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Abstract

Considering the implications the formulation may have on the effectiveness and residu-
ality of an active ingredient, four trials were conducted comparing two commercial for-
mulations of the diazinon insecticide, two of acetamiprid, two of lambda-cyhalothrin,
and, finally, three formulations of imidacloprid. For diazinon and acetamiprid, the com-
parison parameters used correspond to efficacy against three key pests in apple trees:
Cydia pomonella, Diaspidiotus perniciosus, and Pseudococcus viburni; for 1-cyhalothrin, effi-
cacy against C. pomonella was compared; and for imidacloprid, differences in control P.
viburni were established. In all cases, their persistence was established in terms of initial
and final residue levels in samples of fruits, at 1 and 25 days after application (DAA).
Different formulations of the same insecticide correspond to a relevant factor in the gen-
eral behavior that each product presents in field conditions, being able to affect param-
eters such as its persistence in the fruit and/or initial deposit of the active ingredient. This
variation was demonstrated in the comparison performed on acetamiprid, imidacloprid,
and diazinon, but it was not so in l-cyhalothrin. Efficacy was affected in all parameters
evaluated for each group of insecticides, demonstrating that different formulations can
deliver different biological activity in the control of various pests.

Keywords: pesticide formulations, efficacy, dissipation, residues, insecticide

1. Introduction

The use of multiple crop protection chemicals is a common practice in fruit production,
given the requirements of different markets such as the search for plant health, organoleptic
quality, and higher yields. In this context, pesticides are applied to agricultural systems for
the purpose of protecting plants from damage due to weeds, insects, or diseases [1]. Then,
the term pesticide or agrochemical is used to define a wide range of compounds including
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insecticides, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant growth
regulators, defoliant, and others [2].

The role of pesticides in global agriculture has been questioned by United States Environmental
Protection Agency (EPA), the European Community, and institutions focused on the conse-
quences of pesticides in human health and environmental subjects [3, 4]. The continuous revalu-
ation of registered pesticides combined with major restrictions like lesser tolerance to residues
of pesticides on food has led to an overall trend of reduced risk from pesticides using, for exam-
ple, innovations in the development of new formulations [5]. It is understood by new formula-
tion a new way of presenting the pesticide for sale, which generally includes, in addition to
the active ingredien(s), different adjuvant(s), and/or other formulants combined to render the
product useful and effective for the purpose claimed [6].

The supply of plant protection products is wide, although it varies from country to country
according to its internal regulations and requirements. However, global development makes
it possible to commercially find the same active ingredient formulated in various ways, which
is expected to affect the final behavior of the pesticide, with consequences on the efficacy [7].
Some of the first pesticide formulations developed in the agricultural industry (like granules,
aqueous solutions, dusts, powders, and mineral oil in water emulsions) was based on simple
technologies. However, since the 1980s, the pesticide industry has made great strides for the
development of new formulations, focusing in particular on the search for greater chemical
stability, optimization of biological activity, differentiation, and greater safety in use [8]. In
addition, the search for decreasing the dose required per hectare to reduce the amounts of
pesticides distributed in the environment has focused on the development of new formula-
tions [9, 10]. The main factors that determine the design of a formulation are the solubility
characteristics of the active ingredient (Al), cost of manufacture, and the intended use, so
interdisciplinary sciences are required in each new formulation development [11].

The efficacy of agrochemicals as crop protection agents is generally a function of the intrinsic
properties of the active ingredients, such as their toxicity, plant movement, penetration capac-
ity, and mechanism of action [12] but also can be influenced by the formulation and the mode
of application of the commercial product and the participation of surfactants and adjuvants
among other parameters [13]. Formulation is a key tool because different formulations can
promote stability to photochemical degradation, or decrease the amount of active ingredi-
ent necessary to achieve pest control [14]. Different works propose that a formulation can
improve handling safety and can play a crucial role in the duration of delivery of the active
ingredient [15, 16]. The formulation may also be a key point in avoiding phytotoxicity [17] or
incompatibility on mixes with other agrochemicals [18].

