
Fundamental and Applied Agriculture
Vol. 8(3), pp. 580–589: 2023

doi: 10.5455/faa.142466

AGRICULTURE | ORIGINAL ARTICLE

Sclerotia of rice false smut disease in Bangladesh

Bodrun Nessa1,2*, Moin Us Salam3, Md Abul Kashem4

1Department of Plant Pathology and Seed Science, Sylhet Agricultural University, Sylhet 3100, Bangladesh
2Bangladesh Rice Research Institute (BRRI), Gazipur 1701, Bangladesh
3Freelance Consultant (Agricultural Research, Development and Modelling), 115/3 East Bhurulia, Joydebpur,

Gazipur 1700, Bangladesh
4Department of Soil Science, Sylhet Agricultural University, Sylhet 3100, Bangladesh

ARTICLE INFORMATION

Article History
Submitted: 01 Feb 2023
Accepted: 30 Aug 2023
First online: 30 Sep 2023

Academic Editor
Muhammed Ali Hossain
alihossain.ppath@bau.edu.bd

*Corresponding Author
Bodrun Nessa
runu.brri@yahoo.com

ABSTRACT

It is perceived that sclerotia of the pathogen, in addition to chlamydospores,
play an important role in the epidemiology of rice false smut disease. The
propagule has been identified only in five rice growing countries of the world,
and never recorded in Bangladesh. This study was undertaken to identify the
sclerotia, quantify their concentration on smut balls and estimate the time of
its formation. Intensive field-by-field monitoring was conducted during 2014,
2015 and 2016 at experimental farm of the Bangladesh Rice Research Institute,
Gazipur. Sclerotia of rice false smut pathogen was first recorded on the 14th
December 2014. Sclerotia were observed only on olivaceous greenish-black
smut balls, but not on orange smut ball. During the three years study, on
average, 30.61 ± 9.79% ( ± is 95%confidence interval) olivaceous greenish-
black smut balls borne sclerotia, the average number being 1.63 ± 0.09 per
sclerotia-bearing ball. The ‘threshold temperature’ for sclerotia formation was
estimated as above 11°C difference in day-night temperature. Consistence
presence and high concentration of sclerotia in smut balls signify its role in
the epidemiology of the disease in the agroecology of Bangladesh.
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1 Introduction
Rice false smut (RFSm) (anamorph: Ustilaginoidea
virens (Cooke) Takah.; teleomorph: Villosiclava virens
(Nakata) E. Tanaka & C. Tanaka) is an important
disease of rice in almost all the rice growing coun-
tries of the globe (Nessa et al., 2015a,b). The dis-
ease has the potential to infect the crop year-round
across the three rice growing seasons in Bangladesh,
‘Aus’ (mid-March to mid-July), ‘T. Aman’ (mid-July to
mid-November) and ‘Boro’ (mid-November to mid-
March) (Nessa et al., 2018). However, in terms of
adversity, RFSm is the disease of ‘T. Aman’ rice in the
country (Nessa et al., 2018) along with part of India
(Shetty and Shetty, 1985). With increasing incidence
being reported from farmers’ fields since early 2010s,
RFSm is now an emerging disease in Bangladesh
(Khatun et al., 2021).

Although rice false smut is an ancient disease,
its epidemiology is not well understood especially
under the changing environments, and particularly
under Bangladesh condition (Nessa, 2017). The typi-
cal symptom of the disease appears on grains ball like
colonies (composed of chlamydospores) called ‘smut
balls’ (Guo et al., 2012). Three types of smut balls - or-
ange, olivaceous greenish-black and white - has been
clearly described by Nessa et al. (2021). The pathogen
can produce both chlamydospores and sclerotia as
fruiting bodies (Nessa, 2017). Production of sclerotia
on the surface of smut ball (Sakurai, 1934; Fan et al.,
2016; Ikegami, 1963; Singh and Dube, 1976) is also
a part of disease symptom. Sclerotia can survive in
soil as long as 11 months (Singh et al., 1985) and act
as the primary inoculum (Sakurai, 1934; Fan et al.,
2016; Singh and Dubey, 1984; Milao, 1992; Wang et al.,

http://dx.doi.org/10.5455/faa.142466
mailto:alihossain.ppath@bau.edu.bd
mailto:runu.brri@yahoo.com
10.5455/faa.142466
http://dx.doi.org/10.5455/faa.142466


Nessa et al. Fundam Appl Agric 8(3): 580–589, 2023 581

1998).
Though the disease was first reported in 1878, scle-

rotia were first identified half a century later in early
1930s in Japan (Sakurai, 1934; Fan et al., 2016). Till
to date, this propagating structure has been reported
only in five countries namely Japan (Sakurai, 1934;
Fan et al., 2016), Myanmar (Seth, 1945), Korea (In
et al., 1984), India (Singh and Dubey, 1984) and China
(Wang et al., 1998). To best of our knowledge, sclero-
tia of rice false smut pathogen have not been recorded
in Bangladesh before this study. It is, therefore, un-
known whether sclerotia has any role in the epidemi-
ology of RFSm in the country.

