Evaluation of Meristem and Tissue Culture Techniques for the Management of Yellow Leaf Disease in Sugarcane




ABSTRACT
Aims: The study aimed to produce Sugarcane Yellow Leaf Virus (ScYLV) free planting material through meristem tip culture, confirm virus elimination using molecular diagnostics, and evaluate the field performance of tissue culture raised sugarcane plantlets.
Study design: Experimental laboratory and field-based study.
Place and Duration of Study: The investigation was carried out at the Tissue Culture Laboratory, Regional Agricultural Research Station (RARS), Anakapalle, Andhra Pradesh, India, during 2021– 2023.
Methodology: Meristem tip culture was used to regenerate plantlets of two sugarcane cultivars, CoA 92081 and CoA 14321. In vitro–raised plantlets were indexed for ScYLV using reverse transcription polymerase chain reaction (RT-PCR) with virus-specific primers. Naturally infected field samples served as positive controls. Virus-free plantlets were hardened, transplanted under field conditions, and monitored for Yellow Leaf Disease (YLD) incidence. Growth parameters and cane yield from tissue culture derived seed setts were compared with those from conventional planting material.
Results: RT-PCR analysis confirmed the presence of ScYLV in naturally infected samples, while no viral amplification was detected in tissue culture raised plantlets, indicating effective virus elimination through meristem culture. A total of 2,500 plantlets of CoA 92081 and 2,000 plantlets of CoA 14321 were established in the field. No YLD symptoms were observed during early crop growth; however, low disease incidence was recorded at later stages (3.1% in CoA 92081 and 4.9% in CoA 14321), likely due to secondary infection through insect vectors. Tissue culture–derived plants showed higher germination, improved shoot population, reduced disease incidence, and increased cane yield (74.33 t ha⁻¹) compared to conventional planting material (67.33 t ha⁻¹).
Conclusion: Meristem tip culture coupled with RT-PCR indexing is an effective strategy for producing ScYLV free sugarcane planting material. The use of virus-free seed cane improves crop vigour and yield while reducing disease incidence. Integration of tissue culture based seed production with vector management is essential for sustainable control of Yellow Leaf Disease and prevention of varietal degeneration in sugarcane.
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1. INTRODUCTION
Sugarcane is one of the most important commercial crops in India and plays a vital role in the agricultural economy by supporting the sugar and allied industries. India is among the largest sugarcane-producing countries in the world, with an annual production of about 350–400 million tonnes cultivated over 4–5 million hectares. Major sugarcane-growing states include Uttar Pradesh, Maharashtra, and Karnataka, with Uttar Pradesh contributing more than 40% of the total production (Viswanathan, 2021). Despite its economic importance, sugarcane productivity is constrained by several factors such as water scarcity, climate variability, fluctuating market prices, and the more water requirement of the crop. Among biotic stresses, pests and diseases particularly viral diseases pose serious challenges to sustainable sugarcane production. Viral infections lead to significant yield losses, deterioration in cane quality, and gradual varietal degeneration.

