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Abstract

Cosmopolites sordidus known as the black weevil, is an insect
pest of economic importance for Musaceae crops such as bananas
and plantain, resulting in production losses due to its damage. One of
the alternatives for the management of the black weevil is biological
control using entomopathogens that regulate the insect populations
in Musaceae plantations. The objective of the research was to
determine the action of the entomopathogenic fungi Beauveria
bassiana, Metarhizium anisopliae, and Verticillium lecanii on
adults of the black banana weevil under controlled laboratory
conditions. A completely randomized design was implemented
with 8 treatments with the application of the entomopathogens
individually and in combinations, as well as a control treatment.
The results showed that the treatment with the combination of B.
bassiana + M. anisopliae showed the best control of the insect
pest with 100 % mortality 10 days after inoculation, followed by
B. bassiana with 88 % and 24 % control with M. anisopliae, while
the treatment with the fungus V. lecanii achieved 32 % control
of the black weevil. Entomopathogens are an alternative for the
management of the insect pest of Musaceae C. sordidus.

*Corresponding author:dvaldez@uagraria.edu.ec

© The Authors, 2025, Published by the Universidad del Zulia

@SLiEle)


mailto:dvaldez@uagraria.edu.ec
https://orcid.org/0000-0002-5004-930X
mailto:sfarah@uagraria.edu.ec
https://orcid.org/0000-0003-3245-2936
mailto:wespinoza@uagraria.edu.ec
https://orcid.org/0000-0002-8729-1458
mailto:fveliz@uagraria.edu.ec
https://orcid.org/0000-0002-9808-3080
mailto:hvillon@uagraria.edu.ec
https://orcid.org/0009-0007-6808-2697
mailto:ehasang@uagraria.edu.ec
https://orcid.org/0000-0001-6832-2047
mailto:liliam.herrera.region5@gmail.com
https://orcid.org/0000-0003-4772-5458
mailto:fosorioa@colpos.mx
https://orcid.org/0000-0003-1716-7539

2-5| Rev. Fac. Agron. (LUZ). 2025, 42(2): 254217 April-June. ISSN 2477-9409.

Resumen

Cosmopolites sordidus conocido como picudo negro, es un
insecto plaga de importancia econdémica para los cultivos de
musaceas como banano y platano, teniendo como resultado por su
dafio perdidas en produccion. Entre unas de las alternativas para el
manejo del picudo negro se encuentran el control bioldgico mediante
el uso de entomopatdgenos que regulen las poblaciones del insecto
en las plantaciones de musaceas. El objetivo de la investigacion fue
determinar la accion de los hongos entomopatogenos Beauveria
bassiana, Metarhizium anisopliae y Verticillium lecanii en el control
del picudo negro del banano C. sordidus bajo condiciones controladas
de laboratorio. Se implement6 un disefio completamente al azar con
8 tratamientos con la aplicacion de los entomopatdgenos de forma
individual y en combinaciones, al igual que un tratamiento testigo.
Los resultados mostraron que el tratamiento con la combinacion de
B. bassiana + M. anisopliae mostr6 el mejor control sobre el insecto
plaga con un 100 % en la mortalidad a los 10 dias de la inoculacion,
seguido de B. bassiana con 88 % y un 24 % en el control con M.
anisopliae, mientras que para el tratamiento con el hongo V. lecanii se
alcanzo un 32 % en el control del picudo negro. Los entomopatdgenos
son una alternativa para el manejo del insecto plaga de musaceas C.
sordidus.

