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ABSTRACT
Silkworm frass is used in a novel technology called Seri composting which is a transition towards environmentally friendly alternatives to conventional synthetic fertilizers. In a country like India, Silkworm frass - a byproduct of sericulture, is emerging as a promising organic amendment is not only vital for the environment, but it is also economically necessary. This study evaluates the composition of the nutrient profile of frass in the four silkworm species Mulberry, Tasar, Eri and Muga in comparison with farmyard manure (FYM). Results revealed that silkworm frass is rich in nitrogen (1.78–2.13%), phosphorus (0.30–0.68%), potassium (1.15–1.62%), calcium (0.13–0.24%), magnesium (0.32–0.57%), and sulphur (0.46–0.82%), surpassing FYM in macronutrient content. The favourable C:N ratio supports its application as a biofertilizer. This research integrates the potentiality of silkworm frass as a sustainable input for integrated soil fertility management while reducing environment impact there by achieving circular bioeconomy.
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INTRODUCTION
Currently, Sericulture is a significant agro-based industry globally, with China and India leading the world.  In China alone, silk production accounts for 60% of global production followed by India (FAO, 2023). This production of silk also generates silkworm excrement which is one of the important by-products of sericulture industry (Manjunath et al., 2020; Qayoom and Manzoor, 2024).  Due to modern agriculture, negligent use of chemical fertilisers, which eutrophicate water resources and it is also the primary cause of environmental degradation which is a severe threat to the entire planet. Intensive farming methods, uneven chemical fertiliser usage and inefficient agricultural waste recycling are all contributing to the rise of macro and micronutrient deficiencies or their availability in soil in our country. Macro and micronutrient deficiencies are spreading alarmingly in our nation due to intensive farming practices, unbalanced chemical fertiliser use and ineffective agricultural waste recycling, individuals are coming to realise that using ecological and sustainable farming practices is the only way to stop the decline in global productivity and protect the environment (Pande et al., 2017). According to reports, up to 700 million tonnes of organic waste are produced in India each year, most of which is burned or disposed of in garbage landfills exacerbating pollution (Bhat and Limaye, 2012). Soil is home to a wide variety of organisms consisting of micro and macro fauna that may transform organic waste into plant nutrients and organic matter, which are crucial for soil fertility and productivity (Punde and Ganorkar, 2012). The enormous amount of agricultural waste generated in fields or market regions has resulted in major environmental problems due to improper handling (Tilman et al., 2002; Lal, 2020). To improve the properties of the soil and other processes, returning organic waste into the soil can increase soil fertility and productivity (Lakshmi et al., 2013). Worldwide research is being done to identify the processes that create nutrient-rich compost for plants. It aids in the effective recycling of agricultural wastes including plant and animal residues (Bernal et al., 2009). Insect frass, especially silkworm frass, has gaining attention among these substitutes because of its nutrient-rich composition and abundance from commercial sericulture operations (Shen et al., 2024; Van De Zande et al., 2023). In India silkworm frass is produced in vast quantities, the world's second-largest producer of silk, although it is still untapped. Because of its abundance of vital macro- and micronutrients, this frass which consists of excreta and undigested remnants from larval stages enhances microbial activity and supports overall growth (Vidyashree, 2018; Antoniadis et al., 2023; Shanmugam et al., 2024). It alines with cost effective sustainable alternative to synthetic fertilizers and resource efficient agriculture (Pretty and Bharucha, 2014; Vazifdar, 2025). Therefore, research into silkworm frass continues with the hope that it will one day play a transformative role and more widely used in organic farming systems aid in dealing with nutrient-rich compost for plants with valuable bioresources. 
