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Abstract

:

Composting is a common method for managing organic waste and creating nutrient-rich soil amendments. Recently, biochar, a carbon-rich material from biomass pyrolysis, has been noted for potentially improving composting. This study examines the impact of adding biochar to compost made from cow manure and kitchen waste through a controlled lab experiment. The treatments were labeled as CMX (cow manure), KWX (kitchen waste), and CMKWX (both) with X being the percentage of CM, KW, and CMKW minus that of biochar in the mixture. Key parameters such as temperature (T), pH, and electric conductivity (EC) were tracked during the composting processes, and the final composts were analyzed for total nitrogen (N), available nitrogen (AN), total phosphorus (TP), available phosphorus (AP), total potassium (TK), organic carbon (OC), calcium (Ca2+), magnesium (Mg2+), and organic matter (OM). The results showed that adding less than 10% biochar influenced composting positively. Specifically, 5% biochar amendment led to higher thermophilic temperatures (45–57 °C) and stable pH levels (6.3–8.7) compared to controls. However, biochar did not significantly enhance EC, which peaked at 1.78 dS/m in both the control and 5% biochar treatments. Nutrient analysis revealed that biochar increased Ca2+ (13.62 meq/g) and Mg2+ (5.73 meq/g) retention in CM composts (CM85 and CM100). The highest OM content was 16.84% in CM90, while the lowest was 3.81% in CM95. Higher OM negatively affected TN, with CM treatments having more OM and KW treatments having more TN. TP and TK were higher in control treatments without biochar. This study highlights the benefits of integrating biochar with organic waste for enhancing compost nutrient profiles and soil fertility. It was observed that the more diverse the compost feedstock, i.e., CMKW, the higher the nutrient content for treatments containing less than 10% biochar.
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1. Introduction


Globally, the production of solid garbage has skyrocketed in recent years. Urbanization, population increase, and high living standards are the main causes [1]. Municipal solid waste generation was estimated to be 2 billion tons per year in 2016 and is expected to increase to 3.5 billion tons by 2050 [2]. This underlines the importance of good waste management in reducing environmental impact [1,3]. Population expansion leads to increased consumption and solid waste output, which overwhelms urban garbage systems [4,5]. Inefficient waste management causes environmental pollution, greenhouse gas (GHG) emissions, and climate change [6].



Waste recycling, composting, and energy recovery options may be the answers to this crucial issue. Recent studies say we need integrated waste management systems that prioritize waste reduction, resource recovery, and environmental sustainability [7]. If no proper waste management is put in place, this will put more pressure on environmental components [8,9]. Biomass composting is fantastic for the environment, but it may be linked with challenges such as a slowdown of the composting process, unusual odor due to CO2 and NH3 emissions, and increased time in mineralization [10,11]. Recent studies have confirmed that adjusting composting conditions can improve efficiency and public acceptance of composting systems [12]. By adding biochar to compost feedstock, microbial activity can be improved and odor production decreased [13]. Composting is a sustainable way of organic waste management, reducing landfill usage, and improving soil fertility. With 30 million tons produced annually, awareness and adoption of composting practices are increasing [14,15]. Waste composting is increasingly recognized in Africa for its role in waste management and soil health improvement, leading to increased agricultural production. However, Africa only produces 1.5 million tons annually, 5% of global compost production, due to inadequate infrastructure, technical expertise, and policy support [12].



Traditionally, composting is done through piling or pitting the available organic waste. Both of these techniques are simple to implement and not expensive, but they may have issues such as prolonged composting times and compromised compost quality [4,7]. Although some other innovative composting techniques, such as vermicomposting, microbial inoculants, and aerobic composting, are in place, these are just a few compared to the available waste to manage [12,16]. Composting is a sustainable method for managing organic matter (OM) in soil, enhancing its structure, and promoting microbial activity. It reduces the use of harmful chemical fertilizers and improves crop yields. Biochar, a carbon-rich material, can enhance composting conditions by adsorbing contaminants and heavy metals, reducing landfill toxicity. Composting also stabilizes active organic waste, reducing GHG emissions during composting. This approach contributes to the sustainability of the environment and the use of compost in agriculture [17,18]. In compost production and application, biochar contributes to an improved quality compost with better nutrient content, and this enhances both soil and crop qualities [19,20,21].



