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RESUMO: A seletividade de diferentes inseticidas, fungici-
das e fertilizantes usados no cultivo de soja orgânica foi ava-
liada de acordo com os protocolos propostos pela Pesticide 
and Beneficial Organisms Working Group of the International 
Organization for Biological Control (IOBC) sobre pupas 
e adultos de Trichogramma pretiosum Riley (Hymenoptera: 
Trichogrammatidae) em condições de laboratório. Os tratamentos 
1) baculovírus anticarsia 140 x 109 cpi; 2) Bacillus thuringiensis 
16,8 g; 3) azadirachtin-A, azadirachtin-B, nimbina e salamina 
9,6 ppm; 4) rotenoides 4% 4 L; 5) nitrogênio 1,3%, fósforo 
3,0% e carbono orgânico total 8,0% 3 L; 6) silicato de sódio 2% 
4 L; 7) cobre 7% + cálcio 3,3% 1,8 L; 8) enxofre 20% + cal vir-
gem 10% 1,8 L foram, no geral, inócuos (classe 1) para pupas e 
adultos de T. pretiosum. Diferentemente, clorpirifós (tratamento 
controle) foi nocivo para esse parasitoide. A utilização dos pro-
dutos de origem natural avaliados é viável na sojicultura orgânica 
sem impactar o controle biológico promovido por T. pretiosum. 
Ambas as táticas de manejo podem ser utilizadas conjuntamente 
na agricultura orgânica objetivando aumentar ou complementar 
o controle da praga-alvo. O uso do clorpirifós, por outro lado, 
sempre que possível, deve ser substituído por outros produtos mais 
compatíveis com a preservação do controle biológico.

PALAVRAS-CHAVE: controle biológico; produtos seletivos; 
cultivo orgânico.

ABSTRACT: The selectivity of different insecticides, fungicides 
and fertilizers used in organic soybean cropping was evaluated 
according to the protocols proposed by the Pesticides and Beneficial 
Organisms Working Group of the International Organization 
for Biological Control (IOBC) concerning adults and pupae of 
the egg parasitoid Trichogramma pretiosum Riley (Hymenoptera: 
Trichogrammatidae) under laboratory conditions. Treatments 1) 
baculovirus anticarsia 140 x 109 cpi; 2) Bacillus thuringiensis 16.8 g; 
3) azadirachtin-A, azadirachtin-B, nimbina and salamina 9.6 ppm; 
4) rotenoids 4% 4 L; 5) nitrogen 1.3%, phosphorus 3.0% and total 
organic carbon 8.0% 3 L; 6) sodium silicate 2% 4 L; 7) copper 7% 
+ calcium 3.3% 1.8 L; 8) sulfur 20% + quicklime 10% 1.8 L were 
in general safe (class 1) to both adults and pupae of T. pretiosum. 
Differently, chlorpyrifos (control treatment) was harmful to this 
parasitoid. Therefore, the utilization of the tested natural derived 
products in the production of organic soybean is viable, without 
impairing the natural biological control allowed by T. pretiosum. 
Furthermore, both management techniques can indeed be used 
together in organic cropping aiming at reaching increasing or 
complementary control of target pests. Chlorpyrifos use, on 
the other hand, whenever possible, should be replaced by other 
products more compatible with biological control preservation.

KEYWORDS: biological control; selective products, organic 
cropping.
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INTRODUCTION 

Soybean is an important crop for many countries, and, from 
Argentina to the Southeastern United States, some caterpil-
lars have adversely affected yields (Panizzi; Corrêa-Ferreira, 
1997; Hoffmann-Campo et al., 2003). To address this prob-
lem, chemical insecticides are the main pest-control method 
presently used by farmers worldwide (Song; Swinton, 2009). 
Nevertheless, the continuous and sometimes excessive use of 
these pesticides has raised great concern, because of the con-
tamination not only of food chains but also of potable water 
(Lairon, 2010). In order to mitigate these problems, in recent 
decades, the production and consumption of organic food has 
increased (Willer; Kilcher, 2009). Among all the organic 
crops, soybeans are one of the most important, being used for 
both human consumption and organic livestock production 
(Kledal et al., 2007). Soybeans alone supply half of the global 
demand for vegetable oil and protein (Oerke; Dehne, 2004), 

and their organic production has been extremely profitable, 
since prices of organic soybeans have historically been highly 
lucrative compared to other major field crops (McBride; 
Greene, 2009). However, this profit could be further increased 
if problems with pests were reduced (Oerke, 2006).

