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ABSTRACT 
 

The charcoal rot caused by Macrophomina phaseolina is the most virulent soil-borne disease in mulberry. 

Due to the issues of pollution, disparity in soil ecosystem along with possible risks to silkworms, the natural 

control method known as a promising technique for the management of root diseases. The objective of this 

study was to evaluate the antifungal efficacy of Plant Growth Promoting Rhizobacteria (PGPR) isolates 

against M. phaseolina. The charcoal rot causing pathogen, M. phaseolina was isolated from infected 

mulberry roots and its morphological and microscopical characters were observed. A total of 10 PGPR isolates 

were purified from healthy mulberry rhizosphere soil and identified isolates were belonging to the genera of 

Bacillus. The antifungal activity showed that BSSY9 isolate showed maximum growth inhibition of 58.5 % 

followed by BSKP3 isolate with 54.07%. Hence, this isolates could be useful in developing an eco-friendly 

root rot management practices.   
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I. INTRODUCTION 

 

 

The mulberry is an economical, fast growing hardy perennial woody plant belonging to the genus 

Morus of the family Moraceae (Vijayan et al., 2011). Mulberry is an important crop in the sericulture 

industry because it serves as the primary food source for silkworms (Altman and Farrell, 2022). Sericulture 

is the process of rearing silkworms for the production of silk, which is considered as a valuable and 

luxurious textile (Guo et al., 2019). Therefore, the success of the sericulture industry largely depends on 

the availability and quality of mulberry as the main food source for silkworms. The major constraints for 

successful cultivation of mulberry and quality leaf production are insufficient water, poor agrochemical 

inputs, weeds and the outbreak of pests and diseases. 

Lately, root diseases are a major problem in mulberry cultivation, as managing them is quite a 

challenge when compared with foliar diseases. Perennial nature of the crop, resilience of soilborne 

pathogens, and their persistence in soil as spores and sclerotia provide a congenial atmosphere for the 

establishment of infectious agents and inoculum build-up (Pinto et al. 2018). Mulberry root rot outbreaks 

have become a serious threat in four South Indian states–Karnataka, Andhra Pradesh, Tamil Nadu and 
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Telangana. These four states cumulatively account for approximately 80% of the mulberry raw silk 

production in the country (Sowmya, 2018). Various types of root rots have been reported in mulberry 

(Philip et al.1995; Radhakrishnan et al. 1995; Sridhar et al. 2000).  Occurrence of disease complexes due to 

infection by more than one root rot-causing pathogen and association of root-knot nematode, Meloidogyne 

incognita with root rot have also been reported (Yadav et al. 2011; Naik, 2006). Hence, it was found that M. 

phaseolina is the most prevalent pathogen in the South Indian sericulture belt. Most mulberry cultivars are 

prone to charcoal rot disease and can cause up to 35% leaf yield loss, reduction in leaf size, deterioration of 

leaf quality, and plant mortality (Chowdary, 2006). Due to environmental pollution issues, imbalance in 

soil ecosystem as well as potential threat to silkworms the biological control method has been considered 

as a promising approach for the management of soil borne diseases (Choudari et al., 2012).  

Plant growth-promoting rhizobacteria (PGPR) are symbiotic and free-living bacteria that live within 

the plant root and can directly or indirectly promote plant growth (Arruda et al., 2013) PGPR, namely 

Pseudomonas sp. and Bacillus sp., have shown activity in suppressing the fungal infection (Chen et al., 

2000). Recent investigations on mechanisms of biological control by PGPR revealed that several strains 

protect the plants from pathogen attack by strengthening the epidermal and cortical cell walls with 

deposition of newly formed barriers beyond infection sites including callose, lignin and phenolics 

(Benhamou et al., 1996; M’Piga et al., 1997) and by activating defense genes encoding chitinase, PO, PPO 

and PAL (M’Piga et al., 1997; Chen et al., 2000) and enzymes which are involved in the synthesis of 

phytoalexins (Maurhofer et al., 1994). With a view, the present study has been carried out to evaluate the 

antifungal activity of native isolates of Bacillus sp. for protection of mulberry against root rot pathogen (M. 

phaseolina) and aiming to develop eco-friendly management strategies for mulberry root rot disease. 

 

II. METHODOLOGY 

Isolation of pathogen, M. phaseolina 

The root samples were collected from the root rot infected mulberry field and used for isolation of 

pathogen following ‘root bit method’ (Naik et al., 2008). Infected portion of root samples were cut into small 

pieces, surface sterilized with 2 percent sodium hypochlorite solution for 3 minutes and washed with 

sterile distilled water for about 3-4 times; these root bits were blot dried with Whatman No. 1 filter paper 

discs and kept on Petri dishes containing sterilized solidified Potato Dextrose Agar (PDA) medium in aseptic 

conditions. The plates were incubated for 7-8 days at room temperature (27±2ºC) and observed at regular 

intervals. 

