


Recent Advances in Mulberry Cultivation and Improvement for Sustainable Sericulture: A Literature Review


Abstract
Mulberry (Morus spp.) is the primary host plant of the silkworm Bombyx mori and plays a fundamental role in determining silk productivity and quality. Improving mulberry cultivation through advanced agronomic practices and modern biotechnological tools has become essential for sustainable sericulture. This review summarizes recent progress in mulberry research, including germplasm diversity, propagation technologies, genetic and genomic improvement, stress tolerance mechanisms, nutrient management, and leaf quality optimization. Conventional propagation methods such as cuttings and grafting remain widely used, while mini clonal technology and tissue culture enable rapid multiplication of elite varieties. Molecular approaches including marker-assisted selection, transgenic technologies, and CRISPR/Cas9 genome editing have opened new opportunities for improving stress tolerance and leaf nutritional quality. Integrated nutrient management and organic fertilization have also demonstrated significant potential for enhancing mulberry leaf yield and soil health. Furthermore, emerging technologies such as precision agriculture, hyperspectral sensing, and artificial intelligence are increasingly being explored for efficient mulberry cultivation and real-time monitoring of leaf quality. Despite these advances, further research is required to bridge the gap between laboratory innovations and field-level applications. The integration of biotechnology, sustainable agronomic practices, and digital technologies will be crucial for enhancing mulberry productivity and ensuring the long-term sustainability of the sericulture industry.
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1. Introduction
Sericulture — the rearing of silkworms for silk production — is one of the most ancient agro-based industries, with a history spanning more than 5,000 years. At its centre lies the mulberry plant (Morus spp., family Moraceae), the exclusive food source of the domesticated silkworm Bombyx mori L. The quality and quantity of mulberry leaf production directly govern the profitability of sericulture, making mulberry cultivation the most critical determinant of silk yield and quality worldwide (Khurana and Checker, 2011).
The genus Morus comprises over 15 species with more than 500 recognized varieties. India, the second-largest silk producer globally after China, cultivates mulberry across five distinct agro-climatic zones, supporting millions of rural households. Despite its long history, mulberry productivity faces mounting challenges: climate-induced drought, salinity and temperature extremes, degraded soil health, and expanding disease pressure. The global silk market's rising demand for high-quality yarn has also intensified pressure to improve not only biomass output but also the biochemical composition of leaves — attributes that directly determine silkworm growth, cocoon weight, and filament quality (Sarkar et al., 2017).
The past decade has witnessed remarkable progress driven by molecular biology, genomics, biotechnology, and precision agriculture. From sequencing of the Morus notabilis genome to CRISPR/Cas9 gene editing and RNA-seq transcriptomics, the tools available for improvement have expanded dramatically. This review synthesizes these advances under six thematic domains and discusses implications for the future of mulberry-based sericulture globally.
Table 1. Commercially Important Morus Species, Their Distribution, and Sericultural Significance
	Species
	Common Name
	Distribution
	Leaf Characteristics
	Sericultural Importance

	Morus alba L.
	White mulberry
	China, India, Europe, Americas
	Smooth, lobed, high protein (26.2%)
	Primary sericulture species globally

	Morus indica L.
	Indian mulberry
	Indian subcontinent
	Large, glossy, rich in moisture
	Dominant in S. India; V1, S-36 cultivars

	Morus multicaulis
	Chinese white mulberry
	China, Japan, Korea
	Very large leaves, multi-shoot
	High-yield sericulture; drought tolerance research

	Morus nigra L.
	Black mulberry
	W. Asia, Mediterranean
	Dark, rough, anthocyanin-rich
	Limited sericulture; nutraceutical value

	Morus bombycis
	Korean mulberry
	Japan, Korea
	Tender, deeply lobed
	Spring rearing; early leaf availability

	Morus serrata
	Himalayan mulberry
	Himalayan foothills
	Serrated margin, cold-tolerant
	Rootstock for cold-zone grafting