An important practice for addressing pest problem is the 
use of biological control methods, which has been empha-
sized by researchers as a promising alternative to insecticide 
application. It is economically and ecologically feasible for 
soybean farmers (Bueno et al., 2009), in addition to help-
ing to reduce negative impacts of intensive agriculture on the 
environment (Van Lenteren; Bueno, 2003). Of the available 
biological-control tools that can be used in organic cropping, 
egg parasitoids have been recognized as important agents, since 
they occur worldwide and parasitize eggs of a wide diversity 
of pests (Bueno et al., 2009). Among parasitoids, the genus 
Trichogramma is considered to have a high potential in con-
trolling the soybean caterpillar complex (Bueno et al., 2012).

Despite the importance of egg parasitoids for insect 
control, the use of approved products of biological and 
mineral origin, or other alternative products authorized 
for use in organic farming, is still necessary in organic 
cropping (Zehnder et al., 2007). Therefore, selective 
organic products are of great value. A significant advan-
tage of selective products is their effectiveness against the 
pest, with minimal side-effects on beneficial arthropods 
(Bueno; Freitas, 2004; Bacci et al., 2007). Even though 
of great importance, there is a lack of studies on the selec-
tivity of organic products on T. pretiosum. Importantly, 
organic agriculture is not a panacea or a prerequisite for 
achieving feasible and ecologically-based pest management 
(Zehnder et al., 2007); understanding the effects of alter-
native products — that are commonly used in organic soy-
bean crops — on the population densities of T. pretiosum is 
extremely important and was the main goal of this study. 

MATERIAL AND METHODS 

Trials were carried out in a fully randomized experimental 
design with 10 treatments (Table 1) and 5 replications under 
controlled environmental conditions — 25 ± 1ºC; 70 ± 10% 
relative humidity; and 14/10 h (L/D) photoperiod. All the 
methodology followed the standardized protocols proposed by 
the International Organization of Biological Control (IOBC/
WPRS) (Hassan, 1992), summarized as follows.

Adult trial 
Anagasta kuehniella (Zeller) (Lepidoptera: Pyralidae) eggs 
(250 eggs) parasitized by Trichogramma pretiosum Riley 
(Hymenoptera: Trichogrammatidae) were placed in small vials 
(“emergence tubes”, 12 cm long and 22 mm in diameter), each 
containing a droplet of honey on its inner wall. The glass vials 
were then sealed with plastic film and maintained under con-
trolled environmental conditions [25 ± 1ºC; 70 ± 10% RH; and 
14/10 h (L/D) photoperiod], until the parasitoids emerged. After 
parasitoid emergence, glass plates (13 × 13 cm) were sprayed 
with treatments described in Table 1, or with distilled water 
(control), ensuring a deposit of 1.25 ± 0.25 mg/cm2 accordingly 
to the IOBC/WRPS standardized protocols (Hassan, 1992). 
When dry (2 to 3 h later), the plates were placed in aluminum-
frame cages, using the cage arrangement proposed by the IOBC 
(Hassan, 1992). The vials containing the parasitoids were then 
connected to the cages, exposing the adult parasitoids to the dry 
residues on the glass plates. Twenty-four hours after, the para-
sitoids were released into the cages, numbered cards containing 
host egg masses (250 A. kuehniella eggs) and honey droplets were 
inserted. A second card was placed in each cage at the second 
day of the experiment. 

