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Insects play a highly important role in the ecological field, especially playing a fundamental role in the
pollination of flowering plants, an essential process for the preservation of life and biological diversity.
Among the insects, there are those considered as pests. This is the case of Spodoptera frugiperda J.E. Smith
(Lepidoptera: Noctidae) also known as fall armyworm, native to tropical areas. The present work aims to
present a discussion about the life cycle and protocols for rearing, in the laboratory, of S. frugiperda, in order
to contribute as a didactic tool for the teaching of science and environmental education. For this, a
bibliographic and scientometric survey was carried out from the MEDLINE/PubMed, Scientific Electronic
Library Online (SciELO) and Google Scholar databases. The descriptors used were related to diet, feeding and
rearing of S. frugiperda (Spodoptera frugiperda + artificial diet; Spodoptera frugiperda + laboratory;
Spodoptera frugiperda + nutrition; Spodoptera frugiperda + larvae). As a result of the scientometric survey, 18
studies were selected, published between 1985 and 2022, on the topic, which reflects a wide variety of
breeding protocols over time. The establishment of insect breeding protocols in the laboratory is essential for
basic entomology studies, as well as for biotechnology and innovation studies involving, for example,
insecticide bioassays.

Insect pest, Artificial diet, Insect nutrition, Laboratory rearing.
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The subphylum Hexapoda includes the class Insecta and three more sets of animals that
resemble insects: Collembola, Protura, and Diplura (Brusca; Brusca, 2018). The class Insecta is the
most varied and widely disseminated in nature. From a morphological point of view, its limbs are
characterized by having their bodies divided into three distinct parts: head, thorax, and abdomen. In
addition, they have ectognate mouthparts, whose bases are located outside the cephalic capsule, and
can usually have up to two pairs of wings in the thorax region (Hickman et al., 2016). Being the only
set of terrestrial invertebrates capable of flight and that undergo a process of indirect development,
also known as complete metamorphosis (Brusca; Brusca, 2018). The class Insecta is subdivided into
approximately 29 orders, harboring a total of more than one million species, although a significant
portion of them have not yet been scientifically cataloged (Eggleton, 2020). Preliminary calculations
indicate that the total number of insect species in the world may vary between 2.5 million and 10
million (Sabrosky, 1952; Brues et al., 1954; Gaston, 1991). Updated estimates, which make use of
new approaches to calculate global species diversity, indicate that the number of insect species
distributed worldwide ranges between 2.96 million and 5.5 million (Stork, 2018; Read; Wiens, 2023).

Insects play a highly important role in the ecological field, especially by playing a
fundamental role in the pollination of flowering plants, an essential process for the preservation of
life and biological diversity (Rupert; Barnes 1996). About ninety percent of the plant varieties that
are cultivated worldwide, including those used for food and for the production of medicinal
substances, rely on pollination carried out by animals, the vast majority of which are insects
(Fontaine et al., 2005). They play a significant role in sectors such as the food, cosmetics, and
pharmaceutical industries, as they provide valuable products such as honey, silk, lacquer, and chitin
(Gullan; Cranston, 2012). In addition to being a source of food for various levels of the food chain,
insects play a crucial role in nutrient recycling, can serve as biological indicators of changes in the
environment, and are employed in the biological control of pest populations. These multiple roles
give this group great relevance in maintaining the balance of ecosystems (Martinez; Rocha-Lima,
2020).

Insect diversity is declining on a global scale. This scenario, coupled with the collapse of
domesticated pollinator colonies, poses an unprecedented threat to humanity's food security (Vasiliev;
Greenwood, 2020). With the loss of a species, there is a loss of its genetic heritage, which can affect
the dynamics of feeding relationships between the organisms that are part of the food chain in which
that species is inserted (Mendonga et al., 2009). The causes of this decline are driven by a number of
pressures that are known to affect pollinators, and almost all of these pressures are man-made. They
encompass factors such as urbanization, habitat loss, climate change, pesticide use, and the transition

of natural ecosystems to agricultural systems (Eggleton, 2020). In addition to changes in the
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microclimate, such as rising temperatures and variations in light availability, which are related to the
current climate crisis, these factors exert a negative influence, reducing pollinating insects' search for
food (Hamblin et al., 2017). This results in significant ecological and economic impacts that have the
potential to significantly affect the preservation of wild plant diversity, the stability of ecosystems on
a broader scale, agricultural production, food security, and the well-being of the human population
(Potts et al., 2010).

