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Abstract: To investigate the occurrence of autumn wheat stripe rust and the transmission pathways of
pathogen sources in the over-summering areas of Puccinia striiformis f. sp. tritici in Qinghai, sys-
tematic field disease surveys were conducted on the main over-summering host wheat in eastern Qing-
hai from August to November in 2023 and 2024. The results showed that overlapping host growth
stages occurred in the eastern wheat-growing regions of Qinghai from August to October, allowing
the pathogen to complete infection across different hosts. Puccinia striiformis {. sp. tritici in Qinghai
is unaffected by summer high temperatures and can successfully survive over summer in nearly all
wheat-growing areas, with pathogen reproduction lasting until December. From August to October,
abundant precipitation in eastern Qinghai led to severe disease occurrence in autumn-sown wheat seed-
lings. The average diseased leaf rate showed a linear positive correlation with precipitation, and a sig-
nificant positive correlation was observed with precipitation in September of 2023 (P <C0. 05). Based
on airflow trajectory simulations, it is inferred that during the occurrence of stripe rust on autumn-
sown wheat seedlings in the eastern wheat-growing areas of Qinghai, the disease can directly impact

autumn seedling infections in Gansu and Ningxia. Moreover, through a single long-distance dispersal
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event, the pathogen can reach the Guanzhong Plain and even the wheat-growing regions of southern

Henan, with the potential to threaten northwestern Hubei.

Keywords: Wheat stripe rust; Over-summering areas in Qinghai; Autumn inoculum survey; Forward

trajectory analysis
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Table 1 Occurrence of stripe rust in late-maturing spring wheat in 2024

i8] A T AR 1A 4 5 9 2% -4 1t -2
H (X)) Location Survey Surveyed Diseased Average diseased Average
area/hm? plots field rate/ % leaf rate/ % severity/ %
K & Datong county 0. 300 3 100 30. 00 60. 00
F:AIE Gonghe county 0.067 1 100 1.68 2.70
H B B Huzhu county 1. 267 14 100 30.53 50. 50
fEe & Hualong county 0. 200 2 100 30. 00 40. 00
1 H1 X Huangzhong district 0.434 5 100 46.15 60. 00
TP E Menyuan county 3.667 15 100 23.82 38. 40
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Table 2 Occurrence of stripe rust in volunteer wheat seedlings in 2023

8 £ T R ] A P B GLIES i I 4 JUE
H (IX) Location Survey Surveyed Diseased Average diseased Average

area/hm? plots field rate/ % leaf rate/ % severity/ %
Kl £ Datong county 0.401 6 100 0.03 10. 80
FE Guide county 0.267 6 100 0.55 28.70
H B E Huzhu county 3.432 40 100 0.08 16. 50
LB 2 Hualong county 0.732 11 100 0.57 24.10
% H1 X, Huangzhong district 0.333 6 100 0.03 10. 00
4L H Jianzha county 0.333 6 100 0.18 14. 40
JRHBIX Ledu district 2.933 42 78. 60 0.12 18. 00
EAIE Minhe county 2.552 38 81. 60 0. 06 19. 30
44 X Ping’an district 2.033 26 100 0.10 16. 80
[d]{H Tongren county 2. 800 27 100 0.22 17.70
4k B Xunhua county 0.933 18 100 0.62 26.10
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Table 3 Occurrence of stripe rust in volunteer wheat seedlings in 2024

i8] A T AR [LEEIRET S -2 1t -2 i
H (X)) Location Survey Surveyed Diseased Average diseased Average

area/hm? plots field rate/ % leaf rate/ % severity/ %
WAL X Chengbei district 0.667 4 100 1. 00 15.00
K B Datong county 0.427 9 44. 40 0.12 10. 00
A E Guide county 4.501 17 47.10 0.41 10. 30
H B H Huzhu county 1. 000 2 100 1. 00 10. 00
fLlE B Hualong county 4.667 12 75.00 0. 86 6. 40
RFLE Jianzha county 0. 400 4 100 0.70 10. 00
V-4 X Ping’an district 0.133 1 100 1. 00 15. 00
#ift B Xunhua county 0.734 7 28. 60 1.09 5.50
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Table 4 Occurrence of stripe rust in winter wheat seedlings in 2023

