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Mulberry (Morus spp.) is a perennial crop of vital importance in sericulture, functioning as the exclusive food source for the silkworm (Bombyx mori L.), which directly influences cocoon production and raw silk yield. The success of sericulture largely depends on the health and productivity of mulberry plants, which are increasingly under threat from a range of soil-borne pathogens, particularly plant-parasitic nematodes. Among these, root-knot nematodes (Meloidogyne spp.) pose the most significant challenge due to their widespread occurrence and severe pathogenic effects. These obligate parasites penetrate the root system, induce gall formation, interfere with vascular functions, and compromise the uptake of water and nutrients, resulting in chlorosis, stunting, poor canopy development, and a sharp decline in leaf yield and quality. This deterioration adversely impacts silkworm health and ultimately reduces cocoon weight and silk filament quality. In addition to Meloidogyne spp., other nematodes such as Pratylenchus, Helicotylenchus, and Tylenchorhynchus have also been reported in mulberry fields, often acting synergistically to intensify root damage. One of the major challenges in managing these pests is their cryptic nature, which delays detection until substantial damage has already occurred. Conventional management methods, including deep ploughing, crop rotation, and application of organic manure, provide partial control but are often insufficient when used in isolation. Chemical nematicides, though effective, raise environmental and safety concerns due to their residual toxicity and impact on non-target organisms. To address these issues, recent research has focused on integrated and sustainable nematode management strategies.  This review aims to provide a comprehensive synthesis of the current understanding of nematode diversity in mulberry ecosystems, their physiological impact on plants, and the multifaceted management strategies available. The integration of traditional, biological, and genetic approaches offers a holistic pathway for mitigating nematode-related losses and ensuring the long-term sustainability of sericulture in nematode-prone regions.
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1. Introduction
Mulberry (Morus spp.) is a perennial plant of significant economic importance, serving as the sole food source for the silkworm (Bombyx mori L.), and thereby forming the backbone of the sericulture industry. In India and several Asian countries, sericulture supports rural livelihoods and contributes to sustainable agro-based economies. The quality and quantity of mulberry leaf production directly influence silkworm health, cocoon yield, and silk quality (Kumar et al., 2019). However, mulberry cultivation faces several biotic stresses, among which plant-parasitic nematodes have emerged as a major hidden threat (Chitwood, 2003).
Among the various nematodes affecting mulberry, root-knot nematodes (Meloidogyne spp.) are the most destructive. These obligate parasites invade plant roots, forming characteristic galls, which impair water and nutrient uptake, leading to reduced photosynthesis, stunted growth, and ultimately poor leaf yield (Ravindra et al., 2018). Other nematodes such as Pratylenchus, Helicotylenchus, and Tylenchorhynchus species are also reported to cause significant root damage in mulberry ecosystems (Dhanapal & Jagadeeswar, 2017).
The cryptic nature of nematode infestation often delays diagnosis, by which time substantial damage has already occurred. Traditional reliance on chemical nematicides, while effective, poses environmental and toxicity concerns. Therefore, sustainable approaches, including the use of organic amendments, biological control agents, and resistant cultivars, are being explored to reduce nematode pressure in mulberry fields (Khan et al., 2021). This review compiles current knowledge on the nematode species affecting mulberry, symptoms of infestation, and diverse strategies employed to protect mulberry health and secure silkworm productivity.
2. Biology and Economic Importance of RKN in Mulberry
Root-knot nematodes (RKNs) are among the most destructive soil-borne pathogens affecting a wide range of agronomic, horticultural, and plantation crops globally. These obligate, sedentary endoparasites from the genus Meloidogyne pose a significant threat to mulberry (Morus spp.), which is the sole food source for the silkworm (Bombyx mori L.). Among the various species of RKNs, Meloidogyne incognita has been widely reported as the most prevalent and economically damaging species in mulberry plantations, particularly in tropical and subtropical regions (Moens, Perry, & Starr, 2009; Khan & Khan, 2002).
