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ABSTRACT

Rice false smut (RFSm) has lately been recognized as an emerging disease worldwide. Its alarming
prevalence in Bangladesh in the transplant Aman rice in the last three years has been widely reported.
However, there is no effective control measure against the disease in this country. We hypothesized that
manipulation of flowering time in aman rice may avoid RFSm incidence. A two-year study (2014 and 2015)
during T. Aman season using the widely regarded RFSm-prone variety, BRRI dhan49, across a range of
flowering regime from mid-July to mid-January, demonstrated lower disease incidence in earlier (till mid-
October) and later (after mid-November) part. The highest incidence of the disease was recorded when the
crop flowered on 9 and 5 November in 2014 and 2015, respectively. The disease was recorded on ratoons.
The peak of the infection recorded on ratoons when flowered on 7 November. To the best of our knowledge,
worldwide, this is the first record of the disease on ratoons. Rainfall did not influence the disease. The
relationship between the disease incidence and relative humidity and sunshine hours were significant.
Avoiding flowering time during mid-October to mid-November through planting time adjustment appeared
as an effective practice to escape rice false smut disease incidence in Aman season.
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INTRODUCTION

The status of rice false smut (RFSm) as an

emerging  fungal disease (anamorph:
(Cooke)  Takah.;

teleomorph Villosiclava virens (Nakata) E.

Ustilaginoidea  virens
Tanaka and C. Tanaka) of rice (Oryza sativa L.)
has been recognized worldwide (Atia, 2004;
Brooks et al., 2009; Ashizawa et al., 2010; Li et
al., 2013; Singh et al., 2014; Nessa et al., 2015a).
The disease is a serious concern to the farmers
of Bangladesh during T. Aman season (rainfed
rice), due to its epidemic outbreak especially on
a popular variety "BRRI dhan49". RFSm is an
inflorescence disease. The symptom of the
disease only appears after rice crops flower. On
the other hand, recent findings indicate that the
infection is likely to onset one to three weeks
earlier to appearance of smut balls (Li et al.,
2013; Jia et al., 2014).

While few studies were conducted relating
weather and spore release (Sreeramulu et al.,
1966), the potential association of weather

variables during infection stage to incidence of
RFSm has not been well documented.

The management of the disease is not well
recognized as its salient
features under field conditions are still
unknown (Nessa ef al., 2015b, Tanaka, 2015). As
Jecmen (2014) points out, “Understanding how

epidemiological

to manage RFSm (rice false smut) has been
difficult because the literature is fragmented,
unclear or at times, even contradictory.

Many questions relevant to the integrated
management of RFSm using cultural practices,
fungicide applications and deployed resistance
remain unaddressed”. Among the cultural
management options, a number of studies have
RFSm
manipulation of transplanting time in China
(Liang et al., 2014, Egypt (Atia, 2004), India
(Dodan and Singh, 1994), Nigeria (Ahonsi et al.,
2000) and in the USA (Brooks et al., 2009).
However, a similar study has not yet been

attempted to  control through

conducted in Bangladesh.
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Although the disease infects main crop
(primary planting), recent observation shows,
for the first time in the world, that it also affects
ratoons (regenerated tillers from harvested
main crop) (Nessa et al., 2015b). However,
further studies are required to re-establish the
findings and to investigate whether the pattern
of the disease incidence in ratoons is similar to
that in the main crop.

With the above background, the present study
was undertaken to investigate whether false
smut epidemic on susceptible rice variety can
be escaped with changing flowering times of
the crop by varying the transplanting time. The
study also aimed to identify major weather
parameters influencing the disease.

MATERIALS AND METHODS

Experimental site study period

The experiments were conducted in the
research farm of the Bangladesh Rice Research
(23°59" N, 90°24" E), Gazipur,
Bangladesh during T. Aman season of 2014 and

Institute

2015. This farm has built up an intensive rice-
ecosystem over the last 40 years while growing
rice in as many as three seasons annually in
about 88 fields spread over 35 hectare area. It is
situated at about 35 m above the mean sea level
and has a subtropical climate strongly
influenced by the south-western monsoon
(Nessa et al., 2015a).

