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Abstract: To clarify the resistance of early-maturing rice varieties (strains) to rice blast in Huang-Huai rice region,

145 early-maturing rice varieties (strains) in Huang-Huai

5 H #1:2021-03-26 rice region were identified through artificial inoculation in

E&TE  ERICA 7 Mk B A A 52 2 8% % 3T (CARS-01-61) ;71 two consecutive years. The rice blast resistant genotypes
AN I A QIR H - (PZCZ201704) 5 V1554 5 were analyzed by molecular markers of six resistance genes
SR FIE CRAVRL) (BE2018337, BE2021321)5 oy s Picta Pich Pickm Pi-54 Pi-5 and Pi-gm. Among
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dayong3030@ sina.com 32.4% and 32.4% respectively, and resistance gene Pi-

the tested varieties (strains) , resistance gene Pi-b had the
highest distribution proportion, with a detection rate of

57.9%, followed by resistance genes Pi-km, Pi-ta, Pi-54
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gm had the lowest distribution proportion, which was only 4. 1%. The identification results of artificial inoculation in two

consecutive years from 2019 to 2020 showed that, 74. 5% and 68.3% of the varieties ( strains) were sensitive to rice blast

in 2019 and 2020, respectively. It was indicated that the resistance of early-maturing varieties ( strains) in Huang-Huai

rice region was poor and the resistant materials were few. The resistance proportions of the varieties (strains) carrying re-
sistance genes Pi-ta \Pi-b Pi-km  Pi-54 Pi-5 and Pi-gm were 42. 6%, 21.4%, 27.7%, 34.3%, 27. 7% and 100. 0% re-
spectively in 2019, and were 49. 2%, 26.2%, 25.5%, 32.9%, 34.0% and 100. 0% in 2020. Among the six genes, Pi-
gm had the highest resistance proportion, which reached 100. 0%, followed by Pi-ta, with resistance proportion of 45. 9%.

Pi-b had the lowest resistance proportion, with a resistance proportion of only 23. 8%. The resistance of the early-maturing

rice varieties (strains) to rice blast in Huang-Huai rice region is poor, and is necessary to aggregate multiple resistance

genes to improve the resistance of rice varieties ( strains) , especially to strengthen the application of new blast resistance

genes.
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Table 1 Name of PCR primers and predicted size

E S LY/ P S T R B R/ (bp) 27 3k

Pi-gm  Pi-gm-4F 82 (1) /126 (J&&) /155 (1K) [17]
Pi-gm-4R

Pi-5 Pi-5F 206( $1) /307 (J&&) [18]
Pi-5R

Pi-ta  Pi-ta-F 1.042(#1) [19]
Pi-ta-R

pi-la NPi-ta-F 1.042( /%)
NPi-ta-R

Pi-b Pi-b-F 365(#i) [20]
Pi-b-R

pi-b NPi-b-F 803 (/&)
NPi-b-R

Pi-54  Pi-54-F 216(Ht) /315(2%) [21]
Pi-54-R

Pi-km  Pi-km 1F 174(471) /213 (JK) [22]
Pi-km 1R

pi-km  Pi-km 2F 290( 1) /332 (&)

Pi-km 2R
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Fig.1 Percentage of rice varieties ( strains) with different lev-

els of resistance to rice blast by artificial inoculation
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Fig.2 Distribution of the balst resistant genes in the cultivars

(strains) in Huang-Huai rice region
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Table 2 Evaluation of neck blast resistance of tested rice varieties ( strains) and analysis of resistance genes