With the above background, this study was at-
tempted on (i) identifying the sclerotia of rice false
smut disease pathogen, (ii) quantifying concentration
of sclerotia on smut balls and (iii) estimating the time
of sclerotia formation.

2 Materials and Methods

The study was conducted in the experimental farm
of the Bangladesh Rice Research Institute (BRRI),
Gazipur, Bangladesh, located at 23°59′ N latitude,
90°24′ E longitude, which facilitated wide scope for
this research. Intensive field-by-field monitoring, dur-
ing the 50% maturity to harvesting stage of crops, was
carried out to search sclerotia on smut balls during
November to December of 2014, 2015 and 2016 on T.
Aman rice. Sclerotia were searched and confirmed fol-
lowing the physical features described by Ou (1972)
and Tanaka et al. (2008). The identified sclerotia were
photographed in nature. Seven, 14 and 8 fields dur-
ing 2014, 2015 and 2015, respectively, were inspected
where rice variety ‘BRRI dhan49’ flowered in late au-
tumn for sampling. BRRI dhan49 was selected as
the variety was widely suspected as susceptible to
the disease. Altogether 791, 486 and 994 false smut
infected panicles were randomly picked up in 2014,
2015 and 2016, respectively (Table 1).

The percentage sclerotia-bearing balls was calcu-
lated as:
(Number of sclerotia-bearing smut balls / total num-
ber of smut balls) *100.

The number of sclerotia per sclerotia-bearing smut
balls was calculated as:
(Number of sclerotia / number of sclerotia-bearing
balls) * 100

Results were expressed year-wise by averaging
the sampled fields and 95% confidence interval was
also calculated. For calculating the potential number
of sclerotia-bearing smut balls per infected panicle,
the total number of smut balls and the number of
sclerotia-bearing smut balls in the infected panicle
were counted separately for each of the sampled pan-
icles collected in 2015. Their relationship was pre-
sented in graph as: (i) number of sclerotia-bearing

smut balls to total number of smut balls in an in-
fected panicle, and (ii) fraction of sclerotia-bearing
smut balls (number of sclerotia-bearing smut balls /
total number of smut balls in an infected panicle) to
total number of smut balls in an infected panicle. The
upper bounds of the data in the graphs were drawn
in straight lines following the principle presented by
French and Schultz (1984).

Table 1. Sampling location and sample size (number
of infected panicles) for collecting data on
sclerotia formation on smut balls in ‘T.
Aman’ rice of 2014, 2015 and 2016 in the
study site

Location† No. of infected panicles collected

2014 2015 2016

1 90 27 116
2 175 24 189
3 62 27 181
4 205 46 107
5 199 133 152
6 30 28 119
7 30 53 64
8 – 20 26
9 – 26 –
10 – 14 –
11 – 21 –
12 – 28 –
13 – 26 –
14 – 13 –

Total 791 486 994

† Sampling location (field)

Using weather data from BRRI, the 10-day moving
average of daily difference of day and night temper-
atures (∆dnt, daily maximum – daily minimum tem-
perature in ºC) was calculated for each day during 1
October to 31 December. The statistics (∆dnt) were
plotted in X:Y graph against the calculation period (1
October to 31 December). The date of the first appear-
ance of sclerotia in 2014, 2015 and 2016 T. Aman crops
was recorded through field observation. Following
the principle of Milao (1992), the ∆dnt that closely
matched with the first appearance of sclerotia in 2014,
2015 and 2016 was designed as the likely date or the
‘temperature threshold’ of sclerotia appearance.

3 Results

3.1 Identification of sclerotia

After long waiting and rigorous search, sclerotia of
rice false smut pathogen was identified on the 14th
of December 2014 in one of the fields of study site
(Fig. 1). The date was marked as the first report of the
presence of true sclerotia, the resting stage of rice false
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Figure 1. The first discovery of a sclerotium (arrow) on an olivaceous greenish-black smut ball of rice false
smut disease on the 14th of December 2014 at the Bangladesh Rice Research Institute (BRRI) research
station, Gazipur, Bangladesh

Figure 2. Sclerotia-bearing olivaceous greenish-black smut balls (a, b)

Figure 3. Sclerotia of various shapes and sizes collected from smut balls in the study area: (a) 2015 and (b) 2016
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smut pathogen (Villosiclava virens), in the country.
Sclerotia were observed on olivaceous greenish-

black smut balls, attached on their surfaces (Fig. 2a,
b). However, sclerotia were not observed on orange
smut balls.

