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ABSTRACT

The maize weevil (Sitophilus zeamais Motschulsky, 1855; Coleoptera, Curculionidae) is one of the most important pests
associated with stored grains. It is controlled almost exclusively with synthetic insecticides. Thus, leading to problems such
as pollution and resistance development. Hence an alternative is the use of natural compounds such as edible mushrooms
derivates. The aim of this research was to assess, under laboratory conditions, the insecticidal and insectistatic effect of a
hydroalcoholic extract of Pleurotus ostreatus (Jacq.) P. Kumm. 1871 against adults of S. zeamais. The parameters assessed
were contact and fumigant toxicity, repellency, and antifeedant effect. The highest contact toxicity (57.5% mortality) was
achieved with 30 mL extract L' solvent. No treatment showed repellent effect; the repellency index (RI) values were
higher than 1, and the antifeeding activity < 30%. The fumigant effect showed a maximum of 30% mortality with the
highest concentration (300 uL L air). The hydroalcoholic extract of P. ostreatus exerts contact toxicity and interferes with
insect reproduction or oviposition of Sitophilus zeamais.

Key words: Edible mushroom, maize weevil, oyster mushroom.
INTRODUCTION

One of the main difficulties in cereal production worldwide occurs in the post-harvest period, specifically during storage,
due to significant damage caused by insect pests, rodents, fungi, and bacteria (Tefera et al., 2011). The presence of
insect pests in stored grains results in the loss of cereal quality for both human consumption and seed use. Therefore, the
conservation and protection of stored cereals is a food, social and economic necessity (Trivedi et al., 2018).

The maize weevil (Sitophilus zeamais Motschulsky, 1855; Coleoptera, Curculionidae) is a coleopteran widely distributed
in the tropics and subtropics (Andrade et al., 2018). It is considered a key pest because the adults can bore directly into the
kernels, with the rostrum females make holes in the grains to deposit eggs, and the larvae feed and transform into pupae and
adults inside the seed. There is also a health risk associated with the consumption of weevil-infested grains, as damaged grain
is prone to contamination by aflatoxins that are potentially carcinogenic substances (Nhamucho et al., 2017). According
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to Santana et al. (2022), approximately 30% of cereal seeds may be infested by S. zeamais at the time of harvest. If the
infestation continues in storage, about 30% to 50% of the grains are damaged within 6 mo.

Pyrethroids, and organophosphate insecticides, as well as phosphine fumigant have been used to control these species
of insect (Souza et al., 2018). However, the indiscriminate use of these compounds has caused a series of problems such
as environmental pollution, development of insecticide-resistant, and pesticide residues in the food (Santana et al., 2022).
Today, the alternatives to synthetic insecticides are the use of vegetable-derived compounds such as edible mushrooms
(Trivedi et al., 2018).

The use of microbial control agents, particularly entomopathogenic fungi, has been investigated to control a wide
range of orchard and field crop pests. More than 750 species of fungi, mostly from hyphomycetes and entomophthorales
are pathogenic to insects; many offer great pest management potential. Among the species already used in formulated
mycoinsecticides are Beauveria bassiana, B. brongniartii, Metarhizium anisopliae, Lecanicillium spp., Hirsutella
thompsonii, Cladossporium oxysporium, and Isaria fumosorosea (Maina et al., 2018). However, edible mushrooms have
also been investigated as insecticides. For example, Amanita muscaria (L.) Lam. kills houseflies when mixed in a sugar
solution, and Trametes odorata (Wulfen) Fr. powder keeps insects away from clothing. These observations suggest that
some fungi may contain repellent, antifeedant, or even toxic compounds against insects. Rahman et al. (2011) indicated that
Pleurotus ostreatus (Jacq.) P. Kumm. 1871 extracts obtained with solvents of different polarity such as petroleum ether,
methanol-chloroform, and water have been effective for the control of Tribolium castaneum (Herbst, 1979). Likewise,
these authors determined that the toxicity of P. ostreatus extracts and fractions increased with increasing exposure time.
The fruiting bodies of some species of Basidiomycetes fungi possess insecticidal and nematicidal properties, making them
a valuable source of new insecticides (Aguilar et al., 2017).

