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ABSTRACT

The objective of this study was to evaluate thécitgxof the pyrethroid deltamethrin on the entomathiwgenic
fungus Metarhizium anisopliae var. anisopliae, ¢gdagng the conidia germination speed as paramefeispended
conidia in a concentration of 5.42 x16onidia/ml were treated with deltamethrin at comrations of 50 pg/ml,
250 pg/ml, 500 pg/ml, 750 pg/ml (diluted treatmgn®d.25pg/ml, 31.254g/ml and 31.25 pg/ml (ultra diluted
treatments) and incubated for 24 h. Samples welleated among 0 and 24 h of incubation, then geateid
conidia were counted, assessing the percentagerofigation and germination speed. The results skictivaet 50
ug/ml of deltamethrin reduced and delayed conidiargeation and it was 100% inhibited by the concatitms of
250 ug/ml to 750ug/ml. Ultra diluted treatments with deltamethrinr@enot inhibitory and treatments with 31.25
pag/ml and 31.25;,g/ml of deltamethrin showed a significant increa$egerminated conidia, indicating a possibly
hormesis, that is, the biological effects of loweleexposures of these concentrations of deltanmethr conidia
germination of M. anisopliae.
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INTRODUCTION

The modern mass agriculture prioritizes the safe of pesticides, assuring the food quality and asnsble
productivity. Although often their use is beneficidne misuse of these compounds can affect the@maent and
consumers health [12], since at a sufficient dbsy tan cause genetic toxicity, cancer, birth defdddney and
liver disease [27].

Several chemical products are applied for the implion and maintenance of a high agricultural pobidn.
Pyrethroid insecticides, synthetic derivatives wfgbhrins, are used as wide-spectrum insecticiddldue to their
high insecticidal potency, slow development of gigesistance, relatively low acute toxicity in nraais, not being
persistent in the environment [41]. However, efecdf exposures to pyrethroids have been documeinted
potentially sensitive subpopulations, such as pgagwomen, infants and children [11, 23, 44, 45].

Pyrethroids insecticides are classified in two s#&s based on their structure and toxic effectse ty compounds
that not contain a cyano group, whereas type llgmmds that contain it [25]. Deltamethrirg)(@lpha-cyano-3-
phenoxy-benzyl-(1Rjs)-2,2-dimethyl-3-(2,2-dibromvinyl)-cyclopro-panebaixylate), a type Il pyrethroid, is
effective by contact, ingestion and repellencyhds a wide action spectrum against insects ands miteluding
Spodoptera frugiperdaand in general it shows selective toxicity, famgmatural enemies [20, 28, 43].
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It is considered a potent neurotoxic pyrethroid among the major signs of acute poisoning are a#bin,
hyperexcitability, choreoathetosis, and seizureteraction with neuronal voltage-sensitive sodidmarmnels is the
primary mode of action of this insecticide [5, 6, 39, 41].

The asexual filamentous fungudletarhizium anisopliae(Metschnikoff) Sorokin (order Moniliales, family
Moniliaceae) was used for the first time as a ni@bcontrol agent of insects by Elie Metchnikdff, 1879, for
controlling of wheat grain beetléfisoplia austriaca This entomopathogenic fungus is capable of inseweral
species of insect-pests, such as beetles [26],[1&s21, 22, 31], spittlebugs [24, 33], whitegrdB§ locusts and
grasshoppers [32].

Studies using the conidia germination speed paemean be conducted vitro by adding products to the synthetic
culture media used for fungal growth, to evaluateetiver physical and/or chemical variables in thessate on
conidia are produced influence fungal developmemd @onidiogenesis [30, 37]. To determine the rate o
germination, conidia can be inoculated into a liqunedium and sampled periodically for analysis wéth
microscope, counting the number of germinated dafiBb].

Germination speed of conidia has been used as ptearto evaluate the effects of different factors M.
anisopliae such as employed by Rangel et al. [37], thaffieerithe influence of natural or artificial subs&s on the
conidial UV-B tolerance and germination speed ob tisolatesM. anisopliae Also, Rangel et al. [38], which
demonstrated that the conidia germination spead. @hisopliaecan be strongly influenced by culture conditions.
Considering the importance M. anisopliaeas a microbial agent of a wide variety of inseditpgit is of critical
importance to evaluate the effect of chemical potslwon this fungus, assessing the conidia germinapeed
parameter, which is directly associated with vingle, and also, conidia represent the infective anil the
inoculum source in the field after application [Zherefore, this present study aimed to evaluatetdhicity of
different concentrations of deltamethrin lgh anisopliag in order to verify the possibility of a combinade of this
entomopathogen and the pyrethroid.