Sugarcane Mosaic Virus (SCMV) and Sugarcane Yellow Leaf Virus (ScYLV) are the most destructive viral pathogens affecting sugarcane in India. The disease was first reported in India by Rao et al. (2000) and in Andhra Pradesh by Bharati and Kishan Reddy (2007). SCYLV infection as reported by Viswanathan et al. (2014) caused 42.9, 42.3 and 38.9% reductions in plant growth in susceptible cultivars (cvs); CoPant 84211, Co 86032 and CoC 671, respectively, and juice yield loss of 34.15, 31.17 and 30.26% in susceptible cvs; CoPant 84211, Co 86032 and CoV 92101, respectively, in India. ScMV causes characteristic mosaic symptoms, stunted growth, and reduced sucrose accumulation, while ScYLV is associated with yellowing of the leaf midrib, premature leaf senescence, poor juice quality, and reduced sugar recovery (Viswanathan, 2021). Yield losses due to these viral diseases may range from 10% to 50%, and in severe cases, complete crop failure may occur. Several studies have reported that YLD can cause substantial yield losses and gradual varietal degeneration, particularly in long- duration and ratoon crops (Comstock et al., 2001). Sugarcane yellow leaf virus (SCYLV) remains a major constraint to global sugarcane production due to its wide distribution, efficient aphid transmission, and significant yield losses. Sustainable management requires an integrated approach involving virus- free planting material, resistant cultivars, vector management, and reliable molecular diagnostics (Holkar et al., 2020). Previous studies have reported the widespread global occurrence of sugarcane yellow leaf virus (SCYLV) and its significant impact on yield in major sugarcane-growing regions (Lockhart and Cronjé, 2000; Viswanathan et al., 2023). Advances in molecular diagnostics, genome characterization, and meristem-based seed cane production have improved disease detection and management; however, gaps remain in resistance breeding and long-term control strategies (Viswanathan and Rao, 2011).
Management of viral diseases in sugarcane is difficult because these pathogens are systemic in nature and are efficiently transmitted through infected planting material and insect vectors such as aphids and plant hoppers. Conventional management practices mainly rely on roguing of infected plants and the use of apparently healthy seed cane, which are often insufficient to prevent disease spread.The virus cannot be eliminated from seed cane by heat treatment or by any chemical treatments (Schenck et al., 2001). Hence, development of genotypes that confer resistance to SCYLV is the only alternative to reduce the disease effects. Meristem tip culture has emerged as a reliable and efficient technique for eliminating systemic viral infections in vegetatively propagated crops like sugarcane. The apical meristem region is generally free from viruses due to rapid cell division and absence of differentiated vascular tissues which restrict virus movement, making it an ideal source for producing healthy, virus- free plants. Several researchers have successfully demonstrated the elimination of ScYLV and other sugarcane viruses through meristem culture, followed by confirmation using sensitive molecular diagnostic tools such as RT-PCR and serological assays ensures the production and confirmation of virus-free planting material, (Fitch et al., 2001; Comstock et al., 2001). In this context, the present study was undertaken to produce Sugarcane Yellow Leaf Virus–free planting material through meristem culture, to confirm virus elimination using molecular diagnostics, and to evaluate the field performance of tissue culture-raised sugarcane plantlets under natural growing conditions. The study aims to demonstrate the role of meristem culture in managing Yellow Leaf Disease and improving crop vigour and productivity in sugarcane.

2. MATERIALS AND METHODS
The present investigation was carried out at the Tissue Culture Laboratory, Regional Agricultural Research Station (RARS), Anakapalle. Two commercially important sugarcane varieties, CoA 92081and CoA 14321, known for their susceptibility to Yellow Leaf Disease (YLD), were selected for the production of virus free planting material through meristem tip culture.
2.1. Establishment of Aseptic Culture: Young cane tops were collected from healthy-looking, 4– 6 months old field-grown sugarcane plants by carefully removing the leaf sheaths. Approximately 10 cm long shoot tips were excised and thoroughly washed under running tap water to remove surface debris. The explants were then rinsed in a mild disinfectant solution (Savlon/Dettol), followed by several washes with sterile distilled water. Surface sterilization was carried out by immersing the shoot tips in 10% sodium hypochlorite solution for 10 minutes, after which the explants were washed 3–4 times with sterile distilled water to remove traces of chlorine.
2.2. Inoculation of Meristem Tips: The surface-sterilized shoot tips were transferred to a laminar airflow chamber. Using sterile instruments, the apical meristem along with 2–3 leaf primordia (approximately 2–5 mm in size) was carefully excised. The excised meristems were inoculated onto modified Murashige and Skoog (MS) medium supplemented with kinetin (0.015 mg l⁻¹), benzyl adenine (1.0 mg l⁻¹), and sucrose (30 g l⁻¹). Cultures were incubated at 25 ± 1°C under a 16 h light / 8 h dark photoperiod. The meristems were subcultured onto fresh medium at intervals of 7–10 days to ensure survival and promote growth. Initial shoot emergence was observed after 30–45 days.

2.3. Shoot Multiplication: Developing shoots were transferred to fresh MS shoot multiplication medium and subcultured at intervals of 15–20 days, depending on the multiplication rate. After 45–60 days, regenerated shoots were transferred to modified MS liquid medium containing kinetin (1.07 mg l⁻¹), benzyl adenine (0.25 mg l⁻¹), and sucrose (20 g l⁻¹). Multiple shoots arising from axillary buds were separated into small clumps and repeatedly subcultured. This multiplication cycle was continued for 7– 8 subculture passages until the required number of shoots was obtained.
2.4. Root Induction: Well-developed shoots possessing three to four healthy leaves were selected for rooting. Dry leaves were removed and green leaves were trimmed at the tips. Care was taken to avoid damage to the basal region of the shoots. Groups of five to six shoots were transferred to culture tubes containing half-strength MS medium supplemented with naphthalene acetic acid (NAA, 5 mg l⁻¹) and sucrose (30 g l⁻¹). Root initiation was observed within 15–25 days, after which the plantlets were ready for acclimatization.
2.5. Hardening and Acclimatization: Rooted plantlets were gently removed from the culture vessels and thoroughly washed with water to remove traces of culture medium. The plantlets, with slightly trimmed roots and leaves, were transferred to polybags or planting trays containing a sterilized potting mixture of river sand, silt, and vermicompost or farmyard manure in a 1:1:1 ratio. Initially, the plantlets were maintained under high humidity conditions using intermittent mist or transparent plastic covers until new leaves emerged. After 10–15 days, the plantlets were transferred to a shade-net house and maintained for an additional 4–5 weeks. A foliar spray of 1.0% NPK solution was applied once a week to enhance early growth. Hardened plants became ready for field transplantation after 45–50 days. Canes produced from tissue culture-raised plants were designated as Breeder Seed, which were further multiplied to produce Foundation Seed and commercial planting material.

