


Mulberry Nutrition and Its Influence on Silkworm Growth and Cocoon Yield

ABSTRACT
The abstract should be concise and informative. Sericulture, the production of silk, is an agro-based industry that is critically dependent on the nutritional quality of mulberry (Morus spp.) leaves, the exclusive food source for the silkworm, Bombyx mori L. This review critically synthesizes the intricate relationship between mulberry nutrition, silkworm physiology and cocoon productivity. The nutritional status of mulberry leaves, governed by soil fertility and nutrient management practices, directly dictates their biochemical composition, including proteins, carbohydrates, amino acids, minerals and vitamins. Optimized nutrient application, particularly of nitrogen (N), phosphorus (P) and potassium (K), enhances leaf biomass and enriches these key biochemical constituents, thereby improving leaf quality and palatability. High-quality leaves promote superior larval growth, shorten larval duration and increase survival rates by enhancing the activity of digestive enzymes and optimizing metabolic processes in the silkworm. Consequently, improved larval health translates into significant gains in economic traits, such as increased cocoon weight, shell ratio and filament length. This review examines the effects of conventional, organic and integrated nutrient management (INM) strategies on both mulberry cultivation and silkworm rearing performance. Emerging approaches like precision nutrient management and the use of biostimulants offer pathways to further enhance nutrient use efficiency and sustainability. A comprehensive understanding of the mulberry-silkworm nutritional nexus is paramount for developing sustainable sericultural practices that ensure high cocoon yield and superior silk quality, thereby strengthening the economic viability of the silk industry.
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1. INTRODUCTION
Sericulture, the ancient practice of silk production, is an agro-industry of significant global economic and cultural importance. At its core lies a unique biological relationship between the domesticated silkworm, Bombyx mori L. and its sole food source, the mulberry plant (Morus spp.) (Zhang et al., 2019). As a monophagous insect, the silkworm derives all essential nutrients required for its growth, development and silk synthesis exclusively from mulberry leaves (Rahmathulla, 2012). This obligate dietary dependence makes the nutritional quality of mulberry foliage the single most critical factor influencing the success of sericulture, contributing to over 38% of cocoon production success (Susikaran and Vijay, 2024). The adage “the quality of silk is spun through the mouth of the silkworm” aptly summarizes this connection, highlighting that superior silk production begins with high-quality mulberry leaves.
The relationship between mulberry leaf quality and silkworm performance is direct and profound. The biochemical composition of the leaves including crude protein, carbohydrates, amino acids, vitamins and minerals directly impacts larval growth rate, larval duration, survival and overall physiological efficiency (Muzamil et al., 2023; Hăbeanu, Gheorghe, Lefter, and Mihalcea, 2026). Leaves rich in protein and carbohydrates support robust larval development and the synthesis of silk proteins, fibroin and sericin, which constitute the cocoon filament (Liu et al., 2024). Conversely, poor-quality leaves, deficient in essential nutrients or containing high levels of anti-nutritional factors like tannins, can lead to stunted growth, increased susceptibility to diseases, prolonged larval periods and ultimately, reduced cocoon yield and inferior silk quality (Bongale and Chaluvachari, 2026; Ruth et al., 2019).
Recognizing this critical link, nutrient management in mulberry cultivation has become a central focus for enhancing sericultural productivity. Mulberry is a deep-rooted, perennial plant with high biomass production, which leads to significant nutrient depletion from the soil over successive harvests (Baqual and Das, 2006). Therefore, replenishing soil nutrients through systematic fertilization is imperative for sustaining high leaf yields and maintaining optimal leaf quality. The application of macronutrients nitrogen (N), phosphorus (P) and potassium (K) has been shown to significantly influence mulberry growth, leaf biomass and biochemical composition (Chen et al., 2009; Paul and Qaiyyum, 2009). Nitrogen, in particular, is a key constituent of proteins and chlorophyll and has a major impact on leaf yield and quality (Ushioda, 1954). Similarly, secondary and micronutrients, though required in smaller quantities, play vital roles in various metabolic processes that affect leaf health and nutritional value (Ram and Sannappa, 2017).