Experimental design and treatments

Effect of the varying flowering times on natural
incidence of RFSm was investigated in repeated
experiments laid out following a randomised
(RCB)
replications in 2014 and three replications in

complete  block design with 10
2015. To generate wide range of flowering time,
seven different transplanting times (15 June, 30
June, 15 July, 30 July, 14 August, 29 August and
13 September) of BRRI dhan49 (a highly
susceptible variety) served as treatments in
2014 trial. However, 12 different transplanting
times (19 May, 4 June, 19 June, 4 July, 20 July, 4
August, 19 August, 5 September, 19 September,
5 October, 19 October an 5 November) of the
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same variety were used in the 2015 trial. The
individual plot was 2.5 m x 2.5 m in 2014, and
30.5 m x 2.5 m in 2015.

Transplanting and crop management

Thirty-day-old
transplanted at two or three seedlings per hill,

seedlings were hand

maintaining a spacing of 20 cm x 20 cm. The
crops were fertilized with recommended doses
of nitrogen (N) (200 kg ha'! as urea),
phosphorus (P) (63 kg ha'l as triple super
phosphate), potassium (K) (84 kg ha'l as
muriate of potash) and sulphur (S) (56 kg ha as
gypsum) (BRRI, 2013). Nitrogen was top
dressed in three equal splits: 20, 35 and 50 days
after transplanting (DAT), whereas P, K, and S
were applied once, during final land
preparation. The crops received moisture
predominantly through monsoonal rains, but
supplemented by irrigation water to maintain a
water level of 2 to 3 cm. Management of the
crops included manual weed control twice, at
30 and 45 DAT. No insecticide, fungicide or
other chemical were used for pest and disease
control. No artificial inoculation was conducted
to modify natural disease pressure.

Ratooning

For ratooning, the hills in the main crops were
harvested at maturity by manually cutting the
tillers at 40-60 cm height. No additional crop
management practice was applied for ratoons.
In the 2014 trial, ratoons voluntarily generated
in two plots transplanted on 15 June, and nine
plots transplanted on 15 July. However, in 2015
trial, ratoons generated in all the plots
transplanted on 19 May and 19 June.

Trial assessment

Dates of 50% flowering were recorded for each
transplanting time on main crops and ratoons.
In addition, the progression of newly formed
smut balls on ratoons was recorded by at three
days interval during 15 August 2015 to 15
January 2016. The trials were assessed for
disease incidence by counting smut ball(s)
bearing panicles (diseased panicles) and total



panicles in each plot at the late ripening stage.
The same was done for ratoons.

Data presentation and analysis
The disease incidence (DI) on main crops and

ratoons was calculated using the following
equation

DI = [(Number of diseased panicles)/ (total
number of panicles)] x 100 Eq. (1)

All the DI values were summarized against 50%
flowering time of main crops and the ratoons.
The DI data were analyzed and compared at the
95% confidence interval (Cl) using an in-built
formula in MS Excel 2010 (Nessa et al. 2015b).

Data on five weather parameters, maximum
temperature (°C), minimum temperature (°C),
relative humidity (%), sunshine hours and rain-
days (number), were summarized for 5-days
prior to 15 days (Jia et al., 2014) of each record of
50% flowering to find any association of
weather to the level of disease incidence. The
daily weather data for 2014 and 2015 gathered
from the Physiology Division of BRRI were
used for this purpose.

