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Abstract  

Soybeans are the main source of protein and oil that are widely used in various products, such as 

soybean oil, tofu, tempeh, soy milk, and soy sauce. With the increasing population, the need for soybeans 

as a source of protein also continues to increase, so its availability needs to be maintained. One approach 

that needs to be implemented is organic farming by utilizing various wastes, including coffee grounds. 

Coffee grounds contain various nutrients, including 44.87% organic C, 1.2% nitrogen, 0.02% phosphorus, 

and 0.35% potassium. In addition, the use of Local Microorganisms (LOM) containing bacteria such as 

Lactobacillus sp, Pseudomonas sp, Azospirillium, Azotobacter, Bacillus, Aeromonas, Aspergillus, 

phosphate-solubilizing microbes, and cellulolytic microbes act as bioactivators for decomposing organic 

fertilizers. This study aims to determine the effect of interactions between differences in LOM materials 

and coffee grounds waste on soybean growth and yield, as well as to determine the combination of 

concentrations that produce the highest soybean yields. The study was conducted in East Tomohon, North 

Sulawesi Province, Indonesia, from April to September 2024. The study used a Completely Randomized 

Design (CRD) with a factorial pattern. The treatments consisted of: Factor I (A) = LOM (Local 

Microorganisms) A1 = LOM bamboo shoots; A2 = LOM banana stumps; A2 = LOM fruits. Factor II (B) 

= coffee grounds waste. B0 = without coffee grounds waste; B1 = 20 tons/ha of coffee grounds waste 

compost, A2 = 40 tons/ha of coffee grounds waste compost. Each treatment was repeated three times so 

that there were a total of 27 experimental units. Data were analyzed using analysis of variance if there 

was an effect of treatment followed by the Least Significant Difference (LSD) test of 5%. The results 

showed that the interaction between Local Microorganisms (LOM) made from fruits and LOM from 

banana stumps with coffee grounds waste produced the highest soybean seed weight. A dose of 20 

tons/ha of coffee grounds waste with Local Microorganisms (LOM) fruits and LOM banana stumps 

proved effective in increasing soybean yields while reducing the number of empty pods. 
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Introduction 
 

The use of organic fertilizers in soybean cultivation is important, but farmers still prioritize the 

use of chemical fertilizers and pesticides. Organic farming is one of the agricultural technologies that 

utilizes waste as a soil conditioner to improve the physical, chemical, and biological properties of the soil. 

Soybeans are the main source of protein and oil that are widely used in various products, such as soybean 

oil, tofu, tempeh, soy milk, and soy sauce. With the increasing population, the need for soybeans as a 

source of protein also continues to increase, so its availability needs to be maintained. One approach that 

needs to be implemented is organic farming by utilizing various wastes, including coffee grounds. Coffee 

grounds contain various nutrients, including 44.87% organic C, 1.2% nitrogen, 0.02% phosphorus, and 

0.35% potassium (Kasongo et al., 2011; Sefanya et al., 2022; Jumar et al., 2023). The use of coffee 

grounds as organic fertilizer can increase the availability of nutrients for soybeans while reducing 

dependence on chemical fertilizers so that the impact of its use can be minimized. 

Coffee grounds waste can be processed into compost, where in the composting process bio 

decomposers or activators are needed to accelerate the decomposition of organic materials. One of the 

decomposers that can be used is the Local Microorganism (LOM), which plays a role in accelerating the 

decomposition of organic materials into nutrients that can be absorbed by plants. The basic materials for 

LOM, such as bamboo shoots, banana stumps, and fruits have their respective advantages in the 

decomposition process. The use of banana stumps as raw materials for LOM is based on the content of 

growth hormones, such as gibberellins and cytokinins, which play a role in stimulating plant growth. In 

addition, banana stumps also contain various microorganisms that are beneficial to plants, including 

phosphate-solubilizing microbes, Aspergillus sp., Lactobacillus sp., Pseudomonas sp, and Azospirillium 

sp., which play a role in increasing the availability of nutrients in the soil (Maspary, 2012; Manullang et 

al., 2018; Pardede et al., 2019). The use of LOM based on banana stumps in making coffee grounds 

compost can be an effective alternative in improving the quality of organic fertilizers and affecting 

soybean growth and yield. 