In the pursuit of sustainable sericulture, there is a growing need for improved nutritional management strategies that not only maximize productivity but also ensure long-term soil health and environmental integrity. Over-reliance on chemical fertilizers has raised concerns about soil degradation, water pollution and increased production costs (Li et al., 2020). This has spurred research into Integrated Nutrient Management (INM), which combines organic manures, biofertilizers and chemical fertilizers in a balanced manner (Rakshitha et al., 2025). Such approaches aim to improve nutrient use efficiency, enhance soil microbial activity and reduce the environmental footprint of mulberry cultivation (Baqual and Das, 2006). Furthermore, emerging technologies in precision agriculture offer new opportunities for site-specific nutrient management, allowing for targeted fertilizer application based on real-time plant and soil needs (AllyNav, 2025). This review aims to critically synthesize the existing body of peer-reviewed literature on the multifaceted influence of mulberry nutrition on leaf quality, silkworm growth and cocoon productivity, providing a comprehensive overview of current knowledge and future directions for sustainable sericulture.
2. NUTRITIONAL COMPOSITION OF MULBERRY LEAVES
The suitability of mulberry leaves as the exclusive diet for Bombyx mori is attributed to their rich and balanced nutritional profile. These leaves are a complex matrix of biochemical compounds that fulfill all the dietary requirements of the silkworm for its complete life cycle. The composition varies significantly depending on the mulberry variety, agro-climatic conditions, cultivation practices and leaf maturity (Yu et al., 2018; Bongale and Chaluvachari, 2026). Understanding this composition is fundamental to optimizing both mulberry cultivation and silkworm rearing.
2.1 Macronutrients and Secondary Nutrients
Nitrogen (N), phosphorus (P) and potassium (K) are the primary macronutrients essential for mulberry growth and are major determinants of leaf quality. Nitrogen is the most critical, being a core component of proteins, amino acids and chlorophyll. Mulberry leaves typically contain high levels of crude protein, ranging from 15% to 35% on a dry matter basis, which is significantly higher than many other forage crops (Xue et al., 2025; Srivastava et al., 2006). This high protein content is directly responsible for over 70% of the silk protein synthesis in silkworms (Liu et al., 2024). Phosphorus is vital for energy transfer (ATP) and nucleic acid synthesis, while potassium is crucial for enzyme activation and osmoregulation, contributing to plant vigor and stress tolerance (Mithilasri et al., 2023). Secondary nutrients like calcium (Ca), magnesium (Mg) and sulfur (S) are also present in significant amounts. Calcium is essential for cell wall structure and its presence in leaves has been positively correlated with silkworm reproductive potential (Ruth et al., 2019). Magnesium is the central atom of the chlorophyll molecule, making it indispensable for photosynthesis (Ahmed et al., 2023).
2.2 Micronutrients
Although required in smaller quantities, micronutrients such as iron (Fe), manganese (Mn), zinc (Zn) and copper (Cu) are critical cofactors for various enzymatic reactions in the plant. Iron is essential for chlorophyll synthesis, while zinc is involved in the biosynthesis of auxins and proteins (Ram and Sannappa, 2017). Studies have shown that foliar application of micronutrients can enhance the biochemical content of mulberry leaves, leading to improved larval growth and cocoon parameters (Devamani et al., 2024). The mineral content varies widely among cultivars; for instance, V1 and S13 varieties have been reported to accumulate higher levels of Fe, Mn and Zn compared to others like G4 (Mithilasri et al., 2023).
2.3 Biochemical Constituents
Beyond elemental nutrients, the biochemical makeup of mulberry leaves is what truly defines their quality.
Proteins and Amino Acids: Mulberry leaf protein is characterized by a well-balanced amino acid profile, containing 17 amino acids, including all those essential for the silkworm (Xue et al., 2025). The essential amino acid to total amino acid ratio (EAA/TAA) is approximately 0.38, which is close to the ideal protein standard defined by the FAO/WHO (Xue et al., 2025; Hăbeanu, Lefter, et al., 2024). Glutamic acid, aspartic acid and leucine are typically the most abundant amino acids.
Carbohydrates: Soluble sugars are a primary energy source for silkworms and also act as a feeding stimulant (phagostimulant). The carbohydrate content generally increases with leaf maturity, ranging from 16% to 22% (Bongale and Chaluvachari, 2026).
Vitamins and Bioactive Compounds: Mulberry leaves are a rich source of vitamins, including ascorbic acid (Vitamin C), β-carotene (a precursor to Vitamin A) and Vitamin E (Srivastava et al., 2006). They also contain a plethora of bioactive compounds like flavonoids (e.g., rutin, quercetin), phenolic acids (e.g., chlorogenic acid) and alkaloids (e.g., 1- deoxynojirimycin or DNJ), which possess antioxidant, anti-inflammatory and hypoglycemic properties (Memete et al., 2022; Zhou et al., 2025). While beneficial for human health, some of these compounds, like tannins, can act as anti-nutritional factors for silkworms if present in high concentrations, by binding to proteins and reducing their digestibility (Bongale and Chaluvachari, 2026).
Table 1. Nutritional Composition of Mulberry Leaves Reported in Different Studies (Values on Dry Matter Basis unless specified)
	Component
	Reported Range/Value
	Reference

