
 

INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY 

ISSN Print: 1560–8530; ISSN Online: 1814–9596 

17F–025/2017/19–4–880–886 

DOI: 10.17957/IJAB/15.0384 

http://www.fspublishers.org 
 

Full Length Article 
 

To cite this paper: Li, Y., J. Shi, Z. Xiang, R. Hu, S. Shi, T. Peng, D. Liu, T. Huang, 2017. Analysis of the resistance to rice blast and false smut of 18 varieties 
of hybrid rice in sichuan province, China. Int. J. Agric. Biol., 19: 880‒886 

 

Analysis of the Resistance to Rice Blast and False Smut of 18 Varieties 

of Hybrid Rice in Sichuan Province, China 
 

Yan Li1†, Jun Shi2†, Zufen Xiang2, Rongping Hu3, Shoupei Shi2, Tao Peng2, Dingyou Liu2, Tingyou Huang2* 

1Ecological Security and Protection Key Laboratory of Sichuan Province/Mianyang Normal University, Mianyang, 

Sichuan 621000, China 
2Mianyang Academy of Agricultural Sciences, Mianyang, Sichuan 621023, China 
3Institute of Plant Protection, Sichuan Academy of Agricultural Sciences/MOA Laboratory of Integrated Management of 

Pests on Crops in Southwest China, Chengdu, Sichuan 610066, China 
*For correspondence: htysca@126.com 
†These authors contributed equally to this work 

 

Abstract 
 

Rice blast and false smut are severe diseases of rice reducing not only rice yield but also affect grain quality. The most 

effective and economical mean of controlling diseases is to breed disease-resistant rice cultivars. Here, we used 18 hybrid 

rice varieties for identifying their functional rice blast resistance genes, and for estimating their sensitivities to false smut 

disease. This experiment was conducted in Sichuan Province, China in 2012–2014. The results showed that the Pi2 and 

Pik loci have strong rice blast resistance. Rice varieties i.e. CNY445, CNYHZ, and YXY2115 expressed the Pi2, while 

CFY188 and LY908 expressed Pikm. Varieties R18/2348, CGY2348, GY66, YLY973 and N5Y828 demonstrated strong 

resistance to rice false smut. No correlation in the resistance between rice blast and false smut was observed among the 18 

hybrid rice varieties. These results can provide guidance for rational distribution of hybrid rice varieties. © 2017 Friends 

Science Publishers 
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Introduction 
 

Rice blast, caused by the fungus Magnaporthe oryzae, is 

one of the most severe diseases of rice (Kush and Jena, 

2009; Liu et al., 2010), and can cause considerable yield 

losses in rice production. Rice false smut has also become 

a serious disease of rice in recent years (Ladhalakshmi et 

al., 2012). The pathogen responsible for this disease is an 

ascomycete fungus, which possesses an anamorphic state 

named Ustilaginoidea virens (Cooke) Tak. (Uv) and a 

teleomorphic state called Villosiclava virens (Tanaka et 

al., 2008). False smut not only reduces the rice grain yield 

but also affects grain quality. Moreover, ustiloxins 

produced by the pathogen are harmful to both humans and 

animals (Koiso et al., 1994; Nakamura et al., 1994). 

Various sources responsible for the spread of this disease 

and their management using various fungicides have been 

identified (Cartwright et al., 2004; PrasannaKumar et al., 

2011, 2012; Singh and Sunder, 2015). 

To date, more than 100 rice blast resistant genes (R 

genes) have been mapped, and 23 R genes have been 

cloned (Fath et al., 2014; Shi et al., 2015; Vasudevan et 

al., 2015). However, rice false smut R genes have not yet 

been identified. Sichuan Province in China is a highly 

productive region for growing rice, with an area of 

~2,000,000 ha used for rice production per year. It 

therefore plays an important role in China’s food security. 

Because of the potentially serious effects of rice blast and 

false smut on rice production in Sichuan Province, it is 

important to identify resistance mechanisms for the two 

diseases. 