Source: Compiled from Vijayan et al. (2022); Shafique et al. (2025); Central Silk Board (2023).
2. Botanical Diversity and Germplasm Resources
The genus Morus is a genetically diverse group of dioecious woody trees and shrubs, with some individuals exhibiting monoecious arrangements (Baciu et al., 2023). India maintains six native mulberry species, while national repositories such as the Central Sericultural Germplasm Resources Centre (CSGRC) in Hosur, Tamil Nadu, conserve thousands of accessions (Central Silk Board, 2023). Recent systematic evaluations using principal component analysis and cluster analysis (Bhavya et al., 2025) identified genetic variability and high heritability for leaf yield per plant, shoot length, number of shoots per plant, internode length, and leaf area across 203 genotypes evaluated over two consecutive years.
Molecular characterization increasingly complements morphological evaluation. The Morus Genome Database (MorusDB) provides a repository of SNPs, ISSRs, RFLPs, and microsatellite markers across diverse accessions (Vijayan et al., 2022). Cryopreservation research by Choudhary et al. (2013) demonstrated the viability of two-step freezing for long-term genetic banking without significant genetic drift — a critical tool for safeguarding endemic landraces in the face of habitat loss and climate change.
3. Propagation Technologies and Nursery Management
3.1 Conventional Propagation Methods
Stem cutting is the most widely practiced technique due to its simplicity and low cost. Hardwood cuttings treated with indole-3-butyric acid (IBA) at 1,000–3,000 ppm yield the best rooting percentages, with the optimal concentration varying by genotype (Aziz et al., 2020). Grafting onto rootstock of different species has been explored as a means to confer drought or salinity tolerance to commercial scion varieties (Kumar et al., 2025).
3.2 Mini Clonal Technology (MCT)
Mini clonal technology has emerged as one of the most significant nursery innovations in recent years. Developed at CSRTI Mysore, MCT uses apical shoot cuttings derived from juvenile shoots of established mother plants, enabling generation of thousands of uniform plantlets rapidly (Bharathi et al., 2024). Studies by Bharathi et al. (2024) on M. indica var. V1 demonstrated superior field survivability, uniform growth, and comparable or better leaf yield relative to conventionally propagated material. MCT can reduce nursery establishment time by 40–60% while maintaining genetic integrity (Bharathi et al., 2024).
3.3 Tissue Culture and In Vitro Propagation
Micropropagation protocols employing MS basal medium with BAP (0.5–4.4 µM) and low NAA achieve multiple shoot induction efficiencies exceeding 90% for varieties S-1635, S-36, K-2, and V-1 (Qadir et al., 2024). Somatic embryogenesis remains relatively recalcitrant in mulberry; however, colchicine-mediated polyploidy induction has generated tetraploid and triploid lines with enhanced vigour and larger leaf size. Triploid induction through endosperm culture has produced plants with superior leaf yield characteristics (Rafiqui et al., 2022; Sarkar et al., 2018).
Table 2. Comparative Analysis of Mulberry Propagation Methods in Sericulture
	Method
	Genetic Uniformity
	Multiplication Rate
	Time to Establishment
	Cost
	Best Application

	Hardwood Cutting
	High
	Moderate (50–70 plants/mother)
	3–4 months
	Low
	Large-scale plantation

	Grafting / Budding
	High
	Low 
(1:1 scion:stock)
	4–6 months
	Medium
	Rootstock advantage zones

	Air Layering
	High
	Very low
	2–3 months
	Medium
	High-value clone rescue

	Mini Clonal Technology (MCT)
	Very High
	Very high (thousands/cycle)
	1.5–2.5 months
	Low–Medium
	Commercial scale-up

	Tissue Culture (Micropropagation)
	Very High
	Extremely high
	3–5 months (lab + hardening)
	High
	Virus-free stock, rare genotypes

	Seed Propagation
	Low (genetically variable)
	High
	6–12 months
	Very Low
	Breeding crosses only


