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Abstract

Essential oils from botanical extracts used for insect pest control should be both effective and have low impact on natural
enemies. The objective was to evaluate the effects of ten essential oils on the biological and reproductive parameters in two
Trichogramma galloi Zucchi (Hymenoptera: Trichogrammatidae) generations. The emergence F, generation of T. galloi
was reduced by more than 30% with Allium sativum, Carapa guianensis, Citrus sinensis, Neem and Syzygium aromaticum.
Zingiber officinale reduced the T. galloi emergence of the F, and F, generations by between 30 and 99%. The longevity of
the F, generation was reduced by more than 50% with Z. officinale at the pre-pupae and pupae stages. All oils reduced the
parasitism rate of the F, generation in the egg-larva and pre-pupa stages. Allium sativum, C. guianensis and C. sinensis, Neem
and Origanum vulgare reduced parasitism by between 30 and 79%. Zingiber officinale was slightly and moderately harmful
to the F; and F, generations, respectively, for the 7. galloi parasitism. The sex ratio of the two 7. galloi generations was not
affected by the essential oils. The low side effects of the oils on the F, generation, except for Z. officinale (the most harmful
oil), suggest that 7. galloi developed some post-transgenerational tolerance/resistance mechanisms to these oils and/or their
components. The A. sativum, C. guianensis, C. sinensis, Neem, O. vulgare, S. aromaticum and Z. officinale oils were not
selective for T. galloi. Mentha piperita, Piper nigrum and Thymus vulgaris essential oils can be included in integrated pest
management programs for this parasitoid.
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Key message

e Trichogramma species are important parasitoids of agri-
cultural and forest pest eggs. However, knowledge of
side effects of botanical insecticides on these species is
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Introduction

Parasitoids of the Trichogramma genus (Hymenoptera:
Trichogrammatidae) parasitize eggs of agricultural and
forest pests, preferably Lepidoptera (Soares et al. 2007;
Wang et al. 2014a). The Trichogramma parasitism pre-
vents the hosts reaching the larval stage and damages
the plants (Wang et al. 2014b). Moreover, the wide geo-
graphical distribution and easy laboratory rearing facili-
tate the use of these natural enemies in biological control
programs (Khan et al. 2015).

Trichogramma galloi Zucchi (Hymenoptera: Tricho-
grammatidae) is the main biological control agent of Dia-
traea saccharalis Fabricius (Lepidoptera: Crambidae) in
sugarcane cultures (Isas et al. 2016). However, Tricho-
gramma spp. releases are often insufficient to control the
target pest, making other management practices, includ-
ing pesticide applications necessary (Khan et al. 2015).

Pesticides have adverse side effects on natural enemies
(Desneux et al. 2007; Plata-Rueda et al. 2017). Plant pro-
tection strategies should focus on minimizing chemical
pesticide use, compatible with biological control agents
(Khan et al. 2015; Mkenda et al. 2015; Alcantara-de la
Cruz et al. 2017). Essential oils from botanical extracts
present different biological activities, such as insecti-
cides and antimicrobials (Tavares et al. 2010; Luiz et al.
2017), representing an alternative to chemical pesticides
(Tavares et al. 2011; Cantrell et al. 2012; Gerwick and
Sparks, 2014; Miresmailli and Isman 2014).

Studies into botanical pesticides highlight their com-
patibility with other management strategies, including
biological control (Gonzalez et al. 2013; Campos et al.
2016). However, some botanical pesticides are non-spe-
cific and toxic to natural enemies (Regnault-Roger et al.
2012; Ndakidemi et al. 2016). This makes the evaluation
of their use in integrated pest management (IPM) pro-
grams necessary, given that botanical pesticides from cit-
ronella, eucalyptus, garlic, pyrethrum and Neem products
cause malformations and mortality in beneficial insects
(Raguraman and Kannan 2014; Ndakidemi et al. 2016;
Zanuncio et al. 2016).

The effects of pesticides on insects are mainly evalu-
ated using the acute median lethal dose (LDs) or lethal
concentration (LCsy) (Wang et al. 2017). However, knowl-
edge of the side effects of botanical insecticides on natu-
ral enemies, especially Trichogramma species, is scarce
and requires further study that takes into account their
reproductive parameters (Tavares et al. 2009). The objec-
tive was to evaluate the effect of ten essential oils on the
biological and reproductive parameters of 7. galloi.
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Materials and methods
Botanical essential oils and parasitoids

Trichogramma galloi females were obtained from the mass
rearing of the Laboratory of Biological Control of Insects
(LCBI) at the Universidade Federal de Vigosa (UFV) in
Vigosa, Brazil.

The Carapa guianensis essential oil was obtained from
EMBRAPA Amazonia Oriental (CPATU) in Belém, Para,
Brazil, while that of Allium sativum, Citrus sinensis, Men-
tha piperita, Origanum vulgare, Piper nigrum, Syzygium
aromarticum, Thymus vulgaris and Zingiber officinale from
Viessence Trade Natural Products Ltda (Porto Alegre, Bra-
zil) extracted by hydrodistillation and water vapor dragging
(Dapkevicius et al. 1998). The chemical composition of the
oils was provided by the manufacturer who individually ana-
lyzed each batch of them manufactured (Table 1). Neem oil
with 1800-2200 ppm of azadirachtin (Bioneem Tecnologia
Consultoria Ind. e Comércio Ltda, Brazil) was also used.

Bioassays

Newly emerged T. galloi females were placed in glass tubes
(8 cm high X 2 cm in diameter) coated with honey drops on
the inner wall and closed with a plastic film. Anagasta kue-
hniella Zeller (Lepidoptera: Pyralidae) eggs (+ 125) glued
onto paper card strips (5 cm long X 0.5 cm wide) with Ara-
bic gum diluted in distilled water (50:50) were exposed to
the T. galloi females for 24 h. Paper cards with parasitized A.
kuehniella eggs were immersed in essential oil solutions and
ethanol (control) for 5 s and shade dried for 30 min to evapo-
rate the solvent (Carvalho et al. 2010) at 0-24, 72-96 and
168-192 h after parasitism, corresponding to the egg-larva,
pre-pupa and pupa stages of T. galloi, respectively. Then,
the paper cards were placed in a climatic chamber (BOD)
at 25 °C, relative humidity of 70 + 10% and photoperiod of
12 h until the F,; generation larvae emerged.

