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INTRODUCTION 

False smut of rice incited by Ustilaginoidea virens 

(Teleomorph- Villosiclava virens (Nakata) Tanaka & 

Tanaka) is a major fungal disease in most rice-growing 

tracts of Tamil Nadu. The typical symptom is usually 

incurred during the reproductive stage, and most infec-

tion occurs at the panicle's top one-third region. The 
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severity of this disease will be increased tremendously 

if the flowering phase of the susceptible cultivar of pad-

dy coincided with favorable environmental conditions. 

Two decades back the emphasis was not given to the 

management of the disease since the disease occur-

rence appeared in a sporadic manner. In fact, the out-

come of this disease was recognized as a symbol of a 

bumper harvest and regarded as “Laxmi” (goddess of 

wealth and prosperity) in southern parts of India. Cur-

rently, this disease has gained importance because it 

causes a loss of 2% to 75% of rice yield depending up-

on weather conditions prevailing during the flowering 

stage of the crop (Ladhalakshmi et al., 2012).The rate 

of disease development is high during conducive envi-

ronmental conditions such as high humidity (>80%), 

intermittent rainfall during the flowering stage, and tem-

perature ranges from 25°C to 30°C (Yashoda et al., 

2000; Ping et al., 2009; Fan et al., 2014; Tanaka et al., 

2017. In India, the false smut disease incidence has 

been recorded in most of the rice-growing provinces 

(Ladhalakshmi et al., 2012). A severe outbreak of the 

disease was reported in delta districts of Tamil Nadu 

during 2009–10 and the severity of the disease was 

also recorded as so high; it can be viewed from the dis-

tance that the air above the infected field gave a black 

smoky appearance as a result of the discharge of chla-

mydospore mass in the atmosphere (Ladhalakshmi et 

al., 2012). In susceptible varieties, the severe infection 

leads to more than 50 smut balls per panicle 

(Ladhalakshmi et al., 2012). 

Nowadays, the adoption of hybrid rice cultivation is 

more common among farmers as this cultivation lead to 

yield advantage, but the continuous cultivation of hybrid 

rice led to an increase in false smut prevalence and 

severity. The absence of resistance sources among rice 

cultivars paves the way for chemical management. 

Thus, the application of new generation fungicides at 

the proper growth stages of the crop is the key ap-

proach to minimize the losses caused by false smut. 

Tsuda et al. (2006) stated that Ergosterol Biosynthesis 

Inhibitor (EBI) fungicides showed better control efficacy 

in controlling rice false smut, as this group of fungicides 

not only act as prophylactic agents but also revert the 

diseased panicle into a healthy panicle. However, the 

indiscriminate usage of this fungicide lead to the for-

mation of resistance gene development in the pathogen 

over a period of time. This is the first-time experiment 

was carried out to understand the impact of wind veloci-

ty on the false smut disease development. 

The objectives of this study were to (I) Survey and sur-

veillance of false smut-affected areas in selected dis-

tricts of Tamil Nadu, (II) To understand the disease dis-

tribution of false smut disease development under field 

conditions and  (III) To assess the relationship between 

the wind velocity and false smut disease severity in the 

selected surveyed areas of Tamil Nadu 

MATERIALS AND METHODS 

Survey and surveillance of false smut  

disease-affected areas 

A survey was conducted for the past three years, viz., 

2019, 2020 and 2021, in the major rice-growing tracts 

of selected districts (Madurai, Theni and Delta Districts) 

of Tamil Nādu (Table 1) The survey provides infor-

mation on the disease severity of the U.virens in those 

selected districts. Using the survey data from 2019 to 

2021, a district-wise database was developed as  5% 

(low), 6-15% (low to medium), 16-25% (medium) and 

>25% (medium to severe) as cited in Duraisamy et al. 

