Efficacy of Integrated Disease Management Practices against Rhizome Rot in Banana (Musa spp.) Under Field Conditions
ABSTRACT 
Aim: Rhizome rot and pseudostem rot, caused primarily by Erwinia carotovora subsp. carotovora, have become major bacterial diseases affecting banana cultivation in India, particularly during the post-rainy season. These diseases can cause yield losses ranging from 40–70% in severely affected fields, resulting in significant economic damage. The present study aimed to evaluate the effectiveness of an Integrated Disease Management (IDM) approach for controlling these diseases and improving productivity under field conditions.
Place and Duration of Study: A two-year field demonstration was conducted during 2021–22 and 2022–23 at Krishi Vigyan Kendra, Ghantasala, Acharya N.G. Ranga Agricultural University, Krishna district, Andhra Pradesh, in naturally infested fields to simulate real-farm conditions.
Methodology: The IDM strategy combined preventive and curative measures, including the use of healthy, disease-free suckers, treatment of planting material, establishment of proper drainage facilities, and adoption of recommended cultural practices. Biological control agents, such as Pseudomonas fluorescens, were applied at the plant base to suppress pathogen activity, while selective chemical treatments were integrated as needed. These measures collectively aimed to reduce disease incidence, improve plant health, and enhance yield.
Results: IDM-treated plots showed significantly lower rhizome rot incidence (9.15%) compared to control plots (14.5%) and higher yields (47.08 t/ha versus 41.87 t/ha). Economic analysis revealed higher net returns of Rs. 2,02,838/- with a benefit-cost ratio (BCR) of 2.56 in IDM plots, compared to Rs. 1,41,488/- and a BCR of 1.98 in control plots. The study demonstrates that IDM is an effective, sustainable, and eco-friendly approach for managing bacterial rhizome and pseudostem rot in banana. Adoption of these integrated practices can significantly reduce disease incidence, enhance yield and profitability, and provide practical solutions for banana growers in disease-prone regions.
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INTRODUCTION 
Banana (Musa spp.) is one of the oldest cultivated tropical fruit crops in India in both area and production. It is cultivated in an area of 938 thousand hectares with 35365 thousand metric tonnes of production in India (Agricultural Statistics at a Glance - 2023). It is one of the most consumed fruits in the world due to its richness in potassium and fiber. Consuming bananas can help lower blood pressure, reduce the risk of cancer, asthma, cardiovascular disease and digestive problems. Despite its economic importance, banana is vulnerable to numerous diseases caused by fungi, viruses, bacteria and nematodes. Among them, rhizome rot, also referred to as “tip-over disease,” has emerged as a serious concern in banana-growing areas, especially in Krishna district, Andhra Pradesh. 
Rhizome rot, is a major disease affecting banana cultivation across Africa, and Asia, including India (Chattopadhyay & Mukherjee, 1986; Snehalatharani & Khan, 2010; Gokul et al., 2019). In severely infected gardens, the disease can reach incidences exceeding 75% (Dita et al., 2013; Blomme et al., 2017). Previously considered a minor issue, rhizome rot has gained prominence in recent years. This has inadvertently contributed to faster spread and higher mortality rates in plantations. The disease, primarily caused by Erwinia carotovora (now Pectobacterium spp.) and Erwinia chrysanthemi (now Dickeya spp.), was first reported in Honduras (Wardlaw, 1950; Stover, 1959) and later observed in India by Edward et al. (1973) and Khan & Nagaraj (1998). The pathogenicity of Erwinia carotovora causing bacterial rhizome rot of banana was proved (Shillingford, 1974) and the name of the disease itself describes the typical symptoms of the disease (Arun et al., 2012). The initial symptoms of newly planted plantlets include failure of sprout emergence, stunted growth and yellowing of leaves. The bacterial rhizome rot mainly affects two- to six-month-old banana plants (Snehalatharani and Khan, 2010). Erwinia carotovora survives in infected plant debris, soil, and contaminated irrigation water. The pathogen spreads rapidly under warm, humid, and waterlogged conditions, entering through wounds or natural openings. Disease incidence increases with poor drainage and mechanical injuries, facilitating epidemic development in banana plantations. Severe outbreaks of bacterial soft rot caused by Erwinia chrysanthemi in banana fields of China, during 2009 resulted in yield losses of up to 82% (Lin et al., 2010 and Loganathan et al., 2019)., highlighting the severe impact of Erwinia carotovora on banana production and the urgent need for effective management strategies to prevent significant yield and quality losses.  Integrated Disease Management (IDM) is crucial for sustainable disease control as it combines cultural, biological, and chemical methods to minimize pathogen spread and crop loss. It reduces reliance on chemical pesticides, delays resistance development, and promotes long-term soil and plant health.
Hence, considering the significant economic losses caused by rhizome and pseudostem rot, the present study was undertaken to assess the effectiveness of Integrated Disease Management (IDM) practices in controlling these bacterial diseases in banana under the field conditions of Krishna district, Andhra Pradesh.
MATERIALS AND METHODS
[bookmark: _GoBack]The present experiment was conducted for two consecutive years from 2021-22 and 2022-23 at 20 locations of 6 different villages in 8 ha area of Krishna district viz., Uttarachiruvolulanka, Mellamertilanka, Kosurivaaripalem, Nagayitippa, Inapuru and Mopidevilanka villages. The soil in the experimental plots was black and loamy in texture, exhibiting good fertility but lacking boron and zinc micronutrients. The farmers received technical information about the trial through training sessions, group discussions, and demonstrations on the application of Pseudomonas fluorescens and IDM practices. The crop was cultivated in June with a spacing of 2 m X 2 m in the test field. The variety cultivated was Karpura Chakrakeli with a growing period of 11-12 months. Every trial took place on one acre of land, with an adjacent area maintained as a control to represent the farmers' standard practices. Standard agricultural methods were adhered to in cultivating the crop. The IDM plots were upheld by adhering to IDM methods and utilizing farmers’ practices as a control (TO2).
Table 1: Treatment details of Font Line Demonstration on Rhizome rot management in banana
	S. No. 
	Particulars 
	Details

