



VALORIZATION OF AGRICULTURAL WASTE THROUGH BOKASHI PRODUCTION: A REVIEW

[bookmark: _GoBack]ABSTRACT
Bokashi, an organic amendment produced through an anaerobic or semi-anaerobic fermentation process initiated by effective microorganisms, represents a sustainable alternative to traditional composting. This review explores some research conducted on this technique of Japanese origin. It details the central role of indigenous (IOM) or effective (EM) microorganisms in the fermentation process, emphasizing their action in the decomposition and degradation of organic matter. Key maturation parameters (duration, pH, C/N ratio) are also analyzed. Finally, the beneficial effects of bokashi on the physicochemical and biological properties of the soil, as well as on crop growth and yield, are presented. This review highlights some major advantages of bokashi, including its speed of preparation, its ability to preserve nutrients, and its accessibility for farmers.
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Introduction
The adoption of technology in the agricultural sector is driven by the goal of significantly increasing food production, moving away from traditional methods towards more sophisticated systems. This technological shift encourages the use of chemical inputs, particularly synthetic fertilizers and pesticides (Mukhlis et al., 2024a). However, the use of these synthetic inputs has harmful consequences for the environment and humans (Mohamad & Shahruddin, 2025). Indeed, synthetic inputs degrade soil fertility and the sustainable productivity of agriculture (Mukhlis et al., 2024a). Organic matter helps increase the sustainability of agricultural systems while improving the physical, chemical, and biological properties of the soil (Issa et al., 2020).
The treatment of organic solid waste includes composting Shan et al., (2021) anaerobic digestion Chen et al., (2020) ; Lu et al., (2019) landfilling Cappucci et al., (2020), incineration Lu et al., (2019). Of these, composting has the lowest operating cost and the greatest social and environmental benefits. It is an environmentally friendly and efficient method for recycling organic waste (Liu et al., 2023).
For this reason, bokashi significantly improves soil health and increases crop productivity Al-Assfar & Attia Al-Juthery, (2025) and promotes a better balance of soil microorganisms compared to chemical fertilizers, improving the efficiency of nutrient use in crops (Huda et al., 2025) ; (Hanke et al., 2025a).
Bokashi is the product of an anaerobic process using beneficial microorganisms (Subedi, 2025). It consists of molasses and water, effectives microorganisms in which a wide variety of organic matter can be used. It offers advantages in terms of soil fertility compared to compost and other organic inputs (Erdal et al., 2025a). Bokashi is a Japanese term meaning "fermented organic matter." It was invented and developed in the 1980s by Professor Teruo Higa of the University of the Ryukyus in Japan (Higa & Parr, 1994). It is distinguished by its rapid production, low cost, and effectiveness in preserving nutrients, particularly nitrogen (Chavez-Rico et al., 2022).
This review article aims to provide an overview of Bokashi. To this end, it will explore the specifics of its production, its methods of use, and analyze its agronomic effects, particularly on soil fertility and crop performance.
1. Method
This review article analyzed scientific articles from 2010 to 2025. The Scopus and Google Scholar search engines were used. The keywords used to search for relevant articles were "bokashi," "indigenous microorganisms (IMO)," "effective microorganisms," "bokashi production method," "IMO production," and "effects of bokashi." The relevant articles were analyzed to highlight IMO production methods, the raw materials used, and bokashi production methods, as well as its effects on crops.
2. Definition of Bokashi
The Bokashi technique is an anaerobic fermentation process originating in Japan. Unlike traditional composting, Bokashi allows for the rapid conversion of organic waste into nutrient-rich soil amendments while minimizing greenhouse gas emissions (Öz, 2025). More specifically, bokashi is the product of an anaerobic process using beneficial microorganisms, molasses, and water, in which a wide variety of organic materials can be used (Erdal et al., 2025b).
3. [bookmark: _Toc135569781]Advantages of bokashi compared to traditional composting
Composting and bokashi show differences in the physicochemical properties final products (Fernandez-Bayo et al., 2018). Bokashi offers several advantages over traditional composting, including:
· Quick repair, low cost, locally available materials, and adaptability for farmers (Ginting, 2019).
· Bokashi allows for minimizing nitrogen loss (Yu et al., 2015).
· Bokashi preserves C, N, and P better than composting. Furthermore, bokashi also influences the availability of C, N, P, and other nutrients in the final product, making them more accessible than in composting.(Chavez-Rico et al., 2022).
· Easily degradable organic compounds, such as organic acids produced during fermentation, can increase the proportion of microorganisms active in soils (Macias-Benitez et al., 2020).
· Bokashi can have high levels and rapid availability of nutrients, meeting the requirements of organic vegetable production systems (Cordeiro et al., 2018 ; Lima Silva et al., 2018).
4. Composition of Bokashi
Making bokashi requires a few key ingredients, although recipes can vary considerably depending on locally available resources (Randu et al., 2020 ; Basrudin et al., 2023):
· Basic organic materials: Agricultural waste, kitchen waste, animal manure, fish or meat meal.
