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Abstract
Sericulture is often described as a “green” rural enterprise because mulberry-based systems are perennial and silkworms convert leaf biomass into a high-value natural fibre. Yet, in practice, mulberry gardens can become input-intensive, with repeated fertiliser application, simplified field structure, declining soil biological activity, and greater vulnerability to climatic stress. Subhash Palekar Natural Farming (SPNF), also widely referred to as Zero Budget Natural Farming (ZBNF), proposes a low-external-input pathway centred on biologically active soils, on-farm resource cycling, mulching, diversified cropping, and botanical plant protection. This review synthesises how SPNF principles could be translated into sericulture as a regenerative strategy that strengthens the soil–mulberry–silkworm continuum. Evidence from ZBNF field studies indicates that cow-based fermented formulations such as Jeevamrit can improve soil chemical and microbial attributes and that ZBNF adoption may avoid short-term yield penalties relative to conventional and organic comparators. Sericulture-relevant evidence further suggests that mulberry genotype and feed quality shape silkworm health and silk parameters, and that silkworm frass can function as a nutrient-rich amendment, providing an additional circularity lever within sericulture landscapes. The review proposes a conceptual model linking soil biological function to mulberry nutrition and silkworm performance, outlines practical adaptation pathways for SPNF in mulberry gardens, and identifies research priorities for robust, long-term evaluation under farmer conditions.
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1. Introduction
Sericulture is frequently presented as a nature-based rural enterprise because mulberry is a perennial crop and silkworms convert leaf biomass into a high-value natural fibre. In many producing regions, it supports smallholder incomes, household labour participation, and local value chains. Yet the “green” reputation of sericulture can conceal a more complicated reality: mulberry gardens are often managed for continuous, high-volume leaf output, and this can encourage simplification of the production ecology, repeated nutrient export through frequent leaf harvest, and rising dependence on purchased fertilisers and plant-protection inputs. Where this intensification pathway dominates, soil structure and soil biological activity may decline, leading to poorer water retention, reduced nutrient-use efficiency, and greater sensitivity of leaf supply to heat or drought stress. These upstream soil constraints matter in sericulture more than in many other systems because the final productive unit is not a grain or fruit but the silkworm, whose growth, health, and cocoon traits respond sharply to the quantity and consistency of the mulberry diet.
A regenerative approach to sericulture therefore needs to be framed as a continuum: soil functioning shapes mulberry growth and leaf biochemical composition; mulberry leaf quality shapes silkworm development and resilience; and the residues of rearing can be returned to soil, potentially closing nutrient and carbon loops within the farm. This soil–mulberry–silkworm continuum is not only conceptual but biologically demonstrable. For example, controlled feeding studies show that silkworm performance and raw silk quality parameters vary with mulberry genotype, reinforcing that the “feed” dimension is multi-faceted and sensitive to plant traits that can be influenced by environment and management (Urbanek Krajnc et al., 2022). If leaf quality is intrinsically variable, then soil- and crop-management practices that stabilise plant nutrition and water status become strategically important for reliable silkworm outcomes, not merely for mulberry yields.
1.1. Sericulture sustainability challenges and the soil–mulberry–silkworm linkage
Mulberry gardens function as biomass-production systems with repeated harvest cycles. Each cycle removes nutrients and carbon-containing material from the field, and unless these flows are replenished through organic returns, biological recycling, or carefully balanced nutrient inputs, soils can progressively lose functional capacity. While mineral fertilisers can sustain short-term biomass production, they do not automatically rebuild the biological and structural components of soil that regulate water infiltration, aggregation, and nutrient cycling. The result can be a system that appears productive while becoming increasingly fragile: yields remain dependent on timely input purchase, and performance becomes erratic during climatic extremes. For sericulture households, this fragility has additional consequences. Rearing schedules are time-bound and biologically sensitive; small disruptions in leaf quality or availability can cascade into reduced larval survival or inconsistent cocoon formation. In other words, soil degradation is not merely an agronomic issue but a risk multiplier across the entire sericulture enterprise.