 

Materials and Methods 
 

Plant Materials 

 

The rice blast susceptible japonica variety of rice, 

Lijiangxin Tuan Heigu (LTH), which is considered to 

carry no R genes (Shi et al., 2015), was used as a negative 

control for rice blast evaluation. PuJiang 6 (PJ6), a 

cultivar highly susceptible to rice false smut, was used as 

a negative control for rice false smut evaluation. We also 

evaluated the following 18 hybrid rice varieties: 

Rong18/2348 (R18/2348), ChuanGuYou2348 

(CGY2348), QuanYou357 (QY357), FuYiYou188 

(FYY188), ChengFengYou188 (CFY188), 
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ChuanGuYou7329 (CGY7329), LuXiangYou177 

(LXY177), LuYou908 (LY908), ChuanNongYouHuaZhan 

(CNUHZ), HuaXiangYou1 (HXY1), GuangYou66 

(GY66), YLiangYou973 (YLY973), HuaYou1199 

(HY1199), RongYou1808 (RY1808), DeYou4727 

(DY4727), ChuanNongYou445 (CNY445), Nei5You828 

(N5Y828), and YiXiangYou2115 (YXY2115). LTH 

monogenic lines，each of these lines carries a single 

resistance gene developed in the genetic background of 

Japonica-type variety Lijiangxintuanheigu (LTH) (Table 

1). 

 

M. oryzae Pathogen Strains 

 

M. oryzae strains used in this study were obtained using a 

single-spore isolation method from diseased rice plants in 

Sichuan Province, China (Gong et al., 2010). 

 

Evaluation of Resistance to Rice False Smut and Rice 

Blast Diseases 

 

Rice varieties for rice false smut field identification were 

planted in a nursery garden in Mianyang (E104.45, 

N31.10; northwest Sichuan Province, China) in 2015. The 

plants were sown in three stages on April 18 (stage I), 

April 25 (stage II), and May 2 (stage III). For each variety 

from each planting stage, 30 plants at three lines, with 25 

cm of interline space and 15 cm of intraline space, were 

evaluated at yellow ripening stage for natural infection of 

rice false smut disease. The evaluation of disease scale 

and disease index of rice false smut was performed as 

previously described (Wang et al., 2013; Huang et al., 

2016). 

Rice blast resistance of LTH monogenic lines was 

evaluated in Ya’an (E103.0, N29.98; southwest Sichuan 

Province, China) in 2014, and was repeated in Pujiang 

(E103.29, N30.20; central Sichuan Province, China) in 

2015. Both areas are commonly affected with rice blast. 

For each monogenic lines planted in Mianyang or 

Pujiang, 30 plants at three lines, with 25 cm of interline 

space and 15 cm of intraline space. Lesion type was 

scored on a scale of 1 (resistant) to 9 (susceptible) in 

accordance with the standard evaluation method of the 

IRRI (International Rice Research Institute, 1996). 

For rice blast resistance identification under 

controlled conditions, three-week-old rice seedlings were 

prepared for spray inoculation in the greenhouse facilities 

at Mianyang Academy of Agricultural Sciences as 

previously described (Liu et al., 2002). Approximately 

100 single-spore M. oryzae strains were used. 

 

Gene Expression Analysis 

 

Three-week-old seedlings were prepared for spray 

inoculation in the greenhouse facilities at Mianyang 

Academy of Agricultural Sciences. For the expression 

analysis of blast R genes, they were inoculated with 

mixed M. oryzae strains as previously described (Li et al., 

2014). Inoculated leaves were harvested at 0, 12, 24 and 

48 h post inoculation and were immediately frozen in 

liquid nitrogen. The remaining plants were kept for 

disease symptom observation for 7–10 days after 

inoculation. 

Total RNA was isolated and cDNA was got from 

mix leaves of the 18 hybrid rice varieties 0, 12, 24 and 48 

h after inoculation using ReverTra Ace qPCR RT Master 

Mix with gDNA Remover (Osaka, Japan) according to the 

manufacturer’s instructions. cDNA which was used as a 

template for RT-PCR. Rice OsActin was used as the 

reference gene. RT-PCR conditions were as follows: 94°C 

for 3 min, followed by 30 cycles of 94°C for 20 s, 58°C 

for 20 s and 72°C for 20 s, with a final extension at 72°C 

for 5 min. PCR products were resolved on 1.5% agarose 

gels. 

 

Sequencing of Pi2 and Pik Locus Genes 

 

DNA was extracted from varieties leaves using the CTAB 

method (Doyle and Doyle, 1990). The full length of Pi2 

and Pik loci genes were cloned and PCR products were 

directly sequenced in Sangon Biotech (Shanghai, China). 

