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Epidemic forecasting of the new strains G22-9 (CYR34) and G22-14 of Puccinia
striiformis f. sp tritici in wheat in Gansu Province
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Abstract: In order to forecast the epidemics of the new isolates of Puccinia striiformis f. sp tritici (Pst),
G22-9 (CYR34) and G22-14, first identified in Gansu Province in 2010 and 2011, and guide the resis-
tance breeding, prevention and control, 2 330 stripe rust-infected samples were collected from Gansu
Province in wheat cropping seasons, and were inoculated on 19 Chinese differential wheat varieties at
seedling stage in Lanzhou greenhouses, Institute of Plant Protection, Gansu Academy of Agricultural
Sciences during 2009—2016. The results showed that the infection percentage of G22-9 (CYR34)
increased sharply from 0 to 34.85% during 2009—2016, the first predominant strain of Pst in Gansu
Province, and G22-14 increased from 0 to 6.43%. The new isolates G22-9 (CYR34) and G22-14 of Pst
had higher frequencies, relative parasitic fitness, wider virulence spectrum, larger number of virulent
genes and strongest pathogenicity than CYR33 and CYR32. Adjusted strategy in wheat breeding, and
use of different resistant varieties in Longnan area should be encouraged to ensure the safety of wheat
production in Gansu and China in the future.
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Table 1 Pathogenic groups and frequencies of major races/isolates of Puccinia striiformis f. sp. tritici during 2009—2016 %

HUpi A Pathogenic group

A= /NP £R Race/isolate

EH S
Year  Number LYoo KIRILKR SR RE cYR2  cyr33 927 Gl
HY group Sull group  G22 group  Other group (CYR34)

2009 312 20.19 73.72 0.00 6.09 16.02 21.47 0.00 0.00
2010 320 36.88 54.69 2.81 5.63 19.69 19.06 2.50 0.00
2011 338 28.11 52.07 18.93 0.89 22.49 30.77 7.99 7.40
2012 360 38.61 30.56 2222 8.61 29.72 15.83 10.83 3.06
2013 195 25.64 41.54 28.72 4.10 15.38 13.85 11.28 7.18
2014 186 3.23 12.90 60.75 24.73 0.54 0.54 5.91 5.38
2015 246 24.80 13.01 41.87 20.33 15.85 6.10 22.76 4.47
2016 373 13.94 10.99 66.76 8.31 9.12 5.63 34.85 6.43
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Table 2 Distribution of the G22 group of Puccinia striiformis f. sp. tritici in Gansu Province

Ay
Year

PREEEL
No. of
samples

Bt 22 B0k

KR

No. of G22
group

RIEDIES
Frequency

(%)

pxin

Distribution

2009
2010

2011

2012

2013

2014

2015

2016

312
320

338

360

195

186

246

373

0
9

64

80

56

113

103

249

0.00
2.81

18.93

22.22

28.72

60.75

41.87

66.76

HAR) FMX3) SCE D) GRARX (D) Hirh D A RAE (D
Gangu County (1), Qinzhou District (3), Wen County (1), Wudu District (1), Yu-
zhong County (1), Huan County (1), Minle County (1)

HAE(6) ZEMIX(9) SCR(13) HE (1) FEAE (D) JEEE(12) JEgkE (1) |
GET (2) I E T (5) ZTIX(4)

Gangu County (6), Qinzhou District (9), Wen County (13), Cheng County (1),
Xihe County (1), Lintan County (12), Lintao County (11), Hezuo City (2), Linxia
City (5), Anning District (4)

HAEQ3) FMIX QD FLEG) Scl @) e ) T EQ) ERE
(5) ALE(2) Ik (3) Ak E (1) JE =T (4) B (D) 2T R0 HRE(4)
Gangu County (23), Qinzhou District (21), Qin’an County (3), Wen County (4),
Xihe County (7), Jingning County (1), Zhuanglang County (5), Li County (2),
Lintao County (3), Luqu County (1), Linxia City (4), Hui County (1), Huining
County (1), Kangle County (4)

HARR) FEMX(9) SCEG) kB (4) AR (9 RER (14) M B (4)
ZTIX(2) JETEE (1) ALE(2)

