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rust races in Hebei Province
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Abstract: To clarify the sensitivity of different physiological races of Puccinia triticina (Pt) in Hebei
Province to triadimefon, samples of wheat infected with Pt were collected from nine regions in Hebei
Province from 2023 to 2024. Single-spore isolation was employed to isolate Pt strains, test hosts were
used to identify the physiological races, and the spore germination inhibition method was adopted to
determine the sensitivity of physiological races to triadimefon. The resistance differences of physiologi-
cal races to triadimefon across different regions in Hebei Province were compared, their sensitivity to
this fungicide was monitored, and the cross-resistance of different triazole fungicides was investigated,
followed by field validation. The results showed that a total of 193 Pt strains were isolated, and 12
physiological races were identified, with THTT and PHTT being the prevalent races. The EC;, of triad-
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imefon against the tested strains ranged from 5.09 to 51.04 pg/mL, and the sensitivity baseline was

established as 8.07 pug/mL. Sensitive strains accounted for 97.41% of the total, with only five resistant

strains detected, primarily from Handan City and Shijiazhuang City, which should be designated as key

areas for fungicide resistance monitoring. No significant cross-resistance was observed between triad-

imefon and other fungicides sharing the same mechanism of action, including tebuconazole and hexa-

conazole. Field efficacy trials were conducted to test six commonly used fungicides, demonstrating that

25% pyraclostrobin suspension concentrate exhibited the best control effect with a long duration,

making it the preferred fungicide for control. In contrast, 44% triadimefon suspension concentrate

exhibited the poorest control efficacy and is recommended for cautious use.

Key words: wheat leaf rust; triadimefon; sensitivity monitoring; fungicide resistance; field control efficacy
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Table 1 Identification results of Puccinia triticina physiological races in Hebei Province

A BET AEEN B AT WOT Aokl RS kROm Ml
2#1  Baoding Shijiazhuang Tangshan  Xingtai Handan Hengshui Langfang Zhangjiakou Cangzhou

Race  City City City City City City City City City Total
tyoe Q F% Q F% Q F% Q F% Q F% Q F% Q F% Q F% Q F% Q Fi%
THTT 7 3334 19 3519 0 0.00 6 3332 5 2381 5 2500 4 3077 2 2500 2 1333 50 2591
PHTT 4 19.05 10 1852 12 52.17 5 27.78 7 3333 8 4000 0 0.00 0 0.00 2 1333 48 24.87
PHFS 4 1905 7 1296 7 3043 3 1667 0 0.00 2 1000 1 7.69 0 000 0 000 24 1244
THTS 2 952 5 926 0 000 0 0.00 4 1905 0 000 0 000 2 2500 4 2668 17 881
PHIT 2 952 6 11.11 3 13.04 1 55 0 000 O 000 2 1538 0 000 0 000 14 725
PHDF 0 000 5 926 0 000 0 0.00 2 952 0 000 0 000 0 0.00 2 1333 9 4.66
THKT 0 000 O 000 O 000 O 000 O 000 5 2500 0 000 2 2500 O 000 7 3.63
FHTT 2 952 0 000 0 000 O 0.00 3 1429 0 000 1 7.69 0 000 2 1333 8 4.15
PHJS 0 000 O 000 O 000 O 0.00 O 0.00 O 000 3 2308 1 1250 0 0.00 4 207
FKKT 0 000 O 000 1 435 0 000 O 000 0 000 0 000 1 1250 0 0.00 2 1.04
PHKT 0 000 O 000 0 000 3 1667 0 0.00 0 0.00 2 1539 0 000 0 000 5 259
THIT 0 000 2 370 0 000 0 0.00 0 0.00 0 000 0 000 0 000 3 2000 5 259
B2t 54 23 18 21 20 13 8 15 193

Total

Q: B RREE ; F . tHEUR . Q: Number of identified strains; F: the frequency of occurrence.
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Fig. 1 Frequency distribution of sensitivity to triadimefon in

Puccinia triticina populations from Hebei Province

R2 RE/INEME B 4 /N = R i 1t

Table 2 Sensitivity of different physiological races of Puccinia triticina to triadimefon

