Influence of soil fertility and leaf nutrient on cocoon yield of Antheraea mylitta Drury ecoraces: A model system tostrengthen the livelihoods of tribal rearers


Abstract
[bookmark: _Hlk217507978]             Soil macronutrients and micronutrients influence leaf biochemical composition, which subsequently affects larval survival, growth, silk gland development, and essential cocoon characteristics such as cocoon weight, shell ratio, and filament length. This study highlights on how soil fertility and leaf nutrient status regulate cocoon yield and quality in Antheraea mylitta ecoraces of Odisha and suggests a model system to strengthen the livelihood of tribal rearers worldwide. The ecological and socio-economic importance of tropical tasar sericulture is initially outlined emphasizing the diversity of seven local ecoraces and their strong dependence on primary host plants Terminalia arjuna, T. tomentosa and Shorea robusta. The study incorporates knowledge regarding soil-leaf-larva interactions, nutritional absorption methods, and essential leaf-quality characteristics (protein, carbohydrates, moisture, tannins, texture) that influence rearing efficacy. Challenges caused by deteriorated soils, climatic changes, dependence on forests, widespread diseases, and traditional management practices are also examined. Ultimately, significant research gaps were identified and recommendations were proposed, including an integrated, multi-scale strategy that encompasses soil-plant diagnostics, leaf tissue analysis, enrichment of host plants and ecoraces, organic and site-specific nutrient management, as well as socio-economic interventions. Emphasizing soil and leaf nutrition is suggested as a rational approach to improve cocoon yield and quality, strengthen the livelihoods of tribal rearers, and promote conservation-focused tasar sericulture and as a model system to explore broader questions and mechanisms.	Comment by HP: It should full scientific name of the insect
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1. Introduction
The tropical tasar silkworm,Antheraea mylitta Drury, isa key species exploited for commercial silk production in India (Fig.1). This polyphagous insect is widely distributed across diverse ecosystems in the form of 44 ecoraces in different states of the country, adapted to varying environmental conditions including food plants, forest types, soil, and climate (Renuka & Shamitha, 2015b). These ecoraces span several states, with Odisha alone home to seven different types of ecoraces, namely, Modal, Sukinda, Nalia, Jata-Daba, Adaba, Umerkote, and Boudh (Ray & Barala, 2023). Odisha’s tropical climate and forest-rich regions create an ideal environment for rearing Tasar silkworms, with local ecoraces uniquely adapted to the host plants and climatic conditions, ensuring sustainable silk production. Tasar silkworm is polyphagous in nature and primarily feeds on most popular trees, Arjun (Terminalia arjuna), Asan (Terminalia tomentosa), Sal (Shorea robusta), with approximately 15 additional plants reported as secondary hosts (Barsagade, 2017).
The main tasar-growing states of India are Jharkhand, Chhattisgarh, Odisha, West Bengal, Telangana, Madhya Pradesh, and Maharashtra(Pandiaraj et al., 2018). Tasar silk production serves as a crucial livelihood for tribal communities in India, and it motivates them against deforestation and illegal cutting of trees and to regenerate forests. It is a back bone for tribal development because about 2.5 lakh families are associated with tasar sericulture in the country(GV et al., 2020). In rural areas of the tasar growing states, the living standards of people mainly depend on tasar sericulture, which is often determined by the fertility and productivityof soil. Soil fertility is one of the primary constraints to tasar production in predominant growing tasar areas(Pandiaraj et al., 2018). It comprises not only in supply of nutrient but also indicates their nutrient supplying capability,moreover fertility of soil is subject to human control.It may be maintained by intercropping with leguminous plant and the application of manure and fertilizers (H. Dutta et al., 2024).The conventional fertilizing method is not scientifically appropriate and efficient because soil fertility varies among different regions. Overuse of fertilizer can indeed lead to a waste of fertilizer resources and a serious environmental pollution. The leaf nutrition of tasar food plant can enhance the effective rate of rearing(ERR),health and growth of larvae and better crop yield as the feed quality has direct correlation with cocoon and shell weights, silk ratio and silk filament (Panda et al., 2022). Silk quality and quantity of Tasar silkworm are determined by the nutritional value of their food plants.The nutritional content of leaves has a significant impact on the growth and development of tasar silkworm larvae as well as the economic characterstics cocoons produced by them. Mohapatra et al. (2022)indicated that leaf quality is one of the important factors contributing to success of tasar crops. Therefore, in the present study the impact of soil nutrition and leaf nutrition on larval character and fecundity of tasar silkworm assessed.Soil and leaf nutrient status are directly affecting leaf quality and leaf quality affects the larval health, silkgland development and thus cocoon quality yield.	Comment by HP: Correct the citation	Comment by HP: H. should be removed from the citation part
[image: ]Fig. 1: (a) Cocoon, (b) pupa, and (c) adult moth of tasar silkworm (Antheraea mylitta D.)
2.Tasar Silkworm ecoraces and host plants
2.1Brief overview of key ecoraces found in Odisha
Each of the seven different ecoraces of A. mylitta that have been identified for the state of Odisha has adapted to specific ecological conditions and host plants, influencing their cocoon yield and sericultural potential. These ecoracesexhibit variations in traits such as cocoon weight, shell weight, and fecundity, driven by genetic diversity and environmental factors like soil fertility and leaf nutrient status of primary host plants.
2.1.1 Modal
The Modal ecorace of A. mylitta, found in the Mayurbhanj district of Odisha, is a significant and unique population endemic to Similipal National Park. Renowned as one of the largest and highest-yielding tasar ecoraces, Modal is exclusively wild and univoltine, completing a single generation per year. This ecoraceis notably resilient, being almost disease-free, and produces the heaviest cocoons among its counterparts, making it highly valuable for sericulture. The predominant food plant for the Modal ecorace is Shorea robusta (sal), which provides essential nutrients that contribute to its robust cocoon yield. However, its dependence on the specific ecological conditions of Similipal National Park underscores the importance of conserving its natural habitat to sustain this high-performing ecorace.