A soil–mulberry–silkworm framing helps make these cross-scale linkages explicit. Soil functioning underpins plant nutrient acquisition and water relations; plants translate these conditions into leaf biomass and biochemical traits; silkworms convert those traits into biological growth and silk fibre. The genotype effect evidence in silkworm feeding underscores that silkworm responses are not driven solely by leaf mass but by a compound of nutritional and physiological characteristics (Urbanek Krajnc et al., 2022). For regenerative transition design, this implies that evaluation metrics should extend beyond leaf yield to include indicators of leaf quality stability and silkworm performance, with an explicit recognition that soil processes are the upstream regulator.
1.2. Soil health, soil organic matter, and why “biology” matters in mulberry systems
Soil health is commonly defined through its capacity to function as a living system that sustains productivity and ecosystem services, rather than as an inert medium (Kibblewhite et al., 2008). This definition is particularly relevant to mulberry because perennial root systems interact continuously with the rhizosphere, and repeated harvest induces repeated regrowth demands that rely on synchronised nutrient supply and resilient water buffering. In practical terms, soils with better structure and biological activity tend to maintain more stable plant-available water and can support nutrient transformation pathways that reduce reliance on immediately soluble inputs. For mulberry gardens facing warmer temperatures and more frequent rainfall variability, such buffering capacity is not a luxury but a production requirement.
Central to soil health is soil organic matter, yet contemporary soil science emphasises that organic matter is not a single substance that can be “added back” in a simple manner. Instead, it is the outcome of interacting processes: organic inputs are decomposed and transformed by microbes, and the persistence of organic matter depends on stabilisation mechanisms such as association with minerals and physical protection within aggregates. This complexity has been described as the “contentious nature” of soil organic matter, cautioning against simplistic assumptions that more biomass inputs will automatically translate into durable soil improvement (Lehmann & Kleber, 2015). In the context of sericulture, this point has practical implications. A regenerative strategy must not only increase organic returns but also improve the conditions under which biological processing and stabilisation occur, such as maintaining soil cover, moderating temperature and moisture extremes, and providing diverse substrates that sustain microbial communities across seasons.
1.3. SPNF/ZBNF as a regenerative proposal and the emerging evidence base
Subhash Palekar Natural Farming (SPNF), also widely known as Zero Budget Natural Farming (ZBNF), proposes a low-external-input pathway in which farm-derived biological amendments, mulching, and diversified cropping are used to activate soil biology and recycle nutrients locally. A defining element is the use of fermented formulations such as Jeevamrit, intended to stimulate microbial activity and nutrient mobilization (Dev et al., 2022; Nagarjun, et al., 2025). While claims around such inputs can sometimes be generalised beyond available evidence, recent peer-reviewed field findings provide a clearer basis for cautious interpretation. For example, reported results indicate that Jeevamrit application in ZBNF fields can improve soil properties, including microbial indicators, suggesting plausible pathways for enhanced nutrient cycling and soil functioning (Saharan et al., 2023). For mulberry-based sericulture, this matters because soil biological activation could support more stable nutrient supply for repeated leaf regrowth, particularly when combined with organic matter retention through mulching and residue recycling.
Beyond soil indicators, farmers’ willingness to adopt SPNF/ZBNF practices depends heavily on production outcomes (Münster, 2018; Mondal et al., 2023). Evidence from field plot experiments in Andhra Pradesh reports that ZBNF did not impose an initial yield penalty relative to conventional and organic alternatives, though results varied across contexts (Duddigan et al., 2022). This is encouraging for sericulture transitions because leaf supply must remain dependable during practice change. However, scaling analyses argue that yield challenges may arise when attempting broad expansion of ZBNF, especially in high-yield or nutrient-demanding contexts, and that agronomic redesign and careful nutrient accounting are critical for sustainability claims (Smith et al., 2020). These cautions are directly relevant to mulberry gardens, where biomass export is frequent and nutrient demand is continuous; a “one-size-fits-all” approach could be risky without sericulture-specific validation.