Pupae trial
Cardboard squares (around 1 cm2) with approximately 250 
A. kuehniella eggs each were offered for 24 h to freshly emerged 
T. pretiosum females in vials. A sufficient number of females 
were used to guarantee close to 100% parasitism. These cards 
were then transferred into vials and kept for 168 to 192 h 
to obtain T. pretiosum pupae, respectively (Cônsoli et al., 
1999), which were then sprayed with the treatments shown 
in Table 1. After being sprayed, pupae were allowed to dry 
for 2 h and then placed in the cage arrangement proposed by 
the IOBC (Hassan, 1992) following the same IOBC proto-
col previously described (Hassan, 1992).

Evaluations and analyses 
Parasitism (%) and parasitoid emergence (%) were evaluated. We 
analyzed the assumption of normality (Shapiro; Wilk, 1965) 
and homogeneity of variance of treatments in these parameters 
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(Burr; Foster, 1972). Whenever data did not follow the nor-
mality or homogeneity of variance, a transformation was per-
formed into arcsin X/100 to allow for ANOVA. The means 
were compared by Tukey’s test (p ≤ 0.05) for statistical sig-
nificance (Sas Institute, 2001). Furthermore, the reduction 
in T. pretiosum parasitism as related to the control treatment 
was computed by the equation: E(%) = (1 – Vt / Vc) × 100, 
in which E(%) is the percent reduction in parasitism; Vt is 
the median parasitism for the treatment tested; and Vc is the 
average parasitism observed for the control treatment (water). 
The treatments were classified according to the IOBC standards 
as follows: class 1, harmless (E < 30%); class 2, slightly harmful 
(30% ≤ E ≤ 79%); class 3, moderately harmful (80% ≤ E ≤ 99%); 
and class 4, harmful (E > 99%) (Hassan, 1992).

RESULTS

Adult trial 
One day after the contact of adult parasitoids with the products, only 
the harmful control (chlorpyrifos 384 g) differed statistically from 
the remaining treatments with respect to parasitism (p < 0.0001, 
F = 59.1, dfmodel = 9, dfresidue = 40) (Table 2), thus allowing the 
remaining treatments (organic treatments) to be classified as harm-
less (class 1) (Table 3). Similarly, two days after the contact of adult 
parasitoids with the products, parasitism recorded at treatments

1. baculovirus anticarsia 140 x 109 cpi;
2. Bacillus thuringiensis 16.8 g;
3. Azadirachtin-A, azadirachtin-B, nimbina and salamina 

9.6 ppm;
4. rotenoids 4 L;
5. nitrogen 1.3%, phosphorus 3.0% and total organic car-

bon 8.0% 3 L;
6. sodium silicate 2% 4 L; and
7. copper 7% + calcium 3.3% 1.8 L were similar to control 

(H2O) (Table 2).

Parasitism observed at chlorpyrifos 384 g and sulfur 20% 
+ quicklime 10% 1.8 L differed statistically from the remain-
ing treatments (p < 0.0001, F = 14.41, dfmodel = 9, dfresidue = 40) 
(Table 2), being classified as harmful (class 4) and slightly 
harmful (class 2), respectively (Table 3).

Pupae trial 
Results achieved in the test with T. pretiosum pupae were 
similar to those attained for the adult phase of this parasit-
oid (Table 2). In general, the viability of T. pretiosum pupae 
sprayed with the different products was significantly lower 
only in the treatment with chlorpyrifos at the dosage of 384 g 
(harmful control). For all the remaining treatments (used in 
the management of organic soybeans), the emergence of 
adults from pupae sprayed with the different natural products 

Table 1. Treatments tested against pupae and adults of the egg parasitoid Trichogramma pretiosum.