2.1.2 Sukinda
The Sukinda ecorace of A. mylitta, found in the Sukinda region of Jajpur district, Odisha, is a significant indigenous silkworm breed valued for producing some of the finest tasar silk. This bivoltine ecorace thrives in the region’s tropical moist deciduous forests with red loamy soil, primarily feeding on Terminalia arjuna and Terminalia tomentosa, which provide essential nutrients for cocoon production. Despite its importance to the livelihood of many local farmers, the Sukinda ecorace has been declining since 2007, largely replaced by the higher-yielding Daba TV breed. Conservation efforts, led by organizations like Tata Steel Mining Limited and the Central Silk Board, aim to preserve this ecorace by identifying forest patches, establishing cocoon grainages, and raising nurseries for its host plants, highlighting its ecological and economic value to Odisha’s sericulture industry.	Comment by HP: T . arjuna 	Comment by HP: 	Comment by HP: Short form if there is repeated in the following sentences
2.1.3 Nalia
The Nalia ecorace of A. Mylitta is a bivoltine population found in the Keonjhar district of Odisha, specifically within the Raghubeda forest range. This ecorace, known for its two generations per year, has been collected by the State Department of Sericulture from areas such as Bhagamunda, Bansapani, and Suakati in Keonjhar district, with the basic tasar seed station located in Pandapada. The primary food plants for the Nalia ecorace are Terminalia arjuna and Terminalia tomentosa, which provide critical nutrients influencing cocoon yield and quality. The ecorace’s adaptation to the local forest ecosystem highlights its significance for Odisha’s sericulture, but its sustainability depends on preserving the forest habitats and optimizing soil and leaf nutrient conditions to support its bivoltine lifecycle and cocoon production.	Comment by HP: Short form of the generic name
2.1.4 Daba
The Jata-Daba ecorace of A. mylittais a bivoltine population found in the Mayurbhanj district of Odisha, characterized by its ability to produce two generations per year. This ecorace primarily feeds on Terminalia arjuna and Terminalia tomentosa, which serve as its predominant food plants, supplying essential nutrients that influence cocoon yield and quality. The Jata-Daba ecorace’s adaptation to the forest ecosystems of Mayurbhanj underscores its importance to Odisha’s sericulture industry. However, its productivity relies on maintaining optimal soil fertility and leaf nutrient status of its host plants, emphasizing the need for sustainable forest management to support its bivoltine lifecycle and enhance cocoon production.	Comment by HP: Short form of the generic name



2.1.5 Adaba
The Adaba ecorace of A. mylitta, found in the Gajapati district of Odisha, remains one of the most unexplored ecoraces in the region, largely due to limited access caused by Naxal activities, which have restricted its exposure to sericulturists. This ecorace primarily feeds on Terminalia arjuna and Terminalia tomentosa, its predominant food plants, which provide essential nutrients critical for cocoon yield and quality. Despite its potential for sericulture, the lack of research and documentation on the Adaba ecorace underscores the need for focused studies to understand its ecological adaptations and cocoon production capabilities. Sustainable management of its forest habitat and improved accessibility could unlock its potential, enhancing its contribution to Odisha’s sericulture industry.	Comment by HP: Short form of the generic name

