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Pathogenicity of Magnaporthe oryzae from different rice growing regions of
Heilongjiang Province under water direct seeding
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Abstract: In order to clarify the pathogenicity of Magnaporthe oryzae from different rice growing re-
gions of Heilongjiang Province under water direct seeding, the 24 blast-resistance of monogenic rice
lines were inoculated with 242 M. oryzae isolates in 2017—2018 with the method of scratch in vitro,
the reaction type of disease spot was recorded, the disease incidence of M. oryzae isolates and the resis-
tance frequencies of blast-resistance of monogenic rice lines were calculated, the cluster analysis were
conducted. The results showed that the disease incidence of M. oryzae isolates from southern and east-
central rice growing regions of Heilongjiang Province under water direct seeding were 8.33%-95.83%
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and 20.83%-95.83%, respectively, and the occurrence frequency of avirulence genes were 575 and 622
times in 2017, respectively. The disease incidence of M. oryzae isolates from southern and east-central
rice growing regions of Heilongjiang Province under water direct seeding were 29.17%-95.83% and
20.83%-91.67%, respectively, and the occurrence frequencies of avirulence genes were 536 and 571
times in 2018, respectively. The similarity coefficient of M. oryzae isolates from southern and east-central
rice growing regions of Heilongjiang Province were 0.15-1.00 and 0.14-1.00, respectively, and the M.
oryzae isolates were divided into five and six pathogenicity groups in the level of 0.40 similarity coeffi-
cient in 2017, respectively. The similarity coefficient of M. oryzae isolates from southern and east-central
rice growing regions of Heilongjiang Province were 0.15-0.93 and 0.26-1.00, respectively, and the M.
oryzae isolates were divided into five and four pathogenicity groups in the level of 0.40 similarity coeffi-
cient in 2018. The reference frequencies of blast-resistance of monogenic rice lines to M. oryzae isolates
from southern and east-central rice growing regions of Heilongjiang Province were 11.29%—88.71% and
10.77%—86.15%, the best blast-resistance of monogenic rice lines were IRBL9-W (Pi-9) and IRBLz5-
CA (Pi-z5) in 2017, respectively. The reference frequencies of blast-resistance of monogenic rice lines to
M. oryzae isolates from southern and east-central rice growing regions of Heilongjiang Province were
10.34%-82.67% and 15.79%-85.96%, furthermore, the best blast-resistance of monogenic rice lines
were IRBL9-W (Pi-9) and IRBLz5-CA (Pi-z5) in 2018. The results indicated that the pathogenicity dif-
ferentiation of M. oryzae isolates were intense, and the pathogenicity of M. oryzae isolates was stronger,
but some high-resistance rice germplasm was stable resistance and the blast-resistance will be improved
after gene pyramiding to M. oryzae isolates.

Key words: water direct seeding; blast-resistance of monogenic rice lines; Magnaporthe oryzae; blast-

resistance gene; pathogenicity
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Table 1 Ratio of different pathogenicity rates of Magnaporthe oryzae in Heilongjiang Province in 2017—2018 %

HoR P 2017 4EA [FIBOR AR R R IT o5 A 2018 AFAN AU R BRI i Hefo
Pathogenicity Ratio of different pathogenicity rates of M. oryzae in 2017 Ratio of different pathogenicity rates of M. oryzae in 2018
rate/% Southern rice region Mid-eastern rice region Southern rice region Mid-eastern rice region

0<P<10 1.61 0.00 0.00 0.00
10<P<20 1.61 0.00 0.00 0.00
20<P<30 4.84 7.69 3.45 8.77
30<P<40 6.45 9.23 17.24 10.53
40<P<50 12.90 15.38 6.90 10.53
50<P<60 12.90 16.92 10.34 22.81
60<P<70 19.35 15.38 22.41 10.53
70<P<80 30.65 16.92 29.31 24.56
80<P<90 6.45 13.85 6.90 10.53
90<P<100 3.23 4.62 3.45 1.75
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Fig. I Cluster analysis of pathogenicity similarity among Magnaporthe oryzae from southern (a) and mid-eastern (b) rice