The production of fruit in Chile corresponds to an industry focused on the export of fresh
fruit [19], so it is subject to different phytosanitary requirements [20]. Within them, pest man-
agement is a relevant item, where the main management is carried out based on the chemi-
cal synthesis insecticides [21]. Due to the high rate of use of these products in developing
countries like Chile [22], the chemical industry has found an attractive market, generating a
wide range of insecticides, with several formulations of the same active ingredient. The above
occurs, for example, with neonicotinoid insecticides acetamiprid and imidacloprid [23]; with
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the organophosphate insecticides diazinon [24], chlorpyrifos [25]; and with the pyrethroid
insecticide lambda-cyhalothrin [26], among others. All these insecticides are commonly used
in apple orchards in Chile.

Acetamiprid and imidacloprid are widely used to control obscure mealybug (Pseudococcus
viburni) (Hemiptera: Pseudococcidae), San Jose scale (Diaspidiotus perniciosus) (Hemiptera:
Diaspididae), wooly apple aphid (Eriosoma lanigerum) (Hemiptera: Aphididae) [27] and also,
in the case of acetamiprid, is used to control codling moth (Cydia pomonella) (Lepidoptera:
Tortricidae) on apple orchards [28, 29]. Diazinon is mainly used in the control of wooly apple
aphid [30] and mealybugs [31] until the first stages of fruit development, while l-cyhalothrin
is used up to the preharvest period to control codling moth [32]. The use of these pesticides is
suggested based on their control objective, respecting a preharvest interval estimated to com-
ply with the maximum residue limits. These intervals are currently estimated for the active
ingredient independent of the formulation used [33], even when different works propose that
formulations can affect dissipation of residues [34] and residue amount [35]. Likewise, formu-
lation can affect efficacy of the application, generating a direct impact on the number of appli-
cations required to achieve adequate control [36, 37]. Also, formulation type might impact on
the proportionality of residues, especially when changes in rate (kg active ingredient ha™) are
accomplished by changing the spray concentration, because depending on the type of formu-
lation, increasing spray rate will also increase surfactant and other adjuvant concentrations in
the spray solution which can help the crop to retain for a longer period the residue [38]. About
the influence on the efficacy, for example, a comparison performed between two formulations
of imidacloprid and carbofuran found an increase in the control period of aphid and leaf-
hopper in potato, when using encapsulated formulations of those insecticides compared with
commercial formulations WP and G, respectively, but not in the dissipation of its residues [39].

The aim of this chapter is to evaluate effectiveness and residuality of two commercial for-
mulations of the diazinon insecticide; two commercial formulations of acetamiprid, two
commercial formulations of active ingredient lambda-cyhalothrin, and finally, three com-
mercial formulations of imidacloprid insecticide. For diazinon and acetamiprid formulations,
the comparison parameters used correspond to the efficacy in the simultaneous control of
three primary importance pests in apple trees: C. pomonella, D. perniciosus, and P. viburni; for
l-cyhalothrin formulations, efficacy against C. pomonella was compared; and for imidacloprid
formulations, differences in control P. viburni were stablished.

2. Methodology

2.1. Insecticides

Assays were conducted using commercial formulations of insecticides. Then, diazinon 50% p/v
emulsion in water (EW) emulsion (Diazol® 50 EW; Adama Makhteshim Ltd.) and diazinon 40%
p/p wettable powder (WP) (Diazinon® 40 WP; Anasac Chile S.A.) were compared. Also was
performed the comparison between acetamiprid 70% wettable powder (Hurricane® 70 WP;
Anasac Chile S.A.) and 20% soluble powder (Mospilan® 20 SP; Nippon Soda Co., Ltd.). For

45



46

Insecticides - Agriculture and Toxicology

lambda-cyhalothrin, 5% p/v microcapsule suspension (Karate Zeon® 050 CS; Syngenta S.A.)
and 5% emulsifiable concentrate (EC) (Zero® 5 EC; Anasac Chile S.A.) formulations were com-
pared, and finally, for imidacloprid insecticide, 20% p/p soluble liquid (SL) (Confidor® Forte
200 SL; Bayer CropScience AG), 35% p/v suspension concentrate (Confidor® 350 SC; Bayer
CropScience AG), and 70% p/p wettable powder (Punto® 70 WP; Anasac Chile S.A.) were used.

2.2. Efficacy evaluations

During the spring of 2016, an apple orchard, cultivar Royal Gala located in the main pome
fruit-growing area of Chile (34°46'45.9"S 71°02'50.0"W), was selected for this study. This
orchard was naturally infested with the San Jose scale (D. perniciosus) and obscure mealybug
(P. viburni). Prespraying evaluation was performed, determining that the appropriate statisti-
cal design was completely randomized with four replicates (each one with 50 plants, equiva-
lents to 0.125 hectares).

