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Antagonistic potential of biocontrol agents under in vitro conditions for management of taro bacterial blight

ABSTRACT: 
Taro production is affected severely by bacterial blight, a devastating biotic stress induced by the quarantine pathogen Xanthomonas axonopodis pv. dieffenbachiae. Recognizing the pathogen’s impact, several bio-agents were evaluated in vitro for potential management of bacterial blight in taro. Isolation of the causal agent and pathogenicity assays were performed on Colocasia cv. Piyaji kochu. The study involved the assessment of five bio-agents (Bacillus thuringiensis (Bt), Pseudomonas fluorescens (Pf), Trichoderma viride (Tv), Metarhizium anisopliae (Ma) and Bauveria bassiana (Bb), singly and in combination through dual culture plate assay, and one synergistic chemical (streptocycline@ 100 ppm as control) through Kirby-Bauer disk diffusion method. The integrated treatment of five bioagents exhibited the maximum inhibition zone (56 mm) and the greatest percentage suppression over control (62.22 mm).
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INTRODUCTION

Taro (Colocasia esculenta L. Schott) is a fleshy and non-woody crop of the monocot family Araceae. It is locally recognized as arbi, dasheen, and cocoyam and is a valuable tuber crop grown in tropical and subtropical climates, but sensitive to frost and low temperatures. Taro can be grown in a wide range of climatic conditions and saline environments owing to its resilient nature (Grubben and Denton, 2004). Across the world, taro is the fifth most important root and tuber crop, covering about 2.48 million hectares and producing 17.72 million tons (FAOSTAT, 2022). Various parts of taro, such as corms, cormels and leaves, have long been used and consumed in multiple forms, being enriched with vitamins, minerals, carbohydrates, particularly starch (Huang et al., 2000) and endowed with numerous curative qualities (Babu et al., 2010).

Bacterial leaf blight caused by Xanthomonas axonopodis pv. dieffenbachia (Xad) (Asthana, 1946, Tomlinson, 1987, Opara et al., 2013) is a primary biotic factor that adversely affects the yield of taro. Xad is a quarantine pest (EPPO, 2009), and it was initially documented in India (Asthana, 1946). Early symptoms consisted of tiny water-soaked spots with yellow halos, which progressed into uneven brown necrotic patches with yellow edges and eventually caused total plant collapse during systemic infection (Constantin et al., 2017). Heavy rainfall, along with temperatures ranging from 20–30 °C, promotes bacterial invasion through direct contact or stomata, remaining dormant in the cormels (Brown and Asemota, 2009). The bacteria are further spread by infected leaf debris, irrigation water, and infested implements (Paulraj, 1993).

Controlling taro bacterial blight presents significant challenges because of its systemic infection, the risk of antibiotic resistance, and the ecological hazards of chemical treatments. Disease management has been explored in other aroid hosts other than taro using diverse chemicals, botanical extracts, and biological control agents. In the context of sustainable crop production and bio-intensive disease management under shifting agro-climatic scenarios, this study examines the efficacy of combined bacterial and fungal biocontrol agents.

MATERIALS AND METHODS
Isolation of the causal organism
Infected leaves showing typical symptoms of bacterial blight (BB) of Colocasia (Plate 1) were washed thoroughly in tap water to remove the dirt and were air-dried. The diseased parts together with adjoining healthy portions were cut into small fragments and subjected to surface sterilization using 1:1000 (0.1%) mercuric chloride (HgCl₂) solution for one minute, followed by three successive rinses with sterile distilled water. The excised tissue was transferred into a Petri plate containing 5.0 ml of sterile distilled water, finely macerated with sterile blades, and left undisturbed for 10 minutes. The suspension was then streaked on sterilized nutrient agar plates, placed upside down in an incubator at 28± 2oC for 2-3 days and observed for the development of various morphological characters resembling the Xanthomonas sp. Pure cultures were obtained after sub-culturing twice and stored at 4oC for further use.
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Cultural and morphological Characteristics of the isolated organism
The purified isolates grown on Nutrient Agar (NA) for 48 hours were recorded for various colony traits such as pigmentation, surface profile, texture, translucency, and edge characteristics. A microbial smear was prepared from a young culture, flame-fixed, and subjected to Gram’s staining technique and examined under a bright-field microscope to determine the structural attributes and other characteristics. The Gram response was assessed to differentiate the bacteria into Gram-positive or Gram-negative, serving as a fundamental method for identification. 