growing regions of Heilongjiang Province under water direct seeding in 2017
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Fig. 2 Cluster analysis of pathogenicity similarity among Magnaporthe oryzae from southern (a) and mid-eastern (b) rice

growing regions of Heilongjiang Province under water direct seeding in 2018

2.3 KEBREGTHEREEMNBERERETIES T B B0 M A T 11.29%~88.71% 2 6], - 4{H K
2017 4F, 24 DU FL D GEAS R RS X B AR P 38.64% ; Horp Pi-9  Pi-Z’  Pi-z' Fl Pi-5 3 [ B P 4k 4
PEFFAE—E X, b B AR X 24 D HUd Bk R 70.97% , w] L2 W ] 5 Pi-11  Pi-12  Pi-1
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1 Pi-20 Fe B PLHE AR A T 51.619%~54.84% 2 Pi-z’ Fl Pi-12 P B0 M43 % 8 1 80.00% , A DA

ETJ AT LA BRI 5 H Ay %l?ﬁ%uﬁﬁﬁ(%@
o PR EBRE X 24 AR L A B T R A
10.77%~86.15% Z 18], S HAE A 39.87% 5 He EPPZ

17 N H s Pi-5 . Pi-20 . Pi-z' . Pi-1 Fl Pi-z 3£ DR ) 40 14
PRA T 53.85%~64.62% 2 18], vl LI A PR EE Wi F
HAREAHNH(F2).
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Table 2 Resistance frequency of 24 resistance genes to Magnaporthe oryzae from southern and mid-eastern rice regions of

Heilongjiang Province under water direct seeding in 2017

PR e
PrIE LA Resistance frequency/% PrEIRHE Resistance frequency/%
Resistance gene FARRFGIX R ARG X Mid-east- Resistance gene EERYEIES 7K F AR X Mid-
Southern rice region  ern rice region Southern rice region eastern rice region
IRBLa-A (Pi-a) 19.35 10.77 IRBLsh-S(Pi-sh) 29.03 29.23
IRBLIi-F5(Pi-i) 17.74 16.92 IRBL1-CL(Pi-1) 51.61 53.85
IRBLks-S(Pi-k*) 12.90 18.46 IRBL3-CP4(Pi-3) 20.97 27.69
IRBLk-Ka(Pi-k) 25.81 20.00 IRBL5-M(Pi-5) 70.97 64.62
IRBLkp-K60(Pi-k”) 19.35 12.31 IRBL7-M(Pi-7) 16.13 20.00
IRBLkh-K3(Pi-k") 32.26 33.85 IRBL9-W(Pi-9) 88.71 86.15
IRBLz-Fu(Pi-z) 43.55 53.85 IRBL12-M(Pi-12) 53.23 80.00
IRBLZz5-CA(Pi-z*) 74.19 80.00 IRBL19-M(Pi-19) 20.97 24.62
IRBLzt-T(Pi-z") 72.58 55.38 IRBLkm-Ts( Pi-k") 22.58 15.38
IRBLta-K1(Pi-ta) 32.26 23.08 IRBL20-IR24(Pi-20) 51.61 56.92
IRBLb-B(Pi-b) 38.71 66.15 IRBLta2-Pi( Pi-ta’) 46.77 47.69
IRBLt-K59(Pi-t) 11.29 12.31 IRBL11-Zh(Pi-11) 54.84 47.69

2018 4F, 24 AP 3L PR A [] A8 X B AR (R P i
AEAE— 2 X3, Hod B AR X 24 S PUE 5L R i Bt
PR 2 A T 10.34%~82.67% 2 [6] , F ¥ {6 H
37.57%; Hvh Pi-9  Pi-Z* . Pi-z F1 Pi-5 3L A i B
R 70.69% , W] LAT V2 I FH 5 Pi-12 KPR T ME A
4 56.90, /T 50.00%~70.00% Z [6] , 7] DL A7 B J&

