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Development of a simulator of the rice blast race
dynamics in multiline
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Fig. 1 Diagram of rice-blast fungus co-evolution model.
Y,, Line j infected with race Y; W, Number of
lesions induced by race Y;; S, reproduction rate; A,
cultivation area of susceptible lines in the
multiline; C,;, fitness cost; u, mutation rate; A,

probability of overwintering in population of size N.
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Fig. 2 Input window of parameter values for the “Race
dynamic model of rice blast”.
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Fig. 3 Near-isogenic lines and blast races setting window. S, susceptible; R, Resistant.
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Fig. 4 Set window of near-isogenic lines, and blast races. Yearly change of the proportion
and/or number of near-isogenic lines can set in this window.
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File{F)
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Fig. 5 Setting of near-isogenic lines and blast races for Miyagi prefecture during 1990—
2004 (year 1-15). Practical verification was done using these race composition and

variety proportions in the prefecture.
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s s S S s (1]
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R R 3 3 s
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EREEREENEEN <
<0 »
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Fig. 6 Setting of near-isogenic lines of rice and blast races. Yearly change of the 5 near-
isogenic lines (Pik-s, Pia, Pii, Pik, Piz, respectively) during 1-5 years and repeats

6-10 years.
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File(F)
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Fig. 7 Setting of near-isogenic lines of rice and blast races during 1-9 years for Niigata
prefecture. Actual values of variety proportions were used to simulate race changes.
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000 . 10 Year

Fig. 8 Breakdown of the Pia line caused by newly virulent race 003.0. Predominant race 001.0
decrease and race 003.0 immediately increase for only few years.

Pattern name 3 Number of trials - 10000 o
Murnber of keskons : 10000000 Mustation rate © 1E-005
Race fraquency Waathar coafficiant : 1(20)2(20)3(20)4(20)5(20)6(20).7(20)(20)9(20):1 0(20):11(20)12(20):

T — T s 0 Year

Fig. 9 Blast race changes in an equal mixture of Pik-s, Pia and Pii. Races 003.0 and 005.0
simultaneously were increased and then decreased, and race 007.0 became predominant.

Pattorn nams 4 Mumber of trisks - mm
Mutation rate : 1E

Race frequency i Weathar coafficiant : mmmmmmmmmnmﬂm1m

oo s 10 Yoar

Fig. 10 Blast race changes in an equal mixture of Pik-s, Pia, Pii and Pik. Races 003.0,
005.0 and 011.1 were simultaneously increased and then decreased, and race
013.1 became predominant.
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Fig. 11 Observed race changes during 1989-2004 in Miyagi prefecture.
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Fig. 12 Simulation of race changes in Miyagi prefecture during 1990-2004. Race change from
003.0 to 007.0 was occurred from the year 1993 to 1994 (year 4-5).
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Fig. 13 Race changes under rotation of 5 near-isogenic lines (Pik-s, Pia, Pii, Pik and Piz) during
1-10 years. Race 077.1 virulent to all the 5 lines was finally predominant.
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Fig. 14 Simulation of race changes in an equal proportion of 7 resistant near-isogenic
lines (Pik, Pik-m, Piz, Pita, Pita-2, Piz-t and Pib). Race 037.1 virulent to Pik and
Pik-m was immediately increased, although other races were not increased.
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Fig. 15 Race changes in an equal proportion of the 7 resistant lines (Pik, Pik-m, Piz, Pita,
Pita-2, Piz-t and Pib). Race 077.1 was added for the Fig. 15 simulation settings.
Frequency of the race 077.1 was increased until approximately 0.05.
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Fig. 16 Race changes in a mixture of Pib, Piz-t, Pik-p (4: 4: 2) during 1-100 years in Toyama
prefecture. Even though after 100 years, virulent races 001.2, 011.1 and 401.0 were not

predominant.
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Fig. 17 Rotation of two resistant near-isogenic lines using Piz, Pita-2, Piz-t and Pib without any
changes of two susceptible near-isogenic lines (Pia and Pii) during 2005-2013 in Niigata
multiline. See the rotation settings in Fig. 7. All of the set races were increased at

different frequency during the 10 years.
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Development of a simulator
of the rice blast race dynamics in multiline

Taketo Ashizawa™', Jouji Moriwaki** and Kazuyuki Hirayae **

Summary

A race-dynamic simulator for multiline was developed to control rice blast effectively. In our simulation,
resistance breakdowns of the single plantings of resistant rice varieties by newly emerged virulent blast races
were clearly demonstrated. The simulator could mimic the more than 10 year changes of blast races in the
multilines in Miyagi, Niigata and Toyama prefectures well by using actual data of both composition of rice lines
and initial proportion of blast races in them, and showed the factors preventing the resistance breakdown in the
multilines such as a small cultivated area in Toyama, mixture of 7 components in Miyagi and timely changes of
the component lines in Niigata. The developed simulator is effective to determine rotation timing of resistant

components as well as composition in the multilines for effective and stable blast control with them.
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