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Abstract

Acanthoscelides obtectus (Say, 1831) (Coleoptera: Chrysomelidae: Bruchinae) is a beetle with a cosmopolitan
distribution that causes severe damages to diverse species of the Fabaceae family. This work is the first
report of its infestation on Senna multiglandulosa (Jacq.) H.S. Irwin & Barneby, 1982 (Fabaceae) bushes in
the central Andean region of Peru. The morphology of the biological stages of A. obtectus and the
perforations made on infested legumes collected in three sites of the Mantaro Valley from January to
December 2018 are described. The total length (L) and width (W) of eggs, larvae, pupae, and adults of
A. obtectns and the diameter (D) of the perforations on pods and seeds of S. multiglandulosa were measured.
The results showed significant differences in the size of each stage (p < 0.001), and their perforations on
legumes (p < 0.001) atfect mainly the seeds of S. multiglandulosa, becoming a severe health problem for
the studied plant.

Keywords: animal morphology, legumes, life cycle, Mantaro Valley, plant pests

Primer registro de Acanthoscelides obtectus (Coleoptera:
Chrysomelidae: Bruchinae) en Senna multiglandulosa
(Fabaceae) de la region andina central del Peru

Resumen

Acanthoscelides obtectus (Say, 1831) (Coleoptera: Chrysomelidae: Bruchinae) es un escarabajo de distribucion
cosmopolita que ocasiona graves dafios a diversas especies de la familia Fabaceae. Este trabajo es el
primer reporte de su infestacién en arbustos de Senna multiglandulosa (Jacq.) H.S. Irwin & Barneby, 1982
(Fabaceae) en la zona andina central del Pert. Se describe la morfologia de los estadios biologicos de A.
obtectus y las perforaciones que realizaron en legumbres infestadas colectadas en tres lugares del Valle del
Mantaro de enero a diciembre 2018. Se midié la longitud total (L) y ancho (A) de los huevos, larvas,
pupas y adultos de .A. obtectns, asi como el diametro (D) de las perforaciones en vainas y semillas de S.
multiglandulosa. Los resultados mostraron diferencias significativas en los tamafios de cada uno de los
estadios (p < 0,001) y sus perforaciones en las legumbres (p < 0,001) afectan especialmente las semillas

de S. multiglandulosa, por lo cual se constituye en un problema sanitario muy severo en la planta estudiada.

Palabras claves: ciclo vital, leguminosas, morfologia animal, plagas de plantas, Valle del Mantaro
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Introduction

There are about 2,800,000 ha of natural tropical forests in the Peruvian Andes, among which the shrub
Senna multiglandulosa. (Jacq.) (Fabaceae) stands out. It is highly appreciated for its medicinal properties and
as an ornamental plant (Castafieda et al., 2017; Franco et al.; 20106; Singh et al., 2013). Senna multiglandulosa
is distinguished by its hairy-pubescent foliage and yellow flowers; its legume is pendular, gently curved,
with a 4-7 mm stipe, and a hairy body with late dehiscence, whose seed is somewhat compressed and
ovoid, with a smooth, glossy chestnut-brown testa (Irwin & Barnevy, 1982).

Acanthoscelides obtectus (Say, 1831) is a beetle of the order Coleoptera, family Chrysomelidae, and subfamily
Bruchinae of neotropical origin (Johnson & Romero, 2004; Thakur, 2012). It is worldwide recognized as
one of the most critical seed pests of Phaseolus vulgaris L. and other Fabaceae species (Gad, 2019; Guzman
etal, 1996; Kaplan et al., 2018; Thakur, 2010; Vera-Graziano et al., 2011). It is a serious threat to legumes
like P. vagaris (Thakur, 2012), Acacia tortnosa (L.) Willd., Prosopis juliflora (Sw.) DC. (D’Aubeterre et al.,
2012) and Vigna ungnienlata (L.) Walp. (Ramirez et al., 2017). Its immature stages feed on the seeds of
around 34 plant families, mainly legumes (Ramirez & Suris, 2015). Bruchinae have a cosmopolitan
distribution, but the largest number of species inhabit the tropical regions of Asia, Africa, and Central
and South America (Ramirez et al., 2017). Acanthoscelides obtectus (Say) is a cosmopolitan pest of tropical
and subtropical regions (Njoroge et al., 2017; Savkovié et al., 2019) but prefers cold climates and altitudes.

