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Abstract

Due to challenges related to sustainability and environmental protection,
artisanal biopreparations, based on natural ingredients and ancestral me-
thods, have emerged as a viable alternative to the use of traditional agro-
chemicals. This study identified research trends, collaborations and areas
of greatest interest using tools such as the Lens® database and Bibliome-
trix® software. Our results revealed that Brazil is the leader in scientific
production of biopesticides, followed by Cuba, Colombia, and Mexico.
Also, the most studied bio-preparation is “bokashi”, mainly used in ve-
getable crops. Although most publications are scientific articles, there
is a lack of informative material, which hinders the adoption of these
products by farmers. The results showed that there is a need to improve
dissemination of information and collaboration between researchers and
farmers, delaying investments in applied research to accelerate the adop-
tion of sustainable technologies, and maximize benefits of bioprepara-
tions in agriculture. The analysis identified gaps in the assessment of the
environmental sustainability of biopreparations, providing opportunities
for future research.

Keywords: on-farm bioinputs, agriculture, agroecology, microorganis-
ms.

Resumen

Debido a los retos relacionados con la sostenibilidad y la protecciéon del
medio ambiente, los biopreparados artesanales, elaborados a partir de
ingredientes naturales y métodos ancestrales, han emergido como una
alternativa viable al uso de los agroquimicos convencionales. Este estu-
dio identifico las tendencias de investigacion, colaboraciones y areas de
mayor interés utilizando herramientas como la base de datos Lens® y
el software Bibliometrix®. El analisis de los resultados revel6 que Bra-
sil lidera en la produccion cientifica sobre biopreparados, seguido por
Cuba, Colombia y México. Asimismo, el biopreparado mas estudiado
es el «Bokashi”, usado principalmente en cultivos de hortalizas. Aunque
la mayoria de las publicaciones son articulos cientificos, se identifico
una escasez de material divulgativo, que dificulta la adopcion de estos
productos por parte de agricultores. El andlisis de la informacion ob-
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tenida demostr6 que es necesario promover la divulgacion y colaboracion entre investigadores y agricultores, asi como
invertir en investigacion aplicada para acelerar la adopcion de tecnologias sostenibles y maximizar los beneficios de los
biopreparados en la agricultura. Ademas, permitio identificar vacios en la evaluacion de la sostenibilidad ambiental de los
biopreparados, lo que abre oportunidades para futuras investigaciones.

Palabras clave: bioinsumo artesanal, agricola, agroecologia, microorganismos.

1. Introduction

Latin American agriculture faces several challenges related to sustainability, environmental protection and
food security. Traditional agricultural practices are insufficient and inefficient to address these problems in a
sustainable manner. In addition, the demand for a large amount of food production, together with the high cost
of chemically synthesized agricultural inputs, creates the need to generate alternatives, allowing farmers to
obtain good yields and profitability without polluting the environment, while reducing production costs.

In this context, artisanal biopreparations, defined as “substances and mixtures of plant, animal or mine-
ral origin present in nature that have nutritive properties for plants, or insect repellents and attractants for the
prevention and control of pests” (Promocion del Desarrollo Sostenible [IPES] / Food and Agriculture Organi-
zation of the United Nations [FAQO], 2010), represent a viable and ecological alternative for the management
of soil fertilization and control of pests of interest in agricultural crops. These inputs, made from natural ingre-
dients, native microorganisms, natural extracts and ancestral methods, have gained acceptance among farmers
due to their ease of preparation, low cost and ability to reduce dependence on synthetic agrochemicals (Pylak
etal., 2019).

In the last decade, the development and use of biopreparations in agriculture has increased due to the
adoption of sustainable practices. Since the COVID-19 pandemic (year 2020), the production of agroecologi-
cal inputs by farmers themselves has been key to maintaining production, as trade restrictions limited access
to agricultural inputs such as chemical fertilizers (FAO, 2020). The pandemic has mainly affected smallholder
farmers, due to increased prices of agricultural inputs and disruption in the supply chain of products such as
urea, potassium, ammonia and phosphate, all common in conventional agriculture (Hermann-Bandera et al.,
2023). For this reason, biopreparations become an alternative to reduce the effects on the environment caused
by the excessive use of chemicals, and at the same time, contribute positively to the quality of crop produc-
tion. The combined implementation of traditional knowledge and practices with agroecological practices has
allowed farmers to improve the health and productivity of their crops (Temegne et al., 2021).

However, the lack of unified information on the preparation, use, dosage, cultivation and quality of biopre-
parations continues to increase. Therefore, the objective of the present study was to identify the advances and
development in the use of artisanal biopreparations in Latin American agriculture through a bibliometric analy-
sis. This study uses information tools to analyze scientific publications on the application of biopreparations in
various crops of agricultural interest and their use in Latin America. This systematic analysis made it possible
to identify research trends, areas of greatest interest, collaborations between institutions, and the impact of this
research on agricultural practice.

2. Materials and Methods

The information search strategy consisted of sequential activities, following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) methodology (Rethlefsen & Page, 2022), which is described
in Figure 1. The focus of this study was to characterize and analyze the trends of scientific and academic
records available on biopreparations in agriculture, an emerging topic disseminated through academic docu-
ments, audiovisual material, and digital platforms, in Latin America over the last 20 years. In order to restrict
the review to scientific and academic content, the Lens® database was selected as the search engine. This
scientific and technological meta-search engine covers articles, abstracts of events, communications, books
and theses, and offers dynamic tools for the management and analysis of academic literature.
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Figure 1. Flowchart of information retrieval and systematic analysis. Created using Smartdraw® software.

2.1. Design of the search equation and identification of records

A brainstorming exercise was carried out to identify key words related to the topic of interest, defining them in
Spanish because the review focuses on the state of the literature in Latin American countries. Additionally, the
inclusion and exclusion criteria established in Table 1 were considered.

Table 1. Exclusion and inclusion criteria for information search in the Lens® database

Inclusion or exclusion criteria Lens® Database
Time period Not aplicable
Language All languages
Area of knowledge Documents focused on agricultural and basic sciences
Key words in Title

Mexico, Belize, Costa Rica, El Salvador, Cuba, Guatemala, Honduras, Nicaragua, Panama,

Countries of interest Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela.

In the construction of the search equations, several text configurations were made, where the search criteria
were arranged in groups that were related through a Boolean operator. In this case the “OR” operator, which
selects the documents that contain at least one of the specified words (Florez Martinez et al., 2022). For this
research, the equation, elaborated with criteria included (search by sensitivity) and not included (search by
specificity) in the agricultural thesaurus, was as follows:

e  (biopreparation OR supermagro OR “mountain microorganisms” OR biols OR “organic preparation” OR
“microbial* broths” OR “broth of microorganisms” OR biofabrica OR “plant extract” OR “organo-mine-
ral broth” OR “sulfocalcic broth” OR bokashi OR “native microorganisms” OR “artisanal bioinput” OR
“potassium soap”).