&3 2018 FF 24 M HUREE RN BRI B ARt R EbFE XK B 1% H FR R R B J AR R

o FH s AR FE RSN (F63) o TP ZRERRE X 244>
PR N BT HESR AN T 15.79%~85.96% 2 i) ,
Y H 41.74% ; Hoth Pi-9 Pi-z° F1 Pi-12 FE R i Hi ik
BRI 80.70% , W] LA) 2 W H 5 Pi-5 \Pi-Z' \Pi-1 .Pi-
20N Pi-z B K I HTHIUR A T 52.63%~63.16% Z
[i] , W AT BRI 5 A RN 00 FH (3 6
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Table 3 Resistance frequencies of 24 resistance genes to Magnaporthe oryzae from southern and mid-eastern rice growing

regions of Heilongjiang Province under water direct seeding in 2018

BN EINEYES
YU FER Resistance frequency/% P LA Resistance frequency/%
Resistance gene FAEBFEIX rh AR FRE X Mid- Resistance gene A X FR AR A X Mid-
Southern rice region eastern rice region Southern rice region eastern rice region
IRBLa-A (Pi-a) 22.41 19.30 IRBLsh-S(Pi-sh) 25.86 31.58
IRBLIi-F5(Pi-i) 18.97 22.81 IRBL1-CL(Pi-1) 48.28 57.89
IRBLks-S(Pi-k*) 13.79 21.05 IRBL3-CP4(Pi-3) 20.69 33.33
IRBLk-Ka(Pi-k) 22.41 24.56 IRBL5-M(Pi-5) 70.69 63.16
IRBLkp-K60( Pi-k”) 17.24 15.79 IRBL7-M(Pi-7) 20.69 24.56
IRBLkh-K3(Pi-k") 31.03 36.84 IRBL9-W (Pi-9) 82.76 85.96
IRBLz-Fu(Pi-z) 37.93 52.63 IRBL12-M(Pi-12) 56.90 80.70
IRBLz5-CA(Pi-z°) 72.41 82.46 IRBL19-M(Pi-19) 31.03 33.33
IRBLzt-T(Pi-z") 70.69 59.65 IRBLkm-Ts( Pi-k") 24.14 15.79
IRBLta-K1(Pi-ta) 29.31 22.81 IRBL20-IR24(Pi-20) 44.83 54.39
IRBLb-B(Pi-b) 37.93 49.12 IRBLta2-Pi( Pi-ta’) 43.10 47.37
IRBLt-K59(Pi-t) 10.34 17.54 IRBL11-Zh(Pi-11) 48.28 49.12
MIERR G BT, — B RSE R &, gy T2 e, b, 2017 45w SRS X it defd:
BYMESA AR 3T, it E M AR WA Pi-9 & Pi-5, Pi-9 & Pi-1.Pi-Z’ & Pi-
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12 M Pi-z & Pi-5 IR Z , B &5 Pi A R AK IR R

96.77%.95.16%.95.16% F195.16%; 1 4 #FRE X ik
AR A AR Pi-9 & Pi-12, R4 TGP ER N
95.38%, Pi-z’ & Pi-12 Fll Pi-z’ & Pi-121k2.. 20184FFg

TR X B R I R AL AR Piz & Pi-12, RE )5
B # 0 98.28%, Pi-9 & Pi-5 IR Z s T A BBAE X T
PEEAE LR 4 Ay Pi-z & Pi-12, B4 Ja PR
4 98.25%, Pi-9 & Pi-5 1 Pi-z* & Pi-12Ik 2 ($4).
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Table 4 Resistance frequencies of gene pyramiding to Magnaporthe oryzae in Heilongjiang Province in 2017—2018