(2019). The database was then joined to the digital 

map of Tamil Nadu at the district level. The disease 

distribution map was generated by using QGIS soft-

ware (version 3.24). In Tamil Nadu maximum rice culti-

vation intensity was observed in the delta district viz., 

Thanjavur. The average disease severity of a particular 

block is obtained from the mean value of disease se-

verity of five villages surveyed. The average disease 

severity of a particular district is derived based on the 

average disease severity data obtained from all the 

blocks surveyed in the following years 2019, 2020 and 

2021. In Tamil Nadu, maximum rice cultivation intensity 

was observed in delta districts, which comprised the 

following districts: Thanjavur, Thiruvarur, Trichy, Per-

ambalur, Pudukottai, Cuddalore and Ariyalur. 

 

Layout of disease distribution at the field level 

The entire field exploration is highly necessary to find 

out the focal point of infection. Once the focal point is 

identified, the disease spread can be prevented by giv-

ing the management strategies only to the focal point of 

infection. Since the false smut disease intensity is high 

in delta districts, the agricultural farmland was selected 

at Kaatuthottam, Thanjavur block, Thanjavur district. 

Besides, the weeds grown in the bunds were also ex-

plored during the survey on the selected farmland. The 

wind direction was also assessed to understand the 

developmental disease pattern in the selected farmland 

in Kaatuthottam, Thanjavur block, and Thanjavur dis-

trict. 

 

Data analysis 

The wind velocity data were obtained from the NASA 

data access viewer website for the following years 

2018, 2019 and 2021 (www.power.larc.nasa.gov) and 

the corresponding disease severity was recorded, 

which were then correlated with the disease severity to 

understand the relationship between wind velocity and 

disease severity. The strength of the relationship be-

tween wind velocity and disease severity was obtained 

through a simple linear regression analysis. The corre-

lation and regression analysis were carried out through 

R-studio statistical software.  
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RESULTS AND DISCUSSION 

Among the selected districts surveyed, the delta dis-

tricts viz., Thanjavur and Nagapattinam recorded the 

maximum disease severity of false smut disease. In 

2019 the maximum disease severity of false smut was 

recorded in Orathanadu block, Thanjavur district, with 

19.91%. Orathanadu block was followed by Pattukottai, 

Peruvurani and Kumbakonam with 18.78%, 18.76% 

and 15.89%, respectively. After Thanjavur, Nagapat-

tinam was the second most disease severity district, 

where the Kilvelur block recorded 16.92%. Kilvelur 

block was followed by Vedaranyam and Nagapattinam 

with 14.89% and 13.76% disease severity, respectively. 

The least disease severity was recorded in the Madurai 

district ranging between 4.78% and 8.89%. In the Ma-

durai district, among the blocks surveyed during 2019, 

the maximum disease severity was recorded in Madu-

rai west with 8.89% and the minimum in Madurai north 

with 4.78%. 

Similarly, in 2020 the maximum disease severity was 

recorded in Peravurani block, Thanjavur district, with 

18.54%. In the Thanjavur district, the disease severity 

ranged between 12.87% to 18.54%. The Peravurani 

block was followed by Papanasam and Pattukottai with 

17.68% and 17.45%, respectively. Thanjavur district 

was followed by Nagapattinam district and the disease 

severity ranged between 9.34% and 17.89%. The max-

imum and the minimum disease severity were recorded 

in Nagapattinam and Mayiladuthurai blocks with 

17.89% and 9.34%, respectively. The least disease 

severity was recorded in two districts viz., Madurai and 

Theni. In Madurai, the minimum disease severity was 

recorded in the block Usilampatti with 4.82% and the 

maximum in the block Kaligudi with 10.43%. In the 

Theni district, the disease severity ranged from 4.86% 

to 10.67%. 