The climatic conditions at the study period were as follows: average air temperature of 18.5°C
(8.8-28.1°C) and relative humidity of 65.4% (33.2-97.6%). The first 22 days were free of pre-
cipitation, and then a total of 4 mm were recorded between days 23 and 25 post application.
The phenological status at the beginning and the end of the study was 16 and 25 mm of diam-
eter of fruits, respectively.

For C. pomonella evaluations, artificial infestations with neonate larvae (L,) were performed
on laboratory over 100 uninfested fruits collected per experimental unit. Neonate larvae were
obtained from previous breeding in the laboratory, with insects coming from orchards not
previously treated with insecticides. The fruits were collected from the experimental units at
3,7,10, 14, 21, and 25 days after application (DAA); collecting them from the pedicel to avoid
the excessive manipulation of the residue of insecticides or removal. One larva was used per
fruit, and mortality was recorded under microscope at 24 h post each infestation. Between
infestation and evaluation, the fruits were maintained in breeding chamber at light condi-
tions: darkness 16: 8 h, with 16 + 2°C.

For D. perniciosus and P. viburni evaluations, the number of infested fruits and the number
of live scales and live mealybugs were counted under microscope on 100 fruits collected per
experimental unit, reaping 2 apples randomly per tree from each repetition at 3, 7, 10, 14, 21,
and 25 DAA. In all cases to score insects as dead, failure of the insect to respond when probed
with a dissecting needle, shriveling, and color variation was considered.

Mortality of codling moth larvae percentage was calculated for each insecticide and corrected
using the Abbott’s formula [40]. The data of efficacy on San Jose scale and obscure mealybug
obtained from the experiment described above separately by active ingredient were subjected
to analysis of variance (ANOVA) by taking appropriate transformations. Mean comparisons
in significant ANOVAs were performed with a Tukey’s test (p > 0.05). Statistical analyses were
conducted using the software Minitab®16.1.0 (Minitab Inc.).

2.3. Treatments

A control treatment without insecticide applications was considered. In order to represent
the use of insecticides under equal conditions, a single dose was used per active ingredient
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(A.L), given a total of 10 treatments and control included. Then, two treatments contained
50 g of diazinon/100 1 of water; two treatments contained 8.4 g of acetamiprid/100 I; two
treatments contained 1 cc of lambda-cyhalothrin/100 1; and three treatments contained 21 g of
imidacloprid/100 1.

All applications were performed just once on the season, on November 2, with a conventional
hydraulic sprayer (Line Ecofrut 2000, Parada S.A) dosing each treatment for 2000 1 of water
per hectare. Between treatments were left at least 30 m free of evaluations to avoid interfer-
ence in the measurements.

2.4. Residue estimation of insecticides

Four apple samples (4 kg per experimental unit) for determination of each insecticide resi-
dues were taken at 1-25 DAA from all treatments [41]. Apple samples from each replicate of
each treatment were chopped into small pieces and mixed, and subsample (100 g) was used
for extraction.

Determination of acetamiprid and imidacloprid residues was done using P-002 Luke, method
based on gas chromatography with mass detector (GC-MS) and high-performance liquid
chromatography (HPLC) with triple quadrupole detector (MS/MS) [42, 43]. Determination
of diazinon and l-cyhalothrin residues was done using gas chromatography (GC) with triple
quadrupole detector (MS/MS) [44]. Finally, the data obtained on the initial and final deposits
of different formulations of each active ingredient were subjected to ANOVA. For imidaclo-
prid, mean comparisons were performed using ANOVA and Tukey’s test (p > 0.05).

3. Results and discussion

3.1. Efficacy of diazinon formulations

Major knockdown effect and longer residual period to control D. perniciosus (Figure 1, Table 1)
and P. viburni (Figure 2, Table 2) was achieved by using emulsion in water (EW) than wet-
table powder (WP). In addition, higher levels of mortality of both pests were achieved with
the use of EW formulation. One work performed with diazinon against the attack of San Jose
scale crawlers showed that diazinon provided 12-13 days of protection [45], which can be
considered similar to results obtained on this chapter for WP formulation, but apparently it is
underestimated for EW formulation. On both parameters (mean of infested fruits by scales or
mealybugs and mean of living scales or mealybugs on fruits), EW seems to be effective even
until the last evaluation carried out at 25 DAA.