Identification of the pathogen 

The pathogen isolated from root rot (M. phaseolina) was visually observed for the cultural, 

morphological and spore characters in the culture media and also observed under microscope. For the 

identification of the fungus, M. phaseolina was sub cultured on fresh PDA medium. The cultural, 

morphological and spore characteristics were examined (Dhingra and Sinclair, 1978). 

Isolation of PGPR isolates from healthy mulberry rhizosphere 

For isolation of Plant Growth Promoting Rhizobacteria, the healthy mulberry rhizosphere soils were 

collected from ten villages of Coimbatore district at farmers’ field. The rhizosphere soil was taken from the 

root zone in the depth of 10-20 cm. The collected soil samples were packed in sterilized zip polythene bags 

and brought to the laboratory and kept at low temperature (4℃) until isolation was made within 24 hours. 

The collected ten soil samples were sieved through 2 mm mesh and isolation was made by serial 

dilution method (Crossan, 1967). For the isolation of Bacillus sp., Nutrient Agar (NA) medium was poured 

in each plate for dilution. Three replications were maintained. Upon solidification, the plates were 

incubated at 28±2ºC for 2 to 4 days (24 - 48 hrs) in an inverted position so that the condensed vapour may 

not hamper the growth of the isolated bacteria. 

Antifungal activity of PGPR isolates 

The Bacillus sp. isolates were screened individually against radial mycelial growth of  

M. phaseolina by dual culture technique (Dennis and Webster, 1971). A mycelial disc (9 mm diameter) of 

the pathogen namely M. phaseolina was placed at one end of the plate and the bacterial antagonists were 

streaked at the periphery of the Petri dish just opposite to the mycelial disc of the pathogen. The plates were 

incubated at 28±2ºC. The mycelial growth of the pathogen and inhibition zone was measured after 72 hrs 

of incubation. The size of the zone of inhibition of fungal growth around each bacterial isolate were used as 
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a measure of the ability of those bacteria to inhibit M. phaseolina. Per cent inhibition of radial growth of M. 

phaseolina was calculated by applying the formula (Vincent, 1927). 

 

 

Statistical Analysis 

 All multiple comparisons were first subjected to Analysis of Variance (ANOVA). Duncan’s multiple range 

test (DMRT) (Duncan, 1955) was applied to the transformed values and then transferred to the original 

means (Gomez and Gomez, 1984). Comparisons among means were conducted using the least significance 

difference at P = 0.05 (Snedecor and Cochrane, 1989). 

 

III. RESULTS 

The pathogen was isolated from the root rot infected plant and identified as M. phaseolina based on 

morphological and microscopical observations. The mycelium was initially hyaline and later became 

greyish black in colour. Sclerotia are black and irregular with mycelial appendages. Micro sclerotia of M. 

phaseolina are jet black in color and appear smooth and round to oblong or irregular. 

The healthy mulberry rhizosphere soils were collected from ten villages of Coimbatore district viz., 

Avinashi, Kariyampalayam, Chinnaputhur, Annur, Karamadai, Thondamuthur, Sevur, Navakarai, 

Mathampatti and Field No. 65 (Tamil Nadu Agricultural University, Coimbatore). A total of 20 PGPR 

isolates were isolated from collected healthy mulberry rhizosphere soils. The isolates were identified based 

on their morphological characters. Among that, 10 isolates were belonging to the genera Bacillus. 

The radial mycelial growth and percentage of growth inhibition parameters were observed for each 

of the isolate during the study. The radial mycelial growth of M. phaseolina was observed in dual culture 

technique. The isolate BSNA8 (Navakarai) which recorded the maximum mycelial growth of 6.66 cm 

followed by BSAN4 recorded the mycelial growth of 5.4 cm, BSCN1 showed the mycelial growth of 5.26 cm 

and BSAU6 produced the mycelial growth of 5.23 cm. The isolate BSKR2 observed the radial mycelial 

growth of 4.53 cm, BSTH7 recorded the mycelial growth of 4.36 cm, BSMA10 produced the mycelial growth 

of 4.36 cm, BSAV5 observed the mycelial growth of 4.23 cm, BSKP3 showed the mycelial growth of 4.13 cm 

and BSSY9 were recorded the least mycelial growth of 3.73 cm. 

In terms of percentage of growth inhibition, among the Bacillus sp. isolates, BSSY9 showed the 

maximum growth inhibition of 58.51 per cent followed by BSKP3 with 54.07 %, BSAV5 (52.96 %), BSTH7 

(51.47 %), BSMA10 (51.47 %), BSKR2 (49.62 %), BSAU6 (41.84 %), BSCN1 (41.47 %), BSAN4 (39.99 %) and 

BSNA8 (25.92 %) (Table 1). 

 

IV. DISCUSSION 

Root rot pathogen was isolated from the infected plants and identified as M. phaseolina based on 

mycelial characters and sclerotial structures. Sclerotia are black and irregular with mycelial appendages. 