The insecticidal properties of these fungi are attributed to the presence of proteins such as lectins or hemolysins
(Sivanandhan et al., 2018). Lectins are a type of protein present in plants, animals, and microorganisms. Several functions
of them have been proposed, such as participation in the development of the fruiting body and the formation of mycorrhizae
as a defense against predators and parasitoids (Trigueros et al., 2003). Regarding its mode of action, Jotic et al (2021)
determined that the lectin Ostreolysin A6(OlyA6) produces pores in the midgut membranes of treated western corn
rootworm (Diabrotica virgifera LeConte, 1868; Coleoptera: Chrysomelidae).

Pino et al (2019) assessed different solvents and obtained a fumigant effect against Sitophilus zeamais only with
ethyl acetate. However, considering the high toxicity of this solvent, research is necessary to find alternative solvents of
lesser toxicity capable of extracting many chemical compounds. Therefore, the aim of this research was to assess, under
laboratory conditions, the insecticidal and insectistatic effect of a hydroalcoholic extract of P. ostreatus against adults of
S. zeamais.

MATERIAL AND METHODS

Pleurotus ostreatus extract

Samples of Pleurotus ostreatus (Jacq.) P. Kumm. 1871 mushroom were obtained from an organic store in Chillan, Chile.
During 24 h, at 40 = 5 °C, 800 g body fruits were dehydrated in a forced convection oven (Memmert Gmbh, UNB 500,
Schwabach, Germany). Then, they were left at room temperature (20 + 5 °C) in a container covered with absorbent paper
for 7 d to eliminate moisture. The methodology to elaborate the extract is described by Pineda-Alegria et al. (2017).
The dehydrated mushrooms were cut into pieces no larger than 2 cm, then placed in a container with 96% ethanol; then,
distilled water was added in a ratio of 60:40 (ethanol:water). This solution was left to stand for 72 h. Once this time
elapsed, it was filtered with a cloth to separate the larger particles and later with Whatman N°10 filter paper to later
concentrate it in a rotary evaporator (Fisatom 802, Sao Paulo, Brazil) at a temperature of 90 °C and 40-45 rpm of rotation
by 2 h, becoming the stock solution (100%).

Insects and cereal

Adults of Sitophilus zeamais Motschulsky, 1855, were obtained from permanent colonies of the Laboratory of Entomology of
the Faculty of Agronomy, Universidad de Concepcién, Campus Chilldn, Chile. The population is maintained in a bioclimatic
chamber (Memmert Gmbh, IPS 749, Schwabach, Germany) under controlled conditions of 25 + 2 °C, 60 + 5% relative
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humidity, and total darkness, to obtain the F, individuals for the bioassays. The insect colonies were cleaned weekly by
extracting all adults. The food substrate to colonies and bioassays consisted of maize (Zea mays L.) ‘DK 440’ (Dekalb,
Anasac, Chile). It was acquired at the Experimental Station “El Nogal” of the Faculty of Agronomy of the Universidad
de Concepcion, Campus Chilldn. To avoid any external insect contamination, maize was cleaned by removing harvest
residues and then washed with tap water and refrigerated at 4.0 + 5 °C for 1 wk.

Repellent effect bioassay

Repellency was assessed with the methodology of Mazzonetto and Vendramim (2003). A choice arena formed by five
plastic Petri dishes of 5 cm in diameter and 1.5 cm in height was used, with a central dish connected to the other four by
diagonally placed plastic tubes of 10 cm in length. In glass containers with 160 g maize, P. ostreatus extract solution was
applied in the respective solvent (distilled water and ethanol at a ratio of 60:40) at 10, 50, and 100 mL extract L' solvent
plus a control. Then, each treatment was placed in two diagonal opposed Petri dishes while the control, consisting of
the grain mixed with the solvent, was placed in the other two dishes. Subsequently, 50 adult insects were released in the
central plate without sex differentiation, and after 72 h, the number of insects in each plate was counted. Each treatment
had 10 replicates, and Mazzonetto and Vendramim (2003) formula was used to calculate the repellency index (RI). The
applied equation was RI = 2G/(G + P), where G is the percentage of insects on the plant test, and P is the percentage of
insects in the control. This index classifies treatment as neutral if RI = 1, attractive if RI > 1, and repellent if RI < 1.

