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ARTICLE INFO ABSTRACT

Article history: Tiirkiye is one of the most important citrus producers, where red scale, Aonidiella
Received: 31 July 2026 aurantii (Maskell) (Hemiptera: Diaspididae), and citrus mealybug, Planococcus citri
Accepted: 23 September 2026 Risso (Hemiptera: Pseudococcidae), cause significant quality and yield losses. This
Published online: 24 September 2026 study evaluated the contact effects of sulfoxaflor 240 g/L (15 and 20 ml/da),
Keywor ds: spirotetramat 100 g/L (75 and 100 ml/da) and flonicamid 500 g/kg (15 g/da) on the
Biological control larvae, pupae, adults and eggs of the predator Chilocorus bipustulatus (L.) (Coleoptera:
ICnltt;ufated st management Coccinellidae), and on the adults of the parasitoids Leptomastix dactylopii Howard and
| OBgC p g Anagyrus pseudococci Girault (Hymenoptera: Encyrtidae), key natural enemies of P.

citri, and Aphytis melinus DeBach (Hymenoptera: Aphelinidae), a key parasitoid of A.
aurantii. Laboratory bioassays followed the IOBC dry-film method in a randomized
complete block design with six treatments (including an untreated control) and four
independent replications at 25 + 1 °C, 65 £ 5% relative humidity and a 16/8 h light/dark
photoperiod, and were complemented by semi-field cage experiments on potted orange
seedlings in an uncultivated greenhouse. Corrected mortality was classified according to
the rating scale of the International Organisation for Biological Control (IOBC), the
laboratory scale being applied to the laboratory bioassays and the separate semi-field
scale to the cage experiments. All products tested were harmless (class 1) or only slightly
harmful (class 2) to the different biological stages of C. bipustulatus, with mean
corrected mortality never exceeding 71%. In contrast, both doses of sulfoxaflor caused
100% mortality of all three parasitoid species under laboratory conditions and were rated
harmful (class 4), whereas the lower dose of spirotetramat was harmless (class 1) to 4.
pseudococci adults and flonicamid was harmless (class 1) to L. dactylopii adults.
Flonicamid was moderately harmful (class 3) to A. pseudococci adults in the laboratory
and harmful (class 4) under semi-field conditions. Selectivity was therefore species-,
dose- and exposure-dependent: sulfoxaflor was of low toxicity to C. bipustulatus but
harmful to all three parasitoids in the laboratory; spirotetramat, particularly at the lower
dose, was harmless or slightly harmful to A. pseudococci but slightly to moderately
harmful to L. dactylopii; and flonicamid differed sharply between the two parasitoids of
P. citri. Recommendations for the use of these insecticides in integrated pest
management should therefore take account of the natural enemy species present.

Natural enemies
Pesticide selectivity

INTRODUCTION

The homeland of citrus fruits spans a vast geographical area stretching from the east of Arabia, the Philippines, and the south
of the Himalayas to Indonesia and Australia, and Tirkiye is located at the northernmost border of the world's citrus
production area (Kabas, 2010). Citrus cultivation in Tirkiye is concentrated predominantly in the Mediterranean region, in
the Aegean Region, and partially in the Eastern Black Sea region (Akgiin, 2006). According to the Turkish Statistical
Institute, the total citrus production of Tiirkiye has grown substantially, reaching approximately 5.5 million tons in 2024,
with a cultivation area exceeding 1.8 million decares. Mandarins and tangerines lead production at approximately 1.99
million tons, followed by lemons at 1.73 million tons, oranges at 1.61 million tons, and grapefruit at 0.15 million tons (TUIK,
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2024). Tiirkiye has emerged as one of the largest citrus exporters in the world, ranking among the top five globally in recent
years.

Production in the Eastern Mediterranean Region, which accounts for approximately 80% of total production in Tiirkiye, has
increased dramatically from year to year, and this increase is accompanied by a growth in citrus diseases and pest
populations. The main pest of citrus is the red scale, Aonidiella aurantii (Maskell) (Hemiptera: Diaspididae), which causes
economic loss of crops, especially in interior regions far from the coast (Uygun et al., 2001). 4. aurantii, which has nearly
the same global distribution as citrus fruits, causes substantial damage to the trunk, branches and shoots of citrus trees, as
well as to their fruit and leaves. If control is not carried out properly in areas with a high population density, the fruits remain
small, fruit and leaf abscission is observed, and the branches and perhaps the entire tree dry up (Ben-Dov & Rosen, 1969;
Battaglia & Viggiani, 1982; Orphanides, 1982; Uygun et al., 2001).

Citrus mealybug, Planococcus citri Risso (Hemiptera: Pseudococcidae), has become a main pest in citrus orchards in recent
years, along with 4. aurantii among potential pests, due to abiotic factors such as global climate change, as well as the
unconscious use of pesticides. Citrus mealybugs overwinter mostly in rifts and cracks on the stem, under the bark, and in
the root collar of weeds during the embryonic stage or adulthood. Females reach adulthood after three nymphal stages, while
males become mature after two nymphal stages and prepupal and pupal stages. Overwintering individuals begin to feed on
soft tissue parts on the trunk, branches and shoots of the tree towards the end of March and start to feed on fruits in late April
and early May. The pest generally impairs fruit quality by feeding at the points where the fruits meet the stem and the sepals,
and where fruits come into contact with one another; it causes fruit drop by weakening the stem bases, and also leads to
sooty mould on leaves and fruits through the honeydew it secretes (Uygun et al., 2001; MFAL, 2017).