The life cycle of M. incognita is initiated by the second-stage juvenile (J2), which is the motile and infective form. These juveniles hatch from eggs deposited in a gelatinous matrix and actively migrate through the soil in search of suitable host roots. Upon encountering mulberry roots, J2s penetrate the root tissues, primarily through the elongation zone, using their stylet to mechanically pierce the plant cell walls. Once inside, they migrate intercellularly through the cortex towards the vascular cylinder, where they establish permanent feeding sites. These sites are formed by the induction of specialized structures called “giant cells,” which are hypertrophied, multinucleated cells that serve as a nutrient sink for the nematode throughout its sedentary life (Williamson & Hussey, 1996). As the nematodes mature, the surrounding root tissues swell, leading to the formation of characteristic root galls or knots.
These galls significantly impair the plant's ability to absorb water and nutrients by disrupting normal vascular function. The physiological imbalance caused by RKN infection results in several above-ground symptoms, including yellowing of leaves (chlorosis), leaf curling, stunted plant growth, reduced tillering or branching, and wilting under water stress, particularly during dry and warm seasons (Khan & Khan, 2002; Anwar & McKenry, 2010). In severe infestations, root damage predisposes the plant to secondary invasion by opportunistic pathogens such as Fusarium oxysporum, Pythium spp., and Rhizoctonia solani, compounding stress and increasing plant mortality rates (Luc et al., 2005).
From an economic perspective, the impact of M. incognita on mulberry cultivation is profound. Infected plants show significant reductions in leaf biomass and moisture content, which are critical parameters for silkworm rearing. Reduced leaf quality and yield directly influence the growth, health, and silk-producing capacity of silkworms. Studies have estimated that RKN infestations can lead to a 20%–40% reduction in mulberry leaf yield under moderate to severe infestation levels (Ravindra et al., 2013; Vijaya Kumari & Sujathamma, 2020). Additionally, affected silkworms produce smaller cocoons with shorter filament lengths and lower silk reeling percentages, ultimately reducing the market value of the final silk product (Patil et al., 2011).Yield losses are also compounded by increased expenditure on replanting, soil sterilization, and chemical nematicide use. Furthermore, yield loss variability has been observed across mulberry cultivars, suggesting that certain genotypes exhibit greater tolerance or susceptibility to nematode stress. This highlights the importance of screening and developing nematode-resistant or tolerant cultivars as a sustainable and long-term solution in integrated nematode management strategies (Khan et al., 2021). Overall, the widespread and persistent threat posed by Meloidogyne incognita in mulberry cultivation necessitates a multidisciplinary approach involving early detection, biological and cultural management, soil health monitoring, and genetic resistance breeding to mitigate its impact and safeguard sericulture productivity.
3. Integrated Approaches for Managing Root-Knot Nematodes in Mulberry
A wide range of strategies has been explored for managing Meloidogyne incognita in mulberry cultivation. These include cultural practices such as deep ploughing, crop rotation, and organic amendments that suppress nematode populations by disrupting their life cycle. Biological control utilizes beneficial microbes like Pochonia chlamydosporia, Paecilomyces lilacinus, and Trichoderma spp. to parasitize nematode eggs or promote plant resistance. Chemical methods, though effective, are recommended only as a last resort due to their residual effects and environmental concerns. Additionally, the use of botanicals like neem cake and marigold and the adoption of resistant mulberry varieties can significantly reduce nematode damage. Ultimately, Integrated Nematode Management (INM) a combination of multiple compatible strategies has proven to be the most sustainable and economically viable approach for controlling RKN in mulberry ecosystems. 
3.1 Cultural Management Strategies
Cultural practices are foundational in the sustainable management of root-knot nematodes (RKN) in mulberry cultivation. These practices aim to reduce initial inoculum, interrupt the nematode life cycle, and create unfavorable conditions for nematode survival and reproduction, all while improving soil health and plant vigor.