Therefore, it can be found in mountainous and subtropical regions of Latin America (Cardona, 1989).

The larvae feed mainly on the embryo and endosperm of the seeds, causing damage and economic losses
in the field and under storage (Baier & Webster, 1992; Fernandez-Andrés et al., 2009). In the field, the
adults lay their eggs inside the legume pods (= plants of the Fabaceae family), emerging as larvae and
penetrating the seeds to emerge as adults; the cycle repeats four times a year (Dell’Orto & Arias, 1985;
Godinez-Cortes, 2013). The exit holes are typically circular with a fine contour, unlike those of other
insects that are usually irregular and rough cut (Kingsolver & Decelle, 1979). Adults feed on pollen where
immature forms develop (Romero et al., 2009).

Anthropogenic dissemination and favorable temperature and humidity conditions have led to a
geographical expansion of A. obrectus beetles from temperate to subtropical climates. (Godinez-Cortes,
2013). The Mantaro Valley (MV) is located in the central Andes of Peru, an area with a diversity of
medicinal plants. In recent years, these have been reducing their availability due to the deterioration of
natural environments (Tello-Ceron, Flores & Gomez, 2019), plagues, and diseases. The bush .
multiglandulosa is a species adapted in the MV (Yarupaitin & Alban, 2004), and local people highly
appreciate it for its medicinal, fuel, and ornamental use. A systematic review of scientific reports on the
existence of this beetle in wild plants does not reveal the presence of A. obrectns in bushes of S.
multiglandulosa, despite inspections and local testimonies (Servicio Nacional de Sanidad Agraria

[SENASA], 2018).

Given the urgency of devoting attention to the study of this pest in Andean areas of South America
(Alvarez et al., 2005) and the interest in characterizing its infestation mechanisms and ecology (Labeyrie,
1981), the aim of this study is to contribute to the knowledge of the biology of 4. obtectus through the
morphological description of its different biological stages and its perforations in legumes, to establish
scientific bases for the integrated management of this pest in the Andean region of Peru.
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Materials and methods

Study area

The samples were collected from January to December 2018, in the districts of Tres de Diciembre
(12°06'1" S, 75°14'45" W), San Juan de Iscos (12°06'48" S, 75°17'33" W) and Chongos Bajo (12°07'18" S,
75°16'46" W) of the Chupaca province, Junin department, in central Peru at altitudes from 3,200 to 3,350
m a.s.l. (figure 1).
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Figure 1. Location of the sampling sites in the southern region of the Mantaro Valley, located in the
central Andes of Peru.
Source: Elaborated by the authors
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The sampling sites are located towards the southwestern area of the MV, characterized by a cold
temperate climate with an average temperature of 11.9 °C and an annual rainfall of 752 mm (Instituto
Geofisico del Perd [IGP], 2005), with dry and wet periods seasonality (figure 2).
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Figure 2. Climograph of the study area.
Source: IGP (2005)

Evaluation of fruits and beetles

The pods and seeds of S. multiglandulosa were extracted directly in the three districts mentioned above
(Otzen & Manterola, 2017). The choice criterion was the presence of circular perforations (figure 3) in
legume fruits (Arguedas-Gamboa, 2012a, 2012b).
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Figure 3. Circular perforations in Senna multiglandulosa.
Photo: Hernan Baltazar

In the laboratory, measurements of the diameter (D) of the exit holes in pods and seeds were carried out;
besides, the damages produced were characterized. In the same way, the beetles were separated and
classified by biological stage (egg, larva, pupa, and adult) to measure the width (W) and the total length
(L) of their bodies according to the methodology of Ramirez et al. (2017). Entomological samples were
prepared for morphological descriptions using a stereoscope (Olympus model SZ61 with a 5 megapixel
HD camera and 45X magnification, Japan) and an optical microscope (Leica model DM750 with a 10
megapixel HD camera, Germany) whose images were analyzed with the software Leica EZ version 3.4
and Cellsens Entry version 1.16.

Five mountings of adult insects to validate the identifications made were sent to the laboratory of
SENASA (National Agrarian Health Service), the official authority on agricultural health in Peru, where
these were confirmed as the species A. obrectus. The specimens are deposited in the Entomological
Museum of SENASA.