3. DETECTION OF SUGARCANE YELLOW LEAF VIRUS (ScYLV) IN TISSUE CULTURE RAISED PLANTLETD
Virus indexing of in vitro–raised sugarcane plantlets was carried out prior to rooting to confirm the elimination of Sugarcane Yellow Leaf Virus (ScYLV). Total RNA was extracted from the first unfurled leaf along with the midrib using TRI Reagent, following the manufacturer’s protocol. The quality and integrity of RNA were assessed by electrophoresis on a 1% agarose gel.
Reverse transcription polymerase chain reaction (RT-PCR) was performed (Viswanathan et al. 2008, 2009) using ScYLV specific primers, SCYLV-615F (ATGAATACGGGCGCTAACCGYYCAC)
and SCYLV-615R (GTGTTGGGGRAGCGTCGCYTACC), which amplify an approximately 613bp fragment of the viral genome. First-strand cDNA synthesis was carried out using the RevertAid H Minus First Strand cDNA Synthesis Kit, primed with 50 pmol of the reverse primer (SCYLV-615R). PCR amplification was conducted in a total reaction volume of 25 µl containing 2 µl of cDNA template, 2.5 µl of 10× PCR buffer with 15 mM MgCl₂, 0.5 µl of 10 mM dNTPs, 10 pmol each of forward and reverse primers, 1.25 units of Taq DNA polymerase, and sterile Milli-Q water. The thermal cycling conditions consisted of an initial denaturation at 94°C for 4 minutes, followed by 30 cycles of denaturation at 94°C for 1 minute, annealing at 65°C for 1 minute, extension at 72°C for 45 seconds, and a final extension at 72°C for 10 minutes. The amplified PCR products were resolved on 1.5% agarose gel stained with ethidium bromide and visualized under UV transillumination. The absence of the expected 613 bp amplicon confirmed the virus-free status of the tissue culture–raised plantlets.

4. RESULTS AND DISCUSSION
4.1. Production of Tissue Culture Plantlets and Virus Indexing
Meristem tip culture successfully regenerated healthy plantlets of sugarcane cultivars CoA 92081 and CoA 14321 at the Tissue Culture Laboratory, RARS, Anakapalle. A total of 2,500 and 2,000 plantlets of CoA 92081 and CoA 14321, respectively, were produced and subjected to virus indexing at regular intervals. RT-PCR assays consistently detected the Sugarcane Yellow Leaf Virus (ScYLV) in naturally collected field samples, whereas no amplification corresponding to the expected 613 bp fragment was observed in tissue culture–raised plantlets. These results confirmed the effective elimination of ScYLV through meristem tip culture. The absence of detectable virus in regenerated plantlets supports earlier reports demonstrating that the apical meristem region, owing to rapid cell division and limited vascular differentiation, restricts viral replication and movement. Similar successful elimination of ScYLV through meristem culture has been documented by Fitch et al. (2001) and Viswanathan et al. (2021), highlighting the reliability of this approach for producing virus-free planting material.
4.2. Field Performance and Incidence of Yellow Leaf Disease
Virus-free tissue culture plantlets of CoA 92081 and CoA 14321 were transplanted under field conditions during June 2022 and monitored for Yellow Leaf Disease (YLD) incidence. No YLD