MATERIAL AND METHODS

Fungal strain and culture media

The strain ofM. anisopliaevar. anisopliaewas isolated from the insect hd3¢ois sp. and belongs to the fungal
culture collection of Laboratério de Biotecnologiticrobiana from Universidade Estadual de MaringaraRa,
Brazil. Complete Medium (CM) and Liquid Complete diiem (LCM) [36] were employed.

Conidia germination speed in the presence of deltagthrin

M. anisopliaewas incubated in Petri dishes containing CM (2 imlbiological oxygen demand (BOD) at 28°C.
Conidia were obtained directly from seven daysspdrulating cultures by scraping and then suspendiaqueous
solution of 0.01% Tween 80. Into nine Erlenmeyaskis were inoculated the suspended conidia in eeobration
of 5.42x16 conidia/ml.

For treatments, seven Erlenmeyer flasks also redgiwn a final volume of 5 ml) LCM and deltameth(Decis 25
EC, Bayef) at different concentrations: 50 pg/ml (T1), 25§/ml (T2), 500 pg/ml (T3), 750 pg/ml (T4) (diluted
treatments), 31.2pg/ml (T5), 31.25ng/ml (T6) and 31.25 pg/ml (T7) (ultra diluted tnesints). Two Erlenmeyer
flasks also received only 5ml of LCM and were usadnegative controls, one for diluted treatments) (&d
another for ultra diluted treatments (C2).

All Erlenmeyer flasks were incubated in BOD at 288€24 h. Samples from C1, T1, T2, T3 and T4 weakected
at0, 6, 8, 10, 12 and 24 h of incubation. Samfstaa C2, T5, T6 and T7 were collected at 8 and 24 incubation.
Germinated conidia were counted using Neubauer bgimmeter. Samples were analyzed in triplicate. The
percentage of germination and germination spee@ w&ssessed by randomly observing 100 conidia. Adton
was considered germinated when a germ-tube prdjéaim it [29].

RESULTS AND DISCUSSION

The biological control using entomopathogens regrssa promising alternative with low environmeritapact
that may contribute to reduce or eliminate the afsehemical products in agriculture and studieslating the
effects of the combination of entomopathogens dradical pesticides are being intensified [3, 7,30, Among
entomopathogenic microorganisms, fungi are the mvat spread group closely associated with agricelf1].

In this present analysis of the toxicity of deltdlman on M. anisopliaevar. anisopliag assessed by germination
speed parameter, was possible to observe thatOridsnl) delayed the speedMf anisopliaeconidia germination
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(Figure 1) in comparison to C1, since the coniddangnation started before 6 h of incubation for Wlereas it
started after 12 h for T1 (Figures 1 and 2). At &mal of incubation time (24 h), a decrease in tmber of
germinated conidia was observed for T1 (20%) coegbdo C (90%) (Figures 1 and 2). A strong inhilntiof
germination was caused by treatments 2, 3 and 4rewhonidia germination was 100% inhibited (Figaje
indicating a possible toxic effect of deltamethoimM. anisopliaewhen this pyrethroid is used in concentrations of
250 pg/ml, 500 pg/ml and 750 pg/ml. When deltanietvas employed as ultra diluted treatments (FiQ)rehere
was no germination inhibition, moreover, at the efidncubation period (24 h), T5 and T6 showed gniicant
increase of germinated conidia compared to C2, evi8d% and 96% of conidia were germinated in T5231.
pg/ml) and T6 (31.25:g/ml), respectively. In special, the results okedirior these two reduced concentrations of
deltamethrin indicate a possibly hormesis effedahaf pyrethroid on conidia germination Mf anisopliae favoring

it.
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Figure 1. Percentage oM. anisopliae conidia at different phases of germination in the pesence of diluted
treatments of deltamethrin.
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Figure 2. Comparison of the germination speed d¥l. anisopliae conidia in the control 1 and treatment 1 (50
pg/ml of deltamethrin).
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Figure 3. Percentage oM. anisopliae conidia at the beginning and end of germination inthe presence of ultra
diluted treatments of deltamethrin.
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Hormesis or biological effects of low level expassi(BELLE) in the field of toxicology, is charadtd by non-
monotonic dose response which is biphasic, disptagpposite effects at low and high doses [42].il@iyg to the
present study, the occurrence of hormesis has eeamented across several biological models thagived
different types of exposure [4, 14, 16, 17, 18,4,

The growth ofM. anisopliaecolonies was the parameter used by Camargo [1€j¢cok the effects of deltamethrin
at different concentrations, observing that highibition occurred in concentrations from 30 up 84 pm. Batista
Filho et al. [10] evaluated the effects of deltamniet (in concentrations recommended for field, 8800 ml a.i./ha)
on the reproductive and vegetative growthvbfanispoliae obtaining a compatibility when deltamethrin wasd
at the maximal dose and moderate toxicity wherai$ wsed at the minimum dose. The toxic effectsetibchethrin
(50 ml/100 1 and other pesticides on respiratory activifyM. anisopliaewere checked by Mochi et al. [30],
showing that no significant difference in fungalsp@atory activity was observed between treatmeith w
deltamethrin and the control.

