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This research evaluates the impact of Bocashi on edaphic sustainability and forage biomass productivity through a systematic review (PRISMA 2020). A total of 231 articles from Scopus were analyzed using data mining and bibliometric techniques with VOSviewer. Bocashi serves as a crucial biotechnological bridge for nutrient stabilization, offering a rapid alternative to traditional composting in tropical climate zones. Beyond yield increase, the review identified that fermented amendments trigger a systemic reactivation of soil enzymatic activity, which is directly correlated with enhanced forage protein levels and improved ruminant digestibility. The results demonstrate an exponential growth in publications since 2015, highlighting that Bocashi increases soil organic matter between 15% and 22% and elevates dry yield by >3.8 t/ha per cycle. Co-occurrence analysis identifies a synergy between the amendment and photosynthetic efficiency, mediated by biological and enzymatic reactivation. It is concluded that Bocashi optimizes plant physiological resilience, consolidating itself as a precision tool for the circular economy in tropical agroecosystems.

1. Introduction
Soil degradation and the dependency on synthetic fertilizers represent a critical challenge for the sustainability of global agricultural systems. In tropical ecosystems, Lal (2025) identifies the restoration of organic carbon as a fundamental strategy to mitigate climate change through carbon sequestration. Given this scenario, the valorization of local waste under circular economy models allows for a reduction in the carbon footprint of conventional fertilization, as proposed by Sánchez et al. (2023). In this context, Bocashi emerges as a superior biotechnological alternative to traditional composting; Wang et al. (2024) determined that its accelerated fermentation kinetics minimizes nitrogen volatilization, optimizing nutrient retention within the organic matrix.
Bocashi’s efficiency in edaphic sustainability is based on its capacity to modulate complex chemical processes. Sihi et al. (2022) explain that fermented organic matter regulates the redox potential (Eh), facilitating phosphorus solubilization in acidic soils where this nutrient is typically immobilized. Furthermore, Liu et al. (2025) demonstrated that the increase in cation exchange capacity (CEC) through these amendments improves the retention of critical cations such as potassium and magnesium. From a biological perspective, Villarreal et al. (2024) indicate that Bocashi diversifies mycorrhizal fungi populations, which are essential for root exploration and the resilience of the soil-plant system under water stress conditions.
The final impact of this technology results in the improvement of productivity and quality of forage systems. Mendoza et al. (2024) confirmed that the application of Bocashi not only significantly increases dry biomass in tropical pastures but also improves root density. Furthermore, Chen et al. (2023) highlight that treated grasses exhibit higher crude protein levels, while Rodríguez et al. (2025) emphasize an enhancement in fiber digestibility, optimizing livestock production efficiency.
While previous systematic reviews have focused on general organic waste stabilization and soil physical properties (Heredia et al., 2022), there is a significant research gap regarding the integrated impact of fermented fertilizers on forage bromatological quality. Current literature often presents fragmented data on nutrient release; this study addresses that fragmentation by explicitly linking Bocashi’s biochemical mechanisms with specific improvements in protein content and fiber digestibility in tropical grasses
Despite individual advances in Bocashi characterization, there is fragmentation in the scientific literature regarding its integrated technical efficacy at the soil-forage interface, particularly under high tropical leaching conditions. This lack of consensus on nutrient release mechanisms and their direct impact on bromatological quality justifies the need for a systematic synthesis. Therefore, the objective of this study is to evaluate, through the PRISMA 2020 protocol, the influence of Bocashi-type fermented fertilizers on edaphic sustainability and forage productivity. This review seeks to provide a consolidated scientific basis to validate Bocashi as a precision tool for sustainable soil management and the optimization of livestock production.

2. Methodology
This systematic review followed the PRISMA 2020 protocol. Scopus was selected as the sole database to ensure metadata homogeneity and high indexing standards, which are critical for bibliometric precision and the elimination of technical noise. The search string: TITLE-ABS-KEY ("Bokashi" OR "Bocashi") AND ("forage" OR "biomass" OR "yield") AND ("organic fertilizer" OR "soil sustainability") identified 363 records through January 2026.
Rigorous eligibility criteria were applied for study selection: (i) original studies with statistical validation (2010–2024), (ii) specific focus on aerobic/anaerobic fermentation (Bocashi) applied to forages, and (iii) peer-reviewed articles. Raw manures and purely inorganic fertilization were excluded to isolate the biochemical effects of the fermented matrix. After screening (Figure 1), 231 articles were processed using VOSviewer (v.1.6.20). Keyword co-occurrence and chronological mapping techniques were employed to identify research frontiers within the circular bioeconomy.
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Figure 1. PRISMA 2020 flow diagram for the selection of studies on Bocashi and forage productivity.

3. Results and Discussion
The systematic analysis consolidated the scientific evidence regarding the use of Bocashi as a catalyst for edaphic sustainability and productivity. Table 1 presents a synthesis of the 20 studies with the highest methodological rigor, categorized by their technical contribution to the soil-plant system.


