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ABSTRACT
The root disease complex in mulberry (Morus spp.) has emerged as a significant constraint in sericulture, primarily due to the synergistic interaction between root-knot nematode (Meloidogyne incognita) and soilborne fungal pathogens such as Fusarium oxysporum, F. solani, Botryodiplodia theobromae and Macrophomina phaseolina. While these pathogens are harmful individually, their combined infection leads to severe root damage, resulting in reduced plant vigour, leaf yield and quality. The nematodes facilitate fungal entry by disrupting root integrity, intensifying disease severity and contributing to substantial economic losses. Understanding the interaction mechanisms between nematodes and fungal pathogens is crucial for developing effective integrated disease management strategies. This review highlights the biology, symptomatology and interaction of the associated pathogens, along with sustainable management strategies aimed at mitigating the impact of this complex on mulberry cultivation and sericulture productivity.
Keywords: Root rot pathogens; Soil borne diseases; Mulberry; Root knot; Biocontrol; Root rot complex
1. INTRODUCTION
Mulberry is a perennial plant of great economic importance which serves as the primary and sole food source for the silkworm, Bombyx mori L., which supports the sericulture industry (Machi & Katagiri, 1991). However, mulberry cultivation is often hampered by several biotic stresses, among which root disease complex is pose a serious threat in well-established garden causing loss of 14 to 37.82 % leaf production (Sharma et al., 2003; Sharma and Gupta, 2005) besides altering the quality of leaf especially the protein which is essential for silkworms to obtain good quality cocoons and silk.
The root disease complex caused by the interaction of root knot nematode (Meloidogyne incognita) and root rot pathogens such as Fusarium oxysporum, F. solani, Botryodiplodia theobromae and Macrophomina phaseolina, poses a serious threat to mulberry cultivation. These pathogens interact synergistically in the rhizosphere, weakening the plant root system, reducing nutrient and water uptake and ultimately resulting in wilting, stunted growth, chlorosis and even plant death (Naik, 2008). The pathogens, when acting alone can induce damage to the plant, but the synergistic effect of their interaction significantly intensifies disease severity and hampers plant growth.
The complex nature of this disease, involving diverse pathogens and environmental factors, makes its management challenging. Understanding the etiology, epidemiology and interactions among the causal agents is crucial for devising effective integrated management strategies to sustain mulberry production.
This review provides a comprehensive discussion on the root disease complex in mulberry, focusing on its causal organisms, epidemiology, symptoms and the mechanisms through which these pathogens interact to worsen disease severity. It also highlights the current challenges in managing this complex and explores potential integrated strategies to mitigate its impact. Understanding the interactions among the pathogens and environmental factors is essential for developing effective management practices to sustain mulberry production and ensure the profitability of sericulture.
2. Root knot nematode
The root-knot nematode (Meloidogyne incognita) is a globally significant pest causing substantial losses in plant health, growth and productivity, with annual damages exceeding $100 billion (Mukhtar et al., 2014). In severe cases, it can lead to complete crop failure, particularly in susceptible crops (Anamika et al., 2012). In the context of mulberry cultivation, which is vital for silkworm rearing, M. incognita infestation can reduce leaf yield by 20–50% and deteriorate leaf quality, affecting its nutritional value and palatability. This results in reduced cocoon production and overall sericultural output. Therefore, effective management of M. incognita is crucial to sustaining the productivity and profitability of mulberry based sericulture (Arunakumar et al., 2018).
2.1 Taxonomic position and Species of Meloidogyne
Common Meloidogyne species affecting mulberry
· Meloidogyne incognita is the most prevalent root-knot nematode (RKN) affecting mulberry (Morus spp.), followed by M. javanica, M. arenaria, M. hapla, M. mali and M. arenaritharnsi in certain regions.
· Taxonomically, RKNs belong to:
· Phylum: Nematoda
· Class: Secernentea
· Order: Tylenchida
· Family: Heteroderidae
· Genus: Meloidogyne
     [image: ]Fig. 1: Life Cycle of Root Knot nematode
A – Eggs within gelatinous matrix 
B – Second stage (infective)
C – Larva with hemispherical terminal spike
D – Female completed moults
E – Typical female 
F – Mature egg laying female 

(Anonymous, 1990)

2.2 Entry, development and feeding sites
Root-knot nematodes are sedentary endoparasites. Saccate females reside entirely within root galls, with their heads near vascular tissues and terminal portions near the root epidermis. Reproduction is generally parthenogenetic, males are vermiform, non-parasitic and move freely in soil. Female rectal glands secrete a gelatinous matrix on the root surface, forming egg masses containing 200-400 eggs over 10–12 days. Sometimes, egg masses form inside roots, especially in compound galls. The second-stage juvenile (J2) is infective, penetrating the root and induces giant cells as feeding sites. The life cycle completes in 25–30 days under optimal conditions (Walia and Bajaj, 2014).