Statistical analysis

The mean and standard deviation (SD) of the measurements were determined, with which the coefficient
of variation (CV) was calculated. The Shapiro-Wilk normality test was applied (p > 0.05), and an analysis
of variance (ANOVA) of the morphological parameters of the biological stages and fruits was carried
out with the SPSS version 25 software.
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Results and discussion

Morphology of biological stages

The photographic views and average W and L measurements of the biological stages of .A. obtectus
recorded on S. multiglandulosa are shown in figures 4 and 5. The eggs of 4. obrectus are ellipsoid and slightly
elongated (figure 4A), whose coloration observed under the microscope was silvery gray; they have
irregular circular ornamentation and the formation of a very thin chorion. The average W value was 292.3
T 13.2 pm (CV = 14.3 %, figure 5A) and the average L was 805.8 = 20.3 um (CV = 7.9 %, figure 5B),
which indicates that there is low variability in egg morphology.

Larvae are apodous, creamy white in color, with an abdomen curved towards the ventral side (figure 4B).
Their mean L was 2,692.6 £ 293.1 um (CV = 34.4 %, figure 5B) and the mean W was 1,613.6 um (CV =
43.9 %, figure 5B), showing greater variability concerning the other stages.

Pupae are yellowish with formations of compound eyes, legs, wings and abdomen (figure 4C); the average
W was 2,176.4 £ 103.4 pm (CV = 15 %, tigure 5A) and the mean L was 4,567.4 = 125.5 um (CV = 8.9
%, figure 5B). The W was more variable in pupae.

Adults have an elongated and ovoid body, slightly convex, light to dark brown in color, with fine golden-
yellowish to brownish-yellow setae; they also have longitudinal spots on the back, with thick light gray to
brown setae. Their wings are small and short, brown to dark gray, and do not cover the abdominal end.
Longitudinal furrows were observed in the direction of the head towards the end of the anus. The
pronotum is wider than it is long. They have a pair of nailed to serrated antennae, the first 4-5 segments
are reddish-brown, and the last segments are serrated. The legs are light brown-yellowish to black, with
the presence of abundant setae (figure 4D). The head has reddish-brown to dark gray compound eyes
and a dark gray to black chewing buccal apparatus (figure 4E and 4F). The average W was 1.,752.8 *
128.7 ym (CV = 23.2 %, figure 5A), and L was 3,767.2 £ 97.8 um (CV = 8.2 %, tigure 5B), showing
greater variability in width.

The average measurements of W showed a significant difference between the sizes of the biological stages
(p < 0.001), being the pupal stage the widest, followed by the adults. In the same way, a significant
difference was recorded in L (p < 0.001), with higher average values in pupae and adults (figure 5 A and
B).

Perforations in Senna multiglandulosa

The pods of 8. multiglandulosa infested with A. obtectus presented circular perforations with non-uniform
distribution. The damages were mainly recorded in dry pods (figure 6A). The perforations were made by
larvae and adults (figure 6B) with an operculum to facilitate the exit once the adult stage is reached.

The seeds of the infected pods presented completely crushed cotyledons converted into fine particles
(tigure 6C). After the adult maturates, it pushes the operculum to emerge outside. Beetle postures were
observed on the testa and outer surface of the seed of S. maultiglandulosa (figure 6D).
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The measurements of the diameter of the perforations in the seed showed an average value of 1,833.1 £
58.5 pm (CV = 8.7 %, figure 7) and in pods, an average of 1,671.6 = 58.2 (CV = 11 %, figure 7), being
more vatiable in the latter, but smaller (p < 0.001). This difference is attributed to the perforations made
by adults of A. obtectus in the pods and by larvae of A. obtectns in the seeds of S. multiglandulosa, respectively.

The four biological stages of A. obtectus were recorded in the legumes of S. multiglandulosa, indicating that
the beetles established their life cycle in the host plant. The temperate climate conditions of the MV favor
its spread (Labeyrie, 1981; Vera-Graziano et al.,, 2011; Vera-Graziano & Cruz-Izquierdo, 2016). The
altitudes of the study sites (3,200 to 3,350 m a.s.l.) are within the altitude range (1,500 to 4,500 m a.s.1.)
reported for A. obtectns (Thakur, 2010, 2012).