2.1.6 Umerkote
The Umerkote ecorace of A. mylitta, found in the Nabarangpur district of Odisha, is an endemic population thriving in the forest regions of Nabarangpur and Kalahandi. This ecorace predominantly feeds on Shorea robusta (sal), which provides essential nutrients critical for its cocoon production and quality. As one of the region’s unique ecoraces, Umerkote is adapted to the specific ecological conditions of these forest areas, contributing to its significance in Odisha’s sericulture landscape. However, its localized distribution emphasizes the need for conservation efforts and research into soil fertility and leaf nutrient status to optimize its cocoon yield and ensure sustainable sericulture practices in these forest ecosystems.	Comment by HP: Short form of the generic name

2.1.7 Boudh
The Boudh ecorace of A. mylittais primarily found in the Boudh district of Odisha, with its predominant food plants being Terminalia arjuna and Terminalia tomentosa, which supply essential nutrients for cocoon production. According to Sinha and Prasad (2011), this ecorace is also present in the Phulbani region, suggesting a broader distribution within the moist deciduous forest ranges of these districts and adjacent areas. Suspected to be endemic to these ecosystems, the Boudh ecorace is adapted to the specific environmental conditions of these forests, highlighting its significance for Odisha’s sericulture. Conservation of these forest habitats and further research into soil fertility and leaf nutrient status are crucial to optimize its cocoon yield and sustain its contribution to the region’s sericulture industry.	Comment by HP: Not found in the reference
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2.2Host plant preferences and physiology
The major preferred host plants for the ecoraces of A. mylitta in Odisha are Terminalia arjuna, Terminalia tomentosa, and Shorea robusta, which play a critical role in supporting the silkworm’s lifecycle and cocoon production due to their rich nutrient profiles. These tropical deciduous trees, prevalent in forest ecosystems of Odisha, provide essential foliar nutrients such as nitrogen (2.0–3.1%), phosphorus (0.10–0.21%), and potassium (0.8–1.6%), which directly influence larval growth and cocoon quality. T. arjuna and T. tomentosa are favoured by ecoraces like Sukinda, Nalia, Jata-Daba, Adaba, and Boudh, while S. robusta is the primary host for the Modal and Umerkote ecoraces. The nutrient content of these plants is heavily dependent on soil fertility, with factors like soil organic carbon (0.5–1.5%) and pH (5.5–7.5) affecting leaf quality. Recent studies highlight that habitat degradation from mining and deforestation threatens these host plants, impacting cocoon yields(Ray et al., 2025; Thakur et al., 2025). Conservation efforts, such as those by the Central Silk Board and Tata Steel Mining Limited, focus on preserving these forest habitats and raising host plant nurseries to sustain sericulture, particularly for endangered ecoraces like Sukinda and Adaba.	Comment by HP: Short form of the generic name
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Fig. 2: Leaves of (a) Arjun plant (Terminalia arjuna), (b) asan plant(Terminalia tomentosa),and (c)sal plant (Shorea robusta)
2.2.1 Terminalia arjuna
The Arjun plant (Terminalia arjuna) (Fig. 2 (a)), a predominant food source for several ecoraces of A. mylitta in Odisha, is a vital host plant commonly found in tropical and temperate forests. Characterized by its simple, green, smooth, and thick leaves, it employs a C3 photosynthetic pathway with abundant chlorophyll a and b, facilitating active photosynthesis. The plant’s stomata open during the day but close under water stress, contributing to moderate water use efficiency and water conservation during drought by partial leaf shedding to reduce transpiration. Compared to T. tomentosa, T. arjuna has moderate moisture content but is rich in nutrients like crude protein and carbohydrates, essential for silkworm growth and cocoon production. Additionally, it contains secondary metabolites such as tannins, which serve as defensive compounds against microbial attacks, and arjunolic acid, flavonoids, and saponins, which possess high medicinal and antioxidant properties, respectively. 	Comment by HP: Short form of the generic name	Comment by HP: Cite the reference
2.2.2 Terminalia tomentosa
T. tomentosa, commonly known as the Asan plant (Fig. 2 (b)), is a large deciduous tree of the Combretaceae family, reaching heights of up to 30 meters and serving as a key host plant for ecoraces of A.mylitta in Odisha. Characterized by simple, alternate leaves with a distinctive tomentose (velvety hairy) lower surface, it is well-adapted to dry, hot climates and employs a C3 photosynthetic pathway. The plant is rich in secondary metabolites such as tannins, flavonoids, and phenolic compounds, which provide natural defense against herbivores and pathogens, while also exhibiting antioxidant and antimicrobial properties that enhance its resistance to termite attacks . Beyond its role in sericulture, supporting silkworm growth through nutrient-rich leaves, T. tomentosa plays a significant ecological role in soil conservation, carbon sequestration, and fire tolerance, making it a vital component of Odisha’s tropical forest ecosystems and sustainable sericulture practices.	Comment by HP: Cite the reference
2.2.3 Shorea robusta
S. robusta, commonly known as the sal tree (Fig. 2 (c)), is a large deciduous dipterocarp tree native to the Indian subcontinent, including Odisha, and belongs to the Dipterocarpaceae family. Growing up to 45 meters, it features simple, alternate, ovate-oblong leaves with entire margins and a thick cuticle that minimizes water loss, making it well-suited to its heliophytic nature, requiring full sunlight for optimal growth via its C3 photosynthetic pathway. As a primary host plant for A. mylitta ecoraces like Modal and Umerkote in Odisha, its nutrient-rich leaves support silkworm growth and cocoon production. The tree contains resins, tannins, and polyphenols, which provide antimicrobial and wound-healing properties, as well as a defensive role against infections, enhancing its resilience. Ecologically, S. robusta contributes significantly to carbon storage and supports diverse fauna, including birds, insects, and mammals, making it a cornerstone of forest ecosystems and sustainable sericulture.
3.Role of soil nutrients
Soil nutrients play an important role in tasar sericulture by influencing the growth and nutritional quality of host plants, both primary and secondary, which are critical for the rearing of A. mylitta ecoraces in Odisha. They perform very precise and significant roles in plants like enzymes, hormones and energy transfer process(Panda et al., 2022). Soil nutrient status at the plantation site determines the quality of leaf production (Giri et al., 2023). The nutrient status of the soil directly affects the leaf nutrient composition, which in turn impacts larval growth, cocoon weight, silk ratio, and overall yield. 
3.1Key macro and micronutrients
The macronutrients and micronutrients available in the soil influence the development of silk fiber, which in turn affects the economic aspects of the silk. The macronutrients nitrogen (N), phosphorus (P), potassium (K), and sulfur (S), along with micronutrients boron (B), calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), and zinc (Zn) in the soil, are essential for the growth of tasar silk worm (Pandiaraj et al., 2018; Thakur et al., 2025). Understanding the availability of these macro and micronutrients is crucial, as they influence soil fertility, plant health, and consequently, the suitability of the environment for A. mylitta.The influence of key soil nutrients on the growth and nutritional quality of host plants, and the consequential impact on the tasar silkworm cocoon and fibre development, is summarized in Table 1 (Chakrapani et al., 2022; Giri et al., 2024; Pandiaraj et al., 2020; Srivastava et al., 2018).