In Rwanda, waste composting has the primary objectives of increasing the quality and quantity of crop yield in rural areas and enhancing the greenness of the landscape in urban areas. The growth and development of main crops on Rwandan dishes, vegetables, climbing beans, plantains, maize, and potatoes, are positively enhanced by the application of composts from various sources: agriculture, fecal matter, urine, yard trimmings, etc. [22,23]. Scientifically, composting is among the techniques for solid waste management that are environmentally friendly [24]. Not only does it reduce organic waste accumulation and chemical pollutants, composting also increases soil fertility, reduces the impacts of erosion, and can be used as an option for mitigating greenhouse gas emissions [25,26]. This biological decomposition can be affected by climatic conditions, the nature and proportions in composted organic matter, and the type of composting technique.



Although the production and application of compost is not new in sub-Saharan Africa, much remains to be done in studying the effect of biochar on the decomposition of other compost feedstock. This study aimed to demonstrate the ability of co-composting locally produced biochar with cow manure and kitchen waste in the context of understanding the change in physical parameters (pH, T, and EC) during the composting and in nutrients in the final composts after composting. This was carried out in the north of Rwanda, in the Musanze district, at INES-Ruhengeri University.




2. Materials and Methods


Composting is one of the reliable options for biodegradable solid waste management and it basically happens when aerobic microbes degrade organic matter under controlled conditions. These microbes use oxygen and feed on OM. During composting processes, heat, carbon dioxide, and water vapor are released into the surrounding atmosphere. The end product from composting or compost may be less than half the volume of the original composting materials and this can be used for gardening and agricultural purposes. In this study, kitchen waste and cow manure were collected, respectively, from the INES restaurant and from the nearby high school of Ecole des Sciences de Musanze (E.Sc.M). Fresh kitchen waste, mainly composed of 54% banana peels, 35% potato peels, and 11% fresh vegetables, was first sorted to remove impurities and mixed to ensure homogeneity. Fresh cow manure was collected, put in a big plastic basin, and mixed to ensure proper homogeneity.



2.1. Compost Feedstock Characterization


Compost feedstock characterization is a crucial step in understanding and optimizing the composting process and ensures the production of a high-quality compost product [27]. This involves the evaluation of the physical, chemical, and biological properties of the feedstock to be used in the composting process. A balanced diet for composting microbes, the right moisture and pH, and a good temperature range positively impact the composting processes [28].



2.1.1. Physical Properties


The particle size distribution of the feedstock which influences the aeration and porosity of the compost pile, the density which affects compaction and air movement within the composting pile, and the moisture content that impacts the overall water balance during composting are the main physical properties [27]. Evaluation of the porosity and water-holding capacity in the feedstock is crucial for the composting process as good aeration and proper moisture promote correct organic decomposition [28].




2.1.2. Chemical Properties


pH and EC are chemically critical parameters of the composting process. They directly affect microbial activity, the availability of nutrients in the final compost, and its quality [29]. Initial pH level can also affect microbial activity as compost microbes generally work best in a slightly acidic to neutral pH range: 6.0–8.0, and the main nutrient content in the feedstock is essential to understanding the potential of the end product, as agricultural fertilizers are termed as chemical properties [30,31,32]. Soluble salts, in terms of Mg2+, Ca2+, and K+ concentrations, are directly proportional to the EC values measured in the compost [33]. High EC values are not favorable for microbial metabolism because they indicate a high salinity level. However, moderate EC levels are essential to maintain good conditions for microbial activity, thereby ensuring the availability of important nutrients [34]. When composting materials high in salt, such as kitchen waste and cow manure, knowledge of EC levels is essential in compost production, as steps can be taken to avoid phytotoxic problems on plants after the application of the final compost to the soil [35].




2.1.3. Biological Properties


For efficient composting, high essential microbial content and activity in the feedstock are indispensable. The understanding of composting systems in terms of biological factors is important for the success of treatment operations. Thus, there is a need to check for the existence of pathogens in the composting feedstock and, possibly, how much they are eliminated in the produced compost after composting [36,37].