Palabras claves: hongos, picudo negro, musaceas, eficacia, control.
Resumo

O Cosmopolites sordidus, conhecido como gorgulho da palmeira-
preta, ¢ um inseto praga de importancia economica para as culturas
de musaceas, como a banana e o platano, resultando em perdas de
producdo devido a seus danos. Uma das alternativas para o manejo do
gorgulho da palmeira-preta é o controle bioldgico por meio do uso de
entomopatdgenos que regulam as populacdes do inseto nas plantagdes
de musaceas. O objetivo da pesquisa foi determinar a agao dos fungos
entomopatogénicos Beauveria bassiana, Metarhizium anisopliae e
Verticillium lecanii sobre os adultos do gorgulho da palmeira preta
em condig¢des controladas de laboratério. Um projeto completamente
aleatdrio com 8 tratamentos foi implementado com a aplicacdo dos
entomopatdgenos individualmente e em combinagdes, bem como um
tratamento de controle. Os resultados mostraram que o tratamento
com a combinagdo de B. bassiana + M. anisopliae apresentou o
melhor controle do inseto-praga, com 100 % de mortalidade 10 dias
apos a inoculagdo, seguido por B. bassiana com 88 % e 24 % de
controle com M. anisopliae, enquanto o tratamento com o fungo V.
lecanii obteve 32 % de controle do gorgulho da palmeira preta. Os
entomopatdgenos sao uma alternativa para o manejo do inseto-praga
C. sordidus

Palavras-chave: fungos, black weevil, musaceae, eficacia, controle.
Introduction

The cultivation of bananas (Musa x paradisiaca L.) in Ecuador
has a transcendence and importance at the socioeconomic level at the
national level, ranking the first place within the exports of agricultural
products in the country and worldwide occupies the first place in
exports of Musacea; representing 2 % of the total gross domestic
product (GDP) and 35 % of agricultural GDP in the last six years, and
annual production has ranged between 6,023,390 and 6,583,477 tons

with economic revenues ranging from 2,000 million to 3,600 million
dollars (Zambrano and Gallardo, 2022). Cosmopolites sordidus or
black weevil is considered the most important pest of banana and
plantain cultivation (Tresson et al., 2022). The insect pest causes
damage to the plant and affects plant species of the Musaceae family
(banana, plantain, abacd). It is native to Southeast Asia and has spread
to all countries that export bananas. In the larval stage, it bores into
the corm, damages the root and the vascular system, reducing the
absorption of water and nutrients; and weakening the stability of
the plant: in early attacks, it can cause crop loss (Gold and Tinzaara,
2008).

There are more than 750 species of fungi considered biopesticides
used to control insects, among the most important and commercially
used are Metarhizium anisopliae and Beauveria bassiana. The use of
entomopathogens in agriculture focuses on identifying native strains
with potential commercial use (Hernandez et al., 2019; Pacheco et
al., 2019). Studies carried out by Silva et al., (2020), determined the
affinity and efficacy of B. bassiana and M. anisopliae for the control of
insect pests in the cultivation of cabbage and lettuce, in an aquaponics
system, where it was evidenced that B. bassiana and M. anisopliae
controlled whiteflies and aphids. Likewise, Castro and Martinez.
(2019) provided that in an integrated management scheme for the
control of Trialeurodes vaporariorum, Chrysoperla externa together
with B. bassiana and M. anisopliae can be used in tomato cultivation.
Membang et al. (2021) indicated that the success of bioinsecticides
based on entomopathogenic fungi depends on favorable properties
in three successive stages in the development of entomopathogenic
fungi, conidia germination, mycelial growth and conidiogenesis,
and their response to environmental variables such as the range of
temperatures to which the fungus will be exposed.