Morphological measurements confirm differences in the sizes of the biological stages and greater
variability in larvae length. Similarly, the seeds showed larger diameter perforations because the larvae
and pupae of the beetle develop in these, having the latter larger dimensions.

The observations made in the current study agree with the typical behavior of the species in the field,
where the adults lay their eggs on the legume pods, and when the larvae emerge, they penetrate the pods
and emerge as adults (Ramirez & Suris, 2015). The exit holes of the seed are circular, contrasting with the
spermatophagic habit of the larvae (Romero et al., 2009).
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Figure 4. Biological stages of Acanthoscelides obtectus recorded on Senna multiglandunlosa. A) egg observed
with a light microscope at 40x, B) larva, C) pupa, D) adult (dorsal view), E) adult (ventral view), and F)
adult (side view).

Photos: Hernan Baltazar
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Figure 5. Morphometric measurements of the width (A) and total length (B) in microns of the biological

stages of egg, larva, pupa, and adult of Acanthoscelides obtectus.
Source: Elaborated by the authors

Figure 6. Characteristics of the perforations of Acanthoscelides obtectus in Senna multiglandulosa pods and
seeds. A) circular perforations in the pod made by adults, B) initiation of pod perforation by a larva, C)
destruction of the seed cotyledon, and D) eggs on the external surface of the seeds.

Photos: Hernan Baltazar
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Figure 7. Diameter of the perforations in microns of Acanthoscelides obtectus in the pod and seed of Senna
multiglandulosa.
Source: Elaborated by the authors

Damage caused by A. obtectus in S. multiglandulosa severely affects the seed and limits the germination and
propagation process, similar to the damage reported in P. pulgaris (Allotey et al., 2016). When the pods
are damaged, they become yellowish and chlorotic, showing wilting and death of the tissues. Pods of S.
multiglandulosa are large and have late dry dehiscence (Irwin & Barnevy, 1982). The attack of the weevil is
not generalized; the signs of postures and perforations in the pods and seeds are more intense when the
pods reach maturity. This may be because the mature pods have a coriaceous or leathery texture and the
seed have hard testas, preventing larvae penetration (Schmale et al., 2002) and the selection of females
(Godinez-Cortes, 2013). The average perforation diameter of A. obtectus in pods of S. multiglandulosa is
lower (p < 0.001; tigure 7) and made by adults, and the perforation of seeds of S. multiglandulosa is carried
out by the last instar larvae.

Furthermore, aggregations of two and three eggs per seed were observed, as indicated by Johnson and
Romero (2004). Egg length is approximately three times its width, demonstrating its ellipsoid and
elongated characteristic. In some cases, eggs were observed individually on the surface of the pods, as
recorded by Thakur (2012).
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The aspects described confirm the multivoltine biological cycle of A. obtectus and the spermatophagous
feeding habit of the larvae (Romero et al., 2009). The low abundance of . multiglandulosa plants in the

Chupaca province limited a more extensive range of observations.

Conclusions

The current study has revealed the first record of the morphological characteristics of A. obtectus and its
damage in S. multiglandnlosa in the south of the Mantaro Valley in the central Andes of Peru, information
required for the control and management of this pest.

The life cycle of A. obtectus develops completely in S. multiglandulosa, indicating that the weevil is becoming

a serious endemic phytosanitary problem.

Acknowledgments

Many thanks to Engineer José Avalos Cairampoma, a specialist in Plant Health at SENASA, for the help
provided to identify A. obzectns. To Universidad Nacional del Centro del Pert, for facilitating access to
the microscopy equipment of the Biodiversity and Forest Management Laboratory.

Disclaimers

All authors made significant contributions to the document and agreed with its publication. They state
that there are no contflicts of interest in this study.

References

Allotey, J., Segwabe, M., & Randome, 1. (2016). Damage caused, loss assessment and emergence pattern
of Acanthoscelides obtectns (Say) on the beans, Phaseolus vulgaris L. in Gaborone. Journal of Applied
Zoological Research, 27(2), 157-161. https:/ /ubrisa.ub.bw/handle/10311/1567

Alvarez, N., Mckey, D., Hossaert-Mckey, M., Born, C., Mercier, L., & Benrey, B. (2005). Ancient and
recent evolutionary history of the bruchid beetle, Acanthoscelides obtectus Say, a cosmopolitan pest of
beans. Molecular Ecology, 14(4), 1015-1024. https://doi.org/10.1111/7.1365-294X.2005.02470.x

Arguedas-Gamboa, M. (2012a). Clasificacién de tipos de dafios producidos por insectos forestales.