2.2. Biochar Production


Biochar production involves converting organic materials into a type of charcoal through a process called pyrolysis. Pyrolysis is the decomposition of organic substances at high temperatures in the absence of oxygen. Figure 1 is a simplified breakdown of biochar production as used in this study:



Biochar feedstock was selected from wooden sawdust waste. This feedstock was dried to reduce its initial moisture content. Lower moisture levels help in achieving higher temperatures during pyrolysis, which is conducted in a controlled environment, typically at temperatures ranging from 400 to 800 °C in the absence of oxygen to prevent combustion, thus encouraging the production of biochar. The resulting biochar was then cooled rapidly by air cooling to stop the pyrolysis process and then stored [38]. This produced biochar can be used in various applications, such as soil improvement, carbon sequestration, or even as a component in certain types of filters [39,40]. Eucalyptus sawdust was collected from Benjamin’s wood workshop and dried in the sun for 3 days. A concentric metallic drum for the production of biochar was fabricated by local metal craftsmen. The drum has an inner part, a metallic barrel with a capacity of 50 L separated by 20 cm with the outer metallic part. The inner part was loaded with well-dried sawdust and the outer part was filled with firewood to fuel the system. The biochar production system was kept between 550 to 650 °C for six hours and the produced biochar was cooled down and kept in airtight plastic bags.




2.3. Composting Experiment


Fifteen composting plastic baskets of 20 L capacity each were installed in a screening house at INES University (Figure 2). Although there are many ways to make compost, our research team opted for perforated composting bins or plastic baskets due to their ease of transportation and air circulation during composting processes. The proportion and detailed composition of kitchen waste, cow dung, and biochar used in the preparation of compost for our research can be found in Table 1.




2.4. Data Collection Process


Temperature, pH, and electric conductivity were measured at the center of each composting bin every week from 24 July 2023 until the 8th week of composting. At the end of the composting processes, compost samples of 200 g each were taken from respective composting bins for analysis of physicochemical parameters such as pH, OC, OM, Ca2+, Mg2+, TN, TP, AP (H2PO4− + H2PO42−), AN (NO32+ + NH4+), and TK.




2.5. Analytical Observations


Weekly temperature values were obtained using a digital thermometer (Reotemp digital thermometer made in the Unites States of America with ± 0.95 0F accuracy), which was inserted into the center of the composting bin [41]. EC measurement was performed with the extracted compost–water slurry, allowing it to settle, and then using a conductivity meter (Jenway 4510) to read EC values [42]. pH was determined by preparing a 1:5 compost sample to water ratio, followed by pH meter IQ240 calibration and immersion to acquire the pH value [43]. Stabilized compost samples from 15 treatments were air-dried, crushed, and sieved (<0.5 mm) to guarantee homogeneity. These samples were digested in a mixture of duplicate acids (HNO3 and HClO4). Total elements, i.e., phosphorous, potassium, calcium, and magnesium, in the digested compost samples were determined by atomic absorption spectrophotometer (SP-IAA1800H). Ammonium acetate soluble cations (Ca, Mg, and K) as well as water soluble cations were extracted. The contents of all these elements were determined using an atomic absorption spectrophotometer (SP-IAA1800H). The TC and TN measurements were obtained by dry combustion via an elemental analyzer [44]. AP involved the extraction of phosphorus with sodium bicarbonate and its calorimetric measurement by the Olsen method [45]. AN was obtained by KCl extraction followed by ion chromatography [46].




2.6. Statistical Analysis


The data of physical–chemical parameters were obtained from 15 compost bins. The analytical results were presented as means (n = 3) ± standard error deviation for all assessed composts. The One-Way ANOVA was used to examine group differences with p < 0.05 considered as statistically significant.





3. Results


3.1. Temperature Variation


All cow dung and biochar composting treatments were in a mesophilic condition in the first week (Figure 3 Gr1). Thermophilic conditions were obtained in CM95 within week 2, CM100 in week 3, and CM90 in week 2 with respective temperatures of 56, 48, and 43 °C. All temperature variations in Figure 3 Gr1 show that week 5 was the starting of stabilization and curing of compost, although there was not much variation in temperatures when 20% and 15% biochar were applied. In kitchen waste and biochar composting, thermophilic temperatures (53 °C and 47 °C) were more pronounced in KW95 between week 2 and week 4. All kitchen waste and biochar composting treatments attained the stabilization stage at week 6 except the control KW100 (Figure 3 Gr2) which continued to have an increased temperature. In cow manure, kitchen waste, and biochar composting, thermophilic temperatures, 56 °C, and 47 °C were more pronounced in CMKW95 between week 2 and week 4 (Figure 3 Gr3).