On the other hand, about C. pomonella control (Figure 3), both formulations showed and
optimal and similar control until 10 DAA, and then, better results—but not optimal —were
obtained with EW formulation. One work conducted in 1965 proposed that for diazinon, opti-
mal insecticide activity against C. pomonella would have an approximate duration of 6 days
[46]; in the present work, demanding for 90% minimum of larvae mortality, both formula-
tions deliver 10 days of control. On 14 DAA evaluations, EW formulation showed a mortality
level close to 80%, which is considered insufficient from the economic point of view for the
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Figure 1. Mean of infested fruit by living San Jose scale according to the treatment of diazinon formulations. Values

m Control
diazinon EW
= diazinon WP

followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

farmer. Therefore, although both formulations show significant differences in the control of
C. pomonella, commercially (demanding a mortality of at least 85%), both only control effi-

ciently for up to 10 days.

3.2. Residues of diazinon formulations

Emulsion in water generates higher initial and final diazinon residues than wettable pow-
der (Figure 4). These results are probably due to differences between formulations that affect

Mean of living scales (D. perniciosus) on fruits according to diazinon formulation by evaluation moment

(DAA)

Treatment Prespraying 3DAA 7DAA 10DAA 14DAA 21DAA 25DAA
Control 31.00a 36.00a 39.25a 40.00a 43.75a 47.75a 51.75a
Emulsion in water 29.25a 7.25¢ 4.75¢c 3.25¢ 6.75¢ 7.75¢ 8.25¢
Wettable powder 27.50a 11.75b 14.75b 12.75b 12.00b 17.50b 19.25b
F 1.08 200.45 78.63 72.98 172.79 155.83 137.18
p value 0.379 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means followed by different letters indicate significant differences with p < 0.05 (ANOVA, Tukey’s test).

Table 1. Mean of living San Jose scale on fruits according to the treatment of diazinon formulations.
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Figure 2. Mean of infested fruit by living obscure mealybugs according to the treatment of diazinon formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

the surface tension of the solution and hence droplet formation and deposition of diazinon
residue. Diazinon is a water-soluble insecticide with high affinity for lipids [47]; then, solvent
and emulsifier used on emulsion in water formulations can play a crucial role on the deposi-
tion pattern. Emulsion in water dissolved in water forms an emulsion, which does not need
constant agitation to maintain it; instead, the wettable powder formulation forms a suspension,
which requires constant agitation to keep its fine particles suspended in the water. These dif-
ferences in the physical-chemical behavior of both formulations were reflected in differences
in their initial deposition and persistence of its residues, but this does not seem to be a constant
to all types of formulations and insecticides. One work comparing residue levels generated
by three formulations of chlorpyrifos (emulsifiable concentrate (EC), wettable granules (WG),

Mean of living obscure mealybugs on fruits according to diazinon formulation by evaluation moment (DAA)

Treatment Prespraying 3DAA 7DAA 10DAA  14DAA 21DAA 25DAA
Control 33.50a 42.75a 48.00a 55.00a 57.00a 61.50a 62.25a
Emulsion in water 31.25a 3.00c 6.00c 5.75¢ 5.50c 7.25¢ 12.50c
Wettable powder 32.75a 18.75b 21.25b 24.75b 24.50b 26.50b 32.25b
F 0.55 80.36 175.45 279.37 129.88 178.28 142.53
p value 0.597 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Means followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

Table 2. Mean of living obscure mealybugs on fruits according to the treatment of diazinon formulations.
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Figure 3. Mortality (% Abbott) of C. pomonella larvae according to the treatment of diazinon formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

and microencapsulates (ME)) applied to oranges shows that the decline curve and the residue
levels in fruits, leaves, and soil could change remarkably if the same active ingredient is used
in different formulations [48]; on contrary, the study performed with fenitrothion applied to
oranges and clementines with emulsifiable concentrate and microencapsulate formulations
did not find differences on rate of decline residue of the active ingredient for both kinds of
commercial formulations [49]. For the insecticide azadirachtin, EC formulations compared
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o
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Figure 4. Initial and final residues of diazinon quantified for each formulation. Values followed by different letters
indicate significant differences with p < 0.05 (ANOVA).
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with WP formulation showed differences in the droplet-size spectra and deposit levels, attrib-
uted to the influence of additives present in different formulations [50].

