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Introduction 
 

Rice false smut (RFS) disease caused by 

Ustilaginoidea virens (Cooke) Takahashi has 

become the most devastating grain disease in 

almost all the rice growing areas throughout 

the world. The disease was also known as 

„Laksmi disease‟ of rice because the 

occurrence of the disease was considered as a 

symbol of bumper harvest. Historically, the 

disease has been categorized as a minor 

disease due to its sporadic occurrence in 

certain regions and causing insignificant yield 

loss regularly. However, the disease has 

emerged in severe form due to high input 

cultivation, heavy application of nitrogenous 

fertilizer, large scale planting of hybrid 

varieties and climate change (Lu et al., 2009; 

Ladhalakshmi et al., 2012; Guo et al., 2012; 

Zhang et al., 2014). The disease affects the 

grains and the symptoms produced are visible 

only after flowering. Usually only few grains 

are affected in a panicle but the number may 

rise up to 100 in case of severe disease 

incidence (Ladhalakshmi et al., 2012). The 

disease results in both reductions in quality 
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In the present study three fungicides viz., copper oxychloride, copper 

hydroxide and propiconazole and five bioformulations viz., Biotime, 

TNAU-Pf1, G-Derma, G-Pseudo and Taegro Eco were evaluated in vitro 

on the rice false smut pathogen Ustilaginoidea virens during 2017. Among 

the different fungicides and bioformulations tested, copper oxychloride, 

copper hydroxide and propiconazole showed complete inhibition (100%) of 

the growth of U. virens followed by 95.95 per cent by Taegro Eco (a 

Bacillus based bioformulation) after 14 days of inoculation. G-Pseudo, a 

Pseudomonas based bioformulation recorded the minimum inhibition 

(61.10%) over control. 
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and quantity of rice. It is an important 

devastating disease and causes yield losses of 

1.01 to 10.91 per cent (Atia, 2004). In India, 

depending on the disease intensity and 

varieties grown the yield losses caused by 

false smut in different states have been 

estimated to vary between 0.2 to 49 per cent 

(Doden and Singh, 1996). Besides, the disease 

results in generating mycotoxins that impose 

significant health hazards (Nakamura et al., 

1994; Koiso et al., 1994), thereby raising 

great concerns for food and feed safety. As 

adopted in other crop diseases, chemical 

control could be an option for managing rice 

false smut. Due to the limitations of chemical 

control, the biological control of RFS is the 

future direction of development. The present 

study was undertaken to evaluate the relative 

efficacy of fungicides and bioformulations in 

inhibiting the growth of U. virens under in 

vitro condition.  

 

Materials and Methods 

 

The experiment was conducted at Department 

of Plant Pathology, Assam Agricultural 

University, Jorhat, Assam, India during 2017. 

Three fungicides (viz., copper oxychloride, 

copper hydroxide and propiconazole) and five 

bioformulations (viz., Biotime, TNAU-Pf1, 

G-Derma, G-Pseudo and Taegro Eco) (Table 

1) were tested to find out their relative 

efficacy in inhibiting the growth of U. virens 

under in vitro conditions by employing 

Poisoned Food Technique (Schmitz, 1930).  

 

Required quantity of each fungicide and 

bioformulation was added to potato sucrose 

agar (PSA) medium prior to solidification and 

thoroughly mixed them by shaking prior to 

pouring in sterilized Petri plates. The medium 

was allowed to solidify. Fungal culture were 

cut (5 mm) with the help of sterilized cork 

borer from 20 days old culture and then 

placed at the center of Petri plates with 

sterilized inoculation needle. The fungal bit 

was reversed so that the pathogen could come 

in direct contact with the medium. Plates 

inoculated with only pathogen served as 

control (i.e. medium without any fungicide or 

bioformulation). All the Petri plates were then 

incubated at 27±1°C for 14 days. The plates 

were arranged in a completely randomized 

block (CRD) design and each treatment were 

replicated thrice. 

 

Radial growth of the test fungus for the each 

treatment was taken at 7 and 14 days after 

incubation. The per cent inhibition over 

control was calculated for each treatment by 

Vincent‟s (1947) formula. 

 

I = [(C-T)/C] × 100 

 

Where, 

 

I = Per cent inhibition, 

C = Radial growth of fungus in control, and 

T = Radial growth of fungus in treatment. 

 

Results and Discussion 

 

The mycelial growth and per cent inhibition 

of the growth of tested pathogen with 

different fungicides and bioformulations at 7 

and 14 days after incubation were presented 

in Table 2 and Plate 1. All the fungicides and 

bioformulations tested significantly inhibited 

the mycelial growth of U. virens (78.5 to 100 

%) over control. The maximum mycelial 

inhibition percentage of growth of fungus 

(100%) was recorded with copper oxychloride 

(Blue copper 50), copper hydroxide (Kocide 

2000) and propiconazole (Tilt) followed by 

Taegro Eco (95.95%) and TNAU-Pf (85.86%) 

after 14 days after inoculation. The minimum 

inhibition percentage of growth (61.10%) was 

recorded in G-Pseudo. Several reports stated 

that propiconazole (Tripathi et al., 2014; 

Bhargava et al., 2018; Ladhalakshmi et al., 

2019) and copper oxychloride (Ahonsi and 

Adeoti, 2003; Tokpah et al., 2017) were 
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highly effective in inhibiting mycelial growth 

of U. virens.  