The primers used in this study are shown in 

Supplementary Table 1. 

 

Results 
 

Identification of Rice Blast Resistance in the Field 

using LTH Monogenic Lines 

 

After 2 years of investigating resistance to rice blast in 

LTH monogenic lines LTH was highly susceptible to rice 

blast, so it was used as a control, given a resistance 

frequency of 0 (Table 2). 

The Pi2 locus includes the cloned alleles Pi2, Pi9, 

and Pizt, which showed resistance frequencies of 96.63%, 

90.57% and 68.97%, respectively following artificial 

inoculation. Natural disease investigation in the field 

revealed average leaf blast rates of 0.58%, 0.60% and 

56.48%, respectively, resistance levels of 2, 1, and 9, and 

disease indices of 0.10, 0.07 and 23.60, respectively. This 

suggests that Pi2 and Pi9 have maintained their strong 

blast resistance, so should be used in resistance breeding, 

but that Pizt is gradually losing its resistance. 

The Pikm locus is composed of two closely linked 

NBS-LRR genes (i.e. Pikm1-TS and Pikm2-TS) and both 

are required for the resistance function (Ashikawa et al., 

2008). The Pik locus includes the cloned alleles Pi1, 

Pikm, Pik and Pikp. The resistance frequency of Pi1 was 

28.74% following artificial inoculation, while natural 

disease investigation in the field detected an average leaf 

blast rate and disease index of 4.66% and 0.59, 

respectively. The resistance level was 2. In general, Pi1 
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shows considerably strong resistance, suggesting that we 

can use it for marker-assisted breeding. The resistance 

frequency of Pikm was measured as 93.83% following 

artificial inoculation, while the average leaf blast rate and 

disease index were 0.55% and 0.08, respectively. Thus, 

Pikm appears to be a good R gene for breeding. Pikp and 

pik showed little resistance, appear not to be useful for 

breeding. 

Broad-spectrum resistant gene, Pi5, showed a 

resistance frequency of 23.17% following artificial 

Table 1: LTH-monogenic lines each possessing a single blast resistance gene 

 
No. Monogenic lines Carrying gene No. Monogenic lines Carrying gene 

IR2 IRBLa-C Pia IR16 IRBLsh-S Pish 

IR6 IRBLk-Ka Pik IR18 IRBL1-CL Pi1 

IR7 IRBLkp-K60 Pikp IR20 IRBL5-M Pi5 
IR10 IRBLz5-CA Pi2 IR22 IRBL9-W Pi9 

IR11 IRBLzt-T Pizt IR25 IRBLkm-Ts Pikm 

IR14 IRBLb-B Pib IR29 IRBLta-CP1 Pita 
IR15 IRBLt-K59 Pit    

 

Table 2: LTH-monogenic lines of blast resistance genes and donors with artificial inoculation and naturalinfection 

 
 Artificial inoculation Field natural resistance 

Material name R gene Number of 

resistant strains 

Number  

of susceptible strains 

Strains Resistance 

frequency (%) 

Average rate of 

leaf blast (%) 

Resistance 

level 

The average 

disease index 

IRBLa-C Pia 1 93 94 1.06 94.17 9 64.50 

IRBLk-Ka Pik 31 48 79 39.24 90.91 9 66.11 

IRBLkp-60 Pikp 5 85 90 5.56 69.24 9 37.39 

IRBLz5-A Pi2 86 3 89 96.63 0.58 2 0.10 
IRBLzt-T Pizt 60 27 87 68.97 56.48 9 23.60 

IRBLb-B Pib 3 89 92 3.26 100.00 9 88.75 

IRBLt-K59 Pit 2 78 80 2.5 95.48 9 74.64 
IRBLsh-S Pish 9 79 88 10.23 85.38 9 58.93 

IRBL1-CL Pi1 25 62 87 28.74 4.66 2 0.59 
IRBL5-M Pi5 19 63 82 23.17 65.41 9 36.03 

IRBL9-W Pi9 77 8 85 90.59 0.60 1 0.07 

IRBLkm-s Pikm 76 5 81 93.83 0.55 2 0.08 
IRBLta-CP1 Pita 8 83 91 8.79 57.69 9 28.27 

LTH                     None          0                             94                                 94            0                              100.00                     9                  92.17 

 

Table 3: The result of the resistance evaluation of varieties about rice false smut 