· A source of microorganisms: Inoculum in the form of commercial effective microorganisms (EM) or locally grown indigenous microorganisms (IMO).
· An energy source for microorganisms: Molasses, brown sugar, honey or fermented rice rinsing water, which serve as an easily assimilable carbon substrate to boost microbial activity.
· A source of nitrogen that can be rice bran, legume meal, which help to balance the carbon/nitrogen ratio.
· Water to homogenize the mixture and maintain a humidity level of around 30 to 40% for fermentation.
· Additives can be incorporated to improve the process or the final quality. For example, rice hulls or bran act as fillers, improving structure and aeration, and reducing odors (Jouhara et al., 2017  ; Zhou et al., 2022). Phosphate rock can be added to enrich the final product with phosphorus (Bustamante et al., 2016).
5. Microorganisms in bokashi production
5.1. Role of microorganisms in bokashi production
The heart of the bokashi process lies in the activity of microorganisms. There are two main sources: Effective Microorganisms (EM) and Indigenous Microorganisms (IMO). Effective Microorganisms (EM) are a specific, patented mixture of microorganisms cultivated in the laboratory. They are standardized and commercially available, and often sold under the name EM4 (Díaz-Solares et al., 2020). The five groups of microorganisms that make up Effective Microorganisms (EM) are lactic acid bacteria, yeasts, actinomycetes, photosynthetic bacteria, and fermenting fungi. Lactic acid bacteria include Lactobacillus, Leuconostoc, Pediococcus, Streptococcus, Carnobacterium, Enterococcus, Aerococcus, Oenococcus, Tetragenococcus, Vagococcus, and Weisella. Yeasts used in effective microorganism formulations include Saccharomyces cerevisiae and Candida utilis. Actinomycetes such as Streptomyces albus and Streptomyces griseus are effective microorganisms that suppress harmful fungi and bacteria and can coexist with photosynthetic bacteria. Photosynthetic bacteria such as Rhodopseudomonas palustrus and Rhodobacter sphaeroides are also included. Fermenting fungi such as Aspergillus and Penicillium rapidly decompose organic matter to produce alcohol, esters, and antimicrobial substances (Ezeagu et al., 2023).
Indigenous Microorganisms (IMOs) are communities of beneficial microorganisms naturally present and collected from the local environment (forests, grasslands, agricultural lands). The main difference is that IMOs are "wild" and adapted to local soil and climate conditions, while EMs are introduced cultures (Kumar & Gopal, 2015).  IMOs are considered particularly robust and powerful because they have survived the extreme conditions of their original environment (Xa & Nghia, 2020).
IMOs contain a wide diversity of microorganisms. Studies of Xa & Nghia, (2020) and Cho & Koyama, (1997) have highlighted the presence of bacteria (1.36 x 10⁷ to 2.13 x 10⁹ CFU/g), fungi (2.05 x 10⁵ to 1.40 x 10⁷ CFU/g) and actinomycetes (1.80 x 10⁵ to 1.18 x 10⁷ CFU/g).
Microorganisms play several essential roles during fermentation and after bokashi is incorporated into the soil. They are the main agents in the decomposition of organic waste. They break down complex molecules (lignin, cellulose, hemicellulose) into simpler compounds, releasing nutrients and producing a stable soil amendment (Nemet et al., 2021). Adding IMO as activators significantly accelerates this process, allowing for mature compost to be obtained in just 30 to 60 days, depending on the type of waste (Zakarya et al., 2015 ; Khalib et al., 2018). Bacterial genera such as Bacillus and Thermus are often described as major components of the compost microbiota (Finore et al., 2023).
(Zhao et al., 2017 ; Rastogi et al., 2019b ; Rastogi et al., 2019a) have shown that inoculation with actinomycetes and specific bacteria of the genus Bacillus (B. subtilis, B. amyloliquefaciens, etc.) can significantly increase the activity of cellulase, the enzyme that degrades cellulose, thus accelerating the process.
5.2. Time required to collect the IMOs
Microorganisms can be cultivated at any time of year; however, humid and rainy seasons should be avoided, as excessive moisture in the environment promotes the growth of fungi that are less desirable for the intended uses (Park & ​​DuPonte, 2008). The collection process takes approximately 4 to 5 days in cooler weather (around 20°C) and 3 to 4 days in warmer conditions (temperature > 20°C) (Park & ​​DuPonte, 2008 ; Reddy, 2011). However, Jan et al., (2020) and Abu-Bakar & Ibrahim, (2013) estimate the time needed at 7 days.
5.3. IMO collection point
IMOs are highly concentrated under undisturbed forests or other vegetation zones. Combining microorganisms collected from multiple sites will likely result in a more robust culture (Park & ​​DuPonte, 2008 ; Reddy, 2011). IMO can also be collected in the surrounding hills and mountains (Reddy, 2011).The work of Xa & Nghia, (2020)  studied the diversity of IMO in different agroecosystems. They explored different cropping models, including bamboo, crop rotation (maize, watermelon, zucchini), bananas, shallots, vegetables, rice, watermelon, grasslands, maize, lettuce, orange trees, grapefruit trees, guava trees, and sugarcane, following the method described by Cho & Koyama, (1997). The results conclude that almost all of the IMO collected in these ecosystems could be considered a good source of beneficial microorganisms for soil improvement and plant growth promotion.
5.4. Production process of Indigenous Microorganisms (IMO)
For complete self-sufficiency, IMO cultivation is a key skill. Table 1 provides some IMO production methods.
Table 1 : Methods for producing indigenous microorganisms (IMO)
	Type and composition
	Method
	Source