Contact toxicity bioassay

Bioassays were conducted using the methodology of Obeng-Ofori and Reichmuth (1997). Glass containers of 500 mL
were used, in which 100 g corn grains were mixed with 5 mL of a solution of P. ostreatus extract diluted in the solvent at
concentrations of 10, 50, 100, 200, and 300 mL extract L' solvent, plus a control treated with the solvent (distilled water
and 96% alcohol in a ratio of 60:40). The containers were shaken manually for 30 s to achieve homogeneous coverage
of the grains by the solution and then left at room temperature for 20 min for solvent evaporation. Subsequently, each
container was infested with 20 pairs of insects, which were differentiated by sex according to the criteria of Halstead
(1963). Finally, the containers were covered with perforated lids to allow gas exchange and stored in a bioclimatic
chamber at 26 + 2 °C, 60 = 5% RH, and total darkness. Each treatment was carried out with 10 replicates. The insect
mortality was recorded at 24, 48, 72 h, and 7 d after infestation (DAI), quantifying the percentage mortality, which was
corrected with Abbott’s (1925) formula. At 55 DAI, insect emergence (F,), weight loss, and grain germination were
assessed. The percentage of adult insect emergence (F,) was recorded, counting all adult insects that emerged after that
period and considering as 100% the F, of control. Kernel weight loss was obtained by the weight difference between the
initial (100 g) and final kernel weight at 55 DAI. In the germination test, we used 20 seeds (without apparent damage) per
replicate. These seeds were placed for 7 d in Petri dishes conditioned with moist filter paper at 25 + 5 °C in a bioclimatic
chamber. The germination percentage was calculated considering as 100% the number of seeds per Petri dish.

Fumigant toxicity bioassay

The evaluation of fumigant toxicity was carried out using the methodology of Chu et al. (2011). A circular filter paper
of 2.5 cm in diameter was treated with the undiluted P. ostreatus extract at volumes of 30, 60, 100, 150, 200, 250 and
300 uL extract L' air. The circular filter paper was placed to the inside face of the lid of a 150 mL container containing
20 g corn infested with 10 adult insects without sex differentiation. Each treatment was carried out with 10 replicates.
The control was handled in similar way, but treated with the indicated solvent. The experimental units were stored at
25 +2 °C, 60 £ 5% RH, and total darkness in a bioclimatic chamber. Mortality was evaluated at 5 DAI, and the results
were corrected with the formula of Abbott’s (1925).

Antifeedant effect bioassay

The methodology of Rotundo et al. (2019) was used to evaluate the feeding activity. The hydroalcoholic extract of P.
ostreatus was assessed at concentrations of 10, 50, and 100 mL extract L' solvent plus a control (solvent; ethanol 96%
and distilled water in a ratio of 60:40). In a container, 100 mL distilled water was mixed with 40 g wheat flour and stirred
during 20 min. Then, 1 mL was deposited on a non-stick silicone sheet and left to stand and dry for 5 d. Afterward, solid
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discs were obtained, which were the food substrate for the insects in each bioassay. In transparent plastic Petri dishes
with holes covered by a mesh for oxygen exchange, three disks were placed individually impregnated with 40 uL each
concentration of hydroalcoholic extract of P. ostreatus. The control consisted of a Petri dish with three disks impregnated
only with the solvent. Once the extract evaporated, the discs were weighed and placed in Petri dishes infested with five
adults of S. zeamais without sex differentiation. After 15 d, the amount of food ingested by the insects on the treated
discs were compared to the control. Each treatment had 10 replicates. The antifeedant activity was calculated using the
antifeedant index (Al) of Farrar et al. (1989): Al = [(C - T) x C - 1] x 100, where C is consumption of food substrates in
the control (mg) and T is consumption of treated food substrates (mg).

Experimental design and statistical analysis

The experimental design was completely randomized. Shapiro-Wilk and Levene tests were performed for testing the
assumptions of normality and homogeneity of variances, and an ANOVA and a Tukey’s test for comparison of means
(P <0.05) were carried out. Variables that did not meet the assumptions were subjected to a Kruskal Wallis nonparametric
analysis with a significance of 5% (o = 0.05). All analyses were performed with InfoStat software.

