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Rice blast caused by the filamentous fungus Magna-
porthe oryzae, is arguably the most devastating rice 
disease worldwide. Development of a high-throughput 
and reliable field blast resistance evaluation system is 
essential for resistant germplasm screening, resistance 
genes identification and resistant varieties breeding. 
However, the occurrence of rice blast in paddy field 
is easily affected by various factors, particularly lack 
of sufficient inoculum, which always leads to the non-
uniform occurrence and reduced disease severity. Here, 
we described a procedure for adequately inducing the 
occurrence of rice seedling blast in paddy field, which 
involves pretreatment of diseased straw, initiation of 
seedling blast for the first batch of spreader population, 
inducing the occurrence of the second batch of spreader 
population and test materials. This procedure enables 
uniform and consistent infection, which facilitates ef-
ficient and accurate assessment of seedling blast resis-
tance for diverse rice materials.
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Rice (Oryza sativa L.) is one of the most important crops 
and over half of the world’s population consume it as the 
staple energy source (Fones et al., 2020). Rice blast caused 
by the fungal pathogen Magnaporthe oryzae (anamorph: 
Pyricularia oryzae) frequently destroys rice production 
worldwide, posing a significant risk to global food secu-
rity (Skamnioti and Gurr, 2009). Annual yield loss due to 
blast is sufficient to feed 60 million people (Talbot, 2003). 
Among different strategies for rice blast management, in-
corporation of resistant (R) genes into rice cultivars through 
phenotyping complemented with marker-assisted selection 
(MAS) is generally considered to be one of the most effec-
tive, economical and environmentally sustainable (Liang et 
al., 2017). The occurrence and spread of rice blast disease 
are significantly influenced by various environmental fac-
tors including temperature and humidity (Calvero et al., 
1996; Katsantonis et al., 2017). The optimum conditions 
for infection and spread of the rice blast fungus are at the 
temperature ranging from 25°C to 28°C and at the relative 
humidity over 90% (Peng et al., 2019). Therefore, artificial 
inoculation in controlled environments has been widely 
used for identification of rice blast R genes and dissecting 
the interaction between rice and M. oryzae in the last two 
decades. However, it is not applicable in large-scale blast 
resistance evaluation of germplasm and breeding materials 
due to its high cost and low-throughput. Natural disease 
nurseries, usually found in hotspots of rice blast with rela-
tively high disease pressure, enable large-scale resistance 
evaluation and facilitate breeding for rice blast resistance 
(Vasudevan et al., 2014). Dawei Mountain Rice Breed-
ing Station (DMRBS) was established by Yuan Longping 
High-Tech Agriculture Co., Ltd. in Dawei Mountain, Liuy-
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ang city, Hunan province, China in 2001. Development of 
hybrid rice combinations with broad-spectrum resistance 
to blast disease is the main aim of DMRBS. Additionally, 
as one of the three officially authorized rice blast nurser-
ies by Department of Agriculture and Rural Affairs of 
Hunan Province, DMRBS undertakes the blast resistance 
evaluation of rice cultivars applied for commercial release 
in Hunan. It is located at an elevation of 400 m above sea 
level. The annual average temperature is 17.3°C and it is 
28.9°C in July, the hottest month during the rice growing 
season. The annual average rainfall is 1,800-2,000 mm and 
relative humidity is over 83%. It has about 1,600 sunshine 
hours annually (Peng et al., 2019). These environmental 
conditions are favorable for rice blast epidemics. However, 
the large-scale and uniform occurrence of rice blast relying 
solely on natural infection is always unstable due to insuf-
ficient inoculum. In previous studies, diseased straw as the 
primary inducer was sprinkled over the highly susceptible 
cultivars, then the infected plants could provide abundant 
inoculum (Jiang et al., 2012, 2020; Sun et al., 2013). How-
ever, the diseased straw on spreader plants is easily affected 
by wind and rain, and may fall into the irrigation water and 
drift away, which cannot provide sufficient primary inocu-
lum. Additionally, spreader population served as the major 
source of inoculum may not be fully infected due to the un-
favorable environmental conditions in the field and stored 
conditions of the diseased straw (Peng et al., 2019; Ravelo-

son et al., 2017), which usually leads to the non-uniform 
infection and reduced disease severity of the test materials. 
To solve this problem, we developed a procedure with two 
rounds of disease induction, which could provide abundant 
inoculum and adequately induce the occurrence of rice 
seedling blast in paddy field. The diseased straw collected 
in previous rice growing season was dried and stored in a 
ventilated room. Before use, the diseased straw was first 
immersed in water for 2 h and stacked at 28-30°C for 24 h, 
with over 80% relative humidity. After that, the straw was 
evenly distributed on a plastic film for 24 h under the same 
conditions (Fig. 1A). Several highly susceptible cultivars 
of different types constitute a spreader population. In our 
study, highly susceptible cultivars Xiangaizao 7 (an early-
season variety), LP2300 (a breeding line), and Xiangwanx-
ian 11 (a late-season variety) were selected and uniformly 
mixed as spreader population. The three cultivars were 
also used as susceptible checks in the evaluation. The first 
batch of spreader population was sown 3 weeks before the 
second batch and the test materials (Fig. 1B). Seven days 
later, every 10 pieces of pretreated diseased-straw tied to 
a stick was inserted into the soil of nursery beds at a spac-
ing of about 1 m instead of sprinkling them on the spreader 
population (Fig. 1C). The second batch of spreader popula-
tion as border lines were densely sown together with test 
materials on nursery beds following a ratio of 6:1 (Fig. 
1D). Seven days after sowing, every 6 infected plants from 