A further issue is that “regenerative agriculture” itself can be used inconsistently, sometimes functioning more as an aspiration than an operational framework. Agronomic critiques highlight the need for measurable indicators and context-specific agronomy rather than broad claims (Giller et al., 2021). This aligns with long-standing evidence that production outcomes across alternative farming systems are strongly context dependent; for example, yield comparisons between organic and conventional agriculture show variability and underscore the importance of management, environment, and system design (Seufert et al., 2012; Saharan et al., 2023; Duddigan et al., 2022). For SPNF in sericulture, this means the appropriate scientific question is not whether SPNF is “good” in the abstract, but under what conditions and with which practice combinations it can enhance soil functioning while maintaining leaf yield, stabilising leaf quality, and protecting silkworm performance.
1.4. Scope and objectives
This review examines SPNF/ZBNF as a regenerative strategy for mulberry-based sericulture through the soil–mulberry–silkworm continuum. The objectives are to synthesise peer-reviewed evidence relevant to (i) ZBNF effects on soil properties and productivity, with attention to mechanisms plausibly transferable to mulberry gardens; (ii) the implications of regenerative and soil-health concepts for perennial leaf-harvest systems (Kibblewhite et al., 2008; Lehmann & Kleber, 2015); (iii) the sensitivity of silkworm outcomes to mulberry diet characteristics, supporting leaf-quality-centred evaluation (Urbanek Krajnc et al., 2022); and (iv) the opportunities and constraints involved in scaling SPNF/ZBNF principles, particularly where yield stability and agronomic precision are required (Smith et al., 2020; Giller et al., 2021). The review’s overarching aim is to identify how SPNF-aligned practices can be adapted to strengthen soil function, stabilise mulberry leaf quality, and support resilient silkworm production without relying on broad, non-measurable claims (Seufert et al., 2012).

2. Methods for literature selection
A structured literature search was conducted using Web of Science, Scopus, Google Scholar, and PubMed for the period January 2000 to January 2026, with additional earlier “classic” sources included where needed for foundational concepts (for example, soil health framing). Search strings combined sericulture-specific and natural-farming terms, including: (“mulberry” OR “Morus”) AND (“sericulture” OR “silkworm” OR “Bombyx mori”) AND (“soil health” OR “organic” OR “compost” OR “biofertiliser” OR “vermicompost” OR “mulch”); (“zero budget natural farming” OR ZBNF OR “Subhash Palekar” OR “natural farming”) AND (“Jeevamrit” OR “Beejamrit” OR “mulching” OR “soil microbiome” OR “yield” OR “economics”); and (“insect frass” OR “silkworm frass”) AND (“soil amendment” OR “fertiliser” OR “nutrient cycling”). Inclusion criteria prioritised peer-reviewed journal articles reporting original experimental data (field or controlled-environment) or systematic reviews relevant to soil biology, crop performance, or residue cycling in the context of natural farming, regenerative agriculture, mulberry, and sericulture. Exclusion criteria removed non-peer-reviewed extension notes, duplicated records, items lacking a verifiable DOI, and studies not interpretable for soil–plant–insect linkages. Titles and abstracts were screened first, followed by full-text assessment for relevance to the review objectives.

3. Conceptualising SPNF in sericulture through the soil–mulberry–silkworm continuum
Sericulture can be understood most clearly as a coupled biological system rather than two separate enterprises (mulberry cultivation and silkworm rearing). The productivity and stability of the enterprise emerge from a chain of dependencies: soil conditions shape mulberry growth and the biochemical profile of harvested leaves; leaf traits determine silkworm growth, survival, and cocoon quality; and the residues from rearing provide a potential nutrient and carbon return pathway back to the field. Conceptualising Subhash Palekar Natural Farming (SPNF/ZBNF) through this soil–mulberry–silkworm continuum shifts attention away from a narrow focus on substituting one input for another and towards the functional performance of the whole system. In this framing, SPNF is best evaluated by whether it improves the living capacity of soil, stabilises leaf quantity and quality over repeated harvest cycles, and enables safe circularity of sericulture residues without jeopardising rearing hygiene.