The essential oil solutions were prepared with the acute
median lethal dose (LCjsg), estimated in previous tests on
A. gemmatalis eggs up to 48 h old (Ribeiro et al. 2015),
parasitized with 7. galloi females (Table 1). These eggs
were glued onto paper cards (15 X 5 cm) sprayed with
50 mL of each essential oil or the ethanol (control) with
a precision micropipette at concentrations of 1, 5, 10, 15
and 20% (v/v) (mortality from 0 to 100%).

Females from the F, generation were placed in glass
tubes to parasitize A. kuehniella eggs again, in the condi-
tions described, until the F, generation larvae emerged.

The experiments had a completely randomized design
with 18 replications (one female and a paper card carrying
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Table 1 Scientific name (Name), active ingredient (AI) and/or major component percentage (%MC), and LCs, (uL mL™") tests with eggs Antic-

arsia gemmatalis (Lepidoptera: Noctuidae) in the laboratory

Name Al and/or %MC

LCs, (CI95)*

Allium sativum
metialyl trisulfite (10%)

Carapa guianensis

Diallyl disulfide (40%), diallyl thiosulfate (30%), diallyl sulfide (8%), metialyl disulfide (4%) and

Limmonoids (2-5%), comoandirobine, 6a-acetoxyhepoxyazadadione, 6a-acetoxygedunin,

0.12 (0.08-0.16)

16.3 (13.6-19.0)

6p-acetoxygedunin, 11p-acetoxygedunin, 6a, 11B-acetoxygedunin, 6, 11f- diacetoxy gedunin,
6a-hidroxygedunin, e 7-desacetoxy-7-oxogedunin

Syzygium aromarticum Eugenol (92.3%) e p-caryophyllene (5.50%)
Zingiber officinale
Citrus sinensis Limonene (95.48%), myrcene (2.10%)
Mentha piperita
Origanum vulgare
Piper nigrum
Thymus vulgaris

Neem Azadirachtin

Zingiberene (33%), p-sesquifelandreno (12%), p-bisabolene (10%), camphene (8%), myrcene (7%)

Menthol (55%), menthone (25%), methyl acetate (10%)

Carvacrol (70%), p-cimene (15%), thymol (4,3%)

a-pinene (30%), caryophyllene (30%), limonene (10%), e-nerolidol (6%)
Thymol (50%), p-cymene (40%), linalool (6.0%)

1.88 (0.36-4.14)
54.8 (39.2-70.4)
14.9 (12.1-17.7)
4.2 (2.0-6.7)
16.5 (13.5-19.5)
40.2 (32.9-47.5)
2.10 (0.27-3.93)
0.17 (0.07-0.27)

4CI values are the upper and lower limits (+) of the 95% confidence intervals (n = 18)

parasitized eggs per tube) and were repeated twice. The
emergence, longevity, parasitism and sex ratio of the F,
generation females and those of the F, were then evaluated.

Essential oils were classified in toxic classes (TC) based
on the reduction rates of the emergence and parasitism in the
F, and F, generations: TC1 = harmless (< 30% reduction),
TC2 = slightly harmful (30-79% reduction), TC3 = mod-
erately harmful (80-99% reduction) and TC4 = harmful
(> 99% reduction) according to the IOBC International
Organization for Biological and Integrated Control of Nox-
ious Animals and Plants-IOBC (Sterk et al. 1999). The
parasitism and emergence reductions were calculated by
the equation: % reduction = 100 — mean [(% mean of the
treatment/% mean of the control) x 100].

Statistical analysis

Development and reproduction data of T. galloi were sub-
mitted to ANOVA. The Student—-Newman—Keuls test at 5%
probability was used to separate means. Statistical analysis
was performed with Statistix software (version 9.0; Analyti-
cal Software, USA).

Results
Emergence of the F, and F, generations

The impact on the 7. galloi emergence differed between the
botanical oils. The pupae were the most sensitive stage for
the essential oils. The lowest T. galloi emergence of the F,
generation at the egg-larva stage was caused by Citrus sin-
ensis, and this essential oil was classified as toxic class 2
(TC2). In the pre-pupa stage, A. sativum, C. guianensis O.

vulgare and Z. officinale oils reduced the emergence rate;
however, they were classified as TC1. The emergence of T.
galloi treated at the pupae stage was lower with A. sativum,
C. guianensis, C. sinensis, Neem and S. aromarticum, and
these oils were classified as TC2, while the Z. officinale oil
as TC3. In the F, generation, the emergence of T. galloi was
reduced by more than 30% by Z. officinale in all biological
stages of this parasitoid evaluated, being the most harmful
oil (TC2) (Table 2).

Longevity of the F, generation females

The longevity of T. galloi females from the F, generation
ranged from 7.3 to 10.8, 4.7 to 10.9 and 3.0 to 10.3 days
in the egg-larva, pre-pupae and pupae stages, respectively.
The lowest longevity rate of T. galloi females was caused
by Z. officinale oil in the pre-pupae and pupae stages. This
parameter was not affected by the other nine essential oils
compared to the control (Table 3).

Parasitism of females of the F, and F, generations

Parasitism of the F, T. galloi generation treated during the
egg-larva and pre-pupa stages was lower with all oils tested
compared to the control. The egg-larva and pre-pupae were
the developmental stages most susceptible to essential oils
in this generation. Carapa guianensis, C. sinensis and Z.
officinale reduced parasitism rates of 7. galloi females by
more than 30% (TC2) in the egg-larva and pre-pupa stages,
and A. sativum, Neem and O. vulgare oils in the pre-pupa
stage of this parasitoid. In the F, generation, the Z. officinale
oil reduced the parasitism by the T. galloi females, being
more harmful during the pupa (TC3) than in egg-larva and
pre-pupa stages (TC2) (Table 4).
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Table 2 Emergence percentage and toxic class (TC) of different immature stages of the F; and F, Trichogramma galloi (Hymenoptera: Tricho-

grammatidae) from Anagasta kuehniella (Lepidoptera: Pyralidae) eggs

Treatments Generation F, Generation F,
Egg-larva TC Pré-pupae TC Pupae TC Egg-larva TC Pré-pupae TC Pupae TC