Product Formulation Provider/manufacturer Dosage
180 L H2O

Baculovirus AEE® Baculovirus anticarsia 7 x 109 cpi/g
EMBRAPA Employees  

Association AEE/CNPSoja 
140 x 109 cpi

Dipel® Bacillus thuringiensis 33.6 g/L
Sumitomo Chemical of Brazil 

Representatives Ltd
0.5 L

Neemseto®
Neem oil  

(azadirachtin-A, azadirachtin-B,  
nimbina and salamina 2.389 ppm/L)

Cruangi Neem of Brazil Ltd 4.0 L

Arrast®
Deguelia utilis extract  

(rotenoids 4%)
Humânita Chemical and  

Pharmaceutical S.A.
4.0 L

Fish-Fertil Indure®
Derivatives from crustaceans shells  
(nitrogen 1.30%, phosphorus 3.0% 

and total organic carbon 8.0%)

Fish Industries and  
Commerce of Fertilizers Ltd

3.0 L

Na silicate Sodium silicate 2% dissolved in H2O * 4.0 L

Borda-Ferti pH7® Copper 7% + calcium 3.3%
Planalquímica of Brazil  
Chemical Industry Ltd

1.8 L

Lime-sulfur mixture
Sulfur 20% + quicklime 10%  

(Polito, 2000)
* 1.8 L

Positive control  
(Lorsban 480 CE®)

Chlorpyrifos 480 g/L Dow AgroSciences Industrial Ltd 0.8 L

Negative control Distilled H2O – –

*Mixture prepared at EMBRAPA Soybean to be used in the experiment.
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was similar among treatment except for NA silicate 2% that 
promoted lower parasitoid emergence (78,7%) compared 
to the control (89,8%) (p < 0.0001; F = 109.7; dfmodel = 9;  
dfresidue = 40) (Table 2). Thus, all products used on organic soy-
beans evaluated in this experiment were classified as harmless 

(class 1) (Table 3) for the pupae of T. pretiosum. Chlorpyrifos, 
used in the test as control, was classified as moderately harm-
ful (class 3) to this egg parasitoid stage (Table 3). New eggs 
were offered to the parasitoid adults emerged from the pupae 
sprayed with the different treatments until the second day after 

Table 2. Side effects of organic agricultural supplies sprayed on the egg parasitoid Trichogramma pretiosum.

 Treatment
(dosage/180 L H2O)

Sprayed pupae 1 day after adult emergence 2 days after adult emergence

Parasitoid 
emergence 

(%)#,&

F1  
parasitism

(%)#,&

F1 parasitoid  
emergence  

(%)#,&

F1  
parasitism

(%)#

F1 parasitoid  
emergence  

(%)#,&

Assay 1 = adult

Baculovírus anticarsia  
(140 x 109 cpi)

* 82.6 ± 3.9 ab 95.9 ± 1.5ns 76.6 ± 6.2 a 91.8 ± 2.0ns

Bacillus thuringiensis (16.8 g) – 86.6 ± 1.8 ab 93.7 ± 3.6 79.7 ± 5.1 a 87.3 ± 1.5 

Neem oil (9.6 ppm) – 89.4 ± 3.4 a 87.1 ± 6.6 58.6 ± 11.8 ab 90.2 ± 3.2 

Deguelia utilis extract (4 L) – 86.6 ± 4.5 ab 93.0 ± 3.3 72.1 ± 7.2 ab 87.2 ± 4.8 

Derivatives from  
crustaceans (3 L)

– 83.2 ± 3.2 ab 97.7 ± 1.4 81.3 ± 3.6 a 91.2 ± 2.5 

Na silicate 2% (4 L) – 88.4 ± 0.8 ab 98.8 ± 0.5 55.2 ± 5.4 ab 84.2 ± 4.4 

Copper 7% + calcium 3.3% (1.8 L) – 88.2 ± 2.6 ab 94.4 ± 2.9 69.9 ± 5.1 ab 85.9 ± 4.9 

 Sulfur 20% + quicklime 10%  
(1.8 L)