3.1. Soil biological function as the upstream regulator
A regenerative logic for sericulture begins with the recognition that soil is not simply a growing medium; it is a living system whose biological activity is central to nutrient cycling, aggregation, and resilience. Soil health, understood as the capacity of soil to function as a living system that supports productivity and wider ecosystem services, provides an appropriate organising concept for sericulture because repeated leaf harvesting imposes continuous demand for nutrient mobilisation and water buffering (Kibblewhite et al., 2008). In practical terms, soils with stronger biological function tend to show better structural stability, infiltration, and rhizosphere activity, which can reduce the amplitude of stress responses in perennial crops during heat and moisture variability. For mulberry, this buffering matters because leaf harvest is frequent and regrowth depends on steady resource availability.
However, building soil health cannot be reduced to merely “adding organic matter”. Contemporary understanding emphasises that soil organic matter is dynamic and contested in its forms and persistence, with stabilisation depending on microbial processing and protection within aggregates and mineral associations rather than on the quantity of inputs alone (Lehmann & Kleber, 2015). This point is especially relevant in systems that generate biomass and residues, because it cautions that the pathway from residue return to durable soil improvement is mediated by biology and soil structure. In the SPNF framing, the soil is expected to become a biologically active engine that transforms farm-derived substrates into plant-available nutrients and more stable organic fractions. When this transformation is successful, mulberry can draw on a more buffered nutrient supply, potentially improving the reliability of leaf production across successive harvests. The conceptual implication for sericulture is that soil indicators (biological activity, aggregation proxies, and organic matter dynamics) are not secondary “environmental” metrics but fundamental predictors of leaf supply stability.
3.2. Mulberry leaf quality as a downstream expression of soil function
The continuum concept becomes operational when mulberry leaves are treated as a biological interface: they translate soil function into a diet for silkworms. Evidence that silkworm development, health status, and raw silk quality parameters differ when larvae are fed leaves from different mulberry genotypes demonstrates that “leaf quality” is a multi-trait outcome with direct economic consequences (Urbanek Krajnc et al., 2022). Genotype effects also imply that management and environment can interact with plant traits to amplify or suppress differences in nutritive and functional attributes, such as protein fractions, carbohydrate balance, moisture status, and defensive metabolites. Even where total leaf yield is adequate, instability in these traits across harvests can produce uneven larval growth, increased vulnerability to disease, and inconsistent cocoon formation.
From the SPNF perspective, improvements in soil biological function should be expected to influence leaf quality primarily through stabilisation rather than dramatic enhancement. A biologically functional soil can moderate nutrient release and improve water relations, reducing abrupt swings in plant physiological status that translate into changes in leaf composition. In perennial mulberry gardens, such stabilisation is important because silkworm rearing is time-bound and sensitive to short-term variability. The continuum framing therefore encourages evaluation designs in which mulberry performance is assessed not only by biomass but also by consistency of leaf biochemical proxies and the predictability of harvest-to-harvest outcomes, because these are the traits that silkworms ultimately “experience” as diet (Urbanek Krajnc et al., 2022). In this sense, SPNF in sericulture is most plausibly regenerative when it makes the leaf supply more reliable under variable weather while reducing dependence on external inputs.