Control 98.2+12% - 975+13%4 98.9 + 1.6% 99.1+13% - 99.1+12% - 997+15% -
Allium sativum 840+2.1% 1 750+1.9%° 1 61.9+228® 2 886+12% 1 926+19% 1 846+224 1
Carapa guianensis 764+ 17" 1 749+12% 1 557415 2 926+1.6* 1 934+14% 1 857+20" 1
Citrus sinensis 69.3+29% 2 882+1.8% 1 562+20%° 2 867+21% 1 828+22% 1 750+24% 1
Mentha piperita 93.6+12% 1 841420 1 764+18% 1 857+19% 1 815+23% 1 902+33% 1
Neem 88.6+1.4% 1 823+1.8%B |  538+20%° 2 848+13% 1 846+20% 1 925+16% 1
Origanum vulgare 8854224 1 7344+1.7% 1 7224145 1 903+£23% 1 867+22% 1 70137 |
Piper nigrum 91.9+12% 1  869+26% 1 737+145® 1 863+3.1% |  898+2.1% 1 976+ 1.5 |
Syzygium aromaticum 92.9 +2.0% 1 795+21° 1 650+ 1.65° 2 902+27M 1 753+32%° 1 80.7+3.5% |
Thymus vulgare 937+ 1.1 1  89.0+15% 1 701420 1 835+23%" 1 903+22% 1 859424 1
Zingiber officinalle 814+ 1.7°%® 1 731+228 1  173+13P 3 531+25% 2 585+278 2 265+265 2

Means followed by the same uppercase per column or lowercase per row does not differ by Student—-Newman—Keuls test (p < 0.05). Toxic class
(Sterk et al. 1999): TC1 = innocuous; TC2 = slightly harmful; TC3 = moderately harmful; TC4 = harmful. + Standard error (n = 18)

Table 3 Longevity (days) of Trichogramma galloi (Hymenoptera:
Trichogramatidae) F; generation females exposed to essential oils in
different immature stages

Treatments Egg-larva Pré-pupae Pupae

Control 108 +£0.5 109 +0.6" 9.1 +0.5%
Allium sativum 9.9+0.5 10.3 + 0.6 10.3 + 0.6%
Carapa guianensis 9.2+09 9.9 +0.6" 9.7 + 0.94
Citrus sinensis 7.4+0.8 8.7 +0.84 6.9 + 1.04
Mentha piperita 8.7+0.9 7.5+ 1.14 7.0+ 1.04
Neem 103+06 10.1+0.8* 103 +0.9%
Origanum vulgare 92+0.8 9.1 +0.6" 7.8 +1.04
Piper nigrum 92+0.6 7.6 +0.84 7.4 +0.74
Syzygium aromaticum  10.3 £ 0.5 9.7 +0.84 7.9 +0.64
Thymus vulgare 73+0.9 8.2+ 084 7.0 +0.84
Zingiber officinalle 84+09 47+125%  30+1.0%

Means followed by the same uppercase per column or lowercase
per row do not differ by Student-Newman—Keuls test (p < 0.05).
+ Standard error (n = 18)

Sex ratio in the F, and F, generations

The F, and F, generation sex ratio of 7. galloi showed
no reduction when the A. kuehniella eggs with the egg-
larva, pupa and pre-pupa stages of this parasitoid were
dipped into the essential oils, except for O. vulgare and
S. aromaticum in the egg-larva stage of the F, generation
individuals (Table 5).

@ Springer

Discussion

The reduction in the emergence of the 7. galloi F, gener-
ation with A. sativum, C. guianensis, C. sinensis, Neem,
O. vulgare, S. aromaticum and Z. officinale, especially
when applied during the pupa stage demonstrated the side
effects of these oils on 7. galloi immatures. Some com-
pounds of these oils can penetrate the host corion, acting
upon the nervous system by inhibiting the acetylcholinest-
erase enzyme and causing involuntary movements such
as convulsions, followed by paralysis and death (Agarwal
et al. 2001; Gonzalez et al. 2013). In addition, compounds
such as 6a-acetoxiepoxiazadiradiona, 6a-acetoxy gedunin,
6b-acetoxy gedunin, 11b-acetoxy gedunin, 6a, 11b-diacetoxy
gedunin, 6b, 11b-diacetoxy gedunin, 6a-hydroxyl-gedunin
and 7-deacetoxy-7-oxogedunin of C. guianensis (Prophiro
et al. 2012), carvacrol and p-cymene of O. vulgare (Khalfi
et al. 2008), and dehydrozingerone and dehydroshogaol and
the mixture of dehydrozingerone and zingerone of Z. offici-
nale oils (Agarwal et al. 2001) act as growth regulators that
can also explain the emergence reduction in the 7. galloi F,
generation. The compounds from Z. officinale (dehydrozin-
gerone, dehydroshogaol and zingerone) increased the dura-
tion of each larva and pupa stage of Ceraeochrysa claveri
Navéas (Neuroptera: Chrysopidae) (Scudeler et al. 2016),
impeding molting and causing morphological anomalies and
mortality, as well as the nymphal Nezara viridula Linneus
(Hemiptera: Pentatomidae) stages, particularly during molt-
ing (Gonzalez et al. 2011). Similar developmental abnor-
malities were observed for Aedes aegypti Linnaeus (Dip-
tera: Culicidae) with C. guianensis (Prophiro et al. 2012);
Musca domestica Linnaeus (Diptera: Mucidae) with M.
piperita (Kumar et al. 2011) and Spodoptera litura Fabricius
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Table 4 Number of eggs of Anagasta kuehniella (Lepidoptera: Pyralidae) parasitized by females of the F, and F, of Trichogramma galloi
(Hymenoptera: Trichogrammatidae) treated in different immature stages and toxic class (TC)

Treatments Generation F, Generation F,
Egg-larva TC Pré-pupae TC Pupae TC Egg-larva TC Pré-pupae TC Pupae TC

Control 209+ 1.3%  _ 3374+13% _ 342416 - 31.1+13% -  324+13% -  323+15% -
Allium sativum 2224235 1 2274208 2 292+21* 1 295+16% 1 288+19% 1 276+23% 1
Carapa guianensis 164+18 2 224+18% 2 265+1.6° 1 31.0+15% 1 266+13% 1 272+22 1
Citrus sinensis 191430 2 219+20% 2 278+28 1 309+19% 1 279+27% 1 260+26* 1
Mentha piperita 249+13*8 1 246+17% 1 257+21 1 288+19% 1 259+23% 1 253+34* 1
Neem 229+14% 1 234+18% 2 278+19 1 305+1.8* 1 288+22% 1 276=+16" 1
Origanum vulgare 2244255 1 2214218 2 279415 1 249+24* 1 300+23% 1 234+38" 1
Piper nigrum 310+ 114 1 247+27% 1 298+1.0*° 1 263+32% 1 288+21% 1  329+15% 1
Syzygium aromaticum  25.9 + 2.1°8% ] 24.0+248° ] 304 +1.7% 1 323 +26" 1 249 +33% 1 279 +29% 1
Thymus vulgare 260108 1 261+14% 1 271422 1 294+26* 1 298+19% 1 242+25% 1
Zingiber officinalle 189+1.8°P° 2 2334218 2 262+22° 1 163+3.0% 2 143+278 2 6.7 +2.6% 3