e 2019 4E 2020 4E

LUETE) (H-H)  bfeism  bopeiss Pi-ta Pi-b Pi-54 Pi-km Pi-5 Pi-gm
D79 08-19 3 1 + + - - - _
il 08-20 4 4 - + - + - -
A 341054 08-18 4 4 - + - + + -
NJ1781 08-15 4 4 - + - + - -
#HE6S 08-16 4 3 - - + - + -
D3 08-20 4 4 + + + + - _
GEXE 71 08-18 4 4 - + - + + -
JD8 08-20 3 1 + - - - - _
g 21 08-20 4 4 - + - + + -
HEAE GP6 08-20 1 1 + - - + - -
09-11 08-17 4 2 - - - - - -
HEAE GPT 08-19 4 4 + - + + - -
HHEA 2018 08-17 2 1 + + - " - _
M GP16 08-18 1 4 + + - + + -
MR 191022 08-06 4 4 - + - - + _
JERE GP17 08-20 1 1 + + + - + -
HhAg 4335 08-18 4 4 - - - + + -
R GP21 08-20 3 2 + + + - + -
BrRHE 31 08-16 3 4 + + + + - -
HHE GP43 08-19 4 4 - + - - - _
A Y-4 08-20 4 3 - - + - - _
HEA GP46 08-19 1 1 - - + - - _
175 298 08-16 1 2 + + + + - _
R GPS9 08-19 4 4 - + + + - _
iz 2007 08-18 3 1 - + - - + _
A GP61 08-18 3 3 - + - - - _
£ 698 08-20 4 3 - - + + - -
HHE GP70 08-20 4 3 + - - _ - _
775 633 08-19 4 4 - - + - + _
HEAE GP79 08-18 4 4 + - + - _ _
i 1594 08-18 4 4 - - - + - _
R GP90 08-18 1 3 - - + - - _
iz 4190 08-20 4 4 - - - + - _
B GPI1 08-18 1 1 + + + + + -
HFE95 08-20 4 4 - - - + - _
HHE GP104 08-20 4 4 + + - ¥ + _
hERG 2 5 08-20 4 3 - - - + + -
A GP106 08-20 4 4 + + - - _ _
FEAE 968 08-20 4 3 - - - + - _
JEAE GP109 08-19 1 1 + + + - - .
175 867 08-20 3 3 - + - + + -
JERE GP110 08-18 4 4 - + - . - _
HRE 12 08-18 3 4 - + - 4 - _
#HRE GP120 08-16 4 2 - - + - - _
R 45 08-20 3 3 - + - + + -
R GP123 08-20 4 3 - - + - - _
06-1 08-18 4 2 - + - - + _
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TUCTED) fﬁjﬁ%ﬂ) ﬁ;@i ;t(‘)é(?;& Pi-ta Pi-b Pi-54 Pi-km Pi-5 Pi-gm
JENT ZP2 08-19 4 4 + - - _ _ _
w15 08-20 4 4 - - - . - _
TR ZP14 08-20 4 4 - + - - - -
iTAE 11-72 08-18 4 4 - - - - _ _
HHE ZP15 08-20 4 4 - + - _ _ _
A 11040 08-19 4 4 + - - - . _
B 1911 08-14 3 4 + - - _ _ _
ITHE 401 08-17 1 1 + - - - - _
A 1912 08-18 2 2 + + - + - -
1202 08-13 2 1 + - + - - _
HEAE 1914 08-17 2 1 + + + + _ _
1THKE 237 08-16 4 3 - - + - - _
FERE 1915 08-18 2 1 + + + ¥ _ _
F4E 11303 08-13 4 4 - ¥ - _ _
HEHE 1916 08-18 2 1 + + - i - _
B3 08-17 4 4 - + + _ + _
HHE 1917 08-19 4 4 - - - _ _ _
ER6S 08-19 1 3 - + - N _ _
HEAE 1918 08-17 2 2 + - + - -
R 301 08-21 2 4 + - - _ - _
A 19113 08-16 4 4 - - - - _ _
K 125-3-3 08-20 1 1 + - - - - _
HEHE 19116 08-16 4 2 + + + + + -
H251 08-18 4 4 + - - - -