Based on the analysis of nutrient content, Local Microorganisms (LOM) derived from bamboo 

shoots contain nitrogen (N) of 307 mg/L, phosphorus (P) of 142 mg/L, and have a pH of 4.10. The 

nutrient content allows LOM bamboo shoots to react well at a LOM dose of 50 ml/L of water so that they 

can provide nitrogen and gibberellin hormones that play a role in influencing plant growth (Maspary, 

2012b). Meanwhile, LOM derived from fruits contains macronutrients in the form of nitrogen (N) of 

0.1833%, phosphorus (P) of 54.989 mg/L, and potassium (K) of 3.125 mg/L. In addition, LOM fruit also 

contains calcium (Ca) 3.7 mg/L, magnesium (Mg) 64.5 mg/L, iron (Fe) 1.605 mg/L, manganese (Mn) 

0.274 mg/L, zinc (Zn) 1.115 mg/L, and ammonium (NH4
+) 38.78 mg/L (Soverda & Evita, 2020; Maretza, 

2009; Zulfita, 2013; Wiswasta et al., 2016). In addition to acting as a source of nutrients and growth 

regulators, LOM also contains various microorganisms that function as bio-decomposers. 

Microorganisms play a role in accelerating the decomposition process of organic matter when interacting 

with compost made from coffee grounds waste. Therefore, the use of LOM in the processing of coffee 

grounds waste-based compost can increase the efficiency of nutrient availability for plants optimally 

(Bawamenewi & Lase, 2025). 

The difference in decomposer types in the coffee grounds' decomposition process affects the 

color of the resulting compost. Three types of decomposers produce blackish-brown compost, while one 

type of decomposer produces black compost. This color is an indicator of compost maturity, where 

mature compost is generally blackish brown (Widarti et al., 2015). Mature compost has darker physical 

properties compared to the original organic material. The use of this type of decomposer in the coffee 

grounds composting process causes a significant color change from the raw material to darker (Sefanya et 

al., 2022). This color change indicates that the decomposition process has taken place well, which is 

indicated by the decomposition of organic material into more stable humus. Based on this, this study aims 

to analyze the effect of the use of Local Microorganisms (LOM) and coffee grounds waste on soybean 
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(Glycine max Merrill L.) production results. The use of LOM in the coffee grounds waste decomposition 

process can improve the quality of compost and affect the growth and yield of soybeans. 

 

Method 

The research was conducted in East Tomohon, North Sulawesi Province, Indonesia, from April to 

September 2024. The materials and equipment used were soybean seeds, coffee grounds waste, 

compound NPK fertilizer, bamboo shoots, banana stumps, various types of fruits (pineapple, papaya, 

apple, banana), brown sugar, coconut water, and tools such as meters, scales, ovens, soil processing 

equipment, and stationery. This study used a Completely Randomized Design (CRD) with a factorial 

pattern. The treatments consisted of two factors, namely: factor I (A) = LOM (Local Microorganisms) A1 

= LOM bamboo shoots; A2 = LOM banana stumps; A2 = LOM fruits. Factor II (B) = coffee grounds 

waste. B0 = without coffee grounds waste; B1 = 20 tons/ha of coffee grounds waste compost, A2 = 40 

tons/ha of coffee grounds waste compost. Each combination of treatments was repeated three times, 

resulting in a total of 27 experimental units. The parameters observed were the number of empty pods per 

plant and seed weight per plant. Data were analyzed using Analysis of Variance (ANOVA), and if there 

was a significant effect of treatment, the analysis was continued with the Least Significant Difference 

(LSD) test of 5%. 

 

Results and Discussion 

The results of statistical analysis showed that the interaction between different types of Local 

Microorganisms (LOM) and coffee grounds waste had a significant effect on the weight of seeds per 

soybean plant (Table 1). This study showed that the use of Local Microorganisms (LOM) based on fruits 

at a dose of 40 tons/ha of coffee grounds waste produced the highest soybean seed weight compared to 

other treatments. This study is not different from previous studies which stated that increasing organic 

matter in the soil contributes to increasing soil fertility and sustainable plant productivity (Hartatik et al., 

2015). Therefore, the use of LOM and coffee grounds waste compost not only supports more optimal 

soybean production but also increases soil fertility in the long term. 

Table 1. The Effect of Interaction between LOM and Coffee Grounds Waste on Soybean Seed Weight 

Treatment/Repeat B0 

(without coffee 

grounds waste) 

B1 

(20 tons/ha of 

coffee grounds 

waste compost 

B2 

(40 tons/ha of coffee 

grounds waste 

compost) 

A1 (LOM bamboo shoots) 15.80 A 

(a) 

14.80 A 

(a) 

19.50 A 

(a) 

A2 (LOM banana stumps) 17.37 A 

(a) 

23.57 B 

(ab) 

29.10 B 

(b) 

A3 (LOM fruits) 20.07 A 

(a) 

36.63 C 

(b) 

44.17 C 

(b) 

LSD 5% = 8.20    

Note:  Numbers followed by the same notation in the sign ( ) are read horizontally and not in the sign ( ) 

are read vertically 

The results of the analysis showed that the interaction between various types of Local 

Microorganisms (LOM) and coffee grounds waste did not have a significant effect on the number of 

empty pods in soybeans. However, differences in the types of LOM and the implications of coffee 

grounds had a significant effect on the number of empty pods (Table 2). There was no significant 

interaction between the two factors indicating that the effectiveness of Local Microorganisms (LOM) and 
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coffee grounds waste in reducing the number of empty pods was more influenced by each treatment. 