2.2. Screening, suitability assessment and inclusion

The metadata obtained (n = 110) from the Lens® database were analyzed in Excel by creating a separate file.

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850
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In this file, key information was extracted from each bibliographic record, including the type of publication,
classification, main topic or research objective, focus on biopreparations, sector of use, type and classification
of the biopreparation, name of the biopreparation, crop in which it is applied, end user, as well as quality
analysis and evaluation parameters (Figure 1). Based on this information, the exclusion criteria were reapplied,
considering only those records relevant to the subject of biopreparations in the agricultural sector. Likewise,
duplicate records or records that were not available for consultation were excluded. After this process, a total
of n = 52 records were identified, specific to biopreparations in agriculture.

2.3. Information analysis

In the bibliometric analysis (phase one) of all registered publications (n = 110), the scientific analysis software
Bibliometrix® was used to identify the historical behavior of the publications, the primary sources, the main
authors, the countries with the highest scientific production and the main publications. In addition, a diagram
of trending topics was generated, which made it possible to evaluate the importance of the topic and its degree
of development.

A qualitative and quantitative synthesis and analysis of the selected records (phase two) (n = 52) was also
carried out to describe how the information on agricultural biopreparations is covered. First, the distribution of
the publication types, work classifications, and biopreparation types and names was determined. Subsequently,
the crop where the biopreparations were used and the relationship between the user and the type of publication
were analyzed. The quality parameters evaluated in the different studies were also characterized.

3. Results and Discussion
3.1. Phase one: bibliometric analysis

The bibliometric analysis revealed a trend in the publication of documents during the last three decades, in-
cluding book chapters, scientific articles and a large amount of uncatalogued, or possibly grey literature. It
was observed that the number of publications has fluctuated significantly during the period analyzed, showing
peaks and troughs reflecting different moments of academic interest or activity on the subject (Figure 2). This
analysis showed that, most of the publications were scientific articles (71), with a notable peak in 1998, when
14 articles and one book chapter were published. Between 2005 and 2011, there was a steady increase in un-
catalogued papers, peaking in 2010 with six uncatalogued papers and three articles. Whereas 2007 stood out
for its high productivity with seven articles and three uncatalogued papers. In recent years the trend has been
more stable, with a slight increase in 2019 when two articles and three uncatalogued papers were published.
It should be noted that, despite the variability in the number of publications, book chapters have been scarce,
with only one publication in 1998.
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Figure 2. Number of documents published annually.
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Of the total number of records obtained through bibliometric analysis, more than 30% of the publications
come from Brazil, with a total of 37 documents. Cuba represents 15.25% of the publications with 18 docu-
ments, followed by Colombia and Mexico, each with 12.71% and 15 publications. Peru has nine publications,
equivalent to 7.63%, and Costa Rica has six publications (5.08%). Less than 5% of the documents come from
countries such as Chile and Ecuador, each with four publications (3.39%). Argentina, Bolivia, Paraguay and
Venezuela contributed two papers each (1.69%). Finally, Puerto Rico and the United States have one document
issued from each country, representing less than 1% of the total number of publications per country of origin.
(Figure 3).

Number of publications of biopreparations .
Biopreparations for agricultural use & 2 37

Figure 3. Number of publications by country of origin. The flags identified with the green symbol indicate the countries whose publi-
cations include biopreparations for agricultural use.

Of the 110 records identified in the database, 71 were classified as scientific articles. The total of these articles
were published in 64 different Latin American scientific journals. As described in Table 2, Terra Latinoameri-
cana is the journal with the largest number of articles focused on this topic with three published articles (3/71;
4.22%). Within the top 10 journals, only five journals have published two articles with interest in bioprepara-
tions, while the remaining journals have published only one article (3/71; 4.22%).

This bibliometric indicator suggests that scientific production on the subject of biopreparations does not
belong only to one field of study, and agrees with the research areas identified through the bibliometric analy-
sis. These correspond to agronomy (44.5%), which involves topics focused on the development of agricultural
inputs such as biofertilizers and agricultural practices such as composting; biological sciences (37%), which
includes topics in the areas of microbiology, genetics and ecology; and finally chemistry (17%), where topics
such as mineralization and production processes are identified (Figure 4).

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850

5117



6/17

On-farm bioinputs production in Latin American agriculture: Advances and trends

Table 2. Journals with the highest number of articles with interest in biopreparations for agricultural use.

. Number of Indexed SJR Best
Top Journal title articles database SIR Quartile Country
Latindex

Revista T ‘ .
1 evista Terra 3 Doaj 03 Q4 México
Latl}’loamerlcana

Scopus
Latindex
2 Acta Scientiarum - Agronomy 2 Doaj 0,34 Q2 Brasil
Scopus
Latindex
3 Pastos y Forrajes 2 Doaj 0,27 Q3 Colombia
Scopus
4 Revista de Agricultura Neotropical 2 Latindex 0,16 Q4 Brasil
5 Revista Cubana de Quimica 2 Latindex No clasificada Cuba
6 Steviana 2 Latindex No clasificada Paraguay
37% B 17% 44.5% 1.5%
BIOLOGICAL CHEMISTRY AGRONOMY INLERDISCIFLINARY.

SCIENCES
SCIENCES

Figure 4. Classification of publications (n=110) by field of study.

The article with the highest number of citations (37) was “Bokashi as an Amendment and Source of Nitrogen in
Sustainable Agricultural Systems: a Review” by Quiroz and Céspedes (2019), and was published in the Jour-
nal of Soil Science and Plant Nutrition. Second “Net mineralization nitrogen and soil chemical changes with
application of organic wastes with ‘Fermented Bokashi Compost” of Boechat et al. (2013), published in Acta
Scientiarum with 32 citations. Jaramillo-Lopez et al.'s (2015) article, titled "Impacts of Bokashi on Survival
and Growth Rates of Pinus pseudostrobus in Community Reforestation Projects", had the third highest number
of citations (18). In the top five articles with the highest number of citations, it was identified that the interest
is focused on the amendment called Bokashi, which is a type of fertilizer that has a high content of organic
matter and nutrients necessary for plants, and has high porosity and a high water retention capacity (Quiroz &
Céspedes, 2019).

3.2. Phase 2: Qualitative synthesis of selected information

Of the 52 records (n = 52) selected in Phase 2, a classification was made by type of biopreparation, name of
biopreparation, crop on which it was evaluated, and the subject of the study. For this last parameter, the records
were classified into: biological activity in the field, biological activity in the greenhouse, production process,
quality of biopreparations, among others (Table 3).