RESULTS AND DISCUSSION

Repellent effect

The results of repellency tests recorded RI values greater than 1, which according to Mazzoneto and Vendramim (2003)
means no repellent effect on adults of S. zeamais (Table 1). Results do not agree with Pino et al. (2019), who assessed
extracts of P. ostreatus in ethyl acetate, distilled water, methanol, and hexane at concentrations of 0.5%, 1.0%, 2.0%, and
4.0% against adults of S. zeamais. Specifically, the treatments with ethyl acetate at the concentration of 1.0% presented,
according to the criteria of Bustos et al. (2017), a very high repellency, while the extract with distilled water showed weak
repellency. However, in the treatments performed with methanol and hexane, RI values greater than 1 were recorded in all
the bioassays assessed, so there was no repellency. Similarly, Novo et al. (1997) had similar results using plant extracts,
concluding that ethanol does not extract compounds with a repellent effect.

Contact toxicity

The highest contact toxicity against S. zeamais was 57% mortality at 7 d of exposure with a concentration of 300 mL P.
ostreatus hydroalcoholic extract L' solvent. The treatments 10, 50, and 100 mL extract L' solvent provided mortality
lower 50% for the same period (Table 2). The 200 mL extract L' solvent treatment resulted in 47.5% of dead insects, not
differing significantly from the 300 mL extract L' solvent. The LCs, and LCy, obtained were 22.7 mL extract L' solvent
and 244.3 mL extract L' solvent, respectively, indicating that a significant increase in concentration was required to reach
a 90% mortality (Table 3). These results agree with Rahman et al. (2011), who achieved high toxicity against adults of 7.
castaneum with methanol extracts of P. ostreatus, and mortality correlated at 30 h of exposure time.

The most significant decrease in F, was obtained with the highest concentration (300 mL extract L' solvent), reaching
only 2.4% of insects emerged compared to the control (100% emerged). The 100 and 200 mL extract L' solvent
concentrations also presented significant differences to the control with the emergence of 4.9% and 9.5%, respectively.
These results indicate that, although the 100 and 200 mL extract L' solvent concentrations did not exceed 50% mortality
(33.7% and 47.5%, respectively), they provide an insectistatic effect that interferes with insect reproduction or oviposition.
The percentage of adult emergence of the remaining treatments showed values fluctuating between 81% and 85%, being
significantly higher than the rest of the bioassays (Table 2). The results of our research indicate higher effect than the one

Table 1. Repellency index (RI) of an hydroalcoholic extracts of Pleurotus ostreatus against adults of Sitophillus zeamais.

Treatment 24 h 48 h 72 h 96 h
mL extract L' solvent
10 1.00 1.03 1.60 1.38
50 147 1.25 1.06 1.05
100 1.40 1.10 1.00 1.02

RI < 1 repellent, RI > 1 attractant, RI = 1 neutral (Mazzoneto and Vendramim, 2003).
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Table 2. Mortality by contact toxicity and emergence of Sitophilus zeamais, and weight loss and germination of maize
grains treated with an hydroalcoholic extract of Pleurotus ostreatus.

Treatments Mortality' Emergence? Weight loss® Germination*
mL extract L' solvent % % g %

10 6.25a* 85.65b 13.08c 77.50a

50 16.25ab 81.29b 12.57¢ 83.75a
100 33.75bc 9.57a 9.01b 88.75a
200 47.50cd 4.99a 6.96b 88.75a
300 57.50d 2.48a 3.05a 97.50a
Control - - - 83.00a*

'Contact mortality after 7 d of S. zeamais adults treated with a hydroalcoholic extract of P. ostreatus. Tukey’s test:
Coefficient of variation (CV) = 26.02. *Percentage of mortality corrected with Abbott’s formula (Abbott, 1925).
“Percentage of F, adult insect emergence at 55 d after infestation (DAI), considering as 100% F; obtained in the
control. Tukey’s test: CV = 26.37.

*Weight loss at 55 DAI of corn grains treated with a hydroalcoholic extract of P. ostreatus and infested with
S. zeamais. Tukey’s test: CV = 13.41.

‘Percentage germination at 7 d of seeds treated with a hydroalcoholic extract of P. ostreatus. Tukey’s test:
CV =1342.

In all four variables, mean treatments with a common letter in a column are not significantly different (P> 0.05).

Table 3. Lethal concentration 50% (L.Cs) and 90% (L.C,,) for contact and fumigant toxicity against Sitophilus zeamais of
an hydroalcoholic extracts of Pleurotus ostreatus.

LCs? LCy* Pr>X>®
N! b + SE? (LCys%) (LCos%)
Contact 200 124+0.14 2278 244 36 <0.001
(17.7-31.7) (131.9-642.6)
Fumigant 100 1.38+£0.26 125.17 10547 <0.001
(79.5-332.6) (377.8-10.294)

'Number of treated insects.