symptoms were observed during the initial stages of crop growth in the breeder seed crop, indicating successful establishment of healthy planting material. However, at the ratoon and grand growth stages, a low incidence of YLD was recorded, with 3.1% infection in CoA 92081 and 4.9% in CoA 14321.The appearance of YLD symptoms in a small proportion of plants, despite initial virus-free status, is likely attributable to secondary or horizontal transmission of ScYLV through insect vectors, particularly aphids. Previous studies have demonstrated efficient transmission of ScYLV by Melanaphis sacchari, leading to gradual virus build-up under field conditions (Chinnaraja et al., 2014). They confirmed the Virus transmission through RT-PCR assays and subsequently SCYLV population was established through RT-qPCR. A maximum of 22.3 × 103, 3.16 × 106 and 4.78 × 106 copies of SCYLV-RNA targets were recorded in the plants after 7, 180 and 300 days, respectively. These findings emphasize that while meristem culture effectively eliminates the virus at planting, integrated vector management is essential to sustain long-term disease control. Burbano et al., in 2021 established the virus symptom intensity using a diagrammatic scale while virus titer was estimated by DAS-ELISA (Double Antibody Sandwich- ELISA) and RT-qPCR (Reverse Transcription Quantitative PCR) in the nursery and field trials, respectively. Resistance was evaluated alongside symptom development kinetics. Based on the symptom intensity, 52 (53.06%) genotypes were classified as resistant in the nursery and 42 (42.86%) in the field. Twenty-nine (29.59%) genotypes showed no symptoms in the nursery and field trial. Moderately resistant genotypes showed a low correlation between virus titer and symptom intensity. The kinetics of symptom development increased over time in moderately susceptible and susceptible genotypes. The SCYLV incidence assessed by RT-qPCR was 92.55%, which was detected in 83% of the asymptomatic genotypes. The broad-sense heritability based on symptom expression and relative quantification was 52.62% and 68%, respectively. The virus quantification assays allowed for the identification of potential genotypes immune to SCYLV.

4.3. Impact of Virus-Free Planting Material on Crop Growth and Yield
The comparative evaluation of seed setts derived from tissue culture plantlets (TC) and conventional planting material (CP) of cultivar CoA 14321 revealed clear advantages of virus-free seed cane. Higher germination percentage and improved shoot population were recorded at formative, grand growth, and harvest stages in TC-derived plants compared to CP. The enhanced vegetative growth translated into a significantly higher cane yield (74.33 t ha⁻¹) in TC plants compared to CP plants (67.33 t ha⁻¹). In addition, the incidence of mosaic disease was lower in TC-derived crops (14.17%) than in CP crops (18.93%), indicating improved overall plant health. These results corroborate earlier findings that virus-infected sugarcane plants exhibit reduced vigour, impaired physiological functions, and substantial yield losses (Bagyalakshmi et al., 2019). The use of virus-free planting material therefore plays a critical role in restoring varietal vigour and improving productivity.

4.4. Implications for Disease Management and Varietal Sustainability
The present study clearly demonstrates that meristem tip culture, coupled with sensitive molecular diagnostics, is an effective strategy for the production of ScYLV-free sugarcane planting material. Although minor disease incidence was observed under field conditions due to vector-mediated transmission, the overall reduction in disease pressure and improvement in yield highlight the practical utility of this approach. Regular replacement of seed cane with tissue culture derived, virus-indexed material, along with effective vector management, can significantly reduce the impact of Yellow Leaf Disease and delay varietal degeneration. These findings reinforce the importance of integrating tissue culture technology into certified seed production systems for sustainable sugarcane cultivation.

Table 1: Details of tissue culture Plantlets produced in sugarcane and their reaction to Yellow leaf disease under field conditions

	S. No.
	Name of the variety
	Total number of Plantlets transplanted under field conditions
	YLD incidence
	Remarks

	1
	CoA 92081
	2500
	3.10%
	Ratoon, Grand growth stage

	2
	CoA 14321
	2000
	4.90%
	Ratoon, Grand growth stage



Table 2: Impact of virus free plants on crop growth and cane yield

	Particulars
	Conventional seed setts from plant crop
	Seed setts from tissue culture plant crop

	Germination percentage
	72.56 %
	79.81 %

	Shoot population at formative stage (No./ha)
	98997
	102131

	Shoot population at grand growth stage (No./ha)
	82554
	89664

	Shoot population at harvest (No./ha)
	70983
	79108

	Mosaic infected plants
	18.93%
	14.17%

	Yield (t/ha)
	67.33 t/ha
	74.33 t/ha
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Fig.1. Detection of Sugarcane yellow leaf virus in tissue culture plantlets and naturally collected sugarcane samples of sugarcane cultivar, CoA 14321 through rt-PCR

CONCLUSION:
The study confirms that meristem tip culture is an effective method for eliminating Sugarcane Yellow Leaf Virus (ScYLV) and producing virus-free sugarcane planting material. Tissue culture–raised plantlets of CoA 92081 and CoA 14321 were confirmed free from ScYLV by RT-PCR, while the virus was detected in naturally infected samples. Field evaluation showed healthy crop establishment with only minimal disease incidence at later stages, likely due to vector-mediated transmission. Seed setts derived from tissue culture plants exhibited improved germination, higher shoot population, reduced disease incidence, and increased cane yield compared to conventional planting material. The results emphasize the importance of using virus-free seed cane, combined with vector management, to sustain varietal vigour and productivity in sugarcane.
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