	Moisture (Fresh Leaf)
	71.1% - 76.7%
	Srivastava et al. (2006)

	Crude Protein
	15% - 35%
	Xue et al. (2025)

	Crude Fat
	4.38% (average)
	Sci-Journals (2023)

	Crude Fiber
	8% - 12%
	Tian et al. (2025)

	Ash
	8% - 12%
	Tian et al. (2025)

	Total Carbohydrates
	16.08% - 22.02%
	Bongale and Chaluvachari (2026)

	Nitrogen (N)
	3.50% - 3.90%
	Mithilasri et al. (2023)

	Phosphorus (P)
	0.27% - 0.31%
	Mithilasri et al. (2023)

	Potassium (K)
	2.60% - 2.90%
	Mithilasri et al. (2023)

	Calcium (Ca)
	1.50% - 1.80%
	Mithilasri et al. (2023)

	Magnesium (Mg)
	0.40% - 0.48%
	Mithilasri et al. (2023)

	Iron (Fe)
	77.67 - 87.67 ppm
	Mithilasri et al. (2023)

	Zinc (Zn)
	20.00 - 26.67 ppm
	Mithilasri et al. (2023)

	Ascorbic Acid (Fresh Leaf)
	160 - 280 mg/100g
	Srivastava et al. (2006)

	Total Amino Acids (TAA)
	410.77 mg/g
	Xue et al. (2025)

	Total Phenolics
	17.03 - 20.07 mg GAE/g
	Urbanek Krajnc et al. (2022)