*Slope value + standard error.

Lethal concentration at 50% of effect with fiducial limits at 95% probability.
“‘Lethal concentration at 90% of effect with fiducial limits at 95% probability.
*Model fit to straight line.

‘mL extract L' solvent.

"uL extract L' air.

documented by Pino et al. (2019), using P. ostreatus extract in ethyl acetate, which only reduced F, by slightly less than
50% . Furthermore, those results were not inversely related to contact toxicity. We infer that hydroalcoholic extracts of P.
ostreatus present promising contact toxicity and a negative effect on the emergence (F,) of S. zeamais after being treated
at concentrations higher than 300 mL extract L*! solvent in an exposure period of 7 d.

The highest weight loss of maize treated with the hydroalcoholic extract of P. ostreatus reached values of 12.57
and 13.08 g using the lowest concentrations (10 and 50 mL extract L' solvent), without significant differences with
the control. Weight loss began to decrease significantly with the concentrations of 100 and 200 mL extract L' solvent,
with losses of 9.01 and 6.96 g, being the concentration of 300 mL extract L' solvent that reached the most significant
difference with the control, registering a weight loss of 3.05 g (Table 2). The results again coincide with the ethyl acetate
extract evaluated by Pino et al. (2019), but it should be noted that, although both treatments report a weight loss close
to 8.0 g, the hydroalcoholic extract is much less toxic to mammals than ethyl acetate (Abubakar et al., 2017), making it
a better alternative. Concerning the germination of treated maize grains with the hydroalcoholic extract of P. ostreatus,
nonsignificant differences were observed among the treatments. However, a slight increase in germination was observed
as the concentration increased (Table 2). The lowest germination recorded was obtained with the concentration of 10
mL extract L' solvent with 77.5%. The concentrations of 50, 100, and 200 mL extract L' solvent exceeded 80% of
germinated seeds, and the treatment using 300 mL extract L' solvent was the one with the best results, reaching 97.5%
germination. Our germination values are higher than those of Pino et al. (2019), who used extracts in ethyl acetate,
hexane, and methanol, achieving germination values lower than 50%. Treatments higher than 100 mL extract L' solvent
of the hydroalcoholic extract of P. ostreatus do not affect maize germination due to the concentration of ethanol absorbed
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by seeds. According to Onwimol et al. (2019), ethanol production in damaged or weak seeds is high compared with
healthy ones. Kodde et al. (2012) indicated an inverse correlation between ethanol production and seed quality.

Fumigant effect

The toxicity by fumigant effect from extracts increased mortality. However, none of the treatments evaluated showed
toxicity close to 100%. The highest toxicity was obtained with the concentration of 300 pL extract L' air, with a mortality
of 30% (Table 4). The LCs, and LC,y, obtained were 125.1 and 1054 pL extract L air, respectively. The toxicity by inhalation
was lower than the toxicity by contact (Table 3). The results coincide with those by Pino et al. (2019), using methanol,
hexane, and distilled water as solvents, but being less toxic than ethyl acetate who reach 100% mortality.

Antifeedant effect

The maximum antifeeding effect of the hydroalcoholic extract of P. ostreatus was achieved with the 100 mL extract
L' solvent concentration with an Al of 22.4%. In contrast, the 10 and 50 mL extract L' solvent treatments did not
show feeding deterrence obtaining an Al of 4.01% and 14.27%, respectively. Significant differences were observed only
between 10 and 100 mL extract L' solvent concentrations, the lowest and highest concentration assessed (Table 5).
These results agree with Rincdn et al. (2014), who evaluated the antifeeding activity of Pernettya prostrata (Cav.) DC., a
plant with presence of lectins similar to Pleurotus fungi, against 7. castaneum and S. zeamais. They used extracts (1000
and 500 ppm) and fractions (100 and 300 ppm) from fruits, leaves, and stems, obtaining low or no feeding deterrence
in the two insect species studied. Pleurotus ostreatus at the evaluated concentrations presents reduced levels of feeding
deterrence. However, a slight deterrence increase is shown, but without significant differences, as the concentration of the
hydroalcoholic extract increases. A study by Belmonte et al. (2013) in which the feeding deterrent action of a foliar lectin
extracted from Myracrodruon urundeuva M. Allemao was assessed against adults of S. zeamais at concentrations of 3,
15,30,45,75, and 150 mg lectin g wheat. They determined that ingestion of M. urundeuva did not produce significant
mortality of insects, but a decrease in the relative feed consumption rate, showing a strong deterrent action with an Al
between 61% (3 mg g') and 91% (150 mg g"). Our results evidence the effect of the lectins that, according to Mier et
al. (1996), are the ones that provide the insecticidal properties to P. ostreatus. Thus, we consider that the hydroalcoholic
extract does not contain lectins or its activity is low because the temperature of extract concentration in rotary evaporator
was 90 °C by 2 h. According to Ynalvez et al. (2011), the ideal incubation temperature is 30-70 °C. However, these same
authors indicate that if lectins are subjected to a temperature of 100 °C for 3 hours, they are not denatured but significantly
lose their activity. Additionally, He et al. (2014) indicated that a high temperature and short treatment time might eliminate
the anti-nutritional functions of lectins.

