



Evaluation of Maturity Parameters and Heavy Metal Contents in Composts from Incense Bamboo Waste 
Abstract

This research focused on improving the composting process of incense bamboo waste by analyzing compost maturity indicators and heavy metal concentrations. A large-scale experiment was set up using incense bamboo waste combined with different organic and biological amendments, including cow dung, poultry manure, and lignolytic fungi. The compost piles were manually turned every 15 days, and weekly samples were collected for monitoring. Among all treatments, the mixture containing 5 kg of cow dung, 2.5 kg of poultry manure, and 0.2 kg of lignolytic fungi resulted in the most effective breakdown of organic material. This treatment showed significant reductions in organic carbon, the carbon-to-nitrogen ratio, lignin, cellulose, and hemicellulose content, along with the lowest recorded levels of heavy metals such as iron, zinc, manganese, and copper. Additionally, the final compost from this treatment exhibited ideal characteristics in terms of pH, electrical conductivity, ash content, bulk density, and color. A notable improvement in seed germination and germination index (GI), with values exceeding 90%, indicated high compost maturity. While the results strongly support the effectiveness of using organic and biological additives, minor human errors—such as inconsistencies in turning, sampling, and measurement—may have affected some data points. Overall, the study confirms that using targeted additive combinations can enhance compost quality and maturity, and that selected parameters can reliably assess the readiness and safety of incense bamboo compost.
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1. Introduction
Bamboo is extensively found throughout India, with significant presence in states such as Andhra Pradesh, Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura, Odisha, West Bengal, and Madhya Pradesh (Reddy et al., 2025). The prominent bamboo genera occurring in India include: Arundinaria, Bambusa, Cephalostachyum, Chimono bambusa, Dendrocalamus, Dinochloa, Gigantochloa, Indocalamus, Melocanna, Neohouzeaua, Ochlandra, Oxytenanthera, Pleioblastus, Phyllostachys, Pseudostachyum, Schizostachyum, Semiarundinaria, Sinobambusa, Teinostachyum, and Thamnocalamus. Worldwide, over 1,600 bamboo species are found, mainly in tropical and subtropical zones. India is home to 125 native and 11 introduced species of bamboo, encompassing 23 different genera. Among these, four species—Barak (Bambusa balcooa), Bari (Bambusa vulgaris), Mirtinga (Bambusa tulda), and Muli (Melocanna baccifera)—are commonly utilized in the production of bamboo-based incense sticks.