3. INFLUENCE OF MULBERRY NUTRITION ON LEAF YIELD AND QUALITY
The productivity of sericulture is fundamentally tied to the yield and quality of mulberry leaves, which are, in turn, heavily influenced by nutrient management practices. A well-devised fertilization strategy is essential to replenish the nutrients removed from the soil with each leaf harvest and to sustain vigorous plant growth. The effects of nutrient management are manifested in increased leaf biomass, altered biochemical composition and improved palatability for silkworms.
3.1 Effects of Fertilization on Mulberry Growth and Leaf Biomass
The application of fertilizers, both organic and inorganic, has a pronounced effect on the vegetative growth of mulberry plants. Key growth parameters such as plant height, number of shoots, number of leaves per plant and leaf area are significantly enhanced by balanced nutrition (Ram and Sannappa, 2017). Nitrogen (N) is particularly influential, as it promotes cell division and elongation, leading to longer shoots and a greater number of leaves (Paul and Qaiyyum, 2009). Studies have consistently shown that increasing levels of NPK application lead to a significant increase in leaf yield. For instance, Ahmed et al. (2022) reported that prominent doses of nitrogen enhanced both mulberry leaf yield and quality. Similarly, Anislag and Gavina (2022) found that fertilization strategies involving chicken compost and urea significantly increased the number of shoots, shoot weight and leaf weight compared to unfertilized controls. The integration of organic manures like Farm Yard Manure (FYM) with recommended doses of chemical fertilizers (RDF) has also been proven to boost yield parameters significantly (The Pharma Innovation Journal, 2022). For example, a treatment combining 100% RDF with FYM resulted in the highest leaf yield per hectare (The Pharma Innovation Journal, 2022). Emerging technologies like nano-fertilizers have also shown promise; foliar application of nano NPK at 6 g/L resulted in a leaf yield of 752.25 g/plant, significantly higher than the 563.97 g/plant in unsprayed controls (Plant Archives, 2023).
3.2 Changes in Biochemical Composition of Leaves
Nutrient management not only increases the quantity of leaves but also profoundly alters their quality by modifying their biochemical composition. Adequate nitrogen supply is directly correlated with higher crude protein content in leaves, a critical factor for silkworm nutrition (Ren et al., 2025; Shankar et al., 2000). Rashmi (2025) reported that integrated nutrient management practices significantly increased leaf protein and carbohydrate content. The application of organic manures and biofertilizers enhances the availability of various nutrients, leading to higher concentrations of chlorophyll, which is an indicator of photosynthetic efficiency (Ahammed et al., 2025; International Journal of Advanced Biochemistry Research, 2025). For example, treatments with vermicompost and microbial consortiums have been shown to increase chlorophyll, protein and carbohydrate levels (Khan, 2026; Rashmi, 2025). Leaf moisture content, another crucial quality parameter that affects palatability and digestibility for silkworms, is also improved with balanced fertilization. Higher nitrogen levels are positively related to leaf moisture, making the leaves more succulent and desirable for the larvae (Bongale et al., 2000).
3.3 Nutrient Status and Leaf Palatability
The nutritional status of the mulberry plant directly influences the palatability and consumption rate of leaves by silkworms. Silkworms exhibit a strong feeding preference for leaves that are nutritionally balanced and rich in phagostimulants like sucrose, sitosterol and specific phenolic compounds like chlorogenic acid (Urbanek Krajnc et al., 2022). Proper nutrient management ensures the synthesis of these compounds. For instance, chlorogenic acid, which stimulates feeding, is found in higher concentrations in well-nourished leaves (Urbanek Krajnc et al., 2022). Conversely, nutrient deficiencies can lead to the accumulation of anti-nutritional compounds or a reduction in feeding stimulants, making the leaves less palatable. For example, excessive tannins, which can accumulate under certain stress conditions, may reduce nutrient availability by binding to proteins, thereby impairing digestion and reducing leaf intake (Bongale and Chaluvachari, 2026). Therefore, a balanced nutrient supply is crucial not only for producing a high yield of leaves but also for ensuring those leaves are of a quality that promotes vigorous feeding and optimal growth in silkworms.
[bookmark: section-5]4. INFLUENCE OF MULBERRY NUTRITION ON SILKWORM GROWTH AND DEVELOPMENT
The nutritional quality of mulberry leaves is the cornerstone of silkworm health, directly governing larval growth, developmental duration and physiological efficiency. As Bombyx mori consumes mulberry leaves, the ingested nutrients are digested, absorbed and assimilated to fuel metabolic processes, tissue growth and ultimately, silk synthesis. The intricate link between leaf quality and larval performance underscores the importance of optimized mulberry nutrition in sericulture.
4.1 Effects of Leaf Nutritional Quality on Larval Growth Rate
The growth of silkworm larvae, particularly during the final two instars (4th and 5th), is exponential, with the 5th instar alone accounting for 80-85% of the total leaf consumption (Ramesha et al., 2012). The rate of larval weight gain is highly correlated with the nutritional value of the ingested leaves. High-quality leaves, rich in protein, carbohydrates and essential amino acids, support a rapid increase in larval biomass (Muzamil et al., 2023). Studies consistently demonstrate that larvae fed on leaves from well-fertilized mulberry plants exhibit significantly higher weights compared to those fed on leaves from nutrient-deficient plants. For instance, Hăbeanu, Gheorghe, Lefter and Mihalcea (2026) found that supplementing mulberry leaves with probiotics, which enhance nutrient availability, led to increased larval weight and average daily gain (ADG). Similarly, Muzamil et al. (2023) reported that fortifying leaves with amino acids like alanine significantly increased larval weight throughout the 5th instar. The protein content of leaves is especially critical, as approximately 70% of the silk protein is biosynthesized directly from the amino acids derived from leaf proteins.
4.2 Impact on Larval Duration, Survival and Physiological Efficiency