Gangu County (8), Qinzhou District (9) , Wen County (3), Lintao County (4) ,
Kangle County (9), Linxia City (14), Yuzhong County (4), Anning District (2),
Weiyuan County (1), Li County (2)

HAE27) FIMNX 1) BRI (5) SCE(14) BEvi & (2) 5Kk E(14) 2T 8
(4) JEEL(4) JHIRE (D) BERE(6) JEE T (1) T X (11)

Gangu County (27), Qinzhou District (11), Wudu District (5), Wen County (14),
Longxi County (2), Qingshui County (14), Huining County (4), Zhang County
(4),Weiyuan County (1), Kangle County (6), Linxia City (11), Anning District (11)
HAE20) FEMIX (1D i (1) BRI (7) BE (6) R E (9) AR &
(13) gk 8- (7) G (10) HSAET(3) 2T IX(3) FOAE (1) R E(2)
Gangu County (20) , Qinzhou District (11), Wushan County (11), Wudu District
(7), Hui County (6), Cheng County (9), Kangle County (13), Lintao County
(7), Linxia City (10) , Hezuo City (3), Anning District (3), Xihe County (1),
Qingcheng County (2)

HALG3) FIMX27) JRE(12) 3R (5) il 2 (2) ALE-(18) B (3) 74
A7) GEKE(34) EPEEL (17) (512 B (11) s E T (10) GEE L (4) a7 5
(1) R (4) A B0 BErE B (D) st X (17) @)1 B (3) PRI E (3) R
8(7) A H(19)

Gangu County (33), Qinzhou District (27), Cheng County (12), Wen County (5),
Wushan County (2), Li County (18), Hui County (3), Xihe County (7), Qingshui
County (34), Lintao County (17), Zhuoni County (11), Linxia City (10), Tongwei
County (4), Huining County (11), Zhang County (4), Yuzhong County (1), Longxi
County (1), Kongtong District (17) , Jingchuan County (3) , Qingcheng County
(3), Zhenyuan County (7), Huating County (19)

TS BT W 2] (9 %5k . The numbers in the brackets indicate the races belonging to Group G22 identified in the area.
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Table 3 Resistance/susceptibility of the major races/isolates of Puccinia striiformis f. sp. tritici on important differential varieties

B E H: /NPT £R Racefisolate
Differential variety CYR29 CYR31 CYR32 CYR33 G22-9(CYR34) G22-14
TE S S S R-S S S
Tt 115 Jubilejna 11 R S S S S
R 13 Lovrin 13 S S S S S S
$151 655 Kangyin 655 R R S S S S
JKIE 11 Shuiyuan 11 R S S S S S
114 Zhong 4 R R R R R R
1% FHK 10 Lovrin 10 S S S S S S
Hybrid 46 R S S R S R
Ft4¢ 22 Guinong 22 R R R R S S
Moro R R R R S S
92R178" R R R R S S
22K 17 Lantian 17 R R R R S S
JI|2 42 Chuanmai 42° R R R R S S

R: P05 St B ; *Frm Ao Ho & Jli B 28527 . R: Resistant; S: susceptible; * indicates the auxiliary differential

varieties in Gansu Province.
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2012—2016 4F , ¥ F H 1 & G22-9(CYR34) |
G22-14 F E AT A BN CYR32 & CYR33, 47
SIXE2 078 4y AL 7= b R (R ) KBTI A REEA T ) B
W EOE P 2 25 R TR, CYR32 X i i Fh (R
(B R IE 14.95%~38.13% 2 [i] , - 44 K 23.86% ;
CYR33 () HUR R AE 12.85%~54.20% 2 [a] , -1 N
27.15% 5 G22-9 (CYR34) [ EU% R AE 9.97%~57.10%

Z 0], 14 30.81% ; G22-14 H B0 R 7E 6.70%~
49.25% 2 a] , 24 4 24.15% (% 4) . G22-9(CYR34)
PR (FR) BYEURE J) & T CYR32 FICYR33, 36
B R R G22-9 (CYR34) 0 M AH X 45k, X Ak
INFE LA TR R N R B A A B
JEEY) . G22-14 M EUR J1 BSRARXT AR, (R H R
Ji4lhE T CYR32, fE 21 5 I G22-9 (CYR34) 11 [A]
I, 1 3R G22-14 1T K 3h 7