3.2. pH Variation


From week 1 to week 3, the pH increased in all cow dung and biochar composting treatments from 4.5 to 8.5 (Figure 4 Gr1). From the end of the third week to the fourth week, the pH reduced in all treatments and then slightly increased up to the eighth week and reduced in the ninth week. Generally, the pH values of the control treatment CM100 were lower than the values in other treatments except in CM90 in week 2. In all cow dung, kitchen waste, and biochar treatments, the pH increased from the first week to the sixth week with a slight decreased from week 6 to week 8 in CMKW95, CMKW90, CMKW85, and CMKW80 (Figure 4 Gr3). Generally, the pH values of the control treatment in CMKW100 were lower than the values in other treatments except in CMKW85 in week 9. In all kitchen waste and biochar composting treatments as shown in Figure 4 Gr2, the pH increased from week 1 to week 3. In the fourth week, the pH reduced in all treatments and slightly increased up to the eighth week. The pH values of the control treatment in KW100 are lower than the values in other treatments except in KW90 between week 4 and week 6.




3.3. EC Variation


From Figure 5 Gr1, all treatments of cow manure and biochar composting have shown a gentle decrease in EC from week 1 to week 7, and the maximum EC value of 1.78 dS/m was observed in CM100. From week 7 to week 9, there was a sharp decrease in EC with a minimum value of 1.52 dS/m in CM80 (Figure 5 Gr1). Control treatment CMKW100 has shown a gentle decrease in EC from week 1 to week 5, whereas CMKW80 and CMKW95 increased between week 1 and week 2 (Figure 5 Gr3). The minimum EC value of 1.53 dS/m was observed in CMKW85. From week 5 to week 7, there was a sharp decrease in EC, and in weeks 7 and 8, another increase was observed in all treatments with a maximum value in CMKW100 (Figure 5 Gr3). All treatments of kitchen waste and biochar composting (Figure 5 Gr2) showed a sharp increase in EC from week 1 to week 2, stabilization between week 2 and week 6, and a sharp decrease between week 6 and week 8. The minimum and maximum EC values of 1.524 and 1.78 dS/m were observed in KW95, respectively, in week 1 and week 6.




3.4. Chemical Parameter Results after Composting


Table 2 provides the mean values and associated standard deviation errors for pH, OC, OM, Ca2+, Mg2+, TP, AP, TN, AN, and TK across different treatments in final composts. The study data indicate that the pH levels for all treatments are slightly alkaline, ranging from 9.15 to 11.23. The cow dung and biochar treatment (CM80–CM100) show a stable pH of around 9.68 to 10.06, while treatments involving kitchen waste (KW80–KW100) demonstrate slightly higher variability, peaking at 10.87. Organic carbon content shows significant variation among treatments. Cow dung and biochar combination treatments have a broad range from 2.3 to 9.77%. In contrast, the kitchen waste and biochar treatments exhibit more stable OC percentages, with the highest at 7.07% (KW90). Organic matter follows a similar trend to organic carbon, with cow dung and biochar treatments showing higher values, particularly CM90 at 16.84%. Kitchen waste results showed moderate OM values, with a peak at 12.18% for KW90. Calcium levels are relatively high in cow dung and kitchen waste combinations, particularly CMKW85 at 11.71 meq/g. Magnesium content shows notable peaks in CM100 and CMKW95. Phosphorus availability, both TP and AP, is highest in the CM85 treatment. The highest TN was observed in CM85 (11.08%), and the highest AN is in CMKW100 (1.88%). Potassium levels were consistent across treatments, with the highest observed in CM80 and CMKW100.




3.5. Variability of Chemical Parameters


The boxplots in Figure 6 reveal substantial variability across treatments. pH values are generally alkaline, with the highest median observed in treatments involving CMKW treatments. OC and OM exhibit higher values in KW treatments, indicating improved soil fertility [1]. Ca2+ and Mg2+ levels vary widely, with notable peaks in specific CM treatments, suggesting these combinations may enhance soil mineral content [47]. TP and AP are highest in CM biochar-amended treatments, highlighting their potential to improve phosphorus availability [48]. TN and AN are highest in CMKW treatments, reflecting better nitrogen content. These findings align with recent studies highlighting the benefits of integrating biochar with organic waste for enhancing soil nutrient profiles and fertility [49]. CM treatments in Figure 6 Gr1 exhibit moderate variability in pH (9.15–10.07), OC (2.3–7.2%), and OM (3.81–16.84%), with a significant range in OM. CMKW treatment Group 3 shows slightly higher variability in pH (10.05–11.23) and moderate variability in OC (2.24–7.03%) and OM (3.86–12.18%). KW treatments demonstrate moderate variability in pH (10.07–10.87) and OC (2.23–7.07%), with a consistent OM range (3.84–12.18%) as shown in Figure 6 Gr2. Ca2+ levels in CM and CMKW treatments exhibit moderate variability, while KW treatments show lower variability. Mg2+ levels are moderately variable in all treatments. TP shows moderate variability in CM treatments, with slightly lower variability in CMKW. Available phosphorus variability is slightly higher in KW compared to CM and CMKW. TN shows significant variability in CM, moderate in CMKW, and lower in KW. AN variability is moderate in CM and lower in CMKW and KW, while TK exhibits moderate variability in all treatments. The ANOVA test results (Table 3) indicate that, for most parameters, there are no statistically significant differences among the three groups (p-value > 0.05) with exceptions for pH and Ca2+.