Pathogenicity tests

The taro genotype Colocasia cv. Piyaji kochu, known to be prone to bacterial blight (Luikham et. al., 2024), was utilized for conducting the pathogenicity assessment. Two-month-old corms, grown in 30 cm diameter pots containing steam-sterilized soil at the rate of one corm per pot, were evaluated for their pathogenicity against the isolated bacterium. The hypodermal injection method (Pohronezny et al., 1985) (Plate 2A) and the sandpaper wounding technique (Eddin et al., 2005) (Plate 2B) were employed for artificial inoculation on the healthy susceptible cultivar. The inoculum was prepared from 24-hour-old bacterial cultures, adjusted to a concentration of 10⁸ cfu/ml, by calibrating the optical density to 0.3 at 600 nm with a spectrophotometer. To maintain a favourable humid microclimate post-inoculation, the plants or leaves were enclosed in transparent polyethylene covers for 24 hours (Pohronezny et al., 1990) (Plate 3). The plant treated with 1 ml of sterile distilled water served as the negative control. Development of symptoms on leaves typical of bacterial blight (BB) were monitored after 21 days of inoculation. Diseased foliage was collected, and bacterial re-isolation was performed to validate Koch’s postulates.
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Collection and preservation of antagonist bioagents

The different antagonistic organisms, viz., Bacillus thuringiensis, Pseudomonas fluorescens, Trichoderma viride, Metarhizium anisopliae and Beauveria bassiana, were obtained from the Department of Plant Pathology, AAU, Jorhat, and subsequently transferred and maintained on their respective selective media. The fungal antagonists, namely B. bassiana, T. viride and M. anisopliae, were cultured on Potato Dextrose Agar (PDA) slants and incubated for 5–7 days at 28 ± 1 °C. The bacterial antagonists, i.e., B. thuringiensis and P. fluorescens, were grown on Nutrient Agar (NA) and King’s B (KB) agar slants, respectively, followed by incubation for 48- 72 hours at 28 ± 1 °C, and thereafter preserved under refrigeration at 4°C for subsequent use.

Evaluation of different bioagents and their combinations against the bacterial blight pathogen (Xad) 
Assay plates of Xad were prepared by seeding the bacterium onto Nutrient Agar. The 24-hour-old culture was suspended in sterile distilled water to obtain the stock inoculum. Serial dilutions of the stock were carried out up to 10⁻⁵, and 0.1 ml of the final dilution was aseptically transferred into Petri plates containing approximately 15 ml of NA medium, which were then allowed to solidify.

The in vitro assay was conducted for the various bioagent combinations for four bio-formulations (Biofor-pf, Bio-time, Biogreen-5, Biozin-PTB) effective in controlling the growth of xad (Luikham et. al., 2025) along with streptocycline @ 100 ppm as a chemical check. The inhibitory effects of Bacillus thuringiensis (Bt), Pseudomonas fluorescens (Pf), Trichoderma viride (Tv), Metarhizium anisopliae (Ma), and Beauveria bassiana (Bb) against Xad were assessed using the dual culture technique (Aspiraz and Cruz, 1985) with modifications on pathogen-favourable media. Streptocycline (100 ppm) was tested separately through the Kirby–Bauer disk diffusion method (Hudzicki, 2009).

A total of ten treatment combinations were evaluated:

1. Pf + Tv + Xad
2. Pf + Tv + Ma + Xad
3. Bb + Bt + Ma + Pf + Tv + Xad
4. Bb + Xad
5. Bt + Xad
6. Ma + Xad
7. Pf + Xad
8. Tv + Xad
9. Streptocycline (100 ppm) + Xad
10. Control (Xad alone)

Zones of inhibition were recorded after 48–72 hours of incubation. Per cent inhibition over the control was calculated using the standard formula.
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Statistical Analysis

The experimental data were analyzed statistically as per the procedures of Snedecor and Cochran (1967). A Completely Randomized Design (CRD) was adopted, and the data were subjected to analysis of variance (ANOVA) using Fisher’s method. The significance of variation was tested by computing the ‘F’ statistic and comparing it with the tabulated values at a 5% probability level. Percentage data were transformed to corresponding angular or logarithmic values wherever required.

RESULTS AND DISCUSSION
Isolation, morphological and cultural characteristics of the causal organism

The bacterial pathogen isolated from diseased specimens was selected based on colony morphology exhibiting typical features of Xad and was subsequently purified using the streak plate method on nutrient agar (NA) as the basal medium and on NA slant (Plate 4). The morphological characteristics of the isolated bacteria when seen under the light microscope (40( magnification) revealed short rod-shaped cell morphology and retained counterstain (Gram-negative) (Table 1, Plate 5). The bacterium also produced light yellow, circular, smooth, convex, opaque and entire colonies on NA media (Table 1, Plate 4).
Table 1. Morphological and cultural characteristics of Xanthomonas axonopodis pv. dieffenbachiae (Xad)
	Morphological and Cultural characteristics