3.3. Silkworm performance and residue cycling feedbacks
A distinctive advantage of sericulture as a candidate for regenerative redesign is the availability of biologically rich residues that can be cycled back to soil. Rearing generates frass, leftover leaf material, and litter, all of which represent nutrient return opportunities if managed safely. Insect frass has been increasingly examined as a soil amendment because it contains organic matter, nutrients, and biologically active compounds, but the benefits are not automatic; outcomes depend on how frass is processed, applied, and integrated with broader soil management (Poveda, 2021). This caution is particularly relevant for sericulture because the rearing environment has strict hygiene requirements and the risk of pathogen transfer must be managed alongside soil fertility objectives.
Evidence that silkworm frass amendment can improve soil properties and plant performance under controlled conditions supports the plausibility of frass-based circularity as a regenerative lever (Aboyo et al., 2025). Within the continuum model, frass is not merely a fertiliser substitute; it is part of a feedback loop that can enhance soil biological functioning and thereby influence subsequent mulberry leaf quality. When residue cycling is handled appropriately, it can help balance nutrient exports from repeated leaf harvests and contribute to organic matter formation, aligning with the soil-health emphasis on living processes (Kibblewhite et al., 2008) and the modern understanding that persistence of organic matter depends on biological transformation and stabilisation pathways (Lehmann & Kleber, 2015). Conceptually, the strongest regenerative potential arises when sericulture residues are treated as managed resources that support soil biological processes while maintaining strict biosecurity at the rearing–field interface (Poveda, 2021; Aboyo et al., 2025). This perspective also implies that sericulture-specific protocols for residue stabilisation, composting, and application timing are not peripheral technicalities but core design features of SPNF-compatible regenerative sericulture.

4. Translating the SPNF “pillars” into mulberry-based sericulture practice
Translating SPNF/ZBNF into mulberry-based sericulture requires more than transplanting a generic package of practices. Mulberry is a perennial, repeatedly harvested crop grown primarily to supply a continuous stream of uniform-quality leaves, while silkworm rearing is highly sensitive to contamination and abrupt dietary change. These characteristics mean that SPNF must be operationalised as a whole-farm design logic that safeguards leaf availability and rearing hygiene while gradually rebuilding soil biological function and reducing dependence on purchased inputs. In practical terms, the “pillars” of SPNF can be interpreted as a set of mutually reinforcing decisions around soil biological activation, continuous soil cover, moisture conservation, on-farm biomass cycling, functional biodiversity, and low-risk plant protection. For sericulture, each pillar must be adapted to the spatial and temporal rhythms of leaf harvesting and rearing batches.
4.1. Soil biological activation through Jeevamrit-centred management
A core SPNF proposition is that soil functioning can be improved by stimulating microbial activity and nutrient transformation using farm-derived fermented formulations, commonly Jeevamrit. In mulberry gardens, this is best approached as a soil-function strategy rather than as a direct one-to-one replacement of mineral nutrients. Mulberry’s repeated defoliation and regrowth cycles create frequent nutrient demand peaks, and the practical value of a microbial stimulant is therefore expected to be strongest when it helps synchronise nutrient release with plant uptake, improves rhizosphere activity, and supports soil aggregation. Reported evidence that Jeevamrit application improves soil properties, including microbial indicators, provides an empirical basis for integrating such formulations into a soil regeneration plan (Saharan et al., 2023). For sericulture, the most defensible translation is to apply Jeevamrit as part of a broader set of soil-protective practices that maintain microbial habitat and substrate availability, rather than treating it as a standalone input. This implies routine application timed to mulberry regrowth windows and soil moisture conditions, with an emphasis on consistency and observation rather than sporadic, crisis-driven use.
In practice, a Jeevamrit-centred approach in mulberry gardens also demands attention to how microbial activity is sustained between applications. If soils remain exposed, hot, and dry, microbial stimulation is likely to be short-lived. Conversely, if soils are mulched and moisture is buffered, the same amendment may contribute to a more persistent shift in soil biological functioning. The operational translation is therefore not merely “apply Jeevamrit” but “apply Jeevamrit in a soil environment that can support microbial persistence and activity”, with mulching and biomass cycling acting as enabling conditions.