Among the insects, there are those considered as pests. This is the case of Spodoptera
frugiperda J.E. Smith, (Lepidoptera: Noctidae) also known as fall armyworm, native to tropical areas,
is a polygraph insect that feeds on many plant species, mainly grasses such as wheat, sorghum and
rice (Sarmento et al., 2002). Despite their preference for grasses, they can be found in a wide variety
of crops, including beans, cotton, potatoes, sweet potatoes, peanuts, tomatoes, spinach, cabbage,
among others (Cruz, 1995). Fall armyworm is the main pest of corn in the Americas, causing crop
damage both in the vegetative phase of greater development of corn and soon after germination or
earing (Cruz, 1997). There are a variety of control approaches that, if applied properly, are effective
in keeping corn pests at levels below those that would result in economic losses. In Brazil, the most
promising control methods in maize are those of a cultural, biological and chemical nature (Cruz et
al., 1983)

Biological control represents a significant tool in the context of integrated pest management.
With regard to S. frugiperda, the effectiveness of control strategies is directly linked to the
knowledge of the biological agent, including its life cycle and its ability to adapt to the agricultural
environment. Therefore, the present work aims to present a discussion about the life cycle and rearing
protocols of S. frugiperda, in order to contribute as a didactic tool for the teaching of science and

environmental education.

In the present study, a bibliographic and scientometric survey was carried out on the life
cycle, diets and protocols used in the rearing of larvae of S. frugiperda in the laboratory. The survey
was carried out using the MEDLINE/PubMed, Scientific Electronic Library Online (SciELO) and
Google Scholar databases, with no limitation on the period for publications. The descriptors used (in
English and Portuguese) were related to diet, feeding and rearing of S. frugiperda (Spodoptera
frugiperda + artificial diet; Spodoptera frugiperda + laboratory; Spodoptera frugiperda + nutrition;
Spodoptera frugiperda + larvae).
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The complete life cycle of S. frugiperda lasts about 30 days (Figure 1), which goes from the
egg to the adult stage, initially the caterpillar attacks only the leaves and the cartridge, however, in

high infestations they can attack the ears and cut the plant in the collar region (Moreira et al., 2019).

Figure 1 — Life cycle of Spodoptera frugiperda

3-5 Days

Caterpillar

14-22 Days

Source: Prepared by the authors (2024).

In the scientometric survey, 18 studies were selected (five from SciELO, three from PubMed,
and ten from Google Scholar), published between 1985 and 2022, on the topic, which reflects a wide

variety of creation protocols over time (Chart 1).

Table 1: Life cycle, diet and laboratory rearing studies of S. frugiperda.

Descriptor Study title Database Reference
Feeding responses of fall armyworm
(Lepidoptera: Noctuidae) in corn foliage and Gooale Scholar Isenhour et al.,
foliage/artificial diet mixtures at different g 1985
temperatures.
Feeding preference and biology of Spodoptera Botton et al
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: SciELO N
. : i 1998
frugiperda + Noctuidae) in rice and barnyardgrass
artificial diet Food intake and utilization by Spodoptera Busato et al
frugiperda (J. E. Smith, 1797) (Lepidoptera: SciELO B
- 2004
Noctuidae) at two temperatures
Suitability of an artificial diet for the "maize" Busato et al
and "rice" biotypes of Spodoptera frugiperda SciELO N
2 ) : 2006
(Lepidoptera: Noctuidae).
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Evaluation of nutritional diets for laboratory

