
Post-Harvest Interventions for Reduction of Anthracnose-Induced Losses in Banana (Musa paradisiaca L.)

ABSTRACT 
 Post-harvest anthracnose caused by Colletotrichum musae is a major constraint to the storability, marketability and profitability of banana. The present investigation assessed the effectiveness of selected post-harvest treatments in controlling anthracnose, extending shelf life and reducing post-harvest losses in banana. Mature green fruits were subjected to ten post-harvest treatments comprising physical, chemical, biological and integrated approaches, along with an untreated control, under a Completely Randomized Design. The treatments differed significantly for all parameters studied. An integrated treatment involving hot water treatment at 52 °C for 5 minutes followed by chitosan coating (1%) was the most effective, recording the lowest anthracnose incidence (18.9%) and disease severity index (11.4%) compared with the control (68.4% and 42.6, respectively). This treatment also significantly extended shelf life (14.5 days) relative to untreated fruits (7.0 days) and reduced post-harvest losses to 12.4% as against 34.5% in the control. Economically, the same treatment resulted in the highest net returns (₹11.80 kg⁻¹) and benefit-cost ratio (1.95). The findings clearly establish that integrated post-harvest interventions provide an effective and economically sustainable strategy for managing anthracnose and minimizing post-harvest losses in banana.
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Banana (Musa spp.) is one of the most important fruit crops cultivated in tropical and subtropical regions of the world and plays a vital role in global food and nutritional security. It is consumed both as a staple food and as a dessert fruit, besides serving as a major source of income for millions of small and marginal farmers. India is the largest producer of banana in the world, contributing a substantial share to global production; however, despite high productivity, the profitability of banana cultivation is significantly constrained by post-harvest losses, which occur at various stages from harvest to consumption (Mohapatra et al., 2010). These losses are particularly severe in developing countries due to inadequate post-harvest infrastructure, poor handling practices and limited adoption of scientific storage and disease management technologies.
Banana is a climacteric fruit characterized by high respiration and transpiration rates, which predispose it to rapid ripening and senescence after harvest. Mechanical injury during harvesting and transportation, coupled with physiological disorders and microbial infections, accelerates quality deterioration and reduces shelf life (Wills et al., 2007). Among the biotic factors, post-harvest diseases account for a major proportion of losses, with fungal pathogens being the most destructive. In India, post-harvest losses in banana have been reported to range between 20 and 40 per cent, depending on cultivar, season, handling practices and storage conditions (Rout et al., 2020).
Among the post-harvest diseases, anthracnose caused by Colletotrichum musae is recognized as one of the most widespread and economically important diseases of banana fruits. The pathogen infects fruits during the pre-harvest stage and remains latent until ripening, when symptoms appear as sunken, dark brown to black lesions that expand rapidly, leading to fruit rotting and rejection in markets (Unnithan et al., 2018). Several studies conducted in India have highlighted the prevalence of anthracnose during storage and ripening of banana and its significant contribution to quantitative and qualitative losses (Thangavelu et al., 2014; Sahoo and Pawar, 2025). The latent nature of infection makes management particularly challenging, as fruits may appear healthy at harvest but deteriorate rapidly during marketing.
Conventional management of post-harvest anthracnose has largely relied on the application of synthetic fungicides. Although fungicidal treatments are effective in suppressing disease development, their repeated use raises serious concerns related to chemical residues on fruits, development of fungicide resistance in pathogens, environmental contamination and consumer health risks (Ciofini et al., 2022). (not mentioned in reference section). In addition, the increasing demand for residue-free and safe food has necessitated the exploration of alternative disease management strategies that are environmentally benign and economically feasible.
In recent years, emphasis has been placed on integrated post-harvest management approaches, combining physical treatments such as hot water treatment, biological agents, botanicals and edible coatings to control post-harvest diseases while maintaining fruit quality and extending shelf life. Hot water treatment has been reported to be effective in suppressing latent infections of Colletotrichum spp. and reducing disease severity in banana (Mohapatra et al., 2010; Das et al., 2021). Similarly, edible coatings such as chitosan and aloe vera have gained attention due to their antifungal properties and ability to create semi-permeable barriers that delay ripening and reduce moisture loss (Saha et al., 2022). Indian researchers have also demonstrated the potential of biological agents and plant extracts as eco-friendly alternatives for post-harvest disease control in banana under ambient storage conditions (Rout et al., 2020; Unnithan et al., 2018).