The scarcity of raw materials due to flowering, rapid depletion of bamboo resources and increasing popularity of bamboo in the industrial sector as an alternative to wood have resulted in a shortage of the species mainly used by the agarbatti industry. Bamboo incense stick production significantly contributes to the rural subsistence economy by providing sustainable livelihoods and supplementing household income, particularly empowering women. Indian agarbatti enjoys strong demand in both domestic and international markets. India is currently among the leading producers and exporters of incense sticks, competing with globally dominant countries such as the USA, Brazil, and China. The Indian incense stick market is projected to reach ₹7,500–8,000 crore, with exports extending to more than 150 countries (Varuvel et al., 2021).
In India, bamboo is predominantly utilized for agarbatti production, where only about 16% primarily the outer layers of the bamboo culm is used for making bamboo sticks, while the remaining 84% of the bamboo material is left as waste. The bamboo waste generated by the agarbatti and bamboo craft industries in India is largely not utilized commercially. Consequently, the bamboo input cost for producing round bamboo sticks ranges from ₹25,000 to ₹40,000 per metric tonne, compared to the average raw bamboo cost of ₹4,000 to ₹5,000 per metric tonne. In contrast, bamboo prices in China range from ₹8,000 to ₹10,000 per metric tonne, while their effective input cost is only ₹12,000 to ₹15,000 per metric tonne due to nearly 100% utilization of bamboo waste. In view of these facts, it is essential to undertake research on the effects of organic and inorganic additives on the composting of incense bamboo waste to promote value addition and efficient utilization of bamboo waste (KVIC, 2022).
Waste management practices such as incineration, landfilling, and ocean dumping are widely regarded as undesirable methods for handling organic waste, as they do not satisfy one or more criteria of sustainable natural resource management. For a waste management approach to be considered sustainable, it must be cost-effective, energy-efficient, environmentally acceptable, and supportive of both present and future economic and social development (Lichtfouse et. al., 2009; Diacono and Montemurro, 2010). Composting is an aerobic biological process that speeds up and regulates the natural decomposition of organic matter by managing the composition of organic materials and the environmental conditions under which they are transformed. This process results in a stable and beneficial end product known as compost. Composting offers an efficient and cost-effective method of waste utilization while delivering multiple benefits to soil and plants. The production and application of compost are regarded as sustainable practices when applied to land at appropriate, non-excessive rates.
Compost is regarded as a valuable resource for agriculture, serving as an important source of organic matter and a soil amendment. The use of compost in agricultural lands has increased steadily over the years, as it enhances crop quality while contributing to environmental conservation (Benitez et al., 1998; Hoitink, 2000). However, the application of non-composted manure or immature compost can negatively affect plant growth and seed germination (Hoekstra et al., 2002). Accordingly, farmers, as end users of compost, need assurance regarding compost quality and reliable information about the product they are applying. However, compost maturity—an essential quality attribute closely linked to plant growth potential—remains insufficiently defined and inadequately assessed (Domeizel et al., 2004).
Numerous tests have been proposed as indices of compost maturity, with most emphasizing the chemical and physical characteristics of compost. Commonly used parameters include compost temperature, pH, and cation exchange capacity, microbial respiration rate, dissolved organic carbon, the C/N ratio, humification index, and plant growth bioassays (Sullivan and Miller, 2001; Lopez, et. al., 2002 and Cooperband, et. al., 2003). However, commonly used compost tests such as the C/N ratio, temperature, and cation exchange capacity have been found to be insufficient for accurately determining compost maturity. In addition, concerns have been raised regarding the reliability of microbiological tests when applied to small, disturbed samples (Epstein, 1997). Other potentially useful maturity assessment methods—including optical density measurements, respiration assays, and spectroscopic techniques—are still under development (Chefetz et al., 1998; Chen and Inbar, 1993). Unfortunately, these methods are often applicable only to specific compost types and are not adequate for universally assessing compost maturity. None can be consistently applied with equal reliability to composts derived from animal manures. Therefore, the present study aimed to evaluate various maturity indices and heavy metal contents during the composting process and to identify suitable parameters for assessing the maturity of compost produced from incense bamboo waste manure.

2. Materials and methods
2.1. Composting process

Incense industrial bamboo waste was collected from bamboo incense industries located around Nagpur district of Maharashtra State. These incense wastes were used as the bulking agent for composting. Due to high initial C:N ratio of the bamboo waste (115.79), organic, inorganic and biological additives were used to adjust the C:N ratio and to initiate microbial activities. The incense bamboo waste was weighed 20 kg per treatment and then mixed with different organic and inorganic additives such as cow dung, poultry soil, urea, lignolytic fungi as per the respective treatments. Before transplanting of composting material, a blender was used to mix the incense bamboo waste with different additives and the mixed manure was subsequently transferred to the polythene bags having size 1.2 m length × 1.5 m height x 1 meter width. The composting process was carried out from January to April 2022, during which the compost material was turned at 15-day intervals using a self-screw turner to ensure adequate aeration and uniformity of the materials. The moisture content of the composting material was regulated by adding water as required to maintain optimal conditions for manure composting. Pile temperature was recorded immediately after turning using an analogue thermometer inserted into the central region of the compost pile at the middle section.
2.2 Compost sapling and preparation

The composting material prepared in polythene bags of adequate size was divided into three sections along the length of the pile. Subsamples were randomly collected from three equidistant cross-sections at three different depths of the pile: the surface layer (5–7 cm below the pile surface), the middle layer (50–60 cm below the surface), and the bottom layer (100–110 cm below the surface). Sampling was carried out on the first day and subsequently at 15-day intervals until the completion of the composting process. Each composite sample was prepared by thoroughly mixing nine subsamples collected from the entire pile profile. The mixed sample was then quartered, oven-dried at 60 °C for 48 hours in a forced-air oven, and ground to pass through a 2 mm sieve. The processed samples were stored in labeled PVC bottles at ambient temperature prior to chemical analysis and germination index evaluation.
2.3 Chemical properties of composts

