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Bacterial wilt, caused by Ralstonia solanacearum, poses a significant threat to 

banana cultivation globally. This study aims to explore how soil 

physicochemical parameters, particularly pH and water holding capacity 

(WHC), influence the susceptibility of banana plantations to this pathogen. A 

total of 21 composite soil samples were collected major banana-growing tehsils 

in the Jalgaon district of Maharashtra, India. The results demonstrated 

considerable variability in pH (ranging from 5.7 to 8.3) and WHC (from 

35.45% to 52.40%) across the sampled sites. Soils exhibiting high WHC and 

near-neutral, were linked to more favorable conditions for plant growth and 

lower incidences of wilt. Conversely, sites characterized by high alkalinity or 

low WHC, appeared to create environments that promote pathogen persistence 

and increase host susceptibility. These findings highlight the crucial role of 

effective soil management in reducing R. solanacearum infections. By 

integrating region- specific soil assessments with targeted amendments, it may 

be possible to enhance the resilience of banana cropping systems. A 

combination of high WHC and near-neutral pH can help alleviate bacterial 

symptoms in banana plants, while high alkalinity or low WHC may foster 

conditions favorable to bacterial proliferation. Implementing soil monitoring 

and modifying soil properties could serve as effective preventive strategies 

against bacterial wilt in susceptible areas. Furthermore, the study reinforces 

emerging research on the interplay between soil health, microbial community 

complexity, and disease suppression. Overall, profiling soil physicochemical 

properties can be a valuable tool in integrated disease management strategies 

aimed at sustaining banana production in wilt-prone agro-ecological zones. 
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INTRODUCTION 

The global banana industry faces a critical threat 

from Bacterial Wilt, a devastating systemic disease 

caused by the Ralstonia solanacearum species 

complex (Peeters et al., 2013). This soil-borne 

bacterium is notorious for its broad host range, 

affecting over 200 plant species worldwide (Meng, 

2013). In the context of banana cultivation, the 

pathogen is the primary causal agent of Moko 

disease, which is identified by progressive 

chlorosis, vascular necrosis, and eventual plant 

collapse (Premabati & Mandal, 2020). While other 

bacterial pathogens like Xanthomonas and Erwinia 

also impact banana yields, R. solanacearum is 

particularly difficult to manage due to its ability to 

persist in the soil and water for extended periods, 

even in the absence of a host (Donoso & 

Valenzuela, 2018). The pathogen typically 

infiltrates the host via the root system, rapidly 

colonizing the xylem vessels and obstructing the 

flow of water and nutrients, which inevitably leads 

to host death. Current control strategies emphasize a 

combination of molecular diagnostics, the use of 

resistant germplasm, and strict phytosanitary 

protocols. However, the extreme resilience of the 

pathogen often renders infected fields unproductive 

for years (Peeters et al., 2013).  
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Environmental factors, particularly soil pH and 

moisture levels, are decisive in determining the 

survival and virulence of R. solanacearum. While 

acidic conditions often favor certain pathogens 

(Wetzel & McBride, 2020), the specific interaction 

between soil alkalinity and water retention in 

tropical climates requires further investigation. 

Jalgaon district, as a premier hub for Indian banana 

production, represents a significant ecological case 

study. If Jalgaon were an independent entity, its 

output would rank it as the seventh-largest banana 

producer globally (Chavan & Nile, 2012). This 

study seeks to provide localized insights into how 

soil health parameters influence disease dynamics in 

this vital agricultural region. 

 

MATERIALS AND METHODS 

Study Area: 

The research was conducted in the Jalgaon district 

of Maharashtra, India, a region well known for its 

banana cultivation. Jalgaon is situated between 

latitudes 20°32′N and 21°18′N and longitudes 

74°55′E and 76°28′E, featuring a diverse range of 

agroclimatic zones. The district experiences a 

tropical monsoon climate, characterized by average 

annual rainfall of 600-700 mm, primarily occurring 

from June to September. Temperatures in the region 

vary from 10 °C in winter to over 42 °C during the 

peak of 

summer. The soil types are diverse, ranging from 

black cotton soils to mixed red loam varieties, each 

exhibiting different drainage and fertility 

characteristics. This study focused on banana 

plantations located in various tehsils, out of this 

Bhadgaon, where there have been frequent reports 

of bacterial wilt caused by Ralstonia solanacearum. 

Amalner is located at approximately 21.04°N 

latitude and 75.06°E longitude with an average 

elevation of 620fts. The region along the Bori 

River, the area experiences warm climate 

Sample Description: 

A total of 21 composite rhizosphere soil samples 

were collected from the Amalner tehsil. Samples 

were taken from a depth of 0–30 cm surrounding 

both symptomatic (diseased) and asymptomatic 

(healthy) banana plants. Each site was geo-tagged 

via GPS, and samples were stored at 4°C in sterile 

containers to maintain microbial and chemical 

integrity. 