The increasing impact of global climate change has been recognized as a key driver of shifts in pest population dynamics in
citrus orchards worldwide. Rising temperatures have been shown to accelerate the development cycles of both 4. aurantii
and P. citri, extending their infestation periods and potentially expanding their geographic ranges, while simultaneously
affecting the activity and reproductive success of their natural enemies (Skendzi¢ et al., 2021). This dynamic underscores
the urgent need to rigorously evaluate the compatibility of modern chemical control measures with key beneficial arthropods
within an integrated pest management (IPM) framework, so that chemical applications can be timed and selected to minimize
harm to natural enemy communities (El Ammari et al., 2024).

Chemical control preparations against pests are widely utilized around the world in agricultural areas, and a lack of basic
knowledge about applying pesticides leads to many mistakes. Pesticides, which farmers consider the most effective and
quickest means of controlling pests, have exhibited increases in both area of use and frequency of use from year to year. On
the other hand, it is a fact that chemical control preparations used unconsciously both harm the environment and human
health and lead pests to develop resistance to these pesticides more and more frequently. Pesticides, in fact, have an indirect
impact on human health by penetrating into groundwater and leaving residues in plants used as food, and they also harm
beneficial species used in biological control by directly killing them as well as their hosts. Therefore, all approaches to
control that have been developed as alternatives to chemical control against pests, which has increasingly been resorted to
in recent years, are adopted, and positive outcomes are achieved in this field (Kansu & Uygun, 1980; Uygun & Sekeroglu,
1981; Uygun et al., 1987, 1988, 1991, 1992, 2001; Simsek & Uygun, 2013). The absence of side effects and after-effects in
this method, the best outcomes at the lowest cost, the continuous effect, and the fact that it does not induce resistance in
pests all contribute to the significance of biological control (DeBach & White, 1960; Nadel & Biron, 1964; DeBach, 1969;
Rosen, 1973; Samways & Mapp, 1983; Papacek & Smith, 1985; Uygun et al., 1987, 1988, 1992).

In recent years, new-generation insecticides with novel modes of action have been introduced into citrus pest management
programmes, including the sulfoximine sulfoxaflor IRAC Group 4C), the lipid biosynthesis inhibitor spirotetramat (IRAC
Group 23), and the chordotonal organ modulator flonicamid (IRAC Group 9C). While these compounds offer advantages in
resistance management compared to older broad-spectrum organophosphate insecticides, their selectivity toward beneficial
arthropods must be carefully assessed before their large-scale incorporation into IPM strategies (Cloyd & Dickinson, 2006;
Simsek & Uygun, 2013). In this context, laboratory and semi-field bioassays conducted under standardized protocols of the
International Organisation for Biological Control (IOBC) provide the most reliable baseline data for decision-making in
integrated control programmes (Hassan et al., 1985; Sterk et al., 1999).

The primary studies on integrated control in citrus orchards in Tiirkiye (Kansu & Uygun, 1980; Uygun et al., 2001) reported
that a very high number of natural enemies of citrus pests have been detected. Among the most important pests of citrus,
Planococcus citri (Risso) has 9 natural enemies, including 7 predators and 2 parasitoids; Panonychus citri (McGregor) has
9 natural enemies, including 7 predatory mites and 2 coccinellids; Aonidiella aurantii has 15 natural enemies, including 9
predators and 6 parasitoids from different families; Coccus pseudomagnoliarum (Kuwana) has 20 natural enemies, including
8 predators and 12 parasitoids; and citrus aphids have 29 natural enemies, including 22 predators and 7 parasitoids (Uygun
etal.,2001). These findings indicate that when integrated control studies are conducted in citrus orchards based on biological
control, good agricultural practices in citrus may be achieved. However, the effects of pesticides used in citrus orchards on
significant parasitoids and predators in the orchard ecosystem should be examined, and pesticides should be included in
integrated control programmes on the basis of these results. To that end, the present study examined the contact effects of
some insecticides on the larvae, pupae, adults and eggs of the predator Chilocorus bipustulatus (L.) (Coleoptera:
Coccinellidae), one of the effective natural enemies of the red scale, and on the adults of Leptomastix dactylopii Howard and
Anagyrus pseudococci Girault (Hymenoptera: Encyrtidae), which are important parasitoids of the citrus mealybug, as well
as of the parasitoid Aphytis melinus DeBach (Hymenoptera: Aphelinidae), under laboratory and semi-field conditions.
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MATERIALS AND METHODS

Study area and experimental material

All laboratory bioassays were carried out in the Entomology Laboratory of Mugla Sitki Kogman University, and the semi-
field trials were conducted in an uncultivated greenhouse in 2013. Two doses each of the insecticides sulfoxaflor and
spirotetramat, and a single dose of flonicamid, were applied to the larvae, pupae, adults and eggs of the predator Chilocorus
bipustulatus (L.) (Coleoptera: Coccinellidae), one of the effective natural enemies of the red scale, and to the adults of
Leptomastix dactylopii Howard and Anagyrus pseudococci Girault (Hymenoptera: Encyrtidae), important parasitoids of the
citrus mealybug, as well as of the parasitoid Aphytis melinus DeBach (Hymenoptera: Aphelinidae) (Table 1).

