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Abstract: Rice blast disease leads to a decrease in the yield of rice in Thailand. The severity of the disease in
certain production situations is exacerbated by the environmental conditions and crop-management practices.
Climate change is a direct threat to agriculture which is impacted by high temperatures, drought and flood. This
research aims to simulate the risk of rice blast disease under the climate changing combined between the
atmosphere and soi1l module, mvestigating the atmosphere and soil variables, air temperature, relative humidity,
so1l temperature and rainfall. The varnables are collected mn ten realistic bed experiments in Prachin Buri Province,
Thailand which were planted each month between July 2015 and May 2016. The study found that rice blast
disease develops under conditions where air temperature is 25-29°C, relative humidity 60-80% and soil
temperature 28-31°C which leads to the germination and sporulation of fungus. This research 1s simulated that
the suitable climate conditions of the rice blast disease outbreak under combining the atmosphere and soil
conditions in Prachin Buri Province is between December 2015 and March 201 6.
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INTRODUCTION

In Thailand, rice 1s an economic crop and a staple
food. Approximately 55% of the rice produced is
consumed domestically and the remaming 45% 1s exported
(Anonymous, 2005). Khao Dawk Mali 105 is a major rice
product which brings income to the country. Domestic
consumption of rice 1s expected to rise over the next 20
years by about 20-30% due to an increasing population
and rice-producing capacity (Anonymous, 2005). The
major problem effecting rice production 1s insects and the
outbreak of diseases, especially rice blast disease. Rice
blast disease occurred in the North and Northeast of
Thailand in 1992, causing a reduction in rice production of
650,000 tons and a loss of 3,000 million baht (Disthaporn,
1994). Rice blast 1s one of the most problematic diseases
in the rice-growing areas around the world including
Thailand (Disthaporn, 1994; Saka, 2006). The sexual form
(Magnaporthe grisea Barr.) of the fungus predomnantly
occurs in temperate environments while the asexual
form (Pyricularia oryvzae, P. oryzae) occurs in

tropical environments (Ou, 1980). The severity of the
disease is exacerbated by the environmental conditions
and crop management practices (Teng and Yuen,
1991).

The rice cyele of the rice blast fungus begins when
the conidia produced on lesions i1s disseminated and
comes mto contact with the rice leal surface. The
production phase and the release and dissemination
phase both occur at 92-96% of relative humidity. Peak
spore production occurs during the night when the
relative humidity 1s high 100% and the temperature 1s
approximately 22°C (Bevitori and Ghini, 2014). To
penetrate a leaf, the spore attaches to the hydrophobic
cuticle and germinates under the wet environmental
conditions. The conidia start with small tube
germination after 30-90 min and the onset of infection is
highly dependent on water. Appressorium formation
occurs, on average, at 24-28°C. Fungal penetration
requires a mimmum of 6-8 h of wetness and occurs at an
optimal temperature of 25°C. Sporulation then begins on
wounds when the relative humidity is at least 93%.
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Rapid growth of lesions is favoured by alternating
temperatures of 25/32 and 20/32°C. Disease lesions
occur  between 72 and 96 h after infection and
sporulation occurs under humid conditions. After 144
h of high humidity, the lesions begin to produce spores
(Howard, 1994; Dean et al., 2005). The most important
climatic factors are temperature and relative humidity.
These factors may be modified by the impact of future
climate change (Howard, 1994, Dean et al, 2005;
Prabhu et al., 2008). Many researchers have developed
models of rice blast disease such as the regression and
dynamic models. For example, the impact of climate
conditions on the severity of the disease was evaluated
(Calvero et ol., 1996, Kaundal et af, 2006) and studied
at different stages of the disease cyele (Kim et al,
1987). The model of pathogenic fungi has also, been
merged with the plant model to define the effect of blast
disease on photosynthesis and yield under climate
change (Luo ef al, 1997, 1998). Moreover, they were
applied to generate the global risk maps of the potential
epidemics (Savary et al., 2012; Kim et al., 2015).

This research aims to simulate the risk of rice blast
disease under the climate changing combined between the
atmosphere and soil conditions. In this case study, the
realistic beds are demonstrated in the Prachin Buri Rice
Research Center using the climatic variables of air
temperature, relative humidity, soil temperature and
ramnfall.

MATERIALS AND METHODS

Research data: This research planted ten beds for rice
planting each month between November 2015 and August
2016 m the Prachin Buri Rice Research Center, Prachin
Buri Provinee, Thailand as shown in Table 1. Each bed
had a width of 9 m, a length of 21.5 m and an area
of 193.5 m®?. These beds were corrected for the daily
climate data such as air temperature, relative humidity, soil
temperature and rainfall.

