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Trichogramma pretiosum is one of the main egg parasitoids used in the control of lepidopteran pests in Brazil. This
natural enemy can be negatively affected by the use of insecticides, herbicides, and fungicides. The present work
used a systematic review and meta-analysis to group information from multiple studies on the selectivity of
pesticides (279 commercial products) in rice, corn, soybean, apple and peach crops for immature stages (egg-
larva, pre-pupa, and pupa) and adult parasitoids. The selected studies used the International Organization for
Biological and Integrated Control (IOBC) methodology with the same adaptations for T. pretiosum. The meta-
analysis found that corn crops had the highest frequency of tests (2 0 7). The most frequently tested active in-
gredients (a.i.) were glyphosate, glyphosate isopropylamine salt, and sulfur at frequencies of 41, 32 and 24 tests,
respectively. The pesticides registered for rice crops showed the greatest sublethal effects on T. pretiosum, with an
approximately 47% reduction in parasitism (RP) or emergence (RE). The adult stage of the parasitoid showed
greater sensitivity to the tested pesticides (65% RP), in comparison to the immature stages. In general, in-
secticides showed superior toxicity for all development stages of T. pretiosum, compared to herbicides and fun-
gicides, regardless of the recommended dosage for the crop. The present study aggregates information related to
selectivity for the four life stages of T. pretiosum, contributing significantly to the integration of biological control
and chemical control in rice, corn, soybean, apple and peach crops in Brazil.

1. Introduction

The egg parasitoid Trichogramma pretiosum Riley (Hymenoptera:
Trichogrammatidae) is one of the main natural enemies of lepidopteran
pests that infest agricultural crops in Brazil, such as Anticarsia gemmatalis
(Hiibner) (Lepidoptera: Noctuidae) and Chrysodeixis includens (Walker)
(Lepidoptera: Noctuidae) in soybean crops (Bueno et al., 2012), Diatraea
saccharalis Fabricius (Lepidoptera: Crambidae) in rice crops (Ko et al.,
2014), Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) and
Helicoverpa zea (Boddie) (Lepidoptera: Noctuidae) in corn crops (Foresti
et al., 2013) and Grapholita molesta (Busk) (Lepidoptera: Tortricidae) in
apple and peach crops (Rodrigues et al., 2011). Furthermore, this species
is the most abundant natural enemy species in Latin American produc-
tion fields (Querino and Zucchi, 2011; Stecca et al., 2016; Carvalho
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et al., 2019).

In Brazil, the use of Trichogramma spp. for the management of pest
arthropods stands out mainly due to the ease of multiplication using
mass rearing techniques in the laboratory (Coelho and Parra, 2013). This
fact attracted the interest of several commercial companies that
currently produce this natural enemy at a large scale (Parra, 2019).
Thus, the use of this egg parasitoid is part of one of the largest biological
control programs in the world (Parra, 2019; Parra and Coelho, 2019).

However, T. pretiosum can be affected by the use of insecticides,
herbicides, and fungicides in production areas (Nicholls et al., 2007;
Carvalho et al., 2019). Although herbicide and fungicide molecules
target weeds and diseases, respectively, studies have shown that these
pesticides can cause deleterious effects on nontarget organisms and
compromise natural or applied biological control of pests (Rizzardi
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et al., 2003; Stefanello et al., 2008a, 2008b; Bueno et al., 2017). In
addition, the use of insecticides in the field usually occurs without
considering the level of economic damage of pest arthropods, leading to
the resurgence of pests, evolution of resistance, outbreaks of secondary
pests and mortality of beneficial organisms (Song and Swinton, 2009;
Fernandes et al., 2010; Torres and Bueno, 2018).

Aiming to improve the integration of chemical and biological control
and promote the success of integrated pest management (IPM) in annual
and fruit crops (Moura et al., 2005; Bueno et al., 2017; Torres and
Bueno, 2018), the International Organization for Biological and Inte-
grated Control (IOBC) proposed methodologies for assessing the selec-
tivity of pesticides to natural enemies (Candolfi et al., 2000). The results
obtained in the selectivity tests serve as a basis for choosing and using
products that are lethal to pest insects but with a low impact on natural
enemies.

