi Koch.) (Acari: Tetranychidae) that is one of the main pests and predator mites Neoseiulus californicus
(Mc Gregor) (Acari: Phytoseiidae). Pesticides were directly applied by sprey tower on 0-24 hours larvae of both mite that
is on the leafs (plum or beans) on wet cotton in the Petri dish with spray tower. The average lifespan
(larvae+nymphs+adults) of P. ulmi larvae exposed to distilled water (control), cypermethrin, imidacloprid, deltamethrin,
spirodiclofen + abamectin and thiacloprid was found to be 25.50, 24.92, 23.97, 23.77, 21.60, 23.85 days, respectively.
The average lifespan of N. californicus larvae exposed to control and same insecticides was detected to be 27.72,
26.94, 25.40, 27.94, 25.71, 26.88 days, respectively. The average number eggs of P. ulmi larvae exposed to same
experimental conditions was 33.79, 35.15, 37.62, 36.17, 33.95, 36.75 eggs/female. The average oviposition for N.
californicus larvae exposed to control and same insecticides was determined to be 36.03, 46.44, 47.46, 46.43, 35.43,
42.38 eggs/female. Except for abamectin + spirodiclofen, other pesticides caused a limited increase of eggs in
individually female P. ulmi while they caused a greater increase of egg predatory mite, N. californicus.

Keywords: Panonychus ulmi, Neoseiulus californicus, hormoligosis, neonicotinoid, piretroit.
Ozet

Tarimsal tretimde ekonomik kayba neden olan birgok hastalik, zararli ve yabanci otlara karsi Ureticiler kimyasal
savas yontemini tercih etmektedirler. Kimyasal savasimda kullanilan pestisitlerin dezavantajlari arasinda, dogal dengeyi
bozmak, insan ve sicakkanlilarda dogrudan veya dolayl olarak zehirlenmelere neden olmak, dogal dismanlara zarar
vererek zararli popiilasyonlarinin artmasina ve hormoligosis'e neden olmasi gdsterilebilir. Oldiiriicii dozda olmayan bazi
pestisitler bdcek ve akarlarda yumurta verimini artirmaktadirlar. Bu duruma hormoligosis denilmektedir. Bu galisma da
yaygin kullanilan bazi pestisitlerin elma bahgelerinin ana zararlilarindan biri olan Avrupa Kirmiziérimcegi (Panonychus
ulmi Koch.) (Acari: Tetranychidae) ve avci akar Neoseiulus californicus'un (Mc Gregor) (Acari: Phytoseiidae) tGreme
glict ve yasam surelerine etkileri arastiriimistir. Pestisitler her iki akarin 0-24 saatlik larva dénemlerine ilaglama kulesi -
Petri kabi yontemi (1slak pamuk Uzerinde bulunan erik veya fasulye yapraklari) ile dogrudan uygulanmistir. Saf su
(kontrol), cyphermethrin, imidacloprid, deltamethrin, spirodiclofen + abamectin ve thiacloprid uygulanan P. ulmi
bireylerinin ortalama yasam suresi (larva+nimf+ergin) sirasiyla 25.50, 24.92, 23.97, 23.77, 21.60, 23.85 gun olarak
bulunmustur. Saf su (kontrol) ve ayni insektisitlerin uygulandigi N.californicus bireylerinin ortalama yasam suresi ise
siraslyla 27.72, 26.94, 25.40, 27.94, 25.71, 26.88 gun olarak saptanmistir. Ayni deneysel kosullara maruz birakilan P.
ulmi disi bireylerinin birakmis olduklari ortalama yumurta sayisi 33.79, 35.15, 37.62, 36.17, 33.95, 36.75 yumurta/disi
olarak bulunmustur. Saf su (kontrol) ve ayni insektisitler uygulanan N.californicus digi bireylerinin birakmis olduklari
ortalama yumurta sayisi 36.03, 46.44, 47.46, 46.43, 3543, 4238 yumurta/disi olarak bulunmustur.
Spirodiclofen+abamectin disindaki ilaglar P. ulmide disi bagina sinirl bir yumurta artisina neden olurken, avci akar N.
californicus'da daha fazla bir yumurta artisina neden olmustur.

Anahtar soézciikler: Panonychus ulmi, Neoseiulus californicus, hormoligosis, neonikotinoid, piretroit.
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Panonychus ulmi (Koch) ve Neoseiulus californicus (Mc Gregor)'un Ureme giici ve yasam surelerine bazi pestisitlerin etkisi:
hormoligosis

Giris

Tarimsal Uretim sirasinda ve depolanmasinda tarim Urtinlerinde ekonomik kayiplara neden olan
birgok hastalik, zararli ve yabanci ot vardir. Bunlarin kontroliinde hala en ¢ok tercih edilen yontem
kimyasal savasimdir. Kimyasal savasimin birgok olumsuz yoéninin oldugu artik bilinen bir gergektir.
Yapilan birgok galismada kullanilan pestisitlerin dogal disman ve hedef disi organizmalar etkiledigi,
zararlilarda direng gelisimine, Urlnlerde kalinti ve gevre kirligine neden oldugu bildiriimektedir (Ay et al.,
2003; Karaca et al., 2005; Irigaray et al., 2007; Ay & Kara, 2011; Kaplan et al., 2012; is¢i & Ay, 2013) Bu
olumsuz yonlerin azaltilmasi veya en aza indirilmesi i¢in sorunlarin dogru olarak ortaya konmasi gerekir.
Isparta ili'nde elma dreticileri zararlilarla savasimda ¢ogunlukla kimyasal savasimi tercih etmektedirler.
Isparta ili uygun ekolojik kosullari nedeniyle elma yetistiriciligi bakimindan Tirkiye’de énemli bir
potansiyele sahiptir. Turkiye’de Uretilen 2.889.000 ton elmanin yaklasik 634.975 tonu Isparta’da
Uretilmektedir (Anonymous, 2014). Elma bahgelerinde ekonomik kayiplara neden olan birgok hastalik ve
zararli vardir. Bu zararllar arasinda elma i¢ kurdundan sonra en fazla savas yapilan zararlilarin arasinda
ilk sirada kirmizirimcekler bulunmaktadir. Elma Uretiminde zararli olan kirmiziérimceklerin en
onemlilerinin basinda Panonychus ulmi (Koch) (Acari: Tetranychidae) gelmektedir. Bolgede yapilan
birgok calismada elma bahgelerinden toplanan P. ulmi ve Tetranychus urticae (Koch) (Acari:
Tetranychidae) popllasyonlari igerisinde Neoseiulus californicus (Mc Gregor) (Acari: Phytoseiidae)'a
rastlanilmistir. Ancak (Ureticiler bodlgede akarlarin kontrolinde ¢ogunlukla kimyasal savasimi tercih
etmektedirler.