Primera parte. Revista Forestal Mesoamericana Kuri, 3(8), 77-83.

https://revistas.tec.ac.cr/index.php /kuru/article/view/518

Cienc. Tecnol. Agropecuaria, 22(3): €2290
DOI: https://doi.org/10.21930/tcta.vol22_num3_art:2290


https://doi.org/10.21930/rcta.vol22_num3_art:2290
https://ubrisa.ub.bw/handle/10311/1567
https://doi.org/10.1111/j.1365-294X.2005.02470.x
https://revistas.tec.ac.cr/index.php/kuru/article/view/518

Hernan, Baltazar Castafieda; et al. First record of Acanthoscelides obtectus

Arguedas-Gamboa, M. (2012b). Clasificaciéon de tipos de dafios producidos por insectos forestales.
Segunda parte. Revista Forestal Mesoamericana Kuri, 309), 64-71.
http://revistas.tec.ac.cr/index.php /kuru/article/view/508

Baier, A. H., & Webster, B. D. (1992). Control of Acanthoscelides obtectus Say (Coleoptera: Bruchidae) in
Phaseolus vulgaris L. seed stored on small farms-1. Evaluation of damage. Journal of Stored Products
Research, 28(4), 295-299. https://doi.org/10.1016/0022-474X(92)90012-F

Cardona, C. (1989). Insects and other invertebrate bean pests in Latin America. International Center for Tropical

Agticulture. https://cgspace.cgiar.org/handle/10568/81836
Castafieda, R., Gutiérrez, H., Carrillo, E., & Sotelo, A. (2017). Leguminosas (Fabaceae) silvestres de uso

medicinal del distrito de Lircay, provincia de Angaraes (Huancavelica, Pert). Boletin Latinoamericano
y del Caribe de Plantas Medicinales Avromaticas, 16(2), 136-149.
https://core.ac.uk/download/pdf/162596342.pdf
Dell’Orto, H., & Arias, C. J. (1985). Insectos que daiian granos productos almacenados (Serie: Tecnologia
Poscosecha 4). FAO. http://www.fao.org/docrep/x5053S /x5053500.htm
D’Aubeterre, R., Principal, J., Barrios, C., & Graterol, Z. (2012). Insects pest in pods of Acacia tortuosa
and Prosopis juliflora used for animal feeding present in semiarid zone of Lara state, Venezuela.
Zootecnia Tropical, 30(2), 147-153. https://www.cabdirect.org/cabdirect/abstract/20133134589
Fernandez-Andrés, M., Rangel-Lucio, J. A., Juarez-Goiz, J. M., Bujanos-Mufiiz, R., Montes-Hernandez,
S., & Mendoza-Elos, M. (2009). Oleorresina de Jicama para controlar Acanthoscelides obtectus Say

(Coleoptera: Bruchidae) en semilla de frijol. _Agronomia Mesoamericana, 20(1), 59-69.
https://www.redalyc.org/pdf/437/43711514007.pdf
Franco, W., Pefiafiel, M., Cer6n, C., & Freire, E. (2016). Biodiversidad productiva y asociada en el Valle
Interandino Norte del Ecuador. Bioagro, 28(3), 181-192.
http:/ /www.scielo.org.ve/scielo.phprscript=sci arttext&pid=51316- 33612016000300005&Ing=es&ting=en
Gad, H. A. (2019). First report on the susceptibility of certain dry Egyptian common bean (Phaseolus

vnlgaris L.) (Fabaceae) varieties to infestation by Acanthoscelides obtectus (Say, 1831) (Coleoptera:
Chrysomelidae: Bruchinae). Polish  Journal — of  Entomology, 88(2), 149-161.
https://doi.org/10.2478 /pjen-2019-0012

Godinez-Cortes, S. (2013). Sintesis del conocimiento de los escarabajos de las semillas (Coleoptera: Bruchidae) y

diagnosis de las especies en el municipio de Zimapan, Hidalgo, México [Undergraduate thesis, Universidad

Auténoma del Estado de Hidalgo, México]. https://doi.org/10.13140/RG.2.1.4925.2960
Guzman, S. H., Marin-Jarillo, A., Castellanos, J. Z., Gonzilez, E., & Acosta-Gallegos, J. A. (1996).

