Plant Health

https://doi.org/10.71252/2177-34912025720007

% 3
Cores /W

ISSN: 2177-3491

Compatibility of mixtures of phytosanitary products recommended for
melon and their selectivity for Trichogramma pretiosum Riley (Hymenop-
tera: Trichogrammatidae)'

Karolina Rafrana da Silva de Araijo®* (®), Raimundo Henrique Ferreira Rodrigues’ (2, Antonia Karine Mesquita

Fernandes’ (), Valentine de Lima Almeida’ (9, Mauricio Sekiguchi de Godoy* (), Patrik Luiz Pastori*

! Project funded by CNPq, CAPES and FUNCAP.

2 Universidade Federal do Ceara, Departamen-
to de Fitotecnia, Fortaleza, CE, Brazil. rafranna.
karolina@gmail.com;  raimundoagroll7@gmail.
com; akarinemfernandes@gmail.com; valentined.
limaal@gmail.com

3 Universidade Federal Rural do Semi-Arido, De-
partamento de Ciéncias Agronomicas e Florestais,
Mossor6, RN, Brazil. msdgodoy@ufersa.edu.br

4Universidade Federal da Grande Dourados, Facul-
dade de Ciéncias Agrarias, Dourados, MS, Brazil.
patrikpastori@ufgd.edu.br

*Corresponding author: rafranna.karolina@gmail.
com

Editors:
Renato de Almeida Sarmento
Danielle Fabiola Pereira da Silva

Submitted: November 9", 2023.
Accepted: September 4%, 2024.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY), which
permits unrestricted use, distribution, and reproduction in any medium, as long as the original work is properly cited.

ABSTRACT

In pest control, understanding insecticide compatibility
and selectivity is crucial to effectively integrate the use of
insecticides and parasitoids. The aim of this study was to
evaluate the compatibility of mixtures of insecticides and
fungicides recommended for melon and their selectivity
in Trichogramma pretiosum Riley (Hymenoptera: Tricho-
grammatidae). The were evaluated the compatibility of six
mixtures: 1) Spinetoram + Pyraclostrobin and Fluxapy-
roxad; 2) Cyromazine + Pyraclostrobin and Fluxapyroxad;
3) Cyproconazole + Spinetoram; 4) Cyantraniliprole +
Abamectin + Metiram and Pyraclostrobin; 5) Spinetoram
+ Azoxystrobin and Difenoconazole; 6) Abamectin +
Cyantraniliprole; and a Control (distilled water). The
compatible mixtures were applied to Anagasta kuehniella
(Zeller, 1879) (Lepidoptera: Pyralidae) eggs, before and
after T pretiosum parasitism. Was evaluated: mortality
of adult T pretiosum females after exposure to treated
eggs, parasitism, emergence and number of parasitoids
emerged/egg. Only treatment 4 showed change in physical
stability after 5 minutes. In selectivity tests, treatments 1,
3, and 5 caused greater mortality (>47%) of female adults.
In pre-parasitism, parasitism (>77%) and emergence
(>76%) were observed in all treatments, and all the
mixtures were classified as innocuous to the parasitoid in
these parameters. In post-parasitism, treatments affected
negatively emergence (>51%) and number of parasitoids/
egg at the three ages studied. Therefore, all mixtures were
considered stable and viable for use with 7. pretiosum, as

long as they were applied before parasitoid releases.
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INTRODUCTION

Melon (Cucumis melo L.) is a vegetable crop widely
grown in tropical and sub-tropical regions of the world
(Garcia-Mas et al., 2012). Brazil is among the largest pro-
ducers of the crop worldwide, achieving production levels
greater than 650 thousand metric tons annually (FAO,
2024). The Northeast region is responsible for around 80%
of Brazilian production (IBGE, 2023).

In spite the precautions inherent to the production
system and of crop adaptation to the growing regions,
phytosanitary problems arise, especially the occurrence of
pests and diseases (Guimardes & Aragdo, 2019; Fernandes
et al., 2019),-which can compromise fruit productivity and
quality, generating the need for additional care that can
increase cost (Trindade ef al., 2007; Medeiros et al., 2008).