ikinci diinya Savasindan énce diinyada kirmiziériimcekler genellikle tarim Grinlerinin minér
zararllari olarak bilinmekteydi. Ikinci diinya Savasi’'ndan sonra DDT ve organik fosfatl’lar gibi sentetik
organik pestisitlerin asirt kullanimi ile bu durum degismistir (Stern et al.,, 1959, Huffaker et al.,
1970).1950-1960’h yillar arasinda kirmiziérimcekler ézelikle seralarda énemli zararlilara dénidsmuslerdir
(van de Vrie et al., 1972). Ayrica pestisitlerin yogun kullanimi seralarda bulunan bitkilerde zararli
kirmiziérimceklerin  direng gelistirmesine neden olmustur (Hoy, 2011). Kirmiziérimceklerin ani
populasyon artisini agiklamak igin 3 hipotez gelistiriimistir (Huffaker et al., 1969, 1970). Bunlar;

1. Pestisitlerin kirmiziérimcek populasyonlarinda Gremeyi uyarmasi
2. Pestisitlerin dogal diigsmanlari elimine etmesi
3. Pestisitlerin kullanimi sonucu avcilarin avlardan kagisi olarak 6zetlenmektedir.

Surece bagli olarak bu Ug¢ hipotezin belirli durumlarda dogru oldugu kanitlanmis olup, yeni sentetik
organik pestisitlerin dogal disman popdulasyonlarinin kirmiziérimcek populasyonlarindan kagmalarina
neden oldugu belirlenmistir (Huffaker et al., 1970). Sentetik organik pestisitlerin asiri kullanimi ile Uretilen
bitkiler kirmiziérimcekler tarafindan daha ¢ok tercih edilmistir. Bununla birlikte bazi pestisitlerde
kirmiziérimcek popdulasyonlarinin artmasinda uyarici etki yapmasi "hormoligosis" ile agiklanmistir (Hoy,
2011).

Paracelsus ylzyillar 6nce “Her madde zehirdir, zehir olmayan madde yoktur; zehir ile ilaci ayiran
dozdur’ ifadesini kullanmigstir. Baska bir deyisle ylksek dozda toksik olan bir kimyasal distk dozda toksik
olmayabilir (Duke, 2014). Toksinlere ve diger stres faktdrlerine maruz kalan organizmalar biyolojik yanitlar
vermektedirler. Bu olayda hormoligosis kavraminin ortaya ¢ikmasina neden olmustur. Hormoligosis
kelimesi Southam ve Ehrlich tarafindan 1943 yilinda tanimlanmistir. Terim Yunanca’da uyandirmak ya da
hormonlari tesvik etmek anlamina gelen kelimeden tiiretiimistir (Guedes & Cutler, 2013). ilaglama
yapmak bazen bitkilerin yaprak ylzeyini degistirebilir ve bdylece zararlilarin gogalmasini tesvik eder.
Bocek ilaglamasi bitkilerin besinsel kalitesini ya da fizyolojisini etkilediginden, ayni sekilde zararlilarin
cogalmasini tetikleyebilir. Ek olarak bdcek ilaglarinin uyarici etkisi; kirlilikler, aktif ylizey ya da gergek aktif
bilesenler degil formulasyon iginde tasiyicilar ile de ilgili olabilir. Pestisitler bécek blinyesine alindiginda
enzimler yoluyla inaktive edilip stres faktorlerine bagli olarak bdcekte yumurta verimini artirabilir.
Meydana gelen bu olaya hormoligosis denmektedir (Cloyd, 2014). Baska bir deyisle hormoligosis
olduriici dozda olmayan pestisit (subletal dozda) bdcek vicuduna alindiktan sonra Uremeyi
tetiklemesidir. Direngli bireylerde ise bu olay farklidir. Bireyler ilaglara dayanikhlik kazandigi i¢cin yumurta
verimi ve yasam sureleri dogal olarak artacaktir.
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Zararl tlrleri baski altina almak igin kullanilan insektisit kullanimlarindan sonra hedef disi
organizmalarda populasyon artigi olabilir. Pestisit kaynakli hormoligosis ¢ok dnemlidir. Bu konu Uzerinde
calismalar az olmakla birlikte, glinimizde bu konudaki ¢alismalar dnem kazanmigstir. Ayrica yapilan bazi
calismalarda piretroitli bilesiklerin yumurta verimini artirdigi gézlemlenmis; piretroitli insektsitler uygulanan
Panonychus citri (Acari: Tetranychidae) ve T. urticae popullasyonlarinin yasam gizelgelerin de farkliliklar
olustugu ve yumurta verimlerinde artis meydana geldigi belirlenmistir (Guedes & Cutler, 2013). insektisit
uygulamalar bitkinin fizyolojisinde degisimler meydana getirerek, arthropodlarda hormoligosis’e neden
olabilmektedir. imidacloprid uygulanan Buxus sempervirens L. bitkisi lizerinde beslenen Eurytetranychus
buxi Garman (Acari: Tetranychidae)'da ylksek oranda yumurta verimine neden oldugu saptanmistir.
Yumurta veriminin disinda pestisittere maruz kalan bodceklerde cinsiyet oranlar (disi: erkek)
degisebilmektedir (Guedes & Cutler, 2013). Olygonychus ilicis (McGregor) (Acari: Tetranychidae) tlrtine
de bu gruptan bir etken madde uygulanmis fakat hormoligosis olmadigi igin tirde artis meydana
gelmemistir (Guedes & Cutler, 2013).