Despite the availability of several post-harvest disease management options, their comparative efficacy, economic feasibility and practical applicability under Indian conditions remain inadequately documented. There is a need for systematic evaluation of integrated, low-cost and farmer-friendly post-harvest treatments that can effectively manage anthracnose, extend shelf life and reduce post-harvest losses while improving economic returns. In this context, the present study was undertaken to assess the effectiveness of selected post-harvest interventions for the management of anthracnose and minimization of post-harvest losses in banana under ambient storage conditions.
2. MATERIALS AND METHODS
The present investigation was conducted in the Post-Harvest Technology Laboratory of Sri Krishnadevaraya College of Horticultural Sciences, Ananthapuramu, Andhra Pradesh, India, in September 2025, under ambient storage conditions (Mention the temperature and humidity) to evaluate the effectiveness of selected post-harvest treatments in managing anthracnose and reducing post-harvest losses in banana. Mature green banana fruits (Musa spp.) at physiological maturity were procured from a well-managed commercial banana orchard. Fruits were carefully selected for uniformity in size, shape and maturity and were free from visible mechanical injury, insect damage and disease symptoms, following the standard post-harvest sampling procedures suggested by Rangaswamy and Mahadevan (1999). Immediately after harvest, the fruits were transported to the laboratory with utmost care to minimize handling injury. Upon arrival, the fruits were allowed to equilibrate to room temperature and gently washed with clean potable water to remove adhering dirt and latex residues prior to the application of treatments.
The experiment was laid out in a Completely Randomized Design (CRD) comprising ten post-harvest treatments with three replications, each replication consisting of ten fruits, ensuring adequate sampling for statistical analysis as recommended for post-harvest studies (Gomez and Gomez, 1984; Rangaswamy, 2010). The treatments were designed to include physical, chemical, biological, botanical and integrated post-harvest interventions aimed at suppressing anthracnose development and minimizing post-harvest losses under ambient conditions. The post-harvest treatments evaluated in the present study included an untreated control (T₁), washing of fruits with potable water (T₂), hot water treatment at 52 ± 2 °C for 5 minutes (T₃), dipping of fruits in carbendazim at 0.1 per cent for 5 minutes (T₄), hot water treatment at 52 °C for 5 minutes followed by dipping in carbendazim at 0.05 per cent (T₅), application of chitosan edible coating at 1 per cent (T₆), dipping of fruits in neem leaf extract at 10 per cent (T₇), dipping in Trichoderma harzianum suspension containing 10⁷ cfu ml⁻¹ (T₈), application of aloe vera gel coating at 10-15 per cent (T₉) and hot water treatment at 52 °C for 5 minutes followed by chitosan coating at 1 per cent (T₁₀). After application of the respective treatments, all fruits were shade-dried at room temperature and stored under ambient conditions for subsequent observations.
Hot water treatment was carried out by immersing banana hands in a thermostatically controlled water bath maintained at 52 ± 2 °C for 5 minutes, as standardized earlier for banana anthracnose management by Thangavelu et al. (2014). Fungicidal treatments were applied by dipping fruits in carbendazim solutions of the prescribed concentrations for 5 minutes, followed by air drying, in accordance with recommendations for post-harvest disease control (Unnithan et al., 2018). Chitosan coating solution (1%) was prepared by dissolving chitosan in 1 per cent acetic acid with continuous stirring, followed by adjustment of the pH to near neutral prior to application, as described by Saha et al. (2022). Aloe vera gel (did you add any stabilizer in aloevera solution or adjusted its pH with addition of acid. You have not mentioned clearly the preparation method of aloevera gel. How did the freshly prepared aloevera gel gave preservative effect upto 12days? ) was freshly extracted from mature leaves, filtered through muslin cloth, diluted to the required concentration and applied by dipping method following procedures outlined by Rout et al. (2020). Neem leaf extract was prepared using fresh leaves and applied immediately after preparation. The biocontrol agent Trichoderma harzianum was applied as a freshly prepared aqueous suspension containing 10⁷ cfu ml⁻¹, following standard protocols suggested by Thangavelu and Mustaffa (2010). In integrated treatments, hot water treatment was followed sequentially by either fungicidal dip or chitosan coating. All treated fruits were shade-dried before storage.
Anthracnose incidence was recorded as the percentage of fruits exhibiting typical anthracnose symptoms caused by Colletotrichum musae. Disease severity was assessed using a standard disease rating scale and the Disease Severity Index (DSI) was calculated following the procedure suggested by McKinney (1923) and commonly adopted in Indian plant pathology studies. The number of anthracnose lesions per fruit was recorded by visual counting and lesion diameter (mm) was measured using a digital vernier caliper at regular intervals during the storage period. Shelf life was determined as the number of days the fruits remained marketable under ambient conditions based on visual appearance and disease development, as described by Rout et al. (2020). Post-harvest loss (%) was calculated as the proportion of fruits rendered unmarketable due to anthracnose infection and associated spoilage during storage.