 
Varieties stage I stage II stage III 

diseased panicle 

rate (％) 

disease 
index 

Resistance 
evaluation 

diseased panicle 

rate (％) 

disease 
index 

Resistance 
evaluation 

diseased panicle rate 

(％) 

disease 
index 

Resistance 
evaluation 

PJ6 10.07a 3.07a MS 19.86a 7.98a S 29.27a 9.99a HS 
R18/2348 0 0 R 0.58i 0.26kl R 3.16i 1.05hi MR 

CGY2348 0 0 R 0.90h 0.37k R 1.33j 0.27k R 

QY357 0.56e 0.06e R 9.81d 2.79f MS 13.78c 4.93d MS 
FYY188 0.28f 0.03e R 14.11c 4.28c MS 8.33f 2.16f MS 

CFY188 1.76b 0.59b R 19.53a 5.75b S 6.23g 1.75g MR 

CGY7329 0.59e 0.07e R 16.72b 4.24c S 13.88c 5.57c S 
LXY177 1.17c 0.46c R 3.86g 1.07j MR 1.30j 0.36k R 

LY908 0 0 R 8.87e 3.02e MS 18.75b 6.10b S 

CNYHZ 0 0 R 9.41de 2.83f MS 4.47h 1.26h MR 
HXY1 0 0 R 9.51de 3.30d MS 10.14e 2.16f MS 

GY66 0 0 R 0 0 R 0 0 R 

YLY973 0 0 R 0 0 R 2.87i 0.57jk R 
HY1199 0.90d 0.23d R 9.09de 2.57g MS 5.78g 2.21f MR 

RY1808 0.30f 0.03e R 0.87h 0.16l R 17.97b 2.98e S 

DY4727 0.89d 0.30d R 7.34f 1.82i MS 10.51de 2.37f MS 

CNY445 0 0 R 6.95f 2.02h MR 11.25d 1.99fg MS 

N5Y828 0 0 R 0 0 R 2.91i 0.76ij MR 

YXY2115 0 0 R 0 0 R 8.52f 1.65g MS 

Different lowercase letters within a column indicate significant differences based on one-way analysis of variance in SPSS 13.0 followed by the least 

significant difference test (P < 0.05). R, resistant; S, susceptible; MR, middle resistance; MS, middle susceptible 
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inoculation. However, natural disease investigation in the 

field indicated an average left blast rate and disease index 

of 65.41% and 36.03, respectively. The resistance level 

was 9, and we observed it to lose blast resistance in 

Sichuan, suggesting that it is unsuitable for breeding. 

Pia, Pib, Pit and Pish showed average leaf blast 

rates and disease indices that exceeded 85% and 58, 

respectively, while resistance levels were 9, because all 

lost blast resistance in Sichuan. Therefore, none of these 

genes have any value in breeding. Pita so also appear not 

to be useful for breeding. Finally, the resistance frequency 

of Pid2, Pid3, Pid3-A4, Pi25, Pi21, Pb1, Pi36, Pi37, Pi54 

and Pi56, were not examined, because no LTH 

monogenic lines possessing these genes were available 

currently. 

 

Expression Profiling of Rice Blast R Genes 

 

RT-PCR was carried out to detect the expression levels of 

reported blast R genes in the 18 rice varieties (Fig. 1). 

Strong blast resistance was detected in rice varieties 

CNYHZ, CNY445 and YXY2115, which are LTH 

monogenic lines carrying the Pi2 locus. LTH monogenic 

lines carrying the Pik locus also showed strong blast 

resistance in varieties CFY188, LY908 and LTH. Pi5 was 

detected in varieties HXY1 and CFY188, while Pia was 

detected in all varieties. As mentioned above, both genes 

are losing their blast resistance. Pid2 was detected in all 

varieties, except for CNYHZ, while Pb1 was only 

detected in HXY1, Pi36 in LTH and CFY188, Pi37 and 

Pid3 in LTH. Since LTH is considered to carry no 

functional blast R genes, detection of some R genes in 

LTH by RT-PCR indicated that those genes should be the 

susceptible alleles. 

To identify functional genes detected fragment of 

Pi2 and Pik loci came from the resistant allele or 

susceptible allele, we amplified the full length of Pi2 loci 

resistance genes from gDNA of CNYHZ, CNY445 and 

YXY2115. Also full length of Pik loci resistance genes 

from gDNA of CFY188 and LY908. Sequence analysis 

showed the amplified fragment contained the full length 

of Pi2 and Pikm, respectively, which were identical to the 

resistance genes reported previously (Zhou et al., 2006, 

Ashikawa et al., 2008). 