Yapilan bu galismada elma bahgelerinde kullanilan bazi insektisit ve akarisitlerin elmada zararh P.
ulmi ve avcisi N. californicus'un Ureme glclne, yasam suresine ve erkek disi oranina etkileri yani bu
pestisitlerin hormoligosis'e neden olup olmadiklari galisiimistir.

Materyal ve Yontem

Denemenin ana materyalini Bayer CropScience (Almanya)dan 2012 yilinda saglanan hassas
Panonychus ulmi popiilasyonu ve Egirdir Meyvecilik Arastirma istasyonu organik elma bahgesinden
toplanan ve 2008 yilindan bu giine kadar SDU. Ziraat Fakiiltesinde Bitki Koruma Bélimi’'nde ilagsiz bir
ortamda yetistirilen avci akar Neoseiulus californicus; avci akarlara av olarak kullanilan T. urticae,
pestisitler, konukgu bitki olarak elma ve erik fidanlari, fasulye bitkisi ve denemelerde kullanilan pestisitler
olusturmustur. Calismalar 2014-2015 yillarinda yapilmistir.

Neoseiulus californicus ve Panonychus ulmi popiilasyonlarinin yetistirilmesi

Neoseiulus californicus populasyonlari bécek yetistirme kabinlerinde av olarak kullanilan T. urticae
ile bulasik fastilye bitkileri Gzerinde Uretilmistir. Avci akarlarla bulasik olan fastilye bitkisine dizenli olarak
T. urticae verilmis ve avcilarin beslenerek ¢ogalmasi saglanmistir. Panonychus ulmi populasyonu elma
ve erik fidanlarinda yetistirilmistir. Her iki tirde 26 £ 1°C’de ve % 60 = 5 nispi nem, 16:8 aydinhk: karanlik
kosullardaki boécek yetistirme kabinlerinde Uretilmistir.

Biyossay calismalari

Calismada iki farkh akar tart kullanilmasi nedeni ile akarlarin Greme ve g¢ogalmasi farkli bitki
yapraklar Uzerinde gergeklestiriimistir. Avrupa kirmizi érimcegi igin erik (Prunus domestica Angeleno,
Rosaceae) yapragi, avci akar N. californicus igin ise fasilye yapradi (Phaseolus vulgaris L., Fabaceae)
kullanilmistir. ilag denemelerinde her ilag igin bir bahce (elma bahgelerindeki) uygulama dozu ve kontrol
grubu kullanilmistir. ilaglarin uygulama dozu saf su ile seyreltimis, kontrol grubuna ise saf su
uygulanmistir. Akarisit etkili ilaglarin élduricu etkisini azalmak igin akarlar ilagh ylizeyde maksimum 30 dk
tutulmustur. Boylece akarisit etkili ilaglarin subletal dozu saglanmistir.

Kullanilan pestisitler ve uygulama dozlari

Bu calismada iki sentetik piretroitli, 2 neonikotinoid insektisit ile bir akarisit kullaniimigtir. Bu
ilaglarin isimleri Cizelge 1’de verilmistir.

Cizelge 1. Kullanilan pestisitler ve uygulama dozlari

Aktif madde Etkili madde orani Kimyasal grubu Uygulama dozu
Cypermethrin 250 g/L Sentetik piretroit 20 plI/100 ml su
Deltamethrin 25 g/L Sentetik piretroit 15 pl/100 ml su
Spirodiclofen+abamectin 222+18 g/L Tetronik asit (Akarisit) 25 pl/100 ml su
Imidacloprid 350 g/L Neonikotinoid 20 plI/100 ml su
Thiacloprid 240 g/L Neonikotinoid 40 pl/100 ml su
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Panonychus ulmi’nin ilag uygulamasi ve biyolojik 6zellikleri

Akarlarin ilag uygulamasi ve uygulama sonrasi etkilerinin izlenebilmesi i¢cin 9 cm gapinda plastik
Petri kaplari kullaniimigtir. ila¢g uygulamalarinda bu Petri kaplarinin igine pamuk yerlestirilip
nemlendirilerek Gzerine P. ulmi bireyleri i¢in erik yapragi alt ylzeyi Ustte olacak bigimde yerlestiriimistir.
Yapraklarin kenarlari akarlarin kagisina engel olmak igin yapiskan madde (Tangle trap, Verim Iinsaat,
Tarkiye) ile gevrilmistir. Bu Petri kaplarindaki yaprak (zerine yaklasik 0-24 saatlik larvalar, binokiler
mikroskop altinda segilerek (60-80 adet) ince uglu firga ile aktariimis ve ilaglama kulesi ile ilag direkt
bireyler (izerine puskurtiilmistir. ilaglama kulesi 1 bar basingta calistirilarak ve her bir Petri kabina 2 ml
ilagh sivi puskurtilmastir. Kontrol grubu saf su ile ilaglanmistir. Direkt ilagla temas eden bireylerin
bulundugu Petriler yaklasik 30 dk kurumaya birakilmistir. Daha sonra ilagl bireylerin biyolojik 6zelliklerini
gbzlemlemek igin P. ulmi larvalari 3 cm c¢apindaki pleksiglas cergevelerle sinirlandiriimis temiz (ilag
uygulanmamig) yapraklar Gzerine bir adet akar olacak sekilde aktariimistir. Plexiglas g¢ergevelerin Gzeri
yine akarlarin kagisini engellemek igin parafilm ile kaplanmigtir.