Arévalo

improvement of Spodoptera frugiperda (J.E. SciELO Maldonado e
Smith) (Lepidoptera: Noctuidae) Zenper de
Polania, 2009
Larval survival of Spodoptera frugiperda Smith SCIELO Morales et al.,
on artificial diets under laboratory conditions 2010
Artificial Corn-Based Diet for Rearing Pinto et al
Spodoptera frugiperda (Lepidoptera: PubMed 2019 B
Noctuidae)
Artificial diets and technique for rearing Wang et al
Spodoptera frugiperda (J.E. Smith) in the Google Scholar 2019 N
laboratory
Comparative performance of fall armyworm
(Lepidoptera: Noctuidae) reared on several PubMed Jinetal., 2020
cereal-based artificial diets
Biology of fall armyworm, Spodoptera Lekha et al
frugiperda (J.E. Smith) in different artificial Google Scholar 2020 N
diets
Artificial diets with different levels of protein Truzi et al
for the rearing of Spodoptera frugiperda PubMed 2021 N
(Lepidoptera: Noctuidae).
Acrtificial wheat bran-based diet for mass
cultivation of fall armyworm, Spodoptera Google Scholar | Geetal., 2022

frugiperda Smith (Lepidoptera: Noctuidae)

armyworm, Spodoptera frugiperda.

Spodoptera Development of the fall armyworm, Spodoptera Castro e Pitre
frugiperda + frugiperda, from Honduras and Mississippi in Google Scholar ’
L 1988
laboratory sorghum or maize in the laboratory.
Evaluation of artificial diets for fall armyworm,
Spodoptera frugiperda (J.E. Smith) Ashok et al
Spodoptera (Lepidoptera: Noctuidae) through nutritional Google Scholar 2021 N
podop indices and a two-sex life table approach and
frugiperda +
nutrition age stage.
Effects of larval diets on the growth and Navasero et al
development of Spodoptera frugiperda (J.E. Google Scholar 2021 N
Smith)(Lepidoptera: Noctuidae).
Effects of temperature and larval diet on the
development of the fall armyworm Google Scholar | Alietal., 1990
(Lepidoptera: Noctuidae).
Spodoptera Influence of larval nutrition on the biological
er i eF;da + attributes and reproductive performance of Gooale Scholar Sagar et al.,
E'i] P Spodoptera frugiperda (Lepidoptera: g 2022
arvae - o
Noctuidae) under laboratory conditions.
Larval diet affects development and
reproduction of East Asian strain of the fall Google Scholar | Heetal., 2021

In the wild, the larvae of S. frugiperda newborns feed in the first moments of their lives on
their own eggshells (Cruz, 1995). However, in the laboratory it is necessary to develop methods to
boost the biological quality of individuals, this can be accomplished through the incorporation of
diets, which can be natural or artificial (Busato et al., 2006).

Several studies address the analysis of diets suitable for the rearing of S. frugiperda in the
laboratory. Diets described using beans according to Perkins (1979), beans with the addition of
sucrose (Whitford, 1992), beans and brewer's yeast (Ferraz, 1982), or even beans, brewer's yeast and

wheat germ (Souza et al., 2001). Wheat, oats and alfalfa (Smith, 1921), corn (Luginbill, 1928),
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grasses, rice and cotton (Fonseca, 1943) can also be incorporated into its composition. As well as,
wheat germ-based diet (Burton; Perkins, 1972) as well as vitamins (Mielitz et al., 1986). Among
other compositions.

In Silva's (2021) study, S. frugiperda eggs were collected in the field and reared in the
laboratory until adults were obtained, through egg-opposition. The study was conducted in the
municipality of Luis Eduardo Magalhaes, Bahia. The steps of this creation are described through an
infographic (Figure 2). The infographic was built with the help of Corel Draw Graphics suite 2018
and Adobe Photoshop CS4, where the integration of the visual elements with the texts that described

the respective stages of creation of S. frugiperda was carried out.

Figure 2: Description of the steps of rearing S. frugiperda larvae in the laboratory.
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It is possible to use this infographic in science teaching classes, since students can visualize
each stage of insect creation and connect it with its life cycle, in an uncontrolled environment. In

addition, it is also possible to use them in environmental education practices, in extension projects.

We would like to thank the Federal University of Western Bahia and the Bahia Foundation for their

support in conducting this study.

Multidisciplinary Perspectives: Integrating Knowledge
Natural life cycle and rearing of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the laboratory: Scientometric study and didactic
scheme



1. Ali, A., Luttrell, R. G., & Schneider, J. C. (1990). Efeitos da temperatura e da dieta larval no
desenvolvimento da lagarta do funil do cartucho (*Lepidoptera: Noctuidae*). *Anais da
Sociedade Entomologica da América, 83*(4), 725-733.