The physico-chemical properties of the composting samples were analyzed, including bulk density (BD), which was determined using the core method (Blake and Hartge, 1986). Ash content was estimated by the ignition method. The pH was measured using a digital pH meter in a 1:2.5 (sample: water) suspension, and electrical conductivity (EC) was determined with a digital conductivity meter (Jackson, 1973). Moisture content was estimated by the gravimetric method. Colour was determined using the Munsell colour chart (Munsell, 1994). Total organic carbon was estimated following the procedure described by Jackson (1973), while total nitrogen was determined using the micro-Kjeldahl method (Piper, 1966). Total phosphorus was analyzed according to Jackson (1973), and total sulphur was estimated by the turbidity method using a tri-acid mixture extract, measured on a colorimeter at a wavelength of 440 nm (Chesnin and Yien, 1951). The C:N ratio was calculated by dividing the percentage of organic carbon by the percentage of total nitrogen. Data obtained from various observations were subjected to standard statistical analysis.
2.4 Cellulose, Hemicellulose and Lignin content

These were estimated by following the method (Goering and Van Soest, 1975). Two solutions were prepared, firstly Neutral Detergent Fiber solution consisting of 30 g sodium lauryl sulphate, 18.61 g of ethylene di-amine tetra acetic acid, 6.81 g of sodium borate decahydrate, 4.56 g of Di- sodium hydrogen phosphate and 10 ml of 2-ethoxy ethanol in one liter of distilled water. The second solution being Acid Detergent Fiber solution consisting of 28.4 ml concentrated sulphuric acid and 20 g of C-TAB (Cetyle trimethyl ammonium bromide) with volume made up to 1 liter using distilled water.

Neutral Detergent Fiber (NDF)

100 ml of NDF solution was added to a known weight of dried sample in one liter beaker and refluxed for one hour. Then the contents of the beaker were filtered through pre-weighed Gooch crucible. Hot distilled water washing was done to remove all leachates in the gooch followed by two to three washings with acetone. Then, the gooch crucible with NDF was dried overnight and weighed.
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Acid Detergent Fiber (ADF)

Known weight of dried sample in one liter beaker 100 ml of ADF solution was added and refluxed for one hour. The contents were then transferred to gooch crucible and washed with hot distilled water followed by 2 to 3 washings with acetone. This crucible with ADF was transferred to a hot air oven and dried overnight followed by weighing.
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The dried crucible containing ADF was treated with 72 % H2SO4 for a period of three hours with frequent wetting with 72 % sulphuric acid. After three hours the crucible with resulting lignin was washed with hot distilled water with two to three washings with acetone. The gooch crucible with lignin was dried overnight and weighed. The dry gooch crucible with lignin was subjected to dry oxidation in a muffle furnace at 600oC for a period of two hours. Then the resulting crucible with silica was weighed.
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2.5 Seed germination test
The impact of compost maturity on seed germination and the germination index was evaluated using radish (Raphanus sativus L.) seeds (Lau and Wong, 2001). The seed was collected from private firm. Compost extracts were prepared by mixing 10 g of compost with 20 mL of deionized water in a volumetric flask and shaking for 1 hour using a horizontal shaker. The resulting suspension was then centrifuged at 3000 rpm for 20 minutes and filtered. For the germination test, thirty seeds were placed on two layers of filter paper in sterilized plastic petri dishes, and 10 mL of each compost extract was added, with deionized water serving as the control. The petri dishes were incubated in a growth chamber at 25 ± 2 °C and 70% relative humidity under dark conditions. Germination percentages were recorded at 24, 48, and 72 hours after the start of incubation. Root length was measured after 72 hours, with a primary root length of 5 mm considered as germination. Relative seed germination (RSG), relative root growth (RRG), and the germination index (GI) were subsequently calculated.
	RSG (%) =  number of seed germination in treatment 

                    --------------------------------------------------

                       number of seed germination in control 
	× 100


	RRG (%) =    mean root length in treatment 

                      --------------------------------------  x 100

                        mean root length in control

    GI =  (% seed germination) x (% root growth) 

                 --------------------------------------------

                                100%


2.7. Metals analyses

The dried and ground compost samples were digested using a mixture of HNO₃ and HClO₄ in a 5:1 (v/v) ratio to determine heavy metal concentrations (Ko et al., 2008). For digestion, 1.0 g of sample was treated with 36 mL of the acid mixture. The concentrations of Cu, Zn, Fe, and Mn in the resulting solution were then measured using inductively coupled plasma emission spectrometry (ICPS-1000 IV, Shimadzu, Japan).
2.8. Statistical analysis