Parafilmler (izerinden igne yardimi ile havalandirma delikleri olusturulmus ve 26+1° C sicaklik, 16:8
fotoperyot ve % 6015 oransal nem kosullarindaki iklim kabinine yerlestirilmistir. Yapilan gunlik
kontrollerde her yaprak diskindeki bireyler ergin déneme geger ge¢mez yanlarina iki erkek birey
aktarilarak her hiicrede bir disi iki erkek birey olmasi saglanmistir. Denemeler en az 40 tekerrUrll olarak
yapilmistir. Ciftlesmeden yaklasik 48 saat sonra erkek birey uzaklastirilarak segilen 3 Petri kabindan digi
ergin bireyin yumurtalari gunlik olarak sayilmis ve sayilan yumurtalar Petri kabindan baska bir yaprak
diskine aktariimistir. Bu Petri kaplarinda yumurtalarin agilma oranlari ve gikan bireylerin cinsiyet oranlari
belirlenmistir.

Diger tekerrurlerdeki disi bireyler ve birakilan yumurtalar ginlik olarak kontrol edilmistir. Elde
edilen verilerden faydalanilarak toplam birakilan yumurtalar, ayrica ovipozisyon sireleri ve ortalama
yasam sureleri belirlenmigstir. Ayrica ilaglanan larvalardan elde edilen erkek bireylerden en az 10 tanesi
olinceye kadar gozlemlenerek ortalama yasam stireleri belirlenmistir.

Neoseiulus californicus’un ilag uygulamasi ve biyolojik 6zellikleri

Akarlarin ilag uygulamasi ve uygulama sonrasi etkilerinin izlenebilmesi i¢cin 9 cm g¢apinda plastik
Petri kaplari kullaniimistir. N. californicus bireyleri igin bu Petri kaplarinin igine pamuk yerlestirilip saf su
ile nemlendirilerek Uzerine fasulye yapragi alt ylzeyi Ustte olacak bigcimde yerlestiriimistir. Neoseiulus
californicus bireylerinin kagislarina engel olmak igin yaprak diskinin etrafi yapiskan madde (Tangle trap)
ile 3 cm gevrilerek yaprak diskleri olusturulmustur.

BUtln galismalarda yaklasik ayni yasta bireyler kullaniimistir. Bu amagla 6ncelikle 3 cm ¢apinda
yaprak diskler olusturulmus ve bu Petri kaplarindaki yaprak Uzerine yaklasik 0-24 saatlik larvalar
binokiler altinda secilmis ve hazirlanan yaprak diskleri Gzerine (60-80 adet) aktarilarak ilaglama kulesi 1
bar basingta calistirilarak ilag direkt birey lizerine puskirtilmistir. ilaglama kulesi ile her bir Petri kabina
2 ml ilagh sivi pUsklrtilmuistir. Kontrol grubuna ise saf su uygulanmistir. Direkt ilagla temas eden
bireylerin bulundugu Petri kaplan yaklasik 30 dk kurumaya birakilmistir. Daha sonra ilagh bireyler
hazirlanan temiz yaprak disklerine her bir Petri kabinda bir tane akar olacak sekilde ince uglu firga
yardimiyla aktariimis ve ayrica avci akar igin yeterli av saglanarak 26x1°C sicaklik, 16:8 fotoperyot ve %
6015 oransal nem kosullarindaki iklim kabinine birakilmigtir. Her giin kontroller yapilarak ve yine avci
akara gerektikge T. urticae bireylerinin bitin dénemleri av olarak eklenmeye devam edilmistir. Bu sirada
her yaprak diskindeki bireyler ergin doneme geger gegmez yanlarina iki erkek birey aktarilarak her
hicrede bir disi iki erkek birey olmasi saglanmistir. Denemeler en az 32 tekerrirll olarak yapilmistir.
Ciftlesmeden yaklasik 48 saat sonra erkek birey uzaklastirilarak segilen 3 Petri kabindan ergin disi bireyin
yumurtalari ginlik olarak sayilmis ve sayilan yumurtalar Petri kabindan baska bir yaprak diske
aktarilmistir. Bu Petri kaplarindan yumurtalarin agilma oranlari ve gikan bireylerin cinsiyet oranlari
belirlenmistir.

Diger tekerrurlerdeki disi bireyler ve birakilan yumurtalar ginlik olarak kontrol edilmistir. Elde
edilen verilerden faydalanilarak gunlik ve toplam birakilan yumurtalar, ayrica ovipozisyon sireleri ve
ortalama yasam sureleri belirlenmistir. Ayrica ilaglanan larvalardan elde edilen erkek bireylerden en az 10
tanesi 6linceye kadar gézlemlenerek ortalama yasam sureleri belirlenmistir.

100



Saritas & Ay, Turk. entomol. derg., 2016, 40 (1)

Verilerin degerlendirmesi

Calismada bes farkli pestisit uygulanan N. californicus ve P. ulmi larvalarindan elde edilen
erginlerinin yumurta sayisi, ovipozisyon siresi ve ortalama yasam sulresi verilerine uygulanan Anderson-
Darling normallik testi, Bartlet's varyans homojenlik testi sonuglarinda verilerin parametrik testlere uygun
olmadidi saptanmistir. Bu nedenden dolayi ¢alismada uygulamalarin karsilastirimasinda parametrik
olmayan testlerden Kruskal-Wallis testi uygulanmistir. Uygulamalarin Rank ortalamalari arasindaki
farkhligin belirlenmesinde c¢oklu karsilastirma ydntemlerinden Bonferroni-Dunn testi uygulanmistir.
Calismada erkek bireylerin ortalama yasam sdireleri arasindaki fark tek yonli varyans analizi ile
belirlenmistir. Uygulamalarin ortalamalari arasindaki farklarin belirlenmesinde ise Tukey testi
kullaniimistir. Calismada disi bireylerin birakmis olduklari yumurtalar gézlemlenmis ve erkek birey disi
birey orani ikili oran karsilastiriimasinda kullanilan Z testi kullanilarak saptanmistir.