The systematic review of scientific literature revealed an increase in the number of records published over
time, showing a productivity peaks in 2019 and 2023 (Figure 5). The vast majority of documents correspond
to articles published in scientific journals and, in smaller proportion, undergraduate theses (2020), conference
abstracts (2019) and scientific notes (2016) were found. This demonstrates the importance that the production
and evaluation of biopreparations is having in Latin America. with a scientific, academic and institutional
approach. However, the development of this study also highlighted an important limitation: scientific infor-
mation on the subject is dispersed, which makes it difficult to access and systematize, as pointed out by San-
chez-Llevat et al. (2022). The results found are also an indication of the increase in the use of biopreparations,
as indicated by Azizbekyan (2019).

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850
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Table 3. Bibliographic records (n=52) selected for their specificity in biopreparations for agricultural use.

. Type of Name of . .
Country Subject biopreparation biopreparation Crop (if applicable) References
. . .. . . Efficient microor- Cueto Yglesias & Mesa
Cuba Biological activity Biological ganisms Common bean Reinaldo (2018).
. . . .. Mixed biological . . .
Brazil Biological activity . Bokashi Beta vulgaris Silva et al. (2018)
-Mineral
. . . .. Mixed biological . Moreira da Silva et al.
Brazil Biological activity Mineral Bokashi Mentha suaveolens (2023).
. . . .. Mixed biological . Baldotto,
Brazil Biological activity Mineral Bokashi Corn (Zea mays) & Baldotto (2016)
. . . .. Mixed biological . .
Brazil Biological activity Mineral Bokashi Origanum vulgareL Wenneck et al. (2023)
Brazil Biological activity Mixed l.)lologlcal Bokashi Not applicable Boechat et al. (2013).
-Mineral
. . . .. Mixed biological . . Milene Silverio et al.
Brazil Biological activity Mineral Bokashi Pereskia aculeata Plum. (2021)
Mexico Bioremediation Biological Microbial broth Erythrina americana Mendozzzzsoaf 7C)h czetal.
Cuba Biological activity Biological EM‘broth (emC‘ent Daucus carota, L Nufiez Sosa et al.
microorganism) (2017)
Brazil  Biological activity Y xed biological Bokashi Brassica oleraceavar. ¢, oL al (2019,
-Mineral Capitata
. . . .. Mixed biological . . . .
Brazil Biological activity . Bokashi Alibertia edulis Santos et al. (2019b)
-Mineral
. . . .. Mixed biological . . Jaramillo-Lopez et al.
Mexico  Biological activity Mineral Bokashi Pinus pseudostrobus (2015).
. . .. . o Rice .
Cuba Biological activity Mineral Biobras16 (Oryza sativa) Morejon (2004).
. . . .. Mixed biological . Tomate
Brazil Biological activity Mineral Bokashi (Solanum Iycopersicum) da Costa et al. (2013)
Argentina Public policy Not applicable Not applicable Not applicable Ferraris et al. (2021)
Brazil Waste utilization Mlx?&?;gigiglcal Bokashi Copaifera langsdorffii Boechat et al. (2020)
Peru Selection (.)f fiero- Biological Trichoderma Potato Mamani-Rojas et al.
organisms (2012)
. . L Mixed biological ~ Mountain microor- Paredes Pita et al.
Brazil Bioremediation Mineral ganisms Bell pepper (2024)
. Biopreparation Mixed biological . . Rojas-Espinoza et al.
Mexico production Mineral Not applicable Not applicable (2023)
Colombia Biological activity Mineral Not applicable Coffee Cabrera Marulanda et
al. (2018)
Mexico  Biological activity Biological Not applicable Chick pea Oliva-Ortiz et al. (2017)
. Act large-scale . . . Huez-Lopez et al.
Mexico production Organic Not applicable Chile (2008)
Costa . . .. . . .
Rica Biological activity Organic Bokashi Plantain Cerrato et al. (2007)
Biopreparation Mixed biological Fe'rKlASerT and Hernandez-Garcia et al.
Cuba roduction -Mineral Trichoderma har- Caupi bean (2020)
p zianum A-34 P
. . . Native microorgan- ,
Cuba Field b%o!oglcal Biological isms (Brevibacillus Long bean Bayard-V,edey y Orbera-
activity . Ratoén (2020)
borstelensis)
Brazil Biological activity Organic Bokashi Alibertia edulis Santos et al. (2020)

Siembra 12(1) (2025) | 7483
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. Type of Name of . .
Country Subject biopreparation biopreparation Crop (if applicable) References
Cuba Waste utilization Biological Eﬁic1ent.mlcroor- Not applicable Liriano Gonzdlez et al.
ganisms (2018)
Brazil Biopreparation  Mixed biological Supermagro Passion fruit Rodrigues et al. (2009)
production -Mineral
Biological evalu- Pink pepper
Brazil ation under field Organic Bokashi (Campomanesia adaman-  Santos et al. (2019a)
conditions tium)
. Biopreparation . . Supermagro Ornamental plant Hermann-Bandera et al.
Brazil production Biological EM broth Gladiolus sp. (2023)
Brazil Field b%o!oglcal Mixed blologlcal Bokashi Not applicable Scotton et al. (2017)
activity -Mineral
Greenhouse pro-
duction and evalu- . . . . Cocoa Vera Chang & Salazar
Ecuador ation of bioprepa- Biological Biol artisanal (Theobroma cacao L) Pacheco (2021)
rations
.. Biopreparation Mixed biological . . . Chambi Zubieta et al.
Bolivia production and use Mineral Bokashi Atriplex hortensi (2019)
. . .. Mixed biological Bokashi . Pincay-Cantos et al.
Ecuador Biological activity Mineral Organic fertilizer Not applicable (2023)
Costa . . .. Mixed biological . .
Rica Biological activity Mineral Bokashi Not applicable Leblanc et al. (2005)
. . . .. Mixed biological Water melon ,
Colombia Biological activity Mineral Supermagro (Citrullus lanatus) Gonzélez et al. (2015)
. Biopreparation Mixed biological . . Lopes Pereira et al.
Brazil production Mineral Bokashi Non applicable (2022)
Compost Broccoli
. . . Mixed biological Bokashi . Peralta-Antonio et al.
Chile Field evaluation . . . Brassica oleracea var.
-Mineral Efficient microor- o (2019)
. italica
ganisms
Biopreparation Lettuce
Argentina production and Organic Nettle slurry . Chimento et al. (2019)
. (Lactuca sativa)
evaluation
. . .. Mixed biological . . Quiroz & Céspedes
Chile Bio activity Mineral Bokashi Not applicable (2019)
. . . .. Mixed biological Lettuce .
Chile Biological activity Mineral Worm-compost tea (Lactuca sativa) Bonillo et al. (2015).
. . . .. Mixed biological . Cucumber
Brazil Biological activity Mineral Bokashi (Cucumis sativus) Santos et al. (2021)
. . . .. Mixed biological Bokashi Parsley
Chile Biological activity -Mineral Phosphoric rock (Petroselinum crispum) Maass et al. (2020).
. . . .. Mixed biological . Radish .
Chile Biological activity Mineral Bokashi (Raphanus sativus) Quiroz & Flores (2019).
. . . .. . . Native fuceroorgan- Quinua Galecio-Julca et al.
Mexico  Biological activity Biological 1sms . .
(Chenopodium quinoa) (2023)
Compost
. . .. . . Native microorgan- . Castellanos Gonzalez et
Cuba Biological activity Biological isms Onion al. (2018).
Colombia Biological activity Mixed t_nologlcal Bokashi Lettuce Lima et al. (2022)
-Mineral
Mexico Bioremediation Biological Microorganisms Not applicable Juarez(; (;120 la )s etal.
. . . .. Mixed biological . Lopez Tolentino et al.
Mexico  Biological activity Mineral Bokashi Tomato (2023)
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. Type of Name of . .
Country Subject biopreparation biopreparation Crop (if applicable) References
. . . .. Mixed biological . .
Brazil Biological activity Mineral Supermagro Passion fruit Cavalcante et al. (2011)
. . .. Mixed biological . .
Ecuador Biological activity Mineral Not applicable Not applicable Orellana et al. (2013)
Brazil Biological activity Mixed blologlcal Supermagro Not applicable Ruiz et al. (2016)
-Mineral
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Figure 5. Annual distribution of records obtained through the systematic information review process.