The C:N ratio, macronutrient content, and metal concentration data reported in this study are presented as the means of duplicate samples, whereas the results for humic substances and the germination index represent the means of three replicates. One-way analysis of variance (ANOVA) was conducted to compare the means at different composting times using SAS software (1998).
3. Results and discussion
Temperature is one of the most important indicators for composting process and can directly reflect composting status and difference between or among composting treatments (Golueke and Diaz, 1996; Nakasaki, et. al., 2013). The temperature development of the composting media depends both on the compost composition and aeration (Aydn and G. Kocasoy, 2003). Temperature changes during composting of all samples followed a typical pattern, initially rising between 3 and 6 days and reaching a peak above 50 °C within 7 to 15 days in composting mixtures prepared with organic additives (cow dung and poultry litter) and biological additives (Phanerochaete chrysosporium) (Fig 1). It was also observed that after 15 to 30 days, it decreases gradually but remain in thermophilic stage more than 40oC up to 70 days in treatment BW+ 5 kg CD + 2.5 kg PM + 0.2 kg LF (T14), BW + 5 kg PM+ 0.2 kg LF (T9) and BW + 2.5 kg PM + 0.06 kg N + 0.2 kg LF (T13). It further decreases and reaches ambient level after 120 days of composting. The thermophilic phase is a very important period in the composting process, because a large number of polymers (i.e., starch, cellulose, lignin, hemicellulose) and phytotoxic compounds produce in the earlier phases of composting are decomposed by thermophilic bacteria (Chefetz, et. al., 1998). Moreover, temperature must remain above 55oC for three consecutive days in order to kill pathogens (Moral, et. al., 2009 ; Zhou, et. al., 2015), which was accomplished in composting treatment BW+ 5 kg CD + 2.5 kg PM + 0.2 kg LF (T14), BW + 5 kg PM+ 0.2 kg LF (T9) and BW + 2.5 kg PM + 0.06 kg N (T13). Considering that temperature is one of the key indicators of compost quality and reflects microbial activity during the composting process, compost producers should closely monitor both the temperature and duration of the compost pile to reduce the risk of human and plant pathogens present in incense bamboo waste. However, temperature alone is not a reliable measure of compost maturity, as it can also decrease if the pile becomes excessively wet or dry (Epstein, 1997). Similar observations have been reported by Mulec et al. (2016) and Zhong et al. (2018).
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Fig. 1. Changes in temperature during incense bamboo waste composting.

The pH, electrical conductivity (EC), ash content and bulk density curves of the incense bamboo waste compost were presented in Fig. 2. During the initial weeks of composting, the pH of the composting material decreased due to the formation of organic acids, including amino acids and other volatile fatty acids. As composting progressed, microbial activity converted these acids into CO₂, causing the pH to gradually move toward neutral. During the maturation phase, the pH increased and stabilized above neutral. After 120 days of composting, the pH of all composting mixtures ranged from 7.15 to 8.15. In mixtures containing organic additives (cow dung and poultry litter), inorganic nitrogen, and biological additives (Phanerochaete chrysosporium), the pH gradually decreased over 120 days, likely due to the ongoing synthesis of organic acids and production of phenolic compounds (Chen and Inbar, 1993; Tiquia et al., 1996; Satisha and Devarajan, 2007). It was also noted that well-decomposed compost at the final stage tends to have a nearly neutral pH, typically between 7.0 and 7.5. The pH of fully decomposed bamboo waste compost ranged from 7.15 to 7.15, which falls within the recommended range of 6.5–7.5 (Table 1). Similar trends of pH reduction during composting have been reported by Anqi et al. (2014) and Kakde (2017).
Table 1. Standards of compost (Fertilizer control order, 1985)