Local microorganisms (LOM) act as biological agents that increase the activity of soil microorganisms, 

while coffee grounds waste acts as organic matter that improves soil structure and increases the 

availability of nutrients for plants (Saraswati et al., 2006). The results of previous studies have shown that 

the combination of local microorganisms and coffee grounds compost plays a role in increasing plant 

productivity by improving soil nutrient conditions and increasing nutrient absorption by plants (Sebayang, 

2020; Siregar, 2023; Siahaan & Suntari, 2019). By increasing the content of organic matter and CEC, the 

soil becomes more fertile and can provide more optimal nutrients for soybean growth.  

The results of the study showed that the application of Local Microorganisms (LOM) based on 

fruits at a dose of 40 tons/ha of coffee grounds waste produced the highest soybean seed weight. In 

addition, LOM based on banana stumps with the same dose also produced high soybean seed weight 

results and showed no significant difference compared to the treatment of LOM banana stumps at a dose 

of 20 tons/ha of coffee grounds waste. This indicates that LOM based on fruits and banana stumps can 

increase soybean productivity, especially when combined with the application of coffee grounds compost 

in optimal amounts. 

Table 2. The Effect of Different Types of LOM and Coffee Grounds Waste on the Weight of Empty 

Soybean Pods 

Treatment/Repeat Average Number of Empty Pods 

A1 (LOM bamboo shoots) 1.28 b 

A2 (LOM banana stumps) 0.56 a 

A3 (LOM fruits) 0.44 a 

LSD 5% = 0.53  

  

B0 (without coffee grounds waste) 1.56 b 

B1 (20 tons/ha of coffee grounds waste compost 0.44 a 

B2 (40 tons/ha of coffee grounds waste compost) 0.27 a 

LSD 5% = 0.53  

 

The results of the study presented in Table 3 show that Local Microorganisms (LOM) based on 

fruits and banana stumps have high organic carbon (C-organic) content, and contain nitrogen (N), 

phosphorus (P), and potassium (K) in significant amounts. LOM plays a role in the decomposition 

process of coffee grounds waste, accelerating the transformation of organic matter into compost that is 

rich in nutrients. With the increasing availability of nutrients in the soil, soybean plants obtain better-

growing conditions, which ultimately increases seed weight per plant and reduces the number of empty 

pods. 

Table 3. Content of N, P, K, pH, and C-Organic Coffee Grounds with Local Microorganisms (LOM) 

Coffee Grounds Waste + 

LOM 

pH H2O C-Organik 

(%) 

N (%) P (ppm) K (%) 

Banana stumps 7.04 34.42 0.33 1.69 1.25 

Fruits 7.49 33.42 4.43 1.56 1.14 

Source: Palm Plant Instrument Standard Testing Center Testing Laboratory, 2024 (International 

Organization of Standardization 17025 Accreditation) 

Discussion 

Coffee grounds waste, as a source of organic soil material, not only plays a role in increasing soil 

fertility but also affects the physical properties of the soil, such as color changes, reduced plasticity, and 
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decreased soil cohesion. Thus, the soil becomes looser and easier to process, which indirectly supports 

soybean growth. Local Microorganisms (LOM) used as liquid organic fertilizers have the advantage of 

increasing the population of soil microbes that play a role in the decomposition of organic matter into 

bananas. Bananas are known to contain various beneficial microorganisms, such as Lactobacillus sp., 

Pseudomonas sp., Azospirillum sp., Azotobacter sp., Bacillus sp., Aeromonas sp., and fungi such as 

Aspergillus sp. In addition, this LOM contains phosphate-solubilizing microbes and cellulolytic microbes 

that contribute to the process of decomposing organic waste into high-quality compost (Maspary, 2012b; 

Pardede et al., 2019; Manullang et al., 2018; Saraswati et al., 2006). Decomposing bacteria in Local 

Microorganisms (LOM) of banana stumps plays an important role in accelerating the composting process 

of coffee grounds waste, resulting in more stable and nutrient-rich compost for plants. Increasing the dose 

of coffee grounds compost application significantly increases the levels of organic carbon (C-organic) in 

the soil, which functions as an indicator of soil quality (Cervera-Mata et al., 2018). The higher the C-

organic content, the more the soil's ability to retain moisture, provide nutrients, and support the activity of 

microorganisms that are beneficial to plants. The results of this study are not different from previous 

studies which stated that increasing organic matter in the soil contributes to increasing soil fertility and 

sustainable plant productivity (Roidah, 2013; Hartatik et al., 2015). 