Table 1:Role of soil macro- and micronutrients in development of tasar silkworm 
	Nutrient 
	Type
(Macro/micro)
	Role in host plant 
(leaf quality)
	Effect on tasar silkworm growth 
and silk traits

	Nitrogen 
(N)
	macro
	Increases leaf crude protein, chlorophyll and overall vegetative growth, improving palatability and nitrogenous metabolites in leaves. ​
	Enhances larval growth rate, body weight and silk gland protein synthesis, leading to higher cocoon weight, shell ratio and ERR. ​

	Phosphorus (P)
	macro
	Supports root development, energy metabolism and transfer, improving leaf phosphorus and carbohydrate status. ​
	Promotes efficient energy use during larval growth and cocoon spinning, improving silk filament length and overall cocoon quality when in balanced supply. ​

	Potassium (K)
	macro
	Regulates osmotic balance, stomatal function and translocation of sugars, enhancing leaf moisture, carbohydrate content and stress tolerance. ​
	Improves larval survival and robustness, supports uniform cocoon formation and helps maintain silk quality under field stress conditions. ​

	Sulphur 
(S)
	secondary macro
	Required for synthesis of sulphur-containing amino acids and some vitamins, contributing to leaf protein quality. ​
	Improves amino acid profile available to larvae, supporting silk fibroin and sericin synthesis and thereby better filament strength and elasticity. ​

	Calcium 
(Ca)
	secondary macro /micro
	Strengthens cell walls, improves membrane integrity and roots growth; often higher under organic management, raising Ca in leaves. ​
	Supports robust larval metabolism and reduces stress; indirectly associated with better larval health and stable cocoon traits in well-managed plantations. ​

	Magnesium (Mg)
	secondary macro/micro
	Central atom in chlorophyll; higher in organically treated soils, enhancing photosynthesis and leaf carbohydrate accumulation. ​
	Better carbohydrate supply to larvae supports heavier silk glands and improved cocoon shell weight and filament length. ​

	Zinc 
(Zn)
	micro
	Involved in enzyme activation, auxin synthesis and protein metabolism; adequate in most tasar soils, but deficient in a small fraction. ​
	Adequate Zn in leaves supports normal larval growth, enzyme function and immune competence, contributing to higher ERR and uniform cocoons. ​