Table 1. Active ingredient content, formulation and dose values of the insecticides used in the experiments.

Active ingredient name and ratio Formulation Dose
15 ml/da
Sulfoxaflor 240 g/L SC 20 ml/da
Flonicamid 500 g/kg WG 15 g/da
. 75 ml/da
Spirotetramat 100 g/L SC 100 ml/da

Experimental design

The experiments were conducted with 6 treatments and 4 replications according to a randomized block design, at a
temperature of 25 + 1 °C, a relative humidity of 65 + 5%, and a 16/8 h light/dark photoperiod.

Determination of the contact effect of pesticides against Chilocorus bipustulatus
Stock culture of Aspidiotus nerii

Aspidiotus nerii Bouché (Hemiptera: Diaspididae) was produced in large quantities as food in order to regularly maintain a
laboratory stock culture of C. bipustulatus individuals to be used in the experiments. For this purpose, potato tubers (Solanum
tuberosum L.) that had no pesticide residue on them and were purchased from the Nigde Potato Research Institute were
thoroughly washed and cleaned before being dried on blotting paper for at least 24 h. Potato tubers that were ready for
inoculation were then placed in tubs, and active larvae of 4. nerii, which were collected from Cyprus acacia and hatched in
Petri dishes, were transferred to these tubers with a sable brush and production began. Inoculation continued for three weeks
to produce a stock culture of 4. nerii at different stages.

Stock culture of Chilocorus bipustulatus

After stock cultures containing different stages of A. nerii were produced in sufficient quantity to be employed in the
experiments, bulk production of C. bipustulatus began. For this purpose, potato tubers with colonies of 4. nerii on them
were placed in jars covered with tulle to provide ventilation, and C. bipustulatus individuals obtained from the culture
produced on potato tubers in the insectarium of the Department of Plant Protection, Faculty of Agriculture, Siileyman
Demirel University, were released on them to ensure their reproduction. Since the predator lays eggs on soft, textured
surfaces, small strands of polyester fibre were placed inside the jars. As the C. bipustulatus population in a jar grew, the
adults were collected with a suction tube and transferred to newly prepared production jars. To maintain the continuity of
predator production, the potatoes inoculated with 4. nerii were replaced according to the nutritional condition of the
production jars.

Contact effect bioassay

Pesticides were sprayed onto the glass plates of the experimental unit 24 h before the experiment, at the doses to be tested,
with a hand sprayer, and the pesticides were allowed to dry on the glass surface during that time. The dried glass plates were
inserted in the experimental unit with their treated sides facing each other. The experimental unit consisted of a glass plate
with a thickness of 0.4—0.6 cm and dimensions of 40 x 18 cm, as well as cells with diameters of 5 + 1 cm and heights of 4
cm. The cells were covered with cheesecloth, and the upper and lower parts of the glass surface were fixed with a rubber
band. Potatoes inoculated with A. nerii were supplied daily as food for C. bipustulatus individuals during the experiment.
Pollen, honey and additional water were also supplied to support egg production by the adults.

Determination of the contact effect of pesticides against Leptomastix dactylopii, Anagyrus pseudococci and Aphytis
melinus

Stock culture production of the pests and parasitoids was performed under laboratory and semi-field conditions with methods
in accordance with IOBC standards, in order to determine the contact effects of the insecticides on Leptomastix dactylopii
Howard and Anagyrus pseudococci Girault (Hymenoptera: Encyrtidae), which are important biological control agents
against the citrus mealybug and are also used commercially, and on Aphytis melinus DeBach (Hymenoptera: Aphelinidae),
one of the most important parasitoids of the red scale (Table 1).
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Stock culture of Planococcus citri and Aonidiella aurantii

Planococcus citri: potatoes were inoculated in a dark and humid environment by transferring live individuals of P. citri with
a fine-tipped brush from orange and lemon fruits inoculated with P. citri to culture cages measuring 32 x 50 % 34 cm, covered
with glass on four sides and cheesecloth on the top.

Aonidiella aurantii: orange and lemon fruits inoculated with 4. aurantii were placed in culture cages measuring 32 x 50 x
34 cm, covered with glass on four sides and cheesecloth on the top. Clean orange and lemon fruits that had been previously
prepared were placed on the fruits inoculated with A. aurantii, and active larvae of A. aurantii were allowed to move onto
these fruits. In this way, the production material to be utilized in the experiments was maintained in the laboratory on a
regular basis.

Stock culture of Leptomastix dactylopii, Anagyrus pseudococci and Aphytis melinus

Leptomastix dactylopii and Anagyrus pseudococci: potato tubers inoculated with citrus mealybug colonies were placed in
jars with a diameter of 15 cm and a height of 25 cm, and adults of L. dactylopii procured from BATEM (Western
Mediterranean Agricultural Research Institute), as well as A. pseudococci supplied by Koppert Biyolojik Miicadele ve
Polinasyon Sistemleri Ltd. Sti., were released on them and production began. Inoculated potatoes with parasitized individuals
were transferred to other jars, and parasitoid emergence was checked and recorded daily. In the experiments, 24-hour-old
adult parasitoids were employed. Paper towels soaked with 1:5 diluted honey were placed in the jars to provide food for the
parasitoids.