– 72.7 ± 5.6 b 90.4 ± 4.4 42.4 ± 10.12 b 81.9 ± 10.3 

Chlorpyrifos (384 g) – 0.0 ± 0.0 c -– 0.0 ± 0.0 c –

Control (H2O) – 78.5 ± 3.9 ab 90.2 ± 3.6 79.1 ± 2.9 a 85.4 ± 5.3 

CV (%) – 10.4 12.3 23.98 13.82

F value – 59.1 1.0 14.41 0.30

p-value – < 0.0001 0.4538 < 0.0001 0.9611

dfmodel – 9 8 9 8

dfresidue – 40 36 40 36

Assay 2 = pupae

Baculovírus anticarsia  
(140 x 109 cpi)

95.6 ± 0.3 a 85.7 ± 4.6 a 91.7 ± 2.3 ab 88.3 ± 4.2 a 94.2 ± 3.72;ns

Bacillus thuringiensis (16.8 g) 88.9 ± 1.8 abc 89.2 ± 2.6 a 92.8 ± 2.8 ab 91.5 ± 1.3 a 96.7 ± 2.0 

Neem oil (9.6 ppm) 80.4 ± 4.5 bc 92.9 ± 2.3 a 98.0 ± 1.3 a 91.2 ± 2.0 a 96.9 ± 1.8 

 Deguelia utilis extract (4 L) 89.8 ± 0.6 abc 92.2 ± 1.5 a 97.9 ± 0.7 ab 88.3 ± 1.8 a 94.7 ± 3.3 

Derivatives from  
crustaceans (3 L)

87.1 ± 2.6 abc 88.1 ± 2.7 a 95.3 ± 3.1 ab 87.8 ± 1.4 a 95.4 ± 1.4 

Na silicate 2% (4 L) 78.8 ± 3.3 c 91.1 ± 1.0 a 94.4 ± 1.7 ab 90.1 ± 2.3 a 96.7 ± 1.6 

Copper 7% + lime 3.3% (1.8 L) 86.8 ± 2.2 bc 88.9 ± 2.5 a 87.5 ± 4.4 ab 88.4 ± 2.4 a 93.4 ± 1.5 

Sulfur 20% + quicklime 10%  
(1.8 L)

83.4 ± 1.4 bc 88.0 ± 1.4 a 89.5 ± 2.7 ab 85.8 ± 3.2 a 91.2 ± 3.0 

Chlorpyrifos (384 g) 3.2 ± 0.4 d 6.0 ± 2.7 b 80.1 ± 12.3 b 2.9 ± 2.9 b 100.0 ± 0.0 

Control (H2O) 89.8 ± 1.0 ab 89.7 ± 2.9 a 96.4 ± 1.8 ab 92.6 ± 1.5 a 96.6 ± 1.01

CV (%) 6.5 7.2 10.4 6.8 8.9

F value 109.7 104.0 2.2 125.52 0.95

p-value < 0.0001 < 0.0001 0.047 < 0.0001 0.4975

dfmodel 9 9 9 9 9

dfresidue 40 40 38 40 36
#Means ± standard error followed by the same letter in each assay column are not statistically different by Tukey test (p > 0.05); &original data followed 
by statistics perfomed on data transformed into arcsin X/100 to allow for ANOVA according to Burr and Foster (1972) and Shapiro and Wilk (1965); 

*non-existing parameter; nsANOVA non-significant; F1 generation: progeny of the treated generation; CV: coefficient of variation; df: degrees of freedom.
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Table 3. Placement of organic agricultural supplies sprayed on the egg parasitoid Trichogramma pretiosum into International 
Organization for Biological Control survival side effect classes.