Within this scenario, Integrated Pest and Disease
Management (IPDM) is adopted to maintain the population
levels of pests and infestations of diseases below the level
of economic damage (Lima et al., 2012). In this context, the
use of agricultural chemicals constitutes an important tool
for control (Lima et al., 2012; Pastori et al., 2019). Due to
the short fact that the crop has a short phenological cycle
and the presence of several noxious agents is simultaneous-
ly affected, the increased use of mixtures of phytosanitary
products in the spray tank has been observed, as a single
pesticide does not have a spectrum of acition capable of
controlling all pests and diseases that occur simultaneously
(Guimaraes, 2014; Gazziero, 2015).

The mixture of phytosanitary products permitted by
legislation (Decree Portaria n° 148 of 26 December 2018)
— aims at improving operation of the system, reducing
costs and time with spraying (Prado et al., 2011; Gazziero,
2015). Nevertheless, this practice presents technical and
environmental challenges, as there is little information
about the mixtures used in the field, which may result in
the inefficiency, due to incompatibility (physical or chemi-
cal), or even improvement in efficiency, due to synergistic
effects (Nash, 1967; Gazziero & Souza, 1993; Ronchi
et al., 2002; Petter et al., 2013).

Furthermore, within the assumptions of the IPDM, the
possibilities of integration chemical and biological control,
with the use of parasitoids of the genus Trichogramma
(Hymenoptera: Trichogrammatidae) which has been
widely studied and used in control in various crops (Melo
et al., 2007; Pratissoli et al. 2011; Bueno et al., 2012;
Foresti et al., 2013; Ko et al., 2014; Pastori et al., 2019;
Oliveira et al., 2020). In-melon crop, around 50,000 adult

parasitoids / hectare are released weekly at at least 24 sites
for control of defoliating insects, beginning at 15 to 20 days
after transplanting (Brasil, 2013).

To make insecticide and parasitoid integration feasible
in the production system, it is necessary to understand the
lethal and sublethal effects of the chemical products so as to
plan for and intersperse parasitoid releases and application
of the products (Rakes, 2021). Although several studies
evaluate the selectivity of products in relation to the 7ri-
chogramma spp. species, few investigate the effects and the
selectivity of the mixtures of products (Wang et al., 2012;
Leite et al., 2017; Jiang et al., 2019; Tabebordbar et al.,
2020; Milonas et al., 2021; Rakes et al., 2021).

In this context, the aim of this study was to test the
compatibility of mixtures of phytosanitary products (in-
secticides and fungicides) recommended in melon and the
selectivity of these mixtures growing and their possible
lethal and sublethal effects on 7. pretiosum.

MATERIALS AND METHODS

The bioassays were conducted at the Applied Ento-
mology Laboratory of the Universidade Federal do Ceara
(UFCQC). The T. pretiosum population used came from stock
reared in that laboratory (OLIVEIRA et al., 2020), which
were maintained following the methodology described by
Stein & Parra (1987).

Compatibility of phytosanitary product mixtures

The phytosanitary products and application rates
(maximum recommended) used were chosen based on
manufacturers’ recommendations and on the use and ap-
plication rates practiced on melon production farms in the
states of Ceara and Rio Grande do Norte for control of pest
arthropods and diseases that affect the crop. The bioassays
were conducted using mixtures with or without addition of
adjuvants. Six mixtures of phytosanitary products plus the
control treatment (distilled water) were evaluated, with 5
replications each (Table 1).

Pesticide solutions were prepared using 100 mL beakers,
and dilutions were made in distilled water. The pesticide
solutions were prepared based on label recommendations
of each product considering application of 100 L of the
pesticide solution ha'. Mixtures among the products were
made according to recommendations and according to the
formulations, measuring pH before and after mixing.

The pesticide mixtures were evaluated following
the methodology proposed by Petter et al. (2012) at the
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following time intervals: immediately after mixing (0-30
seconds), and at 1, 5, 10, and 30 minutes after mixing. At
these intervals, the interactions among the products in the
mixture were observed, visually detecting precipitation,
flocculation, or homogeneity; and scores were attributed
on a 1 to 5 scale corresponding to the degree of stability
of the mixtures throughout the observation times (Table 2).