According to the classification of biopreparations, it is evident that, scientific articles predominate over other
types of publications such as scientific notes, undergraduate theses, conference proceedings and informative
articles (Figure 6). Regarding preparations with inoculant activity, 21 scientific articles were reviewed com-
pared to one informative article; and 38 scientific articles on biopreparations with the capacity to promote
plant growth. Biopreparations with biocontrol purposes (four scientific articles) and biofertilizers (21 scientific
articles, four scientific notes and undergraduate theses) were those with the lowest number of publications in
this regard.

40+
- [IScientific notes
@ |1 Scientific articles
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§ 25 [1Undergraduate thesis
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Figure 6. Documentary typology with respect to the classification of biopreparations in Latin America.
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The literature on biopreparations is characterized by a predominance of scientific articles, which reflects the
progress and rigor of research in this field, mainly in Latin America. This trend offers solid and validated
knowledge on the development and performance of biopreparations, generating confidence about their effica-
cy and safety. However, the scarcity of informative material limits access to information for farmers and the
general public, making it difficult for them to understand and adopt these preparations.

To address this challenge, it is proposed to encourage the publication, such as those mentioned above
(scientific notes, undergraduate theses and informative articles) and others that are more accessible to produ-
cers, such as videos, manuals and primers. Additionally, it is imperative to promote collaboration between re-
searchers, extensionists and farmers in order to translate scientific knowledge into practical solutions for crop
management with the application of biopreparations.

Finally, the need to invest in applied research and development of biopreparations is highlighted. This
would accelerate the adoption of these sustainable technologies, and bring concrete benefits to farmers and
consumers. The synergy between research, dissemination and practical application is essential for bioprepara-
tions to reach their full potential in sustainable agriculture

The present bibliometric analysis shows the number of publications related to different types of bioprepa-
rations in Latin America. Other biopreparations, such as “Compost”, “Phytomass E”, “Supermagro” and “EM
microbial broth” have a significant number of publications, although considerably fewer than Bokashi.

The least studied biopreparations, with only one or two publications, include “Biol artesanal”, “Sulfocal-
cium broth”, “Trichoderma sp. “, ”Vegetable extract”, "FerKIA SerT*, ”Brevibacillus borstelensis*, ‘P1°, “Ne-
ttle slurry”, ”Compost tea, ”Biobras 16*, “Mountain microorganisms”, ’Organic residues®, ”’Organo-mineral
fertilizer natura (FOMIN)*, "Humic acids®, ”Bacillus sp. «, ‘P2’, ”Albio Root™, ”Active sludge*, ”Worm-com-
post tea* and ”Amino acids by enzymatic hydrolysis” (Figure 7). This analysis suggests a preference or greater
research on some specific biopreparations, such as Bokashi, over others within the Latin American scientific
community.
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Figure 7. Distribution of publications by type of on-farm bioproducts.

The analysis showed that biopreparations are mainly used in vegetable crops (54%), representing more than
half the total. Fruit trees and transitional crops are also significant applications, accounting for 29% of the total
publications analyzed. Aromatic and forestry crops have a moderate use (5%), while cocoa, flowers, and tubers
have a lesser use.

Furthermore, it was found that 96% of the consulted documents corresponded to research topics in aca-
demic and institutional contexts. The others were review records (two documents) in the form of scientific ar-
ticles focused on themes such as nutrient enrichment, crop yield and characteristics, the sequential preparation
of the biopreparation, and its dosage in cultivated soil.
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Regarding the scientific literature on the quality control of biopreparations, the evaluated parameters that
were evaluated were classified into 12 (Figure 8). Most of the observed variables corresponded to the study of
biological activity (71.6%), concerning the characteristics of the plants obtained, crop productivity, and soil
improvement. The parameter with the highest number of contributions falls within the category of biological
activity, directed at the physiological and phenological development of the plants obtained in the crops where
biopreparations were used (35 records), followed by the evaluation of photochemical development (seven
records) and the chemical composition of the biopreparation (six records).

As shown in Figure 8, the technical parameters specific to the quality control of the biopreparation (che-
mical composition, physical parameters, and microbiological composition, in that order) were presented in a
smaller proportion (21%) compared to those of biological activity. This result demonstrates the low characte-
rization carried out on this type of products, given the artisanal nature of their production. It was also found
that the evaluation of environmental variables and technical-economic feasibility represents 7.4% of the total
records analyzed. The scarcity of research on these topics is likely attributable to the accessibility of the mate-
rials and their inherent properties. This suggests that the products in question are environmentally friendly and
have low production costs. No studies were found relating to environmental sustainability, such as life cycle
assessments or carbon footprint measurements in the manufacturing process or the use of biopreparations.
However, the generation of contributions on these topics would confer a competitive advantage at the acade-
mic and institutional level, primarily for the purpose of verifying the reduction of environmental impact during
production and implementation.

Number of publications
[ |

Figure 8. Thematic distribution of scientific information related to agricultural biopreparations.

The thematic distribution map allows for the categorization of the main research topics into two dimensions.
The relative importance of each topic in the research field is established by the first dimension, relevance
(degree of centrality), while the second dimension (degree of density) establishes the progress and breadth of
knowledge generated in the research field. The four analysis quadrants are the result of the interaction of these
two dimensions and are classified as follows: 1) Driving topics; ii) Basic and transversal topics; iii) Emerging
or declining topics; and iv) Niche or specialized topics.