In order to relate DI with weather parameters,
the range of DI in both years was categorized
into three sections of flowering window:
“early” (5 August to 12 October), “mid” (17
October to 23 November) and “late” (4
December to 28 December). The association of
five weather parameters to DI in the three
defined periods of flowering window was
measured through correlation. The significant
weather parameters from correlation study
were subjected to regression analysis relating
DI

RESULTS

In 2015, the rice false smut (RFSm) disease
initiated (DI (%) = 0.07£0.01, is 95% confidence
interval) when the crop flowered on 5 August
(Fig. 1). The level of the disease remained low
(DI <0.47%) in the crops flowering before mid-
October. The RFSm reached the peak (DI (%) =
2.4040.30) on 5 November and ceased on 28
December flowering crops. The data on

initiation and cessation time of the disease was
not available for 2014 season. However, like
2015, the disease level was low (DI 0.47 to
0.49%) in the crops flowering till mid-October.
The RFSm reached the peak (DI (%) = 2.45£0.67)
on the crop flowered on 9 November.
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Fig. 1. Incidence of rice false smut disease across the
flowering window rice during T. Aman
seasons of 2014 and 2015. “Jul”, “Aug”, “Sep”,
“Oct”, “Nov”, “Dec” and “Jan” denotes for
July, August, September, October, November,
December and January, respectively. Vertical
bars indicate 95% confidence intervals.

When measured the disease progression in
relation to time of 50% flowering of ratoons, it
was observed that the first appearance of RFSm
appeared on ratoons that flowered on 28
September (Fig. 1). The peak of the disease
incidence (2.11%) occurred on ratoons that
flowered on 7 November. The disease incidence
was very low on the ratoons that flowered after
10 December.

Table 1 presents the disease status and weather
parameters influencing the disease infection.
The table shows that the disease in the “mid-
flowering-window” was significantly higher
(1.47+0.54 is 95% confidence interval) than
“early-flowering-window” (0.39£0.13) or “late-
flowering-window” (0.19+0.37). Corresponding
weather parameters during the probable
infection of the disease did not show significant
correlation between the disease incidence and
maximum temperature or minimum
temperature, or rain-days. The relationship
between the disease incidence and relative
humidity or sunshine hours were significant

(Table 1).
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Table 1. The incidence of rice false smut disease (DI, %) in BRRI dhan49 and weather variables in
three sections of flowering window during T. Aman seasons of 2014 and 2015. Also
shown, the correlations between five weather variables and the DIs. The t indicates 95%
confidence interval, “ns” denotes for not significant and “*” for significant at P< 0.05

Disease status, or

Flowering window

Correlation coefficient (r)

Weather parameters Early Late (n=18)
Disease incidence (%) 0.39+0.13  1.47+0.54  0.19+0.37 -
Maximum temperature (°C) 32.241.1 32.0£1.2 28.3£1.5 + 0.38ns
Minimum temperature (°C) 24.4+0.8 20.2+2.6 15.243.2 - 0.09ns
Relative humidity (%) 84.0+3.9 72.0£3.4 83.9+2.9 -0.62°
Sunshine hours 4.6x1.4 3.7x0.7 +0.62"
Rain-days (number) 2.3+1.0 0.0£0.0 - 0.40ns
Figure 2 presents further analysis of the two DISCUSSION

significant weather parameters - sunshine
hours and relative humidity - and disease
incidence across the whole range of flowering
window of BRRI dhan49 during 2015 T.
Aman season. The figure shows a positive
significant response (expressed in regression)
of the disease incidence (DI) to the sunshine
hours (P< 0.05, R2 = 0.46). As indicated earlier,
the relationship between relative humidity
and DI was also significant but negative. The
relationship between sunshine hour and
relative humidity, on the other hand, had been
strongly negative (P< 0.05, R? = 0.75).
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Fig. 2. Regression between sunshine hours and
disease incidence (Y = 0.3001 - 0.179X +
0.0408X2, R?2 = 0.46, n = 18), and between
sunshine hours and relative humidity (Y =
93.792 - 1.7356X - 0.1351X2, R2 = 0.75, n = 18)
across the whole range of flowering
window of BRRI dhan49 during 2015 T.
Aman season.
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In this study, the incidence of rice false smut
(RFSm) disease was estimated across a range
of flowering regimes of a T. Aman rice
variety in 2014 and 2015 by setting the
transplanting time accordingly. With this, the
start and cessation of the timing of the disease
on T. Aman rice have been recognized, which
have not been reported so far in Bangladesh.
Our results show early flowering crops
(thereby planted early) had significantly lower
disease incidence compared to later flowering
crops. In his early work in Japan, lkegami
(1960) observed that RFSm disease on 20 May
sown crop was almost 2-fold compared to the
crop sown on 1 May. In India, similar findings
have been reported in the 1980s and 1990s
(Narinder and Singh, 1984; Singh and Kang,
1987, Dodan and Singh, 1994). Thus,
manipulation of planting time could be a way
to control this disease (Parsons et al., 2001;
Ahonsi and Adeoti, 2002; Brooks et al., 2011). It
is suggested that escaping false smut epidemic
by planting the early maturating group of
cultivars (Zhou et al., 2010) as late maturing
varieties show higher rates of infection (Liang
et al., 2014).