	Gram reaction
	Shape
	Colony colour
	Elevation
	Consistency 
	Opacity
	Margin

	-ve
	Short rod
	Light yellow
	Convex
	smooth
	Opaque
	Entire
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The results obtained from morphological and cultural studies were identical to those described by previous researchers. Xad on glucose agar medium produced round, smooth and dispersed colonies where the bacterium is motile, rod-shaped (Asthana, 1946). Pohronezny et. al. (1985) described the Xad were gram-negative rods, producing yellow and mucoid colonies on SNA and YDC agars. Phookan et al. (1996) described that the Xad produced yellow, shiny, circular and highly mucilaginous colonies on SPA media. Bacterial pathogen isolated from the infected Dasheen and Cocoyam were yellow-pigmented, gram-negative (Brown and Asemota, 2009). Opara et al. (2013) also described that the Xad related to bacterial blight of taro was gram-negative rods, and the colony was mucoid and convex, producing yellow, creamy and pale yellow colour.
Pathogenicity tests
The pathogenicity of the bacterial isolate conducted through the hypodermal syringe and sand paper method was found to be pathogenic on the healthy colocasia (cv. Piyachi kochu) leaves. The first symptoms developed on the inoculated leaves through the hypodermal syringe infiltration method appeared within 4 days as minute, round, water-soaked, yellow-colored spots and later on the spots increased in size with necrotic lesions where the yellow chlorotic halos can be seen around the lesions (Table 2, Plate 6A).
[image: image14.png]


  [image: image15.png]


  [image: image16.jpg]




[image: image17]
Similar symptoms were established for the sandpaper method, but the necrotic areas and yellow halos were larger than those of the hypodermal syringe infiltration method (Plate 6 B), and symptoms appeared from 3 days of inoculation. The sandpaper method of inoculation produced micro wounds and more infection sites, leading to faster development of the disease compared to infiltration by hypodermic syringe, as it is easier for the inoculum to enter the plant tissues (Salaheddin et al., 2005). Moreover, the Syringe-infiltration method quickly produced symptoms in the infiltrated area as the inoculum is introduced into the leaf mesophyll, but the bacteria colonized the neighbouring cells slowly if they reach the mid-vein (Ruz et al., 2008). The sandpaper method will be a better and faster method for screening Colocasia cultivars/ germplasm for their resistance against bacterial leaf blight. No visible symptoms were observed in the control leaves (Plate 6 C).
Pathogenicity of the bacterial isolate in Colocasia was also proved by previous researchers using various methods. Pohronezny et al. (1985) used the syringe infiltration method by infiltrating Xad suspension of 2(106 cfu/ml while the symptoms in Cocoyam appeared within 3-4 days, and the lesions increased to 1cm in diameter after 7-8 days, where prominent chlorotic halos could be seen around the lesions. Typical symptoms could be observed on Colocasia esculenta and Xanthosoma sp when a bacterial suspension of 109 cfu/ml was spray inoculated into wounded and unwounded leaves and incubated at high humidity with a temperature ranging from 25-27 °C (Tomlinson, 1987). Pathogenicity was also proved through clipping and dipping method (Phookan et al., 1996) and spray inoculation (Opara et al., 2013) with a bacterial suspension 108 cfu/ml, where the symptoms appeared within 3-4 days after inoculation.

Evaluation of different bioagents and their combinations against the bacterial blight pathogen (Xad) in vitro