Based on the analysis of the distribution or cluster map (Figure 9), the quadrants of the Cartesian plane
represent the evolution and development of the analyzed topics. Topics with a higher degree of relevance
(vertical axis), where there is a greater number of bibliographic references, are associated with the influence of
fermentation on fertilizer, followed by publications related to biorefineries, although with a smaller number of
publications. Regarding the advancement in generated knowledge, bokashi organic fertilizer is represented by
a significant number of publications, although the number of publications associated with the effect of bokashi
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with algae of the genus Tetraselmis and processed nutrients.

Topics with greater relevance and development found in the Motor Themes quadrant correspond to the
application of native microorganisms, bokashi organic fertilizer, document management of bioprepared pro-
ducts, and the influence of fermentation on fertilizer. Relevant topics with stability in the generation of pu-
blications, located in the Basic and Cross-cutting Themes quadrant, are mainly found in publications related
to Supermagro, potassium biofertilizers, and plant extracts. Regarding topics with a high degree of research
development, but whose relevance in the research field is still not high, located in the Niche Topics quadrant,
are the publications related to the production of cover crops for fertilization (cobertura adubagao produg¢éo). In
this same category, and in transition from topics with low relevance and development, are publications related
to the effect of bokashi with algae of the genus Tetraselmis. As for topics with low relevance and develop-
ment, but with the potential to become basic or transversal topics, located in the Emerging or Declining Topics
quadrant, with a small number of publications, are those topics related to soil, doses, nutrients produced, and
biofactories.
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Figure 9. Thematic map of topic distribution. Elaborated from the Lens database. Date of consultation 30 August 2024. Elaborated in
Bibliometrix 4.1.1 processing software.

4. Conclusions

The bibliometric analysis indicated a growing interest in artisanal biopreparations in agriculture in Latin Ame-
rica. Brazil leads the scientific production on this topic, followed by Cuba, Colombia and Mexico. There has
been an upward trend in the number of publications on this topic was observed in the last decades, being re-
markable in 2019. The most studied biopreparation was “Bokashi”, mainly used in vegetable crops, suggesting
its potential as a sustainable alternative to traditional agrochemicals.

Most of the publications found consisted of scientific articles, indicating a rigorous approach to bioprepa-
rations research. However, a scarcity of informative material was identified, possibly hindering the adoption of
these practices by farmers. This gap between scientific research and practical application points to the need for
improved knowledge transfer and collaboration between researchers, extensionists and farmers.

Most of the studies focused on evaluating the biological activity of biopreparations, particularly their
impact on the physiological and phenological development of plants. However, a lack of research was detected
in aspects such as environmental impact, life cycle assessment and carbon footprint measurement in the pro-
duction and use of biopreparations. These areas represent an important opportunity for future research, which
could strengthen the adoption of biopreparations as a sustainable alternative in Latin American agriculture.

Funding

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850



Santos-Diaz et al.

This work was financed through Agreement 2129 signed between the Fondo de Fomento Hortifruticola and
the Corporacion Colombiana de Investigacion Agropecuaria [Agrosavia] for the development of the project:
“Contribution of practices with a Tropical Agriculture approach to the sustainability of avocado production
systems in Tolima and Huila, passion flowers in Boyacd and Meta, and tomato under cover in Cundinamarca
and Boyaca”.

Acknowledgments

The authors would like to thank the Fondo de Fomento Hortifruticola and the Corporacién Colombiana de
Investigacion Agropecuaria [Agrosavia] for financing Agreement 2129.

Contributor roles

e  Adriana Marcela Santos-Diaz: conceptualization, data curation, formal analysis, methodology, visualiza-
tion, writing - original draft, writing - revision & editing.

e  Liz Alejandra Uribe-Gutiérrez: data curation, formal analysis, methodology, visualization, writing - ori-
ginal draft, writing - revision & editing.

e  Ginna Milena Quiroga-Cubides: data curation, formal analysis, methodology, visualization, writing - ori-
ginal draft, writing - revision & editing.

e  Mauricio Camelo-Rusinque: data curation, formal analysis, methodology, visualization, writing - original
draft, writing - revision & editing.

e  FErika Patricia Martinez-Lemus: data curation, formal analysis, methodology, visualization, writing - ori-
ginal draft, writing - revision & editing.

e  Maria Victoria Zuluaga: visualization, writing - original draft, writing - review & editing.

Ethical Implications

Ethics approval not applicable.

Conflicts of Interest

The authors declare that they have no affiliation with any organization with a direct or indirect financial interest
that could have appeared to influence the work reported.

References

Azizbekyan, R. R. (2019). Biological Preparations for the Protection of Agricultural Plants (Review). Applied
Biochemistry and Microbiology, 55(8), 816-823. https://doi.org/10.1134/S0003683819080027

Baldotto, M. A., & Baldotto, L. E. B. (2016). Initial performance of corn in response to treatment of seeds
with humic acids isolated from bokashi. Revista Ceres, 63(1), 62-67. https://doi.org/10.1590/0034-73
7X201663010009

Bayard-Vedey, 1., & Orbera-Raton, T. M. (2020). Fertilizacion de Habichuela Larga con biopreparados bacte-
rianos, materia organica y fertilizante NPK. Revista Cubana de Quimica, 32(2),299-310. http://scielo.sld.
cu/scielo.php?script=sci_arttext&pid=S2224-54212020000200299&Ing=es&tlng=

Boechat, C. L., Damasceno, A. S. da S., Rocha, C. B., Arauco, A. M. de S., & Silva, H. F. (2020). Organic resi-
dues in the composition of substrates enriched with bokashi biofertilizer for the sustainable production of
Copaifera langsdorffii seedlings. Cerne, 26(1), 18-25. https://doi.org/10.1590/01047760202026012694

Boechat, C. L., Santos, J. A. G., & Accioly, A. M. de A. (2013). Net mineralization nitrogen and soil chemical
changes with application of organic wastes with ‘Fermented Bokashi Compost.” Acta Scientiarum. Agro-

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850

13/17



14/17

On-farm bioinputs production in Latin American agriculture: Advances and trends

nomy, 35(2), 257-264. https://doi.org/10.4025/actasciagron.v35i2.15133

Bonillo, M. C., Filippini, M. F., & Lipinski, V. (2015). Efectos de abonos organicos foliares: t¢ de com-
post, t¢ de lombricompuesto y supermagro en la productividad en cultivo de lechuga (Lactuca sativa
L.). In V Congreso Latinoamericano de Agroecologia-SOCLA. La Plata. https://sedici.unlp.edu.ar/hand-
1e/10915/52669