The experiment was set up in a completely randomized
experimental design (CRD) with 14 treatments and five
replications. The data were analyzed using descriptive
statistics, with scores attributed to each treatment regarding
physical compatibility based on the degree of compatibility
observed in evaluation (Petter ez al., 2012).

Selectivity of mixtures of phytosanitary products for
T. pretiosum

The bioassay regarding selectivity was performed with
applications of treatments on eggs of Anagasta kuehniella
(Zeller, 1979) (Lepidoptera: Pyralidae) before and after
parasitism (pre-and post-parasitism) in no-choice tests, using

the products and mixtures described in the previous bioassay.

In the pre-parasitism test, 15 eggs of the host A. kuehniel-
la of up to 24 h of age were fastened on sky-blue cardstock
cards (6.0 x 2.0 cm) using gum arabic (30%) and made
inviable through exposure to germicidal light for 50 minutes.
After the eggs were made inviable, the cards were immersed
in the pesticide mixture of the respective treatment for 5
seconds and then placed on paper toweling to absorb excess
moisture for around 30 minutes.

After that period, the cards were inserted in glass tubes
(8.5 x 2.5 cm) containing a female of 7. pretiosum of up to
24 h of age. A droplet of pure honey was placed for females
to feed on. The tubes were sealed with PVC® plastic film
and kept in a room under controlled climate conditions
(25+2°C,70% =+ 10% of RH, and 12 h photophase), and the
cards were exposed to parasitism for 24 h. After that period,
the mortality of the females was determined, and individual
cards were placed in new glass tubes and closed with PVC®
(Polyvinyl Chloride Polymer) plastic film, where they re-
mained up until emergence of the adults.

Table 1: Mixture of recommended products for melon cultivation, to assess physical compatibility

Treatments Mixtures Active ingredient (i.a.) + formulation i.a. concentration and syrup volume
Control - Distilled water -
Spinetoram (water dispersible granules - WG)+ Pyra-
1 Insecticide + Fungicide clostrobin and Fluxapyroxad (suspension concentrate (250 g/kg -500 L/ha) + (500 g/L — 400 L/ha)
-50),
.. . Cyromazine (wettable powder — WP) + Pyraclostrobin
+ - + -
2 Insecticide + Fungicide and Fluxapyroxad (SC) 750 g/kg — 100 L/ha + (500 g/L — 400 L/ha)
- + Spin-

3 Insecticide + Fungicide ~ CYProconazole (water soluble concentrate - SL) + Spin- (5 .y _100 [ /ha) + (250 g/kg -500 Liha)

Insecticide + Fungicide

4 . (emulsifiable concentrate - EC) + Metiram and Pyra-
+ Acaricide .
clostrobin (WG)
. N . .
5 Insecticide + Fungicide Spinetoram (WG) + Azoxystrobin and Difenoconazole
(8O
6 Insecticides *

etoram (WGQG)

Cyantraniliprole (oil dispersion - OD) + Abamectin

Abamectin + Cyantraniliprole (SC)

(100 g/L- 500 L/hd) + (18 /L -800 I/ha) +
(600 g/kg — 400 L/ha)

(250 g/kg -500 L/ha) + 325g/L — 400 L/ha)

(78 g/L) 600 mL/ha

*ready-to-use merchant mixture

Table 2: Degree of stability of the mixtures of phytosanitary products

Degree of stability

Effect of interaction

1
2
3
4

5

Immediate separation
Separation after 1 minute
Separation after 5 minutes

Separation after 10 minutes

Perfect stability

Source: Adapted from: Brazilian Center for Bioaeronautics (CBB) and Petter et al. (2012).
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In the post-parasitism test, the cards were first prepared,
made inviable, and exposed to parasitism of the females
of T pretiosum for 24 h, as described in the pre-parasitism
bioassay. Sufficient cards were prepared for division into three
subgroups, considering the immature stages of the parasitoids
within the host egg: the egg phase — 0-24 h after the end of
parasitism; the larval phase — 72-96 h after parasitism; and the
pupal phase — 168-192 h after parasitism (Consoli et al., 1999).