X 2017 AF- R T AR 1 2R B e PT i

Resistance frequencies of gene pyramiding

Xt 2018 AF AR 1A R PR 19 23R 45 JE HT iR

to Resistance frequencies of gene pyramiding to

PUm L Magnaporthe oryzae in 2017/% Magnaporthe oryzae in 2018/%
Resistance gene PR REIX ARG X RS X th L IR X
Southern rice growing ~ Mid-eastern rice growing  Southern rice growing ~ Mid-eastern rice growing

region region region region
Pi-9 & Pi-5 96.77 92.31 96.55 96.49
Pi-9 & Pi-12 91.34 95.38 93.10 94.74
Pi-9 & Pi-1 95.16 92.31 94.83 87.72
Pi-9 & Pi-20 88.71 90.77 87.93 94.74
Pi-9 & Pi-11 90.32 89.23 89.66 89.47
Pi-Z’ & Pi-5 91.34 92.31 94.83 92.98
Pi-Z’ & Pi-12 95.16 93.85 94.83 96.49
Pi-Z’ & Pi-1 79.03 86.15 84.48 91.23
Pi-Z’ & Pi-20 82.26 87.69 86.21 91.23
Pi-z’ & Pi-11 91.34 87.69 89.66 94.74
Pi-z' & Pi-5 95.16 80.00 93.10 85.96
Pi-z' & Pi-12 88.71 93.85 98.28 98.25
Pi-z' & Pi-1 83.87 78.46 82.76 82.46
Pi-z' & Pi-20 85.48 69.23 81.03 71.93
Pi-z' & Pi-11 87.10 72.31 86.21 75.44

3 g PRAEVE. 2355 (2020) DA 31 AP BB R AR o A
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PRIRE o EE R AEARR, (L v (] B R X 5 S008I AR o
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R TRIAAREE (2011) L 31 AN HUE AL R 2 Aol
2, ST 2006 47 B Ip VT A B 173 BRAS IR
AT TR AR (R B0 14387, 25 3 7R, 59 Bk B AR I A8 &%
O RN T 71%~97% 2 18], J& T 52 80% 11
R 5 94 Ak DA R 1 A7 28050 TR R S8 A T 519%~68% 2
[, Ja A5 3500 1 AR s A 1 RR TRTRR 1A SB80s
PRI 9.68% , J& T 55800 J1 MR %4518 5 A0F
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95 11 7 T R R RIEL . TG EERE R A B AT, A
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FLHEAT RN 43 M, R IRTC T HE R AvePik H BRI
B HRE AT, T ThiE R M A sy 24518 5
ENGIEEAT = VISP S = RUNTIE - SIS Eii R S N 8
KBRS, BT 2 AR X R T
BRI B0 PE A 0 BE A AL A S — 5 X 51
AR Z A T B0 o AL R B F4 A R 2, X 1 =2
RbAE T B0 R S A A AR X M 25 S JARBR a] i
B, DX PR 22 S50, 2017 4F R A TR X R AR 2k
o Pk A AR FEE WS 155, 20118 AT DU A 75 Shy g S A X 1 Bk
e AR B = . VAEBR B 8h o3BT, 2 A4 R
DX TR AR S50 1 0 A R B A A e ) 38 S22 i 55 e 3, v
IR AR DX A RRRE IR T r AR X AR . R IR Y
R T BB R R X AR L AR e T
R R DX AR A T B RGO | SR g — PR
SRMARA — B R . DEREE(2017) L 24 4Bt
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FEK B S5 T RIS TR TR AR A B0 P oL R
AR 5, LT S DX TR R B o PR B v 1 v A 3
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TR R 14 A e B K (S 54855 ,2017) o 3 2 Bl 5458
AN, R TR A AR 9 B0 1 o3 e R S5 ], (B 7E
FEX ) AEE BB 22000 . =A% B4 vl e 5 A i
PRIER 22 5% 27 228 B HE R AN IR) B2 |l P 25 4
AN—BIHE—ERFR . WA, WEH 5285
Br, B (2015) LABORMAR LR 00,72 4 BIE, B
2013 4F 1) 55 4 Bk VT B 89 AR RS TR 1 1 AR R 4k
20 AN 5 R B 45 (2018) LA B PE A L 2 %0.70
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PR A . FERT R LR Pi-9 FN Pi-z’ TEiE
FEAF R Ia] A 2 DX S [a] HA T A3 3R 1 78 70.00% LA L
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IR TTAR Tt 2518 D0 43 B, DR <7 I 8 AT sl HE A 2 2h
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