Fungi are an important part of the biopesticide market for the
biological control of arthropods. Entomopathogenic fungi produce
spores that can attach to the cuticle of arthropods, germinate,
penetrate, and cause infection. On the other hand, studies demonstrate
another approach to the use of entomopathogenic fungi: the study
of the biocontrol potential of the enzymes produced by these fungi
(Motta and Murcia, 2011). Nowadays, the biological control of
pests has increased since the impact of the application of synthetic
pesticides is negative for both people and the environment, in addition,
these entomopathogenic fungi can produce lytic enzymes, esterase,
oxidoreductase and cytochrome P450, reacting with pesticides and
decomposing into non-toxic substances (Kannan et al., 2024). The
present research aims to determine the action of the entomopathogenic
fungi Beauveria bassiana, Metarhizium anisopliae, and Verticillium
lecanii in the control of the black weevil of the banana C. sordidus
under controlled laboratory conditions

Materials and methods

Study area

This study was conducted in the entomology laboratory of the
INIAP (National Institute of Agricultural Research - South Litoral
Experimental Station) geographical coordinates 2°15°07”S and
79°38°36”W, km 26 via Duran-Tambo, Guayaquil, Ecuador (National
Institute of Meteorology and Hydrology [INAMHI], 2018). The
specimens of live adults of Cosmopolites sordidus were obtained
from the “Angela Maria” banana farm located in the province of
Guayas, Ecuador. For the bioassay with entomopathogens and their
action on C. sordidus, a completely randomized statistical design was
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performed with 8 treatments and 5 replications, with a total of 40
experimental units (Table 1).

Table 1. Treatments with entomopathogens for the control of
Cosmopolites sordidus.

Treatments Combinations

T1 Beauveria bassiana

T2 Metarhizium anisopliae

T3 Verticillium lecanii

T4 Beauveria bassiana + Metarhizium anisopliae

T5 Beauveria bassiana + Verticillium lecanii

T6 Verticillium lecanii + Metarhizium anisopliae

T7 Beauveria bassiana + Verticillium lecanii +
Metarhizium anisopliae

T8 Control

Collection of adults of Cosmopolites sordidus

The adult specimens of C. sordidus were obtained in the field,
using plastic traps (20 L containers) with two openings in the upper
part of 8 cm wide by 12 cm long. Pieces of pineapples, molasses
(225 cc), and water (75 cc) were used as attractants. Ethological traps
made from pseudostems of harvested banana plants were also used,
the sandwich traps were randomly distributed, placing one every 9
plants at a distance of 9m x 9m (Figure 1), following the methodology
of Farah et al. (2022).

GRSl Y i N
Figure 1. Sandwich-type trap for capturing Cosmopolites

sordidus.

Fungi Beauveria bassiana, Metarhizium anisopliae and
Verticillium lecanii

The entomopathogens for the assay were received from the
Microbiolab laboratory. For the preparation of the solution to be
applied in the treatments, 2 grams for each of the entomopathogens B.
bassiana, M. anisopliae, and V. lecani were weighed on an electronic
balance and mixed or diluted in sterilized water to obtain a solution
of 1x10° spores. mL!.

Bioassays of entomopathogenic fungi on C. sordidus.

To carry out the bioassays, live insects of C. sordidus in the adult
stage were used, which were previously captured in the traps placed in
the field, from where they were removed and taken to the entomology
laboratory. The specimens used were those that showed greater
biological activity, guaranteeing their viability during the execution
period of the assay; they were disinfected with 0.5 % sodium
hypochlorite solution applied with an atomizer and subsequently

rinsed with disinfected deionized water. For the assays, 40 Petri dishes
were used to confine the inoculated specimens (Figure 2). Food was
provided with small pieces of banana pseudostems, changing them
every day, and maintaining them at an average temperature of 27°C
and 75 % relative humidity. In each Petri dish, 5 specimens of C.
sordidus were placed, totaling 25 insects per treatment. These were
inoculated with the entomopathogens using a sprayer or atomizer
with the solution corresponding to each treatment.
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Figure 2. Experimental units in control bioassay for Cosmopolites
sordidus.
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To evaluate the mortality of the specimens and the efficiency
of the treatments, monitoring began after the installation of the
assay on day 6, giving time for the development of the inoculated
microorganism in the host and its entomopathogenic action inside the
insect. Subsequent evaluations were periodic (daily) until the tenth
day with the culmination of the bioassay, completing a total of 5
evaluations. The dead Coleoptera in each evaluation were separated
in Petri dishes individually and placed in wet chambers to observe
the progress of the disease and consequently the sporulation of
the fungus, with this the death of the insect by entomopathogenic
microorganisms was confirmed.