Cabrera Marulanda, M. A., Robledo Buritica, J., & Soto Giraldo, A. (2018). Actividad insecticida del caldo
sulfocalcico sobre Hypothenemus hampei (Coleoptera: Curculionidae). Boletin Cientifico Centro de Mu-
seos Museo de Historia Natural, 22(2), 24-32. https://doi.org/10.17151/bccm.2018.22.2.2

Castellanos Gonzalez, D. C. L., Céspedes Novo, I. N. E., Sequeda Serrano, L. A., Jaime Mendosa, T. J. E.,
& Nifio Vera, L. L. J. (2018). Caracterizacion microbioldgica de seis biopreparados artesanales. Revista
Cientifica Agroecosistemas, 6(3), 57-65. https://aes.ucf.edu.cu/index.php/aes/article/view/219

Cavalcante, L. F., Rodrigues, A. C., Diniz, A. A., Fernandes, P. D., Nascimento, J. A. M., & Oliveira, F. A.
(2011). Micronutrientes e sodio num solo cultivado com maracujazeiro amarelo, com a aplicacdo de
biofertilizante supermagro e potassio. Revista Brasileira de Ciéncias Agrarias - Brazilian Journal of
Agricultural Sciences, 6(3), 376-382. https://doi.org/10.5039/agraria.v6i3a781

Cerrato, M. E., Leblanc Urefia, H. A., & Kameko Soria, C. R. (2007). Potencial de mineralizacion de nitrogeno
de Bokashi, compost y lombricompost producidos en la Universidad Earth. Tierra Tropical, 3(2), 183-
197. https://repositorio.earth.ac.cr/handle/UEARTH/97

Chambi Zubieta, F. R., Blanco Villacorta, M. W., & Mena Herrera, C. (2019). Comportamiento agrondmico de
la Espinaca Morada (Atriplex hortensis L.) con diferentes niveles de Bokashi, bajo condiciones de am-
biente protegido, en la ciudad de El Alto. Apthapi, 5(3), 1683-1793. https://doi.org/10.53287/fsap7193i-
d83p

Chimento, L., Simontacchi, M., & Maydup, M. L. (2019). Efectos del uso de un biopreparado a base de ortigas
sobre el crecimiento de plantas de lechuga. Investigacion Joven, 6(2), 56. https://revistas.unlp.edu.ar/
Inv]Jov/article/view/9559

Cueto Yglesias, L. M., & Mesa Reinaldo, J. R. (2018). Efecto de un biopreparado de microorganismos eficien-
tes en vivero y trasplante de fruta bomba (Carica papaya, L.) en la Cooperativa de Crédito y Servicios
Manuel Ascunce, Cienfuegos. Revista Cientifica Agroecosistemas, 6(3), 103-111. https://aes.ucf.edu.cu/
index.php/aes/article/view/226

da Costa, A. R., Araujo, H. L., de Almeida, T. M., Silva, P. C., & da Costa, R. A. (2013). Qualidade de mudas
de tomate industrial produzidas com biofertilizante Bokashi. Jornada Académica da UEG campus Santa
Helena de Goias, 7(1). https://www.anais.ueg.br/index.php/jaueg/article/view/6769

Ferraris, G., Paleologos, M. F., Pérez, M., & Wainer, E. (2021). Aporte a la politica publica de promocion de la
agroecologia desde la Biofabrica Escuela en el area horticola del Gran La Plata, Argentina. +E: Revista
de Extension Universitaria, (15), €0002. https://doi.org/10.14409/extension.2021.15.Jul-Dic.e0002

Florez Martinez, D. H., Santacruz Castro, A. M., & Moreno Rodriguez, J. M. (2022). Analisis de paisajes cien-
tificos aplicado a servicios tecnologicos para el sector agropecuario colombiano. Corporacion Colom-
biana de Investigacion Agropecuaria [Agrosavia]. https://doi.org/10.21930/agrosavia.analisis.7405224

Food and Agriculture Organization of the United Nations [FAO]. Impact of COVID-19 on agriculture, food
systems and rural livelihoods in Eastern Africa: policies and programmatic options.. (2020). FAO. ht-
tps://doi.org/10.4060/cb0552en

Galecio-Julca, M., Neira-Ojeda, M., Chanduvi-Garcia, R., Pefia-Castillo, R., Alvarez-Bernaola, L. A., Gran-
da-Wong, C., Lindo-Seminario, D., Saavedra-Alberca, E., Javier-Alva, J., & Morales-Pizarro, D. A.
(2023). Efecto de la eficacia de los microorganismos nativos y la composta en tres pisos altitudinales en el
cultivo de quinua (Chenopodium quinoa) variedad INIA 415-Pasankalla. Revista Terra Latinoamericana,
41, e1622. https://doi.org/10.28940/terra.v41i0.1622

Gonzalez, J. D., Mosquera, J. D., & Torrente Trujillo, A. (2015). Efectos e impactos ambientales en la pro-
duccidn y aplicacion del abono supermagro en el cultivo de sandia. Ingenieria y Region, 13(1), 103-111.
https://doi.org/10.25054/22161325.712

Hermann-Bandera, A. A., Uhlmann, L. O., Bortoluzzi, E. C., & Petry, C. (2023). Do effective microorganisms
and supermagro fertilizers improve Gladiolus quality? South African Journal of Botany, 161, 90-95. ht-
tps://doi.org/10.1016/j.sajb.2023.08.006

Hernandez-Garcia, L., Santana, Y., & Carrodeguas, S. (2020). Efecto de diferentes dosis y momentos de apli-
cacion del biopreparado FerKiASerT en el desarrollo de Vigna unguiculata (L.) Walp. Revista ECOVIDA,

Siembra 12(1) (2025) | 7483 ISSN-¢: 2477-8850



Santos-Diaz et al.

9(2), 212-223. https://revistaecovida.upr.edu.cu/index.php/ecovida/article/view/165

Huez-Lopez, M. A., Samani, Z., Lopez-Elias, J., Alvarez-Aviles, A., & Preciado-Flores, F. (2008). Efecto de
un extracto vegetal en la germinacion de semillas de chile (Capsicum annuum L.) bajo condiciones sali-
nas. Biotecnia, 10(3), 11-19. https://doi.org/10.18633/bt.v10i3.50

Jaramillo-Lopez, P. F., Ramirez, M. 1., & Pérez-Salicrup, D. R. (2015). Impacts of Bokashi on survival and
growth rates of Pinus pseudostrobus in community reforestation projects. Journal of Environmental Ma-
nagement, 150, 48-56. https://doi.org/10.1016/j.jenvman.2014.11.003

Juarez Lucas, P., Palafox Bolivar, M. P., Yafiez Munoz, R. M., Terrazas Gomez, M. 1., & Morales Morales,
H. A. (2021). Preparacion de bioles organicos. Revista Biologico Agropecuaria Tuxpan, 9(2), 124-136.
https://doi.org/10.47808/revistabioagro.v9i2.369