Soil Physicochemical Analysis: 

Soil pH was determined using a digital pH meter in 

a 1:2.5 soil-to-water suspension following 

Jackson’s (1973) method. Water Holding Capacity 

(WHC): WHC was calculated gravimetrically using 

the Keen-Raczkowski box method. Soil Texture: 

Texture was classified using the hydrometer method 

(Bouyoucos, 1962) and cross-referenced with 

USDA taxonomy. All tests were performed in 

triplicate to ensure statistical reliability. 

 

RESULTS AND DISCUSSION 

The analysis revealed a direct link between soil 

characteristics and the health status of banana 

plantations in the Amalner region. The soil profiles 

primarily consisted of Regur (Black Soil), known 

for its high clay content and inherent fertility. 

However, the varying levels of pH and WHC 

created distinct "micro-environments" for the 

pathogen: pH Dynamics: Samples ranged from 

slightly acidic (6.2) to moderately alkaline (8.4). 

While the optimal range for banana growth is 6.0 to 

7.5, several sites (e.g., AM07 and AM03) showed 

high alkalinity, which 

likely disrupts nutrient uptake and weakens the 

plant’s natural defenses against R. solanacearum. 

Moisture Retention (WHC): A significant disparity 

in WHC was observed. Lower values (e.g., 36.45% 

in AM19) suggest sandy textures with poor water 

retention, leading to drought stress that predisposes 

plants to infection. Conversely, samples with higher 

WHC (e.g., 53.43% in AM18) supported more 

robust plant growth, though excessively saturated 

conditions can also facilitate bacterial motility. Our 

findings align with emerging research suggesting 

that disease-suppressive soils are often 

characterized by balanced pH and high microbial 

complexity (Qi et al., 2019). Sites with near-neutral 

pH and adequate WHC likely foster a diverse 

community of antagonistic rhizobacteria, which 

naturally compete with 

R. solanacearum for resources (Hayward, 1991). In 

contrast, the less complex microbial networks found 

in alkaline or nutrient-poor soils may allow the 

pathogen to proliferate unchecked (Zhang et al., 

2020). 

This study concludes that soil pH and WHC 

are fundamental predictors of bacterial wilt 

prevalence in Jalgaon's banana plantations. Near-

neutral soils with high moisture-holding capabilities 

appear to provide a degree of natural suppression 

against R. solanacearum. 

Moving forward, sustainable banana cultivation in 

wilt-prone zones should move beyond simple 

pathogen detection and incorporate soil health 

profiling. By implementing site- specific 

amendments to correct alkalinity and improve 

organic matter content, farmers can enhance the 

resilience of their crops against this persistent 

bacterial threat.
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Table1. Physicochemical Soil Properties (pH and WHC) of Diseased Banana Plantations across 

Amalner Tehsil, Jalgaon District, India 
 

Sr. No. Sample 

Code 

Location Site Variety of Banana Physical Properties of soil 

Soil Type pH WHC 

1 AM01 Ambare Bori river south side Plantics Regur 6.8 51.40 

2 AM02 Ambare Village north side Plantics Deep Black 7.4 48.54 

3 AM03 Amalner Near galwade road Jain Tissue Loamy 8.2 45.32 

4 AM04 Amalner East side of Amalner Grand naine Medium 

Black 

7.9 42.65 

5 AM05 Karankhede Bori river East side Jain Tissue Regur 6.7 52.45 

6 AM06 Karankhede Village south side Agrostar Regur 8.2 51.25 

7 AM07 Khadke West side gadivan baba temple Plantics Regur 8.4 49.85 

8 AM08 Khadke Village north side Plantics Medium 

Black 

6.8 46.35 

9 AM09 Dhanore South side of sitai temple Agrostar Regur 8.2 50.25 

10 AM10 Dhanore Village East side Safed vel Loamy 6.5 45.35 

11 AM11 Jalod Tapi river north side Shrimantti Deep Black 7.8 47.45 

12 AM12 Jalod Village East side Jain Tissue Deep Black 6.8 46.59 

13 AM13 Talvade Village north side Jain Tissue Regur 6.4 49.95 

14 AM14 Talvade Village west side Mahalakshmi Medium 

Black 

8.1 45.32 

15 AM15 Sonkhedi Near prathamik vidya mandir Jain Tissue Regur 6.3 50.23 

16 AM16 Sonkhedi Village East side Safed vel Loamy 8.0 45.65 

17 AM17 Satri Village south side Mahalakshmi Deep Black 6.5 47.71 

18 AM18 Satri Village east side Madhukar Regur 8.1 53.43 

19 AM19 Janvi Village north side Shrimantti sandy 6.8 36.45 

20 AM20 Janvi Village west side Mahalakshmi Regur 6.2 49.25 

21 AM21 Eklehare Village south side Madhukar sandy 7.6 37.65 

Range 6.2 to 8.4 36.45 to 

  53.43 

Average 7.3 47.29 
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