ERUN BBRECR  BURBEBREC  (GURIBREC  ECJEM FIEC, ERAVEC  BUYERIBRGIL
Physiological No. of  No. of sensitivity No. of EC,,range/ Average EC,/  Fold Frequency of
race strains strains low-resistant strains  (pug/mL) (ug/mL) change resistant strains/%
THTT 50 45 5 11.29-51.04 22.15a 4.52 10.00
PHTT 48 48 - 6.57-23.42 12.43 be 3.56 0.00
PHFS 24 24 - 5.09-10.08 7.08 ¢ 1.98 0.00
THTS 17 17 - 5.67-29.42 16.24 ab 5.19 0.00
PHIT 14 14 - 5.99-10.84 8.15be 1.81 0.00
PHDF 9 9 - 7.98-10.89 9.19 be 1.36 0.00
THKT 7 7 - 9.98-13.05 11.53 be 1.31 0.00
FHTT 8 8 - 7.99-13.27 10.76 be 1.66 0.00
PHJS 4 4 - 8.57-13.25 11.60 be 1.55 0.00
FKKT 2 2 - 7.29-9.80 8.55bc 1.34 0.00
PHKT 5 5 - 7.05-11.23 9.41 be 1.59 0.00
THIT 5 5 - 5.42-11.56 8.37 be 2.13 0.00
1t Total 193 188 5
i Ft Percentage/% 97.41 2.59

[R) FI R[] /NG B e /R -3 BC,, 4 Duncan B &2 M 22 B 6 56 25 5% 123 (P<0.05) . Different lowercase letters within the

same column indicate significant differences among average EC,, by Duncan’s new multiple range test (P<0.05).

2.4 SAdbE/NEMEE R = MERRHTIE S B Eh7S

XF 193 B /N2 W85 Tk 4% b IX R0 93 I 2R AT 00
BT, B B0 15 1 AS R b X (1) 7N P75 B %o — IR i 1
PUPEAEAE 3 25 5 (3R 3) o MU T 0 88 TR AR %o — e
V] %) B0 P 2 S e K, S H ECy, o 17.05 pg/mL, &

FRUBIEZR 1 2. 1 1A%, R 45 i X e 1 5 5 T 408 T vk
X A TR e 1 2 S /D 5 17T = R X 9 M T 0 5
BRI BC, JefR (2 3) o BUER MR i T
FEETT AR T, 23 3047 3 MRAN 2 Bk, o7 BT 16 i X
BHRR B 5.56% F19.52%.
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Table 3 Sensitivity of Puccinia triticina to triadimefon in different regions of Hebei Province
MK R EC,, L] 2SR FHIEC,, PUPERPR L
District Number of strains EC,, range/ Fold Average Frequency. of resistant
(ug/mL) change EC,,/(ng/mL) strains/%
PR %E T Baoding City 21 7.42-14.65 1.97 14.03 abc 0.00
A1 %11 Shijiazhuang City 54 5.99-44.64 7.45 17.69 a 5.56
JELLTT Tangshan City 23 5.15-22.47 4.36 10.78 be 0.00
i 57l Xingtai City 18 5.09-20.51 4.03 11.04 be 0.00
HF#E T Handan City 21 6.57-51.04 7.77 17.05 ab 9.52
fiif7K 17 Hengshui City 20 6.66-21.63 3.25 11.20 be 0.00
JERI5 T Langfang City 13 7.12-20.37 2.86 11.69 be 0.00
7K Z 1117 Zhangjiakou City 8 5.67-17.66 3.11 11.36 be 0.00
Y 7 Cangzhou City 15 5.42-20.01 3.69 9.68 ¢ 0.00

[RF G AR RN 8 R /R 2 EC,, 28 Duncan B & il 22 K 56 22 5 [ 3 (P<0.05) . Different lowercase letters within the

same column indicate significant differences among average EC,, by Duncan’s new multiple range test (P<0.05).