Summer Ploughing
Deep summer ploughing is a well-recognized cultural technique for nematode suppression. Executing this practice during the hottest months of the year helps in exposing the deeper soil layers to high temperatures, which can be lethal to nematode eggs and second-stage juveniles (J2). In regions with intense solar radiation, ploughing to a depth of 30–40 cm can elevate the temperature of the topsoil beyond the thermal death point of many plant-parasitic nematodes, effectively reducing their populations (Khan et al., 2006). Additionally, the mechanical disruption of soil structure exposes nematodes to desiccation and to naturally occurring predators and antagonists such as fungi and bacteria. According to Chaudhary et al. (2011), repeated summer tillage enhances soil aeration and accelerates organic matter decomposition, fostering microbial activity that is antagonistic to nematode survival. Integrating summer ploughing with organic amendments can enhance these effects and support better root growth in mulberry.
Use of Nematode-Free Saplings
The establishment of nematode-free nurseries is critical to preventing the introduction and spread of root-knot nematodes in new plantations. Seedlings raised in soils previously cultivated with non-host crops such as paddy, maize, or legumes are less likely to harbor nematode populations. Selecting healthy, gall-free saplings and avoiding the transfer of infested nursery stock can significantly reduce the primary inoculum load in the field (Sikora et al., 2005). Regular monitoring and disinfection of nursery tools, along with careful field sanitation, further minimize the risk of nematode spread.
Mulching with Organic Materials
Organic mulching not only conserves soil moisture and regulates temperature but also plays a direct role in nematode management. Decomposing organic matter, such as farmyard manure (FYM), green leaf manures, and compost, enriches the soil with nutrients and enhances microbial activity. Some mulches, such as neem (Azadirachta indica) and Calotropis (Calotropis gigantea), release bioactive compounds with nematicidal properties upon decomposition (Akhtar & Malik, 2000). These compounds interfere with egg hatchability and juvenile mobility, thereby reducing nematode infectivity.
In a comparative study, Govindaiah et al. (1989) evaluated the efficacy of neem and Pongamia (Pongamia pinnata) leaf mulch in managing Meloidogyne incognita in mulberry. Pongamia mulch showed superior results in reducing gall formation and egg masses due to its higher content of toxic alkaloids and better nutrient profile. The improved root architecture and branching associated with Pongamia mulch contributed to enhanced resistance against nematode invasion, likely by promoting robust root growth and increasing microbial antagonists in the rhizosphere.
Trap Cropping and Intercropping
Trap cropping is an ecological strategy wherein certain plant species are used to stimulate nematode hatching but do not support their reproduction, leading to a natural decline in nematode populations. Common trap crops in mulberry systems include marigold (Tagetes spp.), mustard (Brassica spp.), and sesame (Sesamum indicum). These crops exude specific root exudates that trigger egg hatching in nematodes, but the larvae fail to complete their life cycle due to incompatible host physiology (Wang et al., 2021).
Among these, French marigold (Tagetes patula) is especially effective, primarily due to the production of thiophenes such as α-terthienyl—sulfur-containing compounds with potent nematicidal activity. These substances disrupt nematode respiration and damage cellular integrity, ultimately resulting in nematode mortality (Hooks et al., 2010). In a field experiment, Govindaiah et al. (1991) demonstrated that intercropping T. patula with mulberry at 30 cm intervals led to a 75.84% reduction in M. incognita infestation without any adverse impact on mulberry leaf yield.
In addition to nematode suppression, such intercropping systems contribute to enhanced agro-biodiversity, improved soil structure, and a balanced soil microflora. These systems often attract beneficial insects and natural enemies of other pests, adding an additional layer of pest suppression and promoting ecosystem resilience (Sikora et al., 2005).
3.2 Biological Control Strategies
Biological control methods utilize naturally occurring or introduced organisms and plant-based substances to suppress populations of plant-parasitic nematodes. These strategies are increasingly adopted in mulberry ecosystems due to their eco-friendly, cost-effective, and sustainable nature. Two primary categories in biological control include biocontrol agents and botanicals.
3.2.1 Biocontrol Agents
Several fungi, bacteria, and beneficial microbes have been demonstrated to suppress Meloidogyne incognita through mechanisms such as parasitism, antibiosis, competition, and induced resistance in host plants.