Risk score: A risk score of the rice blast disease is
studied using the probability theory which is a branch of

Table 1: Rice planting in the Prachin Buri Rice Research Center

mathematics that calculates the likelihood of a given event
happening. The risk score of rice blast disease is
considered using the climate variables of air temperature,
relative humidity and soil temperature. They are classified
on the rating curve of rice blast disease depending on
their change. Tt is written as:

UL M
T (E)x

Where:

R, = The risk score of the enviromment variable

x; = As air temperature (a), relative humidity (h) and
so1l temperature (s)

F, = The number of individuals of rice blast disease
outbreak at an intensity interval

F, = The total number of individuals of rice blast
disease outbreak from all intensity intervals

S = The severity of rice blast disease

Risk index: To describe the effects of host aging and
weather variables on the host-pathogen interaction, the
effects of air temperature, relative humidity and soil
temperature were incorporated into the model. The sk
index can be calculated as:

1
Riskindex = ll[(RXl )n @)

1=1

where, R, 1s the risk score of the environment variable x;;
as air temperature (x,), soil temperature (x,) and relative
humidity 1s the number of the collected variable 1 and { x,)
thati=1,2.3,..,n

Risk classification: A Gompertz function is a time series
mathematical model where growth is slowest at the start
and end of a time period and has been shown to be
useful for studies of animal populations (Gompertz, 1825).
Tt has also, been used to summarise disease progression
and is a good fit for the study of the rice blast
pathosystem (Mohapatra et al., 2008).

Bed Date of rice planting

Date of rice blast disease outbreak

28 July 2015-25 Novernber 2015

1 September 2015-14 December 2015
27 September 2015-24 December 2015
31 October 2015-25 January 2016

29 November 2015-31 March 2016

25 Decernber 2015-22 April 2016

30 January 2016-1 June 2016

28 February 2016-30 June 2016

6 April 2016-30 July 2016

1 May 2016-28 August 2016

=0 00 -1 O\ b e b

<

16 August 2015-2 October 2015

23 December 2015-23 March 2016
16 January 2016-11 March 2016

2 March 2016-26 March 2016

26 March 2016-30 June 2016

9 June 2016-30 July 2016

23 June 2016-20 August 2016
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This research fitted the classification risk curve of
rice blast disease using the Gompertz equation:

y = ‘,’-‘“ig'be{t (3)

where A is the carrying capacity, b is the displacement
along the x-axis, ¢ is the growth rate, e is Euler "s number
(e =2.71828) and t 1s time.

RESULTS AND DISSCUSSION

Risk score of climatic variables: The climatic variables
most suitable for the rice blast disease are air temperature
between 25-29°C, relative humidity between 60-80% and
soil temperature between 28-31°C. The maximum on the
rating curve for air temperature, relative humidity and soil
temperature are 27, 70% and 29°C, respectively as shown
inFig. 1.

Risk simulation of rice blast disease: The rice blast
disease experiment in the Praclhin Buri Rice Research
Center was scored by measuring the size of the lesion on

Rating

the rice leaf and evaluating the risk of rice blast disease.
The assessment of the severity of the rice blast disease
identified that the fungus (P.oryzae) grows well when the
air temperature is quite cold to warm and the relative
humidity 1s quite lugh. In other climate conditions the
fungus is in the filamentous phrase and it cannot produce
the spore. The outbreak of the rice blast disease in the
bed experiment 1s shown m Fig. 2.

The bed experiment identified outbreaks of rice blast
disease in the 1st, 5th-10th beds. The severity of rice blast
disease n the 1st bed was very severe (1.00) at two
stages: at 26-28 days and 78-91 days after planting and at
108-118 days after planting in the heading stage as shown
inFig. 3a. The model captured some parts of the outbreak
of rice blast disease. The decaying cause of rice blast
disease assumes that P.oryzae is inhibited by rain so it
cannot transplant to the healthy rice leaf. The average air
temperature, soil temperature, relative humidity and
rainfall was 27.2, 28.8°C, 81.8% and 6.5 mm/day,
respectively.

The severity of rice blast disease in the 5th bed was
very severe (1.00) in two stages: during 2-7 days after
planting 1n the seedling stage and with germination of the
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Fig. 1: Rating curve of the rice blast disease; a) Air temperature; b) Relative humidity; ¢) Soil temperature
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Fig. 2: Outbreak of the rice blast disease in the bed experiment

leaf and at 63-124 days after planting in the tillering and
heading stages as shown in Fig. 3b. The average air
temperature, soil temperature, relative humidity and
ramnfall was 26.5°C, 27.5°C, 71.6% and 0.2 mm/day,
respectively. The model captured some parts of the
outbreak of rice blast disease.