4.2. Continuous soil cover and mulching aligned with mulberry harvest cycles
Mulching is often central to SPNF because it protects the soil surface, moderates temperature extremes, reduces evaporative loss, and supplies decomposable substrates to the soil food web. In mulberry gardens, these functions are especially important because leaf yield stability is closely linked to water availability and root-zone health. A practical translation is to align mulching operations with harvest and pruning schedules so that biomass produced within the system is retained and returned in a structured manner. Rather than removing weeds or pruned material as waste, a regenerative mulberry garden treats them as strategic resources for soil cover and gradual organic matter formation.
However, mulching must be managed with care in sericulture landscapes. Dense mulches can alter the microhabitat for pests or create humid niches that may favour certain diseases if the system is poorly ventilated or if drainage is inadequate. The practical solution is not to abandon mulching but to tailor mulch thickness and composition to season, soil type, and garden structure. In wetter periods, lighter mulches and better aeration may be preferable, while in hot dry months, thicker cover can be used to protect the soil and maintain root-zone moisture. The overarching translation is that mulch is a dynamic management lever, adjusted to maintain soil function and leaf stability rather than applied uniformly in all seasons.
4.3. On-farm biomass cycling and nutrient retention without compromising rearing hygiene
Mulberry-based sericulture produces multiple biomass streams, including prunings, weeds, and post-harvest residues, and SPNF encourages internal cycling of such materials. In a regenerative sericulture interpretation, nutrient retention becomes a central design objective because repeated leaf removal represents a continuous export of nutrients from the field. Biomass cycling can therefore serve two purposes: replacing some external nutrient inputs and building the soil biological capacity to mobilise nutrients more efficiently. Composting, surface mulching, and incorporation of stabilised organic material can be combined, but the sericulture context requires strict management of hygiene interfaces between rearing units and field inputs.
A practical translation is to maintain separation between rearing-house wastes and mulberry application pathways until materials have been stabilised adequately. This is not an ideological departure from SPNF; it is a sericulture-specific risk management adaptation. The conceptual aim is circularity, but the operational pathway may involve structured handling, covered storage, and controlled decomposition so that nutrient cycling does not introduce avoidable pathogen or contaminant risks to rearing batches. When these safeguards are built into practice, biomass cycling can become a reliable backbone of regenerative mulberry management rather than an informal, inconsistent activity.
4.4. Functional biodiversity and diversification around mulberry gardens
SPNF often promotes biodiversity as a stabilising force, reducing pest pressure, supporting beneficial organisms, and creating multiple biomass sources for mulching and soil feeding. In mulberry systems, diversification must be designed to avoid competition for water and nutrients during critical regrowth periods. Suitable diversification can occur as seasonal intercrops in alleys, boundary plantings, or rotations in adjacent plots that provide mulch material and ecological services without encroaching on mulberry productivity. The regenerative logic is to increase system resilience and resource availability while retaining mulberry’s primary function as a leaf supplier.
In sericulture, the additional consideration is that plant-protection decisions in diversified landscapes must remain compatible with silkworm safety. Even if diversification reduces pest outbreaks, it can also complicate management if neighbouring crops encourage pesticide use that risks drift or leaf contamination. Therefore, the operational translation is to favour diversification pathways that do not require high-toxicity interventions and that can be managed within a low-residue framework consistent with rearing sensitivities.
4.5. Botanical plant protection as a last-resort, risk-managed tool
SPNF commonly emphasises botanicals and locally prepared formulations for plant protection. In mulberry-based sericulture, the threshold for acceptable residues is especially strict because silkworms are highly susceptible to many substances. Consequently, the practical translation is preventive system design first, and direct interventions second. Preventive design includes soil health rebuilding (to reduce plant stress), balanced canopy and pruning management (to improve airflow and reduce disease pressure), and biodiversity that supports natural regulation. Where interventions are necessary, they must be selected and timed to minimise risk of residues on harvested leaves, and operational protocols should prioritise avoiding any leaf exposure that could carry through to rearing. In this way, botanical protection aligns with the SPNF ethos while recognising that sericulture imposes exceptional safety constraints that require disciplined, conservative application.