Thus, to analyze studies developed with T. pretiosum, a systematic
review and the statistical technique known as meta-analysis, whose
purpose is to integrate the results of two or more independent studies on
the same research, combining, in one measure summary, the results of
studies, was used (Lovatto et al., 2007; Moher et al., 2009; Stewart et al.,
2012). Based on the facts presented, the objective of this study was to
combine data from multiple studies derived from a methodology stan-
dardized by the IOBC with the same methodological adaptation on the
selectivity of pesticides registered for rice and/or irrigated rice (Oryza
sativa L.), soybean (Glycine max (L.) Merrill), corn (Zea mays L.), peach
(Prunus persica (L.) Batsch), and apple (Malus domestica (Borkh.)) crops
in Brazil on T. pretiosum. Aggregated in a statistical meta-analysis, pes-
ticides were classified according to their sublethal effects (impacts on
parasitism or emergence) on the egg parasitoid T. pretiosum to generate
selectivity information that supports the choice of commercial products
more suitable for IPM.

2. Materials and methods
2.1. Database sources

It was used Science Direct, Scielo and Pubmed to generate a database
of publications that evaluate the selectivity of pesticides to the egg
parasitoid T. pretiosum. We also performed a manual search on Google
Scholar. The search was limited to these databases because they con-
tained research articles that were available in full text. In addition, our
search has focused on publications written in Portuguese and English
from 2005 to 2016. The search term with the respective Boolean oper-
ator was: “Trichogramma pretiosum” OR “IOBC”.

2.2. Article screening

The search generated 614 records and, from these, we removed du-
plicates, reviews, conference and/or congress annals and book chapters.
The remaining records were retrieved in full text and inspected in detail.

For study inclusion, four criteria were decisives: 1) Pesticide selec-
tivity studies that quantified the sublethal effects (reduction in para-
sitism and/or reduction in the emergence) on T. pretiosum; 2) Pesticide
selectivity studies on T. pretiosum carried out in Brazil (wich followed
the manufacturer’s instructions of pesticides registered in the Ministry
of Agriculture, Cattle and Supply (MAPA); 3) Pesticide selectivity studies
on T. pretiosum carried out under laboratory conditions and wich fol-
lowed technical standards proposed by IOBC (excluding studies in
extended laboratory (semi-field) and field conditions) and 4) Pesticide
selectivity studies that used the methodology proposed by Hassan et al.
(2000) for bioassays with adult insects and Hassan and Abdelgader
(2001) for bioassays with immature stages, with the same methodo-
logical adaptations for the species T. pretiosum under laboratory condi-
tions (excluding those with little methodological specification).

Based on this, a total of 17 publications met the criteria and were
included in the present study (a flow diagram for the systematic review
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can be seen in Supplementary Material 1). Citations for all publications
and extracted data are presented in Supplementary Material 2. We fol-
lowed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (Moher et al., 2009) (PRISMA statement) guidelines in
including or excluding publications during screening stages.

2.3. Data extraction

2.3.1. Agrochemicals

In total, 279 commercial products were compiled and grouped into
147 a.i. (Supplementary Material 3) registered by the Ministry of Agri-
culture, Cattle and Supply (MAPA) (Brasil. Ministério da Agricultura,
Pecuaria e Abastecimento, 2020) for the management of upland rice
and/or irrigated rice, soybean, corn, apple and peach pest arthropods
from 2005 to 2016. The pesticides dosages used in the bioassays on the
egg-larvae, pre-pupa, pupa and adult stages of T. pretiosum corresponded
to the maximum registration of the pesticide to the respective agricul-
tural crop (n = 621).

2.3.2. IOBC classification

The classification of the selectivity of pesticides according to IOBC
standards consists of four classes: class 1: harmless (reduced parasitism
(RP) or reduced emergence (RE) < 30%); class 2: slightly harmful (30%
< (RP/RE) < 79%); class 3: moderately harmful (80% < (RP/RE) <
99%); and class 4: harmful ((RP/RE) > 99%). The median values of the
compiled results were classified according to these standards.

2.4. Statistical analysis

For conducting comparative analyses, a.i. that had a frequency
(occurrence) greater than or equal to 3, that is, a.i. that were tested using
more than 2 commercial products, a commercial product tested in more
than 2 stages of life parasitoid, or a commercial product tested on 3 or
more agricultural crops (with different dosages), were used. Of the total
of a.i. tabulated, 62 a.i. were used for comparative analysis.