2.3 Pre-disposing factors for occurrence of Meloidogyne:
· The disease caused by Meloidogyne incognita (Race-2) persists throughout the year, particularly in sandy or sandy loam soils under irrigated conditions.
· It primarily spreads through contaminated soil, agricultural tools and irrigation or runoff water.
· Secondary sources of infection include planting diseased saplings, growing other susceptible crops alongside mulberry and the presence of vulnerable weeds in and around mulberry fields.
· Conditions favouring root-knot development include temperatures between 20–30 °C, soil moisture levels above 60 % and a soil pH ranging from 4 to 8.
2.4 Symptoms of damage:
· The severely affected mulberry plants show stunted growth with marginal chlorosis and necrosis of leaves.
· The underground symptom is the formation of knots/galls on the roots. The root galls are spherical and vary in size, young galls are too small and yellowish-white while old galls are big and pale brown in colour.
· Nematode infection disintegrates the vascular tissues and cortex of roots, hampering the uptake and transport of water and minerals, resulting in stunted growth of the plant. Until and unless there is involvement of some other soil borne pathogen, the death of the grown plants is rare.





Fig. 3: Marginal necrosis
Fig. 2: Stunted growth with yellowing




                 
(Bharath et al., 2024)
Fig. 4: Root with galls/knots

2.5 Control measures
Physical Methods
· The nematode population in the infected gardens can be reduced by deep digging or ploughing to a depth of 30–40 cm during the summer months. Since nematode eggs and larvae are vulnerable to heat, increasing soil temperature through soil solarization can effectively lower their population
· When establishing new plantations, always use healthy, disease-free saplings. If any saplings show signs of root knot infection, they should be treated in hot water at 48 °C for 20 minutes before planting. Avoid using infected saplings for new gardens or gap filling, as they can introduce nematodes to healthy soil
Cultural Methods
· To prevent the spread of nematodes between fields disinfect all farm tools and equipment before use. This can be done by dipping them in boiling water for 5-10 minutes or treating them with a 5 % formalin solution
· Planting marigold (Tagetes patula) as an intercrop at 30 cm spacing between mulberry rows can help to suppress nematode populations naturally
· Neem oil cake @ 2 MT/ha/yr in 4 split doses should be applied during fertilizer application/cultural operation
Chemical Methods
· Furadan (Carbofuran 3 G) @ 40 kg/ha/yr in 4 split doses should be applied during fertilizer application/cultural operations. A safe period of 40-45 days may be given before feeding leaves to silkworms
Biological control
· Bionema prepared by using Verticillium chlamysodporium a product of CSRTI, Mysore, mix with neem oil cake and farm yard manure
 2.6 Studies on root knot nematode in mulberry
In the physical method of nematode management, the population in infested mulberry gardens can be reduced by deep digging or ploughing to a depth of 30-40 cm during summer. This practice increases soil temperature and decreases humidity, creating unfavourable conditions that kill nematode eggs and larvae which are highly sensitive to heat (Minamizawa, 1997; Sharma, 1999). Additionally, hot water treatment of infected mulberry saplings can be employed to eliminate nematodes by immersing the roots in hot water at 48-50 °C for 20 minutes, followed by transplanting the treated plants into the main field (Sharma and Govindaiah, 1996; Ertian, 2003).
Application of compost prepared from seri residue enriched with rock phosphate, phosphate-solubilizing bacteria, Azotobacter and antagonistic fungi (T. harzianum and T. pseudokoningii), mixed with neem oil cake (2:1) at 250 g/plant, was found to reduced disease severity by 80.7% besides preventing the leaf yield loss up to 28.5 % over the check (Sharma et al., 2006).
Evaluation of 50 indigenous mulberry genotypes against Meloidogyne incognita showed varying infestation levels.  Notably, 12 genotypes Jathuni, BerC-776, Kokuso-13, Nan-nayapathi, Muki, Kolitha-7, Bilidevalaya, V-1, Ace-199, Nagaland local and Sultanpur showing resistance against root knot nematode (Padma et al., 2012). 