After exposure of the eggs to parasitism, the females
were discarded and the cards were then stored at 25 + 2 °C,
70% + 10% of RH, and 12-h photophase. When the para-
sitoids reached the respective developmental stages of each
subgroup, the cards were immersed in the mixed solutions of
phytosanitary products for 5 seconds and then removed and
kept under environmental conditions of 25 + 2 °C and 70%
+ 10% of RH for around 30 min on paper towel. After that
period, the cards were once more inserted in glass tubes and
kept in a room under controlled climate conditions of 25 + 2
°C, 70% =+ 10% of RH, and 12-h photophase up to emergence

or non-emergence of the parasitoids.

Parameters evaluated in the selectivity experiment

The percentage of mortality of adult females was deter-
mined after 24 h of exposure to the treatments in the test in
pre-parasitism. Determination was made by touching the
female with the point of a brush (no. 00), and if it did not show
any movement, it was considered dead. The following param-
eters were estimated: the percentage of parasitism [(number
of parasitized eggs / total number of eggs) % 100] (only in the
pre-parasitism modality), percentage of emergence [(number
parasitized eggs with emergence orifice / total number of
parasitized eggs) x 100] (Degrande & Gomez, 1990), sex
ratio [number of emerged females / (number of females +
males)] (Bowen & Stern, 1966), and the number of parasitoids
that emerged per egg (number of emerged parasitoids / total
number of parasitized eggs). In addition, the parasitized eggs
that did not exhibit an orifice of emergence were desiccated to
check for the presence of parasitoids within the egg.

Reduction in the parasitism rate (PR) and emergence
rate (ER) of the parasitoids for each treatment was deter-
mined by comparison with the control (distilled water) and
calculated by means of the formula: PR or ER = (1 - Rt/Rc)
% 100, where PR or ER is the mean percentage of reduction
in parasitism or of emergence (%); Rt is the mean parasitism
or emergence value for each treatment; and Rc is the mean
parasitism or emergence observed in the control (Hassan
et al., 1992). Based on the reduction, the phytosanitary prod-

ucts / mixtures were classified according to the classes pro-
posed by the “International Organization for Biological and
Integrated Control of Noxious Animals and Plants (IOBC)”, in
which 1 = innocuous (< 30%), 2 = slightly noxious (30-79%),
3 = moderately noxious (80-99%), and 4 = noxious (> 99%)
(Hassan, 1997; Sterk et al., 1999).

The bioassays were conducted in a completely random-
ized experimental design (CRD) with 7 treatments and at
least 30 replications (considering each female as a repeat).
The Shapiro-Wilk normality test and Levene’s homogeneity
of variance tests were applied and, as the assumptions of the
analysis of variances were not met, the mean values were
compared by the non-parametric Kruskal-Wallis test. All the
statistical analyses were performed using the R 4.0.2 software
(R Core Team, 2021).

RESULTS AND DISCUSSION

Compatibility of mixtures of phytosanitary products

Physical stability of the pesticide solutions was observed
up to 30 min among the mixtures of insecticides and fungi-
cides in Treatments 1, 2, 3, 5, and 6. Only the Treatment 4
mixture showed type 3 degree of physical incompatibility,
resulting in flocculation and phase separation after 5 min.

The physical compatibility observed among the following
mixtures: 1) Spinetoram + Pyraclostrobin and Fluxapyroxad,
2) Cyromazine + Pyraclostrobin and Fluxapyroxad, 3) Cy-
proconazole + Spinetoram, 5) Spinetoram + Azoxystrobin
and Difenoconazole, 6) and Abamectin + Cyantraniliprole,
with or without adjuvant, may be related to the sequence
of addition of the products. Adhering to the following
order: water, product of the formulation WP, WG, SC, EW
(emulsion oil in water), OE (oil emulsion), EC, SL [soluble
concentrate (liquid)] and concentrated aqueous solution, the
result is a more limited effect on the physical stability of the
pesticide solution, since the formulation of the products is the
main factor that affects the physical stability of the mixture
(Thiesen & Ruedell, 2004; Azevedo, 2015).