Means followed by the same uppercase per column or lowercase per row does not differ by Student—-Newman—Keuls test (p < 0.05). Toxic class
(Sterk et al. 1999): TC1 = innocuous; TC2 = slightly harmful; TC3 = moderately harmful; TC4 = harmful. + Standard error (n = 18)

Table 5 Sex ratio of the F, and F, individual of Trichogramma galloi (Hymenoptera: Trichogrammatidae) coming from Anagasta kuehniella
(Lepidoptera: Pyralidae) treated with parasitoids in different immature stages

Treatments Generation F, Generation F,
Egg-larva Pré-pupae Pupae Egg-larva Pré-pupae Pupae

Control 0.67 +0.074 0.69 + 0.07 0.67 + 0.08 0.50 + 0.08AB 0.56 + 0.07 0.51 +0.08
Allium sativum 0.48 + 0.07°B 0.51 +0.08 0.47 + 0.08 0.61 + 0.06"B2 0.61 + 0.05a 0.48 + 0.08°
Carapa guianensis 0.45 + 0.074B 0.47 +0.08 0.46 + 0.09 0.63 + 0.06" 0.52 + 0.08° 0.63 + 0.05
Citrus sinensis 0.47 + 0.06"B 0.43 +0.08 0.48 + 0.08 0.46 + 0.09°B 0.50 + 0.07 0.46 + 0.07
Mentha piperita 0.48 + 0.09”B 0.44 + 0.09 0.45 +0.08 0.55 + 0.06"B 0.40 + 0.07 0.46 + 0.06
Neem 0.48 + 0.074B 0.44 + 0.08 0.43 +0.09 0.60 + 0.044B2 0.49 + 0.07° 0.46 + 0.08°
Origanum vulgare 0.69 + 0.054 0.57 + 0.07% 0.52 + 0.07% 0.45 + 0.085° 0.63 + 0.06% 0.45 + 0.06"
Piper nigrum 0.41 + 0.074B 0.45 +0.08 0.48 + 0.08 0.47 + 0.074B 0.45 + 0.07 0.46 + 0.08
Syzygium aromaticum 0.49 + 0.074B 0.50 + 0.07 0.52 + 0.07 0.41 + 0.085° 0.49 + 0.08%° 0.65 + 0.04%
Thymus vulgare 0.42 + 0.08"B 0.48 +0.08 0.47 +0.08 0.53 + 0.06"B 0.55 + 0.06 0.56 + 0.06
Zingiber officinalle 0.45 + 0.08°B 0.47 + 0.08 0.51 +0.09 0.48 + 0.06"B® 0.61 + 0.07* 0.43 + 0.05%

Means followed by the same uppercase per column or lowercase per row does not differ by Student—-Newman—Keuls test (p < 0.05). + Standard

error (n = 18)

(Lepidoptera: Noctuidae) with Neem (Packiam and Ignaci-
muthu 2012). Reduction in emergence due to essential oils
was also reported for Spodoptera frugiperda Smith (Lepi-
doptera: Noctuidae) (Tavares et al. 2009) with Neem; Ephe-
stia kuehniella Zeller (Lepidoptera: Pyralidae), Sitophilus
zeamais Motschulsky (Coleoptera: Curculionidae) and 7ri-
bolium castaneum Herbst (Coleoptera: Tenebrionidae) with
A. sativum and Z. officinale (Agarwal et al. 2001; Mikhaiel
2011); Alphitobius diaperinus Panzer (Coleoptera: Tene-
brionidae) and Rhipicephalus microplus Canestrini (Acari:
Ixodidae) with O. vulgare (Mendes et al. 2011).

The lowest longevity of F, generation 7. galloi females
with Z. officinale agrees with the lowest value of the

parasitoid emergence treated during pre-pupa and pupa
stages. Terpenoids, such as sesquiterpene hydrocarbons
(50-60%), oxygenated sesquiterpenes (17%), monoterpene
hydrocarbons and oxygenated monoterpenes of Z. officinale
may not kill (Agarwal et al. 2001); however, they induced
sublethal effects by acting on the nervous and neuromuscu-
lar systems or caused deformations in immature and adult
insects. These compounds may alter the morphological and
physiological characteristics, such as reducing the size of
parasitoids and predators (Ahmad et al. 2003; Charleston
et al. 2005), and causing deformities or abnormalities in the
adult gut (Singh et al. 2008), which could jeopardize the T.
galloi longevity. The side effects caused by essential oils
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are very variable among non-target species. For example,
Z. zerumet was at least ten times more toxic for Anisoptero-
malus calandrae (Howard) than T. deion (Pinto and Oat-
man) (Suthisut et al. 2011). Ferula assafoetida essential oil
reduced drastically the longevity of T. embryophagum (Har-
tig) and T. evanescens (Westwood) (Poorjavad et al. 2014),
so it was strongly suggested not to apply this oil and make
wasp release simultaneously.

The lower parasitism rate of F; T. galloi generation
females by the A. sativum, C. guianesis, C. sinesis, Neem,
O. vulgare and Z. officinale essential oils in the egg-larva
and pre-pupa stages, and Z. officinale in the egg-larval, pupa
and pre-pupa stages of the F, generation resulted from the
sublethal effects on the immature stages of this parasitoid.
Carapa guianensis, C. sinesis and O. vulgare have ovicidal
and larvicidal actions inducing malformations in A. aegypti,
M. domestica and Amblyomma cajennense Fabricius (Ixodi-
dae: Ixodida) adults (Mendes et al. 2011; Kumar et al. 2012;
Prophiro et al. 2012), as well as reducing egg laying and
increasing the number of infertile eggs. Malformation in the
adult reduces efficiency, physical condition and reproduction
as observed for Rhynocoris kumarii Ambrose and Living-
ston (Hemiptera: Reduviidae) (George and Ambrose 2004).
Azadirachtin acts as an insect growth regulator (Zanuncio
et al. 2016), interfering in biochemical and physiological
functions (Campos et al. 2016) and affecting the parasit-
ism capacity of Uscana lariophaga Steffan (Hymenoptera:
Trichogrammatidae), Dinarmus basalis Rondani (Hyme-
noptera: Pteromalidae) (Boeke et al. 2003), Eretmocerus
rui Zolnerowich and Rose (Hymenoptera: Aphelinidae)
(Hammad and McAuslane 2006) and 7. pretiosum Riley
(Hymenoptera: Trichogramatidae) (Correia et al. 2013).
For Z. officinale, the low parasitism rate of 7. galloi in the
two generations was the most important characteristics and
explained the reduced emergence rate with this oil. Com-
pounds such as gingerols, dehydroshogaol and phenolic
alkenones of Z. officinale disturb the metabolism of the
epithelial membrane by affecting the ecdysone-dependent
production on the Cyt-P450 and monooxygenases actions
(Singh et al. 2008; Cui et al. 2016). This inhibits the chitin
synthesis system and the antioxidant enzyme by affecting
insect growth and reproduction with intestinal and endocri-
nal disorders (Agarwal et al. 2001).

