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ABSTRACT 
 

Rice false smut (RFSm) is an international disease. The effect of the disease has become seriously 
evident in Bangladesh since 2010. The disease is predominant in the country in the ‘T. Aman’ rice 
growing season. Its occurrence in other rice growing seasons not well studied and recorded. 
Information on driving weather variable(s) causing the disease epidemic is scanty and not ground-
truthed. This study, conducted in the experimental farm of the Bangladesh Rice Research Institute, 
Gazipur, Bangladesh, attempted to fill those information gaps. The association of disease incidence 
and weather parameters such as relative humidity, cloud hour and rainfall, was inconsistence except 
for the daily average temperature. High disease incidence occurred when the average temperature 
during panicle emergence period ranged between 22-27°C; any temperature below or above the 
range linearly decreased the disease incidence. RFSm disease was recorded in the study area in all 
the months, except for in February and March. The distribution in the incidence of disease in the 
three rice growing seasons followed the order of ‘T. Aman’ > ‘Aus’ > ‘Boro’; it was ~ six times less in 
‘Aus’ and ~ eight times less in ‘Boro’ season, compared to ‘T. Aman’ season. New balls formed on 
infected panicles in batch by batch. High number of such batches formed in ‘T. Aman’ season. The 
final status of the disease in an infected crop was the accumulation of incidence of the disease in 
each batch. This study provided key epidemiology on the development of RFSm in nature and it is 
concluded such information on the disease under local conditions would be the key to designing 
management options.  
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INTRODUCTION 
 
False smut (RFSm) (anamorph: Ustilaginoidea 
virens (Cooke) Takah.; teleomorph: 
Villosiclava virens (Nakata) E. Tanaka & C. 
Tanaka) is an international disease of rice. 
Once treated as ‘minor’ disease (Webster and 
Gunnell, 1992), its status has changed with 
widespread reports in almost all the rice 
growing countries of the globe (Nessa et al. 
2015a; Nessa, 2017). With increasing 
incidence being reported from farmers’ fields 
since early 2010s, RFSm is now an emerging 
disease in Bangladesh (Dhaka Tribune, 2013). 
Kabir et al. (2015) mention that the adoption 

of ‘BRRI dhan49’, a promising genotype for 
‘T. Aman’ season in Bangladesh, is being 
seriously hindered by this disease.  

RFSm is an inflorescence disease. The 
symptom of the disease only appears when rice 
crop is in flowering stage. The fungus infects 
individual spikelets and replaces the seed with 
a large velvety orange or greenish-black ball 
(Nessa, 2017), commonly known as ‘smut ball’. 
It has been recorded in the pattern of 
aggregation in spaces in most of the fields 
(Nessa et al. 2015b). On infected panicles, there 
is about 60% probability that maximum of four 
smut balls will appear and about 88% of those 
balls will locate in the mid to basal part (Nessa 
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et al. 2016). Further, the grain quality issues in 
relation to RFSm have been studied (Nessa et al. 
2018). The appreance of the disease at different 
flowering time differs (Nessa et al. 2015c). 
Research indicates the infection is likely to 
onset one or two or even three weeks earlier to 
the appearance of smut balls (Li et al. 2013; Jia et 
al. 2014). The association of weather variables 
during infection stage to the incidence of RFSm 
has not been well documented. 

Rice cultivation in Bangladesh is highly 
intensive. The crop is grown in three seasons 
within a year: in winter (named ‘Boro’), early 
monsoon (named ‘Aus’) and late monsoon 
(named ‘Transplanted Aman or T. Aman’). 
The RFSm is the disease of ‘T. Aman’ rice in 
Bangladesh (BRRI, 2013) and part of India 
(Shetty and Shetty, 1985). However, there are 
undocumented reports of its sporadic 
incidence in ‘Aus’ and ‘Boro’ rice. While, the 
seasonal incidence of RFSm is qualitatively 
sketched by Bangladesh Rice Research 
Institute (BRRI, 2013), it has not been 
quantified yet. Furthermore, the 
epidemiological aspects explaining why the 
disease is dominant in a particular season and 
not in others remained unexplored. This 
information is vital to understand if the status 
of the disease could change in non-dominating 
seasons especially in the scenarios of climate 
change or climate variability. 

With the above background, this research 
was undertaken to investigate the weather 
driver(s) during panicle emergence causing 
the disease epidemic, the relative incidence of 
false smut disease in three rice growing 
seasons of Bangladesh and the sequence of 
infection and/or disease appearance in 
infected panicles,. 
 