5. Evidence from ZBNF evaluations relevant to sericulture transitions
Sericulture-specific SPNF trials remain comparatively limited in the peer-reviewed literature with DOI-traceable records. Therefore, the most defensible evidence base combines (i) general ZBNF evaluations on soil and yield, (ii) mulberry–silkworm nutrition studies demonstrating sensitivity of outcomes to feed quality, and (iii) residue-cycling evidence (particularly frass) that supports circular nutrient strategies compatible with sericulture.
5.1. Soil property improvements under ZBNF inputs
Field results showing that Jeevamrit can improve soil properties and microbial indicators provide mechanistic plausibility for a regenerative pathway (Saharan et al., 2023). While crop-specific responses vary, the soil focus is directly relevant to mulberry because the crop’s perennial nature can amplify the benefits of improved aggregation and biological function over time. When soils are biologically active and structurally stable, nutrient release and water dynamics are often more buffered, which is valuable for maintaining steady leaf supply across seasons.
5.2. Yield and performance comparisons at scale
In multi-location field plot experiments across Andhra Pradesh, ZBNF performance showed no initial yield penalty relative to conventional and organic alternatives, though responses varied by agro-climatic context (Duddigan et al., 2022). For sericulture, this matters because farmers are unlikely to adopt soil-regenerative transitions if leaf supply becomes unreliable in the short term. However, caution is necessary: mulberry is a specialised perennial with frequent biomass removal, so direct extrapolation from annual cropping studies must be validated. Scaling analyses also argue that yield challenges may emerge depending on baseline yield levels, nutrient balances, and system redesign, highlighting the importance of agronomic refinement rather than purely ideological adoption (Smith et al., 2020).

6. Evidence linking mulberry feed quality to silkworm health and silk parameters
A regenerative sericulture strategy should treat leaf quality as a primary performance variable rather than an implicit assumption. This section summarises evidence that mulberry characteristics shape silkworm outcomes and interprets the implications for SPNF-inspired soil management.
6.1. Mulberry genotype effects as proof of diet sensitivity
Controlled assessments demonstrate that feeding silkworms with different mulberry genotypes affects development, health status, and raw silk quality parameters (Urbanek Krajnc et al., 2022). This indicates that silkworm outcomes are sensitive to multiple leaf attributes, including but not limited to macronutrient content. For SPNF in sericulture, the implication is that management changes should be assessed against a “leaf quality profile” that includes nutritional composition and stability across harvests. Soil-regenerative practices may not always increase crude yield dramatically, but they may stabilise quality and reduce stress-driven fluctuations that harm rearing performance.
6.2. Linking soil biology to leaf biochemical stability
Although direct SPNF–mulberry–silkworm trials remain limited, soil biology provides a plausible pathway to leaf biochemical stability. Rhizosphere-oriented perspectives emphasise that plant–soil research is central to climate resilience and food security (Adl, 2016). If Jeevamrit and mulching practices enhance rhizosphere functioning, then leaf quality may become less variable under stress, which is critical for silkworm rearing consistency. Evidence from plant stress physiology research demonstrates that microbial and biochemical interventions can mitigate drought and salinity impacts in plants, reinforcing the broader plausibility of bio-input approaches (Ashry et al., 2022). While spinach is not mulberry, the underlying concept—that biologically oriented amendments can support plant function under stress—helps justify targeted experimentation in mulberry gardens.

7. Circularity opportunities: integrating sericulture residues into SPNF nutrient cycling
Sericulture offers an unusually strong opportunity for circular resource use because residues are concentrated, frequent, and biologically rich. A regenerative SPNF-sericulture approach should therefore formalise residue pathways rather than treating them as incidental by-products.