Field trials conducted to assess the effectiveness of biocontrol agents against root knot nematode in mulberry (variety V1) showed that soil application of Pseudomonas fluorescens and Trichoderma viride, individually or combined, effectively reduced Meloidogyne incognita populations and improved leaf yield and quality. The combined application (10 g/plant each) was especially effective in suppressing root-knot disease and enhancing mulberry growth (Muthulakshmi et al., 2010).
Field and pot studies demonstrated the effectiveness of biocontrol agents against Meloidogyne incognita in mulberry. Trichoderma harzianum (THN1 strain) significantly reduced egg hatching, root-knot formation and improved leaf yield (Sukumar et al., 2004). Similarly, soil application of T. viride (2×10⁶ cfu/g) and Pseudomonas fluorescens (1×10⁶ cfu/g) reduced galling, egg mass production and nematode population, while enhancing shoot length, leaf count and yield (Narasimhamurthy et al., 2011).
Vijaya Kumari and Sujathamma (2016) evaluated the impact of Meloidogyne incognita on mulberry varieties and found Tr10, DD and V1 to be more tolerant than RFS175, K2 and MS8. This research contributes to understanding how different mulberry varieties respond to root knot disease, thereby aiding in the identification of resistant cultivars and the development of effective nematode management strategies.
Rani and Kumari (2017) reported significant reductions in growth parameters such as plant height (170 cm), fresh weight of 100 leaves (311 g) and leaf moisture content (73.32 %) in nematode-infested mulberry plants compared to control (278 cm, 418.66 g and 76.69 %, respectively). Biochemical analysis also showed marked declines in total protein, carbohydrate and chlorophyll content in infested plants.
Rani and Kumary (2021) conducted a pot study to evaluate the efficacy of an eco-friendly formulation derived from Passiflora foetida L. against root-knot nematodes in mulberry. The formulation was applied as soil amendment and aqueous leaf extract, the treatment significantly reduced infestation, with 13.33 root knots/g and 10.33 egg masses/g root weight compared to 68.33 and 59.67 in control. Treated plants also showed improved shoot (58.02 cm) and root (34.08 cm) lengths compared to control (54.50 cm and 25.33 cm). The aqueous extract of P. foetida also demonstrated a strong inhibitory effect on egg hatchability, which increased with higher concentrations of the extract.
Bharath et al. (2024) evaluated the efficacy of bioagents such as, Purpureocillium lilacinum, Trichoderma harzianum, T. viride, Pochonia chlamydosporia, and Pseudomonas fluorescens along with carbofuran 3G and neem cake on mulberry plants infested with root-knot nematodes. Among the treatments, T. viride @ 5 kg/ha significantly improved shoot height (120.00 cm), number of leaves (511.75), leaf area (102.10 cm²) and leaf yield (528.38 g/plant) at 120 DAT. The lowest yield (216.43 g/plant) was observed in the untreated control, emphasizing the potential of T. viride in sustainable nematode management.
3. Root rot disease 
Root rot is a major disease in mulberry, known for its epidemic nature and potential to cause complete plant death, posing a serious challenge in sericulture across many countries. The disease is caused by various fungal pathogens, either individually or in combination, including Fusarium solani, F. oxysporum, Botryodiplodia theobromae, and Macrophomina phaseolina have been reported on mulberry (Sharma et al., 2003; Sharma and Gupta, 2005), Root rot is considered one of the most alarming diseases of mulberry and has been observed in the states of Tamil Nadu, Karnataka, Telangana, and Andhra Pradesh (Sowmya et al., 2018). The disease was reported throughtout the year in all types of soil under varied agroclimatic conditions resulting in 30 % mortality of plant with leaf yield loss upto 31.5 % due to drying and death of plants (Chowdary and Govindaiah, 2009).
3.1 Factors responsible for spreading of the disease
· The disease spreads primarily through contaminated soil, farm implements and irrigation
· The secondary source of infection: diseased saplings, irrigation and cultivation practices
· The disease is observed in condition of high soil temperature (26-35°C), low soil moisture (> 40 %) and low organic matter (20.4 %)
3.2 Symptoms 
Root rot infected plants showed apparent wilting symptoms when most of the roots decayed. Sometimes pruned plants showed insignificant sprouting and less vigorous/ stunted growth which symbolized initial stages of infection. Completely rotten/ decayed roots were weak to hold plants firmly in the soil and could be pulled off easily. In addition, defoliated-droopy shoots, bark shredded pale coloured roots were seen and severely infested roots turn blackish due to overwintering of black sclerotial bodies.