 
MATERIALS AND METHODS 
 
The study was carried out in the experimental 
farm of the Bangladesh Rice Research Institute 
(BRRI), Gazipur, Bangladesh, located at 23°5’ 

N latitude, 90°2’ E longitude. This farm has 
built up as an intensive rice-ecosystem in the 
last 40 years by growing three rice crops 
annually in 192 fields spread over 40.48 
hectare area (Nessa, 2017). The recorded rice 
false smut disease incidence (DI) was 
calculated as follows. 
DI = [(Number of diseased panicles) / (total number of 
panicles)] × 100 

 
Data for relating disease incidence and 
weather variables 
The disease incidence of 46 fields in the study 
area was monitored at different time of the 
year during 2014, 2015 and 2016. Historically, 
16 fields had high, 12 had moderate and 18 
had low disease pressure. Disease incidence 
and panicle emergence time (50% flowering) 
in those fields were recorded. 
 
Monitoring of the disease incidence in 
‘Boro’, ‘Aus’ and ‘T. Aman’ rice 
The disease incidence was visually monitored 
weekly at the ripening stage (post-panicle 
emergence to late maturity) of rice crops 
during September 2014 through to September 
2017 by scouting across the fields in the 
experimental farm of the Bangladesh Rice 
Research Institute (BRRI), Gazipur, 
Bangladesh, located at 23°59’ N latitude, 
90°24’ E longitude. The RFSm incidence was 
assessed in the fields which showed 
apparently high infection. The sample size 
(number of panicles) varied between 158 and 
9648; the size depended on the prevalence of 
the disease (Table 1). 
 

Batch by batch smut ball formation 

The sequence of new smut ball formation 
(each sequence was termed as a ‘batch’) was 
studied during T. Aman 2015. The test variety 
‘BRRI dhan49’ was transplanted on 19 July in 
a 30.5 m × 2.5 m section of a field in the ‘West 
Byed’ section of the experimental site where 
the disease pressure was historically high. The 
plot was sub-divided into three sections, each 
represented a replication. The hills in the main
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Table 1. The sampling field and sample size (number of panicles) for assessing the incidence of rice false smut 
disease in the experimental site during three rice seasons in three years.  

Season Year Location Field Number of panicles assessed 

Boro 2015 East Byed 4 302 
 2016 East Byed 3 158 
 2017 East Byed 3 336 
Aus 2015 West Byed 3 158 
 2016 West Byed 3 261 
 2017 East Byed 3 4392 
T. Aman 2014 West Byed 6 9648 
 2015 East Byed 6 1074 
 2016 West Byed 3 1988 

 

crops were harvested at maturity by manually 
cutting the tillers at 40-60 cm height and then 
the ratoons (regenerated tillers) were allowed 
to grow. No additional crop management 
practices were applied for ratoons, except for 
maintaining a water level of 2 to 3 cm through 
irrigation. The new smut balls, by batches, 
were counted on ratoons as those appeared 
beginning on 17 November and ending on 5 
January (2016). Altogether, 8 batches were 
recorded and the number of panicles observed 
was 485, 464, 407, 539, 412, 431, 501, and 573, 
respectively for batches 1 through to 8. 

In addition, during ‘Aus’ 2017, the 
sequence of new smut ball formation was 
monitored on testing breeding lines in the 
research field of Biotechnology Division in the 
experimental site. This location was 
purposively selected as the disease pressure 
had been historically high. This monitoring 
was carried out weekly during August to 
September. On each visit, about 10000 panicles 
were inspected. 
 

Statistical analysis 
For developing the relationship between 
weather variables and RFSm incidence, daily 
weather data from Plant Physiology Division 
of BRRI were collected. Moving average (the 
day and post two days of panicle emergence) 
of each of the four weather variables, average 
temperature °C, relative humidity (%), cloud 
hour and total rainfall (mm), were 
summarized for each data-point (46 samples). 
The relationship between each of the weather 
variables and the disease incidence was 

analysed through X:Y graph. Data from the 
high disease pressure field are presented in 
this manuscript. 

The observation of the disease incidence 
was expressed as the mean and 95% confidence 
intervals (CI) of the fields assessed. The results 
of the batch-by-batch smut ball formation were 
summarized in two ways: (i) the incidence of 
the disease as mean and 95% CI of three 
replicates; and (ii) cumulative percentage of 
disease incidence at three panicle emergence 
times – 15 November, 30 November and 15 
December. The CI was calculated using the in-
built formula in MS Excel. 