HRE 19117 08-17 4 4 - - - _ _
AN 22 08-16 4 4 + - - - - _
B 19118 08-17 2 3 + - + " _ _
iT 1495 08-16 4 4 + + - _ _ _
HERE 19119 08-19 1 1 + + - + -
hHE 185 08-18 4 4 + - - + - _
HEAE 1924 08-16 3 4 + - - + - -
¥ 1= 08-18 2 2 - - + - - +
A 1926 08-16 4 4 - . - _ _
A251 08-19 3 4 - + - + - -
R 1929 08-08 4 3 + + - - - _
%H 6 08-20 2 1 - + + + + n
B 19210 08-16 4 4 + + + ¥ + _
ke 12 08-20 2 1 - + + + - +
HERE 19212 08-09 4 4 + - + + i _
Z:4t 086 08-19 2 1 - + - _ _ +
R 19218 08-10 1 2 + + + ¥ " _
XA 19 08-19 4 4 - + . - n _
R 19219 08-07 3 3 + + + ¥ + _
X 20 08-20 4 4 - + - - _ _
HERE 1931 08-11 4 3 + - - + + -
B2 08-20 4 4 - + - . - _
A 19315 08-09 2 2 + + - + + -
5% 16 08-18 4 4 - + - - _ _
R 19317 08-18 4 4 - - n + _ _
15JD191 08-18 3 1 - + - - _ _
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TUCTED) (Tﬂg‘%%ﬁ) ﬁ;@i ;t(‘)é(?;& Pi-ta Pi-b Pi-54 Pi-km Pi-5 Pi-gm
HERE 19318 08-15 4 4 - - - + + _
15JD278 08-19 4 1 - + - n + _
FERE 1942 08-16 3 4 - + " - + _
BRHRE 29 08-20 4 4 + - - + - _
HEHE 1943 08-14 4 3 - + £ " + _
FRE 15 08-19 4 4 - - - - - _
FERE 1948 08-06 2 3 + + + + ¥ _
FERE3 5 08-19 1 2 + - n _ _
HEHE 1955 08-16 2 4 + + + + -
167113 08-20 4 4 + - - - - -
HEHE 1969 08-17 4 3 + + - _ _ _
16ZJ41 08-20 3 1 + + - i + -
HEHE 19617 08-18 2 2 + - - - + -
GM-1 08-03 1 1 - + - + + +
HEAE 1978 08-14 4 3 + - - n + _
GM-2 08-03 1 1 - + - + + n
HEAE 19710 08-17 2 1 + - - + + -
BB 11 08-18 4 3 - + - . - _
HERE 19713 08-14 4 3 + - - + + -
I1T5 226 08-19 4 4 - + - . - _
A 19718 08-06 4 2 + + + n + _
TN 59 08-20 3 2 + + - - + -
HHRE 19719 08-07 4 2 + + + ¥ + _
BHE 365 08-20 2 2 - + + - _ _
R 19720 08-07 1 3 - + - n - _
ERHE 545 08-19 4 2 - + - _ _ _
HERE 1981 08-12 1 2 + + - + + -
0 546 08-19 3 3 - + . - _ _
A 1982 08-07 4 4 - + - " _ _
ERBE 547 08-19 4 3 - + - - + _
HHE 1987 08-16 4 4 - + - n - _
ERHE 548 08-19 3 3 - + - - - _
A 1988 08-17 4 3 - - - + - -
EhBE 18123 08-16 4 3 - + - _ _ _
R 1991 08-16 3 4 - - - - - _
T4 1602 08-20 4 4 + - - - - _
A 1992 08-16 3 4 - - - _ _ _
18e46 08-20 4 4 - - + - - -
R L1191 08-16 4 2 - + - n - _
18¢150 08-18 4 4 - + - + _
HAE 1192 08-16 4 3 - - _ - _
18e151 08-18 4 4 - - + - - _
B L1912 08-15 4 2 - + - - - _
18e152 08-20 4 4 - - + - - _
R L1913 08-15 4 3 - - - - - _
#ORE 028 08-16 4 4 - + - + - -
R L1914 08-16 4 3 + + - - - _
Pt 715 08-20 4 4 - + + + - -