MATERIALS AND METHODS
The study was conducted at the Basic Seed Multiplication and Training Centre (BSM&TC), Central Silk Board, Nabarangpur, Odisha during 2024-25 (7G3R+HJJ, Lat 19.2523o and Long 82.5425o). Frass samples were collected from late-instar larvae of four silkworm species: Tasar, Muga, Mulberry, and Eri. All Frass samples was segregated and sent to the College of Sericulture, Chintamani, UAS, GKVK Bengaluru for the present study for the nutrient evaluation. The quality assessment done using standard methods shown in Table 1.
Macronutrients: Nitrogen (N), Phosphorus (P), Potassium (K)
Secondary nutrients: Calcium (Ca), Magnesium (Mg), Sulphur (S)
Others: Carbon (C), C:N ratio, pH (1:10), Electrical Conductivity
Statistical analysis
The study was conducted by completely randomized design (CRD) with three replications for each treatment. Treatments comprise silkworm frass from four different types viz., Tasar (Antheraea mylitta), Muga (Antheraea assamensis), Mulberry (Bombyx mori) and Eri (Samia ricini) along with farmyard manure (FYM) as a standard reference.
The data obtained on different macronutrients, micronutrients and physiochemical properties after the laboratory analysis has been subjected to one way ANOVA using standard statistical procedures to know the significance of difference among the treatments. The critical difference (CD) at 5% level of significance (p< 0.05) has been calculated to separate the treatment means whenever ANOVA indicated significant effects. Standard error of mean (SEm) values were also calculated to indicate data variability across replications (Panse and Sukhatme, 1967). Duncan's Multiple Range Test (DMRT) was used for comparing treatment means (Duncan, 1955).
RESULTS AND DISCUSSION
Nutrient profile comparison: A comparative assessment of the nutrient profile of silkworm frass derived from four species Tasar, Muga, Mulberry, and Eri was conducted, with farmyard manure (FYM) serving as the conventional organic amendment. The results, as presented in Table 2, (Fig 1) revealed significant differences in the macro- and micronutrient contents among the treatments.
Nitrogen (N) content was found to be markedly higher in all silkworm frass samples compared to FYM. Muga frass recorded the highest nitrogen concentration at 2.13%, followed closely by Mulberry (2.09%), Tasar (1.82%), and Eri (1.78%). In contrast, FYM contained only 0.87% nitrogen. This nearly two and half fold increase in nitrogen availability underscores the potential of silkworm frass as a significant organic source for plant growth, particularly in low-inputs. In phosphorus (P) availability, Mulberry frass outperformed all others with a content of 0.68%, which was approximately 39% higher than the phosphorus content in FYM (0.49%). Muga (0.42%), Eri (0.39%), and Tasar (0.30%) also demonstrated sufficient phosphorus levels, suggesting that silkworm frass can contribute substantially to the phosphorus needs of crops, especially in P-deficient soils. Potassium (K) content followed a similar trend, with Muga (1.62%) and Mulberry (1.58%) frass showing significantly elevated levels relative to FYM (0.77%). Tasar (1.28%) and Eri (1.15%) also presented higher K content, making all silkworm frass samples superior alternatives to FYM in terms of potassium enrichment. Since potassium is vital for plant water regulation, enzymatic activity, and disease resistance and have significant implications for improving crop resilience and productivity (Lindsay, 1978; Lomonaco et al., 2024). Among the secondary macronutrients, calcium (Ca) content was highest in FYM (0.68%), while frass samples showed low values, ranges from 0.13% in Muga to 0.24% in Tasar. This indicates that while silkworm frass may not serve as a primary calcium source, it can complement FYM or other calcium-rich inputs. Magnesium (Mg) levels were moderately high in Eri frass (0.57%) and Tasar (0.47%), and were comparable to FYM (0.62%). Mulberry and Muga frass had relatively lower values of 0.37% and 0.32%, respectively. The presence of sufficient magnesium is crucial for chlorophyll synthesis and enzyme