In 2021 maximum disease severity was recorded in 

DS <14.21% 

DS =14.61-17.81 

DS >17.81 

Fig. 1. Showing the surveyed districts (color-filled areas) in the years 2019, 2020 and 2021(Green color filled districts 

denotes the less incidence of diseases severity (DS) (less than 14.21%), Violet color filled districts disease severity 

ranged from 14.61% to 17.81% and the red color filled districts having more than 17.81% disease severity.    
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Nagapattinam block at 27.45%. In Nagapattinam dis-

trict, Nagapattinam block was followed by Vedaranyam 

and Kilvelur with 21.59 & 20.63% disease severity, re-

spectively. The Nagapattinam district was followed by 

the Thanjavur district, where the disease severity 

ranged between 15.54% and 24.90%. The maximum 

disease severity was recorded in the Thanjavur block at 

24.90% and the minimum disease severity was record-

ed in the Buddalur block at 15.87%. Kumbakonam, Pe-

ruvurani and Pattukottai followed Thanjavur block with 

22.65%, 22.23% and 20.01% disease severity, respec-

tively. The least disease severity was recorded in the 

Theni district Bodinayakanur block with 8.00 % disease 

severity, followed by Andipatti and Periyakulam blocks 

S. 
No. 

Districts Blocks Wind velocity (m/s) Disease severity (%) 