4. Discussion


Understanding the dynamics of T, pH, and EC is vital in compost production. Optimization and control of these factors determine the composting process efficiency and the quality of the final compost [50,51].



In CM treatment bins at week 1, the temperature was still low, around 19.6–20.8 °C, but in week 2, there was a sharp increase to 56 °C in CM95, particularly. Generally, temperatures above 45 °C facilitate a rapid decomposition of organic matter and pathogen elimination [52]. Thermophilic conditions were obtained in CM95 within week 2, CM100 in week 3, and CM90 in week 2 with respective temperatures of 56, 48, and 43 °C. All temperature variations in CM treatments show that week 5 was the beginning of compost stabilization and curing, although there was not much variation in temperatures for the 20–15% biochar applications. The increase in biochar application would not favor the composting parameters [53]. In KW treatments, thermophilic temperatures (53 °C and 47 °C) were more pronounced, especially for KW95 between week 2 and week 4. These KW treatments achieved the stabilization stage at week 6, except for the control KW100. In CMKW treatments, thermophilic temperatures (47–56 °C) were more pronounced in CMKW95 between week 2 and week 4 [53].



The increase in pH in the CM composting treatments between week 1 and week 4 is attributed to the production and accumulation of ammonia in all treatments [54,55]. Generally, the pH values of the control treatment (CM100) were lower than the values in other treatments except in CM90 in week 2. As confirmed by other studies [56], the pH value of biochar co-composting materials is higher than the pH in the same materials without biochar. In all CMKW treatments with applications of 5 to 20% biochar, pH increased from week 1 to week 6, with a slight decrease from week 6 to week 8. This increase can again be attributed to the production and accumulation of ammonia in these treatments [54,55]. Generally, the pH values of the control treatment (CMKW100) were lower than the values in other treatments except in CMKW85 in week 9. As confirmed by other studies [56], the pH value of biochar co-composting materials is bigger than the pH in the same materials without biochar. The increase of pH in KW treatments between week 1 and week 3 may be attributed to the production and accumulation of ammonia [54,55]. Generally, the pH in co-composting units with biochar must be greater than the same materials composted without biochar [57]. Generally, the pH [7.5, 8.5] in all composting bins except CM 95 and the thermophilic temperatures between week 2 and week 4 explain the rapid organic matter degradation and high microbial activity, having both means rapid composting [52,53,54].



EC fell marginally in all CM treatments from week 1 to week 7, with the control CM100 having the highest EC value (1.78 dS/m). A significant decrease was seen from week 7 to week 9, with a minimum EC value of 1.52 dS/m in the CM80 treatment. The increase in biochar in all composting treatments contributed to the decrease in EC in all CM treatments as the composting process progressed, elucidating biochar’s role in stabilizing organic matter in compost at medium salinity and nutrient absorption [58,59]. Initially, EC values were slightly low in all CMKW treatments, beginning around 1.77 dS/m in week 1. A progressive decrease in EC was seen across the weeks, with a steeper decline in week 7 from 1.59 to 1.61 dS/m. By week 9, the EC continued to fall, particularly in CMKW100 (1.681 dS/m) and CMKW80 (1.59 dS/m). This variance could be attributed to a more complex interaction between cow dung, kitchen trash, and biochar, perhaps resulting in quicker microbial consumption or nutrient depletion [60]. EC values in KW treatments followed a distinct pattern, with lower beginning values in week 1 (1.54 dS/m). This EC steadily rose, culminating around week 6 in KW95 (1.78 dS/m). However, the EC stabilized about week 9, particularly in KW100 (1.67 dS/m) and KW95 (1.62 dS/m). The increase in EC could imply a delayed organic matter decomposition process, in which soluble ions are gradually released as the organic matter decomposes [61].