	IMO (from fruit/waste):
Papaya waste + banana + rice wash water + sugar.
	250g papaya waste + 250g banana + 0.5 L rice washing water + 20g sugar. Grind thoroughly, ferment in a closed container for 7 days.
Usable as a 2% bioactivator in bokashi

	(Irfan, Fahmi, et al., 2025)


	IMO: Capture and production method (IMO1 to IMO4)
Rice, brown sugar, rice bran, fermented rice washing water, dry goat manure

	IMO1: 100 g of rice placed in a small plastic container and covered with white paper. The container is placed under a bamboo plant and covered with dead leaves. After 72 hours, white mycelium appeared. IMO I.
	(Shabudin & Izhar, 2023).(Park & ​​DuPonte, 2008); (Reddy, 2011) (Keliikuli et al., 2019),(Kumar & Gopal, 2015);

	
	IMO2: IMO1 + sugar (5 days).
Mix brown sugar or molasses with IMO1 in a 1:1 ratio. Place the mixture in a plastic container and store it in a cool place for five days. This yields IMO2.

	

	
	IMO3:  2 g of IMO2 are added to 2 kilograms of rice bran and 0.75 liters of fermented rice washing water. The mixture is stirred until it is semi-moist and the temperature does not exceed 70°C. The mixture is then poured into a bag and covered with 20 centimeters of dried leaves to retain moisture. This yields IMO3.
	

	
	IMO4: IMO3 and farmland soil are combined in a 1:1 ratio. The mixture is moistened with 0.25 liters of fermented rice rinsing water and kept at a temperature not exceeding 70°C for five days. The mixture is piled to a height of no more than 70 cm. It is covered with 20 cm of straw to protect it from rain. This yields IMO4.
	