2. Arévalo Maldonado, H., & Zenner de Polania, I. (2009). Avaliagao de dietas nutricionais para
melhoramento laboratorial de *Spodoptera frugiperda* (JE Smith) (*Lepidoptera: Noctuidae*).
*Revista UDCA Noticias e Divulgacgao Cientifica, 12*(1), 91-100.

3. Ashok, K., Balasubramani, V., Kennedy, J. S., Geethalakshmi, V., Jeyakumar, P., & Sathiah, N.
(2021). Avaliagao de dietas artificiais para a lagarta do funil do cartucho, *Spodoptera
frugiperda®* (JE Smith) (*Lepidoptera: Noctuidae*) por meio de indices nutricionais € uma

abordagem de tabela de vida de dois sexos e estagio de idade. *Entomologia Africana, 29%(2),
620-634.

4. Botton, M., Carbonari, J. J., Garcia, M. S., & Martins, J. F. S. (1998). Preferéncia alimentar e biologia
de *Spodoptera frugiperda* (J.E. Smith) (*Lepidoptera: Noctuidae*) em arroz e capim-arroz.
* Anais da Sociedade Entomolégica do Brasil, 27*(2), 207-212.

5. Brues, C. T., Melander, A. L., & Carpenter, F. M. (1954). Classification of insects: keys to the living
and extinct families of insects, and to the living families of other terrestrial arthropods. *Bulletin
of the Museum of Comparative Zoology, 108*, 1-917.

6. Brusca, R. C., & Brusca, G. J. (2018). *Invertebrados* (3rd ed.).

7. Burton, R. L., & Perkins, W. D. (1972). WSB: a new laboratory diet for the corn earworm and the
fall armyworm. *Journal of Economic Entomology, 65*(2), 385-386.

8. Busato, G. R., Griitzmacher, A. D., Garcia, M. S., Giolo, F. P., & Nornberg, S. D. (2004). Consumo
e utilizacdo de alimento por *Spodoptera frugiperda* (J. E. Smith, 1797) (*Lepidoptera:
Noctuidae*) em duas temperaturas. *Ciéncia e Agrotecnologia, 28*(6), 1278-1283.

9. Busato, G. R., Garcia, M. S., Loeck, A. E., Zart, M., Nunes, A. M., Bernardi, O., & Andersson, F. D.
S. (2006). Adequagdo de uma dieta artificial para os bidtipos "milho" e "arroz" de *Spodoptera
frugiperda® (*Lepidoptera: Noctuidae*). *Bragantia, 65%, 317-323.

10. Castro, M. T., & Pitre, H. N. (1998). Desenvolvimento da lagarta do funil do cartucho, *Spodoptera

frugiperda*, de Honduras e Mississippi em sorgo ou milho em laboratério. *Entomologista da
Florida*, 49-56.

11. Cruz, L. (1995). A lagarta-do-cartucho na cultura do milho. *Embrapa Milho e Sorgo-Circular
Técnica (INFOTECA-E)*.

12. Cruz, L. (1997). Manejo integrado da lagarta-do-cartucho do milho. *SEMINARIO SOBRE A
CULTURA DO MILHO SAFRINHA, 4*, 189-195.

13. Cruz, L., Waquil, J. M., Santos, J. P, Viana, P. A., & Salgado, L. A. (1983). Pragas da cultura de
milho em condi¢des de campo; métodos de controle e manuseio de defensivos. Sete Lagoas,
EMBRAPACNPMS.

14. Eggleton, P. (2020). The state of the world's insects. *Annual Review of Environment and
Resources, 45*, 61-82.

Multidisciplinary Perspectives: Integrating Knowledge
Natural life cycle and rearing of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the laboratory: Scientometric study and didactic
scheme



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Natural life cycle and rearing of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the laboratory: Scientometric study and didactic

Ferraz, M. C. V. D. (1982). Determinagdo das exigéncias térmicas de *Spodoptera frugiperda* (J.E.
Smith, 1797) (*Lepidoptera: Noctuidae*) em culturas de milho. (Dissertagdo de Mestrado,
Escola Superior de Agricultura "Luiz de Queiroz", Universidade de Sao Paulo, Piracicaba).

Fonseca, J. P. (1943). Lagartas nocivas as gramineas. *O biologico, 9%(12), 411-414.