The study data show that the pH levels for all treatments are somewhat alkaline, ranging from 9.15 to 11.23. Alkalinity, in stabilized compost, is beneficial for nutrient availability and microbial activity in the soil [62]. The pH of the cow dung and biochar treatments (CM80–CM100) is consistent, ranging from 9.68 to 10.06, whereas the pH of the kitchen waste treatments (KW80–KW100) varies slightly more, peaking at 10.87. OM concentration varies significantly among treatments. CM treatments yield a wide range of 2.3 to 9.77% OM. In comparison, the KW treatments have more consistent OC percentages. High OC indicates the possibility to improve soil fertility and structure [63]. OM exhibits a similar pattern to OC, with CM treatments having greater levels, particularly CM90 at 16.84%. This is indicative of enhanced soil microbial activity and better nutrient retention [64].



Ca2+ levels are fairly elevated in CMKW treatments, particularly CMKW85 (11.71 meq/g). Mg2+ content exhibits considerable rises in CM100 and CMKW95, indicating their capacity to relieve magnesium shortages in soil. Ca2+ and Mg2+ concentrations are crucial for plant health [33,65,66]. Phosphorus availability (TP and AP) is highest in the CM85 treatment, indicating that cow dung and biochar considerably increase phosphorus concentration. This is vital for root development and energy transfer in plants [67]. TN and AN are critical for plant growth [68]. The highest TN is observed in CM85 (11.08%), and the highest AN is in CMKW100 (1.88%). The variability in these values reflects the differential decomposition rates and nutrient release patterns among treatments. Potassium levels are comparable among treatments, with the greatest being observed in CM80 and CMKW100. This consistency suggests biochar’s role in stabilizing potassium content in compost [69]. These findings align with recent research indicating that biochar, when combined with organic wastes like cow dung and kitchen waste, enhances soil properties and nutrient availability. Studies by [70,71] corroborate these results, emphasizing the benefits of biochar in improving soil fertility and plant growth through increased nutrient retention and microbial activity.



The F-statistic for pH is 1.4502 with a p-value of 0.2621, this indicates that there is no significant difference among the groups. This suggests that the composting process stabilized the pH across the different treatments, which is crucial for microbial activity and nutrient availability in compost [72]. The F-statistic for Ca2+ is 6.6346 with a p-value of 0.0074, indicating a significant difference among the groups. This suggests that different treatments affected the calcium content in the compost. Calcium is vital for plant growth, and its availability can be influenced by the types of organic waste used [73]. Both OC and OM have very low F-statistics (0.1188 and 0.119, respectively) and high p-values (0.8887 and 0.8885, respectively), showing no significant differences among the groups. This implies that the source of the organic material did not significantly affect the carbon content and organic matter composition of the compost [74]. The F-statistics for other parameters (Mg2+, total P, available P, total N, available N, and total K) range from 0.0097 to 1.2368, with p-values well above 0.05, indicating no significant differences among the groups. The results from different treatments were consistent with a good amount of nutrients.