Treatment 
(dosage/180 L H2O)

Adult bioassay Pupae bioassay

1 day after 
F1 parasitoid 
emergence

2 days after 
F1 parasitoid 
emergence

Pupae
1 day after 

F1 parasitoid 
emergence

2 days after 
F1 parasitoid 
emergence

E% Class E% Class E% Class E% Class E% Class

Baculovírus anticarsia (140 x 109 cpi) 0 1 3.1 1 0 1 4.48 1 4.6 1

Bacillus thuringiensis (16.8 g) 0 1 0.7 1 0.97 1 0.48 1 1.2 1

Neem oil (9.6 ppm) 0 1 25.9 1 10.41 1 0 1 1.5 1

 Deguelia utilis extract (4 L) 0 1 8.9 1 0 1 0 1 4.6 1

Derivatives from crustaceans (3 L) 0 1 2.7 1 2.99 1 1.71 1 5.2 1

Na silicate 2% (4 L) 0 1 30.0 1 12.24 1 0 1 2.7 1

Copper 7% + lime 3.3% (1.8 L) 0 1 11.7 1 3.28 1 0.84 1 4.6 1

 Sulfur 20% + quicklime 10% (1.8 L) 7.42 1 46.5 2 7.13 1 1.83 1 7.4 1

Chlorpyrifos (384 g) 100 4 100 4 96.39 3 93.26 3 96.6 3

E(%) = (1 – Vt / Vc) × 100. E(%): percent reduction in parasitism or parasitoid emergence; Vt: median parasitism for the treatment tested; 
Vc: average parasitism observed for the control treatment (Hassan, 1992); classes: 1 = harmless (E < 30%); 2 = slightly harmful (30% ≤ E ≤ 79%); 
3 = moderately harmful (80% ≤ E ≤ 99%); 4 = harmful (E > 99%).

the start of the experiment, in order to evaluate their parasit-
ism capacity. By this means, the sublethal effect (if any) of the 
products on that insect phase was quantified. 

At one day (p < 0.0001; F = 104.0; dfmodel = 9; dfresidue = 40), 
after T. pretiosum adults emerged from pupae sprayed with 
the different treatments (Table 2), only the harmful control 
(chlorpyrifos 384 g) differed from the remaining treatments 
with respect to parasitism (Table 2), being classified as harm-
ful (class 4) while the remaining treatments were classified as 
harmless (class 1) (Table 3). Similar results were recorded at 
two days (p < 0.0001; F = 125.52; dfmodel = 9; dfresidue = 40), 
after T. pretiosum adults emerged from pupae sprayed with 
the different treatments (Tables 2 and 3).

DISCUSSION

The results obtained in this study with the organic products 
applied on T. pretiosum pupae have shown that these products did 
not affect the emergence of this species and are compatible with 
the preservation of those biological control agents. Similar results 
with the same organic products tested in this research were 
reported for Telenomus podisi (Hymenoptera; Platygastridae) 
(Silva; Bueno, 2014). In this context, it is important to empha-
size that benefits of agricultural farming go beyond beneficial 
arthropod preservation. The nutritional quality and the safety 
of organic food have been well-documented (Lairon, 2010).

Almost all products used in organic agriculture that were 
evaluated in this research were selective for T. pretiosum (both 
adult and pupae) and therefore compatible with preservation of 

the naturally occurring biological control agents. The observed 
reduction of parasitism observed for the treatment sulfur 20% + 
quicklime 10% 1.8 L indicates a shorten lifespan for adults which 
had contact with this treatment. Fortunately, T. pretiosum showed 
greater parasitism in the 24 h of life (Bueno et al., 2012). This 
may occur because the reproductive capacity of the parasitoids 
diminishes with age, besides other biotic and abiotic factors that 
may influence their behavior (Pratissoli et al., 2002). Therefore, 
even sulfur 20% + quicklime 10% 1.8 L can be considered safe for 
T. pretiosum since they did not impact the first 24 h of parasitism.

The use of bio-protective mixtures such as Bordeaux mix-
ture and lime-sulfur mixture has increased in recent years and 
has proved to be efficient in controlling several different pests 
(Medeiros et al., 2003; Gonçalves et al., 2004). However, 
few studies have evaluated their effect on beneficial arthropods 
(Efrom et al., 2011). Experiments carried out under field condi-
tions revealed the toxicity of sulfur to some predators (Teodoro 
et al., 2005). The results obtained here, however, indicated negative 
effects of the sulfur + lime mixture for T. pretiosum. The mech-
anisms of action of these products on the insects are not well-
known, but in the case of the lime-sulfur mixture, sulfur, its 
main component, can inhibit cellular respiration (Irac, 2009).