activation in plants. A noteworthy result was observed for sulphur (S). All four types of silkworm frass show substantially higher sulphur content than FYM (0.13%), with Eri frass leading at 0.82%, followed by Tasar (0.61%), Muga (0.57%), and Mulberry (0.46%). It is essential for amino acid synthesis and improving the nutritional quality of crops. The elevated sulphur levels suggest that silkworm frass can play a key role in mitigating sulphur deficiencies in cropping systems (Suraporn et al., 2024; Gajalakshmi and Abbsi, 2008). Organic carbon (C) content varied widely among the samples, with FYM recording the highest level at 48.90%, reflective of its high fibrous and lignified content. Among frass types, Muga had the highest carbon concentration at 33.02%, followed by Tasar (27.10%), Eri (25.30%), and Mulberry (18.10%). Although the carbon content in silkworm frass is lower than FYM, it remains significant and contributes to the long-term improvement of soil organic matter and structure (Fig 2). The carbon-to-nitrogen (C:N) ratio, an indicator of organic matter decomposition potential, was notably lower in silkworm frass than in FYM. FYM exhibited a high C:N ratio of 40.0 suggesting slower decomposition and delayed nutrient release. In contrast, Mulberry frass showed a remarkably low C:N ratio of 9.04, indicating rapid mineralization and faster nutrient availability. Other frass types Muga (15.45), Eri (16.02), and Tasar (16.75) also demonstrated favorable C:N ratios, comparable to those of vermicompost, highlighting their efficiency as quick-release organic fertilizers (Fig 3) (Ayilara et al., 2020). The pH of silkworm frass samples ranged from 6.78 to 9.88, reflecting a broad spectrum of soil reaction levels that can influence nutrient solubility and microbial activity. Tasar frass was mildly acidic (pH 6.78), while Muga (7.31) and Eri (7.35) were near-neutral to mildly alkaline. Mulberry frass, however exhibited a distinctly alkaline pH of 9.88, which could affect nutrient availability and soil biota, particularly in alkaline soils. FYM presented a moderate pH of 7.20, suitable for a maximum range of crops and soil types. Electrical conductivity (EC), an indirect measure of soluble salts, varied significantly among the samples. The highest EC was recorded in Mulberry frass (467.70 mS/m), followed by Eri (387.60 mS/m), Tasar (248.10 mS/m), and Muga (107.20 mS/m). High EC values in Mulberry and Eri frass suggest increased levels of soluble nutrients but may also cause salt buildup, particularly in poorly drained soils or salt-sensitive crops. Therefore, application rates must be carefully managed based on soil characteristics (Pretty and Bharucha, 2014; Lomonaco et al., 2024).
Comparative Advantage Over Conventional Organic Inputs:
The overall results indicate that silkworm frass outperforms FYM in key macro-nutrients (N, P, K) and offers a superior C:N ratio leading to rapid nutrient mineralization. Muga and Mulberry frass, emerged as nutrient-rich resources that can serve as effective substitutes or supplements to traditional organic amendments. Additionally, silkworm frass provides considerable amounts of secondary nutrients like sulphur and magnesium, further enhancing its agronomic value. Although FYM remains a better source of calcium and carbon its high C:N ratio may delay nutrient availability particularly in short-cycle crops. In contrast, the quick-release potential of frass coupled with its nutrient density and microbial compatibility, positions it as a viable biofertilizer for sustainable agriculture, especially in integrated nutrient management systems (Sharma and Singhvi, 2017). Silkworm frass is an abundant sericultural byproduct, holds substantial promise as a cost-effective, eco-friendly biofertilizer. Its nutrient profile exceeds that of FYM, especially in nitrogen and potassium. With appropriate application protocols and awareness silkworm frass could become an organic and sustainable farming practices in India. By harnessing this untapped resource, we can contribute to a more sustainable and circular economy turning that once considered a by-product into a cornerstone of innovation and progress.
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	Parameter
	Method
	Reference