The parasitism rates of Dinarmus basalis (Rond.) (Hyme-
noptera: Pteromalidae) were reduced by more than 80% with
sublethal doses of Artemisia herba-alba and A. campestris
oils, whereas for Triaspis luteipes (Thompson) (Hyme-
noptera: Braconidae), this parameter was only reduced by
20-35% under the same experimental conditions (Titouhi
et al. 2017). Already, Piper aduncum oil had no side effects
in Telenomus podisi (Ashmead) (Hymenoptera: Platygastri-
dae) and Trissolcus urichi (Crawford) (Hymenoptera: Plat-
ygastridae) (Turchen et al. 2016), evidencing different
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susceptibility levels and toxicity among parasitoid species
and essential oils, respectively.

Allium sativum, C. guianensis, C. sinensis, Neem, O. vul-
gare and S. aromaticum reduced the emergence and parasit-
ism of the F; T. galloi generation females by 30-79%. How-
ever, these parameters were not affected in the F, generation,
suggesting that 7. galloi individuals developed some post-
transgenerational tolerance/resistance mechanism to these
oils and/or their components as observed for resistance to
Neem oil (Feng and Isman 1995). The resistance mecha-
nisms are at least as diverse as those involved with chemi-
cal insecticides (Siegwart et al. 2015), and they could be
detoxified mainly by the Cyt-P450 (Cui et al. 2016). Further
research is required to determine the possible mechanism
involved in T. galloi post-transgenerational tolerance to these
oils. In addition, given that the essential oils of these plants
did not lead to evident side effects for subsequent T. gal-
loi generations, the possibility of assuming a performance
reduction in the F; generation of this parasitoid caused from
the essential oils following the first application should be
evaluated.

A similar sex ratio in the F, and F, generations of 7. gal-
loi agrees with the finding that this parameter varies more
commonly due to food and host quality or the bacterium
Wolbachia in the Trichogramma parasitoids (Heimpel and
Boer 2008). The sex ratio above 0.5 in the F; and F, gen-
erations is important to conserve the parasitoid 7. galloi in
classical biological control programs (Vianna et al. 2009).

The main market niche of plant essential oils is the
organic food production (Isman et al. 2011), and these prod-
ucts are an economically viable alternative for small farmers
to control pests (Mkenda et al. 2015). However, the use of
non-selective natural products, authorized in these crop-
ping systems, may not be compatible with biological control
agents (Silva and Bueno, 2015), as well as most essential oils
used here that were not selective for 7. galloi immatures. In
addition, the possible phytotoxic effects on the crop(s) of
interest should also be evaluated, because for example, P.
nigrum did not cause damage on T. galloi immatures, but
there is evidence that sarmentine from Piper species has
potential bioherbicidal effects (Dayan et al. 2015).

Conclusions

Allium sativum, C. guianensis, C. sinensis, Neem, O. vulgare
and S. aromaticum reduced the emergence and parasitism of
the T. galloi F, generation by 30-79%. Zingiber officinale oil
was the most harmful to this parasitoid, reducing the longev-
ity of the F; females and the emergence and parasitism of the
F, and F, generations by 30-99%, showing that this oil is not
compatible with this parasitoid in IPM programs. Mentha
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piperita, Piper nigrum and T. vulgaris exerted a low impact
on the biological aspects of immature 7. galloi.

Author contribution statement

DSP, JCZ and JES designed the research; DSP and RAC
performed the experiments; DSP, RAC and JES analyzed
the data and wrote the draft. DSP, RAC, GSR, GLDL, JCZ,
LRB, PGL and JES wrote, corrected and approved the
manuscript.

Acknowledgements We thank to the Dr. Phillip Villani (University of
Melbourne) revised and corrected the English language used in this
manuscript.

Funding This study was funded by the “Conselho Nacional de Desen-
volvimento Cientifico e Tecnoldgico (CNPq)”, “Coordenacdo de Aper-
feicoamento de Pessoal de Nivel Superior (CAPES)”, “Fundagdo de
Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG)” and the
“Programa Cooperativo sobre Protecao Florestal/PROTEF do Instituto
de Pesquisas e Estudos Florestais/IPEF”.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Human and animal rights This article does not contain any studies
with human participants or animals (other than insects) performed by
any of the authors.

References

Agarwal M, Walia S, Dhingra S, Khambay DPS (2001) Insect growth
inhibition, antifeedant and antifungal activity of compounds iso-
lated/derived from Zingiber officinale Roscoe (ginger) rhizomes.
Pest Manag Sci 57:289-300. https://doi.org/10.1002/ps.263

Ahmad M, Ossiewatsch HR, Basedow T (2003) Effects of
neem-treated aphids as food/hosts on their predators and
parasitoids. J Appl Entomol 127:458-464. https://doi.
org/10.1046/7.0931-2048.2003.00779.x

Alcantara-de la Cruz R, Zanuncio JC, Lacerda MC et al (2017) Side-
effects of pesticides on the generalist endoparasitoid Palmistichus
elaeisis (Hymenoptera: Eulophidae). Sci Rep 7:10064. https://doi.
org/10.1038/s41598-017-10462-3

Boeke SJ, Sinzogan AAC, Almeida RP et al (2003) Side-effects of
cowpea treatment with botanical insecticides on two parasitoids of
Callosobruchus maculatus. Entomol Exp Appl 108:43-51. https://
doi.org/10.1046/j.1570-7458.2003.00066.x

Campos EVR, Oliveira JL, Pascoli M, Lima R, Fraceto LF (2016)
Neem oil and crop protection: from now to the future. Front Plant
Sci 7:1494. https://doi.org/10.3389/fpls.2016.01494

Cantrell CL, Dayan FE, Duke SO (2012) Natural products as sources
for new pesticides. J Nat Prod 75:1231-1242. https://doi.
org/10.1021/np300024u

Carvalho GA, Godoy MS, Parreira DS et al (2010) Selectiv-
ity of growth regulators and neonicotinoids for adults of