Biological control offers an eco-friendly and sustainable approach to managing Meloidogyne incognita in mulberry, primarily by using egg-parasitic fungi, rhizobacteria, and beneficial soil microbes. One of the most extensively studied biocontrol agents is Pochonia chlamydosporia, the active ingredient in the commercial formulation Bionema, developed by the Central Sericultural Research and Training Institute (CSRTI), Mysore. This fungus is known for its ability to parasitize nematode eggs and effectively reduce root galling and nematode multiplication by 80–85%, offering considerable protection to the root system (CSRTI Annual Report, 2018).
Similarly, Purpureocillium lilacinum (formerly Paecilomyces lilacinus) has shown significant antagonism against nematode eggs and second-stage juveniles (J2). It produces extracellular enzymes such as chitinase and protease, which break down the nematode eggshell and cuticle, thereby reducing their survival (Khan et al., 2006). Fungal species like Trichoderma harzianum and T. viride have also demonstrated dual benefits suppressing nematode populations while simultaneously enhancing plant growth. These fungi colonize the rhizosphere, improve nutrient uptake, and secrete antibiotics and lytic enzymes that interfere with nematode physiology and reproduction (Mukhopadhyay et al., 2012). The beneficial bacterium Pseudomonas fluorescens acts as an effective rhizosphere colonizer. It secretes antibiotics such as 2,4-diacetylphloroglucinol (DAPG), hydrogen cyanide, and siderophores, which suppress nematode development and induce systemic resistance in plants, making them less susceptible to infection (Manjula et al., 2014). Another promising bacterium, Bacillus subtilis, controls nematodes by producing lipopeptides and biofilms, which physically hinder nematode movement and root penetration.
In an integrated approach, Sharma et al. (2012) evaluated the use of Seri-compost a nutrient-rich organic amendment prepared from silkworm litter and rearing waste, enriched with rock phosphate and a consortium of beneficial microbes including Azotobacter chroococcum, Bacillus megaterium, T. harzianum, and T. pseudokoningii. When applied to a six-year-old V1 mulberry garden infested with root-knot nematodes, and combined with neem oil cake, the treatment significantly reduced gall formation, egg masses, and soil nematode populations. The action was attributed to nematicidal compounds in neem (such as nimbidin, thionemone, and phenolics) and the egg-parasitizing behavior of Trichoderma species.
Further supporting these findings, Sukumar et al. (2004) conducted a field study to compare the efficacy of T. harzianum and P. lilacinus in controlling nematodes in K-2 mulberry variety. Both fungi were mass-multiplied and incubated with farmyard manure (FYM) before being applied to the field. Application of T. harzianum twice annually showed nematode control comparable to that of the chemical nematicide Carbofuran. The secondary metabolites produced by T. harzianum were found to inhibit nematode development and egg hatching, ultimately reducing disease incidence.
These findings clearly demonstrate that incorporating microbial agents and enriched organic amendments into mulberry cultivation can significantly mitigate nematode-induced damage while promoting sustainable soil health and plant growth.
Mycorrhizal Symbiosis
Glomus fasciculatum, an arbuscular mycorrhizal fungus (AMF), improves nutrient uptake (particularly phosphorus) and reduces nematode entry by forming a physical barrier in the root cortex. Its symbiosis enhances overall plant tolerance under nematode stress conditions (Jain et al., 2007).
Integrated Bioproducts
Nemahari, a CSRTI-developed formulation containing 75% plant-based extracts and 25% chemical components, is known for its target specificity. It significantly inhibits nematode reproduction and multiplication in the soil and root zone of mulberry (CSRTI Technical Bulletin, 2020). Ramprakash and Kshirsagar (2017) reported on the efficiency of Nemahari, target specific nematode population inhibitor against the root knot nematode in V-1, S-36 and M-5 mulberry varieties. It showed maximum per cent reduction in the egg masses and number of galls (86.45 % and 85.30 %, respectively) in V-1 mulberry variety compared to S-36 and M-5 varieties. The manurial attributes of Nemahari enhanced the plant immune responses in the V-1 mulberry and the neem based azadirachtin in Nemahari suppressed the nematode population.