- - ’ . . Y
w o LB, R

Figure 3. Insect infected with the fungus, Beauveria bassiana +
Metarhizium anisopliae.

Data processing and analysis

For the processing and analysis of the dependent variable
number of dead insects and the independent variable based on
entomopathogenic fungi, the non-parametric analysis of Kruskal
Wallis at 5 % error was used, this was tabulated with the InfoStat
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program (2017). It is worth mentioning that the normality and
homoscedasticity tests were significant (p>0.065).

Results and discussion

Mortality of C. sordidus in the application of entomopathogens

According to the results obtained in the assay of entomopathogens
on the insect pest C. sordidus, the treatment of B. bassiana + M.
anisopliae (T4) showed the highest mortality with a mean of 5.00
specimens on day ten of inoculation, followed by treatment with
B. bassiana (T1) with a mean of 4.4 dead specimens, being the
entomopathogenic activity and mycelial growth higher than in the
other treatments under study, with T4 showing the beginning of C.
sordidus mortality at 6 days after inoculation, and T1 at 8 days (Table
2). Instudies carried out by Maharaj and Khan (2017), spray applications
of mineral oil and water as spore carriers of B. bassiana were evaluated
to improve virulence against C. sordidus at concentrations of 1 x 10%
1 x10% 1x10% 1 x 107 and 1 x 10® pores.mL"!, where the highest
mortality was evidenced in the formulation of mineral oil, and B.
bassiana 1 x 10* pores.mL"! from 13 to 16 days after inoculation.

Table 2. Average mortality of Cosmopolites sordidus.

Specimen mortality

Treatments
Day6 Day7 Day8 Day9 Dayl0
T4 B bassianat M. ani- 04 04  20b  40c  5.0c
sopliae
T1 B. bassiana 0.0 0.0 1.2b 2.2bc 4.4bc
B. bassiana + V.
b lecanii+ M.anisopliae 0.0 0.0 0.0 0.6a 1.6ab
T3 V. lecanii 0.0 0.0 0.4a 0.8ab 1.6ab
TS5  B. bassiana+ V. lecanii 0.0 0.0 0.2ab  0.4ab 1.6a
T2 M. anisopliae 0.0 0.0 0.2a 0.6ab 1.2a
T - lecaniit M. aniso- 00 00 00a 00a 08
pliae
T8 Control 0.0 0.0 0.0a 0.0a 0.0a
p-Value N/A N/A  0.0009 0.0004 0.0003
Mortality percentage

According to the treatments analyzed, it can be pointed out
that T4 and T1, at the concentrations of 1x10° spores.mL"! of the
entomopathogens, exerted greater control in adults of C. sordidus,
where T4 obtained 100 % mortality on day 10 after its application,
followed by T1 with 88 % mortality, T3, T7, and T5 treatments
obtained mortality of 32 % of specimens. For the T2 and T6
treatments, there was mortality of 24 % and 16 %, respectively, and
for the control treatment (T8) there was no mortality of specimens 10
days after the installation of the assay in the control of the insect pest
under laboratory conditions (Table 3). These results are consistent
with Membang et al. (2021) who established that the combination
of B. bassiana + M. anisopilae and B. bassiana individually act as
promising biopesticides for commercial use to control C. sordidus
in banana crops. However, in laboratory research conducted by
Armendariz et al., (2016) the B. bassiana strain was ineffective on
adults of C. sordidus, even though Biryol et al. (2021) evaluated
eight isolates of Indigenous fungi, four of B. bassiana and four of
Metarhizium brunneum, with an oil base at maximum concentrations

of 1 x 10° spore.mL"! against nymphs and adults of the target pest
Orosanga japonica, causing mortality against nymphs and adults of
97 % under field conditions, showing greater efficacy than commercial
insecticides.