The presence of nutrients in sufficient quantities is important for plant growth and development. 

The available nutrients allow plants to carry out metabolic processes optimally. This process plays a role 

in cell division, enlargement, and elongation, which ultimately helps overall plant growth (Cervera-Mata 

et al., 2018; Roidah, 2013; Hartatik et al., 2015). Thus, the use of LOM and coffee grounds waste 

compost in organic farming systems helps to increase plant productivity sustainably by ensuring optimal 

nutrient availability for soybean plants. The application of coffee grounds compost has been shown to 

increase pH, organic carbon content (C-organic), total nitrogen (N-total), available phosphorus (P-

available), exchangeable potassium (K-dd), and exchangeable sodium (Na-dd), and Cation Exchange 

Capacity (CEC). Improvement in soil chemical properties shows that coffee grounds compost is useful as 

an effective ameliorant in increasing soil fertility compared to control treatments without the provision of 

coffee grounds compost (Siahaan & Suntari, 2019; Jumar et al., 2022; Pramesti et al., 2024). 

LOM application contributes to increased soybean yields and reduced number of empty pods. 

LOM acts as a source of nutrients containing macro and micronutrients, as well as a biological agent that 

accelerates the decomposition of organic matter in the soil. In addition, LOM contains bacteria that 

function as plant growth promoters. LOM made from banana stumps is known to have a fairly high 

nutritional content, such as carbohydrates of 76.57%, water 18.97%, fat 2.11%, protein 0.32%, calcium 

717 mg/100 g, phosphorus 114 mg/100 g, and iron 0.13 mg/100 g (Maspary, 2012b; Maspary, 2012a).  

LOM made from banana stumps contains various important microorganisms such as 

Lactobacillus sp., Pseudomonas sp., Azospirillium sp., Azotobacter sp., Bacillus sp., Aeromonas sp., 

Aspergillus sp., as well as phosphate and cellulolytic solubilizing microbes (Manullang et al., 2018; 

Indawan et al., 2024). These microorganisms are useful for accelerating the decomposition process of 

organic matter and increasing the availability of nutrients needed by plants. Previous studies have shown 

that the use of LOM as a bioactivator increases the efficiency of organic matter utilization and increases 

the availability of nutrients in the soil (Siahaan & Suntari, 2019; Pramesti et al., 2024). Therefore, the 

combination of LOM and coffee grounds compost can be an effective strategy for increasing soybean 

productivity sustainably. 

Banana stumps are known to contain macronutrients such as phosphorus (P) and potassium (K), 

which play an important role in supporting the growth and development of fruit and plant stumps. In 

addition, banana peels are also rich in micronutrients, including calcium (Ca), magnesium (Mg), sodium 

(Na), and zinc (Zn). These micronutrients function to increase plant resistance to pests and diseases and 

play a role in the process of flower and fruit formation. With this balanced nutritional content, banana 

peels can provide benefits for plants in achieving optimal growth and supporting maximum production 
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results (Ho et al., 2015; Zou et al., 2022).  

Several previous studies have also confirmed that the application of LOM in agricultural systems 

can increase the activity of beneficial soil microbes, improve soil structure, and increase the efficiency of 

nutrient absorption by plants. In addition, the combination of LOM with compost from coffee grounds 

waste has been shown to increase the organic matter content of the soil and contribute to increasing more 

optimal harvest results compared to treatments without LOM or compost (Saraswati et al., 2006; Siahaan 

& Suntari, 2019; Pramesti et al., 2024). Other research by Yosephine et al., (2021); Zou et al., (2022), and 

Indawan et al., (2024) showed that LOM derived from certain organic materials, such as banana stumps 

and fruits, can provide long-term nutrients while improving soil quality to support sustainable plant 

growth. Therefore, the application of LOM and compost from organic waste can be an effective strategy 

for increasing soybean productivity and maintaining soil fertility. 

 

Conclusion 

The interaction of Local Microorganisms (LOM) based on fruits and banana stumps with a dose 

of 20 tons/ha of coffee grounds waste has been proven to provide the highest soybean seed weight. This 

shows that the use of easily obtained organic materials can increase soybean production without 

prioritizing inorganic fertilizers. The optimal dose of 20 tons/ha of coffee grounds waste combined with 

Local Microorganisms (LOM) from fruits and banana stumps plays a role in increasing soybean yields 

and reducing the number of empty pods. The use of LOM and organic waste as natural fertilizers 

contributes to increasing soil fertility and reducing production costs and farmers' dependence on inorganic 

fertilizers. 
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