      2019 2020 2021 2019 2020 2021 

1 

Thanjavur 

Buddalur 8.09 9.26 8.77 5.78±2.3 13.98±3.90 15.87±5.67 

2 Kumbakonam 9.87 11.13 11.07 15.89±1.9 12.87±2.90 22.65±3.89 

3 Orathanadu 10.23 10.79 11.42 19.91±3.1 15.32±2.42 18.59±4.13 

4 Papanasam 9.87 11.13 11.04 14.61±2.3 17.68±3.60 19.57±2.98 

5 Pattukottai 10.23 10.79 11.41 18.78±3.2 17.45±4.30 20.01±3.09 

6 Peravurani 10.23 10.79 11.41 18.76±4.9 18.54±3.50 22.23±4.00 

7 Thanjavur 9.87 11.13 11.05 12.95±2.5 15.28±7.50 24.90±2.75 

8 Thiruvidaimaruthur 7.65 10.03 9.13 6.07±3.5 16.76±3.50 15.54±3.56 

9 

Madurai 

Kalligudi 8.33 8.66 8.98 7.13±3.5 10.43±4.80 14.21±2.93 

10 Madurai East 7.93 7.94 7.57 5.46±4.3 8.97±3.90 10.89±4.98 

11 Madurai North 7.93 7.94 7.57 4.78±3.2 9.83±2.90 11.12±3.78 

12 Madurai South 7.93 7.94 7.57 6.32±2.7 7.82±5.80 10.67±2.59 

13 Madurai West 7.93 7.94 7.57 8.89±5.3 6.90±3.90 13.43±7.09 

14 Mellur 7.92 7.93 7.94 7.63±3.9 6.80±4.50 10.59±4.23 

15 Thirumangalam 7.93 7.94 7.57 7.89±2.4 7.31±3.90 12.30±5.50 

16 Usilampatti 5.93 5.71 6.78 6.75±3.3 4.82±1.50 9.78±6.10 

17 Vaadipatti 7.93 7.94 7.57 8.12±1.3 6.91±4.50 9.45±1.89 

18 

Theni 

Andipatti 5.93 5.71 6.78 7.32±2.9 4.86±3.50 8.34±2.50 

19 Bodinayakanur 5.93 5.71 6.78 5.89±1.2 4.94±1.90 8.00±3.50 

20 Periyakulam 5.93 7.71 6.78 6.83±1.7 10.67±2.50 9.34±3.00 

21 
Pudukottai 

Alankudi 8.07 9.09 8.43 10.78±2.5 12.43±3.20 10.52±1.50 

22 Viralimalai 8.07 9.09 8.43 11.61±3.2 12.67±1.30 9.19±2.20 

23 
Ariyalur 

Ariyalur 7.65 10.03 9.13 7.19±1.3 13.87±2.50 10.71±1.60 

24 Udayarpalayam 9.71 10.65 10.03 14.78±2.5 15.56±3.90 17.81±4.50 

25 

Nagapattinam 

Nagappatinam 9.13 11.02 11.56 13.76±3.1 17.89±8.90 27.45±5.10 

26 Vedaranyam 9.55 11.30 12.57 14.89±1.9 13.45±5.80 21.59±3.90 

27 Mayiladuthurai 9.71 7.65 10.03 12.54±2.8 9.34±4.50 15.32±2.50 

28 Kilvelur 9.55 11.30 12.57 16.92±2.5 17.89±4.50 20.63±2.00 

29 Sirkali 9.13 11.02 11.56 11.76±3.5 13.76±2.30 16.92±5.50 

30 

Trichy 

Manapparai 8.39 8.72 8.41 9.43±2.3 11.89±2.10 10.93±3.30 

31 Musiri 7.66 9.73 8.79 8.91±2.1 10.00±3.20 11.56±1.10 

32 Thottiyam 7.48 9.96 8.93 8.12±3.2 10.61±2.30 9.34±5.20 

33 Trichy East 7.66 9.73 8.79 7.59±2.3 12.7±4.00 10.99±3.30 

34 Trichy West 7.66 9.73 8.79 5.50±4.0 11.56±3.80 13.79±4.90 

35 Lalgudi 7.65 9.72 8.79 7.74±3.80 13.65±2.90 14.61±3.10 

36 Manachanallur 7.65 9.72 8.79 8.83±2.90 11.1±3.75 13.71±2.90 

37 

Thiruvarur 

Mannargudi 9.83 8.13 9.76 12.78±6.75 10.56±5.98 16.97±6.20 

38 Needamangalam 7.66 10.03 9.13 5.51±3.98 14.78±7.63 17.13±3.02 

39 Nannilam 7.66 10.03 9.13 7.92±2.63 13.89±5.56 13.51±4.63 

40 
Perambalur 

Alathur 7.66 9.73 8.79 6.74±3.56 13.87±6.78 10.62±2.56 

41 Kunnam 7.66 9.73 8.79 7.67±2.79 12.68±3.76 14.6±4.80 

Table.1. Survey data of disease severity and wind velocity at selected districts of Tamil Nadu in 2019, 2020 and 2021 
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with 8.34% and 9.34%, respectively. 

Survey results revealed that the intensity of false smut 

disease ascendingly increased from 2019 to 2021 

(Fig.1). The disease severity was highly observed in 

delta districts viz., Thanjavur, Nagapattinam than rest 

of the non-delta rice-growing districts. Correspondingly, 

the wind velocity was also quite higher in these two 

districts (7.65 to 12.57 m/s) than in other districts (5.71 

to 10.03 m/s). The present results denoted that in-

creased disease severity was positively proportional to 

the increase in wind speed and vice versa. 

The disease severity was distributed in two parts in all 

the years during the survey. The disease severity was 

recorded between 5.78% and 15.87% when the wind 

velocity was between 5.93 and 8.98 m/s. At the same 

time, when the wind velocity was recorded beyond 

8.98m/s, the disease severity also increased up to 

27.45% at 12.57m/s. In 2019 when the wind velocity 

was in the range of 5.93 to 8.09 m/s the disease severi-

ty increased from 5.78% to 8.91%. In the same year, 

the disease severity increased from 9.43% to 19.91% 

during the wind velocity from 8.39 to 10.43 m/s. In 

2020, the disease severity ranged between 4.94% and 

11.89% during the wind velocity from 5.71 to 8.72 m/s 

and the disease severity increased from 12.43% to 

17.89% during the wind velocity from 9.26 to 11.13 m/s. 

In 2021, also the disease severity gradually increased 

from 8.00 to 15.87% during the wind velocity from 6.78 

to 8.98 m/s and also the disease severity increased 

tremendously from 16.92 to 27.45% when the wind 

velocity ranged between 9.13 to 12.57 m/s (Table 1). 

 

Correlation analysis, calibration, and validation of 

regression model 

Correlation matrix values were 0.83, 0.89 and 0.87 for 

the following years 2019, 2020 and 2021, respectively. 

They indicated that a strong association existed be-

tween wind velocity and disease severity (Fig. 2a, Fig. 