	Parameter
	Compost

	Moisture percent by weight
	15.0-25.0 

	Colour 
	Dark brown to black

	Odour
	Absence of foul odour

	Particle size
	Minimum 90% material should pass through 4.0 mm IS sieve

	Bulk density (g cm-3)
	<1.0

	Total organic carbon, percent by weight, minimum
	12.0

	Total nitrogen percent by weight, minimum
	0.8

	Total phosphates percent by weight, minimum
	0.4

	Total potash percent by weight, minimum
	0.4

	C:N ratio
	20:1 or less

	pH
	6.5-7.5

	Electrical Conductivity (as dS m–1), not more than
	4.0

	Pathogens
	Nil

	Heavy metal content, (as mg kg-1), per cent by weight, maximum

	Arsenic (as As2O3)
	10.0

	Cadmium (as Cd)
	5.0

	Chromium (as Cr)
	50.0

	Copper (as Cu)
	300.0

	Mercury (as Hg)
	0.15

	Nickel (as Ni)
	50.0



Electrical conductivity (EC) indicates the level of dissolved salts in compost. This parameter is important because it reflects the compost’s salinity, and excessively high salt levels can be harmful to plants. Electrical conductivity increased over the composting period, likely due to the release of soluble salts during the decomposition of organic matter. The EC values of composts ranged from 0.35 - 1.18 dS m-1. The observed EC values were within the recommended range, remaining below 4.0 dS m⁻¹ (Table-1) given in for the most of the compost. It was observed that the EC values of the composts enriched with organic (cow dung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives where significantly higher than untreated compost at the end of composting process. The EC values of compost were much lower than that of poultry litter reported (Tiquia, and Tam, 2002) and as reported 21.3 dS m-1 which was present in the dairy manure-wheat straw compost (Wang, et. al., 2004). Rashad et al. (2010) reported that the final EC values of various composts ranged from 0.79 to 1.04 dS m⁻¹.
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Fig. 2. Changes in Physico-Chemical properties during incense bamboo waste composting.
Ash content is regarded as an important indicator of compost quality. An increase in ash content over the incubation period reflects the rate of organic matter decomposition during composting. In compost the ash percentage in all treatments were progressively increased with time. But maximum ash content was recorded under treatments with organic (cowdung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives as compared to the treatment without additives at 120 days of composting. Manna et al. (2000) observed that ash content was significantly increases due to decomposition and mineralization of organic matter about 6.7% to 19.6%.  

Bulk density of compost measures the mass of material contained within a specific volume. It also affects mechanical properties such as strength, porosity, and ease of compaction. Conversely, an excessively low wet bulk density may indicate over-aeration of the substrate, which can indirectly reduce the fraction of available water (Nappi and Barberis, 1992). The results indicated that the bulk density of all the treatments ranged from 0.13-0.36 Mg m-3 at 120 days of composting. The significantly maximum bulk density 0.36 Mg m-3 was recorded in treatment that received organic (cowdung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives with incense bamboo waste. Noguera et al. (2003) reported that an acceptable bulk density for compost is less than 0.4 Mg m⁻³. Khater (2015) observed a strong negative correlation between compost bulk density and total organic matter (R2 = -0.89).
C:N ratio was considered as a chemical indicator for compost maturity with respect to organic matter and N cycling and has frequently been used to describe organic waste decomposition. It is widely accepted that a high substrate C:N ratio implies a low mineralization rate due to N deficiency. Sometimes, the C:N ratio is found more than 100:1 particularly in lingo-cellulosic waste like wheat straw, mustard, cotton sticks, bamboo waste, etc. Therefore, the enrichment of nitrogen in such wastes fastens the decomposition process. In the present study, it was observed that the treatments that received organic (cowdung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives with incense bamboo waste showed more rapid decrease in C:N ratio (less than 25 at 120 days of composting) than the treatment without organic additives (Fig. 3). The initial C:N ratio of the incense bamboo waste was 115.79, which gradually decreased over the course of the composting period. The lowest C:N ratio was recorded in treatment T14 (17.34); however, it was at par with treatment T9 (17.63) and T13 (18.43) at 120 days of composting indicating maturity of compost. The highest C:N ratio was recorded in treatment T1 (43.19) at 120 days after composting when incense bamboo waste is composted without any additives. Researchers have suggested various ideal C:N ratios ranging from 12 to 25 (Tiquia, 2010). The ideal compost feedstock mixtures should have an initial C:N ratio of about 30:1, decreasing to less than 20:1 as composting process proceeds (Sullivan and Miller, 2001). Similar range of C:N ratio in matured compost were also reported by Thambirajah et al. (1995), Verma et al. (1999) and Iqbal et al. (2012). 
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                           Fig. 3. Changes in C: N ratio during incense bamboo waste composting.