Aphytis melinus: orange and lemon fruits with red scale colonies were placed in jars with a diameter of 15 cm and a height
of 25 cm, and adults of 4. melinus supplied by Koppert Biyolojik Miicadele ve Polinasyon Sistemleri Ltd. Sti. were released
on them and production began. Inoculated oranges and lemons with parasitized individuals were transferred to other jars,
and parasitoid emergence was checked and recorded daily. The experiments employed 24-hour-old adult parasitoids. Paper
towels soaked with 1:5 diluted honey were placed in the jars to provide food for the parasitoids.

Contact effect bioassay

The experimental unit was a square frame built of metal profile bars with an inner side of 10 cm and a glass part of 2.0 X 1.0
cm. This frame was ventilated with two holes of 0.9 cm diameter on three sides. On the fourth side there were two holes
with a diameter of 1.2 cm, through which a paper towel carrying the honey/water mixture prepared for feeding was made
accessible to the adult parasitoids. The upper and lower surfaces of this frame were covered with a glass plate (GDAR,
2017). Pesticides were sprayed onto the glass plates of the experimental unit 24 h before the experiment, at the doses to be
tested, with a hand sprayer, and the pesticides were then allowed to dry on the glass surface. The dried glass plates were
inserted in the experimental unit with their treated sides facing each other. Spraying followed the same dry-film procedure
as described above for C. bipustulatus, and each frame was sprayed separately. The 24-hour-old adult parasitoids were
transferred from the production cage to the experimental unit and were exposed to the treated surface for 24 h, after which
live and dead individuals were counted.

Semi-field experiment

The semi-field experiments were run in an empty greenhouse in which no cultivation was carried out in 2013. Young orange
seedlings 1.0-1.5 m in height were sprayed. Each plot consisted of one tulle-covered cage containing four orange seedlings,
and each cage was one experimental unit; four cages, one per block, were used per treatment. The active substances
sulfoxaflor, spirotetramat and flonicamid were used for spraying, with tap water serving as the control. After the plants had
dried, they were placed in cages covered with tulle measuring 2.0 x 2.0 m (Sterk et al., 1999). Five female and five male
parasitoids, all 24 h old, were released into each cage, giving 10 individuals per replicate and 40 per treatment. The endpoint
measured under semi-field conditions was adult mortality: live and dead adult parasitoids were recovered and counted on
the 7th, 14th and 21st days after release, and the values reported in Tables 4—6 are the cumulative corrected mortality over
this observation period. Parasitism rate, offspring emergence, longevity and other reproductive endpoints were not assessed
in this study.

Data collection and statistical analysis

Mortality was recorded at the end of the 24 h exposure period in the laboratory bioassays and on days 7, 14 and 21 after
release in the semi-field bioassays. Mortality in the treated units was corrected for mortality in the untreated control with
Abbott’s formula (Amano & Haseeb, 2001), control mortality having been recorded in every bioassay for this purpose. The
replicate-level corrected mortality values were then subjected to analysis of variance with treatment as a fixed factor and
block as a blocking factor, and treatment means were separated with Duncan’s multiple range test at p < 0.05, using the
SPSS statistical package (IBM SPSS Statistics 20). The resulting mortality values were finally classified according to the
IOBC toxicity scale (Table 2), the laboratory scale being applied to the laboratory bioassays and the separate semi-field scale
to the cage experiments (Hassan et al., 1985; Sterk et al., 1999; GDAR, 2017).
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Table 2. Classification of plant protection products according to their toxic effects on natural enemies (IOBC).

Corrected mortality (%) laboratory /

semi-field IOBC value Class value
0-50 /<25 1 Harmless
51-79 /25-50 2 Slightly harmful
80-98 /51-75 3 Moderately harmful
99-100/ >75 4 Harmful

RESULTS AND DISCUSSION

Contact effects of sulfoxaflor, spirotetramat and flonicamid on Chilocorus bipustulatus

In this study, which was carried out to examine the contact effect of some synthetic pesticides on larvae, pupae, adults and
eggs of C. bipustulatus under laboratory conditions, the pesticides were applied using the spraying method. The mortality
rate (%) of the predator obtained during the experiment for the different biological stages, as well as the class values
according to IOBC, are given in Table 3.

Table 3. Mean mortality (%) of the pesticides used in the laboratory experiment in different biological stages of C.
bipustulatus and class value according to IOBC.