Fontaine, C., Dajoz, 1., Meriguet, J., & Loreau, M. (2006). Functional diversity of plant—pollinator
interaction webs enhances the persistence of plant communities. *PLoS Biology, 4*(1), el.

Gaston, K. J. (1991). The magnitude of global insect species richness. *Conservation Biology,
5%(3), 283-296.

Ge, S., Chu, B., He, W,, Jiang, S., Lv, C., Gao, L., ... & Wu, K. (2022). Wheat-Bran-Based Artificial
Diet for Mass Culturing of the Fall Armyworm, *Spodoptera frugiperda* Smith (*Lepidoptera:
Noctuidae*). *Insects, 13*(12), e1177.

Gullan, P. J., & Cranston, P. S. (2012). *Os Insetos: Um Resumo de Entomologia* (4* ed.).

Hamblin, A. L., Youngsteadt, E., Lopez-Uribe, M. M., & Frank, S. D. (2017). Physiological thermal
limits predict differential responses of bees to urban heat-island effects. *Biology Letters, 13*(6),
20170125.

He, L. M., Wang, T. L., Chen, Y. C., Ge, S. S., Wyckhuys, K. A., & Wu, K. M. (2021). Larval diet
affects development and reproduction of East Asian strain of the fall armyworm, *Spodoptera
frugiperda*. *Journal of Integrative Agriculture, 20*(3), 736-744.

Hickman, C. P, Roberts, L. S., & Keen, S. L. (2016). *Principios Integrados de Zoologia*.

Isenhour, D. J., Wiseman, B. R., & Widstrom, N. W. (1985). Fall Armyworm (*Lepidoptera:
Noctuidae*) Feeding Responses on Corn Foliage and Foliage/Artificial Diet Medium Mixtures
at Different Temperatures. *Journal of Economic Entomology, 78*(2), 328-332.

Jin, T., Lin, Y. Y., Chi, H., Xiang, K. P., Ma, G. C., Peng, Z. Q., & Y1, K. X. (2020). Comparative
Performance of the Fall Armyworm (*Lepidoptera: Noctuidae*) Reared on Various Cereal-Based
Artificial Diets. *Journal of Economic Entomology, 113*(6), 2986-2996.

Pinto, J. R. L., Torres, A. F., Truzi, C. C., Vieira, N. F., Vacari, A. M., & De Bortoli, S. A. (2019).
Artificial Corn-Based Diet for Rearing *Spodoptera frugiperda*® (*Lepidoptera: Noctuidae*).
*Journal of Insect Science, 19*(4), e2.

Lekha, M. K., Swami, H., Vyas, A. K., & Ahir, K. C. (2020). Biology of fall armyworm,
*Spodoptera frugiperda* (J.E. Smith) on different artificial diets. *Journal of Entomology and
Zoology Studies, 8*(1), 584-586.

Li, X., & Wiens, J. J. (2023). Estimating global biodiversity: the role of cryptic insect species.
*Systematic Biology, 72*(2), 391-403.

Luginbill, P. (1928). The fall armyworm. *Technical Bulletin n. 34, v. 156281%*.
Martinez, N. M., & Rocha-Lima, A. B. C. (2020). A importancia dos insetos e as suas principais

ordens. *Unisanta BioScience, 9*(1), 1-14.

Multidisciplinary Perspectives: Integrating Knowledge

scheme



31. Mendonga, L. B., Lopes, E. V., & Anjos, L. (2009). Sobre a possivel extingao de aves da planicie
alagavel do Alto Rio Paran4, Brasil. *Brazilian Journal of Biology, 69*, 747-755.

32. Mielitz, L. R., Corseuil, E., & Soares, C. M. S. (1986). Efeito do germe de trigo e vitaminas em
dieta artificial sobre *Spodoptera frugiperda* (J.E. Smith, 1797) (*Lepidoptera, Noctuidae*).
* Anais da Sociedade Entomologica do Brasil, 15*(supl.), 105-115.

33. Morales, P., Noguera, Y., Escalona, E., Fonseca, O., Rosales, C., Salas, B., ... & Cabanas, W. (2010).
Sobrevivencia larval de *Spodoptera frugiperda* Smith con dietas artificiales bajo condiciones
de laboratorio. * Agronomia Tropical, 60*(4), 375-380.