3.3. Efficacy of acetamiprid formulations

Differences on efficacy only after 21 DAA were observed with acetamiprid formulations on
codling moth (Figure 5). Major knockdown effects on San Jose scale (Figure 6; Table 3) and
obscure mealybug (Figure 7; Table 4) were obtained using wettable powder (WP); neverthe-
less a longer protection period was obtained using soluble powder (SP). On C. pomonella, both
treatments showed appropriate control until 21 DAA, and then, only soluble powder main-
tained a percentage of control with over 85% larvae mortality until 25 DAA.

Acetamiprid has shown good control activity against C. pomonella [51]. It is systemic and
intended to control sucking insects like aphids, mealybugs [52], and San Jose scale [53]. In this
study, differences on the behavior on control could be explained by differences on chemical-
physical property between both formulations. Although they have many similarities, when
mixed on water, WP generates a suspension, and when applied, formulation particles remain
on the treated surface [54]; instead, SP generates a homogenous solution which is easily
incorporated by the plant. In addition, between both formulations, the concentration of active
ingredient and the proportion and type of coformulants vary. Then, it is possible that these
differences are reflected in different rates of absorption by the plant and/or insects [55]. There
is some consensus that biological performance of a pesticide is frequently affected by the
choice of formulation type [56, 57], for example, a formulation which delivers the chemical in

b 98.4bg7 4h 98.9b9

100 b 99.4096.1b 99.2b

88.6b
1
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80
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60
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Mortality (%Abbott) of C. pomoneilalarvae
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Days of evaluation (DAA)

Figure 5. Mortality (% Abbott) of C. pomonella larvae according to the treatment of acetamiprid formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).
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Figure 6. Mean of infested fruit by living San Jose scale according to the treatment of acetamiprid formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

a solution, as in SL, EC, or SP formulations, is commonly considered more biologically active
than WP or SC formulations, but also, it has a greater risk of being phytotoxic [58].

3.4. Residues of acetamiprid formulations

Wettable powder formulation generated higher initial deposition of acetamiprid than
observed for the soluble powder formulation (Figure 8). These results contradict what was
proposed for a comparison between decline curves of acetamiprid on apple (cv. Pink Lady)
performed with SL and WP formulations. In that work, no significant differences were found
on the initial and final depositions of acetamiprid between both formulations, applied on

Mean of living scales (D. perniciosus) on fruits according to acetamiprid formulation by evaluation moment

(DAA)

Treatment Prespraying 3DAA 7DAA 10DAA 14DAA 21DAA 25DAA
Control 31.00a 36.00a 39.25a 40.00a 43.75a 47.75a 51.75a
Soluble powder 28.25a 11.50b 6.50c 2.25¢ 4.50c 6.00c 9.25¢
Wettable powder 30.25a 6.00c 13.50b 8.25b 12.50b 24.25b 27.75b
F 1.22 204.07 79.46 169.31 178.52 127.69 102.01
p value 0.34 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Means followed by different letters indicate significant differences with p < 0.05 (ANOVA, Tukey’s test).

Table 3. Mean of living San Jose scale on fruits according to the treatment of acetamiprid formulations.
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Figure 7. Mean of infested fruit by obscure mealybugs according to the treatment of acetamiprid formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

three different apple growth stages [59]. Even when both SP and SL form solutions, these
formulations differ on its coformulants and the concentration of active ingredient contained
proportionally therein. Thus, even if in this work an equal amount of active ingredient per
hectoliter per hectare has been dosed, the proportion and type of surfactants, carriers, or oth-
ers will not be equivalent.

In general terms, results from the literature are not conclusive with respect to the effect of
different formulations in residue deposits and behavior of pesticides, perhaps because of the
difficulty of isolating other factors that also affect the degradation of residues such as spe-
cies and varieties; use of adjuvants; types and concentration of coformulants; fruit growth;

Mean of living obscure mealybugs on fruits according to acetamiprid formulation by evaluation moment
(DAA)

Treatment Prespraying 3DAA 7DAA 10DAA 14DAA 21DAA 25DAA
Control 33.50a 42.75a 48.00a 55.00a 57.00a 61.50a 62.25a
Soluble powder 29.00a 15.75b 7.00b 5.50c 7.75¢ 9.00c 10.75¢
Wettable powder 28.00a 7.25¢ 11.25b 15.25b 17.00b 18.75b 22.25b
F 2.60 79.16 282.59 282.08 168.09 234.43 238.61
p value 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Means followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).