2b and Fig. 2c). In the case of regression analysis, the 

R2 values were 0.70, 0.79 and 0.76, which explained 

that the 70%, 79% and 76% variability in disease se-

verity is contributed by the variation in the wind velocity 

(Fig. 3a, Fig. 3b and Fig. 3c). The regression equation 

was derived from the pooled mean values of the past 

three years (2019, 2020 and 2021) data between wind 

velocity and disease severity. When the mean wind 

velocity values were fed into the validated equation, it 

showed 5.21%, 8.30% and 13.24%  variability for the 

three years viz., 2019, 2020 and 2021, respectively 

(Table  2). The chi-square test also revealed that there 

Fig. 2. Showing the relationship between the wind velocity (wv) and disease severity (DS) through corrplot illustration. 

a. Corrplot illustration between wind velocity and disease severity in years 2019 with 0.83, 2b. Corrplot illustration be-

tween wind velocity and disease severity in years 2020 with 0.89, 2c. Corrplot illustration between wind velocity and 

disease severity in years 2021 with 0.87. 

S.N

o. 
Year 

Correla-

tion ma-

trix value 

Regres-

sion R2 

value 

Regression 

equation 

Pooled vali-

dated equa-

tion 

(%) variability 

from the vali-

dated equa-

tion 

Chi-square 

value 

Critical 

value 

(5%) 

1 2019 0.83 0.70 
Y=2.8925x-

13.98 
Y=2.6121x-

11.10 

 5.21 0.03  5.99 

2 2020 0.89 0.79 Y=2.1736x-  8.30 0.09  5.99 

3 2021 0.87 0.76 
Y=2.1617x-

9.47 
 13.24 0.22  5.99 

Table 2. Correlation and regression analysis between wind velocity and disease severity in the following years, 2019, 

2020 and 2021, respectively 
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were no significant differences between the predicted 

and observed disease severity values since the chi-

square value was less than the table value (Table. 2). 

Similar reports were obtained by Wang et al. (2016) 

and correlated the rice false smut infected distribution 

with the wind direction at Liaoning province of china 

and concluded that false smut disease incidence was 

positively correlated with the wind speed.  Chen et al. 

(2020) also found that a positive correlation existed 

between the diversity of microbiota and wind velocity in 

Guiyang province of china. The present results were 

also supported by the findings of (Chaudhari et al., 

2019), who obtained negative correlation matrix values 

of -0.55 and -0.51 during the years 2017 and 2018, 

mainly due to low wind speed prevailing during disease 

development at Navsari, Gujarat. 

 

Dissipation of disease development at the field  

level  

The more disease intensity observed in the peripheral 

region of the farmland  (Kaatuthottam village, Thanja-

vur block, Thanjavur district) was mainly due to the ear-

ly infestation of paddy inflorescence by spore landing of 

chlamydospores. The disease dissipation was highly 

influenced by wind velocity and wind direction (Fig. 4). 

Wind velocity helps in spore dispersal and wind direc-

tion helps in directing the spore dispersal in the field. 

Fig. 4. revealed that disease distribution was mainly 

dissipated in the northeastern diagonal manner since 

the wind flow was detected in northeastern direction. 

50% PE is the ideal cropping stage for spraying stro-

bilurin-grouped fungicides to control false smut disease 

development (Ladhalakshmi et al., 2012). By knowing 

the wind direction and wind velocity (using pooled year 

regression equation), one can easily predict the dis-

ease development and distribution pattern of false smut 

disease. Hence spraying the fungicides in the peripher-

al region of the farmland is cost-effective and judicious 

way of managing this effectively without any resistance 

gene development in the pathogen.  Continuous in-

crease in the disease pressure in all the surveyed are-

as from 2019 to 2021 denoted the perpetuation of pri-

mary inoculum viz., chlamydospore and sclerotia. Ngu-

yen et al., (2012) stated that wind velocity/currents play 

a vital role in the disease development at the time of 

flowering. Besides, they reported that wind flow helps in 

a                                                                                                                    b 

c                                                                                                                   d 