Source: Compiled from Bharathi et al. (2024); Bharathi et al. (2024); Aziz et al. (2020); Qadir et al. (2024).
4. Genetic and Genomic Improvement Strategies
4.1 Conventional Breeding and Molecular Markers
Conventional mulberry breeding confronts significant challenges: its dioecious nature introduces inbreeding depression; its perennial lifecycle extends breeding cycles; and the polygenic nature of key traits reduces phenotypic selection efficiency (Mogili et al., 2023). Commercially successful varieties include S-36, S-54, RC-2, and TR-10. Molecular marker-assisted selection (MAS) using RAPD, ISSR, AFLP, SSR, and SNPs has been applied for genetic diversity assessment, cultivar fingerprinting, hybrid verification, and QTL linkage mapping (Vijayan et al., 2022). GWAS enabled by the M. notabilis genome can now identify genomic regions influencing complex traits with unprecedented resolution.
4.2 Transgenic Approaches
Agrobacterium tumefaciens-mediated transformation has been the most widely employed method, using shoot meristems, leaf discs, and callus-derived explants (Chitra et al., 2014). Transformation with the barley HVA1 gene under the HVA22 stress-inducible promoter significantly enhanced drought, salinity, and cold stress tolerance in transgenic plants compared to wild-type controls (Checker et al., 2012). Plastid (chloroplast) transformation offers distinct advantages including exceptionally high transgene expression levels, robust transgene containment through maternal inheritance, and absence of position effects (Vijayan et al., 2011).
4.3 CRISPR/Cas9 and Emerging Gene Editing
CRISPR/Cas9-mediated genome editing in mulberry was first reported by Moulidharshan et al. (2025), opening new frontiers in functional genomics. Applications under investigation include knockout of fungal disease susceptibility genes, modification of lignin biosynthesis pathways to improve leaf digestibility, enhancement of anthocyanins and flavonoids, and disruption of negative drought-response regulators. Multi-omics integration — combining genomics, transcriptomics, proteomics, and metabolomics — combined with CRISPR and GWAS represents the most promising framework for next-generation mulberry improvement (Biotechnological interventions in sericulture, 2025).
Table 3. Key Stress-Tolerance Genes and Transgenes Characterized in Mulberry (Morus spp.)
	Gene / Transgene
	Source
	Stress Type
	Mechanism
	Reference

	HVA1
	Barley (Hordeum vulgare)
	Drought, salinity, cold
	LEA protein accumulation; ROS detoxification
	Checker et al. (2012)

	MnDREB4A
	M. notabilis
	Heat, cold, drought, salt (multi-stress)
	Activates CRT/DRE regulon; ABA-independent pathway
	SWU team / PLOS ONE (2015)

	miR166f
	M. multicaulis
	Drought
	Post-transcriptional repression of HD-Zip TFs
	Li et al. (2018)

	MaSOS1
	M. alba
	Salinity
	Na⁺/H⁺ antiporter; ion homeostasis
	(Lu et al., 2017)

	MnWRKY20
	M. notabilis
	Drought, pathogen defence
	WRKY TF; stomatal regulation & PR gene induction
	He et al. (2013)

	CHS / CHI genes
	M. alba
	UV stress, fungal attack
	Flavonoid biosynthesis; anthocyanin accumulation
	Chao et al. (2021)


Source: Compiled from Checker et al. (2012); Li et al. (2018); He et al. (2013); Chao et al. (2021); SWU PLOS ONE (2015).
5. Abiotic and Biotic Stress Tolerance
5.1 Drought and Salinity Stress
Drought and salinity are the two abiotic constraints with greatest global impact on mulberry productivity. Guha et al. (2010) identified differential antioxidative responses among five M. alba cultivars under water stress, demonstrating that cultivar-specific differences in superoxide dismutase, catalase, ascorbate peroxidase, and proline accumulation underpin variation in drought tolerance. The landmark genomic framework by Vijayan et al. (2022) highlighted the utility of QTL mapping, GWAS, and genomic selection for traits including water use efficiency, root architecture, stomatal density, and osmotic adjustment. Salinity tolerance research has identified key sodium transporter genes (MaSOS1) responsible for Na⁺/H⁺ antiporter-mediated ion homeostasis (Lu et al., 2017).
5.2 Cold and Temperature Stress
Cold stress restricts the mulberry growing season in temperate and high-altitude zones. Molecular mechanisms of cold acclimation involve the CBF/DREB1 regulon, membrane lipid desaturation, cryoprotective protein accumulation, and carbohydrate remodelling (Khurana and Checker, 2011). The dual heat-and-cold responsiveness of MnDREB4A — demonstrating induction at 12 hours post-stress — suggests that engineering enhanced expression of broad-spectrum stress regulators offers a viable pathway to multi-stress tolerance in commercial cultivars.
5.3 Biotic Stress: Diseases and Pests
Powdery mildew (Phyllactinia corylea), leaf spot (Cercospora spp.), root rot (Fusarium spp., Phytophthora spp.), bacterial blight (Pseudomonas syringae pv. mori), and root-knot nematode (Meloidogyne incognita) represent the primary biotic threats to mulberry gardens (Baruah and Borthakur, 2024). Transgenic approaches using PR proteins, chitinase, and β-1,3-glucanase genes have been explored, though regulatory constraints limit commercial deployment (Feng et al., 2021). Biological control, biopesticides, and disease-forecasting systems integrated with precision spraying are gaining attention as sustainable alternatives.
6. Nutrient Management and Integrated Cropping Systems
6.1 Organic and Integrated Fertilization
A comprehensive field study (Ahammed et al., 2025) evaluated the effects of cow dung, vermicompost, and their combination with recommended NPK on three M. alba varieties. The combined organic treatment achieved the highest leaf yield of 116.6 t/ha/year, significantly exceeding NPK-only treatment while also improving chlorophyll content, soluble proteins, total soil carbon, available phosphorus, and beneficial microbial community structure. Vermicompost produced from sericultural farm residues contains 1.8–2.0% nitrogen, 0.6–0.9% phosphorus, and 1.0–1.5% potassium — providing a balanced slow-release nutrient profile that enhances soil biological activity and leaf quality (Pandey, 2019).
Table 4. Effect of Fertilizer Management Strategies on Mulberry Leaf Yield and Quality Parameters
	Treatment
	Leaf Yield (t/ha/yr)
	Protein Content (%)
	Chlorophyll (mg/g)
	Soil Organic Carbon (%)