	Iron 
(Fe)
	micro
	Essential for chlorophyll synthesis and redox enzymes; usually sufficient but occasionally deficient in some tasar soils. ​
	Adequate Fe maintains high-quality foliage; deficiency can reduce leaf greenness and nutritional value, lowering larval weight and cocoon yield. ​

	Manganese (Mn) 
	micro
	Functions in photosystem II and various enzymes; generally sufficient in acidic tasar soils. ​
	Optimal Mn intake through leaves is linked to better larval metabolism and silk traits, whereas excessive or deficient Mn can disturb growth and cocoon parameters. ​

	Copper 
(Cu)
	micro
	Component of oxidative enzymes and lignification processes; usually adequate and enhanced under organic inputs. ​
	Supports normal respiration and cuticle formation; adequate Cu in leaves is associated with healthy larvae and good-quality cocoons. ​

	Boron 
(B)
	micro
	Important for cell wall formation, sugar transport and reproductive growth of host plants. ​
	Through improved leaf and shoot growth, adequate B indirectly supports continuous supply of quality foliage, sustaining good larval growth and cocoon traits. 




3.2Soil health and host plant vitality
Soil health is a critical determinant of host plant vitality, directly influencing the growth, leaf nutrient status, and overall quality of primary host plants. Healthy soils, characterized by balanced macronutrients and micronutrients, along with optimal pH (5.5–7.0) and high organic matter (1.0–3.0%), enhance nutrient uptake, chlorophyll synthesis, and protein content in leaves, which are vital for A. mylitta larval development.For instance, nitrogen-rich soils (120–300 mg/kg) promote leaf protein levels (8–15%), improving cocoon weight (7.0–10.0 g) and silk ratio (10–15%), while organic matter supports microbial activity and nutrient cycling, boosting plant vigour and resilience. In Odisha’s lateritic and alluvial soils, maintaining soil health through organic amendments and pH correction can mitigate deficiencies, ensuring robust host plants and higher cocoon yields for ecoraces like Daba and Sukinda.	Comment by HP: Maintain two decimal
	Comment by HP: Maintain two decimal
	Comment by HP: Maintain two decimal

Host plant vitality describes the overall health, strength and resilience of the plant, including its growth, canopy development and ability to withstand stress. When essential nutrients like N, P, and K are deficient, plants often exhibit reduced biomass, chlorosis, poor root development and weak flowering, which lowers their vitality and resilience. Micronutrient imbalances further disturb metabolic pathways, compromising defense responses and the quality of tissues available to associated organisms. Water supply is equally crucial because both drought and waterlogging impair root function, nutrient uptake and gas exchange, leading to stress symptoms and higher susceptibility to pests and diseases (Karmakar et al., 2023).
4.Leaf nutrient composition
Leaf nutrient composition refers to the types and concentrations of essential elements in leaves and is a key indicator of plant nutrient status and health(Srivastava et al., 2018). It includes macronutrients such as N, P, K, Ca, Mg, and S, and micronutrients such as Fe, Mn, Zn, Cu, B, Mo, and Cl. N is vital for chlorophyll, amino acids and proteins, while P supports energy transfer and K is important in enzyme activation and osmotic regulation. Ca contributes to cell wall structure, Mg to enzyme activation and chlorophyll, and S to amino acids and vitamins. Micronutrients support processes such as chlorophyll synthesis, photosynthesis, protein synthesis, lignin formation, nitrogen metabolism and ionic balance. Leaf tissue analysis or foliar analysis is widely used to diagnose nutrient status and guide fertilizer management (Sharma & Ali, 2013).



4.1Nutrient uptake mechanisms
Table 2: Mechanisms of nutrient uptake in plants
	Mechanism
	Energy Required
	Driving Force
	Key Features
	Major Nutrients Involved
	Importance/Conditions

	Passive uptake

	Diffusion
	No
	Concentration gradient
	Slow movement of ions/molecules from high to low concentration
	Uncharged or weakly charged forms (e.g., H₃PO₄, H₂PO₄⁻, boric acid, silicic acid)
	Dominant when soil solution concentration is high

	Mass flow/
bulk flow
	No
	Transpiration-induced water movement
	Nutrients dissolved in soil water are carried to root surface with water flow
	Nitrate (NO₃⁻), Calcium (Ca²⁺), Magnesium (Mg²⁺), Sulfate (SO₄²⁻)
	Most important in well-watered soils and during high transpiration

	Ion exchange/
root interception
	No
(passive displacement)
	Release of H⁺ or HCO₃⁻/OH⁻ from roots
	Cations/anions adsorbed on clay/humus are displaced by root exudates
	K⁺, NH₄⁺, Ca²⁺, Mg²⁺, PO₄³⁻ (to some extent)
	Significant in soils rich in clay or organic matter