Table 4. Mean of living obscure mealybugs on fruits according to the treatment of acetamiprid formulations.
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Figure 8. Initial and final residues of acetamiprid quantified for each formulation. Values followed by different letters
indicate significant differences with p <0.05 (ANOVA).

climatic conditions; spraying method; measuring technique; and pesticide physicochemical
properties between others [60-62].

3.5. Efficacy of I-cyhalothrin formulations

Although both formulations showed insecticidal activity against C. pomonella, significant dif-
ferences between both formulations were observed since the first evaluation (Figure 9). Zeon
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Figure 9. Mortality (% Abbott) of C. pomonella larvae according to the treatment of I-cyhalothrin formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).
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(CS) formulation showed better efficacy, with the longer stable control period. Key difference
between Zeon technology and EC formulation is that the first one encapsulates the active ingre-
dient in small capsules with thin walls; instead, the second one comprises the active ingredient,
a solvent, and emulsifiers. This enables for Zeon formulation quick “knockdown” of insects
coupled with long-term persistence [63, 64], properties that were observed in this study. Even
when they observed differences between efficacy parameters of both formulations, some authors
propose that other parameters as application rate should be considered [65], which, in the pres-
ent study, is a constant factor for the comparison of both formulations allowing us to conclude
without other variables. One work conducted to evaluate efficacy against Cydia molesta founded
that in the laboratory and in the field, the toxicity to C. molesta larvae of microencapsulated (CS)
l-cyhalothrin was similar to that of the emulsifiable concentrate (EC) formulation. However, the
same work proposed that different toxicity responses were obtained when evaluating its effect
on the predator Typhlodromus pyri Scheuten, where CS formulation results significantly more
toxic than EC formulation in pyrethroid-susceptible predator population [66].

3.6. Residues of 1-cyhalothrin formulations

Apparently, the different release rates of the active ingredient are not significantly different
at their start (1 DAA) and at 25 days from the application (Figure 10), possibly because the
microencapsulated formulations do not necessarily vary the deposition of the active ingredi-
ent residue, but their biological availability and, as it was observed, its effectiveness.

3.7. Efficacy of imidacloprid formulations

Control of P. viburni showed by soluble liquid (SL) and suspension concentrate formulations
was similar to wettable powder (WP) formulation until 10 DAA, reflected in both the average
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Figure 10. Initial and final residues of I-cyhalothrin quantified for each formulation. Values followed by different letters
indicate significant differences with p <0.05 (ANOVA).
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number of fruits infested by the pest (Figure 11) and the mean of living mealybugs on fruits
(Table 5); then, longer efficient period of control was obtained using SL formulation.

Imidacloprid is highly effective against mealybugs [67] and others hemipteran pest [68, 69]. It
is available in different formulations (WP, SL, SC, OD, WG) registered generally according to
their use intention (foliar sprays, seed treatments, and via soil application) [70]; but for the same
target of control and way of use, more than one formulation can be available. The choice of one
formulation or another may vary the metabolism and persistence behavior of imidacloprid
[71, 72]. In our work, even though the three formulations differ in the characteristics of their
coformulants, WP and SC formulations have in common that both form suspensions on water;
instead, SL forms a solution. This difference could generate different responses in the mobility
and translocation of the active ingredient, and therefore its availability to control the pest.

3.8. Residues of imidacloprid formulations

Both initial and final deposits of imidacloprid were higher in SL, compared with WP and SC
(Figure 12). Even though this work presents only two points or moments of evaluation within
a possible residue decline curve, we can infer that the degradation of imidacloprid residue
was affected by the formulation, resulting more persistently the residue of imidacloprid gen-
erated by the formulation SL than that of the other formulations WP and SC.