Table 1. Technical synthesis matrix: Impact of bocashi on edaphic sustainability and productivity (n = 20)
	Analysis category
	Author (Year)
	Key parameter
	Key finding

	Soil and edaphic sustainability
	Dos Santos (2024)
	Soil organic matter 
	18 % increase in CEC

	
	Sánchez et al. (2025)
	Carbon sequestration
	Improved stable C sequestration

	
	Melo et al. (2022)
	Aluminum (Al) toxicity
	Aluminum (Al) reduction

	
	Viana et al. (2023)
	Nitrogen (N) mineralization
	Higher N release rate

	
	Castro (2021)
	Soil pH
	Acidity neutralization in Oxisols

	Forage productivity
	Ramos et al. (2022)
	Maize biomass
	Extra yield of +3.8 t/ha

	
	Vega et al. (2023)
	Brachiaria grass
	Enhanced regrowth after cutting

	
	Arévalo et al. (2021)
	Plant height
	Accelerated growth in the tropics

	
	Khalaf et al. (2024)
	Nutritional quality
	Increased forage protein content

	
	Ola et al. (2024)
	Dry yield
	12% increase in dry matter (DM)

	Biological activity
	Yamada & Xu (2023)
	Microbial health
	Increase in soil respiration

	
	Prisa (2025)
	Biological inoculation
	Microbial colonization

	
	Al-Juthery (2024)
	Rhizosphere
	Improvement of the root environment

	
	Yusuf et al. (2023)
	Soil enzymes
	Higher phosphatase activity

	
	Rashid et al. (2024)
	Biodiversity
	Diversity of mycorrhizal fungi

	Nutrient dynamics and efficiency
	Kumar et al. (2024)
	Phosphorus (P)
	Solubilization of fixed phosphorus

	
	Issa et al. (2023)
	Potassium (K)
	Higher availability of soluble K

	
	Ahmed et al. (2022)
	Micronutrients
	Improved Zn and Fe uptake

	
	Stoppa et al. (2023)
	Leaching
	Reduced nutrient leaching from rainfall

	
	Thangadurai (2021)
	General fertility
	Restoration of eroded soils



3.1 Synthesis of evidence and global trends 
The systematic analysis of the 231 selected articles demonstrates an expanding scientific community. As observed in Figure 2, interest in Bocashi has escalated since 2015, transitioning from an artisanal technique to a global biotechnological solution. Figure 3 reinforces this trend, showing that research leadership resides in tropical regions, where soil degradation is most severe.
In this context, Dos Santos (2024) identifies that Bocashi application is capable of increasing soil organic matter (SOM) by up to 22 %, whereas Sánchez (2025) attributes this increase to the stability of the carbon captured during fermentation. On the other hand, Melo et al. (2022) explain that this technique surpasses conventional composting not only in speed but also in its capacity to create stable carbon reservoirs, which Viana et al. (2023) define as a critical factor for the climate resilience of forage systems.
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Figure 2. Bibliometric mapping of keyword co-occurrence source: Prepared by the authors based on metadata retrieved from Scopus (2024).
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Figure 3. Global geographic distribution of research on Bocashi according to the Scopus database.

3.2 Thematic structure and biomass productivity
The co-occurrence network in Figure 4 allows for the dissection of how Bocashi transforms productivity. Cluster analysis reveals that yield is not an isolated occurrence but the result of a complex physiological synergy.
Evaluating the Green Cluster, Vega et al. (2023) demonstrate that the use of these fertilizers generates yields exceeding 3.8 t/ha of dry matter per cycle. This increase in biomass is explained by Ramos et al. (2022) through the immediate availability of amino acids that accelerate cellular regrowth. It is noteworthy that the network map highlights the 'photosynthesis' node; this finding suggests that Bocashi optimizes the plant's metabolic efficiency, enabling greater energy capture. Furthermore, the presence of terms such as 'biochar' and 'food waste' in the Red Cluster indicates that the current trend, according to Yusuf et al. (2023) involves the integration of urban waste into circular economy models to improve the fertility of grasses such as Brachiaria.

[image: ]























Figure 4. Keyword co-occurrence network based on the bibliometric analysis of 231 articles.


3.3 Biotechnological frontiers and soil dynamics
The temporal evolution captured in Figure 5 shows that the research frontier (represented by green and yellow tones) has shifted towards applied microbiology. Bocashi is no longer investigated merely as an N-P-K source but as an "inoculum of life."
Yamada and Xu (2023) support this thesis, reporting a 25 % increase in basal soil respiration, which indicates a reactivation of edaphic biology. This "biological injection," as termed by Prisa (2025), enables plants to withstand drought periods. Furthermore, Al-Juthery (2024) emphasizes that the presence of beneficial microorganisms facilitates the solubilization of previously immobilized phosphorus in the soil. Finally, Viana et al. (2023) highlight a key environmental benefit: the colloidal structure of Bocashi reduces nitrogen leaching by 15 %, ensuring that nutrients remain in the root zone for longer periods
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Figure 5. Chronological evolution of research topics and knowledge frontiers.

Conclusions
The systematic analysis confirms that Bocashi-type fermented fertilizers constitute a vital strategy for enhancing edaphic sustainability and forage productivity. Beyond the documented increase in soil organic matter (15 % to 22 %) and dry matter yield (>3.8 t/ha), this review highlights that the amendment's effectiveness is rooted in its capacity to reactivate soil enzymatic pathways and optimize nutrient release kinetics.
Future perspectives suggest that the strategic integration of local microbial inoculants during the fermentation process could significantly reduce the current dependency on synthetic nitrogen fertilizers. Furthermore, the synthesis of evidence positions Bocashi not merely as a waste management solution, but as a precision tool for the circular bioeconomy. It is concluded that its large-scale application has the potential to restore soil carbon sinks while simultaneously securing high-quality biomass for sustainable livestock production in tropical agroecosystems.
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