Larva Pupa Adult Egg

Applications

Mean + SE 10BC Mean + SE 10BC Mean = SE 10BC Mean + SE 10BC
Sulfoxaflor 25.00+ 10.40 a 1 70.55+5.90a 2 56.13+8.67a 2 0.00+0.00 b 1
15 ml/da
Sulfoxaflor 750+4.78 a 1 31.39£13.05b 1 1437+9.03b 1 29.37+11.10 ab 1
20 ml/da
Spirotetramat 5.00+2.88a 1 57.50+529a 2 3610+9.22ab 1 25.97 + 8.62 ab 1
75 ml/da
Spirotetramat 1750+ 4.78 a 1 70.83+£5.52 2 5410+12.63a 2 3530+ 14.11a 1
100 ml/da
ﬂ";‘/‘gzm‘d 1250+ 4.78 a 1 58.05+9.32a 2 36.60 + 15.45 ab 1 36.66+ 13.84 a 1

Different lowercase letters following the means in the same column indicate statistically significant differences (ANOVA, p < 0.05; Duncan's
test). SE: standard error; IOBC: International Organisation for Biological Control class value (1 = harmless, 2 = slightly harmful, 3 = moderately
harmful, 4 = harmful; see Table 2).

When Table 3 is examined, it can be seen that the maximum toxic effect on larvae, recorded at the end of the 24 h exposure
period, was observed at the 15 ml dose of sulfoxaflor, at 25.00%. The five treatments did not differ statistically from one
another, and all were classified as harmless (class 1). In the pupal stage the maximum toxic effect was detected at the 100
ml dose of spirotetramat, at 70.83%; the 20 ml dose of sulfoxaflor fell into a statistically different group from the other
treatments and was classified as harmless (class 1), whereas the remaining treatments were slightly harmful (class 2). In the
adults the maximum toxic effect was recorded at the 15 ml dose of sulfoxaflor (56.13%), and the 15 ml dose of sulfoxaflor,
the 100 and 75 ml doses of spirotetramat and the 15 g dose of flonicamid did not differ statistically; the 15 ml dose of
sulfoxaflor and the 100 ml dose of spirotetramat were slightly harmful (class 2) while the others were harmless (class 1). In
the eggs the maximum toxic effect was observed for flonicamid; the 100 ml dose of spirotetramat and the 15 g dose of
flonicamid formed one statistical group and the 20 ml dose of sulfoxaflor and the 75 ml dose of spirotetramat another, and
all treatments were classified as harmless (class 1).

In this study, in which two doses of sulfoxaflor and spirotetramat and one dose of flonicamid were comparatively tested on
C. bipustulatus under laboratory conditions (Table 3), sulfoxaflor exhibited the least toxic effect. Kansu and Uygun (1980)
stated that A. aurantii spread in inland areas such as Adana, Huzurkent and Misis, that C. bipustulatus, Lindorus lophanthae
and Cybocephalus fodori minor (Endrody-Younga) were effective among the predators, and that the natural balance could
be preserved if no chemicals other than white oil were used. Erkili¢ et al. (1994) applied buprofezin, fenoxycarb, summer
white oil, methidathion, methidathion plus summer white oil, captan, bromopropylate, pirimicarb (40), pirimicarb (100),
diflubenzuron, fluvalinate and deltamethrin to adults and larvae of Chilocorus bipustulatus (L.) and C. fodori minor (E.-Y.)
(Coleoptera: Coccinellidae) through immersion and spraying, and found that mortality was quite high in the treatments
containing the broad-spectrum compounds deltamethrin and methidathion, while the remaining pesticides were mildly to
moderately effective. Mendel et al. (1994) tested buprofezin, fenoxycarb, pyriproxyfen and chlorfluazuron against
Comperiella bifasciata (Howard), Encyrtus infelix Embleton (Hymenoptera: Encyrtidae), Cryptochaetum iceryae Williston
(Diptera: Cryptochaetidae), Rodolia cardinalis Mulsant, Chilocorus bipustulatus L. (Coleoptera: Coccinellidae) and
Elatophilus hebraicus Péricart (Hemiptera: Anthocoridae), and determined that none of the R. cardinalis larvae treated with
buprofezin, fenoxycarb and pyriproxyfen could reach maturity. Karaca et al. (1996) applied summer white oil, methidathion,
chlorpyrifos-ethyl, carbosulfan, fluvalinate, pirimicarb, bromopropylate, copper oxychloride, mancozeb and glyphosate to
newly emerged adults of Stethorus gilvifrons (Mulsant) (Coleoptera: Coccinellidae) using dry film and immersion methods,
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and found that summer white oil, bromopropylate, fluvalinate and chlorpyrifos-ethyl were ineffective in both methods. These
findings are consistent with more recent research confirming that selective insecticides with novel modes of action display
considerably lower acute toxicity toward coccinellid predators compared to conventional broad-spectrum compounds;
Skouras et al. (2023) demonstrated that sulfoxaflor was classified as only slightly harmful (IOBC class 2) to the ladybird
Hippodamia variegata at field-rate concentrations, corroborating the relatively low toxicity pattern observed for C.
bipustulatus in the present study.

Contact effects of sulfoxaflor, spirotetramat and flonicamid on Leptomastix dactylopii, Anagyrus pseudococci and
Aphytis melinus

In this study, which was carried out to examine the contact effects of some synthetic pesticides on the adults of L. dactylopii,
A. pseudococci and A. melinus under laboratory and semi-field conditions, the pesticides were applied using the spraying
method. The mortality rates (%) of the parasitoid adults obtained during the experiments, as well as their class values
according to IOBC, are given in Tables 4, 5 and 6.