	1
	Crop & variety
	Banana & var. Karpura Chakrakeli

	2
	Season
	Kharif & Rabi

	3
	Farming situation
	Irrigated, deltaic to black soils

	4
	Problem diagnosed 
	Severe incidence of bacterial rhizome rot and its spread, leading to drastic reduction in the yield 

	5
	Number of locations and area
	20 locations of 12 different villages in 8 ha of area in Krishna district

	6
	Treatment details
	Treatment Option 1 (TO1): 
(a). Seed treatment – Dip suckers in Copper Oxy Chloride (40 g / 10 l. of water) and Streptocyclin @ 3 g./10 l of water for 30 minutes before planting.
(b). Plant disease- free healthy suckers.
(c). Excess water drainage
(d). Removal of disease affected plants from the orchard
(e). Removal of disease-infected plants from the base followed by soil application of Pseudomonas fluorescens at 50 g per litre of water around the plant base, or alternatively, application of bleaching powder at 25 g per litre of water at the base of diseased and adjacent healthy plants helps in reducing the disease spread. 
(f). Application of neem cake 300 kg/acre 
Treatment Option 2 (TO2): Check (Farmers’ practice)
(a) Without sucker treatment 
(b) Use of only Copper Oxy Chloride drenching 



Bunch yield, disease incidence parameters, and economics were recorded and computed yield in tonnes per hectare. The benefit - cost ratio (BC Ratio) of the treatments was calculated by estimating cost of cultivation and returns from bunch yield after converting them to one hectare of land. The yield parameters and percent rhizome rot incidence were also calculated. The economics were calculated using the following formula: 
1. Gross returns = Yield x Market price 
2. Net Returns = Gross Return - Total Cost of cultivation 
3. Gross B: C ratio = Gross Return / Total Cost of cultivation
4. % incidence of rhizome rot = (No. of plants infected/ Total no. of plants per acre) X 100
RESULTS AND DISCUSSION
The comparative analysis of two treatment practices for the management of rhizome rot disease in the crop revealed significant differences in disease incidence and yield outcomes. The results, as presented in Table 2, clearly demonstrate that the integrated treatment approach (TO1) was markedly more effective than the conventional farmers’ practice (TO2) in suppressing disease occurrence and enhancing crop productivity.
Treatment TO1, which involved a combination of several Integrated Disease Management (IDM) components, recorded the lowest average rhizome rot incidence at 9.15%. This was comparatively lower than the 14.5% incidence observed under TO2, representing the traditional farmers’ practice. The IDM package implemented in TO1 and the Check details were provided in Table-1. The data on rainfall during the experimental study was presented in Figure 1, which indicates slightly higher rainfall than normal. Rainy and humid weather conditions favor the rapid spread and development of soft rot (rhizome rot) in banana plants. The rhizome rot symptoms were appeared as yellowing and wilting of the lower leaves, which later collapsed at the petiole base. The pseudostem splitting was observed at the base, and bacterial ooze exuded under humid conditions with a foul smell. As the soils are deltoic soils to black soils, poor soil drainage and prolonged waterlogging created anaerobic conditions around the banana rhizome, favoring the growth and multiplication of Erwinia spp., the causal organism of rhizome rot. In the demonstration plots, waterlogging conditions were effectively avoided by ensuring proper drainage facilities, which facilitated the removal of excess water and maintained optimal soil aeration for healthy root and rhizome growth. These comprehensive IDM measures not only suppressed the incidence of the rhizome rot pathogen but also contributed to improved plant health and vigor, which in turn resulted in higher productivity. From Table 2, the yield obtained under TO1 was significantly higher, averaging 47.07 tonnes per hectare, compared to 41.87 tonnes per hectare recorded under TO2. The increase in yield under TO1 can be attributed to reduced disease pressure and the positive synergistic effects of the integrated agronomic and biological interventions (Pardeshi, et al., 2019).