Nutritional quality not only affects the rate of growth but also the duration of the larval stage and the survival rate. Larvae fed on nutrient-rich leaves complete their development faster, leading to a shorter larval period, which is economically advantageous as it reduces labor costs and the risk of disease exposure (Reddy et al., 2024). Conversely, poor nutrition prolongs the larval stage and increases mortality (Garai, 2025). The Effective Rate of Rearing (ERR), a key metric representing the percentage of larvae that successfully develop into cocoons, is significantly higher when silkworms are reared on high-quality leaves (Reddy et al., 2024). Nutritional efficiency indices, such as the Efficiency of Conversion of Ingested food (ECI) and Digested food (ECD) to biomass, are also improved. These indices measure the larva’s ability to convert feed into body mass and higher values indicate better nutrient utilization (Chinnaswamy et al., 2012). For example, Hăbeanu, Gheorghe, Lefter and Mihalcea (2026) observed that probiotic supplementation improved feed conversion ratios, indicating more efficient nutrient assimilation.
4.3 Nutritional Regulation of Digestive Enzymes and Metabolic Processes
The digestion of complex macromolecules in mulberry leaves into absorbable units is facilitated by a suite of digestive enzymes in the silkworm’s midgut, including amylase (for carbohydrates), proteases (for proteins) and lipases (for fats) (Saravanan et al., 2011). The activity of these enzymes is dynamically regulated by the nutritional composition of the diet. For instance, a diet rich in protein can induce higher protease activity, while a high-carbohydrate diet can upregulate amylase activity (Saravanan et al., 2011). Studies have shown that supplementing mulberry leaves with nutrients can enhance the activity of these digestive enzymes, leading to improved digestibility. The approximate digestibility of mulberry leaves, which averages around 54%, can be significantly increased through dietary fortification (Doliș et al., 2024; Hăbeanu, Gheorghe, Lefter, and Mihalcea, 2026). Beyond digestion, leaf nutrients regulate key metabolic pathways. Metabolomic studies have revealed significant differences in the metabolic profiles of silkworms fed on mulberry leaves versus artificial diets, with pathways related to amino acid metabolism, energy metabolism and lipid metabolism being particularly affected (Dong et al., 2017; Wu et al., 2022). For example, silkworms on artificial diets often show signs of dysfunctional energy metabolism and impaired nutrient absorption compared to their mulberry-fed counterparts, highlighting the unique and optimized nutritional synergy between the silkworm and its natural host plant (Zhou et al., 2008).
[bookmark: section-6]5. EFFECTS OF MULBERRY NUTRITION ON COCOON YIELD AND SILK QUALITY
The ultimate goal of sericulture is the production of high-quality cocoons, which serve as the raw material for the silk industry. The nutritional intake of the silkworm during its larval stage has a direct and quantifiable impact on the economic traits of the cocoon, including its weight, the proportion of silk it contains (shell ratio) and the physical properties of the silk filament.
5.1 Influence on Cocoon Weight, Shell Ratio and Productivity
Cocoon weight is a primary indicator of a successful rearing and is strongly influenced by the final weight of the mature larva. Larvae fed on high-quality, nutrient-dense mulberry leaves attain a greater body mass, which translates directly into heavier cocoons (Muzamil et al., 2023). Numerous studies have established a positive correlation between improved mulberry nutrition and increased cocoon weight. For example, Reddy et al. (2024) demonstrated that applying secondary nutrients (Ca, Mg, S) to mulberry plants resulted in significantly higher cocoon weights (mean of 2.54 g) compared to the control (2.08 g). Similarly, Hăbeanu, Gheorghe, Lefter and Mihalcea (2026) found that fortifying leaves with a probiotic mixture increased cocoon weight, particularly in the more responsive Kahuri/T breed. The cocoon shell weight and shell ratio (shell weight as a percentage of total cocoon weight) are even more critical economic traits, as they represent the actual amount of raw silk available for reeling. High protein content in mulberry leaves is essential for the development of the silk glands and the synthesis of silk proteins, leading to a heavier shell and a higher shell ratio. Muzamil et al. (2023) reported a shell ratio of up to 35.21% in silkworms fed with alanine-fortified leaves, a significant increase from the 21.55% in the control group. These improvements in individual cocoon traits culminate in higher overall cocoon yield per 10,000 larvae, a key metric for commercial viability (International Journal of Veterinary Sciences and Animal Husbandry, 2024).
5.2 Effects on Silk Filament Length, Strength and Denier
Beyond the sheer quantity of silk, mulberry nutrition also affects the quality of the silk filament. Filament length, a measure of the continuous thread that can be reeled from a single cocoon, is a primary quality parameter. Longer filaments are more desirable as they result in less breakage during reeling and weaving. Studies have shown that improved nutrition leads to longer filaments. Reddy et al. (2024) recorded a maximum filament length of 1356.57 m in cocoons from larvae fed on leaves from mulberry treated with an optimal dose of secondary nutrients, compared to 1077.34 m in the control. The denier of the filament, which is a measure of its linear mass density or thickness, is also influenced by nutrition. A balanced diet ensures the uniform secretion of silk proteins, resulting in a filament with a consistent denier (International Journal of Advanced Biochemistry Research, 2024). While less frequently studied, filament strength and elasticity, which are determined by the molecular structure of the fibroin protein, are also believed to be influenced by the availability of specific amino acids like glycine, alanine and serine from the diet (Muzamil et al., 2023).
5.3 Evidence from Experimental Studies
A large body of experimental evidence supports the link between leaf nutrient status and cocoon productivity. Ruth et al. (2019) demonstrated significant variations in cocoon weight, shell weight and filament length when different silkworm strains were reared on various mulberry varieties, underscoring the genetic component of leaf quality. Table 2 further synthesizes findings from several studies, showing a clear trend where enhanced nutrient management whether through balanced NPK application, organic amendments, or micronutrient fortification leads to measurable improvements in both leaf yield and key cocoon parameters. For instance, the application of NPK fertilizers combined with FYM has been shown to increase cocoon yield per hectare (Murugan et al., 2019). These quantitative findings collectively affirm that strategic investment in mulberry nutrition is a direct and effective means of enhancing both the quantity and quality of silk production.
Table 2. Effects of Nutrient Management Practices on Mulberry Leaf Yield and Cocoon Productivity
	Nutrient Management Practice
	Key Findings on Leaf/Cocoon Parameters
	Reference