Leblanc. H. A.; Cerrato, M. E., & Vélex, L. A. (2005). Comparacion del contenido de nutrientes de bokashis
elaborados con desechos de fincas del tropico himedo de Costa Rica. Manejo Integrado de Plagas y
Agroecologia, (76), 50-56. https://repositorio.catie.ac.cr/handle/11554/5916

Lima, D. P. de, Fregonezi, G. A. de F., Hata, F. T., Ventura, M. U., Resende, J. T. V. de, Wanderley, C. da S., &
Figueiredo, A. (2022). Use of reduced Bokashi doses is similar to NPK fertilization in iceberg lettuce pro-
duction. Agronomia Colombiana, 40(2), 293-299. https://doi.org/10.15446/agron.colomb.v40n2.102900

Liriano Gonzalez, R., Nufez Sosa, D. B., Ibanez Madan, D., & Garcia Cruz, P. (1974). Evaluacion de la
aplicacion de biopreparados a base de Microorganismos Nativos en el cultivo de la cebolla (4/lium cepa
L.). Centro Agricola, 42(2), 5-10. https://biblat.unam.mx/es/revista/centro-agricola/articulo/evalua-
cion-de-la-aplicacion-de-biopreparados-a-base-de-microorganismos-nativos-en-el-cultivo-de-la-cebo-
lla-allium-cepa-1

Lopes Pereira, G., Leite de Aratjo, L., Soares Wenneck, G., Saath, R., Ghuidotti, G. C., & Presotto Bertolo, R.
(2022). Physicochemical characterization of fermented bokashi compost produced on farm in Southern
Brazil. Revista de Agricultura Neotropical, 9(2), €6926. https://doi.org/10.32404/rean.v9i2.6926

Lopez Tolentino, G., Mufoz Osorio, G. A., Marin Colli, E. E., Castillo Lopez, E., Canul Tun, C. E., & Alonso
Zuiiga, E. (2023). Fertilizacion con bokashi sobre el crecimiento y rendimiento de tomate bola (Sola-
num lycopersicum L) en Yucatan. Avances en Investigacion Agropecuaria, 27(1), 166-174. https://doi.
org/10.53897/RevAlA.23.27.28

Maass, V., Céspedes, C., & Cardenas, C. (2020). Effect of bokashi improved with rock phosphate on parsley
cultivation under organic greenhouse management. Chilean Journal of Agricultural Research, 80(3),
444-451. https://doi.org/10.4067/S0718-58392020000300444

Mamani-Rojas, P., Limachi-Villalba, J., & Ortufio-Castro, N. (2016). Uso de microorganismos nativos como
promotores de crecimiento y supresores de patdgenos en el cultivo de la papa en Bolivia. Revista Lati-
noamericana de La Papa, 17(1), 74-96. https://doi.org/10.37066/ralap.v17i1.189

Mendoza Sanchez, S., Zepeda Hernandez, A., Campeche Calixto, E. G., & Payan Zelaya, F. A. (2017). Apli-
cacion de indculos liquidos de microorganismos nativos en el suelo: efecto en el crecimiento de plantulas
de maiz. Revista Terra Latinoamericana, 35(2), 161-168. https://doi.org/10.28940/terra.v35i2.167

Milene Silverio, J., Correia Santos, C., Estevdo Wilkomm, V., Roberto Bruschis Karas, D., Vieira, M. do C.,
& Heredia Zarate, N. A. (2021). Bokashi e comprimento de estacas na propagacao vegetativa de Pereskia
aculeata Plum (ORA-PRO-NOBIS). Revista Brasileira de Engenharia de Biossistemas, 15(1), 90-104.
https://doi.org/10.18011/bioeng2021v15n1p90-104

Moreira da Silva, I. M., Alvarenga, A., & Cardoso De Paula, A. (2023). Adubagdo com Bokashi e granulado
Bioclastico Marinho afetam o crescimento e a produgao de 6leo essencial de hortala peluda. PesquisAgro,
6(2), 12-22. https://doi.org/10.33912/pagro.v6i2.1700

Morejon, R. (2004). Efecto del andlogo de brasinoesteroides Biobras 6 en el rendimiento y otros caracteres
en el cultivo del arroz (Oryza sativa L.). Cultivos Tropicales, 25(1), 55-59. https://ediciones.inca.edu.cu/
index.php/ediciones/article/view/535

Nufez Sosa, D. B., Liriano Gonzalez, R., Pérez Hernandez, Y., Placeres Espinosa, 1., & Sianeh Zawolo, G.
(2017). Respuesta de Daucus carota L. a la aplicacion de microorganismos nativos en condiciones de
organopoénico. Centro Agricola, 44(2), 29-35. http://scielo.sld.cu/scielo.php?script=sci_arttext&pi-
d=S0253-57852017000200004 & Ing=es&tlng=es

Oliva-Ortiz, L. del C., Velazquez-Alcaraz, T. de J., Sosa-Pérez, R., Partida-Ruvalcaba, L., Diaz-Valdés, T.,
Arciniega-Ramos, J., & Lopez-Orona, C. A. (2017). Control de la fusariosis vascular del garbanzo (Cicer
arietinum L.) por microorganismos nativos de Sinaloa, México. Agrociencia, 51(6), 683-695. http://www.

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850

15/17



16/17

On-farm bioinputs production in Latin American agriculture: Advances and trends

scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-31952017000600683 &Ing=es&ting=es

Orellana, T., Manzano, P., Chavez, E., Ruiz, O., Ledn, R., Orellana Manzano, A., & Peralta, E. (2013). Estan-
dares de fermentacion y maduracion artesanal de Bioles. Yachana Revista Cientifica, 2(1), 1-7. https://doi.
org/10.62325/10.62325/yachana.v2.n1.2013.186

Paredes Pita, D. R., Bravo Moreira, C. D., Bello Moreira, 1. P., Mendoza Garcia, G. E., Anchundia Muentes, X.
E., & Pérez Bravo, A. V. (2024). Bioassay for bioremediation of degraded agricultural soil using bokashi
compost with mountain microorganisms and bell pepper (Capsicum annum) indicator plants. Sapienza:
International Journal of Interdisciplinary Studies, 5(1), €24017. https://doi.org/10.51798/sijis.v511.740

Peralta-Antonio, N., Bernardo de Freitas, G., Watthier, M., & Silva Santos, R. H. (2019). Compost, bokashi y
microorganismos eficientes: sus beneficios en cultivos sucesivos de brocolis. Idesia (Arica), 37(2), 59-66.
https://doi.org/10.4067/S0718-34292019000200059

Pincay Cantos, M. F., Sabando Vélez, E. J., & Zambrano Falcones, E. V. (2023). Estabilizacion de fangos acti-
vos en planta de tratamiento mediante la técnica de compostaje Bokashi. Revista Cientifica y Tecnologica
UPSE, 10(2), 11-22. https://doi.org/10.26423/rctu.v10i2.743