 

Identification of False Smut Resistance in the Field 

 

The diseased panicle rate, disease index, and resistance 

evaluation were investigated in rice varieties sown at 

different stages until the yellow ripening stage (Table 3). 

The diseased panicle rate was measured as 10.07, 19.86 

and 29.27%, and the resistance evaluation was up to mid-

level susceptible (MS), susceptible (S), and highly 

susceptible (HS), respectively. This indicates that the 

identification results are reliable. As shown in Table 3, the 

diseased panicle rate and disease index showed significant 

differences among the 18 rice varieties. The differences 

between diseased panicle rates were greater than those of 

the disease index, while varieties sown at different stages 

showed more differences in resistance evaluation. In 

general, varieties sown in stage I were less susceptible to 

disease. Some varieties sown at the same stage showed 

different levels of resistance. Varieties LXY177, 

R18/2348, CGY2348, GY66, YLY973 and N5Y828 all 

demonstrated high resistance in all three stages, while 

GY66 demonstrated the most strongly high resisted false 

smut during all three stages because no one showed rice 

false ball. YXY2115 was resistant in stage I and stage II, 

but was MS in stage III. 

 

Discussion 
 

Sequence analysis has been used as a great tool in the 

genetic analysis of plant species under control or disease 

conditions (Alberts et al., 2002; Prida et al., 2012; Qin et 

al., 2014; Das et al., 2017). The hybrid rice breeding 

system has contributed greatly to the production of rice, 

which is one of the most important grain crops 

Supplementary Table S1: Primers for RT-PCR analysis 

 
Primers Sequence (5’-3’) 

RTPita-F TACATCTTCACCAGCATCCC 

RTPita-R AGACCCGAACCCCTCATT 

RTPid2-F GCCTGAGAATGTTCTACTTGACG 
RTPid2-R GCTCTTCCTCCCACCGA 

RTPi2-loc-F ATCACGACCTGGGGGCTGAA 

RTPi2-loc-R TTCGTCGTCAACGTGATCA   
RTPid3-loc-F CCTGCTCTGTCCAAACCTG 

RTPid3-loc-R CACCATTTCTGATGAACCCA 

RTPia-RGA4-F AGACGTTGATAGTGTAATGGAGG 
RTPia-RGA4-R CAGCAGGAGACATCTGAAAGC 

RTPia-RGA5-F TGAACTCTGCCTTGCTTTTATG 

RTPia-RGA5-R TGCTTGTTGACAGTTTCCTTG 
RTPikml-loc-F TCCTCATCAATGCTGGGTAT 

RTPikml-loc-R CGATCTTGGGTTTCCTCTTC 

RTPikm2-loc-F GGATCAGGACATAATAAAGGACA 

RTPikm2-loc-R CTCACGGAGATTTTCAAGGA 

RTPi36-F ATGTTCGGTTCCTAAAAGATGC 

RTPi36-R TGGACGGTTGGGATGGC 
RTPi37-F ATCTCACAGTTTCGCGTCC 

RTPi37-R CCTGGTGGTGACCTCATTTC 

RTPit-F AAGGAAGCAACATCGTTTACC 
RTPit-R CAGCATTTACACCCACCGT  

RTPi5-1F AGAAATGCGACAACACTCCC 
RTPi5-1R AGGAACCAGGCTAACGGAC 

RTPi5-2F AATAGACTACTCCCGTCCTCCC 

RTPi5-2R TTCCTTGATAACCAATGTGCTGT 
RTPish-F AGGTTTCAAAGTTCCAGGGTT 

RTPish-R AGATGTTATGTTGGGGCAGTC 

OsActin-F CCTCGTCTCGACCTTGCTGGG 
OsActin-R GAGAACAAGCAGGAGGACGGC 

Pi2-loc-F GAACGAGTCCA TGGCGGAGA 

Pi2-loc-R AGATCGTCAGCCAGCTTGAG   
Pik-1-loc-F ATGGAGGCGGCTGCCATGGC 

Pik-1-loc-R CTAGCTAGTAGTTTCTGTTTGAATTTCAATAT 

Pik-2-loc-F ATGGAGTTGGTGGTAGGTGCTTC 
Pik-2-loc-R TCATGCAGTGACGATGCCATCAAC 
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worldwide. However, many pathogenic microorganisms 

cause important diseases in rice, leading to significant 

yield and quality losses that threaten global food security. 