Furthermore, the results show that when two different
active ingredients were mixed, both formulated in SC, there
was no physical incompatibility in the presence or absence of
the adjuvant, in spite of the high concentrations of the active
ingredients in these suspensions. That is important because it
shows the possibility of practical use of these mixtures, thus
avoiding the occurrence of incompatibility and, consequently,
the clogging of spray nozzles and impairment of the spraying
operation (Gandini ef al., 2020).
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Due to the physical properties of products with WG and SC
formulation, mixture between them results in good dissolution
indexes in water and good dispersion, contributing to the stabil-
ity of the pesticide solution even as a mixture. WP formulations
form a suspension when diluted in water, due to the presence
of an agent that assists in suspensibility (Petter et al., 2013;
Azevedo, 2015). This same physical property can be observed
in the products with SC formulation, which makes the use of
the two products compatible in a mixture (Azevedo, 2015).

The incompatibility of the mixture 4 involving Cyantra-
niliprole + Abamectin + Metiram and Pyraclostrobin may be
related to the physical nature of products formulated in OD.
This formulation can promote greater sedimentation of the WG
products compared to other water-based products (Petter ez al.,
2013). In addition, the mixture of oil-based products promotes
separation of the solvents contained in the formulation of the
products used in the mixture, resulting in a very concentrated
suspension in the pesticide solution, which causes precipitation,
as well as separation of the pesticide solution in phases. These
effects can be minimized with the use of specific adjuvants in
preparation of the pesticide solution and through continuous
agitation (Petter ef al., 2013).

In the field, spray applications using mixtures of phytosan-
itary products on agricultural crops has become a common
practice, given the need to control pests and diseases that occur
simultaneously in the field (Blumel et al., 2001; Gazziero,

2015). For the mixtures to be efficient, it is necessary that these

X? 5 =41.41 p <005

70,66 a

Mortality (%) of T pretiosum

products be compatible, allowing the formation of a pesticide
solution with physical and chemical stability, and that way
the active ingredients remain biologically available (Petter et
al., 2013; Azevedo, 2015). In that respect, the results ratify
that the mixtures tested were compatible and that they can be
technically carried out.

The pH remained at 6.0 for all the mixtures throughout the
period of evaluation, which lends stability and compatibility to
the products in the mixture. Although carrying out the mixtures
may not result in changes in pH, this parameter is important to
evaluate because the dissociation of many molecules depends
on the pH, in which interference in the biological effects of the
phytosanitary products can occur (CUNHA et al., 2017).

The pH can directly affect the physical characteristics of the
pesticide solutions (Azevedo, 2015) since some phytosanitary
products undergo degradation by hydrolysis, and the speed of
this reaction directly depends on the pH. In general, the acidifi-
cation of pH can reduce the possibilities of alkaline hydrolyses
of products characterized as acids, improving the efficiency of
the application (Cunha et al., 2017). However, this acidification
may be harmful to some molecules (Sanches et al., 2018).

The physical or chemical instability of the pesticide solu-
tion can affect the quality of the application of the products
by spraying equipment, modifying the outflow and distribution
of droplets. That may result in low efficiency of application,
an increase in drift, and greater environmental contamination
(Miller & Butler, 2000).

54,44 ab
T
T
28,00 be
17,50 cd T
1
0,00d
B ) o >
A,-,»\‘:*Q' & & o‘&
R
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Figure 1: Mean of mortality (%) of adult females of Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae) up to 24 hours
old, after exposure to parasitism for 24 hours from eggs of the host Anagasta kuehniella (Zeller) (Lepidoptera : Pyralidae) treated with
mixtures of phytosanitary products, including: Mixture 1= Spinetoram + Pyraclostrobin and Fluxapyroxad; Mixture 2= Cyromazine +

Pyraclostrobin and Fluxapyroxad; Mixture 3= Cyproconazole + Spinetoram; Mixture 4= Cyantraniliprole + Abamectin + Metiram and

Pyraclostrobin; Mixture 5= Spinetoram + Azoxystrobin and Difenoconazole; Mixture 6= Abamectin + Cyantraniliprole (ready-to-use
mixture); and a Control (distilled water). The colors in the bars indicate the different treatments. Means followed by the same letter do
not differ from each other, using the Kruskal-Wallis test, at a 5% probability level.
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Selectivity of mixtures of phytosanitary products for
T. pretiosum

From the results obtained, it can be inferred that the use
of mixtures of phytosanitary products has adverse effects
on the parasitoids of the 7. pretiosum species, considering
the different mechanisms of action involved. Obtaining
this information becomes useful considering the practice of
IPDM, with integration of biological and chemical control.