Trichogramma pretiosum (Hymenoptera: Trichogrammatidae).
Rev Colomb Entomol 36:195-201

Charleston DS, Kfir R, Dicke M, Vet LEM (2005) Impact of botani-
cal pesticides derived from Melia azedarach and Azadirachta
indica on the biology of two parasitoid species of the diamond-
back moth. Biol Control 33:131-142. https://doi.org/10.1016/].
biocontrol.2005.02.007

Correia AA, Wanderley-Teixeira V, Teixeira ACC et al (2013) Micro-
scopic analysis Spodoptera frugiperda (Lepidoptera: Noctui-
dae) embryonic development before and after treatment with
azadirachtin, lufenuron, and deltamethrin. J Econ Entomol
106:747-755. https://doi.org/10.1603/EC12158

Cui S, Wang L, Ma L, Geng X (2016) P450-mediated detoxification
of botanicals in insects. Phytoparasitica 44:585-599. https://doi.
org/10.1007/s12600-016-0550-1

Dapkevicius A, Venskutonis R, Beek TA et al (1998) Anti-
oxidant activity of extracts obtained by different isola-
tion procedures from some aromatic herbs grown in Lithu-
ania. J Sci Food Agric 77:140-146. https://doi.org/10.1002/
(SICD)1097-0010(199805)77:13.0.CO;2-K

Dayan FE, Owens DK, Watson SB, Asolkar RN, Boddy LG (2015)
Sarmentine, a natural herbicide from Piper species with multiple
herbicide mechanisms of action. Front Plant Sci 6:222. https://doi.
org/10.3389/fpls.2015.00222

Desneux N, Decourtye A, Delpuech JM (2007) The sublethal effects
of pesticides on beneficial arthropods. Annu Rev Entomol 52:81—
106. https://doi.org/10.1146/annurev.ento.52.110405.091440

Feng R, Isman M (1995) Selection for resistance to azadirachtin in
the green peach aphid, Mysus persicae. Experientia 51:831-833.
https://doi.org/10.1007/BF01922438

George PJE, Ambrose DP (2004) Impact of insecticides on the
haemogram of Rhynocoris kumarii ambrose and livingstone
(Hem., Reduviidae). J Appl Entomol 128:600-604. https://doi.
org/10.1111/1.1439-0418.2004.00896.x

Gerwick BC, Sparks TC (2014) Natural products for pest control: an
analysis of their role, value and future. Pest Manag Sci 70:1169—
1185. https://doi.org/10.1002/ps.3744

Gonzélez JOW, Gutiérrez MM, Murray A, Ferrero AA (2011) Com-
position and biological activity of essential oils from Labiatae
against Nezara viridula (Hemiptera: Pentatomidae) soybean pest.
Pest Manag Sci 67:948-955. https://doi.org/10.1002/ps.2138

Gonzalez JOW, Laumann RA, Silveira S et al (2013) Lethal and sub-
lethal effects of four essential oils on the egg parasitoids Trissol-
cus basalis. Chemosphere 92:608-615. https://doi.org/10.1016/j.
chemosphere.2013.03.066

Hammad EA, Mcauslane HJ (2006) Effect of Melia azedarach
L. extract on Bemisia argentifolii (Hemiptera: Aleyrodi-
dae) and its biocontrol agent Eretmocerus rui (Hymenop-
tera: Aphelinidae). Environ Entomol 35:740-745. https://doi.
org/10.1603/0046-225X-35.3.740

Heimpel GE, Boer JG (2008) Sex determination in the hymenoptera.
Annu Rev Entomol 53:209-230. https://doi.org/10.1146/annurev.
ent0.53.103106.093441

Isas M, Albarracin EL, Pérez MLP, Salvatore A (2016) Trichogramma
(Hymenoptera: Trichogrammatidae) species, egg parasitoids of
Diatraea saccharalis (Lepidoptera: Crambidae) on sugarcane
(Poales: Poaceae) in Argentina. Fla Entomol 99:133-134. https://
doi.org/10.1653/024.099.0128

Isman MB, Miresmailli S, Machial C (2011) Commercial opportunities
for pesticides based on plant essential oils in agriculture, industry
and consumer products. Phytochem Rev 10:197-204. https://doi.
org/10.1007/s11101-010-9170-4

Khalfi O, Sahraoui N, Bentahar F, Boutekedjiret C (2008) Chemical
composition and insecticidal properties of Origanum glandulosum
(Dest.) essential oil from Algeria. J Sci Food Agric 88:1562—
1566. https://doi.org/10.1002/jsfa.3251

@ Springer


https://doi.org/10.1002/ps.263
https://doi.org/10.1046/j.0931-2048.2003.00779.x
https://doi.org/10.1046/j.0931-2048.2003.00779.x
https://doi.org/10.1038/s41598-017-10462-3
https://doi.org/10.1038/s41598-017-10462-3
https://doi.org/10.1046/j.1570-7458.2003.00066.x
https://doi.org/10.1046/j.1570-7458.2003.00066.x
https://doi.org/10.3389/fpls.2016.01494
https://doi.org/10.1021/np300024u
https://doi.org/10.1021/np300024u
https://doi.org/10.1016/j.biocontrol.2005.02.007
https://doi.org/10.1016/j.biocontrol.2005.02.007
https://doi.org/10.1603/EC12158
https://doi.org/10.1007/s12600-016-0550-1
https://doi.org/10.1007/s12600-016-0550-1
https://doi.org/10.1002/(SICI)1097-0010(199805)77:13.0.CO;2-K
https://doi.org/10.1002/(SICI)1097-0010(199805)77:13.0.CO;2-K
https://doi.org/10.3389/fpls.2015.00222
https://doi.org/10.3389/fpls.2015.00222
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1007/BF01922438
https://doi.org/10.1111/j.1439-0418.2004.00896.x
https://doi.org/10.1111/j.1439-0418.2004.00896.x
https://doi.org/10.1002/ps.3744
https://doi.org/10.1002/ps.2138
https://doi.org/10.1016/j.chemosphere.2013.03.066
https://doi.org/10.1016/j.chemosphere.2013.03.066
https://doi.org/10.1603/0046-225X-35.3.740
https://doi.org/10.1603/0046-225X-35.3.740
https://doi.org/10.1146/annurev.ento.53.103106.093441
https://doi.org/10.1146/annurev.ento.53.103106.093441
https://doi.org/10.1653/024.099.0128
https://doi.org/10.1653/024.099.0128
https://doi.org/10.1007/s11101-010-9170-4
https://doi.org/10.1007/s11101-010-9170-4
https://doi.org/10.1002/jsfa.3251