R4 20122016 F/MEEFHFRETELE/NFH(ER) MK/ ERM(R) WK ETRE

Table 4 Pathogenicity of the races/isolates of Puccinia striiformis f. sp. tritici to wheat varieties (lines) tested during 2012—2016

G CYR32 CYR33 G22-9(CYR34) G22-14
Vear Bt SRR (%) Bt SO (%) Bt BoRR (%) B B0RR (%)
Number Morbidity Number Morbidity Number Morbidity Number  Morbidity

2012 321 14.95 319 12.85 321 9.97 296 16.22
2013 283 23.67 241 37.76 279 34.77 326 2791
2014 377 17.24 358 15.36 366 17.49 373 6.70
2015 257 38.13 286 54.20 366 57.10 400 49.25
2016 403 25.31 398 15.59 403 34.73 382 20.68
411 Total 1641 - 1 602 - 1735 - 1777 -
3] Average - 23.86 - 27.15 - 30.81 - 24.15
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37 M R (R ) AR 2 AR TS A FE il R PIVER (F85) 0 G22-14 [ F-HRXT 27 AR 30 A B B fIG

0.0944.0.0539.0.1145 10.0791, H:H# G22-9(CYR34) T CYR32,{HE T CYR33, A== vt o 1 JE A
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Table 5 Relative fitness of the major races/isolates of Puccinia striiformis f. sp. tritici to 37 wheat varieties at adult stage

L Fih A PH/NFR (T 2R ) Race (isolate)

Variety CYR32 CYR33 G22-9(CYR34) G22-14
22519 Lantian 19 0.0000 0.0000 0.0030 0.0000
FK 1% 57 Tianxuan 57 0.0000 0.0000 0.0000 0.0000
JI|Z 107 Chuanmai 107 0.2120 0.2120 0.4000 0.0700
Bz % 111 Longjian 111 0.0000 0.0000 0.0212 0.0000
B )52 0914 Longyu 0914 0.2120 0.3200 0.1800 0.0159
Bz )5 0456 Longyu 0456 0.0060 0.1800 0.0954 0.0053
IIfi# 33 Linmai 33 0.0000 0.0000 0.0027 0.0053
Ifi 4 34 Linmai 34 0.0954 0.0000 0.0371 0.0053
[z 4% 9343 Longjian 9343 0.0000 0.0000 0.0954 0.1060
FR#t 25 Zhongzhi 2 0.0477 0.0001 0.0053 0.0053
$t4% 25 Guinong 25 0.0000 0.0000 0.0742 0.1908
4% 26 Guinong 26 0.0000 0.0000 0.1908 0.1484
4% 28 Guinong 28 0.0000 0.0000 0.1696 0.1908
92R137 0.0000 0.0000 0.1060 0.0424
JII4¢ 18 Chuannong 18 0.0133 0.0477 0.0027 0.0050
JII4¢ 23 Chuannong 23 0.0001 0.0742 0.0530 0.0636
JIIZ 16 Chuanmai 16 0.1060 0.0424 0.1060 0.0106
JI|Z 30 Chuanmai 30 0.2120 0.1696 0.2120 0.1060
4K 22 Guinong 22 0.0000 0.0000 0.1060 0.0424
FK1% 62 Tianxuan 62 0.0000 0.0000 0.0000 0.0000
#3739 Mianmai 39 0.1060 0.0954 0.8000 0.2120
B¢ % 37 Longchun 37 0.0053 0.0636 0.0159 0.0106
‘H# 30 Ganchun 30 0.0027 0.0030 0.0053 0.0053
‘4 29 Ganchun 29 0.0318 0.0106 0.0212 0.0053
225 30 Lantian 30 0.0159 0.0027 0.0477 0.0424
22K 22 Lantian 22 0.0100 0.0000 0.0265 0.0000
22K 18 Lantian 18 0.0000 0.0000 0.0000 0.0000
22 K 05-140 Lantian 05-140 0.0424 0.0477 0.0000 0.0954
22 %21 Lantian 21 0.0000 0.0000 0.0053 0.0000
22K 17 Lantian 17 0.0000 0.0000 0.0318 0.1908
225 094 Lantian 094 0.0000 0.0000 0.0000 0.0000
22K 25 Lantian 25 0.0477 0.0053 0.1800 0.1908
Bz 7 15 Longzhong 1 0.4000 0.0240 0.0106 0.0265
7 85 Ganmai 8 0.2120 0.2120 0.2000 0.2000
Ifi# 35 Linmai 35 0.0053 0.0000 0.0000 0.0004
#37 38 Mianmai 38 0.0001 0.0100 0.0318 0.0212
4% 775 Guinong 775 0.0000 0.0000 0.0424 0.0371
B 169 Mingxian 169 (CK) 0.5400 0.8000 0.8000 0.7200