Arastirma Bulgulari
Pestisitlerin Panonychus ulmi’nin yumurta sayisi, ovipozisyon ve yasam siiresine etkileri

Pestisitlerin uygulandigi P. ulmi larvalarindan elde edilen disi bireylerin biraktigl ortalama yumurta
sayllarina yapilan Kruskal-Wallis analizi sonucunda uygulamalarin Rank ortalamalari arasindaki fark
istatistik olarak énemli bulunmustur (p<0.001) (Cizelge 2). P. ulminin ilag uygulanan larvalarindan elde
edilen disi bireylerinin yumurta verimi spirodiclofen + abamectin hari¢ diger bitin ilaglarda kontrol
grubundan 6nemli derecede yiksek olmustur. P. ulmi’'de disi basina ortalama en ylksek yumurta verimi
imidaclopridid ve thiacloprid uygulanan larvalardan elde edilen disi bireylerde saptanmistir ve bu degerler
istatistiki olarak ayni grup igerisinde yer almistir. Disi basina en disik ortalama yumurta verimi ise
spirodiclofen + abamectin uygulanan larvalardan elde edilen P. ulmi bireylerinde gorilmis ve
spirodiclofen + abamectin uygulanan disilerin yumurta verimi kontrol ile ayni istatistiki grupta yer almistir.
P. ulmide ovipozisyon sireleri bakimindan elde edilen verilere uygulanan Kruskal-Wallis analizi
sonucunda uygulamalarin Rank ortalamalari arasindaki fark istatistik olarak énemli olmus ve istatistiki
olarak dort farkli grup olusmustur (p<0.001). Ovipozisyon siresi kontrol grubunda digerlerine gére daha
uzun bulunmustur. Spirodiclofen + abamectin uygulanan P. ulmi digilerinin ovipozisyon stlreleri kontrole
ve diger ilaglara goére daha kisa olmustur (Cizelge 2).

ilac ve su (kontrol) uygulanan ve P. ulmi larvalarindan elde edilen disilerinin ortalama yasam
suresine ait verilere yapilan Kruskal-Wallis analizi sonucunda uygulamalarin Rank ortalamalari arasindaki
fark istatistik olarak 6énemli bulunmustur (p<0.001). P. ulmi disilerinin yasam slreleri bakimindan dort
istatistiki grup olusmustur. En uzun yasayan grubu kontrol yer alan P. ulmi digileri olusturmustur. ikinci
grubu cyphermethrin, Gglincl grubu imidacloprid, deltamethrin ve thiacloprid uygulanan larvalardan elde
edilen disi bireyler olustururken en kisa yasayan grubu ise spirodiclofen + abamectin uygulanan
larvalardan elde edilen disiler olusturmustur (Cizelge 2).

Cizelge 2. Pestisitlerin Panonychus ulmi'nin yumurta sayisi, ovipozisyon ve yasam slresine etkileri*

Uygulama N Yumurta Ovipozisyon siresi Ortalama yasam siresi
(adet)/ disi + SH (glin) /disi+SH (gln)/digi +SH**
Kontrol 200 33.79+0.23 C 21.50+0.09 A 25.50+0.09 A
Cypermethrin 40 35.15+0.47 B 20.95+0.26 B 24.92+0.25B
Deltamethrin 40 36.17+0.63 B 20.77+0.25 B 23.77+0.25C
Spirodiclofen + abamectin 40 33.95+0.51 C 18.60+£0.30 D 21.60+0.30D
Imidacloprid 40 37.62+0.45 A 20.97+0.24 B 23.97+0.24C
Thiacloprid 40 36.75+0.54 A 19.85+0.30 C 23.85+0.30 C

*Harfler ayni sutundaki istatistiki farkhliklari géstermektedir.**Ortalama yasam sdresi larva doneminden 6liinceye kadar gegen siredir.
Pestisitlerin Neoseiulus californicus’un yumurta sayisi, ovipozisyon ve yagsam siiresine etkileri

Neosiulus californicus’'ta disi basina birakilan ortalama yumurta sayisina ait verilere yapilan
Kruskal-Wallis analizi sonucunda uygulamalarin Rank ortalamalari arasindaki fark istatistik olarak énemli
bulunmustur (p<0.001) (Cizelge 3). Avci akar N. californicus’un ilag uygulanan larvalarinda elde edilen
disi bireylerinin yumurta verimi spirodiclofen + abamectin hari¢ diger bitln ilaglarda kontrol grubundan
onemli derecede ylksek olmustur. Neoceiulus californicusta disi basina ortalama en ylksek yumurta
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verimi deltamethrin, cypermethrin ve imidaclorpid uygulanan disi bireylerde izlenmis ve bunlar istatistiki
olarak ayni grup igerisinde yer almistir. En az disi basina ortalama yumurta verimi ise spirodiclofen +
abamectin uygulanan disi N. californicus bireylerinde olmustur ve spirodiclofen + abamectin uygulanan
disilerin yumurta verimi kontrolle ayni istatistiki grupta yer almistir.