Economic evaluation of the treatments was carried out by calculating the cost of treatment per kilogram of fruit, taking into account material and operational expenses, following the approach suggested by Singh et al. (2017) for post-harvest economic analysis. Net returns (₹ kg⁻¹) were computed based on the prevailing market price of banana after deducting treatment costs. The benefit-cost (B:C) ratio was calculated as the ratio of gross returns to the total cost incurred for each treatment. The data collected on disease parameters, shelf life, post-harvest losses and economic returns were subjected to analysis of variance (ANOVA) appropriate for a Completely Randomized Design. Treatment means were compared using critical difference (CD) at the 5 per cent level of significance and the standard error of difference (SEd) was calculated following standard statistical procedures as described by Steel and Torrie (1980).
3. RESULTS 
3.1. Disease specification Parameters
Post-harvest treatments significantly influenced anthracnose incidence, disease severity index (DSI), number of lesions per fruit and lesion diameter in banana fruits stored under ambient conditions (Table 1). The untreated control (T₁) recorded the highest anthracnose incidence (68.42%) and disease severity (42.66), along with the maximum number of lesions per fruit (6.83) and lesion diameter (18.44 mm), indicating rapid disease progression in the absence of any post-harvest intervention. Washing with potable water (T₂) resulted in a marginal but significant reduction in disease parameters; however, disease incidence and severity remained relatively high.
Among individual treatments, hot water treatment at 52 °C for 5 minutes (T₃) and carbendazim 0.1% dip (T₄) significantly reduced anthracnose incidence and severity compared to the control. Moderate suppression of disease was also observed with chitosan coating (T₆), Trichoderma harzianum (T₈) and aloe vera gel coating (T₉), whereas neem leaf extract (T₇) was comparatively less effective. The integrated treatments proved most effective in controlling anthracnose. Hot water treatment followed by carbendazim at reduced concentration (T₅) recorded significantly lower disease parameters, while the lowest anthracnose incidence (18.91%), DSI (11.40), number of lesions per fruit (1.85) and lesion diameter (5.66 mm) were observed in hot water treatment followed by chitosan coating (T₁₀). Differences among treatments were statistically significant at the 5% level.
3.2. Physiological Parameters and Shelf Life
Physiological weight loss, respiration rate, fruit firmness and shelf life were significantly affected by the post-harvest treatments (Table 1). The untreated control (T₁) exhibited the highest physiological weight loss (18.64%) and respiration rate (78.42 mg CO₂ kg⁻¹ h⁻¹), along with the lowest firmness (2.11 kg cm⁻²) and shortest shelf life (7.02 days). Application of post-harvest treatments significantly reduced weight loss and respiration rate while maintaining higher fruit firmness. The treatment T₁₀ (hot water treatment at 52 °C for 5 minutes followed by chitosan coating at 1 per cent) recorded the lowest physiological weight loss (7.46%) and respiration rate (45.20 mg CO₂ kg⁻¹ h⁻¹), along with the highest fruit firmness (3.65 kg cm⁻²) and the longest shelf life (14.53 days). This treatment was followed by T₅ and T₆, which also exhibited significant improvement in fruit storability compared to other treatments. The pronounced extension of shelf life observed in integrated treatments may be attributed to the effective suppression of anthracnose development coupled with delayed physiological and metabolic deterioration of the fruits.
3.3. Physical and Microbial Quality Parameters
Significant differences were observed among treatments for peel colour index, shrinkage, surface fungal load and incidence of secondary rots (Table 2). The untreated control recorded the highest peel colour index (6.8), shrinkage (14.6%), surface fungal load (9.2 ×10³ cfu g⁻¹) and incidence of secondary rots (28.4%), indicating advanced ripening and microbial deterioration.  The hot water treatment at 52 °C for 5 minutes followed by chitosan coating at 1 per cent (T₁₀) exhibited the most desirable quality attributes, with the lowest peel colour index (4.8), minimum shrinkage (5.9%), lowest fungal load (2.1 ×10³ cfu g⁻¹) and minimum incidence of secondary rots (7.2%). Treatments involving hot water in combination with fungicide or edible coatings (T₅ and T₆) were also effective in maintaining physical quality and suppressing microbial growth, whereas neem leaf extract (T₇) was relatively less effective.
3.4. Biochemical Quality Parameters
Post-harvest treatments significantly influenced the biochemical quality parameters of banana fruits (Table 2). The untreated control (T₁) recorded the highest total soluble solids (22.8 °Brix), reducing sugars (10.6%) and TSS:acid ratio (54.3), along with the lowest titratable acidity (0.42%), indicating advanced ripening. In contrast, all treated fruits exhibited lower TSS and reducing sugars with comparatively higher acidity. The integrated treatment T₁₀ (hot water treatment followed by chitosan coating) recorded the lowest TSS (19.8 °Brix) and reducing sugars (8.8%) and the highest titratable acidity (0.52%), resulting in the minimum TSS:acid ratio (38.1), indicating delayed ripening. Treatments T₅ and T₆ also showed similar trends. Overall, integrated and coating-based treatments effectively delayed biochemical changes associated with ripening, thereby contributing to improved storability of banana fruits.