Table 3. Mortality percentage of Cosmopolites sordidus.

Specimen mortality (%)

Treatments
Day6 Day7 Day8 Day9 Dayl0
14 B bassianat M 80 80  40.0b 80.0c  100.0c
anisopliae
T1 B. bassiana 0.0 0.0 24.0b  44.0bc  88.0bc
TS B. bassiana+ V. lecanii 0.0 0.0 4.0a 8.0a 32.0ab
17 B bassianar v 0.0 0.0 0.0a  12.0ab 32.0ab
lecanii+ M. anisopliae
T3 V. lecanii 0.0 0.0 8.0ab 16.0ab  32.0a
T2 M. anisopliae 0.0 0.0 4.0a 12.0ab  24.0a
16 [V lecaniitMoaniso- o6 60 00a  00a  16.0a
pliae
T8 Control 0.0 0.0 0.0a 0.0a 0.0a
p-Value N/A N/A  0.0009 0.0004 0.0003

Ahmed (2010) conducted an investigation with some strains of
Verticiliun lecanii and M. anisopliae for the control of Sitophilus
zeamais Motsch (Coleoptera) in stored corn kernel, where the
insects treated with a higher concentration of 1 x 10 spores.mL" had
greater control and mortality, compared to the other treatments. The
estimates of dead Coleoptera were verified after application, that is, at
5, 10, and 15 days after infecting with entomopathogenic fungi in the
various treatments, presenting the highest percentage of mortality in
the application of 1x108 of conidia, reaching 1 to 5 dead individuals in
the period of 5 to 10 days, while the other treatments in their different
concentrations took longer. However, studies conducted by Kisaakye
et al. (2021), used 8 isolates of B. bassiana ICIPE 273, ICIPE 648,
and ICIPE 660, which were the most lethal, exhibited high levels of
mortality and low median lethal time against the body weight of C.
sordidus in the laboratory.

Regarding the statistical result, the control with the treatment
of B. bassiana obtained 88 % mortality of the black weevil, while
M. anisopliae obtained 24 %; considering that, by joining the two
entomopathogens agents, 100 % control over C. sordidus was
achieved, this considers that the action of entomopathogens when
used separately tends to reduce their percentage of control of the
insect pest. In this sense, Pelizza et al. (2015), provided that the
comparative effects of the insecticides Rynaxypyr, Lufenuron, and
Methoxyfenozide together with B. bassiana and M. anisopliae,
were the ones that produced higher mortalities in the control of
grasshoppers in field cage conditions. Likewise, Gonzilez et al.
(2022) determined that the mortality of C. sordidus reached 16 % and
7 %, using M. anisopliae, B. bassiana, separately and in a mixture of
the two entomopathogenic fungi, reached 78 % in 24 days after the
application of the biopesticides.

Conclusions

Regarding the results obtained in the entomopathogenic action
of the microbial agents under analysis, it can be concluded that the
combination of B. bassiana plus M. anisopliae and the treatment based
on B. bassiana are more effective than when applied individually,
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having high mortality in adults of C. sordidus, being a viable option
in the management of the pest under study.

The implementation of treatments on adults of C. sordidus did
not cause damage to the insect’s integrity during the initial evaluation
phases, but later on, mycelial growth was subsequently observed
on the insect’s body, showing the colonization of the fungi in the
inoculated specimens.