5. Conclusions


The research findings presented in this study revealed a significant impact of biochar addition in cow manure + kitchen waste compost feedstock. Particularly, the addition of 5% biochar was found to definitely influence thermophilic temperatures and stabilize pH levels, which are essential for effective organic matter breakdown and microbial activity. Based on a detailed analysis of the studied parameters [T, pH, EC, OM, and nutrients (TN, TP, K, OC, Ca2+, and Mg2+)], it was obvious that the incorporation of 0 to 10% biochar into composting feedstock has remarkable benefits on the final composts. The inclusion of biochar, particularly in CMKW feedstock compost treatments, generally enhances nutrient content and stability across various parameters in the final composts. During this study, it was revealed that adding biochar reduces variability in compost parameters compared to control compost treatments (CM100, KW100, CMKW100). CM and KW composts showed improved stability in pH, OC, and nutrients, while CMKW exhibited enhanced nutrient content and uniformity. These benefits make biochar a valuable additive for sustainable waste management and soil fertility in Musanze, Rwanda. Further research is needed to optimize biochar application rates and understand the long-term effects on compost quality and soil health, as well as its role in reducing greenhouse gas emissions.
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Figure 1. Biochar production was adopted in this study. 
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Figure 2. Composting setup at the INES-Ruhengeri site. 
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Figure 3. Temperature variation over time in different composting bins. Treatments were grouped into 3 groups: Gr1 or Group 1, treatments made from cow dung with or without biochar (CM80, CM85, CM90, CM95, and CM100); Gr2 or Group 2, treatments made from kitchen waste with or without biochar (KW80, KW85, KW90, KW95, and KW100); and Gr3 or Group 3, treatments made from cow dung + kitchen waste with or without biochar (CMKW80, CMKW85, CMKW90, CMKW95, and CMKW100). 
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Figure 4. pH variation over time in different composting bins. Treatments were grouped into 3 groups: Gr1 or Group 1, treatments made from cow dung with or without biochar (CM80, CM85, CM90, CM95, and CM100); Gr2 or Group 2, treatments made from kitchen waste with or without biochar (KW80, KW85, KW90, KW95, and KW100); and Gr3 or Group 3, treatments made from cow dung + kitchen waste with or without biochar (CMKW80, CMKW85, CMKW90, CMKW95, and CMKW100). 
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Figure 5. Electric conductivity variation over time in different composting bins. Treatments were grouped into 3 groups: Gr1 or Group 1, treatments made from cow dung with or without biochar (CM80, CM85, CM90, CM95, and CM100); Gr2 or Group 2, treatments made from kitchen waste with or without biochar (KW80, KW85, KW90, KW95, and KW100); and Gr3 or Group 3, treatments made from cow dung + kitchen waste with or without biochar (CMKW80, CMKW85, CMKW90, CMKW95, and CMKW100). 
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Figure 6. Variability of the chemical parameters (pH, OC, OM, Ca2+, Mg2+, TN, TP, AP, AN, and TK) across all treatments after composting. Treatments were grouped into 3 groups: Group 1 (Gr1), treatments made from cow dung with or without biochar, Group 3 (Gr3) treatments made from cow dung + kitchen waste with or without biochar, and Group 2 (Gr2) treatments made from kitchen waste with or without biochar. 
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Table 1. Initial composition of compost mixtures.
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Composition in Percent Volume




	
Composting Unit

	
Cow Manure (CM)

	
Kitchen Waste (KW)

	
Biochar






	
Control 1 (CM100)

	
100

	
0

	
0




	
CM95

	
95

	
0

	
5




	
CM90

	
90

	
0

	
10




	
CM85

	
85

	
0

	
15




	
CM80

	
80

	
0

	
20




	
Control 2 (KW100)

	
0

	
100

	
0




	
KW95

	
0

	
95

	
5




	
KW90

	
0

	
90

	
10




	
KW85

	
0

	
85

	
15




	
KW80

	
0

	
80

	
20




	
Control 3 (CMKW100)

	
50

	
50

	
0




	
CMKW95

	
47.5

	
47.5

	
5




	
CMKW90

	
45

	
45

	
10




	
CMKW85

	
42.5

	
42.5

	
15




	
CMKW80

	
40

	
40

	
20











 





Table 2. Variation of chemical parameters in finished composts with mean ± standard error (n = 3).
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	Compost Treatment
	pH
	OC (%)
	OM (%)
	Ca2+ (meq/gr)
	Mg2+ (meq/gr)
	TP (ppm)
	AP (ppm)
	TN (%)
	AN (%)
	TK (meq/100 gr)





	CM80
	9.21 ± 0.03
	7.20 ± 0.10
	12.41 ± 0.18
	12.11 ± 0.17
	1.03 ± 0.01
	34.8 ± 0.49
	30.12 ± 0.43
	3.67 ± 0.05
	1.02 ± 0.01
	1.86 ± 0.03



	CM85
	9.15 ± 0.10
	2.30 ± 0.03
	3.96 ± 0.06
	13.62 ± 0.19
	4.10 ± 0.06
	42.71 ± 0.60
	36.42 ± 0.52
	11.08 ± 0.16
	2.16 ± 0.03
	2.42 ± 0.03



	CM90
	9.68 ± 0.05
	9.77 ± 0.23
	16.84 ± 0.40
	7.14 ± 0.17
	5.24 ± 0.12
	30.96 ± 0.73
	28.46 ± 0.67
	0.29 ± 0.01
	0.08 ± 0.00
	0.98 ± 0.02