The mixtures affected the mortality of the adult females
of T pretiosum up to 24 hours after their exposure to the
treated eggs (Figure 1). The highest mortality rates were
observed in the treatments corresponding mixtures: 1)
Spinetoram + Pyraclostrobin and Fluxapyroxad, 3) Cypro-

*@=174.32 p<0.05
100
90 |
80 4
70 4----

77.93d

Parasitism (%)

conazole + Spinetoram, and 5) Spinetoram + Azoxystrobin
and Difenoconazole. That may be explained by the pres-
ence of Spinetoram, the active ingredient of the chemical
group of the spinosyns, with a known adverse effect on
Hymenoptera (Suh et al., 2000; Biondi et al., 2012; Khan
& Ruberson, 2017; Rakes et al., 2021).

According to the IOBC classification, the treatments
did not significantly affect the parasitism and emergence
parameters when applied in the pre-parasitism tests (Figure
2), in which all the mixtures were classified as innocuous
to T. pretiosum, with maximum reduction in the parasitism
rate of 22 % and in emergence of 23% (Figure 2A). These
results show the practical possibility of application of these
mixtures together with releases of 7. pretiosum.
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Innocuous
(IOBC Classe 1)

Slightly noxious
(IOBC Classe 2)

Moderately noxious (TIOBC Classe 3)
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Figure 2: Mean of parasitism (%) (A), emergence (%) (B), sex ratio (C) of offspring and number of parasitoids per egg (D) of Tricho-
gramma pretiosum Riley (Hymenoptera: Trichogrammatidae), by immersing eggs of the host Anagasta kuehniella (Zeller) (Lepidop-
tera: Pyralidae) treated with mixtures of phytosanitary products, being: Mixture 1= Spinetoram + Pyraclostrobin and Fluxapyroxad,
Mixture 2= Cyromazine + Pyraclostrobin and Fluxapyroxad; Mixture 3= Cyproconazole + Spinetoram; Mixture 4= Cyantraniliprole
+ Abamectin + Metiram and Pyraclostrobin; Mixture 5= Spinetoram + Azoxystrobin and Difenoconazole; Mixture 6= Abamectin +
Cyantraniliprole (ready-to-use mixture); and a Control (distilled water). The colors in the bars indicate the different treatments. Means
followed by the same letter do not differ from each other, using the Kruskal-Wallis test, at a 5% probability level. IOBC/WPRS toxicity

classification (Hassan, 1997).
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The percentage of parasitism of 7. pretiosum in eggs
treated with the mixture 2 (Cyromazine + Pyraclostrobin
and Fluxapyroxad) did not show a significant effect
(Figure 2A). That is understandable because Cyromazine
belongs to the triazine chemical group, which acts as
disruptor of the ecdysis, especially in Diptera, and it is
therefore innocuous to the parasitoid 7. pretiosum (Khan
& Ruberson, 2017; Rakes, 2021). Thus, as in the mixture
test, the treatment that contained this active ingredient
(a.i.) proved to be compatible, resulting in non-interfer-
ence of the known effect of the molecule (Carvalho et
al.,2001; Rocha & Carvalho, 2004), which consequently
allows this mixture not to have a significant noxious effect

on T. pretiosum.

The fungicides are generally classified as inoffensive to
most insects, whether they are considered pests or natural
enemies. The fungicide Pyraclostrobin did not have an
adverse effect on the emergence of also egg parasitoid
Telenomus remus Nixon (Hymenoptera: Scelionidae), thus
being classified as innocuous to this parasitoid (Carmo et
al., 2020), as observed in 7. pretiosum in the present study.

The mixtures among 1) Spinetoram + Pyraclostrobin
and Fluxapyroxad, 3) Cyproconazole + Spinetoram, 5) and
Spinetoram + Azoxystrobin and Difenoconazole there was
some negative effect on parasitism (Figure 2A), and on
the generation of the parasitoids (Figure 2B) despite this,
high percentages of parasitism (>77.93%) and emergence
(>76.9%) were observed in treatments related.