3.5. Post-harvest losses and Economic Parameters
Post-harvest losses and economic returns varied significantly among treatments (Table 3). The highest post-harvest loss was recorded in the untreated control (34.5%), whereas the lowest loss (12.4%) was observed in the integrated treatment with hot water treatment at 52 °C for 5 minutes followed by chitosan coating at 1 per cent (T₁₀). Treatments combining hot water with carbendazim (T₅) or chitosan coating (T₆) also resulted in substantial reduction in losses.
Economic analysis revealed that although integrated treatments involved slightly higher treatment costs, they resulted in significantly higher net returns due to improved fruit quality and reduced losses. The highest net returns (₹11.80 kg⁻¹) and benefit-cost ratio (1.95) were obtained with T₁₀, followed by T₅ and T₆. The untreated control recorded the lowest net returns (₹6.20 kg⁻¹) and benefit-cost ratio (1.18), indicating poor economic viability without post-harvest interventions.
Overall, integrated post-harvest treatments, particularly hot water treatment followed by chitosan coating (T₁₀) were superior in reducing anthracnose incidence and severity, improving physiological and microbial quality, extending shelf life, minimizing post-harvest losses and enhancing economic returns in banana under ambient storage conditions.












Table:1. Effect of post-harvest management practices on Anthracnose Disease specification, Physiological Parameters and Shelf Life of Banana
	Treatment
	Anthracnose incidence (%)
	Disease severity index (DSI)
	No. of lesions per fruit
	Lesion diameter (mm)
	Physiological weight loss (%)
	Respiration
rate
(mg CO₂ kg⁻¹h⁻¹)
	Firmness (kg cm⁻²)
	Shelf life (days)