The sclerotia were hard, dark-olive green to nearly
black in colour, flat, irregular oblong, clavate, reni-
form, botuliform, horse-shoe shape to indefinite in
shape (Fig. 3). The inner-side of sclerotia was concave
and the outer-side was convex (Fig. 4).

Sclerotia were loosely attached to smut balls
(Fig. 5). In some cases, two sclerotia joined together
on the surface of a smut ball and remained hang-
ing like a ‘flying bird’ (Fig. 6). Sclerotia detached
in course of time upon slight physical manoeuvring
(Fig. 7).

After detachment, sclerotia left yellowish orange
hole on the surface of smut balls (Fig. 8). The holes
were filled up over time (Fig. 9).

3.2 Transverse section of sclerotia

The transverse section of the sclerotia showed the
outer tissue composed of compact cells, while the
inner tissue appeared hyaline cells (Fig. 10).

3.3 Population of sclerotia

During 2014, 2015 and 2016 ‘T. Aman’ season, 127,
4504 and 409 sclerotia were collected, respectively,
from sampled infected panicles (Fig. 11).

Sclerotia were observed on infected panicles hav-
ing smut balls, numbering 1 to 77; but not all
those produced sclerotia. The highest number of 26
sclerotia-bearing smut balls was found on a panicle
bearing 35 smut balls (Fig. 12a). On percentage basis,
potentially all the smut balls up to 24 per infected
panicle developed sclerotia; thereafter, it gradually
declined and reached to 1% at 77 smut balls per in-
fected panicle (Fig. 12b).

Across the studied field during three years, on av-
erage, 30.61 ± 9.79% (± is 95% confidence interval)
olivaceous greenish-black smut balls borne sclerotia
(Table 2). However, there was variation in the num-
ber of sclerotia-bearing smut balls between the three
years. Significantly the highest number of sclerotia-
bearing smut balls (51.94 ± 9.96%) recorded in 2015,
compared to 9.72 ± 7.10% in 2014 and 8.74 ± 6.27%
in 2016.

The average number of sclerotia per sclerotia-
bearing ball was 1.63 ± 0.09 in the three years; this
was significantly low (1.50 ± 0.14) in 2015 and high
(1.80 ± 0.05) in 2014 (Table 2).

3.4 Formation of sclerotia

Sclerotia initiated below the outer surface of smut
balls (Fig. 13a). As the size increased, the surface of
smut balls started cracking (Fig. 13b) and eventually
fully developed sclerotia exposed (Fig. 13c-d)).

3.5 Time of sclerotia appearance

Sclerotia were observed in the later part of crop ma-
turity, early-November to mid-December, during the
‘T. Aman’ season of 2014, 2015 and 2016. The ap-
pearance of sclerotia was early in 2015 than 2014 or
2016. The pattern of this difference was related to
the timing of high temperature difference between
day and night. The 10-day moving average in the
difference of day-night temperature started to rise
above 11 °C from 24 October in 2015, 10 November in
2014 and 20 November in 2016 (Fig. 14). This marked
the ‘threshold temperature’ of sclerotia appreance on
smut balls.

4 Discussion

This study identified sclerotia on olivaceous greenish-
black smut balls (but not on orange ones) in all three
years of investigation during 2014 to 2016 in ‘T. Aman’
season. As far literature indicate, sclerotia have been
reported only in five countries - Japan (Sakurai, 1934;
Fan et al., 2016), Myanmar (Seth, 1945), Korea (In
et al., 1984), India (Singh and Dubey, 1984) and China
(Wang et al., 1998). The observed shapes and sizes of
sclerotia in this study were comparable to what have
been reported in literature (Singh and Dube, 1976;
Tanaka et al., 2008; Fan et al., 2016).

In Japan, Hashioka et al. (1951) observed one to
four sclerotia in nature on the smut balls. Rathaiah
and Bhattacharyya (1993) report that sclerotia (usu-
ally 2 in number) formed on the surface of smut balls,
never within. In this study, the average number of
sclerotia per sclerotia-bearing smut ball was recorded
as 1.63± 0.09, which was close to the number (usually
2) reported in the literature.

For three years observation, on average a quarter
of the smut balls produced sclerotia. Rathaiah and
Bhattacharyya (1993) reported from Assam in India,
that less than 1% of the smut balls in a rainfed low-
land rice crop (July-December) had sclerotia. On the
other hand, Ikegami (1963) reported 23.3% sclerotia-
bearing smut balls in his investigation in Japan; our
record (30.61 ± 9.79) was higher than Ikegami’s find-
ings.