Literature cited

Ahmed, B. (2010). Potentials of entomopathogenic fungi in controlling the menace
of maize weevil Sitophilus zeamais Motsch (Coleoptera: Curculinidae)
on stored maize grain. Archives of Phytopathology and Plant Protection,
43(2), 107-115. https://doi.org/10.1080/03235400701390463

Armendariz, 1., Landdzuri, P, Taco, M. y Ulloa, M. (2016). Efectos del
control del picudo negro (Cosmopolites sordidus) en el platano.
Agronomia Mesoamericana, 27(2), 302-319. https://doi.org/10.15517/
am.v27i2.20552

Biryol, S., Giiney, E., Eski, A., Bayramoglu, Z., Sezen, K., Demirbag, Z. & Demir,
1. (2021). Development of mycoinsecticide formulations with Beauveria
bassiana and Metarhizium brunneum for the control of Orosanga japonica
(Hemiptera: Ricaniidae). Annals of Applied Biology, 179(3), 319-330.
https://doi.org/10.111/aab.12699.

Farah, S., Sanchez, B., Sacoto, A., Hasang, E. y Alvarado, A. (2022). Eficacia de
trampas etologicas para el control de Cosmopolites sordidus en banano
(Musa spp.) en la Hacienda Mechita del Canton Pueblo Viejo, Ecuador.
Revista Tecnologica - ESPOL, 34(4), 4-20. https://doi.org/10.37815/rte.
v34n4.976

Castro, M. y Martinez, J. (2019). Compatibility of Beauveria bassiana
and Metarhizium anisopliae with Chrysoperla externa depredator
of Trialeurodes vaporariorum. Chilean journal of agricultural &
animal  sciences, 35(1), 38-48. https://dx.doi.org/10.4067/S0719-
38902019005000104

Gold, S. and Tinzaara, W. (2008). Banana Weevil, Cosmopolites sordidus (Germar)
(Coleoptera: Curculionidae). In: J. L. Capinera (Ed.), Encyclopedia
of Entomology (pp. 369-378). Springer Netherlands. https://doi.
org/10.1007/978-1-4020-6359-6_224

Gonzalez, R., Vivas, J., Tacuri, E. y Mendoza, J. (2022). Biocontrol de
Cosmopolites sordidus (Germar) en plantaciones de Musa AAB del
Carmen, Manabi, Ecuador. RECIAMUC, 6(4), 129-135. https://doi.
org/10.26820/reciamuc/6/4/129-135

Hernéandez, F., Garcia, L., Figueroa, K. §, Figueroa, J., Sangerman, D. y Diaz, E.
(2019). Analisis de las investigaciones sobre Metarhizium anisopliae en
los ultimos 40 afos. https://doi.org/10.29312/remexca.v0i22.1866

Instituto Nacional de Meteorologia e Hidrologia [INAMHI]. (2018). Boletin
agroclimatico decadal, boletin informativo No. DEI-BAD-30-2018.

Guayaquil: Instituto Nacional de Meteorologia ¢ Hidrologia (INAMHI).
https://www.serviciometereologico.gob.ec/meteorologia/decadal/20ec/.

InfoStat. (2017). InfoStat Software Estadistico. https://www.infostat.com.ar/

Kannan, S., Perumal, V., Ananthanarayanan, Y. y Pittarate, S. (2024). Biodegradation
of pesticide in agricultural soil employing entomopathogenic fungi:
Current state of the art and future perspectives. Heliyon,10(1), 23406,
https://doi.org/10.1016/j.heliyon.2023.e23406

Kisaakye, J., Fourie, H., Coyne, D., Cortada, L., Masinde, S., Subramanian, S.
and Haukeland, S. (2021). Evaluation of the Entomopathogenic Potential
of Beauveria bassiana, Metarhizium anisopliae and Isaria fumosorosea
for Management of Cosmopolites sordidus Germar (Coleoptera:
Curculionidae).  Agriculture, 11, 12-22.  https://doi.org/10.3390/
agriculture11121290

Maharaj, K. and Khan, A. (2017). Efficacy of banana spray oil, mineral oil,
and water formulations of Beauveria bassiana Balsamo for the control
of Cosmopolities sordidus Germar (Coleoptera: Curculionidae) in
Musa spp. CABI Databases. https://www.cabidigitallibrary.org/doi/
pdf/10.5555/20173079067