7.1. Silkworm frass as a soil amendment
A review of insect frass literature identifies its potential contribution to sustainable agriculture while also emphasising that application rates, stabilisation, and context strongly shape outcomes (Poveda, 2021). Direct evidence from silkworm frass amendment experiments shows improved soil properties and plant performance under controlled conditions (Aboyo et al., 2025). For mulberry systems, frass could be incorporated into composting streams, applied in stabilised forms, or used as an ingredient in biologically active amendments, provided hygiene and pathogen risks are managed carefully. The main regenerative value is not merely nutrient return but building biologically processed organic matter that supports soil structure and microbial activity.
7.2. Managing biosecurity interfaces between field recycling and rearing hygiene
A distinctive challenge in sericulture is that pathogens and residues can move between garden and rearing spaces. Regenerative strategies that increase organic matter handling must therefore incorporate hygienic handling, stabilisation, and storage protocols. This is not a contradiction of SPNF principles; rather, it is an adaptation that protects the silkworm component of the continuum while still enabling nutrient cycling.

8. Research priorities for SPNF-sericulture as a regenerative system
The scientific case for SPNF in sericulture will be strengthened by targeted, well-designed studies that treat the system as an integrated continuum. First, long-term field experiments in mulberry gardens should compare SPNF packages (Jeevamrit plus mulching and diversified biomass inputs) against conventional nutrient management, with measurement of soil biological indicators, aggregation, moisture buffering, and nutrient balances. Second, mulberry leaf quality should be assessed using multi-dimensional metrics, including protein fractions, mineral balance, moisture content, and relevant phytochemical indicators, alongside yield. Third, silkworm outcomes should be measured beyond cocoon yield alone, incorporating larval health status, disease incidence, rearing stability, and raw silk quality attributes, aligned with the demonstrated sensitivity to mulberry genotype and diet differences (Urbanek Krajnc et al., 2022). Fourth, residue cycling studies should evaluate frass and rearing litter pathways, including composting dynamics, pathogen risk mitigation, nutrient losses, and impacts on soil function, building on the broader frass evidence base (Poveda, 2021) and silkworm-frass amendment results (Aboyo et al., 2025). Finally, socio-economic studies are needed to quantify labour demands, knowledge requirements, gendered impacts, and financial risk during transition, especially given the heterogeneous performance of ZBNF across agro-climatic contexts (Duddigan et al., 2022) and the scaling challenges highlighted in the literature (Smith et al., 2020).

9. Conclusions
SPNF/ZBNF provides a coherent regenerative proposal that aligns well with the biological nature of sericulture, particularly when framed through the soil–mulberry–silkworm continuum. The strongest near-term scientific justification lies in (i) evidence that ZBNF practices such as Jeevamrit can improve soil properties and biological indicators, (ii) field-scale evaluations showing no immediate yield penalties in some contexts, and (iii) sericulture-relevant findings that silkworm outcomes are sensitive to mulberry feed characteristics and that silkworm frass can function as a valuable amendment within circular nutrient strategies. The most promising pathway for sericulture is therefore not a simple input substitution but a system redesign that rebuilds soil biological function, stabilises mulberry leaf quality, and formalises residue cycling while safeguarding rearing hygiene. With rigorous multi-year trials and clear indicator sets, SPNF-inspired regenerative sericulture could become a credible strategy for climate resilience, reduced external dependency, and strengthened rural livelihoods.

10. Limitations
This review is constrained by the still-emerging peer-reviewed evidence base directly testing SPNF packages in mulberry-based sericulture under long-term farmer conditions. Much of the mechanistic plausibility is drawn from general ZBNF soil studies, plant stress physiology research, and residue-cycling literature, which require careful translation into the specialised mulberry–silkworm context. In addition, the diversity of SPNF practice and local adaptation makes standardisation difficult; future evaluations must therefore balance experimental control with real-world variability to generate actionable recommendations.
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