	T1
	68.42
	42.66
	6.83
	18.44
	18.64
	78.42
	2.11
	7.02

	T2
	54.31
	35.23
	5.42
	15.62
	15.45
	70.64
	2.35
	8.55

	T3
	38.77
	24.14
	3.66
	10.86
	12.29
	61.35
	2.84
	10.58

	T4
	32.48
	20.30
	3.18
	9.21
	11.47
	58.98
	2.95
	11.09

	T5
	21.60
	13.82
	2.19
	6.43
	8.60
	49.57
	3.47
	13.54

	T6
	29.82
	18.98
	2.85
	8.60
	9.83
	52.73
	3.23
	12.52

	T7
	41.24
	26.74
	4.02
	11.98
	13.12
	63.45
	2.65
	10.01

	T8
	34.67
	22.42
	3.39
	9.81
	11.90
	56.29
	3.05
	11.56

	T9
	36.88
	23.63
	3.54
	10.20
	10.63
	54.81
	3.10
	12.04

	T10
	18.91
	11.40
	1.85
	5.66
	7.46
	45.20
	3.65
	14.53

	CD (P = 0.05)
	4.35
	3.03
	0.58
	1.28
	1.42
	4.95
	0.25
	1.15

	SEd (±)
	2.11
	1.45
	0.28
	0.62
	0.68
	2.40
	0.12
	0.55



Shelf life in days with two decimal places like 7.02, 12.04, 14.53………..are confusing. Are they experimental values? Plese specify.
*T₁: Control, T2: Washing of fruits with potable water, T3: Hot water treatment at 52 ± 2 °C for 5 minutes, T4: Dipping of fruits in carbendazim at 0.1 per cent for 5 minutes, T5: Hot water treatment at 52 °C for 5 minutes followed by dipping in carbendazim @ 0.05 per cent, T6: Application of edible chitosan coating@ 1 per cent, T7: Dipping of fruits in 10 per cent neem leaf extract, T8: Dipping in Trichoderma harzianum suspension containing 10⁷ cfu ml⁻¹, T9: Application of aloe vera gel coating @ 10-15 per cent and T10: Hot water treatment at 52 °C for 5 minutes followed by chitosan coating @ 1 per cent.
Table: 2. Effect of different post-harvest management practices on Physical, Biochemical Quality and Microbial Parameters of Banana
	Treatment
	Peel colour index*
	Shrinkage (%)
	Total soluble solids (°Brix)
	Titratable acidity (%)
	TSS:acid ratio
	Reducing sugars (%)
	Surface fungal load
(cfu g⁻¹ ×10³)
	Incidence of secondary rots (%)