	Active uptake

	Carrier/channel-mediated transport
	Yes 
(ATP)
	
	Involves specific membrane proteins (carriers, channels, transporters)
	All essential nutrients (especially at low soil levels)
	Essential when soil nutrient concentration is low

	
	Primary active transport
	Direct ATP use
	H⁺-ATPase pumps
	Directly uses ATP to pump ions (mainly H⁺ out) to create proton motive force
	Mainly H⁺ (creates gradient for others)
	Foundation of most active uptake

	
	Secondary active transport
	Indirect (uses proton gradient)
	Proton motive force (ΔpH + Δψ)
	Uses energy stored in H⁺ gradient created by primary active transport
	NO₃⁻, PO₄³⁻, K⁺, NH₄⁺, amino acids, sugars, etc.
	Most common mechanism for nutrient ions

	Co-transport Mechanisms
	Yes (secondary)
	Proton gradient
	
	
	

	
	Symport
	
	H⁺ and nutrient enter together
	e.g., H⁺/NO₃⁻, H⁺/PO₄³⁻, H⁺/K⁺, H⁺-amino acid, H⁺-sucrose symporters
	Nitrate, phosphate, potassium, amino acids, sugars
	Very common in root epidermis and cortex

	
	Antiport
	
	One ion in, another (usually H⁺) out
	e.g., H⁺/Na⁺ antiport (SOS1 in salinity tolerance), H⁺/cation antiporters
	Na⁺ extrusion, K⁺/H⁺, Ca²⁺/H⁺ exchange
	Important in ion homeostasis and stress response


ATP:Adenosine triphosphate



Plants absorb nutrients from the soil mainly through their roots, using coordinated physical and biological mechanisms that bring ions from the soil solution into root cells and then throughout the plant(Ameena et al., 2023). These mechanisms ensure that essential macro- and micronutrients are continuously transported into the plant, where they support cell division, expansion and differentiation needed for growth. They also supply nutrients required for photosynthesis, respiration and enzymatic reactions that drive overall metabolism and the formation of new tissues and reproductive structures, thereby sustaining normal development. Different types of mechanisms involved in nutrient uptake by plant roots are represented in Table 2 (Iqbal et al., 2026). 
4.2 Leaf quality and its impact on larval development
The quality of leaves fed to A. mylitta plays a critical role in determining larval development, silk yield and overall production performance. Leaf quality strongly influences larval survival, growth rate, development time, body size and fitness, because it governs the supply of nutrients, water and defensive compounds ingested during feeding (Gattu et al., 2017; Panda et al., 2022). Important aspects of leaf quality include the host plant (leaf species identity), which differs in nutritional profile and secondary metabolites, and leaf age or condition, since younger, healthy leaves generally provide more digestible nutrients and fewer structural carbohydrates than older or senescing leaves.
4.2.1 Nutrient content
Nutrient content is a major determinant of leaf quality for A. mylitta, because proteins support body tissue synthesis and high-protein leaves promote faster and more efficient larval growth, while carbohydrates (mainly sugars) provide energy for maintenance and activity. The balance between proteins and carbohydrates directly affects how effectively larvae can channel energy into growth and metabolism, and lipids, though present at lower levels, are important for membrane formation and energy storage. Nutrient levels vary with host plant species and season, with Arjun leaves generally regarded as more nutritious than Sal, particularly in the early crop season.​
4.2.2 Leaf maturity
Leaf maturity also plays a key role: tender leaves are preferred by early instar larvae (1st and 2nd instars) because they are softer, richer in nutrients and easier to chew and digest, whereas later instars (3rd to 5th) perform better on mature leaves that provide more fibre and structural support and are suitable for cocoon formation. This stage-specific preference helps match larval feeding capacity and nutritional demand with leaf texture and composition.​	Comment by HP: Should be in superscript format of 1st and 2nd 	Comment by HP: Should be in superscript format of 3rd and 5th  