 

The performance of the bio-formulation 

treatment might be due to the action of the 

antagonistic fungus that involves 

mycoparasitism, antibiosis, competition for 

nutrients and space. The antagonists also 

secrete extracellular enzymes like glucanase, 

chitinase etc. to degrade the mycelia of 

pathogen and to reduce the colonization of 

pathogen (Köhl et al., 2019).  

 

Table.1 Details of fungicides and bioformulations evaluated under in vitro condition  

 

Sl. No. Fungicides/ bioformulations Doses  

 (g or ml/lit.) 

1 Copper oxychloride (Blue Copper 50)  4.0 g 

2 Copper hydroxide (Kocide 2000)  2.5 g 

3 Propiconazole 25% EC (Tilt)  1.0 ml 

4 Biotime (1 x 10 
7 

cfu/g) (Pseudomonas flourescens, 

Trichoderma harzianum and Metarhizium anisopliae)  

20.0 g 

5 TNAU-Pf 1 (1 x 10
9 

cfu/g) (Pseudomonas flourescens)  2.0 g 

6 G- Derma 1 x 10
9 

cfu/ml (Trichoderma flavofusum)  2.0 ml 

7 G-Pseudo (1 x 10
9 

cfu/ml) (Pseudomonas biviar)  2.0 ml 

8 Taegro Eco (1 x 10
10 

cfu/g) (Bacillus subtilis)  2.0 g 

 

Table.2 Effect of different fungicides and bioformulations on mycelial growth of U. virens 

 

Treatments 7 DAI 14 DAI 

Mycelial 

growth (mm) 

Per cent 

inhibition 

Mycelial 

growth (mm) 

Per cent 

inhibition 

Blue copper 0.00 100.00 (89.13)
a 

0.00 100.00 (89.38)
 a
 

Copper hydroxide 0.00 100.00 (89.13)
a
 0.00 100.00 (89.38)

 a
 

Propeconazole 0.00 100.00 (89.13)
a
 0.00 100.00 (89.38)

a
 

Biotime 3.67 66.21 (54.49)
d
 3.78 82.82 (65.51)

c
 

TNAU-Pf 2.44 77.53 (61.76)
c
 3.11 85.86 (68.00)

c
 

G-Derma 5.00 53.96 (47.29)
e
 6.67 69.68 (56.73)

d
 

G-Pseudo 5.11 52.95 (46.70)
e
 8.56 61.10 (51.54)

d
 

Taegro Eco 0.89 91.80 (73.42)
b
 0.89 95.95 (78.43)

b
 

Control 10.86 0.00 (0.86)
f
 22.00 0.00 (0.62)

e
 

SEd (±)  3.322  2.610 

CD (0.05)  6.979  5.485 

DAI: days after inoculation  

Data are mean of four replications. Means in the same column followed by different letter are significantly different 

at P=0.05 by DMRT technique  

Figures in the parentheses are arc sine transformed value 
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Plate.1 Efficacy of different fungicides and bioformulations on mycelial growth  

of U. virens 14 days after inoculation 

 

 
a. Copper oxychloride  b. Copper hydroxide  c. Propiconazole 

d. Taegro Eco   e. TNAU -Pf1   f. Biotime  

g. G-Derma   h. G-Pseudo   i. Control  
 

Chitarra et al., (2003) reported that a number 

of antifungal compounds, including 

polypeptides that interact with the fungal 

membrane, are produced by Bacillus species. 

Bacillus can secrete chitinases and chitin-

binding proteins; together these proteins 

control fungi by binding to cell wall chitin 

and disrupting the cell polarity, leading to 

fungal growth inhibition. Yin et al., (2011) 

found that among 1800 bacterial isolates 

isolated from the soil, SF-62 and SF-3-38 of 

Bacillus subtilis grew quickly, and had a 

strong inhibition effect on the growth of U. 

virens, the inhibition rates reached 97.2% and 

85.9%, respectively. Kannahi et al., (2016) 

studied the antagonistic potential of four 

isolates of Trichoderma spp. viz., T. viride, T. 

virens, T. harzianum and T. reesei obtained 

from rice rhizosphere under in vitro condition 

and reported that all the isolates of 

Trichoderma showed antagonistic activity 

against U. virens. Gopalakrishnan and 

Valluvaparidasan (2006) reported that 

different isolates of T viride, P, fluorescens 

and B. subtilis showed inhibitory effect on 

Sarocladium oryzae ranging from 10.90 to 

82.18 per cent. 
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