3.2.2 Botanicals
Botanical extracts derived from local and indigenous plants offer a promising, eco-friendly strategy for managing Meloidogyne incognita in mulberry cultivation. These plants are rich in bioactive secondary metabolites such as alkaloids, flavonoids, terpenes, saponins, tannins, and phenolics, which exhibit nematicidal or nematostatic properties by interfering with nematode egg hatchability, juvenile mobility, and development (Akhtar & Malik, 2000; Siddiqui & Alam, 2001).
Aqueous and methanolic leaf extracts from species such as Artemisia nilagirica, Datura stramonium, Azadirachta indica (neem), Pongamia pinnata, Calotropis procera, Crotalaria juncea, and Achyranthes aspera have shown varying levels of efficacy in laboratory and field conditions. Among these, neem and Pongamia extracts have been extensively studied. Pongamia leaves, in particular, are rich in toxic alkaloids and phenolic compounds that reduce gall formation and nematode multiplication when used as mulches. Additionally, they improve root vigor and soil structure, thereby contributing to enhanced resistance against nematode invasion (Govindaiah et al., 1989). Marigold (Tagetes spp.), known for its production of nematicidal thiophenes, acts as a trap crop by attracting nematodes and subsequently causing juvenile mortality. Its incorporation into crop rotations or intercropping systems offers a supplementary line of defense, disrupting the nematode life cycle and reducing their soil populations.
In a comparative study, Govindaiah et al. (2003) evaluated the nematode-suppressive effects of various seed kernel extracts, benchmarking them against chemical (Furadan) and biological (Bionema) controls. Among the botanicals, neem seed kernel extract was found to be equally effective in reducing nematode populations. This efficacy was attributed to its high concentration of oleic and palmitic acids, which are known to enhance the nematicidal activity of violacein—a compound capable of affecting both adult nematodes and juvenile development stages.
Furthermore, Datta (2006) demonstrated the potential of homeopathic plant-based treatments using preparations derived from Artemisia nilagirica, specifically Cina mother tincture (MT) and Cina 200C (Figure 1). These formulations, applied as foliar sprays on infected mulberry plants, significantly reduced root gall formation and nematode numbers in roots. Cina 200C was especially effective and also promoted overall plant health by increasing shoot and root biomass, leaf surface area, and protein content in both roots and leaves. This dual benefit nematode control and plant growth promotion highlights the viability of integrating such botanical remedies into holistic and sustainable mulberry pest management practices. 
Sharma et al. (2012) evaluated the efficacy of enriched Seri-compost—prepared using silkworm litter and rearing waste fortified with rock phosphate, beneficial microbes (Azotobacter chroococcum, Bacillus megaterium) and antagonistic fungi (Trichoderma harzianum, T. pseudokoningii) in suppressing root-knot nematode infection in a six-year-old V1 mulberry garden. The treatment, when combined with neem oil cake, significantly reduced gall formation, egg masses, and soil nematode populations. The improvement was attributed to the nematicidal compounds in neem (e.g., nimbidin, thionemone, phenolics) and the egg-parasitic action of Trichoderma spp., offering an effective integrated biological approach to nematode management in mulberry. These botanical agents are not only effective but also biodegradable and safe for beneficial soil organisms, making them well-suited for inclusion in organic and low-input sericulture systems.
3.2.4 Chemical Control
Chemical nematicides have historically been the cornerstone of nematode management in agriculture, especially in perennial crops like mulberry (Morus spp.), where infestations by root-knot nematodes (Meloidogyne incognita) can lead to significant declines in leaf yield and plant vigor. The rapid and broad-spectrum action of nematicides has made them an attractive option under high infection pressure. Various formulations, including fumigants, granular pesticides, and systemic compounds, have been employed based on infestation severity, soil type, and environmental conditions.