894

Journal of Pest Science (2018) 91:887-895

Khan MA, Khan H, Ruberson JR (2015) Lethal and behavioral
effects of selected novel pesticides on adults of Trichogramma
pretiosum (Hymenoptera: Trichogrammatidae). Pest Manag Sci
71:1640-1648. https://doi.org/10.1002/ps.3972

Kumar P, Mishra S, Malik A, Satya S (2011) Repellent, larvicidal
and pupicidal properties of essential oils and their formula-
tions against the housefly, Musca domestica. Med Vet Entomol
25:302-310. https://doi.org/10.1111/j.1365-2915.2011.00945.x

Kumar P, Mishra S, Malik A, Satya A (2012) Efficacy of Mentha
piperita and Mentha citrata essential oils against housefly,
Musca domestica L. Ind Crop Prod 39:106-112. https://doi.
org/10.1016/j.indcrop.2012.02.021

Luiz AL, Perlatti B, Marques FA et al (2017) Efficacy of botanical
extracts from Brazilian savannah against Diabrotica speciosa
and associated bacteria. Ecol Res 32:435-444. https://doi.
org/10.1007/s11284-017-1454-3

Mendes AS, Daemon E, Monteiro CMO et al (2011) Acaricidal
activity of thymol on larvae and nymphs of Amblyomma cajen-
nense (Acari: Ixodidae). Vet Parasitol 183:136—139. https://doi.
org/10.1016/j.vetpar.2011.07.007

Mikhaiel AA (2011) Potential of some volatile oils in protecting
packages of irradiated wheat flour against Ephestia kuehn-
iella and Tribolium castaneum. J Stored Prod Res 47:357-364.
https://doi.org/10.1016/j.jspr.2011.06.002

Miresmailli S, Isman MB (2014) Botanical insecticides inspired by
plant-herbivore chemical interactions. Trends Plant Sci 19:29—
35. https://doi.org/10.1016/j.tplants.2013.10.002

Mkenda P, Mwanauta R, Stevenson PC et al (2015) Extracts from
field margin weeds provide economically viable and environ-
mentally benign pest control compared to synthetic pesticides.
PLoS ONE 10:e0143530. https://doi.org/10.1371/journal.
pone.0143530

Ndakidemi B, Mtei K, Ndakidemi PA (2016) Impacts of synthetic
and botanical pesticides on beneficial insects. Agric Sci 7:364—
372. https://doi.org/10.4236/as.2016.76038

Packiam SM, Ignacimuthu S (2012) Effect of PONNEEM# on Spo-
doptera litura (Fab.) and its compatibility with Trichogramma
chilonis Ishii. Braz Arch Biol Technol 55:291-298. https://doi.
org/10.1590/S1516-89132012000200016

Plata-Rueda A, Martinez LC, Santos MHD et al (2017) Insecticidal
activity of garlic essential oil and their constituents against
the mealworm beetle, Tenebrio molitor Linnaeus (Coleoptera:
Tenebrionidae). Sci Rep 7:46406. https://doi.org/10.1038/
srep46406

Poorjavad N, Goldansaz SH, Dadpour H, Khajehali J (2014) Effect
of Ferula assafoetida essential oil on some biological and
behavioral traits of Trichogramma embryophagum and T. eva-
nescens. Biocontrol 59(59):403-413. https://doi.org/10.1007/
$10526-014-9583-x

Prophiro JS, Silva MAN, Kanis LA et al (2012) Evaluation of time
toxicity, residual effect, and growth-inhibiting property of Car-
apa guianensis and Copaifera sp. in Aedes aegypti. Parasitol
Res 110:713-719. https://doi.org/10.1007/s00436-011-2547-5

Raguraman S, Kannan M (2014) Non-target effects of botani-
cals on beneficial arthropods with special reference to
Azadirachta indica. In: Singh D (ed) Advances in plant
biopesticides. Springer, New Delhi, pp 173-205. https://doi.
org/10.1007/978-81-322-2006-0_10

Regnault-Roger C, Vincent C, Arnason JT (2012) Essential oils
in insect control: low-risk products in a high-stakes world.
Annu Rev Entomol 57:405-424. https://doi.org/10.1146/
annurev-ento-120710-100554

Ribeiro RC, Zanuncio TV, Ramalho FS et al (2015) Feeding and
oviposition of Anticarsia gemmatalis (Lepidoptera: Noctui-
dae) with sublethal concentrations of ten condiments essential

@ Springer

oils. Ind Crops Prod 74:139-143. https://doi.org/10.1016/j.
indcrop.2015.03.057

Scudeler EL, Garcia ASG, Padovani CR, Pinheiro PFF, Santos
DC (2016) Cytotoxic effects of neem oil in the midgut of the
predator Ceraeochrysa claveri. Micron 80:96—111. https://doi.
org/10.1016/j.micron.2015.10.005

Siegwart M, Graillot B, Blachere-Lopez C et al (2015) Resistance to
bio-insecticides or how to enhance their sustainability: a review.
Front Plant Sci 6:381. https://doi.org/10.3389/fpls.2015.00381

Silva DM, Bueno AF (2015) Organic products selectivity for Trich-
ogramma pretiosum (Hymenoptera: Trichogrammatidae). Arq
Inst Biol 82:1-8. https://doi.org/10.1590/1808-1657000422013

Singh G, Kapoor IPS, Singh P et al (2008) Chemistry, antioxidant
and antimicrobial investigations on essential oil and oleores-
ins of Zingiber officinale. Food Chem Toxicol 46:3295-3302.
https://doi.org/10.1016/j.fct.2008.07.017

Soares MA, Leite GLD, Zanuncio JC et al (2007) Note: flight capac-
ity, parasitism and emergence of five Trichogramma (Hyme-
noptera: Trichogrammatidae) species from forest areas in
Brazil. Phytoparasitica 35:314-318. https://doi.org/10.1007/
BF02981165

Sterk G, Hassan SA, Baillod M et al (1999) Results of the sev-
enth joint pesticide testing programme carried out by the
IOBC/WPRS working group ‘pesticides and beneficial
organisms’. Biocontrol 44:99-117. https://doi.org/10.102
3/A:1009959009802

Suthisut D, Fields PG, Chandrapatya A (2011) Fumigant toxicity of
essential oils from three Thai plants (Zingiberaceae) and their
major compounds against Sitophilus zeamais, Tribolium cas-
taneum and two parasitoids. J Stored Prod Res 47:222-230.
https://doi.org/10.1016/j.jspr.2011.03.002