LHECATEA T A BB i -2 R -2 1
H (IX) Location Survey Surveyed Diseased Average diseased Average

area/hm? plots field rate/ % leaf rate/ % severity/ %
fE e B Hualong county 1.868 18 72.20 0.05 12. 90
RFLE Jianzha county 0.533 5 100 0.16 16. 10
SRARIX Ledu district 0. 800 10 100 0.26 26. 20
1B Minhe county 2.176 37 56. 80 0.04 15.70
fift £ Xunhua county 0. 867 14 50. 00 0. 05 10. 00
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Table 5 Occurrence of wheat stripe rust on winter wheat autumn seedlings in 2024

i) A T AR ] A BB i [ - Xy i R - 2 1
H (X)) Location Survey Surveyed Diseased Average diseased Average

area/hm? plots field rate/ % leaf rate/ % severity/ %
Hf L Guide county 1.133 10 100. 00 4,68 19. 70
1L 2 Hualong county 5. 000 12 100. 00 3. 80 18.30
LRHLE Jianzha county 1.533 8 100. 00 22.13 43.00
IRHBIX Ledu district 0.667 3 100. 00 2.00 20. 00
#if B Xunhua county 2. 667 8 50. 00 1.87 7.50
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Fig. 1 Distribution of survey sites for the over summering of wheat stripe rust in Qinghai Province across 2023 and 2024
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Fig. 2 Cluster analysis of 72 h forward trajectories for Hexi town, Guide county in 2023 and 2024
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Fig. 3 Cluster analysis of 72 h forward trajectories for Yashenga town, Hualong county in 2023 and 2024
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Fig. 4 Cluster analysis of 72 h forward trajectories for Chahan Dusi township, Xunhua county in 2023 and 2024

X P A 5 1) A — 25 (16. 08 %) A AT AT 2 V1. 75 rh 5
Hi X, o5 —2 (15, 09 %6) < A1 28 Bl 7 b X aE A0 1|
P T X5 R AT ) (3. 39 %) M AT B AL 7 R
HiIX . A3 000 m e BE B AR R ME B £ AT LU R
WL AR db ) (15, 61 %) S A AT 2 el db A6 E 5 1 AR
D5 1) (4. 70 %) KA AT F L ZR AL s AR AT =
AR M, —J5(36. 05 %) HE AT PGS 53 A H
(3 43. 6570 K M W] B ILIR &R 4 X,

AR EL 28 A1 2% B A B T 1) 290 30 AL 0L 45 SR
(K3 R, 10 m e BEA =23 (3 710 25%%)
T N R B AR R (28, 75 %0) KA A
R B AU L LK, 500 mo 5 RE A W25 A A (3t
33.57%0) T4 N R4 8L A md 7 ) <A1 (32, 46 40)
HEABE H b X T 2R 5 1 AT (6. 63 %6) BRI AR
o A8 g A 11X 5 AR R 1) — 2R (15, 19 V0 #EA
B B b X, 59— 28 (12, 15 %) #E ACH 8 35 il B o



57

T AR /N A5 T T I B DRk R T R A AT 5T

* 987 -

1500 m @ B AR RMEHLE 2 R W], AR AL 5 1) —
FA (22, 65 %) G0 VY S AR i e A N B2
— R (2. 63%0) W] BILT R HRHL X 5 1E AR U7 1)
— 28 A (33, 29%0) nf Z L P S, 5 — R A
(6. 63%) I 2 LA ma FF b X5 AR Fg 1) — 2R
M1 (22. 44 Y0) L Berd 2035 00 )1 T o X, 55 — 2K A
P (14. 36 %0) B3R AL H X . 3 000 m & J&
EFR N —HKS B 21, 41 YO BRI AL H, 5 —
F A1 (28, 04 %) B3K 1L R A R R b X 5 25 7 O 1)
S A (50. 55 %) AT Z 0] B H R L IX
A8 Ak EL A VE 0 40T & 0 AF B2 T 1) 0030 A AL 4%

(F O ER.10 m & A WA 3L 77, 35%)
T NIRRT 8 A 7 A1 (22,65 00) i AH
I X, 500 m @& BEA PSSR (3 47, 26 20)
T W R 8 A 7 e <A1 (18,96 00) i A B
R X5 TF 25 07 1 M (4. 53 %) AT 2= IR AR AL EE
AR T A (29, 26 YO #EABE R HBIX , 1 500 m
B AR Rl 2 R, AR A Oy — 2R
(23.63%) ¥t AP L X, — 28 A1 (25. 82%) 1]
P R — 2] BT R X IE AR T
A (12,09 %) AT & 1L AR 65 A B ) — 2K
P18 13%) Al B e &8 B b, oy — RS A
(16. 21 YO & e r#E AN T o H X, 3 000 m
AR A A A (25, 11 %) B B AT TR 5 1F 4R
05 ] — 2R A1 (29, 45 %) AT E I P R FR LK, 55—
ZE (16, 13 %) AT 2 1L 2R AR ML X 5 7R B 1) —