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Fig. 5: a. Wilting of plants scattered in the garden (symptoms above-ground) b. Formation of resting structures c. Vascular blocking, discolouration and gummy exudates on infected roots (indicated by red arrows, symptoms below-ground)(Saratha et al., 2021)

                                                                                                     

3.3 Management of root rot disease 
Physical and Cultural Methods
· The dead plants should be uprooted and burnt immediately. The uprooted area should be heated by burning with dry leaves and grasses.
· Sufficient quantity of organic manure should be applied to the affected area and mixed into the soil.
· The infested land should be ploughed deeply and exposed to hot sun for effective killing of the pathogens.
Chemical Methods
· As soon as the initial symptoms like wilting/withering of leaves appear on plants, Dithane M-45 should be applied around the root system @ 10 g/plant after removing the soil from the infected plants to a depth of 15 cm.
· If the disease is very severe, the affected plants should be uprooted and destroyed. Dithane M-45 at 10 g/pit should be applied in the diseased pit and the new sapling treated with 0.1 % Dithane M-45 solution should be planted
· Dithane M-45 should also be applied to the surrounding plants of the diseased patch
· Four doses of Dithane M-45 should be applied in a year at an interval of 3 months
Biological method
· Biofungicide, Raksha prepared by using Trichoderma harzianum a product of CSRTI, Mysore, mix with farm yard manure
3.4 Studies on root rot disease in mulberry 
         Gangwar and Thangavelu (1991) reported that the mulberry varieties viz., S-36 and S-34 showed susceptibility to root rot pathogens compared to K-2 and MR-2. Philip et al., (1996) documented higher susceptibility of root rot caused by F. solani/F. oxysporum in varieties like S-34 (55.6%) followed by S-13 (53.5%) than Mysore Local variety (19.4%).
     Raksha, a talc-based biofungicide developed by CSRTI, Mysore from T. harzianum (Th-1), effectively reduced root rot severity by up to 70 %. The recommended application involves mixing Raksha with FYM at a 1:50 ratio and applying 500 g per plant in the root zone every three months for one year. T. harzianum shows no residual toxicity to mulberry or silkworms (Philip et al.,1996 & Philip et al., 2000).
        For improved management of root rot disease caused by F. solani, F. oxysporum, B. theobromae, and M. phaseolina, Raksha was combined with a bioformulation of P. fluorescens (Psf-7) and FYM in a 1:1:50 ratio. This mixture, applied at a rate of 500 g per plant, reduced disease severity by up to 85 % without leaving any residual toxicity on silkworms (Chowdary et al., 2004). 
        Beevi and Qadri (2010) reported that soil application of a mixture of Trichoderma harzianum, T. viride, FYM (1:1:50), and effective microorganisms (EM), applied at 30-day intervals for three applications, significantly reduced disease incidence and limited its spread. The treatment was most effective when applied at the early stages of infection.
           Yadav et al. (2011) studied root rot disease in mulberry, identifying QTLs conferring resistance and facilitating trait introgression. They found Fusarium solani, F. oxysporum, and Botryodiplodia theobromae to be opportunistic fungi causing secondary infections, while Rhizoctonia bataticola was identified as the primary pathogen, causing up to 76.9 % infection in pathogenicity trials. The disease severity was higher in soils with temperatures >25°C, organic carbon <0.3 %, moisture <30 %, and sandy texture. In order to control the root rot disease, a new formulation Navinya (0.2%) has been developed by CSRTI, Mysuru composed of plant derivatives (80 %) and chemicals (20 %). Field trials showed that Navinya suppressed the disease by over 90 % within 30 days of application.
          Manmohan and Govindaiah (2012) screened twenty locally available botanicals against Fusarium oxysporum, the causal agent of mulberry root rot, under laboratory conditions. Aqueous extracts of the plants were tested using spore germination and poisoned food techniques. All extracts inhibited spore germination and mycelial growth to varying degrees, except Artocarpus heterophyllus, which promoted pathogen growth. Psidium guajava showed the highest inhibition of spore germination (96.3%) and mycelial growth (86.5%), followed by Lawsonia inermis (95.7% and 85.1%), Azadirachta indica (90.7% and 67.7%), Pongamia pinnata (81.1% and 63.4%), and Calotropis procera (61.1% and 67.3%), respectively.