Relationship between physical and chemical characteristics and susceptibility to Zabrotes subfasciatus

(Boh.) (Coleoptera: Bruchidae) and Acanthoscelides obtectus (Say) in common bean (Phaseolus vulgaris
L.) varieties. Journal of Stored Products Research, 32(1), 53-58. https://doi.org/10.1016/0022-
474X(95)00037-8

Instituto Geofisico del Pert [IGP]. (2005). Atlas Climitico de precipitacion y temperatura del aire en la Cuenca del
rio Mantaro. Serie: Evaluacion 1ocal Integrada de Cambio Climatico para la Cuenca del Rio Mantaro (Vol. 1).
Fondo Editorial del Consejo Nacional del  Ambiente - CONAM.
https://repositorio.igp.gob.pe/handle/IGP /714

Cienc. Tecnol. Agropecuaria, 22(3): €2290
DOI: https://doi.org/10.21930/tcta.vol22_num3_art:2290


https://doi.org/10.21930/rcta.vol22_num3_art:2290
http://revistas.tec.ac.cr/index.php/kuru/article/view/508
https://doi.org/10.1016/0022-474X(92)90012-F
https://cgspace.cgiar.org/handle/10568/81836
https://core.ac.uk/download/pdf/162596342.pdf
http://www.fao.org/docrep/x5053S/x5053S00.htm
https://www.cabdirect.org/cabdirect/abstract/20133134589
https://www.redalyc.org/pdf/437/43711514007.pdf
http://www.scielo.org.ve/scielo.php?script=sci_arttext&pid=S1316-33612016000300005&lng=es&tlng=en
https://doi.org/10.2478/pjen-2019-0012
https://doi.org/10.13140/RG.2.1.4925.2960
https://doi.org/10.1016/0022-474X(95)00037-8
https://doi.org/10.1016/0022-474X(95)00037-8
https://repositorio.igp.gob.pe/handle/IGP/714

Hernan, Baltazar Castafieda; et al. First record of Acanthoscelides obtectus

Irwin, H. S. & Barnevy, R. C. (1982). The American Cassinae. A Synoptical Revision of Leguminosae Tribe Cassieae
subtribe Cassiinae in the New World. Memoirs of The New York Botanical Garden (Vol. 35, part 1). Editorial
Board.  http://antbase.org/ants/publications/nybg/Cassiinae%20pt%201%20NY -
Botanical gardens Vol.%2035 1%20-%20Copy.pdf

Johnson, C., & Romero, J. (2004). A review of evolution of oviposition guilds in the Bruchidae
(Coleoptera). Revista Brasileira de Entomologia, 48(3), 401-408. https://doi.org/10.1590/S0085-
56262004000300017

Kaplan, E., Sabancy, S., & Aycicek, M. (2018). Bing¢l ilinde yetistirilen bazi fasulye (phaseolus vulgaris)

cesitlerinde tespit edilen bécek populasyonlart ve Acanthoscelides obtectus’a Tepkileti. Tarla Bitkileri
Merkez Aragtirma Enstitiisii Dergisi, 27(1), 55-63. https://doi.org/10.21566/tarbitderg.437268
Kingsolver, J. M., & Decelle, J. E. (1979). Host associations of Specularins impressithorax (P1C) (Insecta:
Coleoptera: Bruchidae) with species of Erythrina (Fabales: Fabaceae). Annals of the Missouri Botanical
Garden, 66(3), 528-532. https://doi.org/10.2307/2398845
Labeyrie, V. (Ed.). (1981). The Ecology of Bruchids Attacking Legumes (Pulses) (Series Entomologica, Vol. 19).
Springer, Dordrecht. https://doi.org/10.1007/978-94-017-3286-4