Table 4. Mean adult mortality (%) of the pesticides used in the laboratory and semi-field experiments with Leptomastix
dactylopii and class value according to IOBC.

L. Laboratory bioassay Semi-field bioassay
Applications
Mean + SE I0BC Mean + SE 1I0BC

Sulfoxaflor 100.00 % 0.00 a 4 100.00 % 0.00 a 4
15 ml/da
Sulfoxaflor 100.00 = 0.00 a 4 100.00 = 0.00 a 4
20 ml/da
Spirotetramat 52.08+22.14b 2 4222+17.22b 2
75 ml/da
Spirotetramat
100 ml/da 70.41 £12.36 ab 2 60.83+17.11b 3
Flonicamid

4416 £15.11b 1 33.65+10.99b 2
15 g/da

Different lowercase letters following the means in the same column indicate statistically significant differences (ANOVA, p < 0.05; Duncan's
test). SE: standard error; IOBC: International Organisation for Biological Control class value (1 = harmless, 2 = slightly harmful, 3 = moderately
harmful, 4 = harmful; see Table 2).

According to Table 4, flonicamid caused the lowest adult mortality of L. dactylopii in both bioassays and sulfoxaflor the
highest. Both doses of sulfoxaflor caused 100% mortality and were classified as harmful (class 4) in the laboratory and under
semi-field conditions alike. In the laboratory both doses of spirotetramat were slightly harmful (class 2) and flonicamid was
harmless (class 1); under semi-field conditions, assessed against the IOBC semi-field scale, the 75 ml dose of spirotetramat
and flonicamid were slightly harmful (class 2) and the 100 ml dose of spirotetramat was moderately harmful (class 3). In the
laboratory bioassay the 75 ml dose of spirotetramat, flonicamid and the 100 ml dose of spirotetramat did not differ
statistically from one another, while both sulfoxaflor doses formed a separate group; in the semi-field bioassay the two
sulfoxaflor doses again differed significantly from all other treatments, which did not differ among themselves.

Table 5. Mean adult mortality (%) of the pesticides used in the laboratory and semi-field experiments with Anagyrus
pseudococci and class value according to IOBC.

L Laboratory bioassay Semi-field bioassay
Applications
Mean £+ SE 1I0BC Mean £+ SE 10BC

Sulfoxaflor 100.00 + 0.00 a 4 100.00 + 0.00 a 4
15 ml/da
Sulfoxaflor
20 ml/da 100.00 = 0.00 a 4 100.00 = 0.00 a 4
Spirotetramat
75 ml/da 23.25+555¢ 1 28.00 £6.77 ¢ 2
Spirotetramat
100 ml/da 47.75+11.03b 1 74.75+£7.29b 3
Flonicamid

86.00+5.22a 3 88.13+3.23 ab 4
15 g/da

Different lowercase letters following the means in the same column indicate statistically significant differences (ANOVA, p < 0.05; Duncan's
test). SE: standard error; IOBC: International Organisation for Biological Control class value (1 = harmless, 2 = slightly harmful, 3 = moderately
harmful, 4 = harmful; see Table 2).

Both doses of sulfoxaflor caused complete mortality of 4. pseudococci adults in both bioassays and were classified as
harmful (class 4). The 75 ml dose of spirotetramat was the least toxic treatment, harmless (class 1) in the laboratory and

796



Maral et al. Int. J. Agric. Environ. Food Sci. 2026; 10(3): 791-801

slightly harmful (class 2) under semi-field conditions, while its 100 ml dose was harmless (class 1) in the laboratory but
moderately harmful (class 3) in the semi-field test. Flonicamid was moderately harmful (class 3) in the laboratory and
harmful (class 4) under semi-field conditions, and was thus the only compound whose classification became more severe
under the more realistic exposure regime. In the laboratory the two sulfoxaflor doses and flonicamid formed a single
statistical group, separate from the two spirotetramat doses, which also differed from each other; in the semi-field test the
two sulfoxaflor doses formed one group, and the 100 ml dose of spirotetramat and flonicamid a second (Table 5).

Table 6. Mean adult mortality (%) of the pesticides used in the laboratory and semi-field experiments with Aphytis melinus
and class value according to IOBC.

L. Laboratory bioassay Semi-field bioassay

Applications
Mean = SE 1I0BC Mean = SE 1I0BC

Sulfoxaflor 100.00 +0.00 a 4 45.83+20.83 a 2
15 ml/da
Sulfoxaflor
50 mda 100.00 +0.00 a 4 62.50£21.91 a 3
Spirotetramat 6635+ 4.54 ¢ 2 87.50£12.50 a 4
75 ml/da
Spirotetramat
100 sl 82.81 £4.29 b 3 66.66 = 13.60 a 3
Flonicamid 93.51+1.56a 3 62.50+17.17 a 3
15 g/da

Different lowercase letters following the means in the same column indicate statistically significant differences (ANOVA, p < 0.05; Duncan's
test). SE: standard error; IOBC: International Organisation for Biological Control class value (1 = harmless, 2 = slightly harmful, 3 = moderately
harmful, 4 = harmful; see Table 2).