The data collected in the different studies referring to the reduction
in parasitism (RP) and reduction in the emergence (RE) of the parasitoid
(Supplementary Material 2) were synthesized following the frequency
criteria described above, and from the medians of the results, these were
analyzed through Kruskal—Wallis nonparametric analysis of variance
and respective post hoc test at 5% probability to compare the effects of
different agricultural crops, a.i. and life stages of the parasitoid. The
analyzes were performed with the statistical software R (RDCT, 2019).

3. Results

Among the analyzed crops, corn corresponded to the highest number
of evaluations (207), followed by soybean (179), peach (113), apple
(99), and rice (23) (n = 621 tests) (Table 1). Apple and peach crops stood
out for the high number of harmless pesticides (class 1) to T. pretiosum,
at 74 and 80, respectively, representing approximately 70% of the total
(Table 1). In contrast, corn and soybean crops showed the highest
amount of products classified as harmful to the parasitoid (class 4);
however, they corresponded to less than 15% of the total products tested
on these crops (Table 1). Additionally, the results for rice crops showed
that only five of the 23 products tested were harmful (class 4); however,
notably, in rice, all products were tested only in the adult parasitoid
stage (Table 1). Even in relation to the parasitoid life stages, in all crops
analyzed, the highest frequency of tests (greater number of products
tested) occurred for the adult stage than for the immature stages
(Table 1).

Based on the analysis, the most frequent a.i. in the selectivity tests for
T. pretiosum were glyphosate, glyphosate isopropylamine salt and sulfur,
which were tested 41, 32 and 24 times, respectively, in different com-
mercial products, cultures and life stages of the parasitoid (Fig. 1). The a.
i. described as "other" were not used in the comparisons since they had
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Table 1

Frequencies of pesticides analyzed in laboratory considering culture, life cycle stages and IOBC classification.
Crop Type of pesticide Life cycle stage of T. pretiosum I0BC Classification™ Total

Fungicide Herbicide Insecticide Adult Egg Pre-pupa Pupa Class 1 Class 2 Class 3 Class 4

Apple 48 22 29 51 16 16 16 74 9 7 9 99
Corn 32 60 115 69 46 46 46 127 33 15 32 207
Peach 25 22 66 47 22 22 22 80 10 8 15 113
Rice 8 5 10 23 0 0 0 10 5 3 5 23
Soybean 41 45 93 89 30 30 30 115 26 17 21 179

* I0BC classes: 1 = harmless (<30%); 2 = slightly harmful (30-79%); 3 = moderately harmful (80-99%); 4 = harmful (>99%).
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Fig. 1. Frequencies observed by the active ingredients used in the comparison tests for Trichogramma pretiosum. * Active ingredients grouped under "Others", were
not used in the comparison tests, as they have a frequency below 3.
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Dunn test.
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frequencies of less than three (Fig. 1). However, the results of reducing
parasitism or the emergence of commercial products belonging to these
a.i. are included in the database (Supplementary Material 2).

For sublethal effects (% RP or RE), there was a significant difference
between the medians analyzed for annual crops and fruit crops
(kw = 17.22; df = 4; p-value = 0.0018) (Fig. 2A). The greatest effects
on T. pretiosum were found in the products registered for rice (46.97% of
RP/RE), corn (17.70% of RP/RE), and soybean (18.07% of RP/RE),
differing statistically from those for apple (10.30% RP/RE) and peach
(9.01% RP/RE) crops (Fig. 2A). Regardless of the crop in which the
pesticide was recorded, the adult stage of T. pretiosum showed greater
sensitivity to contact with the products, with approximately 65% RP,
differing significantly from that of the immature stages (egg-larva, pre-
pupa and pupa), which showed emergence reductions below 10%
(kw = 184.45; df = 3; p-value < 0.0001) (Fig. 2B). For the classes of
pesticides analyzed, in comparison to herbicides (12.30% RP/RE) and
fungicides (10.89% RP/RE), insecticides were significantly more toxic
(19.51% RP/RE) to T. pretiosum, regardless of the insect’s stage of life
(kw = 23.71; df = 2; p-value < 0.0001) (Fig. 2C).