Neoseiulus californicus disi bireylerinin ovipozisyon slrelerine uygulanan Kruskal-Wallis analizi
sonucunda, Rank ortalamalari arasindaki fark istatistik olarak énemli olmustur ve iki farkli grup
olugsmustur (p<0.001). Ovipozisyon suresi kontrol grubu, deltamethrin ve thiacloprid uygulananlarda
digerlerine gdre daha uzun olmustur ve bunlar istatistiki olarak ayni grup igerisinde yer almistir.
Cyphermethrin, spirodiclofen + abamectin ve thiacloprid uygulanan N. californicus larvalarindan elde
edilen disilerinin ovipozisyon sureleri kontrole gére daha kisa olmustur ve istatistiki olarak ayni grupta yer
almiglardir (Cizelge 3). ilag ve su (kontrol) uygulanan ve N. californicus digilerinin ortalama yasam siiresi
verilerine uygulanan Kruskal-Wallis analizi sonucunda uygulamalarin Rank ortalamalari arasindaki fark
istatistik olarak 6nemli bulunmustur (p<0.001). N. californicus disilerinin yasam slreleri bakimindan (g
istatistiki grup olusmustur. En uzun yasayan grubu kontrol ve deltamethrin uygulanan N. californicus
larvalarindan elde edilen disiler olusturmustur. ikinci grubu ise cyphermethrin ve thiacloprid uygulananlar
olusturmustur. Uglincii ve en kisa yasayan grubu ise spirodiclofen + abamectin ve imidacloprid uygulanan
larvalardan elde edilen disiler olusturmustur (Cizelge 3).

Cizelge 3. Pestisitlerin Neoseiulus californicus’un yumurta sayisi, ovipozisyon ve yasam siresine etkileri*

Uygulama n Yumurta Ovipozisyon siresi Ortalama yasam siiresi
(adet) /disitSH (glin) / disitSH (glin) / digitSH**
Kontrol 100 36.03+0.32 C 21.72+0.14 A 27.62+0.16 A
Cypermethrin 32 46.44£0.82 A 20.94+0.34 B 26.94+0.34 B
Deltamethrin 35 46.43+0.63 A 21.89+0.19 A 27.94+0.18 A
Spirodiclofen + abamectin 35 35.43+0.74 C 20.71+0.19B 25.71+0.19C
Imidacloprid 35 47.46£0.57 A 20.40+0.31B 25.40+0.31C
Thiacloprid 34 42.38+0.57 B 21.88+0.19 A 26.88+0.19B

*Harfler ayni sutundaki istatistiki farklhliklari géstermektedir. **Ortalama yasam siresi larva doneminden dllinceye kadar gecen suredir.

Pestisitlerin Panonychus ulmi'nin ve Neoseiulus californicus’un erkek bireylerinin ortalama
yasam sirelerine etkileri

ilag ve su (kontrol) uygulanan larvalardan elde edilen P. ulmi erkek bireylerinin ortalama yasam
suresi 6zelligi bakimindan elde edilen verilere yapilan goklu karsilastirma testi Tukey testi sonucunda
uygulamalarin ortalamalari arasindaki fark istatistik olarak énemli bulunmustur (p<0.001, df:94, F:16.85).
En uzun yasayan grubu kontrol grubu, cypermethrin erkek bireyleri olusturmustur. En kisa yasayan grubu
ise spirodiclofen + abamectin ve deltamethrin uygulanan erkek bireyler olusturmustur (Cizelge 4).

ilag ve su (kontrol) uygulanan ve N. californicus erkek bireylerinin ortalama yasam siirelerinden
elde edilen verilere yapilan istatistik analiz sonucunda uygulamalarin ortalamalari arasindaki fark istatistik
olarak 6nemli bulunmustur (p<0.001, df:94, F:28.08). En uzun yasayan grubu kontrol grubu N. californicus
erkek bireyleri olusturmustur. ikinci grubu deltamethrin, cyphermethrin, imidacloprid, thiacloprid
uygulanan larvalardan elde edilen erkek bireyler olusturmustur. En kisa yasayan grubu ise spirodiclofen +
abamectin uygulanan erkek bireyler olusturmustur (Cizelge 4).

Cizelge 4. Pestisitlerin Panonychus ulmi'nin ve Neoseiulus californicus’un erkek bireylerinin ortalama yasam strelerine etkileri*

Uygulama n Ortalama yasam slresi Ortalama yasam siiresi
(glin) / erkek+SH (glin) / erkek+SH
(N. californicus)** (P. ulmi)**
Kontrol 50 27.24+0.267 A 25.54+0.19 A
Cypermethrin 10 23.20+0.827 BC 24.90+0.59 A
Deltamethrin 10 24.00+0.966 B 22.20+0.53 C
Spirodiclofen + abamectin 10 20.90+£0.605 C 21.80+£0.63 C
Imidacloprid 10 22.90+0.69 BC 22.80+0.55 BC
Thiacloprid 10 21.3400.597 BC 24.70+0.56 AB

*Harfler ayni sutundaki istatistiki farklhliklari géstermektedir. **Ortalama yasam siresi larva doneminden dliinceye kadar gecen suredir.
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Pestisitlerin Neoseiulus californicus ve Panonychus ulmi’nin yumurta a¢ilimina etkileri

Neoseiulus californicus ve P. ulmi kontrol ve pestisit uygulanmis bireylerinden elde edilen disilerin
birakmis olduklari yumurtalarin tamami 4-5 gin igerisinde agilmistir. Bu nedenle gruplar arasinda
istatistik degerlendirme yapilmamistir.

Pestisitlerin Panonychus ulmi’nin cinsiyet oranina etkileri

Kontrol grubunun cinsiyet orani 0.68 iken, cypermethrin, deltamethrin, spirodiclofen + abamectin,
imidacloprid ve thiacloprid uygulanan disi bireylerin déllerinin cinsiyet orani sirasiyla ile 0.69, 0.66, 0.54,
0.58 ve 0.52 bulunmustur (Cizelge 5). Disi birey orani Spirodiclofen + abamectin, imidacloprid ve
thiacloprid uygulanan P. ulmi larvalarindan gelisen disi bireylerin F; doéllerinde kontrole gére istatistiki
olarak dnemli derecede azalirken, sadece cypermethrin ve deltamethrin uygulanan larvalarindan elde
edilen disilerin F, ddllerinde istatistiki olarak kontrolle ayni dliizeyde olmustur.