On the other hand, the formulations WP and SC had similar behaviors with each other, which
is coincident with what was observed in the construction of metalaxyl decline curves in grapes

for WP and SC formulations of this pesticide [73].
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Figure 11. Mean of infested fruit by obscure mealybugs according to the treatment of imidacloprid formulations. Values
followed by different letters indicate significant differences with p <0.05 (ANOVA, Tukey’s test).
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Mean of living obscure mealybugs on fruits according to imidacloprid formulation by evaluation moment
(DAA)

Treatment Prespraying 3DAA  7DAA 10DAA 14DAA 21DAA 25DAA
Control 33.50a 42.75a  48.00a 55.00a 57.00a 61.50a 62.25a
Suspension concentrate 36.50a 5.25b 4.75b 6.25b 12.75b 16.00b 19.75b
Soluble liquid 36.00a 6.25b 5.00b 5.00b 1.75¢ 3.50c 6.75¢
Wettable powder 35.75a 4.25b 3.75b 4.75b 14.5b 17.00b 24.50b
F 0.51 10.12 29.31 33.09 20.82 23.49 17.13

p Value 0.68 <0.001  <0.001 <0.001 <0.001 <0.001 <0.001

Means followed by different letters indicate significant differences with p < 0.05 (ANOVA, Tukey’s test).

Table 5. Mean of living obscure mealybugs on fruits according to the treatment of imidacloprid formulations.

In all the cases studied on this research (except both formulations of I-cyhalothrin), concentra-
tion of active ingredient contained in 11 or kg of each commercial product varied with their
respective comparison. Thus, even though all treatments were performed to look for the same
dose of active ingredient per hectare, there was always a variation in the content of adjuvants,
surfactants, inerts, or other contents according to the formulation. In the case of 1-cyhalo-
thrin, the variations passed through the type of coformulants in addition to the differentiat-
ing characteristics of the rate of release of the active ingredient, but not in the concentration
of active ingredient. For Food and Agriculture Organization (FAO), two pesticides may not
be classified as equivalent even when they have the same concentration of active ingredient,
as their similarity depends on the type of formulations. Nor does it apply nominally similar
products from other manufacturers or at all those where the active ingredient is produced
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Figure 12. Initial and final residues of imidacloprid quantified for each formulation. Values followed by different letters
indicate significant differences with p <0.05 (ANOVA).
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by other synthesis methods [74]; inferring that, it is expected that there are certain variations
in its practical behavior, whether in its pattern of residues, biological behavior, or efficacy.
Accordingly, in the pesticide registry and its establishment of maximum residue limits, it is
suggested that information is submitted for the formulation to be registered, and, if a new
formulation is to be introduced, it is suggested to carry out collaborative trials (even between
different manufacturers) that previously demonstrate that the variations made in the new
formulation will not change the pattern of residues [41]. The information generated in these
studies is not public.

While the chemical industry posits that some formulations do not imply significant varia-
tions between them [74], there is a lot of confidential information that is not known to the end
user, which prevents easily discriminating when variations are expected or when not. For the
same reason, and because the effectiveness or protection periods may be severely affected by
variations between formulations, further comparative inquiries are required to discriminate
between product profiles for pest control.

4. Conclusions

Pesticide formulations would have a significant impact on the biological effect for the studied
pesticides. Efficacy, knockdown effect and period of effectiveness protection can be affected
by formulation of an insecticide. All these parameters are determinant in the design of an
application program of insecticides, but in most cases are unknown by the user, the farmer,
generating consequently that a greater number of applications are realized. This increases the
impact on the environment and likely the costs associated with pest management.

On the other hand, when insecticide residue can be affected by formulation (both in the initial
deposit and in its persistence), other parameters inherent to the active ingredient and the
capacity of detection and quantification of the measurement technique may be mediating the
real importance that the formulation may have on the behavior of the residue. In this chapter,
the formulation was determinant in the residual pattern of acetamiprid, imidacloprid, and
diazinon, but not for I-cyhalothrin. Future complementary works may focus on considering
other interaction between variables such as relevance of the type and concentration of cofor-
mulants; fruit growth stage; climatic conditions and spraying method; and fruit or vegetable
species, since all of them dynamically seem to affect in some degree the behavior of the insec-
ticide residue generated. This in turn suggests that in some cases the estimation of preharvest
intervals calculated for certain active ingredients may be affected by the formulation used in
the baseline studies, generating the risk of an underestimation of that interval.

Therefore, when formulations of the same active ingredient are widely available, it is desir-
able to have independent declination curves of insecticide residue for at least those which dif-
fer drastically in type of coformulants or adjuvants and its concentration of active ingredient,
considering that there is a risk of significant variations in the behavior of the residue.
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