 
 

RESULTS 
 
Relationship between weather variables and 
the disease incidence during panicle 
emergence 
The association of four weather variables 
during 50% panicle emergence and rice false 
smut disease incidence (DI) was inconsistent 
except for daily average temperature (Fig. 1a). 
For example, high DI was recorded in the 
range of relative humidity (RH) of 64 to 98%; 
side by side, low DI occurred in the range of 
RH of 69 to 91% (Fig. 1b). On cloudiness 
status, high DI was recorded when cloud-days 
ranged from 2 to 10 hours; whereas, low DI 
occurred at 4–8 hours cloud-days (Fig. 1c). 
Surprisingly, very high and very low disease 
was observed when crops received nil rains 
(Fig. 1d). 
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Fig. 1. Scattered diagrams showing the association of four weather variables-daily average temperature (a), relative 

humidity (b), cloud hours c), total rains (d) and RFSm incidence on observed 16 high disease pressure fields in the 
study area. 

 
The daily average temperature during 

panicle emergence period showed a distinct 
pattern of disease incidence (Fig. 1a). Low 
incidence of RFSm was recorded when the 
average temperature was low, similarly, when 
it prevailed high, the disease incidence was 
also low. From the recorded dataset, the 
following relationship between daily average 
temperature (AvgT) at panicle emergence 
period and relative false smut incidence 
(RRFSmI) was deduced: 
(i) If 16°C ≤ AvgT ≥ 32°C, RRFSmI = 0 
(ii) If 27 ≤ AvgT ≥ 22, RRFSmI = 100 
(iii) If 22°C < AvgT > 16°C, RFSmI = 100-(22- AvgT)*α) 
(iv) If 32°C < AvgT > 27°C, RRFSmI = 100-(32- AvgT)*β) 

The value of α and β was calculated as 
16.7 and -20, respectively. The equations show 

that the incidence of RFSm did not occur 
when AvgT was ≤16°C or ≥ 32°C. The 
incidence increased linearly with the rise of 
AvgT above 16°C till it reached to 22°C, stayed 
flat up to 27°C and then linearly decreased till 
it reached to 27°C. 

 
Variation in incidence of rice false smut 
disease in three seasons 

The incidence (DI) of rice false smut (RFSm) 
in fields in three seasons followed the 
sequence: T. Aman > Aus > Boro (Fig. 2). 
These variations were statistically significant 
at 95% probability level. The DI was very 
high in T. Aman (three years’ average DI: 
12.61±3.00%,  ± is  95%  confidence   interval)  
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Fig. 2. The incidence (DI) of rice false smut (RFSm) disease 

in Boro, Aus and T. Aman seasons measured in the 

study area in three years. Vertical bars indicate 95% 

confidence level of measured fields. 

 
compared to Aus (three years’ average DI: 
2.28±3.33%) or Boro season (three years’ 
average DI: 1.62±0.67%). In a relative scale, 
the RFSm incidence was potentially 8 times 
less in Boro and 6 times less in Aus season, 
compared to T. Aman season. It was noted 
that DI had been steadily increasing in Boro 
season during 2015-2017. Besides, the DI was 
unusually high (5.05±0.83%) in 2017 Aus 
season. 
 
The disease development: batch-by-batch 
smut ball formation on infected panicles 
The RFSm disease appeared on infected 
panicles in sequence by forming new smut 
balls batch-by-batch. As many as eight such 
batches recorded in T. Aman season 
measured during mid-November to early 
January, three in Aus season, measured 
during August-September. There was 
variation in the DI in each batch within and 
between the seasons. 

The final status of the disease in a field 
was the cumulative incidence of the batches 
of new smut balls formed on the crop. As 
shown in Fig. 3, in Aus season of 2017, the 
crops had 5.5 and 6.5% DI when onset of 
panicle emergence occurred on 14 (Sample 
1) and 17 August (Sample 2) respectively. 
Both  cases,  the  disease  accumulated  from  

 
Fig. 3. Cumulative incidence (DI) of rice false smut disease 

through formation batches of newly formed balls on 

crops where panicle started to emerge on five dates 

14 August, 17 August, 15 November, 30 November 

and 15 December. 

 
three batches of smut balls, contributing 
0.77, 3.11 and 1.58% in the ‘Sample 1’ and 
2.31, 2.47 and 1.70% in the ‘Sample 2’. In the 
T. Aman season, when onset of panicle 
emergence occurred on 15 November, the 
crop had 4.3% DI; this DI accumulated from 
two batches (3.1% and 1.2%) of smut ball 
formation. The DI was 10.4% resulting from 
five batches of ball formation (0.8, 3.4, 3.0, 
2.4 and 0.8%) on the crop which had onset of 
panicle emergence on 30 November. The 
crop whose panicles started emerging on 15 
December had a similar incidence of the 
disease (4.3%) to the crop where panicles 
emergence onset on 15 November; however, 
the early crop (15 November panicle 
emerging) had two and the late crop (15 
December panicle emerging) had six batches 
(4.3%= 0.5, 0.2, 1.1, 2.0, 0.3 and 0.2%) of 
smut balls. 
 