-5 Average 0.0944 0.0539 0.1145 0.0791
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FIFH (RS AE,2012) S SE4IR G 2 R AR
INAZ SRR R S R R R T AR (R4t
VS A AR R AT A= ZRM I T BURIARL , Jin 3t 1 8T B
RBY M BAGRAT , X 2 L) G22-9(CYR34) 1 G22-
14 AR B A 22 BURISHEAE H it 4 77 A
RIEDIRAE I, L5 8047 LiE 2 & H R &
FAAR 92R IMLZK A SR (52 ) HH TR 3t 2 1 2 25 70
FAUME . PGSR H R B N AR 7= SRl (R ) 4t
TR RN H 4 B 2 X BT M 45 SR, X
B 2R 33 LR34 LR 36, K49 Kk 54 i
33 B % 386 [E 45 103 Mz Il 4 3D-17 . Ifi 4% 4D1-21 .
02-195-7. 02-150-3-2-1- 1, XK2014- 69, WI15-6
WI15-61 FI5Hp 2 508 3 B Ip 7 S545 A0 B0 7= i
(FR) LPUiEM R EA AP BT SE, nTfE A 5
T A

AHIF 5T X 2 078 4y /INZ A 7= R LS A%
Fir AR i 2R BT A B0 1 I A B 37 7y E
AT R P AR IE A BRI E , & B G22-9(CYR34)
HA B BOW o S A R HE S
Z RS, BB A Hi 4 & CYR32 Al
CYR33, BE7e IRIFA &4 1B/IR % 6 Hybrid 46, 7K
PR 11 AR AR 92R M Moro 25 1L 2% AP rdpo e, B
AT fE B MR 5 AR AR 92R L2k i AL H R
AP KRR 2L KT 22K 24, TR R
29, Kk RAYRIE 43 Kk 48 Kk 51, BE % 5
1 Bz %5 9343 Sl 22 22 Wi 22 34 45 KL 4% e
RPUAFTE, X 5IB3CHRE (2013) 1 101> avrYrl 0/
24/26/ch42 53 ZE R B R (IR 54k 22 BUR IR Xt 39
DU )1 48 /NZ2 5 8 AR EA T RE MR A | R IIERT 38
A AhELAT R A 45 SR AR — 2L
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A< 22 ORSSHELE H R 19 H B 2 2 4k Hybrid
46 KRR 11 BURZEREIG 9 L — BT BUW2ERE, A
FELE R R BOR RO BN Hl 4 BB BURE
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ZIE X AR T 2 A [ /INZE A A AR R a1 S
— AR R BRI . DL AR R Y W T 2
B H A SIS A A0 . A 5 A] e Y i
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YT HEAR 22 BUR IS EA T AE A T KU, 7E
AT W AR s s W, 2 D) 56 Bk 22 Bomi s
TR L SR SRS o 45 by B PR R A )y
JE4E AT 5048 (92R (Yr26) L%k 5 b B FhAE T AR, 781
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Yr18 S HUR L T IR o AR LA B s g bt
N B r & B PR E ot I 7ot = E 1 A= B S [ [
IsEBTIE SRR R DA, ARSI 35 A R AR
FrRai s il Hof A4 Do ra 22 X /N2 S48 2 A2 A T,
P E MR B A4,