Variation in the production of sclerotia was ob-
served between the years; the number was very high
in 2015 compared to 2014 and 2016. Fan et al. (2016)
also found such variation between years; for example,
in their field observation 21.2% smut balls produced
sclerotia in 2015 compared to only 1.8% in 2014. The
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Figure 4. Typical shape (inner and outer side
shown in arrows) of sclerotia of rice
false smut disease observed in the study

Figure 5. Loosely attached sclerotia on rice false
smut balls. A sclerotium just started
detaching from (a), and resting on (b, c)
smut balls. Two sclerotia separating
from one smut ball (d)

Figure 6. Two sclerotia joined together and
remained loosely attached on the outer
surface of smut balls (a-d) creating a
structure of ‘flying bird’

Figure 7. Sclerotia detaching from smut balls –
early (a) and advance stage (b) of the
phenomenon
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Figure 8. Yellowish orange hole on the surface of smut ball (a) after detachment of sclerotium (b)

Figure 9. The holes left on the surface of smut
balls after detachment of sclerotia were

being filled up (a-d)

Figure 10. Transverse section of a sclerotium
under 10× compound microscope

Table 2. Percentage of smut balls developed sclerotia and number of sclerotia per sclerotia-bearing smut ball in
the ‘T. Aman’ rice of 2014, 2015 and 2016 in the study site

Year Smut balls developed sclerotia (%) Number of sclerotia per sclerotia-bearing smut ball

2014 9.72 ± 7.10 1.80 ± 0.05
2015 51.94 ± 9.96 1.50 ± 0.14
2016 8.74 ± 6.27 1.70 ± 0.13

Average 30.61 ± 9.79 1.63 ± 0.09

Values are mean ± standard error
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Figure 11. Sclerotia harvested from sampled smut balls during ‘T. Aman’ season of 2014(a), 2015(b) and 2016 (c)
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Figure 13. Development of sclerotia on smut
balls. (a) sclerotium initiating below
the outer surface of smut ball; (b)
surface of sclerotium containing smut
ball started cracking; (c) fully
developed sclerotium exposing; (d)
loosely attached sclerotium on surface
of smut ball

Figure 14. Difference in day-night temperatures,
presented as 10-day moving average,
during maturity period of T. Aman
rice (October to December) in the
study area in three years. The arrows
show the start date of temperature
difference above 11 °C in respective
years, designated as the ‘temperature
threshold’ for the appearance of
sclerotia in smut balls

abundance of sclerotia in 2015 probably resulted from
longer sclerotia-formation period, triggered by early
occurrence of favourable temperature for sclerotia
formation as evident in Fig. 14.

In our study, sclerotia were observed in both
poorly and heavily infected (measured as number
of smut balls per infected panicle) panicles; the maxi-
mum of 26 sclerotia-bearing smut balls were recorded
on a panicle bearing 35 smut balls.

Literature indicates sclerotia form especially in
late autumn, with relatively lower temperature, and
when temperature differences between day and night
is higher (Milao, 1992). In the present study, sclerotia
were also observed in the later part of crop during
late ‘T. Aman’ season (November-December of 2014,
2015 and 2016), when atmospheric temperature was
low. Above 11 °C of difference in day-night tempera-
tures explained the timing of appearance of sclerotia
in the three years. So, time of the first appearance of
olivaceous greenish-black ball and switching of the
colour of orange ball to blackish (Nessa et al., 2021),
and sclerotia appearance appears to be the same and
related to the ‘threshold temperature’ (the difference
of day-night temperature started to rise above 11 °C).
Ikegami (1963) reported the reason of sclerotia appear-
ance as more fluctuation of diurnal temperature in
late autumn. Fan et al. (2016) observed that low tem-

perature during rice filling is an importantly inducing
factor for sclerotial formation in V. virens. Findings of
Fan et al. (2016) further showed that 3-days of night
temperature at 15 ºC were enough to induce sclero-
tial formation. Under Bangladesh condition, sclerotia
do not form in other rice growing seasons (Aus and
Boro) (Nessa et al., 2018) due to unsuitability of tem-
perature requirements, which prevents the formation
of olivaceous greenish-black smut ball; sclerotia form
only on such type of smut ball.

5 Conclusion

This study recorded sclerotia – its various natural
structures – in specific time corresponding to a ‘tem-
perature threshold’, and on specific type of smut ball,
which provides a clue on searching sclerotia of rice
false smut disease where it has not discovered yet.
The presence of large number of sclerotia in smut
balls indicates the sclerotia are probably the primary
source of inoculum in the ecology of the study area.
These findings open a new insight of epidemiology of
the fungus especially with respect to understanding
its role in the disease cycle.
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