	Homemade Microorganism Efficacy with Lactic Acid Bacteria:
Rice, water, milk, molasses.
	1. Ferment rice wash water for 7 days. Add milk and ferment for another 7 days. Filter and add molasses. Let stand for 3 days. 50 g are soaked in 200 ml of non-chlorinated water. The mixture is filtered and fermented for 7 days. 1.5 liters of milk are added and the mixture is fermented for 7 days. The solution is filtered and 600 ml of molasses are added. The solution is placed in a clean jar and left to stand for 3 days before use.
	(Shabudin & Izhar, 2023)

	IMO simple:
Cooked rice, banana leaves, sugar solution

	Five handfuls of cooked rice are placed in an old cardboard box and covered with decomposing banana leaves. After three days, yellow, orange, and red mushrooms will grow. Ten tablespoons of sugar are dissolved in one liter of water and mixed with the moldy rice. The mixture is left for one week.


	(Apriani et al., 2025)


6. Bokashi production process
The anaerobic fermentation process, also called anaerobic digestion, generally follows four sequential biological phases.(Nizami, 2012) ;(Xu et al., 2018):
Hydrolysis: Complex organic polymers (proteins, lipids, carbohydrates) are broken down into simple monomers (amino acids, fatty acids, sugars) by microbial enzymes.
Acidogenesis: The products of hydrolysis are fermented by acidogenic bacteria into volatile fatty acids (acetic, propionic, butyric), alcohols, and carbon dioxide and hydrogen.
Acetogenesis: Volatile fatty acids and alcohols are transformed into acetic acid, hydrogen and carbon dioxide by acetogenic bacteria.
Methanogenesis (less pronounced in bokashi): In a complete methanation process, acetate and hydrogen are converted into methane (CH4)₄) by methanogenic archaea. In bokashi, this phase is generally limited due to the short duration and acidic conditions, which explains why it is not considered a biogas producer. Table 2 gives some methods of bokashi production.
Table 2- Bokashi production methods
	Type and composition
	Method
	Source

	Bokashi made from leaves
70% leaves, 20% cow dung, 10% bran. 1% indigenous microorganisms (IMO).

	Fermentation 30 days. Turning every 3 days.
Cover with tarpaulin. Ventilation pipes. Temperature: 31-66.6°C. Thermophilic phase (>55°C)
	(Irfan, Afdhal, et al., 2025)

	Bokashi made from manure (1)
40% animal manure, 20% rice husk biochar, 20% soil, 15% bran, 5% agricultural lime.
Molasses solution (1 kg : 20 L water).
	Fermentation 14 days. Turning twice a day for 7 days, then once a day from the 8th to the 14th day.
Cover with bags. Harvest on the 15th day
	(Flora et al., 2025)

	Bokashi made from goat manure
Goat manure (300 kg base), Chromolaena odorata (0, 10 or 20 kg), 5 kg of bran. Molasses (250 ml) + EM4 (250 ml).
	Fermentation 21 days.
Uniform mixture, covered with a tarpaulin.

	(Parwi et al., 2025)

	Bokashi granules (goat manure)
5 kg goat manure + 600g bran + 200g leaves + 80g sugar + 1.5L water + 50ml EM4 (dissolved in water).
	Incubation 28 days at ~28°C.
Mix thoroughly and cover with a tarpaulin. Apply after maturation.

	(Sepdelan et al., 2025)

	Water hyacinth bokashi
20 kg chopped water hyacinth.
Solution EM4.

	Fermentation 14 days.
Finely chopped. Placed in a pit. Covered with a tarpaulin. Temperature rises to 70-80°C then falls back to ~30°C.
	(Apriani et al., 2025)

	Bokashi made from cow dung (simple)
500 kg dung, 50 kg rice husk, 25 kg bran.
Solution: 500 ml EM4 + 500g sugar + 3-5L water.
	Fermentation 14 days. Turning every 3 days.
Humidity 30-40%. Temperature maintained between 40-50°C. Covered with a plastic.
	(Mukhlis et al., 2024b)

	Anaerobic & Aerobic Bokashi
Mixture of ash, straw, bran, bone meal, molasses, sugar, rock powder, biochar, etc.
Indigenous microorganisms (IMO) collected in the forest
	Anaerobic fermentation in sealed bags (87 days). Aerobic decomposition in a covered container (87 days).
Humidity control for a crumbly texture. Air drying and final grinding.
	(Hanke et al., 2025b)

	Bokashi with horse waste
Horse bedding + cow manure + rice husk biochar in varying ratios.
EM4 solution + molasses, (incubation for 7 days).