Baculovirus anticarsia is highly specific and consequently 
selective for natural enemies, as demonstrated in this study 
for the egg parasitoids T. pretiosum. Furthermore, the com-
bined use of different control tactics (baculovirus and egg 
parasitoids) is not only compatible, but can also be synergic. 
It was reported that egg parasitoids may act as baculovirus 
dispersers to other insects that are sensitive to infection by 
this entomopathogen, thus improving its performance under 
field conditions (Rosell et al., 2008).
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Similarly, T. pretiosum was not impacted either by the 
action of Bacillus thuringiensis (16.8 g), which is another 
important bioinsecticide used in organic agriculture for the 
control of lepidopterans. In this experiment, B. thuringiensis 
was selective and thus can be used in organic soybean pro-
duction with no deleterious effect on this natural enemy. 
B. thuringiensis (Dipel®) is one of the most widely used ento-
mopathogens in biological control, for its more rapid action 
compared to other biological control agents and for encom-
passing a wide range of targets within the order Lepidoptera 
(Polanczyk; Alves, 2003). As it is harmless to natural ene-
mies, B. thuringiensis has been reported to be compatible 
with other species of biological-control agents of the genus 
Trichogramma as, for example, Trichogramma dendrolimi 
(Takada et al., 2001). This compatibility may result from 
the need for the bacterium to be ingested to have an effect, 
and therefore the contact via tegument, as analyzed in this 
experiment, was not able to contaminate the parasitoids.

The effect of B. thuringiensis mixed with the parasitoids’ 
food (honey) on Thichogramma pratissolii adult females was 
analyzed by other investigators, who concluded that the bac-
terium can accelerate the parasitism rhythm (Polanczyk; 
Alves, 2003). This factor still needs further study from the 
physiological and behavioral viewpoints. This study of inges-
tion by the parasitoids is also important because, when com-
mercial formulations of B. thuringiensis are applied under field 
conditions, it is possible that honeydew, naturally found in com-
mercial soybean fields, is contaminated by the sprayed product. 
Therefore, the contaminated honeydew may be ingested by the 
egg parasitoid adults under field conditions. The possibility of 
ingestion was not evaluated in the present study, but should 
be taken into account in further experiments to evaluate the 
impacts of different natural products.

A broad array of pest-repellent products, including home-
made herbal teas, plant extracts, and fermentation products, 
is also authorized for use in organic agriculture (Zehnder 
et al., 2007). One commonly used botanical pest repellent and 
insecticide is neem oil [Azadirachta indica A. Juss (Meliaceae)] 
(Isman, 2006). Neem extracts produce multiple effects on 
insects, including repellency, reduced feeding, decreased ovi-
position, interruption of development and ecdysis, reduced 
fertility and fecundity, behavioral alterations, developmental 
delay, and mortality (Mordue; Nisbet, 2000). Plant extracts 
such as neem are reported to be non-selective to natural ene-
mies. After spraying neem oil on eggs of the host A. kuehniella, 
it was observed a reduction in the parasitism of T. pretiosum 
(Gonçalves-Gervásio; Vendramim, 2004). The product 
Neemseto® used in the present experiment, however, did 
not reduce parasitism compared to the control treatment for 
T. pretiosum in the first 24 h. After that period, Neemseto® 
was moderately harmful (class 3) to T. pretiosum. These dif-
ferences in results may be due to differences in the concen-
tration of the products used or to methodological differences 

among the experiments. Many neem-based products are not 
standardized for the concentration of the active ingredient, 
and, for this reason, differences in selectivity as well as in the 
efficiency of commercial formulations may exist and should 
be evaluated before they are used under field conditions.