Fumigant nematicides such as methyl bromide, ethylene dibromide, and durofume were widely used in the past for pre-plant soil sterilization. These compounds act by releasing toxic gases that diffuse through soil pores, disrupting the respiration and cellular metabolism of nematodes, fungi, and other soil-borne pests. While highly effective, these fumigants are associated with serious environmental concerns, including ozone layer depletion (particularly in the case of methyl bromide), groundwater contamination, and non-target organism toxicity. Due to these risks, the use of many soil fumigants has been banned or heavily regulated in several countries (Chitwood, 2002; Desaeger et al., 2020).
Systemic nematicides, particularly Carbofuran, have emerged as a more targeted alternative for in-crop application. Carbofuran is absorbed through the plant roots and distributed internally via the xylem, providing protection against invading juveniles of M. incognita. It functions by inhibiting cholinesterase enzymes in nematodes, leading to paralysis, disrupted feeding, and eventual death. In mulberry, the granular formulation Carbofuran 3G has shown promising results. Field studies have demonstrated that application of this product at 40 kg/ha/year, split across four doses, effectively reduces root gall formation and nematode multiplication, while improving plant health (Govindaiah et al., 2003).
Further validation of Carbofuran’s efficacy was provided by Muthulakshmi (2015), who evaluated the application of Carbofuran 3G at 1 kg active ingredient per hectare in nematode-inoculated mulberry plots. The study recorded a significant decline in root galling and nematode population density. Treated plants showed notable improvement in growth characteristics, including increased shoot length, leaf area, and total biomass. The yield loss due to M. incognita in untreated plots was found to be 16.05%, underscoring the economic impact of the pest and the protective benefits offered by systemic chemical intervention.
While other granular nematicides such as Phorate 10G have also been tested for use in mulberry fields, their adoption has been limited. This is primarily due to their high mammalian toxicity, environmental persistence, and potential for bioaccumulation. Additionally, over-reliance on synthetic nematicides can negatively affect beneficial soil organisms, including mycorrhizae and rhizobacteria, thus disrupting the natural soil ecosystem (Sikora et al., 2005; Kumar & Jain, 2010).
Given these limitations, chemical nematicides are now increasingly being viewed as part of an integrated nematode management (INM) approach rather than as standalone solutions. Integrated strategies encourage the judicious use of chemicals in combination with cultural methods such as deep summer ploughing, solarization, and trap cropping, as well as biological control agents like Pochonia chlamydosporia, Trichoderma spp., and Paecilomyces lilacinus. This holistic approach not only enhances the long-term sustainability of nematode control but also minimizes the environmental footprint associated with chemical use.Thus, while chemical nematicides like Carbofuran remain effective tools in the management of root-knot nematodes in mulberry, their use should be carefully regulated and integrated with eco-friendly practices to ensure soil health, plant productivity, and the long-term sustainability of sericulture systems.
3.2.5 Host Resistance
Host resistance is one of the most effective, economical, and eco-friendly strategies for managing plant parasitic nematodes, including Meloidogyne incognita, the root-knot nematode. Utilizing resistant cultivars restricts nematode penetration, development, and reproduction, thereby reducing disease severity and minimizing yield losses (Ferraz & Mendes, 1992). In perennial crops like mulberry, however, developing resistant varieties is a prolonged and resource-intensive process due to their long generation cycles and complex breeding requirements.
Early work by Jenkins and Sasser (1960) demonstrated that resistance in host plants can effectively reduce nematode infestation by acting as a physical or biochemical barrier. In this context, a significant effort has been made to identify resistant mulberry genotypes. The Central Silk Board (2021) evaluated 415 diverse mulberry germplasms against M. incognita and identified eight resistant accessions, including BR-8, Karanjtoli-1, P-2 (MI-0437 × MI-0364), Nagalur Estate, Tippu, Calabresa, Thai Pech, and SRDC-3. Similarly, Gnanaprakash et al. (2016) screened ten mulberry varieties and reported that only RFS135 exhibited a resistant reaction to root-knot nematode infection. The study highlighted a positive correlation between peroxidase enzyme activity and nematode resistance, suggesting that elevated peroxidase levels may contribute to strengthening the plant cell wall and biosynthesizing lignin, thus limiting nematode intrusion and development. These findings underscore the importance of integrating host resistance into mulberry breeding programs for long-term nematode management, while also providing a biochemical basis for resistance screening in future germplasm evaluations.