Membang, G., Ambang, Z., Mahot, C., Kuate, A., Fiaboe, K., M. and Hanna, R.
(2021). Thermal response and horizontal transmission of cameroonian
isolates of the entomopathogenic fungi Beauveria bassiana and
Metarhizium anisopliae - Candidates for microbial controls of the banana
root borer Cosmopolites sordidus. Fungal Ecology, 50, 2-14.https://doi.
org/10.1016/j.funeco.2021.101042

Motta, P. y Murcia, B. (2011). Hongos entomopatégenos como alternativa para el
control biologico de plagas. Revista Ambiente Agua, 6(2), 77-90. https:/
doi.org/10.4136/ambi-agua.187.

Pacheco, M., Reséndiz, J. y Arriola, V. (2019). Organismos entomopatégenos
como control bioldgico en los sectores agropecuario y forestal de México:
una revision. Revista Mexicana de Ciencias Forestales, 10(56), 4-32.
https://doi.org/10.29298/rmcf.v10i56.496

Pelizza, S., Scorsetti, A., Russo, M., Sy, V., Pacheco, S. and Lange, C. (2015).
Use of entomopathogenic fungi combined with biorational insecticides to
control Dichroplus maculipennis (Orthoptera: Acrididae: Melanoplinae)
under semi-field conditions. Biocontrol Science and Technology, 25(11),
1241-1253. https://doi.org/10.1080/09583157.2015.1050354.

Silva, R., Vargas, J., Sanchez, J., Oliva, R., Alarcon, T., Panduro, P. (2020).
Beauveria bassiana 'y Metarhizium anisopliae como controladores
compatibles y eficientes de insectos plaga en cultivos acuapoOnicos.
Scientia Agropecuaria, 11(3), 419-426. https://doi.org/10.17268/sci.
agropecu.2020.03.14

Tresson, P., Tixier, P., Puech, W., Abufera, B., Wyvekens, A. & Carval, D. (2022).
Caught on camera: Field imagery reveals the unexpected importance of
vertebrates for biological control of the banana weevil (Cosmopolites
sordidus Col. Curculionidae). PloS One, 17(9), 0274223 .https://doi.
org/10.1371/journal.pone.0274223

Zambrano, R. y Gallardo, K. (2022). Analisis economico del banano en el
Ecuador para determinar el crecimiento productivo en el periodo 2017-
2022. Revista Cientifica Multidisciplinaria Investigo, 3(5). https://doi.
org/10.1234/investigo.v3i5.33

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.


https://doi.org/10.1080/03235400701390463
https://doi.org/10.15517/am.v27i2.20552
https://doi.org/10.15517/am.v27i2.20552
https://dx.doi.org/10.4067/S0719-38902019005000104
https://dx.doi.org/10.4067/S0719-38902019005000104
https://doi.org/10.1007/978-1-4020-6359-6_224
https://doi.org/10.1007/978-1-4020-6359-6_224
https://doi.org/10.26820/reciamuc/6/4/129-135
https://doi.org/10.26820/reciamuc/6/4/129-135
https://doi.org/10.29312/remexca.v0i22.1866
https://www.infostat.com.ar/
https://doi.org/10.3390/agriculture11121290
https://doi.org/10.3390/agriculture11121290
https://doi.org/10.1016/j.funeco.2021.101042
https://doi.org/10.1016/j.funeco.2021.101042
https://doi.org/10.4136/ambi-agua.187
https://doi.org/10.4136/ambi-agua.187
https://doi.org/10.29298/rmcf.v10i56.496
https://doi.org/10.1080/09583157.2015.1050354
https://doi.org/10.17268/sci.agropecu.2020.03.14
https://doi.org/10.17268/sci.agropecu.2020.03.14
https://doi.org/10.1371/journal.pone.0274223
https://doi.org/10.1371/journal.pone.0274223