The product (Arrast®) is formulated with an extract of the 
plant Deguelia utilis (Leguminosae - Papilionoideae) containing 
rotenone. Rotenone is an insecticidal agent that is approved for 
use in organic agriculture in the United States, but is not reg-
istered in Germany because it is toxic to fish (Zehnder et al., 
2007). Furthermore, rotenone is reported to cause inhibition 
of the mitochondrial respiratory chain, reducing oxygen con-
sumption (Mascaro et al., 1998) and the production of ATP 
(adenosine triphosphate, C10H16N5O13P3), which is necessary for 
the metabolism and development of insects. It was observed that 
different concentrations of Rotenat®, formulated from the extract 
of the plant Ateleia glazioviana (Leguminosae: Papilionoideae), 
significantly affected the adult of the fruit fly Anastrepha fraterculus 
(Wiedemann) (Diptera: Tephritidae) (Efrom et al., 2011). 
Arrast®, however, was selective for T. pretiosum as evaluated 
here, thus showing that it is compatible with the preservation 
of this important biological control agent. 

Besides the side effects of insecticides, it is also important 
to study the possible side effects of fungicides and herbicides, 
which are sometimes assumed to be harmless to beneficial 
arthropods, although this is not always the case (Bueno et al., 
2008). Fish fértil Indure® is an organic fertilizer (nitrogen + 
phosphorus + carbon) derived from natural enzymatic fer-
mentation of marine fish, enriched with chitosan from shells 
of crustaceans and used for foliar application. This product, 
which contains a biologically active amino-acid complex, is 
reputed to act as a natural regulator of the nutritional balance 
of plants, promoting increased photosynthesis. The chitosan 
present in Fish fértil Indure® is claimed by the manufacturers 
to induce the plants’ genes to resist to pests and diseases by 
augmenting their natural defense system. Similarly to the treat-
ment with Fish fértil Indure®, the treatment with 2% sodium 
silicate was selective for the egg parasitoids evaluated, and thus 
the use of both products is compatible with the parasitoid.

Differently from the tested organic products, positive 
control (chlorpyrifos at the dose of 384 g) was classified as 
harmful (class 4) to adults and moderately harmful (class 3) 
to pupae. Chlorpyrifos kills insects primarily by phosphoryla-
tion of the acetylcholinesterase enzyme (AChE) at the nerve 
endings. It causes loss of the available AChE and over-stim-
ulation of organs by excess of acetylcholine at the nerve end-
ings (Carmo et al., 2010). In the current scientific literature, 
noxious results of organophosphates on beneficial arthropods 
have been reported for T. pretiosum (Bueno et al., 2008) and 
T. cacoeciae (Hassan et al., 1998). 

In the historical perspective on integrated pest manage-
ment (IPM), it was called attention to the earlier IPM propo-
nents who emphasized ecological approaches to establish more 
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permanent solutions to pest problems (Kogan, 1998). Thus, the 
use of organophosphates, whenever possible, could be replaced 
by other products more compatible with biological control pres-
ervation. However, because the organophosphates are among 
the least expensive insect-control products available to conven-
tional soybean growers, they are often overused (Bueno et al., 
2011). Nevertheless, it is important to consider that the price of 
the pesticide does not reflect the risks and the social costs asso-
ciated with its use (Benbrook et al., 1996). If these are taken 
into account, the benefits of organic farming are more apparent.

CONCLUSION

 Baculovirus anticarsia 140 x 109 cpi; Bacillus thuringiensis 
16.8 g; azadirachtin-A, azadirachtin-B, nimbina and salam-
ina 9.6 ppm; rotenoids 4 L; nitrogen 1.3%, phosphorus 3.0% 
and total organic carbon 8.0% 3 L; sodium silicate 2% 4 L; 
copper 7% + calcium 3.3% 1.8 L; sulfur 20% + quicklime 

10% 1.8 L are compatible with the use in combination with 
T. pretiosum in organic pest management. This combination 
appears to be a viable strategy in the context of sustainable 
agriculture without impairing the natural biological control 
promoted by this egg parasitoid, and, therefore, these com-
patible technologies are feasible for use by organic farmers.
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