i{i%ﬁ?%%ﬁﬁ’%ﬁ@%ﬁq 590 0 (RPE) L H(BU) 2 K (HHL) 3 HOUBIE) 4 BOREYD o + HEW DTSR — RS DT BRI + . 2
AR,



1096 TP 42k % iR 2021 4R 37 B S

£3 TRAMGERRKERM(RF)HNBERIEEESER

Table 3 Identification results of blast resistant rice varieties (strains) with different resistant genes and combinations

2019 AR F R4 E 2019 4 2020 AFEAN [l 4 2020 4F
BObE L HBRRER AR BT () HUI il SRR AR () HLI
(™ Ffr b 1 Fifr Lt 3
0% 1% 2% 3% 4% (q) OH 1% 2% 3H 4% ()
Jo 9 0 0 0 2 7 0 0 0 1 1 7 11.1
Pi-ta 11 0 2 1 2 6 273 0 3 0 1 7 27.3
Pi-b 17 0 0 0 4 13 0 0 1 2 6 8 17.6
Pi-54 9 0 2 0 0 7 22 0 1 1 4 3 222
Pi-km 7 0 0 0 0 7 0 0 0 0 2 5 0
Pi-ta+Pi-b 6 0 0 0 1 5 0 0 1 0 3 2 16.7
Pi-ta+Pi-54 2 0 0 1 0 1 500 0 1 0 0 1 50.0
Pi-ta+Pi-km 5 0 1 0 1 3 200 0 1 0 0 4 20.0
Pi-ta+Pi-5 1 0 0 1 0 0 1000 0O 0 1 0 0  100.0
Pi-b+Pi-54 1 0 0 1 0 0 1000 0O 0 1 0 0  100.0
Pi-b+Pi-km 11 0 2 0 2 7 182 0 0 1 2 8 9.1
Pi-b+Pi-5 5 0 0 0 1 4 0 0 1 1 1 2 40.0
Pi-b+Pi-gm 1 0 0 1 0 0 1000 0 1 0 0 0 100.0
Pi-54+Pi-km 2 0 0 0 1 1 0 0 0 0 0 2 0
Pi-54+Pi-5 2 0 0 0 1 1 0 0 0 0 0 2 0
Pi-54+Pi-gm 1 0 0 1 0 0 1000 0 0 1 0 0  100.0
Pi-km+Pi-5 3 0 0 0 0 3 00 0 0 0 1 2 0
Pi-ta+Pi-b+Pi-54 1 0 1 0 0 0 1000 0 1 0 0 0  100.0
Pi-ta+Pi-b+Pi-km 3 0 0 3 0 0 1000 0 2 1 0 0 100.0
Pi-ta+Pi-b+Pi-5 1 0 0 0 1 0 0 0 0 1 0 0  100.0
Pi-ta+Pi-54+Pi-km 4 0 1 2 0 1 750 0 0 2 1 1 50.0
Pi-ta+Pi-km+Pi-5 4 0 0 1 0 3 250 0 1 0 3 0 25.0
Pi-b+Pi-54+Pi-km 2 0 0 0 1 1 0 0 0 0 0 2 0
Pi-b+Pi-54+Pi-5 2 0 0 0 0 2 0 0 0 0 0 2 0
Pi-b+Pi-km+Pi-5 6 0 0 0 2 4 0 0 1 0 2 3 16.7
Pi-ta+Pi-b+Pi-54+Pi-km 5 0 1 2 1 1 600 0 2 1 0 2 60.0
Pi-ta+Pi-b+Pi-54+Pi-5 2 0 1 0 1 0 500 0 1 1 0 0  100.0
Pi-ta+Pi-b+Pi-km+Pi-5 6 0 3 1 1 1 667 0 2 2 0 2 66.7
Pi-ta+Pi-54+Pi-km+Pi-5 1 0 0 0 0 1 0 0 0 0 0 1 0
Pi-b+Pi-54+Pi-km+Pi-5 2 0 0 0 1 1 0 0 0 0 1 1 0
Pi-b+Pi-54+Pi-km+Pi-gm 1 0 0 1 0 0 1000 0O 1 0 0 0  100.0
Pi-b+Pi-km+Pi-5+Pi-gm 2 0 2 0 0 0 1000 0O 2 0 0 0  100.0
Pi-ta+Pi-b+Pi-54+Pi-km+Pi-5 9 0 2 2 1 4 44 0 1 4 2 2 55.6
Pi-b+Pi-54+Pi-km+Pi-5+Pi-gm 1 0 0 1 0 0 1000 0O 1 0 0 0  100.0
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2008 AR, H [ KR B R R AT RS L
PR« — LR P ], B R IR PL M AN IR b | A AF
Bl DR P 24 40% (1 R (3R ) BIRIR ™ L R
FEXT 145 By BOUERS X RGN AT T 6 DR RN
FEPR 43 K 0 O % Sk 2 AF T AT S0 Ok 2
145 Oy S (5 &) 2R % e 25 1 W OR | T U & %
AR HIIE T4, 5% 1 68. 3% , Ui I H vl A X L2
A (R MREECR L3025 . K HUM Tl 2 4F
M A e g R R BN, DE A (R R BT
PR RPAS ] 42t ] DL R 2R 58 45 IR 3 5 30k 0
TEAEPRIA] R BE B 22 5%, il 15)D278 7E 2019
SEEMUEEN 4 H(mIE) , TTE 2020 4FHFD 4 E
RGBT o 2020 AFETESIARI R) UL A, AN
TR & AR PUR AT 2019 4F,