34. Moreira, L. B., Carvalho, G. A., & Souza, B. H. (2019). Como alcangar eficiéncia no controle da
lagarta-do-cartucho. *Revista online Campo; Negocios*.

35. Navasero, M. M., Navasero, M. V., Montecalvo, M. P., & Candano, R. N. (2021). Effects of larval
diets on growth and development of *Spodoptera frugiperda* (J.E. Smith) (*Lepidoptera:

Noctuidae*). *Journal of the International Society for Southeast Asian Agricultural Sciences,
27*%(2), 176-185.

36. Perkins, W. D. (1979). Laboratory rearing of the fall armyworm. *Florida Entomologist*, 87-91.

37. Potts, S., Biesmeijer, J., & Kremen, C. (2010). Disminucion global de polinizadores: tendencias,
impactos y factores impulsores. *Trends in Ecology and Evolution, 25*(6).

38. Rupert, E. E., & Barnes, R. D. (1996). *Zoologia dos Invertebrados* (6* edi¢ao). Editora Roca.
39. Sabrosky, C. W. (1952). How many insects are there?. *Systematic Zoology, 2*(1), 31-36.

40. Sagar, D., Thillainayagam, 1., Keerthi, M. C., Sujatha, G. S., & Chander, S. (2022). Influence of
larval nutrition on biological attributes and reproductive performance in *Spodoptera frugiperda*®
(*Lepidoptera: Noctuidae*) under laboratory condition. * Animal Biology, 72*(3), 203-216.

41. Sarmento, R. A., De Souza A. R. W., De Souza, R. D. A. S., Vieira, S. M. J., De Oliveira, H. G., &
Holtz, A. M. (2002). Revisao da biologia, ocorréncia e controle de *Spodoptera frugiperda*
(*Lepidoptera, Noctuidae*) em milho no Brasil. *Bioscience Journal, 18*(2).

42. Silva, B. N. (2021). *Spodoptera frugiperda* (*lepidoptera: noctuidae*) e fungos associados:
perspectivas ecoldgicas e biotecnologicas. (Trabalho de Conclusdo de Curso, Universidade
Federal do Oeste da Bahia).

43. Smith, B. R. C. (1921). Observations on the fall armyworm (*Laphygma frugiperda* Smith &
Abbot) and some control experiments. *Journal Economic of entomology, 14*(4), 300-308.

44. Souza, A. M. L., Avila, C. J., & Parra, J. R. P. (2001). Consumo e utilizagio de alimento por
*Diatraea saccharalis*, *Heliothis virescens* e *Spodoptera frugiperda* em duas temperaturas.
*Neotropical Entomology, 30*(1), 1117.

45. Stork, N. E. (2018). How many species of insects and other terrestrial arthropods are there on
Earth?. * Annual review of entomology, 63*, 31-45.

46. Truzi, C. C., Vieira, N. F., de Souza, J. M., & De Bortoli, S. A. (2021). Artificial Diets With Different
Protein Levels for Rearing *Spodoptera frugiperda*® (*Lepidoptera: Noctuidae*). *Journal of
insect science, 21*(4), e2.

Multidisciplinary Perspectives: Integrating Knowledge
Natural life cycle and rearing of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the laboratory: Scientometric study and didactic
scheme



47. Vasiliev, D., & Greenwood, S. (2020). Pollinator biodiversity and crop pollination in temperate
ecosystems, implications for national pollinator conservation strategies: Mini review. *Science
of the Total Environment, 744*, 140880.

48. Wang, S., Zhu, Q., Tan, Y., Ma, Q., Wang, R., Zhang, M., ... & Zhang, Z. (2019). Artificial diets
and rearing technique of *Spodoptera frugiperda* (J. E. Smith) in laboratory. *Journal of
Environmental Entomology, 41*(4), 742-747.

49. Whitford, F., Quisenberry, S. S., & Moellenbeck, D. J. (1992). Nutritional response by rice and
corn fall armyworm (*Lepidoptera: Noctuidae*) strains to dietary component substitution in
artificial diets. *Journal of Economic Entomology, 85*(4), 1491-1496.

Multidisciplinary Perspectives: Integrating Knowledge
Natural life cycle and rearing of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the laboratory: Scientometric study and didactic
scheme