Among the analyzed a.i., no significant difference was found
(kw = 73.54; df = 61; p-value = 0.1302) (Fig. 3). However, it is worth
highlighting that the median percentage values of RP or RE of the in-
secticides acephate (100%) and chlorpyrifos (98.02%) were classified as
harmful (class 4) and moderately harmful (class 3), respectively. In
addition, for the median trait of each boxplot, which considers the entire
life cycle of the parasitoid (egg stage, pre-pupa, pupa and adult) and the
different agricultural crops, approximately 87% of the medians of the a.
i. analyzed were classified as harmless (class 1), with median values of
RP or RE < 30%, following IOBC standards (Fig. 3).

However, when comparisons were made between crops, considering
the parasitoid life stages and the class of pesticides analyzed, in the corn
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and rice crops, in comparison to the herbicides, the insecticides and
fungicides showed significantly higher RP to adults of T. pretiosum
(kw = 14.04, df = 2; p-value = 0.0009) (Table 2). In the soybean crops,
in comparison to the insecticides, the fungicides and herbicides showed

Table 2

Percentual median values of reduction in parasitism (RP%) for adults, and
reduction in emergence (RE%) for eggs pre-pupa and pupa on Trichogramma
pretiosum in apple, corn, peach, rice and soybean cultures.

Crop Life cycle stage Product type
Insecticide Fungicide Herbicide
Apple Adult 100,00aA 6,90bA 83,76aA
Egg-larvae 13,14aB 9,55aA 16,68aB
Pre-pupa 6,60aB 0,00bA 0,00 BCE
Pupa 2,26aB 18,12aA 6,96aBC
Corn Adult 100,00aA 99,24aA 74,04bA
Egg-larvae 8,28aB 0,00 BCE 8,00aB
Pre-pupa 20,07aB 1,78bBC 7,81abB
Pupa 18,85aB 7,26bB 3,44bB
Peach Adult 100,00aA 15,24b 82,90aA
Egg-larvae 8,02aB - 6,65aB
Pre-pupa 6,05aB - 2,61aB
Pupa 5,27aB - 3,90aB
Rice Adult 98,27a 74,98a 8,34b
Egg-larvae - - -
Pre-pupa - - -
Pupa - - -
Soybean Adult 95,16aA 49,27bA 31,42bA
Egg-larvae 17,70aB 5,29abB 0,00 BCE
Pre-pupa 6,21abC 0,00 BCE 12,25aBC
Pupa 9,59aBC 1,89bBC 15,45aAB

*Means followed by the same letter (lower case in the lines and upper case in the
columns) do not differ statistically at 5% probability by the Dunn test.
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Fig. 3. Boxplot of the 62 active ingredients tested in Trichogramma pretiosum and which were used in the comparisons (kw = 73.54; df = 61; p-value = 0.1302). *

Black dots correspond to “Outliers”.
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a significantly lower RP (kw = 24.18; df = 2; p-value < 0.0001). For the
fruit (apple and peach), in comparison to the fungicides, the insecticides
and herbicides had significantly higher median RP values (kw = 22.36;
df = 2; p-value < 0.0001; kw =13, 38; df =2; p-value = 0.0012)
(Table 2).

When analyzing the RE (%) for each distinct stage of T. pretiosum
development and a group of pesticides, the insecticides registered soy-
beans crop were the ones that most affected the egg stage (17.70%)
(Table 2). In the pre-pupa and pupa stages, the highest observed values
of RE for the insecticides occurred in corn at 20.07% and 18.85%,
respectively. When analyzing the sublethal effects of the herbicides, the
largest RE values occurred in the egg stage (16.68%) for products
registered for apple crops (Table 2). However, for the pre-pupa (12.25%)
and pupa (15.45%) stages, the highest RE rates were observed in the
soybean crop (Table 2). Regarding fungicides, the highest values of RE
were observed in apple for the egg (9.55%) and pupa (18.12%) stages
and in corn for pre-pupa stage (1.78%) (Table 2).

4. Discussion

In the present study, a meta-analysis was carried out to determine the
influence of different classes of pesticides (insecticides, herbicides and
fungicides) widely used on immature and adult stages of T. pretiosum in
Brazilian agriculture to manage agricultural pests in rice, corn, soybean,
apple, and peach crops. After gathering and synthesizing the results of
279 commercial products grouped into 147 a.i., studied from 10 years of
laboratory research following IOBC recommendations, it was found that
in comparison to herbicides and fungicides, insecticides had the greatest
sublethal effect (% RP or RE) on T. pretiosum, regardless of the dosage
used.