FAHA (14, 59 Yo ] BHTVLARILFFHLIX , 7 — KK
AT (14, 73 %) v 28 1) e VG b5 b X

R R B S T TN B = S T e i
e B AT VO AL LA VT S b T ALK
INFE AR I B 2R AR s e B, 7 A T R A
K. AFAT B ILE & B, 9—11 AR E M
SRR AV 4,10 mo= B A A0 A H R
IIfi B M1 X ,500,1 500 F1 3 000 m K% Al #) ik H
B B M XL B 2R b XTI rR kb DX, B P A S R
B R X, T BRI LA R X, O )1 AR G )
S R R b R b X L PG e R R R R
[P i 51 B WA 1 N N 1 e 7 S e
P e Sl 7S i W i [ N v = R N
AL L IX
2.3 EHEARBERSEEGXNESEFHTIT

2023 A H1 2024 AFF 64 AR X455 06
HH(X)8 AR ELE AT 16.0~22 °C,9 H i
AL T 12.5~17.5 °C,10 H 5 L& T
6.0~10.5 C,11 HiRELHE AL T 0. 5~4.5 C
(R 6.F 7. HKT 555 w8 B2l E R 23
T o U0 R B2 X 5 1 48 AR B 22 X AR B B TE
SRR AHOCHE Jr AT 45 R R, 2023 4E I 2024
4 8.9.10 H By RE K it 5 /INZ2 7 2 i 30 B 2
IEMEE R, H 2023 4F 9 A KR 5/ 155%
MR EFME(P<<0.05) , KB N y=
0.00142+0.02(P=<C0.05,r=0.63),

F6 2023 FNEXFFRHEMEXRAFHREBEMEKE

Table 6 Monthly mean temperature and precipitation in the over-summering regions of wheat stripe rust in 2023

- 25 R S E Mean temperature/°C [# 7K &t Precipitation/mm
H(X) Average
Location diseased
leaf rate/% 81 Aug. 9 Sep. 10 Oct. 11 A Nov. 8 Aug. 9 Sep. 10 A Oct. 11 H Nov.
1 B
D K 0.03 16.5 12.5 6.5 1.0 124.9 123.1 88.1 0
atong county
e it
G .mh“g- 0.55 19.5 16.0 9.0 4.5 285.6 251.7 65. 4 2.0
suide county
) 5 0.08 17.0 13.0 6.5 1.5 159. 2 127.0 71.3 0
Huzhu county
H T & 0.17 16.0 12.5 6.0 0.5 79.0 124.3 35.5 0
ualong county
X -
Huangzhong district 0.03 16.5 13.0 7.0 2.5 279.0 87.6 36. 1 0
PN
. RALE 0.15 18.5 15.5 8.5 4.0 52.3 105. 8 149. 4 0
Jianzha county
EE%KE 0.15 18.0 14.0 8.0 2.0 16.1 9.4 16. 2 0
Ledu district
. RO A 0.05 22.0 17.5 10. 5 4.0 36.5 76.6 37.7 4.9
Minhe county
P 0.11 19.0 17.5 8.0 2.5 32.3 26.9 2.2 0

Ping’an district
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Table 7 Monthly mean temperature and precipitation in the over-summering regions of wheat stripe rust in 2024

- 243 1 3 R E Mean temperature/°C [# 7K & Precipitation/mm
H(X) Average
Location diseased
leaf rate/% 8 H Aug. 9 A Sep. 10 H Oct. 11 A Nov. 8 A Aug. 9 H Sep. 10 A Oct. 11 H Nov.
WAL X
Chengbei district 1. 00 17.5 14.0 7.0 1.0 266.7 508. 3 60. 6 1.3
D Kt B 0.12 17.5 14.5 7.0 0.5 105.0 78.1 29.8 4.2
atong county
L iy
N 4)'_”:"“5“ 1.13 20.5 17.5 10.0 3.5 281.9 245.4 11.6 12.5
Guide county
LS 1. 00 17.5 14.0 7.5 0.5 52.0 44. 6 2.2 0
Huzhu county
Tkt 2.35 16.5 13.5 6.5 0.5 392. 4 17.7 2.1 2.3
Hualong county
215
. RALEL 20. 95 20.5 16.5 9.5 3.5 298. 2 197.3 28.2 4.4
Jianzha county
AR 2.00 18.0 14.0 8.0 1.0 34.0 169. 1 6.3 2.1
Ledu district
N 1.00 18.0 14.5 8.0 0.5 67. 3 79.8 19.0 0
Ping’an district
1 e 1. 60 21.0 16.5 10.0 4.5 1156.2 403.9 80. 0 2.2

Xunhua county
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