	Total nitrogen  (%)
	Micro Kjeldahl digestion and distillation
	Piper (1966)

	Total phosphorus  (%)
	Vanadomollybdic yellow colour spectrophotometry
	Piper (1966)

	Total potassium  (%)
	Flame photometry
	Piper (1966)

	Total calcium  (%)
	Versenate titrimetry
	Piper (1966)

	Total magnesium  (%)
	Versenate titrimetry
	Piper (1966)

	Total sulphur  (%)
	Turbidimetry
	Bradsley and Lancester (1965)


Table 1 : Standard analytical methods for the analysis of frass produced by silkworms
	Nutrient Parameter
	Tasar
	Muga
	Mulberry
	Eri
	FYM
	SEM
	CD (p<0.05)
	

	Nitrogen (%)
	1.82ᵇ
	2.13ᵃ
	2.09ᵃ
	1.78ᵇ
	0.87ᶜ
	±0.14
	0.1426
	

	Phosphorus (%)
	0.30ᶜ
	0.42ᵇ
	0.68ᵃ
	0.39ᵇ
	0.49ᵃᵇ
	±0.06
	0.0575
	

	Potassium (%)
	1.28ᵇ
	1.62ᵃ
	1.58ᵃ
	1.15ᵇ
	0.77ᶜ
	±0.10
	0.0992
	

	Organic Carbon (%)
	27.10ᵇ
	33.02ᵃ
	18.10ᶜ
	25.30ᵇ
	48.90ᵃ
	±2.65
	2.0829
	

	C:N Ratio
	16.45ᵇ
	15.45ᵇ
	9.04ᶜ
	16.02ᵇ
	40.00ᵃ
	±3.00
	1.8465
	

	pH
	6.78ᵇ
	7.31ᵇ
	9.88ᵃ
	7.35ᵇ
	7.20ᵇ
	±0.45
	0.6137
	

	EC (mS/m)
	248.10ᶜ
	107.20ᵈ
	467.70ᵃ
	387.60ᵇ
	  -
	±40.00
	37.7702
	

	Calcium (%)
	0.24ᵇ
	0.13ᶜ
	0.18ᵇ
	0.17ᵇ
	0.68ᵃ
	±0.05
	0.0327
	

	Magnesium (%)
	0.47ᵇ
	0.32ᶜ
	0.37ᶜ
	0.57ᵃ
	0.62ᵃ
	±0.04
	0.0440
	

	Sulphur (%)
	0.61ᵃ
	0.57ᵃ
	0.46ᵇ
	0.82ᵃ
	0.13ᶜ
	±0.06
	0.0471
	


Table 2: Nutrient composition of different types of silkworm frass and FYM



Fig 1: Comparison of different macro and micro nutrients in different silkworm frass and FYM

Fig 2: Comparison of organic carbon % in different silkworm frass and FYM

             Fig 3: Comparison of C:N ratio in different silkworm frass and FYM


Organic Carbon (%)	
Tasar	Muga	Mulberry	Eri	FYM	27.1	33.020000000000003	18.100000000000001	25.3	48.9	



C:N Ratio	
Tasar	Muga	Mulberry	Eri	FYM	16.45	15.45	9.0399999999999991	16.02	40	


Nitrogen (%)	
Tasar	Muga	Mulberry	Eri	FYM	1.82	2.13	2.09	1.78	0.87	Phosphorus (%)	
Tasar	Muga	Mulberry	Eri	FYM	0.3	0.42	0.68	0.39	0.49	Potassium (%)	
Tasar	Muga	Mulberry	Eri	FYM	1.28	1.62	1.58	1.1499999999999999	0.77	Calcium (%)	
Tasar	Muga	Mulberry	Eri	FYM	0.24	0.13	0.18	0.17	0.68	Magnesium (%)	
Tasar	Muga	Mulberry	Eri	FYM	0.47	0.32	0.37	0.56999999999999995	0.62	Sulphur (%)	
Tasar	Muga	Mulberry	Eri	FYM	0.61	0.56999999999999995	0.46	0.82	0.13	Type of Manure 


Percentage (%)