Table 4. Fumigant effect of a hydroalcoholic extracts of Pleurotus ostreatus against adults of Sitophilus zeamais.

Concentration Mortality
uL extract L air %

30 7.5a
60 7.5a
100 10.0ab
150 12.5ab
200 20.0abc
250 25.0bc

300 30.0c

Means with a common letter are not significantly different according to
Kruskal Wallis test (P > 0.05).

Table 5. Antifeedant index (AI) of hydroalcoholic extracts of Pleurotus ostreatus against adults of Sitophilus zeamais.

Treatments Antifeedant index (Al)
mL extract L' solvent %

10 401a

50 14.27ab
100 22.44b

Means with a common letter are not significantly different according to
Tukey’s test (P> 0.05).
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The hydroalcoholic extracts of P. ostreatus are promising in terms of contact toxicity against S. zeamais at the
concentration of 200 mL extract L' solvent. Since oyster mushrooms have an attractive commercial value as gourmet
products, one alternative could be using their production residues as a source of insecticides. These residues have a lower
concentration of active compounds than the commercial mushroom, but they may have an important role in combatting
insect pests. Hence further studies should consider the possibility to evaluate residues and the use of the hydroalcoholic
extract as a complement with another compound of plant origin to achieve potentiation effect.

CONCLUSIONS

The hydroalcoholic extract of Pleurotus ostreatus shows contact insecticidal activity and interferes with insect reproduction
or oviposition of Sitophilus zeamais, but lacks significative fumigant, repellent, and anti-feeding effect.

REFERENCES

Abbott, W.S. 1925. A method of computing the effectiveness of an insecticide. Journal of Economic Entomology 18(2):265-267.
doi:101.1093/jee/18.2.265a.

Abubakar, E.M., Modibbo, M.S., and Lamaran, G.B. 2017. Percentage yield and acute toxicity of the plant extracts of Ceiba
pentandra grown in Bauchi State, North Eastern Nigeria. Journal of Pharmacognosy and Phytochemistry 6(5):1777-1779.
doi:10.21767/2393-8862.100051.

Aguilar, L., Sénchez, J.E., y Mendoza de Gives, P. 2017. Uso biotecnoldgico de productos obtenidos a partir de Pleurotus spp.
en el control de nematodos pardsitos de importancia pecuaria. p. 297-309. In Sénchez, J .E., y Roise D.J. (eds.) La biologia,
el cultivo y las propiedades nutricionales y medicinales de las setas Pleurotus spp. ECOSUR, Tapachula, México.

Andrade, J.L., Da Silva, J., Santoro, K., and Badji, C. 2018. Insecticide resistance of corn weevil populations from semi-arid
regions. Australian Journal of Crop Science. 12(3):430-434. doi:10.21475/ajcs.18.12.03.pne863.

Belmonte, B.R., Napoledo, T.H., Pontual, T., Alburquerque, L., S, R.A., Paiva, L.M., et al. 2013. Atividade inseticida de
lectina de Myracrodruon urundeuva contra Sitophilus zeamais [en linea]. Universidad Catdlica de Pernambuco, Brasil
http://www.unicap .br/simcbio/wp-content/uploads/2014/09/ATIVIDADE-INSETICIDA-DE-LECTINA-DE-Myracrodruon-
urundeuva-CONTRA-Sitophilus-zeamais.pdf (accessed 5 March 2020).