£ % 3L Bk (References)

Cao ZJ, Jing JX, Wang MN, Xu ZB, Shang HS, Li ZQ. 2004. Analysis
of stripe rust resistance inherence of wheat cultivar Guinong 22.
Acta Botanica Boreali- Occidentalia Sinica, 24(6): 991-996 (in
Chinese) [ 5K %2, H 4 2%, F 2w, RER, i, 25 PR
2004. /N LRI SRR 22 SHUABE IR (L /04T . LA A4k,
24(6): 991-996]

Gao SG. 1999. Identification and analysis of resistance of NAU 92R
wheat lines. Acta Agronomica Sinica, 25(3): 389-391 (in Chi-
nese) [F5 /LM . 1999. B4 92R FRGE MR HLIR ZHUIESE E S H:
PR MRAG 0 AT . VEWIA I, 25(3): 389-391]

Han DJ, Wang QL, Zhang L, Wei GR, Zeng QD, Zhao J, Wang XJ,
Huang LL, Kang ZS. 2010. Evaluation of resistance of current
wheat cultivars to stripe rust in northwest China, north China and
the middle and lower reaches of Changjiang River epidemic area.
Scientia Agricultura Sinica, 43(14): 28892896 (in Chinese) [ {&
R, EBUHE, 5ka7, BRIESE, 84 PR, B, RN, B, ek



108 MW R %

{1 454

A2 2010, “PYIE-ARAL— YT A T R G AT DX R 2 i/ A
ARl CRO PRGN . rh OB, 43(14): 2889-2896]

Jia QZ, Huang J, Cao SQ, Zhang B, Wang XM, Jin SL. 2012. Discov-
ery of new stripe rust strain infected to China’ s major wheat resis-
tant material Guinong 22 and its preliminary pathogenicity analy-
sis. Gansu Agricultural Science and Technology, (1): 3-5 (in Chi-
nese) [B1EkES, BEHE, W), sk, TRM, S4bAk. 2012 J8 4L
T [ F BN AGTIRBTRL DA 22 B9 AR TR T AR 1O R I S B0
PEYIL T RO R, (1): 3-5]

Jia QZ, Jin SL, Cao SQ, Luo HS, Jin MA. 2007. Tending to prevalence
and progress of CYR32 and Shuiyuan 14 pathotypes in Gansu
Province. Journal of Plant Protection, 34(3): 263—-267 (in Chi-
nese) [BIAKES, bk, Wittt ), Bk AR, G042 . 2007, /NE 588
TR A BV 2% b 3245 BRI 14 E0p 2 IAE HR AT 5 R R
B AR 2R, 34(3): 263-267]

Kang ZS, Wang XJ, Zhao J, Tang CL, Huang LL. 2015. Advances in re-
search of pathogenicity and virulence variation of the wheat stripe
rust fungus Puccinia striiformis f. sp. tritici. Scientia Agricultura
Sinica, 48(17): 3439-3453 (in Chinese) [ M4 4=, FEA, XA,
VIARE, BENNTN . 2015, /A2 20 5 TR B0 P M HR S T e e
FRE LR, 48(17): 3439-3453]

Kuang WJ, Zhang GS, Zhang ZY, Ji HL, Shen L, Ni JY, Wang ZH,
Peng YL. 2013. Studies on virulence of avrYr10/24/26/ ch42 mu-
tants of Puccinia striiformis f. sp. tritici. Southwest China Journal
of Agricultural Sciences, 26(6): 2323-2331 (in Chinese) [/ 3L ##,
?ﬁﬁﬁi FYRP, WELLE, Vo, AR, £, R 2013

K HEBIRTA avrYr10/24) 26/ch42 S€25 IR TR MBI . PRI AR
#"TE( 26(6): 2323-2331]

Li YF, Yuan ZY, Ren HB. 1992. Monitoring and pathogenicity of Puc-
cinia striiformis f. sp. tritici CYR29. Shanxi Journal of Agricultur-
al Sciences, (2)- 11-13 (in Chinese) [Z=Ht 55, JF 5% ¥, 1116 5.
1992, /N2 25 5 1 A v 29 5 /NI v Wi 0 B B0 o . 1l v ARl
% (2): 11-13]