In the laboratory bioassay both doses of sulfoxaflor produced complete mortality of A. melinus adults and were classified as
harmful (class 4); flonicamid and the 100 ml dose of spirotetramat were moderately harmful (class 3), and the 75 ml dose of
spirotetramat, which gave the lowest mortality, was slightly harmful (class 2). The two sulfoxaflor doses and flonicamid
formed one statistical group, while the two spirotetramat doses differed both from these and from each other. Under semi-
field conditions the ranking changed markedly: the 75 ml dose of spirotetramat produced the highest mortality (87.50%,
class 4), the 100 ml dose of spirotetramat, flonicamid and the 20 ml dose of sulfoxaflor were moderately harmful (class 3),
and the 15 ml dose of sulfoxaflor was slightly harmful (class 2); none of the treatments differed statistically from one another
(Table 6).

This study revealed the contact effects of some pesticides on the parasitoid adults of L. dactylopii and A. pseudococci,
important natural enemies of the citrus mealybug (Planococcus citri Risso), one of the most important pests of citrus in
Tiirkiye and worldwide, as well as on 4. melinus, which is among the important parasitoids of the red scale (Aonidiella
aurantii Maskell).

Taken together, sulfoxaflor was harmful (IOBC class 4) to the adults of all three parasitoid species in the laboratory
experiments. The 75 ml dose of spirotetramat was harmless (class 1) to 4. pseudococci adults, its 100 ml dose was slightly
harmful (class 2) to L. dactylopii adults, and flonicamid was harmless (class 1) to L. dactylopii adults. The high toxicity of
sulfoxaflor to all parasitoid species tested in the present study is further supported by Jiang et al. (2019), who reported lethal
and sublethal effects of sulfoxaflor on three Trichogramma spp. with LC50 values between 0.12 and 0.32 mg a.i. L—1,
confirming that sulfoximine-class insecticides pose a high risk to egg parasitoids. In contrast, the relatively low toxicity of
spirotetramat to A. pseudococci observed here is corroborated by Planes et al. (2013), who found spirotetramat harmless to
Cryptolaemus montrouzieri, and by Vanaclocha et al. (2013), who classified spirotetramat as harmless to A. melinus.
Regarding flonicamid, while it was classified as harmless (IOBC class 1) on L. dactylopii in the present study, Knapp et al.
(2025) caution that sublethal flonicamid exposure can significantly reduce feeding rates and fecundity in coccinellid
predators, suggesting that acute IOBC mortality endpoints alone may underestimate real-world impacts on natural enemy
populations.

The notable discrepancy between laboratory and semi-field outcomes for Aphytis melinus — where sulfoxaflor caused 100%
mortality under laboratory conditions (IOBC class 4) but 45.83—62.50% in the semi-field trial, corresponding to IOBC semi-
field classes 2-3 — warrants careful interpretation. Under greenhouse semi-field conditions, photolytic and thermal
degradation of active substance residues on plant surfaces may substantially reduce bioavailability compared with the glass-
plate exposure surfaces used in laboratory bioassay units. In addition, 4. melinus adults can exhibit behavioural avoidance
of treated surfaces under more realistic environmental conditions, and the three-dimensional plant architecture affords
greater refuge than flat laboratory substrates. These findings underscore the well-documented limitation of laboratory IOBC
endpoints as sole predictors of field-level impact (Hassan et al., 1985; Sterk et al., 1999), and reinforce the importance of
combining both testing systems before reaching regulatory or IPM guidance decisions.

Of particular practical significance is the high toxicity of flonicamid toward A. pseudococci adults, with corrected mortality
of 86.00% in the laboratory (class 3, moderately harmful) and 88.13% in the semi-field trial, which corresponds to class 4
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(harmful) on the IOBC semi-field scale. This result contrasts sharply with the class 1 (harmless) classification observed for
flonicamid against L. dactylopii in the same study, and with the findings of Cloyd and Dickinson (2006), who reported
flonicamid to be harmless (10-20%) to L. dactylopii. The contrasting susceptibility profiles of these two encyrtid parasitoids
of P. citri underscore the critical importance of species-specific toxicity assessment rather than generalising findings across
related organisms. This high toxicity of flonicamid to 4. pseudococci strongly cautions against its application during periods
of active A. pseudococci foraging in citrus orchards within IPM programmes targeting P. citri.