	Recommended NPK only (100:60:60 kg/ha)
	87.3
	23.4
	1.82
	0.61

	Cow dung (20 t/ha) alone
	91.5
	24.8
	1.94
	0.78

	Vermicompost (10 t/ha) alone
	95.2
	25.7
	2.08
	0.84

	NPK + Cow dung (50% substitution)
	108.4
	26.5
	2.21
	0.91

	NPK + Vermicompost (50% substitution)
	111.8
	27.1
	2.35
	0.97

	Cow dung + Vermicompost combined (T8 — best organic)
	116.6 ★
	28.3 ★
	2.54 ★
	1.06 ★


Note: ★ = Best-performing treatment. Values are indicative means compiled from Ahammed et al. (2025) and Pandey, (2019). Actual values may vary by soil type and cultivar.
6.2 Mulberry-Based Integrated Cropping Systems
An integrated cropping system study (Chanotra et al., 2024) demonstrated significant simultaneous production of seasonal vegetables and mulberry leaf from intercropped blocks. Mulberry's annual dormancy period causes minimal solar light interception for intercropped species, making it an ideal companion for short-duration vegetable crops. Such systems stabilize farmer income, improve soil health through organic matter cycling, and enhance on-farm biodiversity relative to monocultural mulberry gardens.
7. Leaf Quality Optimization for Silkworm Performance
7.1 Biochemical Composition and Nutritional Value
Leaf quality encompasses moisture content, protein concentration, carbohydrate composition, lipid profile, mineral content, and phytochemical balance. A comparative analysis (Shafique et al., 2025) found M. alba exhibited the highest protein content (26.16%), fat content (4.53%), and total ash (17.38%), with silkworms fed M. alba demonstrating superior growth. Research on mulberry leaf digestibility (MDPI Agriculture, 2024) reported average digestibility of approximately 54.46% across tested varieties, with older leaves showing significantly reduced moisture and nutritional value — reaffirming the importance of optimal leaf maturity at harvest.
7.2 Leaf Fortification and Supplementation Strategies
Muzamil et al. (2023) demonstrated that 1% Alanine-coated mulberry leaves significantly improved cocoon weight, shell ratio, and fibroin content compared to controls. Harshitha et al. (2024) found that high-quality leaf powder fortification of poor-quality leaves was most effective, improving larval weight, cocoon weight, and pupal weight. Plant extracts from Ginkgo biloba, Boswellia carterii, Salvia officinalis, and Cymbopogon citratus at various concentrations improved silkworm traits, attributed to bioactive terpenoids and phenolic compounds acting as growth promoters and immunostimulants (Bulletin NRC Egypt, 2025). Garden cress (Lepidium sativum) seed powder blended into mulberry feeding also improved cocoon parameters and reproductive output (PMC, 2024).
Table 5. Effect of Mulberry Leaf Quality and Supplementation Strategies on Bombyx mori Performance
	Treatment / Mulberry Type
	Silkworm Parameter Improved
	Cocoon Weight (g)
	Shell Ratio (%)
	Reference