As shown in Fig.4., depicted that there was a significant change in the lignocellulose content of composting mixture at 120 days of composting. The initial lignin, hemicellulose and cellulose content of incense bamboo waste was 28.06 %, 20.04 %, and 44.03 %, respectively. The lignocellulose content of all treatments was ranged from 15.03-26.03 %, 11.10-15 % and 25.50-35.00 % for lignin, hemicellulose and cellulose respectively at 120 days of composting. The treatments that received organic (cowdung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives with incense bamboo waste showed more decrease in lignocellulose content than the treatment without organic additives at 120 days of composting. The lowest lignin (15.03 %), hemicellulose (11.10 %) and cellulose (25.50 %) were recorded in treatments T14. The highest reduction in lignocellulose content showed maximum decomposition of bamboo waste. In our study, all compost samples collected at the end of the composting process which received organic, inorganic and biological additives have lowest lignin, hemicellulose and cellulose content indicated the maturity of the compost was satisfied for any agricultural uses. Tomati, et. al., (1995) and Kadalli, et. al., (2002) were observed the similar trends. 
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   Fig.4. Changes in content of lignin, hemicellulose and cellulose content during incense bamboo 
              waste composting.

Germination rate and germination index (GI) are commonly used to evaluate compost phytotoxicity, as immature composts can pose a risk to plant growth. Such composts may contain heavy metals, ammonia, or low-molecular-weight organic compounds that can inhibit seed germination and restrict root development (Tam and Tiquia, 1994; Brinton, 2000). The germination rate and GI values of radish seeds increased as composting progressed (Fig. 5). At the initial stage of composting, GI values ranged from approximately 50 to 100, which significantly (p < 0.05) increased to 71–114 by the end of the composting period. These results suggest that, over time and under aerobic conditions with periodic turning every 15 days, phytotoxic substances are either degraded or transformed into non-phytotoxic compounds. Both seed germination and root growth are affected by toxic compounds, with root development generally being more sensitive than germination. Reported the compost with GI values greater than 80% was phytotoxin- free and considered as having completed maturity. Similar suggestion was also recorded by Tiquia, et. al., (1996) and Fang and Wong, (1999). However, GI results should be interpreted with caution, as they can be influenced by the seed species used and the extraction rates applied (Bernal et al., 1998; Tiquia, 2003). As per the results, the GI values were below 70 at 120 days (considered under the active composting stage) indicate incomplete decomposition and those above 90 indicating the complete composting stage. Composts with a GI of around 90 may negatively affect seed germination and plant growth if applied to agricultural land. Therefore, we suggest using a higher GI value greater than 90 as a more appropriate maturity indicator for incense bamboo waste compost, since GI thresholds reported in previous studies were not suitable for assessing the maturity of composted animal manures.
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Fig.5. Germination rate and index after decomposition of incense bamboo waste.
Typically, certain organic contaminants, such as ammonia and phenol, are degraded during composting, whereas most heavy metals persist in the final product. This presents a significant concern from both agricultural and environmental perspectives. Therefore, it is crucial to assess the concentrations and potential phytotoxic effects of heavy metals in compost. The concentrations of selected heavy metals (Cu, Zn, Fe, and Mn) in incense bamboo waste compost are presented in Table 2. Among the metals analyzed, Fe showed the highest mean concentration, followed by Mn, Cu, and Zn in samples collected at the end of the composting process. The relatively elevated levels of Fe and Mn in the compost were primarily attributed to the incense bamboo waste and the organic additives, which were naturally rich in these metals. In addition, most of the dietary Fe and Mn is not absorbed in animal bodies excreted in manures (Nicholsen, et. al., 1999). The concentrations of Fe, Mn, Cu and Zn in composts sampled at the end of the composting stage were significantly higher than those in composts sampled at the initial composting stage (p<0.05). The initial heavy metal concentration in undecomposed incense bamboo waste were Fe (156.00 mg kg-1), Zn (22.34 mg kg-1), Mn (138.42 mg kg-1) and Cu (15.00 mg kg-1). The highest heavy metal concentration of Fe (303.33 mg kg-1), Zn (46.67 mg kg-1), Mn (285 mg kg-1) and Cu (24.95 mg kg-1) was recorded the treatments that received organic (cowdung and poultry soil), inorganic (nitrogen) and biological (Phanerochaete chrysosporium) additives with incense bamboo waste (T14) at 120 days of composting. The observed increase in total heavy metal concentrations during composting was likely due to the loss of organic matter elements such as carbon, hydrogen, and oxygen as CO₂ and H₂O from the piles, which left metals like Cu and Zn behind, resulting in a relative increase in their concentrations (Tiquia, 2003). Variations in heavy metal levels in compost can be attributed to differences in compost composition, inconsistencies in preparation and mixing, and the sampling methods used for analysis. Since the composting process typically results in a 40–50% reduction in the initial mass, the concentrations of heavy metals naturally increase as composting progresses (Gomez, 1998). Our findings are consistent with those reported in previous studies (Hsu and Lo, 2001; He et al., 2009). In India, compost quality is currently regulated under the Fertilizer Control Law (1985). Regarding heavy metals, the maximum permissible concentrations in compost are set as follows: As – 10 mg kg-1, Cd – 5 mg kg-1, Cr – 50 mg kg-1, Cu – 300 mg kg-1, Hg – 0.15 mg kg-1, Ni – 50 mg kg-1, and Zn – 900 mg kg-1. Although the heavy metal concentrations in all composts in our study were below the regulatory limits, more frequent monitoring and stricter standards are needed for heavy metal management in compost quality control. This is particularly important because incense bamboo waste manure can contain high levels of heavy metals, which may accumulate in soil with repeated application of bamboo waste compost.
Table 2. Total heavy metal concentration of composted incense bamboo waste compost at the end of composting process (120 days).