Cizelge 5. Pestisitlerin Panonychus ulminin cinsiyet oranina etkileri

Uygulama N Disi sayisi Erkek sayisi D/D+E*
Kontrol 518 357 161 0.68
Cypermethrin 108 75 33 0.69
Deltamethrin 139 93 56 0.66
Spirodiclofen + abamectin 111 61 50 0.54"
Imidacloprid 114 67 47 0.58"
Thiacloprid 112 59 53 0.52"

*D: Disi saysl, E: Erkek sayisI. **Z testine gére kontrolden farkli olan gruplari géstermektedir.

Pestisitlerin Neoseiulus californicus’un cinsiyet oranina etkileri

Kontrol grubunun cinsiyet orani 0.66 iken, cypermethrin, deltamethrin, spirodiclofen + abamectin,
imidacloprid ve thiacloprid uygulanan disi bireylerin F4 déllerinin cinsiyet orani sirasiyla 0.52, 0.62, 0.73,
0.65 ve 0.52 bulunmustur (Cizelge 6). Disi birey orani cypermethrin ve thiacloprid uygulanan N.
californicus larvalarindan gelisen disi bireylerin F; ddllerinde kontrole gére 6énemli derecede azalirken,
Deltamethrin spirodiclofen + abamectin ve Imidacloprid uygulanan larvalarindan elde edilen digilerin
yavrularinda istatistiki olarak kontrolle ayni olmustur (p<0.05).

Cizelge 6. Pestisitlerin Neoseiulus californicus’un cinsiyet oranina etkileri

Uygulama N Disi sayisi Erkek sayisi D/D+E*
Kontrol 576 382 194 0.66
Cypermethrin 132 69 63 0.52
Deltamethrin 139 87 52 0.62
Spirodiclofen + abamectin 106 78 28 0.73
Imidacloprid 143 94 49 0.65
Thiacloprid 135 77 58 0.57

*D: Disi sayisi, E: Erkek sayisi. **Z testine gore kontrolden farkli olan gruplari gostermektedir.
Tartisma ve Sonug

Tlrkiye’de ve dinyada pestisit kullanimi oldukga yaygindir. Bazi arastirma sonuglarina goére
uygulanan pestisitlerin hedef organizmada sublethal dozu veya etkisinin olmadidi hedef disi
organizmalarda yumurta verimi artisina neden oldugu belirlenmistir. Bir ¢ok Urlinde degisik bdceklere
ruhsatli, thiacloprid, acetamiprid ve thiamethoxam’in Tetranychus urticae popullasyonlarinda artis
meydana getirdigi belirlenmistir (Barati et al., 2015). Bu pestisite bagl artislara hormoligosis
denilmektedir. Ancak bu konuda yapilmis ¢alisma sayisi sinirhdir.

Calismada kullanilan pestisitlerden spirodiclofen + abamectin'in her iki tlrin disi basina ortalama
yumurta verimine bir etkisi olmazken, diger ilaglar her iki tirde de disi basina ortalama yumurta veriminde
sinirhda olsa bir artisa neden olmustur. Ancak bu disi basina ortalama yumurta verimindeki artis P.
ulmide istatistiki olarak énemli olsa bile sinirli kalirken, avci akardaki disi basina ortalama yumurta
verimindeki artis daha ¢ok olmustur. Bu pestisitlerden imidacloprid’in N. californicus ve P. ulmi
bireylerinde yumurta verimini, ovipozisyon sdiresini, cinsiyet oranini ve ortalama yasam sUresini
etkilemistir. Her iki tirde de kontrol grubuna gére yumurta verimi artmistir, fakat ovipozisyon ve ortalama
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yasam suresi azalmistir. Imidacloprid uygulanmis P. ulmi larvasindan elde edilen disiler kontrol ile
karsilastirildiginda yaklasik 4 yumurta fazla koyarken, N. califronicusta yaklasik 11 yumurta fazla
koymustur. Duso et al. (2008), pyrethrin ve rotenone'nin P. persimilis’e toksik etki yaptigini, Beauveria
bassiana, azadirachtin, pymetrozine, imidacloprid'inin ise toksit etki yapmadigini ve imidacloprid'inde
Phytoseiulus persimilis (Acari: Phytoseiidae) bireylerinde yumurta verimini artirdigini saptamislardir.
Ayrica B. bassiana’nin Tetranychus cinnabarinus (Acari: Tetranychidae) bireylerinde yumurta verimini
azalttigini bildirmiglerdir. Szczepaniec et al. (2013), imidacloprid ile ilaglanmis Buxus sempervirens L.
bitkisi Uzerinde beslenen Eurytetranychus buxi (Acari: Tetranychidae) bireylerinin yumurta veriminin
arttigini bildirilmistir. Qu et al. (2014), imidacloprid’in sublethal (0.005 ve 0.10 mg/L) ve letal (0.2 mg/L)
dozlarinin Aphis glycines Matsumura (Hemiptera: Aphididae)'nin farkh donemlerine uygulamiglardir ve
0.20 mg/L imidacloprid uygulanan bireylerin, toplam yasam siresi ve ergin 6mir uzunlugunun azaldigini
ve buna karsin sublethal dozdaki degerlere maruz kaldiginda Uremelerinde artis meydana geldigini
belirtmiglerdir. Yapilan galismalar bu galismada bulunan sonuglar ile uyum igindedir. Sohrabi et al. (2012)
ise imidacloprid'in pamuk beyazsinegi parazitoidi olan Encarsia inaron (Walker) (Hymenoptera:
Aphelinidae)'in larva ve pupa dénemlerindeki gelisimini olumsuz etkiledigini, Greme ve esey oranlarinda
azalma meydana getirdigini tespit etmislerdir.