Njoroge, A. W., Affognon, H., Mutungi, C., Richter, U., Hensel, O., Rohde, B., & Mankin, R. W. (2017).
Bioacoustics of Acanthoscelides obtectus (Coleoptera: Chrysomelidae: Bruchinae) on Phaseolus vulgaris
(Fabaceae).  Florida — Entomologist,  100(1),  109-115.  https://bioone.org/journals/florida-
entomologist/volume-100/issue-1/024.100.0116/Bioacoustics-of-Acanthoscelides-obtectus-Coleoptera-

-Chrysomelidae--Bruchinae-on/10.1653/024.100.0116.full
Otzen, T., & Manterola, C. (2017). Técnicas de muestreo sobre una poblacion a estudio. International
Journal of Morphology, 35(1), 227-232. https://doi.org/10.4067/S0717-95022017000100037
Ramirez, S., & Suris, M. (2015). Ciclo vida Acanthoscelides obtectus (Say.) sobre frijol negro (Phaseolus vulgaris
L) en condiciones de laboratorio. Revista de Proteccion Vegetal, 30(2), 158-160.
http://scielo.sld.cu/pdf/rpv/v30n2/rpv10215.pdf
Ramirez, R., Romero, ], Vera, J., Equihua, A., Bautista, N., Hernandez, J., & Aragén, A. (2017).
Demografia de briquidos (Coleoptera: Bruchidae) asociados con Vigna unguicnlata (L.) Walp
(Fabaceae). Acta Zooldgica Mexcicana (Online), 33(1), 9-17.
http://www.scielo.org.mx/pdf/azm/v33n1/0065-1737-azm-33-01-00009.pdf
Romero, G., Romero, J., Yus, R., Burgos, A., Valdez, J., & Flores, A. (2009). Gorgojos de la familia
Bruchidae (Coleoptera) asociados a semillas de plantas silvestres destinadas para germoplasma.
Boletin Sociedad Entomoligica Aragonesa, 44, 333-342. http://sea-
entomologia.org/Publicaciones/PDF/BOIN44/333 342BSEA44Bruchidaesemillas.pdf
Schmale, 1., Wickers, F. L., Cardona, C., & Dorn, S. (2002). Field infestation of Phaseolus vulgaris by
Acanthoscelides obtectus (Coleoptera: Bruchidae), parasitoid abundance, and consequences for storage
pest control. Environmental Entomology, 31(5), 859-863. https://doi.org/10.1603/0046-225X-
31.5.859
Savkovi¢, U., Pordevié, M., & Stojkovié, B. (2019). Potential for Acanthoscelides obtectus to adapt to new
hosts seen in laboratory selection  experiments.  Imsects,  10(6), Article 153.
https://doi.org/10.3390/insects10060153
Servicio Nacional de Sanidad Agraria [SENASA]. (2018). Informe de ensayo N°105737-2018-AG-SENASA-
OCDP. Servicio Nacional de Sanidad Agropecuaria.

Cienc. Tecnol. Agropecuaria, 22(3): €2290
DOI: https://doi.org/10.21930/tcta.vol22_num3_art:2290


https://doi.org/10.21930/rcta.vol22_num3_art:2290
http://antbase.org/ants/publications/nybg/Cassiinae%20pt%201%20NY-Botanical_gardens_Vol.%2035_1%20-%20Copy.pdf
http://antbase.org/ants/publications/nybg/Cassiinae%20pt%201%20NY-Botanical_gardens_Vol.%2035_1%20-%20Copy.pdf
https://doi.org/10.1590/S0085-56262004000300017
https://doi.org/10.1590/S0085-56262004000300017
https://doi.org/10.21566/tarbitderg.437268
https://doi.org/10.2307/2398845
https://doi.org/10.1007/978-94-017-3286-4
https://bioone.org/journals/florida-entomologist/volume-100/issue-1/024.100.0116/Bioacoustics-of-Acanthoscelides-obtectus-Coleoptera--Chrysomelidae--Bruchinae-on/10.1653/024.100.0116.full
https://bioone.org/journals/florida-entomologist/volume-100/issue-1/024.100.0116/Bioacoustics-of-Acanthoscelides-obtectus-Coleoptera--Chrysomelidae--Bruchinae-on/10.1653/024.100.0116.full
https://bioone.org/journals/florida-entomologist/volume-100/issue-1/024.100.0116/Bioacoustics-of-Acanthoscelides-obtectus-Coleoptera--Chrysomelidae--Bruchinae-on/10.1653/024.100.0116.full
https://doi.org/10.4067/S0717-95022017000100037
http://scielo.sld.cu/pdf/rpv/v30n2/rpv10215.pdf
http://www.scielo.org.mx/pdf/azm/v33n1/0065-1737-azm-33-01-00009.pdf
http://sea-entomologia.org/Publicaciones/PDF/BOLN44/333_342BSEA44Bruchidaesemillas.pdf
http://sea-entomologia.org/Publicaciones/PDF/BOLN44/333_342BSEA44Bruchidaesemillas.pdf
https://doi.org/10.1603/0046-225X-31.5.859
https://doi.org/10.1603/0046-225X-31.5.859
https://doi.org/10.3390/insects10060153