4.Conclusion
Root-knot nematode (Meloidogyne incognita) poses a significant threat to mulberry cultivation in India, leading to notable yield losses, reduced plant vigor, and economic setbacks to the sericulture industry. While M. incognita is the most widely studied nematode in mulberry, there exists a considerable knowledge gap regarding the diversity and distribution of other nematode species across different agro-climatic zones of the country. Exploring the full spectrum of nematode biodiversity and understanding their ecological interactions with mulberry can contribute to formulating more targeted and region-specific management strategies.
The average mulberry leaf yield loss due to nematode infestation is estimated at around 10–12%, highlighting the urgency for efficient and sustainable management interventions. While chemical nematicides such as carbofuran and phorate have proven effective, their continued use is associated with environmental contamination and potential toxicity to silkworms. Therefore, an integrated nematode management (INM) approach, which combines cultural, biological, chemical, and host resistance strategies, is imperative for sustaining mulberry health without compromising silkworm safety.
Biological control agents like Pochonia chlamydosporia, Purpureocillium lilacinum, Trichoderma spp., and Pseudomonas fluorescens have shown promising results in suppressing nematode populations through parasitism, enzyme activity, and rhizosphere colonization. Similarly, botanicals such as neem extracts, castor cake, and garlic oil emulsions have proven nematicidal effects and hold great promise for field-level application. Host resistance, though slow to develop, provides a long-term and eco-friendly solution, as evidenced by the identification of resistant mulberry germplasms such as RFS135 and several accessions listed by the Central Silk Board.
Future research should focus on standardizing the use of plant-based nematicidal extracts, scaling up production and formulation of biocontrol agents, and characterizing resistant germplasms using molecular and biochemical markers. It is also essential to evaluate the compatibility of these eco-friendly interventions with the silkworm rearing ecosystem to ensure safe and sustainable sericulture practices. Adopting such integrated and environment-friendly strategies will not only reduce reliance on hazardous chemicals but also pave the way for resilient mulberry cultivation and high-quality cocoon production.
5. Future Perspectives
While considerable progress has been made in understanding the biology and management of Meloidogyne incognita in mulberry, several critical research gaps remain unaddressed. One of the foremost needs is a comprehensive survey on the diversity and distribution of plant-parasitic nematodes across various mulberry-growing zones in India. This would help in identifying region-specific nematode problems and tailoring suitable management practices. There is also a pressing need to standardize and commercialize eco-friendly technologies, such as botanical extracts and microbial formulations. Although various plant-based products (e.g., neem, garlic, and castor derivatives) and biological agents (e.g., Pochonia, Trichoderma, and Bacillus spp.) have shown effectiveness under controlled conditions, their large-scale field application remains limited. 
Focused efforts should be made to develop cost-effective, user-friendly, and shelf-stable biocontrol formulations that farmers can easily adopt. Another potential area of advancement lies in the development of molecular tools and biomarkers to screen for nematode-resistant mulberry genotypes more efficiently. With the advancement of genomics and proteomics, it is now feasible to study resistance mechanisms at a cellular and molecular level, particularly in relation to enzymes like peroxidase that are involved in plant defense responses. Additionally, integration of remote sensing, GIS mapping, and predictive nematode modeling could offer real-time diagnosis and forecasting of nematode outbreaks, facilitating timely interventions. Lastly, any management strategy developed must be thoroughly evaluated for its compatibility with sericulture, ensuring that the solutions not only protect the mulberry crop but also uphold silkworm health and cocoon quality. Promotion of farmer-friendly, silkworm-safe, and environmentally sustainable nematode management practices should be at the forefront of future research and extension efforts.
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