4.2.3 Moisture content
Moisture content of leaves strongly influences digestibility and feed efficiency, as fresh leaves with higher moisture facilitate chewing, swallowing and nutrient extraction, thereby supporting rapid growth. In contrast, dry or wilted leaves can stress larvae, reduce feed intake and slow development due to lower palatability and impaired digestion.​
4.2.4 Tannin content
Tannin content is another critical factor, since some tasar host plants such as Asan and Sal possess relatively high tannin levels that can bind proteins and other nutrients, reducing their availability and potentially depressing larval growth if the levels are excessive or not properly managed. However, moderate tannin levels may contribute to plant defense without severely compromising larval performance when other nutritional qualities are favourable.​
4.2.5 Leaf surface and texture
Leaf surface and texture affect palatability and feeding rate, as smooth, soft leaves are more readily accepted and rapidly consumed by larvae, leading to better intake of nutrients. In contrast, hard, thick or dusty leaves tend to be avoided or eaten more slowly, which can reduce overall ingestion and thereby negatively impact growth and cocoon characteristics.
4.2.6 Consequences of poor leaf quality
Poor leaf quality in tasar host plants has several negative consequences for A. mylitta and the rearer. It reduces larval survival rates, as larvae fail to obtain sufficient nutrients to complete development. Inadequate or imbalanced nutrition leads to stunted growth and prolongs the larval period, increasing exposure time to environmental stress and predators. Under such stress, larvae also become more susceptible to diseases and other health disorders. As a result, cocoons are fewer, lighter and of poorer quality, leading to lower silk yield. Together, these biological impacts translate into significant economic losses for rearers due to reduced output and inferior market value of cocoons.
5.Influence on cocoon parameters
Higher cocoon quality in A. mylitta is closely linked to leaf nutrient status, as cocoon weight, shell ratio and silk yield show positive correlations with key biochemical traits of foliage. Leaf macronutrients, especially nitrogen (reflected in protein content) together with balanced carbohydrates and lipids, provide the structural and energetic basis for larval growth and silk protein synthesis, while micronutrients such as Fe, Mn, Cu and Zn support enzymatic processes and metabolism. Adequate leaf moisture content improves digestibility and feed efficiency, whereas high levels of secondary metabolites like tannins can reduce nutrient availability and hinder digestion. Studies report that when leaf nitrogen and leaf water content increase within optimal ranges, cocoon weight and shell weight rise significantly, and shell ratio may reach or exceed about 22–25% under favourable nutrition (good host plant, season and management), resulting in higher silk yield and more compact cocoon (Renuka & Shamitha, 2015a; Vanitha et al., 2017).
5.1Correlation between nutrient levels and cocoon weight, shell ratio, silk yield
5.1.1 Correlation data for A. mylitta performance of BDR-10 rare in different agroclimatic zones
Chandrashekharaiah et al., (2019) evaluated the tasar ecorace BDR‑10 across different zones and reported that cocoon, pupal and shell weights varied approximately from 9.59 to 14.00 g for cocoons, 9.60 to 12.28 g for pupae and 1.50 to 1.95 g for shells, reflecting substantial environmental influence on these traits. They observed positive correlations between cocoon and shell weight, cocoon and pupal weight and pupal and shell weight, indicating that improvement in one trait is generally associated with improvement in the others. In contrast, altitude exerted a negative effect on cocoon weight, pupal weight, shell weight and shell ratio, meaning that these economically important parameters declined as elevation increased in their data set. 
5.1.2 RAPD/SCAR marker study comparing high low cocoon/shell weight
A RAPD/SCAR marker study by Dutta et al., (2012) compared high and low cocoon/shell weight lines in Indian tropical tasar silkworm. They classified strains into a high cocoon and shell weight group (HCSW) and a low cocoon and shell weight group (LCSW). In the parental HCSW line, mean cocoon weight was about 14.52 ± 0.87 g and shell weight 2.53 ± 0.38 g, whereas in the LCSW line cocoon weight was around 9.31 ± 0.25 g and shell weight 0.85 ± 0.23 g. The F₂ population showed intermediate means of 11.32 ± 0.27 g for cocoon weight and 1.53 ± 0.31 g for shell weight. These results demonstrate substantial genetic variation in cocoon and shell weight under comparable rearing conditions, likely interacting with host plant nutrition and larval nutrient-use efficiency.