	CM95
	10.07 ± 0.14
	2.21 ± 0.04
	3.81 ± 0.07
	7.75 ± 0.15
	2.75 ± 0.05
	43.64 ± 0.82
	32.71 ± 0.62
	0.80 ± 0.02
	0.16 ± 0.00
	0.78 ± 0.01



	CM100
	9.83 ± 0.06
	6.58 ± 0.14
	11.34 ± 0.24
	5.91 ± 0.13
	5.73 ± 0.12
	45.18 ± 0.96
	30.23 ± 0.64
	7.77 ± 0.16
	1.03 ± 0.02
	2.13 ± 0.05



	CMKW80
	10.80 ± 0.13
	7.03 ± 0.12
	12.11 ± 0.20
	6.11 ± 0.10
	0.16 ± 0.00
	40.56 ± 0.67
	26.46 ± 0.44
	0.48 ± 0.01
	0.81 ± 0.01
	0.41 ± 0.01



	CMKW85
	10.05 ± 0.20
	6.08 ± 0.07
	10.48 ± 0.12
	11.71 ± 0.14
	0.10 ± 0.00
	40.11 ± 0.47
	33.15 ± 0.39
	3.27 ± 0.04
	1.07 ± 0.01
	0.78 ± 0.01



	CMKW90
	10.92 ± 0.08
	3.43 ± 0.04
	5.91 ± 0.07
	7.67 ± 0.09
	2.60 ± 0.03
	39.45 ± 0.46
	30.42 ± 0.36
	0.31 ± 0.00
	0.26 ± 0.00
	0.66 ± 0.01



	CMKW95
	10.06 ± 0.28
	2.61 ± 0.03
	4.49 ± 0.05
	11.25 ± 0.13
	0.97 ± 0.01
	38.16 ± 0.45
	34.18 ± 0.40
	6.73 ± 0.08
	1.16 ± 0.01
	1.04 ± 0.01



	CMKW100
	11.23 ± 0.31
	2.24 ± 0.05
	3.86 ± 0.09
	6.07 ± 0.14
	3.30 ± 0.08
	44.55 ± 1.05
	31.48 ± 0.74
	10.31 ± 0.24
	1.88 ± 0.04
	1.22 ± 0.03



	KW80
	10.07 ± 0.22
	2.23 ± 0.04
	3.84 ± 0.06
	3.39 ± 0.06
	1.36 ± 0.02
	41.21 ± 0.68
	38.66 ± 0.64
	6.88 ± 0.11
	1.05 ± 0.02
	0.99 ± 0.02



	KW85
	10.24 ± 0.06
	6.29 ± 0.07
	10.84 ± 0.13
	2.36 ± 0.03
	2.05 ± 0.02
	40.26 ± 0.47
	34.62 ± 0.41
	3.74 ± 0.04
	0.83 ± 0.01
	1.28 ± 0.02



	KW90
	10.63 ± 0.05
	7.07 ± 0.08
	12.18 ± 0.14
	5.45 ± 0.06
	1.37 ± 0.02
	41.21 ± 0.49
	33.12 ± 0.39
	5.54 ± 0.07
	0.82 ± 0.01
	1.23 ± 0.01



	KW95
	10.50 ± 0.14
	2.26 ± 0.03
	3.89 ± 0.05
	2.11 ± 0.02
	5.40 ± 0.06
	40.51 ± 0.48
	31.51 ± 0.37
	2.82 ± 0.03
	0.42 ± 0.00
	0.74 ± 0.01



	KW100
	10.87 ± 0.14
	5.85 ± 0.14
	10.08 ± 0.24
	5.91 ± 0.14
	2.17 ± 0.05
	42.13 ± 0.99
	30.58 ± 0.72
	2.26 ± 0.05
	0.19 ± 0.00
	0.69 ± 0.02










 





Table 3. Summary of results from One-Way ANOVA test on chemical parameters of finished composts.
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	Parameter
	pH
	OC
	OM
	Ca2+
	Mg2+
	TP
	AP
	TN
	AN
	TK





	Standard deviation
	0.5912
	2.4203
	4.1723
	3.4184
	1.7926
	3.5282
	2.98
	3.4162
	0.5809
	0.5546



	F-statistic test
	1.4502
	0.1188
	0.119
	6.6346
	0.7264
	0.1585
	1.2368
	0.0097
	0.574
	1.0438



	p-value
	0.2621
	0.8887
	0.8885
	0.0074
	0.4981
	0.8547
	0.3152
	0.9904
	0.5738
	0.3736
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