In addition to agronomic benefits, the economic analysis presented in Table 3 further supports the superiority of TO1 over TO2. The net returns from the TO1 treatment were calculated at Rs. 2,02,838 per hectare, which was substantially higher than the Rs. 1,41,488/- obtained from the farmers' practice (TO2). The Benefit-Cost Ratio (BCR) for TO1 was also more favourable at 2.56, compared to 1.98 under TO2. The results are in accordance with Pardeshi et al., 2019. The results are also similar to Thammaiah, et al. (2006) and Vijayalaxmi et al., 2014 evaluated different chemicals against rhizome rot of banana in vitro and reported that streptocycline and Copper Oxychloride recorded maximum inhibition. From the study, it was observed that the adoption of IDM practices significantly reduced the incidence and spread of rhizome rot, resulting in an increased number of healthy plants and bunches, thereby enhancing the overall yield. Moreover, the cost of cultivation varied between the treatments across both years, primarily due to differences in the availability and transportation of planting material, as well as the cost of plant protection chemical applications at the plant base. These economic indicators underscore the profitability and cost-effectiveness of adopting the integrated management approach.
The findings of this study clearly establish that the implementation of IDM practices significantly reduces rhizome rot incidence and enhances crop yield and profitability. Therefore, the adoption of such integrated approaches should be promoted among farmers for the sustainable and effective management of rhizome rot disease in the crop.
Practical Challenges and Recommendations for Farmers in Adopting IDM against Banana Rhizome Rot
Banana farmers frequently encounter several practical challenges in managing rhizome rot effectively. Early detection of the disease is often difficult because initial symptoms, such as slight wilting or softening at the rhizome, may be subtle and easily overlooked, allowing the pathogen to establish and spread before intervention. Ensuring proper field drainage to prevent waterlogging can be challenging in low-lying or clay-heavy soils, requiring additional labor or infrastructure investment. Access to quality bio-control agents, such as Pseudomonas fluorescens, may be limited due to availability, cost, or lack of awareness regarding proper application techniques. Moreover, timely removal and safe disposal of infected plants—critical steps to reduce inoculum load—are frequently neglected because of labor-intensive procedures and associated costs. These constraints collectively limit the effective implementation of integrated disease management practices, highlighting the need for farmer training, technical support, and locally adapted management strategies to improve disease control and maintain productivity.
Recommendations:
Effective management of banana rhizome rot requires a combination of preventive and curative strategies aimed at reducing the survival and spread of the pathogen. Proper field drainage is essential to prevent waterlogging, which creates favorable conditions for bacterial proliferation and disease development. Farmers should promptly identify, remove, and destroy infected plants to minimize the inoculum load and prevent further spread within the plantation. The regular application of bio-control agents, such as Pseudomonas fluorescens, at the plant base can suppress pathogen populations and enhance plant resistance. Additionally, the use of disease-free suckers for planting, adherence to strict field sanitation practices, and the adoption of integrated disease management (IDM) strategies—including cultural, biological, and eco-friendly chemical measures—can collectively maintain plant health, reduce disease incidence, and significantly improve yield and economic returns. Implementation of these measures ensures a sustainable and environmentally responsible approach to banana cultivation in disease-prone areas.
Figure 1: Rainfall data for the years 2021-22 and 2022-23