Li ZQ. 1980. The variation of wheat variety resistance to stripe rust in
China and the way of its solution. Scientia Agricultura Sinica, 13
(3): 72=77 (in Chinese) [Z=4E15 . 1980. & [E/NZZ fh A HL 45 S5 1
T R R B sz . ER L RRE, 13(3): 72-77]

Li ZQ, Zeng SM. 2002. Wheat rusts in China. Beijing: Chinese Agri-
culture Press (in Chinese) [Z= g I, % -3 . 2002. F [E /N2 5
97 . ALt RO ]

Liu B, Liu TG, Zhang ZY, Jia QZ, Wang BT, Gao L, Peng YL, Jin SL,
Chen WQ. 2017. Discovery and pathogenicity of CYR34, a new

race of Puccinia striiformis f. sp. tritici in China. Acta Phytopatho-
logica Sinica, 47(5): 1-8 (in Chinese) [ X1, X1l K [H, FE &3, T7
E, EOLHE, A, Za R, Sk, BT 2017, drE/INE 5%
B 2k 34 51 R I B BOR R . A B2, 47(5): 1-
8]

Liu TG, Peng YL, Chen WQ, Zhang ZY. 2010. First detection of viru-
lence in Puccinia striiformis f. sp. tritici in China to resistance
genes Yr24 (=Yr26) present in wheat cultivar Chuanmai 42. Plant
Disease, 94(9): 1163

Liu TG, Zhang ZY, Liu B, Gao L, Peng YL, Chen WQ. 2015. Detec-
tion of virulence to Y726 and pathogenicity to Chinese commer-
cial winter wheat cultivars at seedling stage. Acta Phytopathologi-
ca Sinica, 45(1): 41-47 (in Chinese) [ X1 A ¥, 4%, X1, &
F, o B, BRITAL. 2015, /NS ARG B ) Yr26 T/ MR
50 I B R T [ /N 22 R it A 30 00 P 20 . A B
2, 45(1): 41-47]

Shang HS. 2008. Wheat stripe rust and its control. Beijing: Jindun Pub-
lishing House (in Chinese) [ 7 ¥4 . 2008. /)N 27 4% 45 9 S H: B
A At ) ]

Song WZ, Zhang ZJ. 1990. The study on the method to estimate fitness
of wheat variety x yellow rust race. Acta Agriculturae Universita-
tis Pekinensis, (S): 170-173 (in Chinese) [/ 1, 5K .74 . 1990.
INAZ < R T A VRIS A B 2 T EERFSE . b iRl R
2R, (S): 170-173]

Wan AM, Wu LR, Jin SL, Yao G, Wang BT. 2003. Discovery and stud-
ies on CY32, a new race of Puccinia striiformis f. sp. tritici in Chi-
na. Journal of Plant Protection, 30(4): 347-352 (in Chinese) [J1 %
R, ROLN, bk, Whds, LORIE . 2003, /N AR A
325 MR A DA, 30(4): 347-352]

Wan AM, Zhao ZH, Chen XM, He ZH, Jin SL, Jia QZ, Yao G, Yang
JX, Wang BT, Li GB, et al. 2004. Wheat stripe rust epidemic and
virulence of Puccinia striiformis f. sp. tritici in China in 2002.
Plant Disease, 88(8): 896-904

Zhang B, Jia QZ, Huang J, Cao SQ, Sun ZY, Luo HS, Wang XM, Jin
SL. 2015. Trends and toxicity analysis of new strains G22-9 and
G22-14 in Puccinia striiformis f. sp. tritici. Acta Agriculturae Bo-
reali-Occidentalis Sinica, 24(7): 125-130 (in Chinese) [5k)), T5
B, w W, IMRT SRR, ERER, Gk 2015, /J\iz
SRR R 5 22-9 TN 5 22-14 R RS8P T . pEdLA

24, 24(7): 125-130]

(FrAE s 4 5= £ 45)