MR KRB, #5447 Pi-gm FER A5 FR (0 R) 9070
Fe B AR, U 4. 1% {002 6 A5 Pi-gm FEH Y
MR (A R ELE 2 AEM P L B AR A B T
100. 0% , L A5 B HTIR BE 77, 2= W25 (U HE
BoHE 4 SHRGIIH Pi-gm BN 1% 5L AR AR BR8] %
PN FP, BRHE M T 260 0310 T4 MR
SRR R e L N, R B Piegm FEDIKG R K
8.85% 4% Pi-gm FE R HLIE A R 09 PL 1 Eb B hy
76.30% , t—L Wi Pi-gm ZEH ) 6 41
BHIR R, & AR T AR L X LAt bt 7 ot 9%
PR AR 32 TR 156 ) o e DX R A P AN B
H Pi-gm FEH, UL ES5 R R Pi-gm FEH 0] 82
R BT AR DO AR ot b (o 2R DU RE I I — A~
BRE B ARG, AR 17 AT Pi-b
LD 0 Bl (0 R ) R 2 ARBI BN L 2 B 0
17. 6% ,1Mij Pi-b HE R 7E BEUERS X L2 S Bl (5 &R ) h
R R e, 2 AR 46 TR 3R W 6 DR R B L 431
AEFAR, 439K 21. 4% 26. 2% , 1t W 12 56 K %o o 7
FEIX L2 R (5 R ) BUIRKE B9 STmk AR 5/, 3k
e E Y RIS R, R Picb FERAY A
it (5 2 ) SR R 535 86. 84% . KIHA 45 X} # kA
DX KR it ) Bl S0 B Pk 2R AT 0 A, B SRR W Pi-b
K 2R 38 B 65% , (H 7E 15 1 A X 10 Bt Pk K OF 45

%, VI G550 Pi-b FUrERON IEAETE

TDAE 401 FIKAM 125-3-3 (& F Pi-ta 3EH | 3%
K GP46 AU &A Pi-54 FEH 31X 3 A5 Fp 2 4F B2 Rh
YRS RARIREN T 1 R (PO ) o Rl 2] 11 A3
W Pi-ta B AN (b 2R BUIR LLBIH 27. 3%, TN 4%
W Pi-ta+ ABHTMERE R G 09 Fh (5L R ) 2 4E BT
95 LT 23 50 A 46. 0% 52. 0% , FrpAG:m 21 3 4> 5 &b
(WBR) ViR NH SN Pi-ta+Pi-b+Pi-km , % %% 2
AERIBUR ELBIA 100. 0% , 32 B0 H R E P v, Ul
B Pi-ta BEPR0T H U e DXL 280G 5 R R IR IO ot
YR T BANEH, Pi-ta+Pi-b+Pi-km 35K 414 7] g 2
R PR VAR DX LS R (R ) DO MR Y
HER, KRN 7 AT Pi-km PR i %
S22 AR PTG EL R O, AR L A AT RE EL Ok L PiT
JRHETT . REIE] O MUHEHT Pi-54 FEEFN (A R)
U LGSR 22. 2%, ARBFFEALR 6 AR T
WA GP46 2 A5 & A7 HoAth I PRI 75 iF— 2P
W, VLA SR R) T Pi-9 Piezt 2 DT 35 B0
FER o A R, N — B X Pi-2 Pi-9 | Pi-at
GHA T RSB 3 P A TR