Bustos, G., Silva, G., Fisher, S., Figueroa, I., Urbina, A., y Rodriguez, J.C. 2017. Repelencia de mezclas de aceites esenciales de
boldo,laurel chileno, y tepa contra el gorgojo del maiz. Southwestern Entomologist42(2):551-563.doi:10.3958/059.042.0224.

Chu, S.S., Hu, J.F., and Liu, Z.L. 2011. Composition of essential oil of Chinese Chenopodium ambrosioides and insecticidal
activity against maize weevil, Sitophilus zeamais. Pest Management Science 67(6):714-718. doi:10.1002/ps.2112.

Farrar, R.R., Barbour, J.D., and Kennedy, G.C. 1989. Quantifying food consumption and growth in insects. Annals of the
Entomological Society of America 82(5):593-598. doi:10.1093/aesa/82.5.593.

Halstead, D.G.H. 1963. External sex differences in stored-products Coleoptera. Bulletin of Entomological Research 54(1):119-
134. doi:10.1017/S0007485300048665.

He, S., Shi,J.,Ma, Y., Xue, S.J., Zhang, H., and Zhao, S. 2014. Kinetics for the thermal stability of lectin from black turtle bean.
Journal of Food Engineering 142:132-137. doi:10.1016/j.jfoodeng.2014.06.008.

Jotic, M., Panevska, A., lacovache, I., Kostansek, R., Mravinec, M., Skocaj, M., et al. 2021. Dissecting out the molecular
mechanism of insecticidal activity of Ostreolysin A6/Pleurotolysin B complexes on Western Corn Rootworm. Toxins
13:445. doi:10.3390/toxins13070455.

Kodde, J., Buckley, W.T., Groot, C.C., Retiere, M., Viquez, A.M., and Groot, S.P.C. 2012. A fast ethanol assay to detect seed
deterioration. Seed Science Research 22:55-62. doi:10.1017/S0960258511000274.

Maina, U.M., Galadima, [.B., Gambo, F.M., and D. Zakaria. 2018. A review on the use of entomopathogenic fungi
in the management of insect pests of field crops. Journal of Entomology and Zoology Studies 6(1):27-32.
https://www.entomoljournal .com/archives/?year=2018&vol=6&issue=1&ArticleId=2930.

Mazzonetto, F., e Vendramim, J.D. 2003. Efeito de pds de origem vegetal sobre Acanthoscelides obtectus (Say) (Coleoptera:
Bruchidae) em feijao armazenado. Neotropical Entomology 32:145-149. doi:10.1590/S1519-566X2003000100022.

Mier, N., Canete, S., Klaebe, A., Chavant, L., and Fournier, D. 1996. Insecticidal properties of mushroom and toadstool
carpophores. Phytochemistry 41(5):1293-1299. doi:10.1016/0031-9422(95)00773-3.

Nhamucho, E., Mugo, S., Gohole, L., Tefera, T., Kinyua, M., and Mulima, E. 2017. Resistance of selected Mozambican local
and improved maize genotypes to maize weevil, Sitophilus zeamais (Motschulsky). Journal of Stored Product Research
73:115-124. doi:10.1016/].jspr.2017.07.003.

Novo, R.J., Viglianco, A., y Nassetta, M. 1997. Actividad repelente de diferentes extractos vegetales sobre Tribolium castaneum
(Herbst). AgriScientia 14:31-36. doi:10.31047/1668.298x.v14.n0.2524.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 82(3) JULY-SEPTEMBER 2022 405



Obeng-Ofori, D.E., and Reichmuth, C.H. 1997. Bioactivity of eugenol, a major component of essential oil of Ocimum
suave (Wild.) against four species of stored-product Coleoptera. International Journal of Pest Management 43(1):89-94.
doi:10.1080/096708797229040.

Onwimol, D., Rongsangchaicharean, T., Thobunluepop, P., Chaisan, T., and Chanprasert, W. 2019. Optimization and sensitivity
analysis of fast ethanol assay in maize seeds. Journal of Seed Science 41(1):97-107. doi:10.1590/2317-1545v41n1206316.

Pineda-Alegria, J.A., Sanchez-Visquez, J.E., Gonzalez-Cortazar, M., Zamilpa, A ., Lopez-Arellano, M.E., Cuevas-Padilla, E.J.,
et al.2017. The edible mushroom Pleurotus djamor produces metabolites whit lethal activity against the parasitic nematode
Haemonchus contortus. Journal of Medicinal Food 20(12):1184-1192. doi:10.1089/jmf.2017.0031.