	T1
	6.8
	14.6
	22.8
	0.42
	54.3
	10.6
	9.2
	28.4

	T2
	6.4
	12.8
	22.2
	0.44
	50.5
	10.2
	7.6
	22.6

	T3
	5.8
	9.6
	21.6
	0.46
	47.0
	9.8
	4.8
	16.2

	T4
	5.6
	8.9
	21.4
	0.47
	45.5
	9.6
	4.1
	14.8

	T5
	5.0
	6.8
	20.6
	0.50
	41.2
	9.1
	2.6
	9.4

	T6
	5.2
	7.4
	20.9
	0.48
	43.5
	9.3
	3.0
	10.8

	T7
	5.9
	10.2
	21.9
	0.45
	48.7
	10.0
	5.3
	17.6

	T8
	5.4
	8.6
	21.2
	0.47
	45.1
	9.5
	3.8
	13.2

	T9
	5.3
	7.8
	21.0
	0.48
	43.8
	9.4
	3.4
	11.6

	T10
	4.8
	5.9
	19.8
	0.52
	38.1
	8.8
	2.1
	7.2

	CD (P = 0.05)
	0.44
	1.20
	0.66
	0.031
	4.02
	0.37
	0.70
	2.28

	SEd (±)
	0.21
	0.58
	0.32
	0.015
	1.95
	0.18
	0.34
	1.10


*T₁: Control, T2: Washing of fruits with potable water, T3: Hot water treatment at 52 ± 2 °C for 5 minutes, T4: Dipping of fruits in carbendazim at 0.1 per cent for 5 minutes, T5: Hot water treatment at 52 °C for 5 minutes followed by dipping in carbendazim @ 0.05 per cent, T6: Application of edible chitosan coating@ 1 per cent, T7: Dipping of fruits in 10 per cent neem leaf extract, T8: Dipping in Trichoderma harzianum suspension containing 10⁷ cfu ml⁻¹, T9: Application of aloe vera gel coating @ 10-15 per cent and T10: Hot water treatment at 52 °C for 5 minutes followed by chitosan coating @ 1 per cent.

Table: 3. Effect of post-harvest management practices on Post-harvest losses and Economic Parameters of Banana
	Treatment
	Post-harvest loss (%)
	Cost of treatment 
(₹ kg⁻¹ fruit)
	Net returns 
(₹ kg⁻¹)
	Benefit-cost ratio 
(B:C)