This study was supported by Patil and Kamble (2010) who identified  

M. phaseolina in sweet potato charcoal rot samples collected from Kolhapur (Malkapur, Tillari), Sangli 

(Atpadi), Solaur (Akluj), Pune, Sindhudurg (Vengurla), Satara (Karve), Karnataka (Belgaum), Andhra 

Pradesh (Hyderabad), West Bengal (Durgapur), Uttar Pradesh (Lucknow) and Haryana (Karnal) based on 

mycelia and sclerotial characters. 

Among the ten isolates of Bacillus sp., BSSY9 (Sevur) inhibited the mycelial growth of  

M. phaseolina to the maximum and showed the maximum growth inhibition of 58.51 % followed by BSKP3 

(Kariyampalayam) which recorded 54.07 % BSAN4 (Annur) showed the minimum growth inhibition of 

25.92 %. The results of the study were correlated with other works. Belete et al. (2015) evaluated that the 

biological control ability of native Bacillus species on the basis of their antagonistic effects against F. solani 

and found that all tested Bacillus isolates significantly (P<0.05) reduced radial mycelial growth of the 

pathogen. Seven bacterial isolates restricted the growth of the pathogen to <14 mm diameter and showed 

39-44% efficacy over the positive control. Isolate BP048 was the most effective with 43.6% efficacy. The 

lowest inhibitory effects, 15.5 and 27.8% were recorded for the isolates BS083 and BS0102 respectively. 

The ability of bacteria to parasitize and degrade spores or hyphae of pathogens through the production of 
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various cell-wall degrading enzymes has also been suggested (Whipps, 2001). An isolate related to B. 

ehimensis (Hoster et al., 2005) produced chitin-degrading enzymes while B. subtilis AF1 displays some 

fungi toxicity through the secretion of N-acetyl glucosaminidase and glucanase (Manjula and Podile, 2005). 

The results were also supported by Killani et al. (2011) who reported that the primary in vitro screening of 

B. subtilis for antagonism against phytopathogenic fungi revealed significant (P ≤ 0.05) inhibitory effects on 

mycelial radial growth of the pathogens and revealed that B. subtilis significantly inhibited growth of F. 

equiseti, R. solani, F. solani, and F. oxysporum to an average zone of inhibition of 4.10 cm, 3.00 cm, 3.20 cm 

3.00 cm, and 3.20 cm in diameter, respectively after day 5 and this continued up to seven days. Generally, 

the antibiosis exhibited by B. subtilis against F. verticilloides, F. equiseti and R. solani was highly 

significant. 

Mohammed and Amusa (2003) reported that B. cereus and B. subtilis inhibited the mycelial growth of a 

range of fungi causing seedling blight with the zone of inhibition ranging from 35.5% to 57.8%. Young et al. 

(1974) stated that B. subtilis produces at least five different antibiotics, namely: subtillin, bacitracin, 

bacillin, subtenolin, and bacilonycin. The indigenous Bacillus sp. used in this present study may possess 

some of these chemical compounds which might have accounted for the zones of inhibition recorded. The 

production of toxins by Bacillus sp. has been reported by several researchers. Pukall et al. (2005) identified 

four toxin producing strains of Bacillus sp., namely B. pumils, B. fusiformis, B. subtilis, and B. mojavensis 

apart from normal toxin producer, B. cereus. The mycelial growth inhibition of root rot fungal pathogen 

observed in this present study might therefore be due to antibiotics and specific cellular enzymes produced 

by the strains of Bacillus sp. used. Mechanisms of bio-control suggested by other researchers included 

antibiosis (Fravel, 1988) and rhizosphere competence (Howell, 2003). The production of a colorless zone of 

inhibition by the antagonist Bacillus sp. suggested the probable production of colorless metabolites by the 

Bacillus isolates which diffused into the agar and inhibited the radial mycelial growth of the mulberry root 

rot pathogen M. phaseolina. Therefore, the antibiosis activities of native isolates of Bacillus sp. evaluated in 

this study suggests that it is a promising bio-control agent against the pathogen. 

Table 1. Effect of native isolates of Bacillus sp. on radial growth of M. phaseolina under in vitro 

conditions 

S. No. Bacillus isolates *Radial growth (cm) *Inhibition of growth (%) 

1. BSCN1 5.26c 41.47c 

2. BSKR2 4.53d 49.62b 

3. BSKP3 4.13de 54.07ab 

4. BSAN4 5.40c 39.99c 

5. BSAV5 4.23de 52.96ab 

6. BSAU6 5.23c 41.84c 

7. BSTH7 4.36de 51.47ab 

8. BSNA8 6.66b 25.92d 

9. BSSY9 3.73e 58.51a 

10. BSMA10 4.36de 51.47ab 

11. Control 9.00a 0e 

 

*Values are mean of three replications;  

Means followed by a common letter are not significantly different at 5% level by DMRT. 
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