Fig. 1. The flowchart for the induction of rice seedling blast. Pretreatment of diseased straw (A). Sowing the seeds (B) and initiating 
seedling blast of the first batch of spreader population (C). Sowing the seeds (D) and inducing seedling blast of the second batch of 
spreader population and test materials (E).
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the first batch of spreader population was transferred to the 
place close to the border lines at a spacing of 50 cm, which 
could provide more fresh M. oryzae spores to infect the 
border lines compared with sprinkled diseased-straw (Fig. 
1E). Nitrogen was applied as urea at 150 kg/ha at 2- to 
3-seedling stage. It is forbidden to use any fungicide. Other 
field management followed normal agricultural practices.

Based on the developed procedure, a total of 730 indica 
hybrid rice combinations, which were developed by dif-
ferent companies and breeding institutes and applied for 
commercial release in Hunan province, were evaluated for 
seedling blast resistance in DMRBS during 2015-2019. 
Disease symptoms were scored with a 0-9 rating scale fol-
lowing the Methods of Identification and Evaluation of 
Rice Resistance to Magnaporthe grisea (Hunan Insititute 
of Plant Protection, 2006) and further graded as highly 
resistant (score 0), resistant (scores 1 and 2), moderately 
resistant (score 3), moderately susceptible (scores 4 and 
5), susceptible (scores 6 and 7), and highly susceptible 
(scores 8 and 9). The results indicated that around 84% of 
the hybrid combinations showed moderate susceptibility 
to high susceptibility (Fig. 2). Only 0.96% and 15.07% of 
the hybrid combinations conferred resistance and moder-
ate resistance, respectively. No combination was found to 
be highly resistant. However, the percentages of resistant 
and moderately resistant hybrid combinations were higher 
during 2017-2019 due to more attention paid to the genetic 
improvement of rice blast resistance by breeders in recent 
years (Fig. 2). 

Large-scale phenotypic screening based on the procedure 
in combination with MAS of resistance genes, enabled the 

percentage of resistant breeding materials in our company 
to increase gradually from 4.76% to more than 70% over 
the period 2008-2019 (Fig. 3). By using the procedure in 
DMRBS, a total of 280 indica hybrid rice combinations 
with blast resistance (integrated disease index ≤ 4.0) have 
been certified for commercial release in different southern 
regions of China since 2015, accounting for 71.6% of our 
released hybrid combinations. 

In summary, we report a procedure for adequately induc-
ing the occurrence of seedling blast. Instead of sprinkling, 
the diseased straw tied to a stick was inserted into the soil 
of nursery beds, which could consistently and stably pro-
vide primary inoculum. Two rounds of disease induction 

Fig. 2. The distribution of seedling blast resistance of the 730 
indica hybrid rice combinations applied for commercial release 
during 2015-2019. HR, highly resistant; R, resistant; MR, mod-
erately resistant; MS, moderately susceptible, S, susceptible; HS, 
highly susceptible.

Fig. 3. Number of breeding materials evaluated in Dawei Mountain Rice Breeding Station (DMRBS) during 2008-2019 (bars, left y-
axis) and the percentage of resistant breeding materials (line, right y-axis).
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for the spreader population are very important for provid-
ing sufficient inoculum to infect the test materials. Fol-
lowing the procedure, we conducted a large-scale seedling 
blast resistance evaluation for the indica hybrid rice combi-
nations applied for commercial release in Hunan province. 
The results revealed that most of the hybrid combinations 
were susceptible. Through efficient phenotypic screen-
ing in DMRBS combining with MAS, multiple valuable 
resistance genes including Pi2, Pigm, Pi1, and Pita were 
introduced into our core breeding materials and a series of 
hybrid rice combinations with blast resistance have been 
developed and released. For example, a total of 93 Long-
Liangyou and Jing-Liangyou hybrid rice combinations 
derived from the mid-season indica thermo-sensitive genic 
male sterile lines Longke638S and Jing4155S, respec-
tively, were nationally certified during 2015-2019 and 
these hybrid combinations carry R genes ranging from 3 to 
7. About 71.2%, 82.3%, 10.7%, and 5.7% of the combina-
tions contain Pi2, Pita, Pi1, and Pigm, respectively. The 
procedure facilitates our breeding for blast resistance. 
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