 
 
DISCUSSION 
 
Many reports indicated high cloud cover (Ho, 
1979; Ahonsi, 1995), frequent rainfall (Ho, 
1979; Ahonsi, 1995; Cartwright et al. 2002; Ping 
et al. 2009; Fan et al. 2014) and high relative 
humidity (Raw, 1964; Singh, 1974; Ahonsi, 
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1995; Singh et al. 1987; Hegde et al. 2000; 
Biswas, 2001) associated with high RFSm 
incidence. This study, however, did not find 
any such relationship. Raw (1964) observed 
that actual precipitation had less effect on the 
incidence of the disease. Dodan and Singh 
(1996) reported that low rainfall favoured the 
disease. In spore-trap experiments, it has been 
reported that the continuous and heavy rain 
can significantly decrease or even completely 
disappear RFSm spore-load (Sreeramulu and 
Vittal, 1966). With no rain at all, Devi and 
Singh (2007) found the highest RFSm spore 
concentration. In an exceptional observation, 
similar to this study, Bhardwaj (1990) found 
no correlations between disease severity and 
any environmental conditions during the 
flowering period. 

This study, however, identified a 
characteristic pattern of similarity between 
RFSm incidence and average temperature 
during panicle emergence period. Gen et al. 
(2003) reported that the incidence of RFSm 
was significantly and positively correlated 
with average temperature within 15 days after 
heading. They inferred that the temperature 
was the primary climatic factor influencing 
the incidence of RFSm. 

The present study analysed that high 
disease incidence occurred when the average 
temperature during panicle emergence period 
ranged between 22-27°C; any temperature 
below or above the range linearly decreased 
the disease incidence. Literature indicates that 
the disease was favoured by the prevalence of 
lower minimum and maximum temperatures 
(Singh, 1974). Hegde et al. (2000) noted low 
maximum temperature (<31°C), and high 
minimum temperature (19°C) during 50% 
flowering stage were favourable for disease 
development. Singh et al. (1987) reported that 
the incidence of the disease was favoured by 
relatively low (~ 20°C) temperature; a similar 
notion was also echoed by Ho (1979). The 
observation of Chou (1967) showed 26-28°C as 
a suitable temperature for rice false smut. In 

the very recent findings, Tanaka et al. (2017) 
revealed that while the pathogen was present 
in rice plants, the development of the disease 
depended on meteorological conditions, 
where under field conditions no infection 
occurred at average temperature of 28°C and 
good infection was found at 25°C. The 
findings of Tanaka et al. (2017) clearly support 
the approach of this study on designating 
temperature during the smut ball formation 
period as the key indicator for expressing the 
disease on a crop. 

The unique climate of Bangladesh and 
part of India allows growing rice year-round. 
Bangladesh has three distinct rice seasons – 
Boro (winter), Aus (early monsoon) and T. 
Aman (late monsoon). It is historically known 
that RFSm is a major threat to T. Aman rice in 
Indian subcontinent (Shetty and Shetty, 1985; 
BRRI, 2013), but its occurrence in other 
seasons remained poorly studied. This study 
revealed the distribution of the disease among 
the three seasons in the order of  T. Aman > 
Aus > Boro; quantitatively eight and six times 
less in Boro and in Aus season, compared to T. 
Aman season. Published literature did not 
show any quantification on the seasonal 
distribution of RFSm disease. 

The disease appeared on infected rice 
panicles in sequence through forming new 
balls batch by batch. More number of such 
batches (as many as eight) formed in T. Aman 
season than Aus season (recorded maximum 
of three batches). The final status of the 
disease in a crop was the accumulation of 
incidence of the disease in each batch. The 
number of batches a crop encountered 
dependent on the timing of appearance of the 
batches and the stage of the crop (termed ‘crop 
stage’) when infection could take place. This 
crop stage had been identified as ‘late booting’ 
in early (Ikegami, 1960) and recent (Ashizawa 
and Kataoka, 2005) literature.  For example, 
this study recorded only two batches of new 
ball appearance in one instance, whereas six 
batches in the other instance. Interestingly, in 
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both the instances the final disease incidence 
was almost the same, indicating that 
frequency of balls appearing in a batch could 
vary. 
 
 
CONCLUSIONS 
 
RFSm has the potential to infect rice year-
round in Bangladesh, although it is still 
largely dominant in T. Aman season. 
Relatively high incidence of the disease away 
from T. Aman such as in 2017, warrants 
investigation on whether variability in 
weather pattern responsible for altering the 
pattern of disease incidence in Boro and Aus 
seasons. The association of temperature and 
each batch of smut ball formation to be further 
investigated to ascertain the exact duration of 
the temperature required for symptom 
development. 
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