Pino, V., Silva-Aguayo, G., Figueroa-Cares, I., Gerding-Gonzdlez, M., Loyola, P., Castafieda-Ramirez, G.S ., et al. 2019. Eficacia
in vitro de extractos del hongo comestible Pleurotus ostreatus Kumm para el control de Sitophilus zeamais Motschulsky.
Chilean Journal of Agricultural and Animal Sciences 35(3):293-303. doi:10.4067/S0719-38902019005000505.

Rahman,M.F.,Karim,M.R.,Alam,M.J.,Islam,M.F.,Habib,M.R.,Uddin,M.B.,etal.2011.Insecticidal effect of oyster mushroom
(Pleurotus ostreatus) against Tribolium castaneum (Herbst). Natural Products 7(4):187-190. https://www.tsijournals.com/
abstract/insecticidal-effect-of-oyster-mushroom-pleurotus-ostreatus-against-tribolium-castaneum-herbst-6435 .html.

Rincén,C.M.,Patifio,0.J.,Plazas,E.A.,Bulla,M.E., Torres, G.R.,y Hegedus,M.P.2014. Estudio quimico preliminar y evaluacion
de la actividad antioxidante, antialimentaria y toxica, de la especie Pernettya prostrata (Ericaceae). Revista Cubana de
Plantas Medicinales 19(2):138-150. https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=53748.

Rotundo, G., Paventi, G., Barberio, A., De Cristofaro, A., Notardonato, I., Russo, M.V., et al. 2019. Biological activity of
Dittrichia viscosa (L.) Greuter extracts against adult Sitophilus granarius (L.) (Coleoptera, Curculionidae) and identification
of active compounds. Scientific Reports 9:6429. doi:10.1038/s41598-019-42886-4.

Santana, A., Baldin, E., Dos Santos, T., Baptista, Y., Dos Santos, M., Santana, A., et al. 2022. Synergism between
essential oils: A promising alternative to control Sitophilus zeamais (Coleoptera: Curculionidae). Crop Protection
153:105882. doi:10.1016/j.cropro.2021.105882.

Sivanandhan, S., Ganesan, P., Paulraj, M.G., and Ignacimuthu, S. 2018. Larvicidal, ovicidal, and histopathological effects of the
sulphur polypore mushroom, Laetiporus sulphureus (Agaricomycetes), collected from Tamil Nadu, India, against mosquitoes.
International Journal of Medicinal Mushrooms 20(12):1197-1207. doi:10.1615/IntIMedMushrooms.2018029076.

Souza, L., Faroni, L., Lopes.L.,Sousa, A., and Prates, L.2018. Toxicity and sublethal effects of allyl isothiocyanate
to Sitophilus zeamais on population development and walking behavior. Journal of Pest Science 91:761-770.
doi:10.1007/s10340-017-0950-0.

Tefera, T., Mugo, S., and Likhayo, P. 2011. Effects of insect population density and storage time on grain damage weight loss
in maize due to the maize weevil Sitophilus zeamais and the larger grain borer Prostephanus truncatus. African Journal of
Agricultural Research 6(10):2249-2254. doi:10.5897/AJAR11.179.

Trigueros, V., Lougarre, A., Ali-Ahmed, D., Rahbé, Y., Guillot, J., Chavant, L., et al. 2003. Xerocomus chrysenteron lectin:
identification of a new pesticidal protein. Biochimica et Biophysica Acta (BBA)- General Subjects 1621(3):292-298.
doi:10.1016/30304-4165(03)00098-9.

Trivedi, A., Nayak, N., and Kumar, J. 2018. Recent advances and review on use of botanicals from medicinal and aromatic plants
in stored grain pest management. Journal of Entomology and Zoology Studies. 6(3):295-300. https://www.entomoljournal.
com/archives/2018/vol6issue3/PartE/6-2-152-163 pdf.

Ynalvez, R.A., Fuentes, L.M., and Sanchez, C.V. 2011. Comparison and temperature study of lectin activities in Texas Live Oak
(Quercus fusiformis) crude extracts. Journal of Plant Sciences 6(3):124-134. doi:10.3923/jps.2011.124.134.

CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 82(3) JULY-SEPTEMBER 2022 406