Promocion del Desarrollo Sostenible [IPES] / FAO. (2010) Biopreparados para el manejo sostenible de pla-
gas y enfermedades en la agricultura urbana y periurbana. FAO. https://openknowledge.fao.org/hand-
1€/20.500.14283/as435s

Pylak, M., Oszust, K., & Frac, M. (2019). Review report on the role of bioproducts, biopreparations, biostimu-
lants and microbial inoculants in organic production of fruit. Reviews in Environmental Science and Bio/
Technology, 18(3), 597-616. https://doi.org/10.1007/s11157-019-09500-5

Quiroz, M., & Céspedes, C. (2019). Bokashi as an Amendment and Source of Nitrogen in Sustainable Agri-
cultural Systems: a Review. Journal of Soil Science and Plant Nutrition, 19(1), 237-248. https://doi.
org/10.1007/s42729-019-0009-9

Quiroz, M., & Flores, F. (2019). Nitrogen availability, maturity and stability of bokashi-type fertilizers elabo-
rated with different feedstocks of animal origin. Archives of Agronomy and Soil Science, 65(6), 867-875.
https://doi.org/10.1080/03650340.2018.1524138

Rethlefsen, M. L., & Page, M. J. (2022). PRISMA 2020 and PRISMA-S: common questions on tracking
records and the flow diagram. Journal of the Medical Library Association, 110(2), 253-257. https://doi.
org/10.5195/jmla.2022.1449

Rodrigues, A. C., Cavalcante, L. F., Oliveira, A. P. de, Sousa, J. T. de, & Mesquita, F. O. (2009). Producao
e nutricdo mineral do maracujazeiro-amarelo em solo com biofertilizante supermagro e potassio. Re-
vista Brasileira de Engenharia Agricola e Ambiental, 13(2), 117-124. https://doi.org/10.1590/S1415-
43662009000200002

Rojas-Espinoza, B. F., Hernandez-Chontal, M. A., Rodriguez-Orozco, N., & Linares-Gabriel, A. (2023). Con-
centracion de nutrientes de dos formulaciones de fertilizantes fermentados (bioles) elaborados con insu-
mos locales. Revista Terra Latinoamericana, 41, e1658. https://doi.org/10.28940/terra.v41i0.1658

Ruiz, M. A., Junqueira, A. M., & Mejia, L. M. (2016). Estabilidade do biofertilizante tipo Supermagro. Revista
Brasileira de Agroecologia, 11(2), 152-156. https://periodicos.unb.br/index.php/rbagroecologia/article/
view/49812

Sanchez-Llevat, I. L., Fuerte-Gongora, L., Ravelo-Ortega, R., & Avila-Garcia, O. (2022). Estado del arte de
los biopreparados por digestion anaerobia como biofertilizantes y bioestimulantes. Revista Ingenieria
Agricola, 12(4), e07. https://revistas.unah.edu.cu/index.php/IAgric/article/view/1635

Santos, C. C., Bernardes, R. da S., Goelzer, A., Geist, M. L., Vieira, M. do C., & Heredia Zarate, N. A. (2019a).
Bokashi em mudas de Campomanesia adamantium (Cambess.) O. Berg: aspectos morfométricos e foto-
quimicos. Nativa, 7(3), 239-243. https://doi.org/10.31413/nativa.v7i3.6772

Santos, C. C., Leite, L. F. B, Silva, O. B. da, Torales, E. P., Heredia Zarate, N. A., & Vieira, M. do C. (2019b).
Numero de folhas e bokashi na brotacéo e custos de producao de mudas de Schinus terebinthifolius Raddi.
por estaquia. Revista em Agronegocio e Meio Ambiente, 12(1), 219-232. https://doi.org/10.17765/2176-9
168.2019v12n1p219-232

Santos, C. C., Vieira, M. do C., Zarate, N. A. H., Carnevali, T. de O., & Gongalves, W. V. (2020). Organic
residues and bokashi influence in the growth of Alibertia edulis. Floresta e Ambiente, 27(1), €20171034.
https://doi.org/10.1590/2179-8087.103417

Santos, J. R. dos, Lopes, E. A. P., Barbosa, J. P. F., & Espirito Santo, J. M. B. do. (2021). Bokashi como
adubag@o de cobertura: um estudo de caso no desenvolvimento do cultivo de pepino Aodai (Cucumis sa-

Siembra 12(1) (2025) | 7483 ISSN-¢: 2477-8850



Santos-Diaz et al.

tivus L.) em uma propriedade rural. Revista Ambientale, 13(4), 1-9. https://doi.org/10.48180/ambientale.
v13i4.316

Scotton, J. C., Pereira, J. D. S., Campos, A. A. B., Pinto, D. F. P,, Costa, W. L. F., & Homma, S. K. (2017).
Different sources of inoculum to the bokashi provide distinct effects on the soil quality. Revista Brasileira
de Agropecuaria Sustentdvel, 7(3), 32-38. https://doi.org/10.21206/rbas.v7i3.411

Silva, P. N. de L., Lanna, N. de B. L., & Cardoso, A. . I. (2018). Doses de bokashi em cobertura na produgao
de beterraba. Revista de Agricultura Neotropical, 5(1), 28-34. https://doi.org/10.32404/rean.v5i1.1818

Temegne, N. C., Ngome, A. F., Agendia, A. P., & Youmbi, E. (2021). Agroecology for Agricultural Soil Ma-
nagement. In M. K. Jhariya, A. Banerjee, R. S. Meena, S. Kumar, y A. Raj (eds) Sustainable Intensi-
fication for Agroecosystem Services and Management (pp. 267-321). Springer Singapore. https://doi.
org/10.1007/978-981-16-3207-5 9

Vera Chang, J. F., & Salazar Pacheco, M. B. (2021). Aplicacién de siete bioles sobre el desarrollo agronémico
en cacao (Theobroma cacao L.) de origen sexual y asexual en etapa productiva en la finca experimental
la Represa. Centrosur Agraria, E1. https://centrosuragraria.com/index.php/revista/article/view/124

Wenneck, G. S., Saath, R., Moro, A. L., Carvalho, G. P. da S., Santi, D. C., & Rezende, R. (2023). Physio-
logical responses of oregano under different water management and application of fermented bokashi
compost. Acta Scientiarum. Agronomy, 45(1), e60807. https://doi.org/10.4025/actasciagron.v45i1.60807

Xavier, M. C. G., dos Santos, C. A., Costa, E. S. P, & do Carmo, M. G. F. (2019). Produtividade de repolho
em fung¢ao de doses de bokashi. Journal of Neotropical Agriculture, 6(1), 17-22. https://doi.org/10.32404/
rean.v6il.2372

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850

17/17