There have been numerous studies on pesticide experiments against parasitoids. Yigit et al. (1992) reported that chlorpyrifos-
ethyl had a high effect on adults of L. dactylopii under laboratory conditions. Simsek and Uygun (2009) administered
pyriproxyfen, chlorpyrifos-ethyl, spirotetramat, spinosad, paraffinic summer oil and insecticides with summer oil as the
active ingredient against the adults of L. dactylopii under laboratory conditions. They determined that the effect of
chlorpyrifos-ethyl on the parasitoid was very harmful, that spinosad was moderately harmful, and that the other active
substances were harmless. Cloyd and Dickinson (2006) investigated the side effects of buprofezin, pyriproxyfen, flonicamid,
acetamiprid, dinotefuran and clothianidin on Cryptolaemus montrouzieri and Leptomastix dactylopii, which are natural
enemies of Planococcus citri Risso (Hemiptera: Pseudococcidae), under laboratory conditions. They found that dinotefuran,
acetamiprid and clothianidin were very harmful (100%) against L. dactylopii, and that acetamiprid, dinotefuran and
clothianidin were very harmful (100%) against C. montrouzieri, while buprofezin, pyriproxyfen and flonicamid were
harmless (10-20%). In their study to determine the effects of some pesticides frequently used in citrus orchards on Aphytis
melinus and Leptomastix dactylopii under laboratory conditions, Simsek and Uygun (2013) determined that the residual
effect of chlorpyrifos-ethyl on A. melinus and L. dactylopii adults was very harmful (4), that spinosad was very harmful (4)
to A. melinus and moderately harmful (3) to L. dactylopii, and that pyriproxyfen, buprofezin, spirotetramat, mineral oil and
paraffinic mineral oil were harmless or less harmful (1-2). The findings obtained here are similar to those studies. Prabhaker
et al. (2007) examined the side effects of seven insecticides on the parasitoid adults of Aphytis melinus, Eretmocerus
eremicus, Encarsia formosa and Gonatocerus ashmeadi under laboratory conditions, and determined that chlorpyrifos was
very toxic to all four beneficial insects. Suma et al. (2009) investigated the side effects of chlorpyrifos-methyl, buprofezin,
spinosad, pyriproxyfen and mineral oils on the female adults of Leptomastix dactylopii, A. melinus and Coccophagus
lycimnia under laboratory conditions 24, 48 and 72 h after application. They found that 24 h after applying spinosad and
chlorpyrifos-methyl, mortality in all three parasitoids reached 100%. When buprofezin and pyriproxyfen were applied to 4.
melinus adults, mortality was low at the beginning but rose to 70% after 72 h. Uygun et al. (1994) determined that the side
effects of insecticides with chlorpyrifos-ethyl and paraffinic summer oil as active substances applied to Eretmocerus debachi
fell into class value 4 according to IOBC standards. Karaca et al. (1994) stated that summer white oil was very harmful to
the pre-adult stages of Aphytis melinus DeBach (Hymenoptera: Aphelinidae). Bernardo and Viggiani (2000) tested the
effects of spinosad on Lepfomastix dactylopii Howard (Hymenoptera: Encyrtidae) under laboratory and semi-field
conditions, and pointed out that in the laboratory studies all doses killed 100% of L. dactylopii from the first day onwards,
while in the semi-field experiments they killed 60% on the first day.

CONCLUSION

It was concluded that, in pesticide applications under laboratory conditions and according to IOBC standards, the 20 ml dose
of sulfoxaflor was classified as harmless (class 1) in the different biological stages of C. bipustulatus, whereas 75 ml of
spirotetramat and 15 g of flonicamid were slightly harmful only in the pupal stage of the predator (class 2) and harmless in
the other stages (class 1). The 15 ml dose of sulfoxaflor and the 100 ml dose of spirotetramat were slightly harmful (class 2)
in the pupal stage and adults of C. bipustulatus. These findings indicate that sulfoxaflor poses a low acute risk to C.
bipustulatus. Because sulfoxaflor was harmful (class 4) to A. melinus, the key parasitoid of A. aurantii, under laboratory
conditions, and still slightly to moderately harmful (class 2—-3) under semi-field conditions, its use against the red scale in
integrated control programmes should be restricted to periods in which A. melinus is not active, and this recommendation
requires confirmation under field conditions.

Under laboratory conditions and according to IOBC standards, it was concluded that sulfoxaflor was harmful (class 4) to the
adults of all three parasitoid species used in the study. In addition, flonicamid was harmless (class 1) to L. dactylopii adults,
the second dose of spirotetramat was slightly harmful (class 2), and the first dose of spirotetramat was harmless (class 1) to
A. pseudococci adults. According to these data, spirotetramat, particularly at the lower dose, is the most suitable of the
compounds tested for use against P. citri where A. pseudococci is the principal parasitoid; because it was slightly to
moderately harmful to L. dactylopii, however, it cannot be regarded as harmless to all natural enemies of the citrus mealybug.
However, it should be noted that flonicamid was moderately harmful (class 3) to A. pseudococci adults in the laboratory
(86.00% mortality) and harmful (class 4) under semi-field conditions (88.13%). These results indicate that flonicamid
applications should be carefully timed to avoid overlap with periods of active 4. pseudococci foraging in citrus orchards;
accordingly, flonicamid should not be incorporated as a substitute for spirotetramat in P. citri control programmes where 4.
pseudococci constitutes a key component of the biological control system.

Overall, these findings contribute important data to the evidence base supporting selective pesticide use in IPM programmes
for citrus, and show that the selectivity of each compound must be judged separately for each natural enemy species. A
recent comprehensive bibliometric analysis of biological control of citrus pests (2000-2023) identified Aphelinidae and
Encyrtidae parasitoids as the most intensively studied and deployed biological control agents against armoured scale insects
and mealybugs, respectively (El Ammari et al., 2024), underscoring the practical relevance of studies evaluating pesticide
selectivity toward these beneficial organisms. Given the growing pressure of climate change on pest population dynamics
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and increasing market demands for pesticide residue reduction in citrus produce, studies of this type — systematically
assessing the IOBC compatibility of next-generation insecticides with key natural enemies — will remain indispensable
tools for the sustainable management of citrus ecosystems.
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