       Indra et al. (2024) evaluated the efficacy of new generation fungicides and biocontrol agents against mulberry root rot caused by Lasiodiplodia theobromae and Macrophomina phaseolina. Among the biocontrol agents, Trichoderma asperellum TRI15 showed the highest antagonistic activity with the lowest mycelial growth (2.9 cm and 2.4 cm) in vitro. Tebuconazole and tebuconazole + trifloxystrobin at 500 and 1000 ppm achieved complete (100%) mycelial inhibition. In pot trials, the combination of vermicompost and T. asperellum TRI15 (100 g/plant) prevented root rot up to 60 DAI. Soil drenching with tebuconazole (500 ppm) significantly reduced disease incidence (2.08%) and when combined with T. asperellum, improved plant growth with more branches (24.91) and higher leaf yield (0.8 kg/plant).
4. Root disease complex
Root disease complex in mulberry refers to the simultaneous occurrence and interaction of multiple soilborne pathogens, primarily root knot nematode (Meloidogyne incognita) and root rot pathogens such as Fusarium solani, F. oxysporum, Botryodiplodia theobromae and Macrophomina phaseolina. This interaction leads to more severe damage than when these pathogens act individually. The intensity of disease complex is high resulting in death of maximum number of plants (88.9 %) especially in sandy soils under irrigated conditions. The nematode provides a good site for easy entry of root rot pathogens thus increasing the severity of disease followed by death of the mulberry plant.
4.1 Pre-disposing factors
· The disease spreads primarily through contaminated soil, farm implements and run-off irrigation. Plantation of infected saplings, inter cropping of mulberry with other susceptible crops and growth of some susceptible weeds in and around the mulberry gardens, are the secondary sources of infection.
· Temperature ranging from 20 to 35 °C, soil moisture of less than 40 % and pH of 4-8 are favourable for the development of the root disease complex.
4.2 Symptoms of damage
· Mulberry plants at early stage of infection exhibit yellowing of leaves with stunted growth and reduced leaf lamina. The affected plants after pruning, either fail to sprout or sprouted plants bear small pale yellow and wrinkled leaves.
· As the disease becomes severe, wilting or browning and defoliation of the leaves occur from the lower portion of the branches progressing upwards resulting in wilting of the whole plant. The wilting of plants appears in patches in a garden when the disease is severe.
· The decayed roots turn black due to the presence of fungal mycelia/spores below the bark. In the case of severe infestation, the entire root system decays and plants lose their grip in the soil and can be easily uprooted
· When the severely infested plants are uprooted, root system shows more than 100 galls/plant (due to nematode attack) with decayed/rotted roots (due to fungal attack). The conducting tissues become black/brown due to rotting of the tissues as the disease progresses.
4.3 Control measures 
Physical and cultural methods
· Deep ploughing to a depth of 30-40 cm during summer helps to kill the nematode (eggs and larvae) and spores of root rot pathogens
· Always disease-free saplings should be used for new plantation if the saplings are having disease complex symptoms, they should be treated with hot water (48 °C for 20 minutes) before plantation or rejected
· Pongamia/neem oil cake should be applied @2 MT/ha/yr in 4 split doses during fertilizer application
Chemical method
· As soon as the initial symptoms appear, 1.5 g Furadan (Carbofuran 3 G) + 10 g Dithane M-45 (Mancozeb 75% WP) per plant should be applied around the root system after removing the soil to a depth of 15 cm
· If the disease is very severe, the affected/dead plants should be uprooted and burnt. 1.5 g Furadan + 10 g Dithane M-45 per plant should be applied in the diseased pit and the new sapling should be planted after dipping the root system in n.1% Dithane M-45 solution for 30 minutes. The application should be done three times a year at an interval of 4 months
· 15 g Furadan + 10 g Dithane M-45 per plant should be applied to the surrounding plants of the diseased area. Nematicide and fungicide applied leaves should be fed to silkworms only after 40-45 days of their application
Biological method
· Biomix has been developed at CSRTI, Mysore using bioagents (Trichoderma harzianum and T. viride) isolated from mulberry rhizosphere 
Chetak a herbal formulation for the control of major foliar and soilborne diseases of mulberry
· In mulberry, the foliar and soilborne diseases are being controlled using the chemical fungicides and bioformulations either individually or in combination. This individual/combined application of various pesticides/bioagents specific to each disease (foliar and root) was posing difficulty in technology adoption by the sericulturists. To overcome the above problems and make the plant protection farmer friendly, a new product viz., Chetak was developed at CSRTI, Mysore using botanicals (65%) and sub lethal doses of chemicals (35%)
· Chetak is eco-friendly and can be used for the control of all major foliar and soil borne diseases of mulberry. Chetak is available in powder Form at CSRTI, Mysore
· Chetak is effective in reducing the severity of different foliar diseases like leaf spot, powdery mildew, leaf rust & leaf blights to an extent of 62-62% and root diseases (nursery diseases, root knot, root rot & root disease complex) up to 85-90% (Sharma et al., 2008)
· For the control of foliar diseases spraying of 0.5 % solution of Chetak on leaves is recommended while for the control of root diseases, it was recommended after mixing with lime and bleaching powder (1:1:0.5) at the rate of 50 g/pit at a depth of 15 cm followed by irrigation
                                                                                         (Dandin and Giridhar, 2014)
4.4 Studies on root disease complex in mulberry 
Sixteen widely cultivated mulberry varieties were evaluated for response to the root disease complex. None of the varieties exhibited resistance to the disease. However, S-13 was moderately resistant, while Local, K-2, S-34, S-36 and S-54 were susceptible. Varieties like MR-2, S-I, S-1635, V-I, AR-10, AR-12, G-2, G-4, RC-1 and RC-2 were highly susceptible. Therefore, implementing effective disease management strategies at the early stages is crucial to ensure sustainable leaf yield (Naik, 2006).