Calismada kullanilan pestisitlerden spirodiclofen + abamectin’in N. californicus ve P. ulmi
bireylerinde yumurta verimini, ovipozisyon siresini, cinsiyet oranini ve ortalama yasam slresini
etkilemistir. Etkili madde her iki tirde de yumurta verimini, ortalama yasam siresini ve ovipozisyon
suresini kontrol grubuna goére azaltmistir. Spirodiclofen+ abamectin akarisit olmasina ragmen dogrudan
uygulama ve sinirli sirede maruz kalma nedeniyle etkisi 6ldiricl dozun altinda olmustur. Sato et al.
(2011), spiromesifen’in T. urticae ve N. californicus’'un ovipozisyon slresine ve gelisme dénemlerine etkili
oldugunu tespit etmislerdir. Irigaray & Zalom (2006), avci akar Galendromus occidentalis (Nesbitt) (Acari:
Phytoseiidae)'de fenpyroximate etkili maddesinin disi bireylerde dmir uzunlugunu azalttigini ve 24 saat
ge¢cmeden Olim goruldigini, spiromesifen ve acequinocly etkili maddelerinin disi bireylerin émur
uzunlugunun 4 gin azalttigini ve Greme ve dogurganlik oraninda azalma meydana getirdigini, etoxazole
ve bifenazate etkili maddelerinin ise disi bireylerin émur uzunlugunu azaltmadigini, bu disilerin dol
vermediklerini tespit etmislerdir. Calismamizdan elde edilen sonuglar literatlir kaynaklarindaki ¢alismalar
ile uyum igindedir.

Calismada kullanilan pestisitlerden deltamethrin’in N. californicus ve P. ulmi bireylerinde yumurta
verimini, ovipozisyon suresini ve ortalama yasam suresini etkilemistir. Neosiulus californicus bireylerinde
yumurta verimini artirmig, ortalama yasam suresinde ve ovipozisyon suresinde etki meydana gelmemistir.
P. ulmi bireylerinde de ise yumurta verimini artirmis, ozipozisyon ve ortalama yasam suresini azaltmistir.
Yapilan bazi galismalarda piretroit kaynakli pestisitlerin P. citri ve T. urticae'de yumurta verimlerinde
artisa neden oldugu belirlenmistir (Guedes & Cutler, 2013). Deltamethrin uygulanan Leucopetera coffeella
(Guén-Méneville) (Lepidoptera: Lyonetiidae) ve Sitophilus zeamais Motsch. (Coleoptera: Curculionidae)
de yumurta veriminde artigi olurken, zararli bir akar olan Olygonychus ilicis (McGregor) (Acari:
Tetranychidae)'de ise bu etkili madde uygulandiginda hormoligosis olmadidi igin artis meydana
gelmemistir (Guedes & Cutler, 2013). Hormoglosis'de esteraz enzimlerinin indlikslyonu sonucunda
(vicut igine alinan ilaglarin esteraz enzimi sonucunda inaktive edilip vicutta detoksifiye edilmesi ile
etkinliginin azalmasi sonucunda) yumurta Uretimi artmaktadir (Guedes & Cutler, 2013). Bulunan sonuglar
calismamizda elde ettigimiz sonuglar ile uyum igindedir.

Calismada kullanilan pestisitlerden thiacloprid’in N. californicus ve P. ulmi bireylerinde yumurta
verimini, ovipozisyon suresini, cinsiyet oranini ve ortalama yasam suresini etkilemistir. N.californicus
bireylerinde yumurta verimini artirmis, ortalama yasam siresini kisaltmistir. Fakat ovipozisyon suresinde
etki meydana gelmemistir. P. ulmi bireylerinde de yumurta verimini artirmig, ovipozisyon ve ortalama
yasam siresini azaltmigtir.

Calismada kullanilan pestisitlerden cypermethrin’in N. californicus ve P. ulmi bireylerinde yumurta
verimini, ovipozisyon suresini, cinsiyet oranini ve ortalama yasam suresini etkilemistir. N. californicus
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bireylerinde yumurta verimini artirmig, ortalama yasam sliresini ve ovipozisyon suresini azaltmistir. P.
ulmi bireylerinde de yumurta verimini artirmis, ozipozisyon ve ortalama yasam slresini azaltmistir.

Bu calismay! butin olarak degerlendirdigimizde spirodiclofen+abamectin hari¢ kullanilan diger
pestisitlerin 6lduricti olmayan dozlarinin N. californicus ve P. ulmi disi bireylerinde yumurta verimini
artirmaktadir. Yumurta veriminde en ¢ok artisa neden olan pestisit imidacloprid olmustur. Calismada
kullanilan ilaglar, spirodiclofen+abamectin hari¢ genellikle akarlar digindaki boceklere Kkarsi
kullaniimaktadir. Spirodiclofen+abamectin disindaki ilaglar P. ulmi'de disi basina sinirli bir yumurta
artisina neden olurken, avci akar N. californicus'da daha fazla bir yumurta artisina neden olmustur. Baska
bir deyisle her iki tirde de hormoligosisi tetiklemiglerdir. Bu durum tarimsal Gretimde avci akar agisindan
istenen bir durumken, zararl akar igin istenmeyen bir durumdur. Bu nedenle avci akarlarin olmadigi ve
zararli akar populasyonlarinin yogun oldugu yerlerde alternatif savasim yéntemlerini disinmekte yarar
vardir. Ayrica pestisitlerin akar ve bdcek tlrlerini nasil etkilediginin bilinmesi micadele programlarinin
olusturulmasinda blyik 6nem tasimaktadir. Bu galismanin kimyasal savas programinda akarlara karsi
savasta kullanilan pesitisitlerin belirlenmesinde sonraki galismalara isik tutabilecedi Umit edilmektedir.
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