Rice blast and false smut now represent the most serious 

pathogens for rice production, so it is important to 

identify rice genotypes with durable resistance to such 

diseases (Kumar et al., 2003; PrasannaKumar et al., 2011, 

2012; Singh and Sunder, 2015). 

Our data revealed that Pi2, Pi9, Pi1 and Pikm 

showed strong resistance in rice grown in Sichuan 

Province, suggesting that these genes can be exploited in 

hybridization and molecular breeding programs to 

develop resistant varieties of rice. Pizt, Pi5, Pita and Pikp 

demonstrate mid-range resistance that is gradually being 

lost, indicating that they would be less useful for breeding 

purposes. The Pi2 locus demonstrated strong expression 

in CNYHZ, CNY445, and YXY2115, while the Pik locus 

was strongly expressed in CFY188 and LY908 varieties. 

The Pi2 locus is a complicated nucleotide binding 

site leucine-rich repeat R gene family. It contains several 

R genes, of which Pi2, Pi9 and Pizt have been cloned, and 

some genes have been mapped in the region. Our field 

resistance investigation showed that the Pi2 locus was 

strongly resistant to most rice blast populations in 

Sichuan. Sequence analysis revealed Pi2 is the resistant 

functional gene in CNYHZ, CNY445 and YXY2115. 

While Pikm is the resistant functional gene in CFY188 

and LY908. 

Feng et al. (2013) reported that most rice parents in 

Sichuan lacked Pi2 and Pi9 R genes, and detected Pik 

locus R genes in some parents. In a recent research, Shi et 

al. (2015) confirmed that Pi2 is the major R gene in the 

hybrid rice restorer line Yahui2115, while Chen et al. 

(2015) also confirmed this in the restorer line Huazhan. 

Yahui2115 and Huazhan lines are the male parents of 

hybrid rice varieties YXY2115 and CNYHZ, respectively, 

and our present study detected strong expression of the 

Pi2 and got the full length in YXY2115 and CNYHZ, in 

line with their research. 

Because of the complex disease cycle process of rice 

false smut, few studies have investigated its pathology 

compared with rice blast. As a result, we do not fully 

understand the infection process or how false smut balls 

are released. Moreover, no false smut R genes have been 

cloned yet. However, in recent years, rice false smut 

disease has become more serious in Sichuan and 

throughout China. Fundamental research has therefore 

been undertaken, such as time-course microscopy, 

transcriptional studies, and investigations of the fungal–

plant pathosystem (Andargie and Li, 2016; Fan et al., 

2015; Han et al., 2015). 

We investigated the false smut resistance of 18 rice 

varieties in the field. Our data showed that R18/2348, 

CGY2348, GY66, YLY973 and N5Y828 varieties 

presented with the strongest natural resistance, followed 

by LXY177 and YXY2115. The notable differences in 

resistance among varieties indicate the possible existence 

of different R genes, although differences in sowing time 

may also have influenced the resistance level. For 

example, no false smut balls were detected in variety 

YXY2115 sown in the first two stages, but MS to false 

smut was detected in the last stage. However, we largely 

observed improved resistance in plants grown in the first 

stage. Additionally, the temperature and humidity can also 

affect the growth of false smut, as seen for rice blast.  

Our findings suggest that there is no correlation 

between resistance to blast and false smut among the 18 

varieties of rice studied. These findings will be useful in 

rice production and the development of new resistant 

varieties, as well as the distribution of rice varieties 

worldwide. 

 

Conclusion 
 

Our findings suggest that Pi2 locus and Pik locus still 

have strong rice blast resistance in Sichuan province. 

Three tested varieties expressed functional Pi2, two 

expressed functional Pikm. Meanwhile, five showed 

 
 

Fig. 1: Expression profiling of blast resistance genes in some varieties 
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strong resistance to rice false smut. Especially, the 

resistance between rice blast and rice false smut had no 

correlation among the 18 hybrid rice varieties. These 

findings will be useful in rice production and the 

development of new resistant varieties, as well as the 

distribution of rice varieties worldwide. 
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