	Application of NPK fertilizers (100% RDF + FYM)
	Increased leaf yield to 7464.80 kg/ha/crop. Highest cocoon weight (2.09 g) and shell weight (0.46 g) observed.
	The Pharma Innovation Journal (2022); International Journal of Advanced Biochemistry Research (2024)

	Secondary Nutrient Application (Ca:Mg:S at 82.5:27.5:25 kg/ha)
	Increased mean larval weight to 48.23 g/10 larvae. Increased mean cocoon weight to 2.54 g and filament length to 1356.57 m.
	Reddy et al. (2024)

	Amino Acid Fortification (1% Alanine)
	Increased cocoon weight to 1.313 g (vs. 0.983 g control) and shell ratio to 35.21% (vs. 21.55% control).
	Muzamil et al. (2023)

	Probiotic Fortification (2% Probiotic)
	Increased cocoon weight to 2.170 g (vs. 2.006 g control) and shell weight to 0.403 g (vs. 0.373 g control).
	Habeanu, Gheorghe, Lefter, and Mihalcea (2026)

	Organic Farming (LEISA + Biofertilizer)
	Achieved higher cocoon yield per box (21.93 kg) and higher net income compared to conventional farming.
	Caccam and Mendoza (2025)

	Foliar Spray (Nano NPK at 6 g/l)
	Increased leaf yield to 752.25 g/plant compared to 563.97 g/plant in control.
	Plant Archives (2023)