The severity of rice blast disease in the 6th bed was
very severe (1.00) m two stages: at 51-62 days after
planting in the tillering stage and during 93-102 days after
planting in the heading stage as shown in Fig. 3c. In
particular, the weather between December and February
was cool with low relative humidity which establishes
suitable conditions for mfection of rice blast disease while
in March the low rainfall inhibited the growth of P.oryzae.
The average air temperature, soil temperature, relative
humidity and rainfall was 27.2°C, 28.2°C, 70.8% and 0.1
mm/day, respectively.

The severity of rice blast disease in the 7th bed was
very severe (1.00) m two stages: at 15-26 days after
planting in the seedling stage and at 57-66 days after
planting i the tillering stage as shown m Fig. 3d. The
weather during January and February was cool with low
relative humidity which established suitable conditions
for the mfection of rice blast disease. The low rainfall
that followed n March mhibited the development of
P. oryzae. The average air temperature, soil temperature,
relative humidity and rainfall was 28.4 and 30°C, 70% and
1.3 mm/day, respectively. The severity of rice blast
disease 1n the 8th bed was very severe (1.00) in the
seedling stage: at 6-12 and 28-37 days after planting as
shown in Fig. 3e. The weather conditions were not
suttable for P. oryzae from Apnl onwards. The average air
temperature, soil temperature, relative humidity and
rainfall was 28.7°C and 30.9°C, 73.5% and 2.6 mm/day,
respectively.

The severity of rice blast disease 1 the Sth bed was
very severe (1.00) m the tillering and heading stages: 64,

74,90, 113 and 114 days after plenting as shown mn Fig. 3f.
The rice blast disease in this bed was not continuous but
the weather conditions in July were found to be suitable
for infection of P. oryzae. The average air temperature,
soil temperature, relative humidity and ramfall was 28.4°C,
31.1°C, 77.1% and 4.9 mm/day, respectively. The severity
of rice blast disease in the 10th bed was very severe (1.00)
1n the tillering and heading stages: 65, 88, 89, 94 and 117
days after planting as shown m Fig. 3g. The rice blast
disease in this bed was not continuous but the weather
conditions during July and August were suitable for
infection of P. orvzae. The average air temperature, soil
temperature, relative humidity end rainfall was 27.7°C and
32.6°C, 79.3% and 6.1 mm/day, respectively.
The method of risk simulation was
considering the probability of disease severity under the
suitable weather factors. This study mvestigated the risk
scare, risk index and severity of the rice blast disease
under combimng between the atmosphere and soil
conditions. In general, the rice blast disease caused
by P. oryzae in anamorph stage and Magnaporthe grisea
in telomorph stage (Rossman, 1990). The infection and
sporulation of fungus were under cool and high humid
conditions (Howard, 1994). Moreover, Iram ef al. (2003)
found that the fungus that can spread m soil, caused the
disease in rice stalk and root as blast, root rot, brown spot
and bacterial leaf streak. Tn addition, Kumar et al. (1998)
found that the fungus can spread both of soil and seed
borne. The sporulation requires the mght time dew. Then,
this study is considered the weather variables as air
temperature, relative humidity and soil temperature that
are the important factor for sporulation of fungus. It found
that the sk score of the weather variables of awr
temperature, relative humidity and soil temperature
correspond to the suitable conditions for the outbreal of
rice blast disease: air temperature of 25-27°C, relative
humidity of 60-80% and soil temperature of 28-31°C.

used for
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Fig. 3. Severity of rice blast disease in the bed experiment: a) Severity of rice blast disease in the first bed; b) Severity
of rice blast disease in the fifth bed; c)Severity of rice blast disease in the sixth bed; d) Severity of rice blast
disease in the seventh bed; ¢) Severity of rice blast disease in the eighth bed; ) Severity of rice blast disease in
the minth bed and g) Severity of rice blast disease in the tenth bed

591



Res. J. Applied Sci., 13 (10): 587-593, 2018

Especially, the analysis of the maximum risk scores
for air temperature, relative humidity and soil temperature
are peak disease severity in 27°C, 70% and 29°C,
respectively.

CONCLUSION

To consider the disease severity of each month, it
found that the suitable climate conditions between
December 2015 and March 2016 were shown to be a
decrease in air and soil temperatures but an increase in
relative humidity. Moreover, the rice received excessive
water due to high rainfall between May and August 2016
which inhibited the infection of P. orvzae. However, the
classification of disease should take into consideration
when 1t 15 infected as demonstrated in the case of the
non-continuous disease that P. oryzae can be active or

inhibited.
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