All the bioagents exhibited significant antagonistic potential against Xad and produced varying sizes of inhibition zones (Table 2). Growth reduction was significantly higher when all five antagonists were combined (Plate 7). Bacillus thuringiensis (Bt), Pseudomas fluorescens (Pf), Trichoderma viride (Tv), Metarhizium anisopliae(Ma) and Bauveria bassiana (Bb), when grown along with Xad, could produce per cent inhibition over control of 18.88, 21.11, 20, 26.67, 23.33 % respectively. Treatment combination of Pf and Tv (Biofor-pf), Pf, Tv and Ma (Bio-time), Bb, Bt, Ma, Pf and Tv (Biogreen-5) showed per cent inhibition of 40, 47.78 and 62.22 % respectively against control, which can be comparable with chemical check (Streptocycline @100 ppm) that produced 25.19 % inhibition. The control treatment has no per cent inhibition over xad.
The findings of the present study are consistent with those of Luikham et al. (2025), who demonstrated that Biogreen-5, a consortium of five bioagents, exhibited the highest inhibitory activity against the bacterial pathogen in greenhouse-grown Colocasia. The antagonistic activity of the bioagents may involve several mechanisms. Trichoderma sp. employs mechanisms like mycoparasitism, where the antagonist coils around the pathogen, produces antimicrobial secondary metabolites and lytic enzymes like chitinase, glucanase and proteases to degrade the pathogen cell (Chet, 1997, Kubicek et al., 2001, Vinale et al., 2008). Another possible mechanism involved in the biocontrol activities of Trichoderma sp. is competition for space and nutrients (Dennis and Webster 1971, Chet 1997, Tronsmo and Hjeljord 1998). On the other hand, fluorescent pseudomonads exert mechanisms like antibiosis, competition, production of cyanide compounds exhaled as hydrogen cyanide (HCN), siderophore, etc. The cyanide known to inhibit the action of cytochrome oxidase (Gehring et al., 1993), fluorescent siderophores (Pyoverdine type) chelate iron and have an active role in biocontrol mechanisms (Neilands and Leong, 1986, Loper and Buyer, 1991, Bakker et al., 1993). Many biocontrol agents have been reported to induce systemic resistance in plants, as observed in the case of fluorescent pseudomonads (Kloepper et al., 1993 and Van Loon et al., 1998) and Trichoderma species (Harman et al., 2004). M. anisopliae is capable of altering its ambient pH by producing organic acids (Singal et al., 1994), thereby limiting the growth of the pathogen. B. thuringiensis strains produce two types of toxins that have been genetically engineered into several crop plants (Camilla, 2000), which can inhibit the pathogen. The present observation of antagonism of the bio-agents might be attributed to a similar type of mechanism of antagonism.

Table. 2. In vitro antagonistic effect of various bioagents against Xanthomonas axonopodis pv. dieffenbachia (Xad)
	Treatment
	Inhibition zone (dia. in mm)
	Growth of Xad (dia. in mm)
	Per cent inhibition**

	B. bassiana (Bb) + Xad
	16.67
	73.33
	18.52(25.49)*

	B. thuringiensis (Bt) + Xad
	19.33
	70.67
	21.48(27.64)*

	M. anisopliae (Ma) + Xad
	18.00
	72.00
	20.00(26.57)*

	P.  fluorescens (Pf) + Xad
	24.00
	66.00
	26.67(31.12)*

	T. viride (Tv) + Xad
	21.00
	69.00
	23.33(28.89)*

	Pf+ Tv + Xad
	36.00
	54.00
	40.00(39.23)*

	Pf + Tv + Ma + Xad
	43.00
	47.00
	47.78(43.76)*

	Bb+ Bt + Ma +Pf + Tv + Xad
	56.00
	34.00
	62.22(52.08)*

	Streptocycline @ 100 ppm + Xad
	22.67
	67.33
	25.19(30.16)*

	Control (Xad)
	0.00
	90.00
	0.00

	S.Ed. ±
	
	
	1.41

	CD (P=0.05)
	
	
	2.93


Data are the mean of five replications

**Per cent reduction over control 

* Figures in parentheses are angular transformed values 
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CONCLUSION
The findings of the present study demonstrate that the sandpaper method of inoculation is a more rapid, efficient and reliable technique compared to the syringe method for the inoculation and screening of germplasm against bacterial pathogens. Furthermore, all the evaluated bioagents and streptocycline exhibited significant inhibitory effects on the bacterial pathogen, with the consortium of the five bioagents showing the most pronounced antibacterial activity. Among the individual bioagents, Pseudomonas fluorescens exhibited the highest inhibition when tested singly, indicating its strong potential as a biocontrol agent against the target pathogen.
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Plate 1. Typical symptoms of bacterial blight (BB) on Colocasia leaf
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Plate 2. Method of inoculating Xad on Taro:


A. hypodermic syringe B. Sand paper





Plate 3. Regulating relative humidity to provide a conductive atmosphere during pot experiments for pathogenicity assessment 





Plate 4. Pure culture of Xanthomonas axonopodis pv. dieffenbachiae








Plate 5. Microphotograph showing short rod shaped of Xanthomonas axonopodis pv. dieffenbachiae with gram negative reaction (Mag. 40x)





B





A





C





Plate 6. Pathogenecity test of Xanthomonas axonopodis pv. dieffenbachiae showing bacterial blight symptoms developed through


Hypodermic syringe method


Sand paper method


Control plant (without symptoms)
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Plate 7. Inhibition of Xad by different bioagents and their combinations


(A) Bb  (B) Bt  (C) Pf  (D) Ma (E) Tv  (F) Pf + Tv (G) Ma + Pf + Tv  (H) Bb + Bt + Ma + Pf + Tv  (I) Streptocycine @100 ppm (J) Control (Xad).


Bacillus thuringiensis = Bt, Pseudomas fluorescens = Pf, Trichoderma viride = Tv, Metarhizium anisopliae = Ma, Bauveria bassiana = Bb
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