	Anaerobic fermentation (4 days) Aerobic maturation (7 to 30 days).
Humidity control (~35%).
	(Gashua et al., 2022)

	Bokashi with goat manure
0.2 kg of IMO4 + 2 kg of dry goat manure + 2 liters of fermented rice washing water
	Humidity maintained at 65%. Temperature maintained at 70°C. The product is ready for use after 14 days.
	(Shabudin & Izhar, 2023)


7. Bokashi Quality and Maturity Parameters
7.1. Maturity Period
Speed of maturity ​​is one of the major advantages of bokashi compared to traditional compost. The maturation time generally varies between 14 and 35 days Abo-Sido et al., (2021) ; Winarsih et al., (2022b) ; Patriani et al., (2022), compared to several months for a traditional compost. This short stabilization period for bokashi facilitates adoption by farmers (Olle 2020 ; Pian et al., 2023). Other authors have studied the maturation period of bokashi. Tallo & Sio, (2019a) conducted research on the impact of fermentation time on the quality of bokashi produced from cow dung. The results show that the best bokashi is fermented for 35 days, with a brown to blackish-brown color, an earthy smell, and a fine texture (Tallo & Sio, 2019b). Also, Bere et al., (2019) concluded that the impact of bokashi fermented for 28 days on agronomic parameters (plant height, number of leaves, fresh weight and dry weight) is significantly higher than that with a fermentation time of 14 and 21 days. However, Randu et al., (2020) have produced bokashi made from very simple ingredients, such as EM4, granulated sugar, water mixed with molasses, and cow dung. between 30% and 40% then hermetically sealed for 4 to 7 days.
7.2. The pH of bokashi
The pH level is an effective indicator of bokashi fermentation. The pH of bokashi changes significantly during the fermentation process. Bokashi fermentation, driven by specific microorganisms such as lactic acid bacteria, causes a marked initial acidification, with the production of organic acids such as lactic acid, which can lower the pH to between 3.5 and 5 (Pian et al., 2023 ; Kendirci & Gümüş, 2025 ; Lew et al., 2021 ; Kovačić et al., 2022). This acidity is due to the production of organic acids (lactic, acetic) and ethanol, which inhibit pathogens and unpleasant odors. This acidic pH is an indicator of active fermentation and plays a protective role by inhibiting pathogens (Kendirci & Gümüş, 2025). Studies report values ​​around 5.7 for a finished product  (Dhakal et al., 2025a ; Dhakal et al., 2025c). A basic pH and the appearance of putrefactive odors (butyric acid) indicate unwanted fermentation and a failure of the process (Muck et al., 2018).  
[bookmark: _Toc135569784]7.3. The C/N ratio of raw materials
Raw organic matter cannot be directly used by plants because the C/N ratio of the raw material does not match that of the soil. The optimal C/N ratio for raw materials used in bokashi production is 30(Mentari et al., 2021)However, a starting C/N ratio (up to 110) can also produce good bokashi.(Fauzan et al., 2022)Therefore, to optimize the C/N ratio in composting, a wide variety ofcharging agentsare recommended as additives. For example, sawdust, rice husk, peanut shells, and wood chips can be used. They are known to increase the porosity of the raw material and homogenize the waste before composting.(Zhang & Sun, 2016);(Wang et al., 2015).
7.4. Bokashi C/N ratio
The carbon-to-nitrogen (C/N) ratio is a fundamental parameter for producing quality bokashi, directly influencing the fermentation rate and the stability of the final product. A balanced initial C/N ratio, generally between 30 and 70, allows for the production of bokashi with a final C/N ratio between 10 and 20 within 10 days. These values ​​correspond to quality standards and are suitable for soil application (Fauzan et al., 2022 ; Irfan et al., 2024). According to Sofian, (2014) a ratio below 30 is considered safe for cultures. For raw materials richer in carbon (initial C/N ratio of 110), a longer fermentation period, up to 24 days, is necessary to reach this same range (Irfan et al., 2024). Research indicates that an initial C/N ratio that is too high (e.g., 150) significantly slows down decomposition, while a C/N ratio that is too low can lead to nitrogen losses and odors (Irfan et al., 2024). An optimal range for a stable and efficient process is often cited as being between 20:1 and 25:1 (Ghazali et al., 2024). A well-balanced C/N ratio promotes rapid and stable fermentation, optimizes microorganism activity, and improves nutrient retention in the final product (Kendirci & Gümüş, 2025 ; Ghazali et al., 2024). Moreover, Tallo & Sio, (2019a) have conducted research on the impact of fermentation time on the quality of solid bokashi produced from cow dung. The results show that the best bokashi yielded a C/N ratio of 7.92.