HE—25 5B T — R X AN [ s XS > F2 A B
/NFf THTT ., PHTT ., PHFS, THTS 1 PHIT #Y °F 1
EC,,, &I 11 i THTT .PHFS .PHIT /N K2 78
7 B THTT . PHTT . THTS /)N X6 = mae i 457 2 90 4%
JE, WA R X G ) EC o ST X AR T AR [R]/INFf
ECs,; A1 28 1 5 HEHR T 48 28 19 THTS /N6 = i
] P R M 2 v TR V8 M R 5K 52 T T S 1Y

THTS /)Nl D) SteF = e il 8 390 1 A o 4 0K A i Je e
(F4) . Z& Lk, W62 /INZZ 45 1R X — s i £
PP S B el 2 S R A BN 22 5 SR T AL
FE T AP B B0 0 X3k, 17 25 T FE 405 L
THTT A1 THTS A& H/Nsh ot = w4 S8 7E A )
Hi DX SR, DU IR BT 45 4 Hh DX 24 5 R/ INFp )
AT 22 AR

R4 ML E AR R/ANEMEEEZE RN EHEC,,

Table 4 Mean EC;, of triadimefon to major Puccinia triticina physiological races from different regions of Hebei Province

pg/mL
i [X 5 EC,, Mean ECy,

District THTT PHTT PHFS THTS PHJIT
£#5E 117 Baoding City 18.98 16.81 8.26 11.13 8.70
{1 % JETH Shijiazhuang City 28.09 13.30 7.09 25.28 8.03
JE1LITl7 Tangshan City - 14.27 6.21 - 8.62
T4 1 Xingtai City 15.85 8.77 7.99 - 6.15
HBH#ETT Handan City 27.50 13.44 - 18.30 -
fif 7K 1 Hengshui City 16.50 13.44 7.22 - -
JE§H5 1 Langfang City 17.17 - 5.55 - 8.29
5K 1117 Zhangjiakou City 16.07 - - 6.30 -
75 T7 Cangzhou City 12.53 8.59 - 10.40 -

2.5 =MRFEFIITNEER RS HEX TR
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Fig. 2 Correlation of sensitivity of Puccinia triticina (Pt) to triadimefon and tebuconazole (A) and hexaconazole (B)
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Table 5 Field control efficacy of six common fungicides against Puccinia triticina in Hebei Province

- 2 - Hi 2455 7 d JE25)5 14 d
B 6§7 m ﬁ)‘i @1”3[{ 7 days after treatment 14 days after treatment
25 it Bl T e
Fungicide Active ingredient Disease index i %*E' L3 BirinzeR i rﬁ R BiIARCR
dosage per 667 m*/g  before treatment D.1sease Control Dlsease Control
index effect/% index effect/%

249 WEVLEERE SC 9.6 1.71£0.37 7.67£1.02 85.71£1.15b  22.07+2.35 77.84+2.04b
24% thifluzamide SC
25% Nk PR TG SC 10.0 1.60+0.02 4.68+0.50 90.78+1.23a  12.30+0.82 87.04+0.97 a
25% pyraclostrobin SC
5% CLERE EC 2.0 1.66+0.35 9.85+0.62 80.79+4.00 ¢  21.33+£3.67 78.18+2.06 b
5% hexaconazole EC
50% H LB R R SC 20.0 1.63+0.30 11.41£1.26 77.86£1.69 cd 28.84+0.35 69.56+3.57 ¢
50% thiophanate-methyl SC
43% JILMERE SC 17.2 1.93+0.33 14.45£1.24 76.12+1.95d  31.19+0.52 72.20+4.35¢
43% tebuconazole SC
449 =W SC 17.6 1.64+0.25 29.30+£1.96 43.27+3.39e  60.99+3.84 36.70+3.60d
44% triadimefon SC
T /K Water control 1.62+0.14  51.42+2.48 95.93+1.85

R N2 R 22 o RSB IS AN TR /NG 7 B 37 b TR 28 Duncan FROHT AR 25 WA A 56 22 57 2% (P<0.05) .
Data in the table are mean+SD. Different lowercase letters in the same column indicate significant differences among treatments by

Duncan’s new multiple range test (P<0.05).
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