	T1
	34.5
	0.00
	6.20
	1.18

	T2
	28.6
	0.40
	7.10
	1.32

	T3
	21.4
	0.85
	8.60
	1.55

	T4
	19.8
	1.20
	9.10
	1.60

	T5
	14.6
	1.45
	10.80
	1.82

	T6
	16.8
	1.30
	10.20
	1.75

	T7
	22.9
	0.95
	8.20
	1.48

	T8
	18.9
	1.10
	9.40
	1.65

	T9
	17.5
	1.25
	9.90
	1.72

	T10
	12.4
	1.55
	11.80
	1.95


*T₁: Control, T2: Washing of fruits with potable water, T3: Hot water treatment at 52 ± 2 °C for 5 minutes, T4: Dipping of fruits in carbendazim at 0.1 per cent for 5 minutes, T5: Hot water treatment at 52 °C for 5 minutes followed by dipping in carbendazim @ 0.05 per cent, T6: Application of edible chitosan coating@ 1 per cent, T7: Dipping of fruits in 10 per cent neem leaf extract, T8: Dipping in Trichoderma harzianum suspension containing 10⁷ cfu ml⁻¹, T9: Application of aloe vera gel coating @ 10-15 per cent and T10: Hot water treatment at 52 °C for 5 minutes followed by chitosan coating @ 1 per cent.
4. DISCUSSION 
The present investigation clearly demonstrated that post-harvest treatments had a significant influence on anthracnose development, physiological behavior, quality attributes, shelf life and economic returns of banana under ambient storage conditions. The high anthracnose incidence, disease severity, lesion number and lesion diameter observed in untreated fruits corroborate earlier findings that Colletotrichum musae establishes latent infections during the pre-harvest stage, which become active during ripening and storage, resulting in rapid fruit deterioration (Fig.) (Thangavelu and Mustaffa, 2010; Unnithan et al., 2018). Similar observations on severe post-harvest anthracnose losses in banana under Indian conditions have been reported by Mohapatra et al. (2010), Rout et al. (2020) and Sahoo and Pawar (2025), emphasizing the critical need for effective post-harvest disease management strategies.
The superior performance of integrated treatments, particularly hot water treatment followed by chitosan coating (T₁₀) and hot water treatment combined with carbendazim at a reduced concentration (T₅), highlights the advantage of combining physical and protective approaches. Hot water treatment has been widely reported to suppress quiescent infections of Colletotrichum spp. by reducing surface inoculum and inhibiting fungal growth, while also inducing host resistance mechanisms (Thangavelu et al., 2014; Mustaffa and Thangavelu, 2011). The additional application of chitosan coating enhances disease control by forming a semi-permeable film on the fruit surface with inherent antifungal properties. Similar synergistic effects of hot water treatment and edible coatings in reducing post-harvest diseases of banana have been reported by Saha et al. (2022), Das et al. (2021) and Singh et al. (2019).
The marked reduction in physiological weight loss and respiration rate, along with improved fruit firmness and extended shelf life under integrated treatments, indicates effective regulation of fruit metabolic processes. Chitosan coatings are known to reduce transpiration and modify internal gaseous composition, thereby slowing respiration and delaying senescence (Rout et al., 2020; Saha et al., 2022). Mohapatra et al. (2010) and Dadzie and Orchard (1997) also reported that reduction in respiration rate is closely associated with enhanced shelf life and improved storability of banana fruits. The present findings are therefore in strong agreement with earlier Indian studies that documented the beneficial effects of integrated post-harvest treatments on banana physiology.
The biochemical changes observed in the present study further support the delayed ripening effect of integrated treatments. Lower total soluble solids and reducing sugars, coupled with higher titratable acidity and reduced TSS:acid ratio in treated fruits, particularly under T₁₀, indicate a slower conversion of starch into sugars. This pattern is characteristic of delayed climacteric ripening and has been consistently reported in banana subjected to hot water treatment, edible coatings and combined post-harvest interventions (Thangavelu et al., 2014; Rout et al., 2020; Saha et al., 2022). Similar biochemical responses have also been reported in other tropical fruits under Indian conditions, reinforcing the role of integrated treatments in modulating ripening-related metabolic pathways.
The improvement in physical and microbial quality parameters, such as lower peel colour index, reduced shrinkage, decreased surface fungal load and reduced incidence of secondary rots, further demonstrates the effectiveness of integrated treatments in maintaining fruit quality. Reduced microbial load and secondary infections can be attributed to effective suppression of primary anthracnose infection and improved surface protection. Comparable findings have been reported by Unnithan et al. (2018), Das et al. (2021) and Rout et al. (2020) in banana stored under ambient conditions, supporting the results of the present investigation.
From an economic perspective, the higher net returns and benefit-cost ratio obtained under integrated treatments, despite slightly higher treatment costs, clearly indicate their economic viability. Reduction in post-harvest losses and improvement in marketable yield compensated for the additional costs involved. Similar conclusions regarding the economic feasibility of integrated post-harvest disease management practices in banana have been reported by Singh et al. (2017), Mohapatra et al. (2010) and Rout et al. (2020) under Indian conditions.
[image: ]
Fig 1: Variation in lesion development of anthracnose in banana under different treatments
Overall, the findings of the present study are in close conformity with earlier reports from Indian researchers and international studies and clearly establish that integrated post-harvest treatments-particularly hot water treatment combined with chitosan coating-offer an effective, eco-friendly and economically viable strategy for managing anthracnose, extending shelf life and minimizing post-harvest losses in banana.
5. CONCLUSION
The study clearly demonstrates that post-harvest anthracnose caused by Colletotrichum musae significantly reduces the shelf life and marketability of banana under ambient conditions. Among the treatments evaluated, the integrated application of hot water treatment (52 °C for 5 minutes) followed by chitosan coating (1%) was most effective in reducing disease incidence and severity, delaying physiological deterioration, improving fruit quality and extending shelf life. This treatment also resulted in the lowest post-harvest losses and the highest net returns and benefit-cost ratio. The findings indicate that integrated, eco-friendly post-harvest interventions provide a scientifically sound and economically viable approach for effective management of anthracnose and reduction of post-harvest losses in banana.
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