7. Effects of Bokashi on Soil and Plants
7.1. Effects on the Physico-Chemical Properties of the Soil
Numerous studies attest to the benefits of bokashi on soil health. The application of bokashi improves overall soil fertility. It increases the soil's organic matter content, total nitrogen (N), available phosphorus, and available potassium (Sawadogo et al., 2020). Bokashi can increase the pH of acidic soils (such as Ultisols) and reduce electrical conductivity (EC) and sodium (Na) content in saline soils (Abed El-Hamied, 2014 ; ZULKARNAIN, 2022). On degraded soils, poor in nutrients and organic matter, bokashi significantly improves the productivity of crops (Karimuna et al., 2016 ; Wijayanto et al., 2016).
[bookmark: _Hlk215079010]It is important to note that the soil response can vary depending on the soil type and the composition of the bokashi (Lima et al., 2015). The combined application of bokashi and biochar improves soil fertility, mitigates water stress by increasing soil moisture, and consequently promotes sustainable production under water- and nutrient-limited conditions (Dhakal et al., 2025b). It improves soil health and nutrient availability. Phosphorus is often present in large quantities in soils, but in insoluble forms that are unavailable to plants (Zaidi et al., 2009). Certain microorganisms, called Plant Growth-Promoting Rhizobacteria (PGPB), are capable of releasing organic acids (citrate, oxalate, etc.) and enzymes (phosphatases) that dissolve these insoluble forms (Billah et al., 2019). Genera such as Bacillus, Pseudomonas, and Achromobacter are particularly effective for this function (Khatoon et al., 2020). Also, adding natural phosphate during the bokashi production process enriches the final product with available phosphorus (Bustamante et al., 2016).
7.2. Effect of bokashi on the biological properties of the soil
Adding bokashi enriches the soil with beneficial microorganisms. Microbial diversity is a key factor in the health of soil ecosystems; richer and more diverse communities ensure better ecosystem functions.(Delgado-Baquerizo et al., 2016)Synergistic interactions between bacterial and fungal communities are particularly important for the overall performance of the ecosystem.(Wagg et al., 2019) (Luo et al., 2022).
7.2. Effects on Crop Growth and Yield
The benefits of bokashi translate directly into improved plant growth and productivity. In market gardening, it improves the number, diameter and weight of the fruits Siswanto & Siswanto, (2022); leaf growth (Brassica rapa L.) Merta & Raksun, ( 2021) and yield (Álvarez-Solís et al., 2016).
[bookmark: _Hlk215081606]Applying bokashi to maize improves plant height, leaf number and yield, and provides better resistance to pests (Winarsih et al., 2022a ; Buang, 2019 ; Sunarti et al., 2022). Bokashi is also used in arboriculture. For example, in clementine trees under saline irrigation, the application of bokashi improved the mineral content of the leaves, yield, fruit size, and quality (Abed El-Hamied, 2014). The addition of Bokashi improves substrate fertility and plant growth in nurseries (Konate et al., 2024).
A comparative study, however, showed that for tomato, compost enriched with Trichoderma harzianum could be more cost-effective than bokashi alone, suggesting that efficiency can be optimized by combinations with other biological inputs (Sawadogo et al., 2021). The application of bokashi and biochar significantly improves citrus nursery production, enhancing plant growth and soil health.(Lavagi et al., 2024). It also optimizes nitrogen efficiency and water use (Dhakal et al., 2025d).
It should be noted, however, that bokashi must be used after a storage period of at least 5 months for greater efficiency in organic vegetable production (López-Atanacio et al., 2025).
Conclusion
This synthesis shows that bokashi is an integrated organic waste management system that produces a high-value soil amendment thanks to the action of microorganisms. The advantage of bokashi is the speed of its production; a few weeks compared to several months for traditional compost. It promotes better nutrient preservation, making them more available to plants. It also improves soil health. The low cost of its production, thanks to the use of local materials and microorganisms, is also a significant advantage.
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