Egg phase (24 h after the end of parasitism)

1 = 228,66 p<0.05
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Figure 3: Emergence (%) (Mean), in the egg stage (24 hours after parasitism) (A), larvae (72 hours after parasitism) (B) and pupa
(168 hours after parasitism) (C) of Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae), by immersing eggs of the
host Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) treated with mixtures of phytosanitary products, being: Mixture 1= Spin-
etoram + Pyraclostrobin and Fluxapyroxad; Mixture 2= Cyromazine + Pyraclostrobin and Fluxapyroxad; Mixture 3= Cyproconazole
+ Spinetoram; Mixture 4= Cyantraniliprole + Abamectin + Metiram and Pyraclostrobin; Mixture 5= Spinetoram + Azoxystrobin and
Difenoconazole; Mixture 6= Abamectin + Cyantraniliprole (ready-to-use mixture); and a Control (distilled water). The colors in the
bars indicate the different treatments. Means followed by the same letter do not differ from each other, using the Kruskal-Wallis test,
at a 5% probability level. IOBC/WPRS toxicity classification (Hassan, 1997).
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Various active ingredients can compromise the perfor-
mance of natural enemies (Rakes ef al., 2021), for example
such as the active ingredient Spinetoram (Biondi et al.,
2012; Khan & Ruberson, 2017). There is an additional
effect to that already mentioned. Because Spinetoram
represents a product that can act through contact, females
may be affected when they enter in contact with the surface
of the treated card (Lahm et al., 2007; Grande et al., 2018;
Paiva et al., 2018), resulting in a lower rate of parasitism
and of emergence, as observed.

The results obtained at the three ages evaluated in

post-parasitism (egg, larva, and pupa) show the effect of

the treatments on emergence of the parasitoids. The per-
centage of emergence of 7. pretiosum was less when the
mixtures constituted by 1) Spinetoram + Pyraclostrobin
and Fluxapyroxad, 3) Cyproconazole + Spinetoram, and
5) Spinetoram + Azoxystrobin and Difenoconazole were
applied on at the three ages of 7. pretiosum evaluated
(Figure 3). These mixtures reduced the emergence of the
parasitoids by more than 30% and were thus considered
slightly noxious (Class 2) in post-parasitism (Figure 3). In
contrast, the mixtures 2) Cyromazine + Pyraclostrobin and
Fluxapyroxad, 4) Cyantraniliprole + Abamectin + Metiram

and Pyraclostrobin, and 6) Abamectin + Cyantraniliprole
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Figure 4: Parasitoid/egg (mean), in the egg stage (24 hours after parasitism) (A), larvae (72 hours after parasitism) (B), and pupa (168
hours after parasitism) of Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae), by immersing eggs of the host Anagasta
kuehniella (Zeller) (Lepidoptera: Pyralidae) treated with mixtures of phytosanitary products, being: Mixture 1= Spinetoram + Pyraclos-
trobin and Fluxapyroxad; Mixture 2= Cyromazine + Pyraclostrobin and Fluxapyroxad; Mixture 3= Cyproconazole + Spinetoram; Mix-
ture 4= Cyantraniliprole + Abamectin + Metiram and Pyraclostrobin; Mixture 5= Spinetoram + Azoxystrobin and Difenoconazole; Mix-
ture 6= Abamectin + Cyantraniliprole (ready-to-use mixture); and a Control (distilled water). The colors in the bars indicate the different
treatments. Means followed by the same letter do not differ from each other, using the Kruskal-Wallis test, at a 5% probability level.
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were classified as innocuous in post-parasitism for all the
ages of the parasitoids (Figure 3).

The observations made during desiccation of the eggs
suggest that these active ingredients did not have a substan-
tial effect on the development of the immature parasitoids
within the eggs of their hosts; but the emergent adults were
adversely affected by the remnants of a.i. that remained
in the chorion of the egg, where possibly the parasitoids
tried to open the exit orifice and died by contact with the
residues (Bull & House, 1983; Suh et al., 2000). However,
this information cannot be taken as a general rule because
over the life stages, there are physiological variations of

the parasitoids and hosts or even differences in the time of

exposure of each stage to the products.