Fig. 3. Indicated the magnitudinal relationship between the wind velocity and the diseases severity of Ustilaginoidea 

virens. Fig. 3a. Simple linear regression between wind velocity and disease severity in the year 2019. Fig. 3b. Simple 

linear regression between wind velocity and disease severity in the year 2020.Fig. 3c. Simple linear regression be-

tween wind velocity and disease severity in the year 2021. Fig. 3d. Simple linear regression between wind velocity and 

disease severity in the pooled years of 2019, 2020 and 2021. 
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chlamydospores dispersal and tends to stick on honey 

dew which attracts and subsequently serves as vectors 

of spore dissemination. Urmila et al. (2015) also report-

ed that high wind velocity and heavy rainfall aggravate 

the false smut disease development, especially in long 

duration rice varieties. Ladhalakshmi et al. (2012) also 

observed the heavy incidence of this disease recorded 

on the rice varieties CR1009 and BPT5204 in Kunna-

kudi village of Ramanathapuram district and Maharaja-

puram village of Thanjavur districts respectively. The 

heavy incidence of this disease was mainly due to the 

discharge of chlamydospores in the wind which helps 

the pathogen dispersal and is responsible for disease 

aggravation. Dhua and Dhua (1999) also reported that 

false smut severity was so high and it is positively pro-

portional to the increase in wind speed with heavy rain. 

The peripheral paddy growing region of the farm land is 

the foci of infection for U. virens mainly due to the pres-

ence of collateral hosts including Oryza officinalis, Digi-

taria marginata, Panicum trypheron, Echinochloa 

crusgalli, Imperata cylindrical etc. (Rao and Reddy, 

(1955), Shetty and Shetty (1985) and Atia (2004)). 

These collateral hosts not only act as foci of infection 

but also harbors the overwintering structures Viz., Scle-

rotia, Chlamydospores of U. virens during off-season.  

Conclusion 

The present study concluded that the foci of infection of 

false smut disease were distributed around the periph-

eral region of paddy field. False smut of rice has 

reached the epidemic in most delta districts (Thanjavur, 

Nagapattinam, Trichy, Ariyalur, Thiruvarur) and non-

delta rice (Madurai, Theni, Perambalur) growing dis-

Fig. 4. Disease development pattern of false smut disease in a paddy field at Kaatuthottam village, Thanjavur district 

(Red color indicating ≥ 5 panicles infected in a hill: yellow color indicating 3-5 panicles infection in a hill and green color 

indicating the healthy plant without any infection 
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tricts of Tamil Nadu. Wind velocity and wind direction 

were the deciding factors of false chlamydospores dis-

persal and disease development during the flowering 

stage. Wind velocity dissipated the chlamydospores 

dispersal and wind direction involved in the orientation 

of disease development.  Minimum fungicidal usage 

and site-specific fungicidal sprays are the key ap-

proaches to preventing the resistance gene develop-

ment in U. virens. This study would be more informative 

and help farmers identify the correct site foci of infec-

tion for fungicide application. 

ACKNOWLEDGEMENTS  

We thank the Department of Plant Pathology, AC and 

RI, Madurai, for providing financial support during the 

survey for all the years to carry out this research. We 

also thank Tamil Nadu Agricultural University for 

providing a research facility. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 

REFERENCES 

1. Chaudhari, Ankit, K, Kalubhai, B. R & Tushar, T. B. 

(2019). Epidemiological study of false smut of rice (Oryza 

sativa L.) in Gujarat, India.International journal current 

microbiology applied sciences., 8 (6), 2794-2804. https://

doi.org/10.20546/ijcmas.2019.806.337. 

2. Chen, Qian,L., Lin, C., Han, C. W., Liu,T. C., Paul, G., 

Jun, Ma., Feng, W. & Zhong L. (2020).Fungal composition 

and diversity of the tobacco leaf phyllosphere during cur-

ing of leaves. Frontiers in Microbiology., 11:2136. https://

doi.org/10.3389/fmicb.2020.554051. 

3. Dhua, U. & Dhua, S. R. (1999).Evaluation of rice 

germplasm against false smut disease of rice.  Oryza., 36 

(2), 190-190. 