Hernan, Baltazar Castafieda; et al. First record of Acanthoscelides obtectus

Singh, S., Singh, S. K., & Yadav, A. (2013). A review on Cassia species: Pharmacological, traditional and
medicinal aspects in various countries. American Journal of Phytomedicine and Clinical Therapentics, 1(3),
291-312. https://www.imedpub.com/abstract/a-review-on-cassia-speciesrnpharmacological-
traditional-and-medicinalrnaspects-in-various-countries-10212.html

Tello-Ceron, G., Flores, M., & Gomez, V. (2019). Uso de las plantas medicinales del distrito de Quero,
Jauja, regién Junin, Perd. Ecologia Aplicada, 18(1), 11-20. https://doi.org/10.21704 /rea.v18i1.1301

Thakur, D. R. (2010). Invasion and threats of Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae) to
kidney ~beans in India - a first record.  Julins-Kithn-Archiv, 425, 193-196.
https://doi.org/10.5073/ika.2010.425.007

Thakur, D. R. (2012). Taxonomy, distribution and pest status of Indian biotypes of Acanthoscelides obtectus
(Coleoptera: Chrysomelidae: Bruchinae) - A new record. Pakistan Journal of Zoology, 44(1), 189-195.
https://www.cabi.org/isc/abstract/20123349409

Vera-Graziano, J., & Cruz-Izquierdo, S. (2016). Parametros poblacionales del insecto Acanthoscelides

obtectns (Say.) en granos de cinco cultivares de frijol (Phaseolus vulgaris L.). Agrociencia, 50(3), 347-353.
http://www.scielo.org.mx/scielo.php?pid=S1405-31952016000300347&script=sci abstract

Vera-Graziano, J., Pinto, V. M., & Garza-Garcia, R. (2011). Parametros poblacionales de _Acanthoscelides
obtectus (Say) (Coleoptera: Bruchidae) en la variedad Oti de frijol (Phaseolus vulgaris L.) en
condiciones de almacenamiento. Agrociencia, 45(7), 797-800.
http:/ /www.scielo.org.mx/pdf/agro/v45n7 /v45n7a5.pdf

Yarupaitan, G., & Albdn, J. (2004). Faner6gamas de la provincia de Huancayo, Perd. Revista Peruana de
Biologia, 11(2), 193-202. http://www.scielo.org.pe/scielo.phprscript=sci arttext&pid=S1727-
99332004000200012

Cienc. Tecnol. Agropecuaria, 22(3): €2290
DOI: https://doi.org/10.21930/tcta.vol22_num3_art:2290


https://doi.org/10.21930/rcta.vol22_num3_art:2290
https://www.imedpub.com/abstract/a-review-on-cassia-speciesrnpharmacological-traditional-and-medicinalrnaspects-in-various-countries-10212.html
https://www.imedpub.com/abstract/a-review-on-cassia-speciesrnpharmacological-traditional-and-medicinalrnaspects-in-various-countries-10212.html
https://doi.org/10.21704/rea.v18i1.1301
https://doi.org/10.5073/jka.2010.425.007
https://www.cabi.org/isc/abstract/20123349409
http://www.scielo.org.mx/scielo.php?pid=S1405-31952016000300347&script=sci_abstract
http://www.scielo.org.mx/pdf/agro/v45n7/v45n7a5.pdf
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332004000200012
http://www.scielo.org.pe/scielo.php?script=sci_arttext&pid=S1727-99332004000200012