Our findings also suggest that the disease
incidence declines after reaching at the peak
during 2 to 9 November. The timing of this
peak was consistent from 2015 observations in
main crops and ratoons, 2014 crops, and
observations in another variety (BR11) from
different experiments (S Islam, MS Islam and
M Ahmed, BRRI, 2015, unpublished data). The



level of the disease towards the tail-end of
flowering regime was very similar to early-
part of flowering window. Most of the
literature hardly mentioned the disease at the
tail-end of flowering window. In an early
work, Raw (1964) noted that mid- duration
crop had the highest incidence than short or
long duration crop. Raw’s finding is a
subjective agreement to our findings.

While there is no disagreement that “early”
planting can be a mean of avoiding the major
incidence of RFSm disease, the term “early”
itself may be confusing to many aspects. For
example, how early this “early” should be?
Besides, farmers use varieties of different
growth durations. In that case, the timing of
“early” planting of a long duration variety will
vary with the timing of “early” planting of a
medium or short duration variety. To avoid
these confusions, we have worked out that the
chance of the high disease incidence may be
avoided if the crop does not flower during
mid-October to mid-November.

Many reports associate high cloud cover (Ho,
1979; Ahonsi, 1995), frequent rainfall (Ho,
1979; Ahonsi, 1995; Cartwright et al., 2002; Fan
et al., 2014) and high relative humidity (Raw,
1964; Ahonsi, 1995; Biswas, 2001) to high
disease incidence. However, we did not find
any positive relationship between rainfall and
disease incidence. For example, in our studies,
rainfall did not influence the disease; analysis
rather showed negative correlation between
rain-days and DI; under rainless conditions,
the DI varied between 0 to 2.5%. It may be
noted that the 2.5% was the highest disease
recorded during the two experiment years. A
number of findings agree with our results.
Raw (1964) observed that actual precipitation
has less effect on the incidence of the disease.
Dodan and Singh (1996) reported that low
rainfall favoring 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 on air. In
our studies, rainfall did not influence relative
humidity (RH) or sunshine hours (SSH).
Under rainless conditions, the RH varied
between 67.0 to 85.4%, whereas SSH varied
between 3.4 to 8.6 hours.

In this study, SSH and RH influenced the
disease, SSH positively and RH negatively.
The association between SSH and RH was
very strong. The question may arise, which is
the prime factor for the disease? Is it the SSH
or the RH or the both? The RH may not be the
sole answer, as high disease occurred at lower
RH and low disease occurred at higher RH. It
is likely that higher SSH in association with
relatively lower RH (possible threshold: 70-
80%) encouraged good crop growth as well as
RFSm disease development.

CONCLUSION

This study finds that the major incidence of
rice false smut disease during T. Aman can be
avoided by planting rice varieties in such a
way that the crops do not flower during mid-
October to mid-November. However, this
information may be variety and site specific
and, therefore, required to be validated using
other rice varieties across the agro-ecological
regions of Bangladesh. Furthermore, both
qualitative and quantitative relationships
between two weather variables (relative
humidity and sunshine hours) and disease
incidence need to be established through
further studies.
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