Tavares WS, Cruz I, Petacci F et al (2009) Potential use of Aster-
aceae extracts to control Spodoptera frugiperda (Lepidoptera:
Noctuidae) and selectivity to their parasitoids Trichogramma
pretiosum (Hymenoptera: Trichogrammatidae) and Telenomus
remus (Hymenoptera: Scelionidae). Ind Crops Prod 30:384—
388. https://doi.org/10.1016/j.indcrop.2009.07.007

Tavares WS, Costa MA, Cruz I et al (2010) Selective effects of
natural and synthetic insecticides on mortality of Spodoptera
frugiperda (Lepidoptera: Noctuidae) and its predator Eriopis
connexa (Coleoptera: Coccinellidae). J Environ Sci Health B
45:557-561. https://doi.org/10.1080/03601234.2010.493493

Tavares WS, Cruz I, Petacci F et al (2011) Insecticide activity of
piperine: toxicity to eggs of Spodoptera frugiperda (Lepidop-
tera: Noctuidae) and Diatraea saccharalis (Lepidoptera: Pyrali-
dae) and phytotoxicity on several vegetables. J] Med Plants Res
5:5301-5306

Titouhi F, Amri M, Messaoud C et al (2017) Protective effects of
three Artemisia essential oils against Callosobruchus maculatus
and Bruchus rufimanus (Coleoptera: Chrysomelidae) and the
extended side-effects on their natural enemies. J Stored Prod
Res 72:11-20. https://doi.org/10.1016/j.jspr.2017.02.007

Turchen LM, Piton LP, Dall’Oglio EL, Butnariu AR, Pereira MJB
(2016) Toxicity of Piper aduncum (Piperaceae) essential oil
against Euschistus heros (F.) (Hemiptera: Pentatomidae) and
non-effect on egg parasitoids. Neotrop Entomol 45:604-611.
https://doi.org/10.1007/s13744-016-0409-7

Vianna UR, Pratissoli D, Zanuncio JC et al (2009) Insecticide toxic-
ity to Trichogramma pretiosum (Hymenoptera: Trichogramma-
tidae) females and effects on descendant generation. Ecotoxicol-
ogy 18:180-186. https://doi.org/10.1007/s10646-008-0270-5

Wang Y, Wu C, Cang T et al (2014a) Toxicity risk of insecticides to
the insect egg parasitoid Trichogramma evanescens Westwood
(Hymenoptera: Trichogrammatidae). Pest Manag Sci 70:398-
404. https://doi.org/10.1002/ps.3571


https://doi.org/10.1002/ps.3972
https://doi.org/10.1111/j.1365-2915.2011.00945.x
https://doi.org/10.1016/j.indcrop.2012.02.021
https://doi.org/10.1016/j.indcrop.2012.02.021
https://doi.org/10.1007/s11284-017-1454-3
https://doi.org/10.1007/s11284-017-1454-3
https://doi.org/10.1016/j.vetpar.2011.07.007
https://doi.org/10.1016/j.vetpar.2011.07.007
https://doi.org/10.1016/j.jspr.2011.06.002
https://doi.org/10.1016/j.tplants.2013.10.002
https://doi.org/10.1371/journal.pone.0143530
https://doi.org/10.1371/journal.pone.0143530
https://doi.org/10.4236/as.2016.76038
https://doi.org/10.1590/S1516-89132012000200016
https://doi.org/10.1590/S1516-89132012000200016
https://doi.org/10.1038/srep46406
https://doi.org/10.1038/srep46406
https://doi.org/10.1007/s10526-014-9583-x
https://doi.org/10.1007/s10526-014-9583-x
https://doi.org/10.1007/s00436-011-2547-5
https://doi.org/10.1007/978-81-322-2006-0_10
https://doi.org/10.1007/978-81-322-2006-0_10
https://doi.org/10.1146/annurev-ento-120710-100554
https://doi.org/10.1146/annurev-ento-120710-100554
https://doi.org/10.1016/j.indcrop.2015.03.057
https://doi.org/10.1016/j.indcrop.2015.03.057
https://doi.org/10.1016/j.micron.2015.10.005
https://doi.org/10.1016/j.micron.2015.10.005
https://doi.org/10.3389/fpls.2015.00381
https://doi.org/10.1590/1808-1657000422013
https://doi.org/10.1016/j.fct.2008.07.017
https://doi.org/10.1007/BF02981165
https://doi.org/10.1007/BF02981165
https://doi.org/10.1023/A:1009959009802
https://doi.org/10.1023/A:1009959009802
https://doi.org/10.1016/j.jspr.2011.03.002
https://doi.org/10.1016/j.indcrop.2009.07.007
https://doi.org/10.1080/03601234.2010.493493
https://doi.org/10.1016/j.jspr.2017.02.007
https://doi.org/10.1007/s13744-016-0409-7
https://doi.org/10.1007/s10646-008-0270-5
https://doi.org/10.1002/ps.3571

Journal of Pest Science (2018) 91:887-895 895

Wang ZY, He KL, Zhang F, Luc X, Babendreier D (2014b) Mass Zanuncio JC, Mourdo SA, Martinez LC et al (2016) Toxic effects of

rearing and release of Trichogramma for biological control of the neem oil (Azadirachta indica) formulation on the stink bug
insect pests of corn in China. Biol Control 68:136—144. https:// predator, Podisus nigrispinus (Heteroptera: Pentatomidae). Sci
doi.org/10.1016/j.biocontrol.2013.06.015 Rep 6:30261. https://doi.org/10.1038/srep30261

Wang D, Lu L, He L (2017) Effects of insecticides on sex pheromone
communication and mating behavior in Trichogramma chilonis. J
Pest Sci. https://doi.org/10.1007/s10340-017-0864-x

@ Springer


https://doi.org/10.1016/j.biocontrol.2013.06.015
https://doi.org/10.1016/j.biocontrol.2013.06.015
https://doi.org/10.1007/s10340-017-0864-x
https://doi.org/10.1038/srep30261

	Essential oils cause detrimental effects on biological parameters of Trichogramma galloi immatures
	Abstract
	Key message
	Introduction
	Materials and methods
	Botanical essential oils and parasitoids
	Bioassays
	Statistical analysis

	Results
	Emergence of the F1 and F2 generations
	Longevity of the F1 generation females
	Parasitism of females of the F1 and F2 generations
	Sex ratio in the F1 and F2 generations

	Discussion
	Conclusions
	Author contribution statement
	Acknowledgements 
	References