Mulberry leaf yield is severely affected by a root disease complex involving Meloidogyne incognita, Fusarium solani and Botryodiplodia theobromae. Naik and Sharma, (2007) evaluated eight pesticides and two growth hormones (0.1% and 0.2%) under in vitro conditions against nematode egg hatching, larval mortality and fungal growth. Carbofuran and salicylic acid at 0.2% were most effective, inhibiting egg hatching by 83.5–78.9%, increasing larval mortality by 80–76% and reducing fungal growth by 75.5–77.8%. Mancozeb inhibited fungal growth (77–80%) but had no effect on nematodes, other chemicals were less effective.
Naik et al. (2007) conducted an in vitro study screening twenty botanical extracts at 5, 10 and 20 % concentrations against the mulberry root disease complex caused by Meloidogyne incognita, Fusarium solani and F. oxysporum. At 20 %, Allium sativum and Lawsonia inermis significantly inhibited fungal growth (76–100%), reduced egg hatching (80–90%) and increased larval mortality (76–85%). Other extracts were less effective. These botanicals show promise for eco-friendly integrated disease management.
Naik et al. (2012) conducted an in vitro study to evaluate bioagents against the mulberry root disease complex caused by Meloidogyne incognita, Botryodiplodia theobromae and Fusarium solani. At 100% concentration, Verticillium chlamydosporium, Paecilomyces lilacinus and Trichoderma harzianum (Th-2 and Th-3) inhibited egg hatching by 86.9–85.6% and caused 81–83% larval mortality within 72 hours. T. harzianum isolates Th-1, Th-2 and Th-3 also completely inhibited fungal growth. Th-2 and Th-3, showing strong antagonism to both nematode and fungal pathogens, can be incorporated into an integrated management strategy for effective control of the root disease complex in mulberry.
A field experiment was conducted to develop an integrated disease management (IDM) strategy for the mulberry root disease complex caused by root-knot nematode and fungi. Among seven treatments, T6 (Furadan + bioconsortium + niger oil cake) and T4 (bioconsortium + niger oil cake) showed the best results, enhancing plant growth by 77.7–87.7%, achieving 93.8% survival and reducing infection by 88–93%.  T4 was identified as an effective, eco-friendly IDM option for managing the disease complex and minimizing leaf yield loss (Naik et al., 2015).
5. Conclusion 
The root disease complex in mulberry, caused by the synergistic interaction between root-knot nematodes (Meloidogyne spp.) and root rot pathogens (Fusarium oxysporum, F. solani, Botryodiplodia theobromae, and Macrophomina phaseolina), presents a major constraint to sustainable sericulture. This complex not only disrupts root function and plant vigor but also leads to severe leaf yield losses and poor silkworm rearing outcomes. Traditional management strategies often fall short due to the compounded damage caused by multiple pathogens. Therefore, integrated approaches that combine resistant cultivars, cultural practices, biocontrol agents, and safe use of chemicals are essential. Future research should focus on unraveling the molecular interactions involved in this complex and on developing farmer-friendly, eco-safe management technologies.
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Fig. 1. Mulberry root rot symptoms a. Wilting of plants scattered in the garden (symptoms
above-ground) b. Formation of resting structures c. Vascular blocking, discolouration and
gummy exudates on infected roots (indicated by red arrows, symptoms below-ground)
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