	TREATMENTS
	Total micronutrients (mg kg-1)

	
	Fe
	Zn
	Mn
	Cu
	Colour

	T1- BW (control)
	185.00
	25.33
	150.00
	18.45
	Light Brown

	T2- BW + 5 kg CD
	210.00
	33.67
	170.00
	20.40
	Brown

	T3- BW + 10 kg CD
	231.67
	36.33
	188.33
	21.10
	Brown

	T4- BW + 2.5 kg PM
	220.00
	35.33
	178.33
	20.93
	Brown

	T5- BW + 5 kg PM
	251.67
	38.00
	215.00
	22.40
	Very Dark Brown

	T6- BW+ 5 kg CD + 0.2 kg LF
	240.00
	37.33
	198.00
	21.82
	Very Dark Brown

	T7- BW+ 10 kg CD+ 0.2 kg LF
	271.67
	42.67
	253.33
	23.91
	Black

	T8- BW + 2.5 kg PM+ 0.2 kg LF
	256.67
	40.00
	226.67
	23.12
	Very Dark Brown

	T9- BW + 5 kg PM+ 0.2 kg LF
	283.33
	45.00
	276.67
	24.83
	Black

	T10- BW + 0.125 kg N + 0.2 kg LF
	191.67
	28.67
	160.00
	19.00
	Light Brown

	T11- BW + 0.250 kg N + 0.2 kg LF
	200.00
	32.00
	163.33
	19.15
	Light Brown

	T12- BW+ 5 kg CD + 0.06 kg N + 0.2 kg LF
	266.67
	41.67
	239.00
	23.58
	Very Dark Brown

	T13- BW + 2.5 kg PM + 0.06 kg N + 0.2 kg LF
	278.33
	43.33
	268.33
	24.36
	Black

	T14- BW+ 5 kg CD + 2.5 kg PM + 0.2 kg LF
	303.33
	46.67
	285.00
	24.95
	Black

	SE (m) ±
	8.20
	1.46
	4.11
	0.55
	

	CD at 5 %
	23.42
	4.17
	11.73
	1.57
	


4. Conclusion

Setting quality standards and implementing quality control for organic fertilizers, such as compost and manure, is considerably more challenging than for chemical fertilizers. Key factors in determining compost quality include its maturity and heavy metal content. Although various parameters and methods for assessing compost maturity have been reported in previous studies, their applicability to incense bamboo waste compost is limited. This study concluded that relying on a single parameter is insufficient for evaluating the maturity of compost produced from incense bamboo waste. Our findings also indicate that compost maturity should be evaluated using two or more parameters, with each parameter meeting specific threshold values: color – dark brown to black; bulk density – <1.0 g cm⁻³; C:N ratio – <20; pH – 6.5–7.5; EC – <4 dS m⁻¹; and germination index (GI) – >110. Given that heavy metals can accumulate in soil, be taken up by crops, and eventually enter the food chain, it is crucial to establish stricter heavy metal standards and implement a robust quality assurance system for incense
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