4. Dhua, U. Dhua, S.R. & Sahu, R.K. (2015). Precise dis-

ease severity assessment for false smut disease of 

rice. Journal of Phytopathology. 163 (11-12), 931-

940.  https://doi.org/10.1111/jph.12395. 

5. Duraisamy, Ladhalakshmi, Srinivas, P. M., Prakasam, V., 

Krishnaveni, D. I, Sailaja, B., Ram, S., Vindeswari, P., 

Jagjeet, S. L., Jyoti, J. & Surendran, M. (2019). Geograph-

ic distribution of false smut disease of rice in India and 

efficacy of selected fungicides for its management. Inter-

national Journal of Pest Management., 65 (2), 177-185. 

https://doi.org/10.1080/09670874.2018.1494865 

6. Fan, J., Guo, X. Y., Huang, F., Li, Y., Liu, Y. F., Li, L., Xu, 

Y. J., Zhao, J. Q., Xiong, H., Yu, J. J. & Wang, W. (2014) 

Epiphytic colonization of Ustilaginoidea virens on biotic 

and abiotic surfaces implies the widespread presence of 

primary inoculum for rice false smut disease. Plant Pathol-

ogy., 63, 937–945. https://doi.org/10.1111/ppa.12167 

7. Ladhalakshmi, D., Laha, G. H., Ram, S., Karthikeyan, A., 

Mangrauthia, S. K., Sundaram, R. M.,  Thukkaiyannan, P. 

& Viraktamath, B. C. (2012). Isolation and characterization 

of Ustilaginoidea virens and survey of false smut disease 

of rice in India.  Phytoparasitica., 40 (2), 171-176. https://

doi.org/10.1007/s12600-011-0214-0. 

8. Atia, M. M. M. (2004). Rice false smut (Ustilaginoidea 

virens) in Egypt. Journal of Plant Diseases and Protec-

tion., 111 (1), 71-82. https://doi.org/10.1007/BF03356134. 

9. Nguyen, L. T. T., (2012). False Smut of Rice: Histological 

Analysis of Infection (Thesis). 

10. Ping, L. J., Tao, T., Bai, Z. S. & Bin, Z. H. (2009) Prelimi-

nary studies on initial infection sources and pathogen-

infecting favorable stage for rice false smut. Hybrid Rice., 

24, 74-77. 

11. Rao, C. P. & Reddy, V. T. C. (1955). Occurrence of Usti-

laginoidea virens (Cke) Tak on Oryzae officinalis Wall. 

Indian phytopathology., 8, 72-73. 

12. Shetty, S. A. & Shetty, H. S. (1985). A hitherto unrecorded 

collateral host of Ustilaginoidea virens (Cke) Tak. Current 

science (Bangalore)., 54 (13), 646-647. 

13. Tsuda, Mikio, Masashi, S., Toshiaki, O. & Shigehiro K. 

(2006).Optimal application timing of simeconazole gran-

ules for control of rice kernel smut and false smut. Journal 

of General Plant Pathology., 72 (5), 301-304. https://

doi.org/10.1007/s10327-006-0288-6 

14. Tanaka, E., Kumagawa, T., Ito, N., Nakanishi, A., Ohta, 

Y., Suzuki, E., Adachi, N., Hamada, A., Ashizawa, T., 

Ohara, T. & Tsuda, M. (2017) Colonization of the vegeta-

tive stage of rice plants by the false smut fungus Villosicla-

va virens, as revealed by a combination of species-

specific detection methods. Plant Pathology., 66, 56-66. 

https://doi.org/10.1111/ppa.12540 

15. Yashoda, Hegde, Anahosur, K. H. & Kulkarni, S. 

(2000).Influence of weather parameters on the incidence 

of false smut of rice. Advances in Agricultural Research in 

India., 14,161-165. 

 

https://doi.org/10.3389/fmicb.2020.554051
https://doi.org/10.3389/fmicb.2020.554051
https://doi.org/10.1111/jph.12395
https://doi.org/10.1080/09670874.2018.1494865
https://doi.org/10.1111/ppa.12167
https://doi.org/10.1111/ppa.12540