[bookmark: section-7]6. ORGANIC AND INTEGRATED NUTRIENT MANAGEMENT IN MULBERRY
In response to the environmental and economic challenges posed by conventional, chemical-intensive agriculture, sustainable nutrient management strategies have gained prominence in sericulture. Organic and Integrated Nutrient Management (INM) practices aim to maintain or enhance soil fertility, improve leaf quality and ensure the long-term viability of mulberry cultivation while minimizing negative ecological impacts.
6.1 Role of Organic Manures and Composts
Organic manures such as Farm Yard Manure (FYM), compost and vermicompost are foundational to sustainable soil management. They serve as a slow-release source of a wide spectrum of macro- and micronutrients, improve soil physical properties like structure and water-holding capacity and enhance soil biological activity (Khan, 2026). In mulberry cultivation, the application of organic manures has been shown to significantly improve growth and yield parameters. For example, Khan (2026) reported that treatments involving vermicompost and poultry manure, combined with a microbial consortium, resulted in the highest number of shoots, shoot length and leaf yield. Ahammed et al. (2025) found that combined organic treatments, particularly cow dung with vermicompost, significantly enhanced mulberry leaf quality and cocoon yield. The use of sericulture waste itself, such as silkworm litter and leftover leaves, can be composted and recycled back into the field, creating a closed-loop system that reduces waste and replenishes soil organic matter (Jaiswal et al., 2021).
6.2 Biofertilizers and Microbial Inoculants
Biofertilizers are formulations containing living microorganisms that, when applied to seeds, plant surfaces, or soil, colonize the rhizosphere and promote growth by increasing the supply or availability of primary nutrients to the host plant (Afreen, 2024). Key groups of biofertilizers used in mulberry include nitrogen-fixing bacteria (e.g., Azotobacter, Azospirillum), phosphate-solubilizing bacteria (PSB) and arbuscular mycorrhizal fungi (AMF). Nitrogen-fixing bacteria convert atmospheric nitrogen into a plant-usable form, reducing the need for synthetic nitrogen fertilizers. Sudhakar et al. (2000) demonstrated that foliar application of Azotobacter significantly improved the leaf yield and quality of mulberry. AMF form a symbiotic relationship with mulberry roots, extending the root system’s reach and enhancing the uptake of phosphorus and other immobile nutrients (Zhang et al., 2023). Zhang et al. (2023) found that inoculating mulberry seedlings with AMF not only enhanced nutrient absorption but also improved root morphology, leading to a lower leaf C:N ratio, which is favorable for vegetative growth. These microbial inoculants represent a low-cost, eco-friendly approach to supplement plant nutrition.
[bookmark: section-3]6.3 Integrated Nutrient Management (INM) Approaches
Integrated Nutrient Management (INM) is a holistic approach that advocates for the judicious and combined use of chemical fertilizers, organic manures and biofertilizers to optimize nutrient supply and sustain soil health (Baqual and Das, 2006). The principle of INM is to balance nutrient supply with crop demand, enhance nutrient use efficiency and build soil fertility over the long term. In sericulture, INM has proven to be highly effective. Rakshitha et al. (2025) found that combining 75% of the recommended dose of fertilizers (RDF) with FYM, vermicompost and a liquid microbial consortium resulted in leaf quality parameters on par with 100% RDF, while improving soil health. Similarly, Ray et al. (2021) developed a soil-cum-nutrient management package for acid soils that integrated liming, organic manure and balanced chemical fertilizers, leading to high mulberry yield and quality. By reducing the reliance on chemical inputs, INM not only lowers the cost of cultivation but also mitigates the environmental risks associated with fertilizer runoff and soil degradation, making it a cornerstone of sustainable sericulture (Horizone Publishing, 2023).
[bookmark: section-4]6.4 Implications for Soil Health and Carbon Sequestration
A significant co-benefit of organic and integrated nutrient management is the improvement of soil health and its potential for carbon sequestration. The addition of organic matter through manures and composts increases soil organic carbon (SOC) stocks, which enhances soil structure, water retention and nutrient cycling (Yadav et al., 2020). Healthy soils with high microbial diversity are more resilient to stress and less prone to erosion. Mulberry, as a perennial deep-rooted plant, is itself an effective agent for carbon sequestration, fixing atmospheric CO₂ into its biomass (Yadav et al., 2020). Management practices that enhance biomass production, such as INM, therefore contribute to greater carbon storage both above and below ground. Kar et al. (2018) reported that mulberry grown under moderate tillage with grass cover sequestered 6.90 t C ha⁻¹ yr⁻¹, highlighting the potential of sero-agroforestry systems. By promoting practices that build SOC, sustainable nutrient management in mulberry cultivation can play a role in climate change mitigation, aligning sericulture with broader environmental goals (Li et al., 2020).
[bookmark: section-8]7. EMERGING APPROACHES IN MULBERRY NUTRITIONAL MANAGEMENT
As the demand for sustainable and efficient agricultural production grows, sericulture is beginning to adopt advanced technologies and innovative approaches for mulberry nutritional management. These emerging strategies aim to optimize nutrient use, enhance plant performance and minimize environmental impact by moving beyond traditional, uniform application methods.
[bookmark: section-1]7.1 Precision Nutrient Management