WFFE 45 R B R R fo e i I R A 3R] —
ARl DR TS A PR RE S (HIER R R G
FLPR R gy TR ORGSR UL PUE A
TR G, P gE I 3 PR R A3 A 5 1 R, P
R Pi-b  Pi-km Pi-ta Pi-54 F Pi-5 (K 1 28455 5
}57.9% 51.0% 42. 1% 32. 4% I 32. 4% , itk 5L
Pi-gm 5345 LOIEAR AU 4. 1%, 2835 WRTIHDE
FELE R Pi-54 Pi-b 78 ¥ WE RS XK A & Fl (i
) HROR A, A3k 84% .65% ), ARHFIE
SEIREW], IR I G B (5 R ) BT A L
B ARG , 3 ] BB A A (5 R ) Bt 22 1 A
Z—o AW 6 AN (R ) IR AR Pi-
ta+ Pi-b + Pi-km + Pi-5, % 2% 2 4F () H1 P L 4] #5 2
66. 7% , A1 9 b (i R ) Y 5E A B2 Pi-ta+ Pi-b+
Pi-54+Pi-km+Pi-5,2019 45 2020 4EH0 1 L 4514331
JE 44. 4% 55. 6% , Ut Pi-54 5 5 F0 (5 &) IIP0G
PERTREAAAE A OG, X5 EE%ED IR Pi-54 5
HURPUE B A A R — B, AR S5 Rk
W1, 4 DEFRE YW R, 2.3 HER



1098 e

2021 4E & 37 % 5 M

Pi-ta+Pi-b+Pi-km+Pi-54+Pi-5 3% 5 000 3 K 0 5
T (AR AR ) 2 AR R4 B 4 2% (RO ISR FR (AR R
ULIIZIE A GPURRE I A . B2, G PUR 5
PRI 38 T, el S0 42 P 68 GO AT AR ka3 (1
IFAERER R G Z AP (R ) BIPTHERR

F T3 (R B 2R R B BN Y R FA
T R EHAREER W [R5 340 7 2R % AR Ko™
PRI 50, BUAEAE — & S800 10 /Ny
G R 5 1 SRS AR Pi-21 )5,
PR AR Z5 & MR AH X 85 2%, bk 77 o 0 3 R AIR
Masao 45> A Ky REER BT IE R Pi-zt 5 B 2L A
B A E X Pi-gm BIPUIG I E 45 %
iR PSR S i A Eb o n e SIS Rl S
MIZEEARAAE . Pi-gm BERAL T KRS 6 e fh
bz mE LA 2 MR R
i JOL ) ERCEE AL AR SRR AL TR Hd T LS Pi-gm
L, LRI I gTah AR R W, Pi-gm FEIH
() A S0k i 38, AR B, S5 SR TR R
SAFAREEFERE, KALES B R
T, FA Pi-gm FER KRG M R FWIER , TR
Jo RN, Bk 3G 0, A R AR R R L B
R NG SRS 45 R, Pi-gm LR
PEFK R SR AR R PO, PR T 25 SR T R
G, 7= S AR SE PR B R /N, Deng 255 1Y)
WFIELERE I, Pi-gm XF KRG 1) 7= PR A7 e 52
M) , % Jk DR g 3 gl B 45 S0 e IR AR T o et P A 7K
R e S50 O i, BH T T TR R
(AR JD2 4 HKE TD3 FI T4 5T i AR Y 3% K JD8
R 15 55 GM-1 LELJE A TR0 i, 25 38
T o A s Y A D2 FERE D3 Y S AR TR R
HOPYION 28. 1 g, T TR0 AR 4 JDS iR
15 SR TR R348 23.5 ¢, B AP LR ER
W R AT R A KNS B AR G, &
Pi-gm FEFEATCA FAURT DAL T 5T & A Ik
FRHEARM®RER,
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