Table 2: Effect of different treatments on rhizome rot disease of banana (Two-year data)
	[bookmark: _Hlk103853382]Year
	No.of farmers
	Area (ha)
	Yield (t ha-1)
	% Increase in yield in demo over check
	% of incidence


	
	
	
	IDM plot
	Check
	IDM plot
	Demo
	Check

	2021-22
	10
	4
	48.64
	43.01
	13.01
	8.2
	12.5

	2022-23
	10
	4
	45.50
	40.74
	11.68
	10.1
	16.5

	Average data of 20 farmers in 8 ha. area
	47.07
	41.87
	12.40
	9.15
	14.5



Table 3: Economics of the treatments on rhizome rot disease of banana (Two-year data)
	Year
	Economics of demonstration (TO1)
(Rs. ha-1)
	Economics of check (TO 2)
(Rs. ha-1)

	
	Gross cost
	Gross returns
	Net returns
	Benefit cost ratio
	Gross cost
	Gross returns
	Net returns
	Benefit cost ratio

	2021-22
	1,25,500
	3,23,250
	1,97,750
	2.8
	1,37,500
	2,80,500
	1,43,000
	2.04

	2022-23
	1,34,200
	3,42,125
	2,07,925
	2.55
	1,48,600
	2,88,575
	1,39,975
	1.92

	Average data 
	1,29,850
	3,32,688
	2,02,838
	2.56
	1,43,050
	2,84,538
	1,41,488
	1.98



CONCLUSION
The present study clearly highlights the efficacy of Integrated Disease Management (IDM) in controlling bacterial rhizome and pseudostem rot in banana, a disease known to cause substantial yield losses under favorable environmental conditions. The IDM approach employed in this study combined multiple complementary strategies, including treatment of planting suckers to ensure disease-free material, proper field drainage to reduce waterlogging, application of beneficial biological agents to suppress pathogen populations, and the use of neem-based organic inputs for enhanced plant defense. This multifaceted strategy not only substantially reduced disease incidence but also contributed to improved plant health, higher fruit yield, and increased net economic returns. The findings underscore that adoption of IDM provides a sustainable, environmentally friendly, and economically viable option for banana cultivation, particularly in regions prone to high disease pressure, and can serve as a model for integrated crop management practices in other horticultural systems.
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