Among the insecticides tested, the groups of organophosphates and
carbamates showed high toxicity (classes 3 and 4). For these two
chemical groups, the toxic effects (greater than 95%) and residual power
have been reported more than 20 days after application on Tricho-
gramma spp. (Hewa-Kapuge et al., 2003; Nornberg et al., 2011; Stefa-
nello et al., 2012; Wang et al., 2012; Paiva et al., 2018, 2020). The low
selectivity of these groups occurs due to their ability to inactivate
acetylcholinesterase (AChE) and, thus, cause excessive stimulation of
cholinergic receptors, leading to the death of insect (Fukuto, 1990;
Casida and Durkin, 2013). The use and prevalence of phosphorus-based
insecticides in Brazil are associated with the high control efficiency over
the main agricultural pests that infest the studied crops (Brown et al.,
2012; Chaves et al., 2014; Perini et al., 2016; Marques et al., 2019). In
addition, in comparison to other products, the commercial products
belonging to these chemical groups have the lowest cost per hectare (US
$/ha) (Leach and Mumford, 2008; Carmo et al., 2010; Ibama — Instituto
Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis, 2019).
Such aspects explain the large-scale use of these insecticides, even in
Brazil, which is the largest consumer of pesticides in the world.

As a result of the constant use of only one control tactic for popu-
lation suppression of pest arthropods, there are already more than 580
species reported to be resistant to more than 325 compounds worldwide
(Sparks and Nauen, 2015). In Brazil, one of the most serious problems
with the evolution of resistance occurs with S. frugiperda, an important
pest in corn, soy, and rice crops, and insecticides such as lambda-
cyhalothrin (Diez-Rodriguez and Omoto, 2001), chlorpyrifos (Car-
valho et al., 2013), lufenuron (Nascimento et al., 2016), spinosad
(Okuma et al., 2018), diamide (Bolzan et al., 2019), and spinetoram
(Lira et al., 2020). Genetically modified plants carry the proteins Cry1F
(Farias et al., 2014), CrylAb (Omoto et al., 2016), and Vip3Aa20 (Ber-
nardi et al., 2016). In this scenario, in association with the recent
introduction of Helicoverpa armigera (Hiibner, 1808) (Lepidoptera:
Noctuidae) in soybean crops (Pomari-Fernandes et al., 2015), studies
with biological control options have intensified, highlighting the release
of T. pretiosum (Bueno et al., 2010; Parra, 2019; Parra and Coelho,
2019).
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Chemical control via the use of synthetic insecticides, as well as the
use of herbicides and fungicides, is essential in Brazilian agriculture
(Cardoso and Alves, 2012). The use of these last two classes of pesticides,
despite presenting different control targets in relation to insecticides,
can also negatively affect the performance of T. pretiosum (Khan and
Ruberson, 2017; Bueno et al., 2017). However, even though herbicides
and fungicides are generally classified as harmless (class 1) and slightly
harmful (class 2), respectively, according to the IOBC, synthetic prod-
ucts for the management of weeds and diseases correspond to approxi-
mately 60% and 13%, respectively, of formulated product sales in Brazil
(Ibama — Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais
Renovaveis, 2019).

In addition, the widespread use of genetically modified crops
tolerant to herbicides such as rice with Clearfield® technology (Basf SE)
and Roundup Ready ™ soy and corn (Bayer SA) and the use of nonplant-
selective herbicides (glyphosate and glufosinate) have significantly
increased in the last harvests (Bonny, 2016; Ibama — Instituto Brasileiro
do Meio Ambiente e dos Recursos Naturais Renovaveis, 2019). However,
it is worth noting that the presence of weeds in the field can directly
influence biological control since they can serve as alternative hosts and
provide food resources to maintain beneficial fauna in the area (Landis
et al., 2000; Bianchi and Wackers, 2008; Letourneau et al., 2011; Veres
et al., 2013; Rusch et al., 2016).