Precision nutrient management involves using modern technologies to apply nutrients at the right time, in the right place and in the right amount. This data-driven approach leverages tools like the Global Positioning System (GPS), Geographic Information Systems (GIS), remote sensing and variable-rate technology (VRT) to manage spatial variability within a mulberry field (AllyNav, 2025). For instance, satellite or drone imagery can be used to create crop health maps (e.g., using NDVI), identifying areas with potential nutrient deficiencies. Soil sensors can provide real-time data on moisture and nutrient levels. This information is integrated into farm management platforms, which can then generate prescription maps to guide automated machinery for targeted fertilizer application (Farmonaut, 2026). By matching nutrient supply with plant demand on a site-specific basis, precision management can significantly reduce fertilizer waste, lower costs and prevent environmental pollution from nutrient runoff, while maximizing leaf yield and quality.
[bookmark: section-2]7.2 Use of Plant Growth Stimulants and Biostimulants
Biostimulants are substances or microorganisms that, when applied to plants or the rhizosphere, stimulate natural processes to enhance nutrient uptake, nutrient efficiency, tolerance to abiotic stress and crop quality, independent of their nutrient content (Sachdev et al., 2021). In mulberry cultivation, this category includes a diverse range of products.
Protein Hydrolysates and Amino Acids: Foliar application of amino acid mixtures or protein hydrolysates can provide readily available building blocks for protein synthesis, helping plants overcome stress and boosting growth (Sun et al., 2024).
Humic and Fulvic Acids: These are organic compounds derived from the decomposition of plant and microbial matter. They improve soil structure, enhance nutrient uptake (especially micronutrients) and stimulate root growth. One study found that applying humic and fulvic acid significantly increased leaf moisture, chlorophyll, protein and carbohydrate content in mulberry (International Journal of Advanced Biochemistry Research, 2025).
Plant Growth Regulators (PGRs): Exogenous application of PGRs like cytokinins (e.g., 6-Benzylaminopurine) can promote shoot differentiation, delay leaf senescence and increase the accumulation of beneficial compounds like flavonoids, thereby enhancing leaf quality and extending the harvesting window (Zhang et al., 2022; Gali et al., 2025). These biostimulants work by modulating the plant’s physiological and metabolic pathways, making them a powerful tool for enhancing mulberry productivity in a sustainable manner.
[bookmark: section-9]8. RESEARCH GAPS AND FUTURE DIRECTIONS
Despite considerable progress in understanding the role of mulberry nutrition in sericulture, several research gaps and opportunities for future investigation remain. Addressing these areas is crucial for developing more robust, efficient and sustainable silk production systems globally.
One of the primary limitations is the lack of region-specific and cultivar-specific nutrient recommendations. Most current guidelines are generalized, yet nutrient requirements can vary significantly based on soil type, climate, mulberry variety and planting density (Ray et al., 2021). Future research should focus on developing dynamic, site-specific nutrient management protocols using precision agriculture tools. This would involve creating comprehensive soil and leaf nutrient maps for major sericultural zones and correlating them with silkworm performance to establish precise diagnostic indices for nutrient deficiencies or excesses (Bongale, 1994).
Furthermore, there is a need for a more integrated approach that connects plant nutrition directly with silkworm physiology and metabolomics. While many studies have linked leaf quality to cocoon yield, the underlying molecular mechanisms are not fully elucidated. Future studies should simultaneously analyze the leaf metabolome, the silkworm’s gut microbiome and its physiological responses (e.g., digestive enzyme profiles, hemolymph metabolites) to different nutritional regimes (Dong et al., 2017). This would provide a holistic understanding of how specific leaf components regulate silkworm metabolism and silk synthesis. Investigating the impact of nutrient management on the concentration of both phagostimulants and anti-nutritional factors in leaves is another critical area that warrants more attention.
Finally, as climate change poses increasing threats through drought and temperature stress, research should focus on nutritional strategies that enhance mulberry’s resilience to abiotic stresses. This includes exploring the role of specific nutrients (e.g., potassium, silicon) and biostimulants in mitigating stress, as well as breeding mulberry varieties with higher nutrient and water use efficiency (Ren et al., 2025; Vijayan et al., 2011). Integrating these nutritional studies with genetic and genomic approaches will be key to developing climate-resilient sericulture systems for the future.
[bookmark: section-10]9. CONCLUSION
The intricate link between mulberry nutrition and sericultural productivity is undeniable. This review has synthesized extensive evidence demonstrating that the nutritional quality of mulberry leaves, as the sole food for Bombyx mori, is the primary determinant of silkworm growth, development and cocoon yield. Optimized nutrient management in mulberry cultivation encompassing the balanced application of macro- and micronutrients directly enhances leaf biomass and enriches its biochemical profile with essential proteins, carbohydrates and minerals. This, in turn, promotes vigorous larval growth, improves physiological efficiency and culminates in superior cocoon and silk quality.
The shift towards sustainable practices, such as Integrated Nutrient Management (INM) and the use of organic amendments and biofertilizers, offers a pathway to enhance productivity while preserving soil health and minimizing environmental impact. Emerging approaches like precision nutrition and biostimulants promise further gains in efficiency. Future research must focus on developing cultivar- and region-specific nutrient recommendations and deepening our understanding of the molecular interactions at the plant-insect interface. Ultimately, investing in mulberry nutrition is a direct investment in the sustainability and economic prosperity of the global silk industry. A holistic approach that integrates agronomy, plant physiology and insect science is essential to unlock the full potential of sericulture in a changing world.
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