Bahiense et al. [8] evaluated the compatibilityaaftrain ofM. anisopliag(obtained fronBoophilus microplusand
commercial product composed by deltamethrin to robhéarvae ofB. microplustick. The chemical product was
used at concentrations of 0.39, 0.78, 1.56, 3.126R5 ppm and. anisopliaewas used at concentrations of,10
10°, 10 and 18 conidia/ml*. As results the authors observed that in all dations of M. anisopliae and
deltamethrin (except of the combination of tBnidia/mi* and 1.56 ppm deltamethrin) the mortality ratesewe
higher than those treatments using only fungusyeetproid. Regarding the concentration of 2.Zxt6nidia/ml*,
the best result was obtained for its combinatioth\8i25 ppm of deltamethrin, with 68% of larvae tatity. The
concentration of 2.2xfaonidia/ml* had better compatibility with 3.12 and 6.25 ppndeftamethrin, with 54% of
larvae mortality. For the combinations of 2.2%bdnidia/ml* and either 1.56 or 6.25 ppm of deltamethrin, 99.1%
and 100% of larvae mortality occurred, respectivAlyd the combination of 2.2x@onidia/mi* and 6.25 ppm of
deltamethrin resulted in 100% of larvae mortality.

In a subsequent study, Bahiense et al. [9] testecddmpatibility of deltamethrin arid. anisopliaeto control aB.
microplusstrain resistant to the pyrethroid. Engorged fesahat naturally dropped off from calves wereteda
with deltamethrin (25 ppm) and the concentratioa@fconidia/mi* of M. anisopliae used in combination or alone.
As results, 32.57% mortality was observed for treatt withM. anisopliae 38.58% for treatment with deltamethrin
and 30.92% the combination of fungus and chemical.

Alves et al. [4] assessed the toxicity of the inggowth regulator lufenuron on MT strain Mf anisopliaeusing the
conidia germination speed as parameter. The reisulisated an increase of conidia germination whegenuron
was used at lower concentration (700 pg/ml) andoghosite effect was observed for the highest aunaton (2
mg/ml), when inhibitory conidia germination occudreThis compatibility between 1.0 mg/ml and 700 migbf
lufenuron andM. anisopliaeindicates that it is not toxic to the entomopatig fungus and suggests that they can
be mixed and used to combat insect-pests, maintathie inoculum source (conidia) in the field atpplication.
Their results are in agreement with hormesis effedsented herein, where the lowest concentratmis
deltamethrin (31.2pg/ml and 31.25g/ml) increased the conidia germination, wheregh lksbncentrations (250 to
750 pg/ml) had negative action.

Recently, Schumacher and Poehling [40] assesseeffdets of five potential candidates for combiraggplications
(fipronil, permethrin, imidacloprid, NeemAzal, anchi&raz) on two strains oM. anisopliae using germination,
vegetative growth and sporulation as parametelspdsticides were tested in concentrations of 013&, 8.0, 40,
and 200 ppm, Also, permethrin and imidacloprid wesenbined in a ratio of 5:1 and tested in four corations

(1.6 ppm permethrin and 0.32 ppm imidacloprid; 8gpermethrin and 1.6 ppm imidacloprid; 40 ppm pdhme

and 8 ppm imidacloprid; 200 ppm permethrin and péhpmidacloprid). As results, the maximum inhibitiof

germination caused by these pesticides wd$% and most of the pesticides had no negativeeinée on the
germination. It was concluded that the low dosaifeke five pesticides (dissolved in 1% dimethylfaxide) were
compatible withM. anisopliaefor an integrated pest management.

CONCLUSION

The results presented herein showed that higherdrations of deltamethrin delayed or inhibited gfg@mination
of M. anisopliae The lower concentrations tested (31p8%ml and 31.25g/ml) significantly increased the conidia
germination ofM. anisopliag what points to the hormesis effect of them. Caersng the foregoing, the integrated
use of low doses of deltamethrin akid anisopliaein pest management could be proposed to the fuiitk the
objective of evaluating the action of this biolagichemical combination on the control of insecttpe
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