5.1.3 Consumption of fresh terminalia leaf vs leaf cocoon ration
Dash et al., (2016) measured the relationship between fresh Terminalia foliage intake and cocoon production by measuring total fresh leaf consumption per larva and calculating the leaf-cocoon ratio. They reported that about 136.31 g of fresh T. arjuna leaves were required to produce a single tasar cocoon, providing a coarse conversion index between leaf biomass input and cocoon output under their experimental conditions. This ratio is useful for estimating foliage requirements and planning host plant resources, although it does not directly link leaf nutrient concentration or biochemical composition to specific cocoon traits such as shell ratio, filament length or silk quality.
5.1.4 Attitude specific leaf quality study (odisha host plant asan and arjun)
Mohapatra et al., (2022) investigated how altitude influences leaf nutrient quality of T. tomentosa and T. arjuna in Odisha and related this to tasar rearing performance and cocoon traits. They observed that leaves collected from higher altitudes had superior nutritional status, reflected in improved leaf biochemical parameters, and that these nutritionally richer leaves supported better larval performance and enhanced cocoon characteristics compared with lower-altitude sites. 
6.Research gaps and future directions
6.1Limitations in current studies
Current studies on tasar sericulture reveal several biological, environmental, technical and socio-economic limitations that create clear research gaps and future directions. Tasar silkworms remain heavily dependent on forest-based host plants such as Asan and Sal, restricting large-scale, year-round production and making yields highly seasonal and location-specific. Climatic vulnerability is marked, as temperature, humidity, rainfall variability, drought, heavy rain and deforestation can drastically reduce cocoon yield, yet systematic climate-resilience studies and adaptive rearing protocols are limited. Semi-domesticated status, high disease incidence (urosis, bacteriosis, pebrine, fungal infections), and dependence on traditional, labour-intensive methods contribute to high production risk, low efficiency and variable quality, while research on improved seed technology, health management and mechanization remains inadequate. Technically, low cocoon yield per rearing cycle and difficult reeling due to hard, pedunculated cocoons constrain silk recovery, but optimized reeling technologies for wild silk are still underdeveloped. Market and economic restrictions, such as price fluctuations, inadequate marketing channels, limited access to financing, and deficient infrastructure, are acknowledged but inadequately addressed in integrated value-chain or livelihood studies. Sustainability gaps include limited work on the ecological impacts of overharvesting, host plant regeneration and biodiversity conservation. 
6.2 Recommendations for future research
The sericulture industry should follow an integrated, multi‑scale framework spanning genes to ecosystems. Priority should be given to genotype-environment interaction studies across locations and fertility gradients to relate soil properties, leaf nutrient profiles and cocoon traits, and to identify ecoraces with stable performance. Work must move beyond NPK to include secondary nutrients and micronutrients, using long-term trials with organic amendments, biofertilizers and site‑specific nutrient management to link soil organic carbon, pH and nutrient availability with foliage quality and cocoon yield stability. Parallel advances in molecular breeding should target markers for cocoon weight, shell ratio, denier and silk yield, while detailed host plant-silkworm interaction studies refine agro-silvicultural practices for nutrient‑rich foliage. Climate resilience, disease resistance, improved rearing environments and wild‑silk processing technologies, combined with socio‑economic and technology‑adoption research, are essential to generate practically adoptable, livelihood enhancing nutrient management strategies for Odisha’s tasar sector.
6.3 Implications for sustainable tasar sericulture
This study highlights that improved cocoon quality in tasar sericulture has direct implications for sustainable rural livelihoods, ecological integrity and regional economies, particularly in tribal and forest-dependent areas. Tasar rearers rely on healthy forest-based host plant stands, so enhancing soil fertility through eco-friendly practices such as organic manures, composting, green manuring, vermicompost, mycorrhizal inoculation and biofertilizers can simultaneously improve cocoon traits and maintain biodiversity, soil structure and long-term fertility. Reducing dependence on synthetic fertilizers further mitigates risks of soil degradation and ecosystem disturbance. Capacity building via farmer training, participatory soil restoration and site-specific nutrient management can strengthen local technical competence. Policy supports, including soil health cards, silvi‑sericulture models and community-based plantation management, are essential to institutionalize these practices. Prioritizing soil and foliage nutrition thus provides a robust scientific and ecological basis for enhancing cocoon yield and quality while improving socio-economic resilience of tasar-rearing communities and conserving natural forest ecosystems.

7.Conclusion
Cocoon quality of the tasar silkworm A. mylitta is primarily determined by the nutritional status of host plant leaves, which is directly governed by soil fertility. Soil acts both as physical support for host trees such as Terminalia arjuna, Terminalia tomentosa and Shorea robusta, and as the main source of essential macro- and micronutrients that determine foliage quality. Nutrient-rich soils with adequate N, P, K, and micronutrients like Zn, Fe, Mn, and B enhance photosynthesis, nitrogen assimilation and protein synthesis in leaves, leading to higher protein, carbohydrate and mineral contents that favour larval development. Such foliage promotes greater larval weight gain, metabolic efficiency, silk gland growth and spinning performance, resulting in cocoons with higher weight, shell ratio, filament length, uniform denier and better reelability, all of which increase commercial value. In contrast, nutrient-deficient soils produce biochemically poor leaves that cause reduced larval vigour, slower growth, weak silk gland development and inferior cocoons. Therefore, soil nutrient management is a cornerstone of tasar culture, and practices such as regular soil testing, balanced fertilization and enhancement of organic matter in host plant stands are crucial, especially in forest-based systems, to sustain and improve tasar cocoon yield and quality.	Comment by HP: Short form of the generic name
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