	M. alba (control fresh leaf)
	Baseline — all parameters normal
	1.52
	18.6
	Shafique et al. (2025)

	1% Alanine-coated mulberry leaf
	Larval weight, silk gland ratio, fibroin content
	1.78 (+17%)
	22.4
	Muzamil et al. (2023)

	High-quality leaf powder fortification
	Pupal weight, cocoon weight, shell weight
	1.69 (+11%)
	20.8
	Harshitha et al. (2024)

	Garden cress (Lepidium sativum) seed powder blend
	Larval growth, reproductive output, immunity
	1.74 (+14%)
	21.5
	PMC (2024)

	Ginkgo biloba leaf extract spray (0.5%)
	Growth rate, feed efficiency, cocoon characters
	1.71 (+12%)
	21.1
	Bulletin NRC Egypt (2025)

	Organic-fertilized M. alba leaf (vermicompost)
	Overall biological efficiency, silk yield
	1.83 (+20%) ★
	23.2 ★
	Ahammed et al. (2025)


Note: ★ = Best-performing treatment. Values are compiled means. Shell ratio and cocoon weight vary with silkworm race and rearing season.
8. Controlled Environment Cultivation and Emerging Technologies
A comprehensive review (Baciu et al., 2023) examined the prospects of mulberry in controlled environments, noting advantages including year-round leaf production, reduced pesticide inputs, improved water use efficiency, and expansion into non-traditional regions. Organic crop management is particularly critical in controlled systems given the direct food-chain linkage between leaf phytochemistry and silkworm health. The application of artificial intelligence and remote sensing to mulberry cultivation — including hyperspectral estimation of leaf nitrogen and chlorophyll, and drone-based disease detection — represents a rapidly developing precision sericulture frontier (Central Silk Board, 2023). Machine learning models trained on hyperspectral data have shown promise for non-destructive real-time assessment of leaf quality, with considerable potential for integration into advisory systems for smallholder farmers.
Figure 1: Precision mulberry cultivation system integrating remote sensing, hyperspectral imaging, and AI-based advisory tools.
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9. Research Gaps and Future Directions
Critical research gaps include: (i) a persistent translational gap between laboratory biotechnological advances and on-farm adoption, requiring policy reform and technology transfer investment; (ii) under exploration of less-studied species — M. serrata, M. laevigata, and wild landraces — as sources of traits for climate-adaptive breeding; (iii) limited mechanistic understanding of mulberry rhizosphere microbiomes, warranting metagenomic and meta transcriptomic analyses to guide biofertilizer design; (iv) a critical shortage of climate-change impact modelling studies for sericultural zones in India, Southeast Asia, and Brazil; and (v) the need for chromosome-level reference genomes, comprehensive transcript atlases across tissues, and proteome databases linked to silk quality phenotypes to enable effective multi-omics-driven breeding.
Future research should prioritize the development of climate-tolerant mulberry ideotypes through integration of genomic selection, CRISPR-enabled trait engineering, and precision agronomy. Public–private partnerships between national sericulture research institutes, agricultural universities, and precision agriculture technology companies offer the most promising institutional framework for achieving these goals within the policy timelines required to sustain global silk production under projected climate scenarios.
10. Conclusion
Mulberry cultivation and improvement is a scientifically dynamic field at the intersection of plant biology, agricultural biotechnology, agronomy, and sericulture science. The literature reviewed documents substantial progress: from molecular characterization of stress-responsive genes and development of transformation protocols, to practical optimization of organic nutrient management and deployment of mini clonal technology. The transition from classical yield-focused research to a holistic understanding of mulberry as a multifunctional plant — simultaneously a sericulture crop, nutraceutical resource, agroforestry component, and advanced biotechnological subject — represents a paradigmatic shift. Realizing the full potential of these advances requires sustained commitment from research institutions, extension agencies, and policy bodies to translate scientific innovations into accessible technologies for the smallholder farmers who constitute the backbone of global silk production.
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