In addition to the importance given to herbicides, fungicides are also
gaining prominence, mainly in soybean crops (Godoy et al., 2016). This
scenario has been observed since the 2000/01 harvest with the intro-
duction of Asian soybean rust in Brazil caused by the fungus Phakopsora
pachyrhizi Syd. & Syd. (Soares et al., 2004; Hartman et al., 2015). The
occurrence of this disease in the soybean crop resulted in a high number
of applications of this group of pesticides in the field during each
cultivation cycle (Simoes et al., 2017). Similarly, for the apple crop, the
use of sulfur-based fungicides is considered one of the main methods of
avoiding the presence of apple scab (Venturia inaequalis (Cooke) G.
Winter) due to its protective effect (Holb and Kunz, 2016). The toxicity
of sulfur-based compounds on natural enemies is associated with
interference in biochemical processes, which form chelates with heavy
metals causing damage to the respiratory system of insects (Magano
et al., 2015; Devendar and Yang, 2019).

Based on this scenario, for the fruit sector, especially for peach and
apple crops, the importance of integrated fruit production (IFP) in Brazil
stands out. The IFP aims to integrate different agronomic techniques,
emphasizing pest monitoring and biological control (Tibola et al., 2005;
Kowata et al., 2011), as well as the controlled use of insecticides, fun-
gicides, and herbicides with preference for those that are selective to
natural enemies (Walker et al., 2017; Damos et al., 2015). This aspect
may favor the use of T. pretiosum for the management of G. molesta
(Rodrigues et al., 2011), considered one of the main pest arthropods in
peach and apple crops in Brazil (Pastori et al., 2012; Arioli et al., 2014).

These data confirmed that the same product used in the same dosage
can vary from innocuous to extremely toxic, depending on the devel-
opment stage of T. pretiosum. This difference may be associated with
specific characteristics of each life stage of the insects, mainly factors
related to the structure and composition of the cuticle (Fernandes et al.,
2010; Bueno et al., 2017; Grande et al., 2018). The relatively greater
tolerance of the immature stages of parasitoids to pesticides may be
linked to the location of the parasitoid within the host egg, which is
protected against contact with the products by the chorion (Griitz-
macher et al., 2004; Souza et al., 2014; Stecca et al., 2016; Paiva et al.,
2020). The ability of a substance to penetrate the chorion is directly
related to its physical-chemical characteristics (Stock and Holloway,
1993; Stecca et al., 2016). These factors are closely linked to the greater
toxicity of the products tested for rice cultivation on T. pretiosum as the
tests occurred only on the adult stage of the parasitoid. This scenario
occurred because the tests that follow the IOBC recommendations are
always initiated by the adult stage of the parasitoid due to the greater
sensitivity of this stage than other stages; therefore, products that are
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moderately harmful (class 3) and harmful (class 4) in this stage of life are
tested in the immature stages.

Evaluating the toxicity of pesticides to natural enemies under labo-
ratory conditions is considered the worst approach to expose insects to
chemicals, regardless of the stage of development in which they are, as
individuals are confined in arenas or cages that do not favor escape
(Mills et al., 2016). In contrast, in a field situation, several factors can
influence the toxicity to the parasitoid, including the rapid chemical
degradation of the products due to climatic conditions (Das et al., 2020),
the repellency of insects to some compounds (Paiva et al., 2018) or the
attraction to the nectar of other flowers present in the margins of the
crop (Bianchi and Wackers, 2008). It is common for highly toxic pesti-
cides in the laboratory to be less toxic under greenhouse and field
conditions (Nornberg et al., 2011; Stefanello et al., 2012; Pasini et al.,
2017). However, especially in Brazil, the number of selectivity studies in
semifield and field conditions is low, and studies under these conditions
need to be conducted.

Finally, due to large agricultural extensions, we know that chemical
control will continue to be one of the main tools within pest manage-
ment programs. However, through more sustainable management
practices, flooding or conservative biological control with the use of
natural enemies has grown significantly. Thus, the systemic approach
carried out in the present study by compiling data (10 years of studies)
on the selectivity of different pesticides (279 commercial products) in
terms of classes of insecticides, herbicides and fungicides on the devel-
opmental stages of T. pretiosum is very important for IPM, mainly in
Brazil. In general, fungicides and herbicides are harmless to T. pretiosum.
Acephate and chlorpyrifos are the only insecticides harmful to the
immature and adult stages of T. pretiosum and, should not be used.
Farmers, managers and researchers must be aware of the parasitoid’s life
stages to ascertain the selectivity of certain active ingredient. This in-
formation will assist in the choice of a chemical that is selective to a
specific parasitoid with the aim of using more than one management
strategy in the field.
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