The a.i. Spinetoram present in the mixtures that had a
lower rate of emergence of 7. pretiosum in post-parasitism
affected the emergence of the parasitoids Trichogramma
exiguum Pinto & Platner in eggs of Helicoverpa zea (Bod-
die) (Lepidoptera: Noctuidae) (Suh et al., 2000), proving
to be moderately noxious (Class 3) or even noxious (Class
4) at the different ages of the parasitoids in most of the
laboratory and field studies (Biondi et al., 2012; Khan
& Ruberson, 2017). The spinosyns are insecticides that
connect to the nicotinic acetylcholine receptors, strength-
ening the effect on transmission of the nerve impulse

and impeding the action of acetylcholinesterase (IRAC,
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Figure 5: Sex ratio (Mean) in the egg stage (24 hours after parasitism) (A), larval stage (72 hours after parasitism) (B), and pupal
stage (168 hours after parasitism) of Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae), by immersing eggs of the
host Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) treated with mixtures of phytosanitary products, being: Mixture 1= Spin-
etoram + Pyraclostrobin and Fluxapyroxad; Mixture 2= Cyromazine + Pyraclostrobin and Fluxapyroxad; Mixture 3= Cyproconazole
+ Spinetoram; Mixture 4= Cyantraniliprole + Abamectin + Metiram and Pyraclostrobin; Mixture 5= Spinetoram + Azoxystrobin and
Difenoconazole; Mixture 6= Abamectin + Cyantraniliprole (ready-to-use mixture); and a Control (distilled water). The colors in the
bars indicate the different treatments. Means followed by the same letter do not differ from each other, using the Kruskal-Wallis test,

at a 5% probability level.
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2021). The immature parasitoids may not have entered in
directly contact with the molecules of the active ingredient,
once they were oviposited inside the host egg. However,
the adults when trying to get out of the egg, it entered in
contact with the residues, and the operation of their nervous
system was affected, leading to their death (Bull & House,
1983; Suh et al., 2000).

The number of parasitoids that emerged per egg of A.
kuehniella was similar among the treatments applied the
mixtures 2) Cyromazine + Pyraclostrobin and Fluxapy-
roxad, 4) Cyantraniliprole + Abamectin + Metiram and
Pyraclostrobin, 6) Abamectin + Cyantraniliprole, and the
control (Figure 2D and Figure 4). The mixtures (mixtures
1, 3 and 5) containing Spinetoram reduced the number of
parasitoids in the bioassays in pre- and post-parasitism.

Surface contact and recognition of the host (Roriz et
al., 2006; Rukmowati-Brotodjojo & Walter, 2006) in the
pre-parasitism test may have affected the oviposition be-
havior of the females in the face of the possibility of not
being able to ensure the development of their progeny, in
addition to the female possibly being killed before ovi-
positing all the eggs, considering that Spinetoram causes
adverse effects, as mentioned.

The treatments did not have an effect on the sex ratio
parameter (Figure 3C and Figure 5). The lack of difference
reveals that the mixtures did not alter a capacity the females
of regulating the sex of the descendant population (Navar-
ro, 1998).

The sex ratio of Trichogramma species varies; it is
regulated by factors such as temperature, humidity, host,
and age of the females (Vinson, 1997). This behavior is
considered important to ensure the maintenance of the
parasitoids in the area since the mixtures did not affect the
normal behavior of the species.

Therefore, all mixtures were considered beneficial and
viable for use together with 7. pretiosum, as long as they
are applied before parasitoid releases, as a greater effect

was applied in post-parasitism.

CONCLUSIONS

All mixtures were considered stable.

The mixture 4) Cyantraniliprole + Abamectin +
Metiram and Pyraclostrobin showed physical incompati-
bility, resulting in flocculation and phase separation after
5 minutes; continuous agitation is recommended during
application.

All the mixtures were considered innocuous to 7. pre-

tiosum in the pre-parasitism bioassay, with minimum rates
of parasitism and emergence of 75%.

The mixtures 1) Spinetoram + Pyraclostrobin and
Fluxapyroxad, 3) Cyproconazole + Spinetoram, and 5)
Spinetoram + Azoxystrobin and Difenoconazole exhibited
more pronounced adverse effects on parasitism, emergence,
and number of parasitoids per egg in T pretiosum and were
classified as slightly harmful at the three phases (egg, larva,
and pupa) in the post-parasitism bioassay.

The sex ratio of 7. pretiosum was not affected by the

treatments.
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