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Puccinia triticina and meteorological factors
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Abstract Wheat leaf rust is one of the fungal diseases that spread by air and seriously threaten the safety of wheat
production. In recent years, the occurrence of wheat leaf rust is increasing year by year. In this study, the
average day-temperature and the average maximum day-temperature of the 10 warmest days from July to August
of 698 meteorological stations were analyzed by regression analysis, and the mean values of ground surface
temperature, wind speed, precipitation, sunshine time and relative humidity were analyzed by spatial
interpolation. The meteorological data of 93 investigation sites of wheat leaf rust were obtained afterwards. Then
the correlation analysis was carried out between oversummering and meteorological factors. The results showed
that oversummering had a significant correlation with the average day-temperature and average maximum day-
temperature of the 10 warmest days from July to August (P<0. 01), but had no significant correlation with other
meteorological factors (P>>0.05), which laid a foundation for classification of the oversummering regions of
wheat leaf rust.
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Table 1 The t-test of average day-temperature in the 10 warmest days from July to August and longitude values,

latitude values and altitude values

GO ZH EVEES PrER 2 , p
Year Parameter Regression coefficient Standard error i
2008 & Constant 46. 849 0.777 60. 293 <0. 001
2%  Longitude —0.123 0. 007 —18. 311 <0. 001
#i %  Latitude —0. 109 0. 008 —13. 981 <C0. 001
Wk Altitude —0. 005 <0. 001 —68.312 <0. 001
2010 HH&  Constant 50. 773 1.077 47.122 <20. 001
2%  Longitude —0.132 0. 009 —14. 092 <C0. 001
4% Latitude —0.169 0.011 —15. 642 <0. 001
Wk Altitude —0.005 <C0. 001 —46. 691 <C0. 001
2012 i  Constant 50. 290 0. 815 61.710 <0. 001
2%  Longitude —0.127 0. 007 —17.979 <0. 001
i Latitude —0. 182 0. 008 —22.333 <0. 001
MR Altitude —0. 005 <<0. 001 —66. 901 <<0. 001
2013 H#H Constant 48. 980 1. 104 44. 356 <0. 001
%4 %  Longitude —0.113 0.01 —11.782 <0. 001
4%  Latitude —0.176 0.011 —15. 880 <0. 001
Wk Altitude —0.005 <C0. 001 —50. 226 <C0. 001
2015 H#H:  Constant 55. 336 0. 862 64. 167 <C0. 001
2%  Longitude —0. 208 0. 007 —27.814 <0. 001
i Latitude —0.053 0. 009 —6.088 <C0. 001
Wk Altitude —0.005 <C0. 001 —69. 285 <C0. 001

®2 TRA-8AKRAK VI EHEETSRESZE . GEMEREERN t WK
Table 2 The t-test of average maximum day-temperature in the 10 warmest days from July to August and longitude values,

latitude values and altitude values

GO S8 EVEEY' FrifEiR2E , P
Year Parameter Regression coefficient Standard error
2008 HH&  Constant 55.137 1. 055 52. 276 <0. 001
% Longitude —0. 164 0. 009 —17. 901 <0. 001
4%  Latitude —0.061 0.011 —5.737 <0. 001
Wk Altitude —0. 004 <C0. 001 —46.071 <C0. 001
2010 H#H: Constant 59. 443 1. 378 43.136 <0. 001
2%  Longitude —0.174 0.012 —14.554 <C0. 001
Z5#  Latitude —0.136 0.014 —9. 824 <C0. 001
K Altitude —0. 004 <<0. 001 —31. 729 <<0. 001
2012 & Constant 59. 648 1. 053 56. 649 <C0. 001
2%  Longitude —0.178 0. 009 —19. 543 <C0. 001
4%  Latitude —0. 140 0.011 —13. 298 <C0. 001
Wk Altitude —0. 004 <0. 001 —47. 398 <0. 001
2013 HH Constant 59. 746 1. 406 42. 489 <C0. 001
2%  Longitude —0. 164 0.012 —13. 460 <C0. 001
4%  Latitude —0. 159 0.014 —11. 320 <C0. 001
Wk Altitude —0. 005 <C0. 001 —37.695 <C0. 001
2015 i Constant 62. 455 1. 065 58. 660 <C0. 001
2% Longitude —0.238 0. 009 —26.037 <0. 001

Wk Altitude —0. 005 <0. 001 —49. 509 <0. 001
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Table 3 Regression equations of average day-temperature and average maximum day-temperature in the 10 warmest days

from July to August and longitude values, latitude values and altitude values

G0 H Y3 A 131 05 5 7 SR e AR A ] U

Year Regression equation of average day-temperature Regression equation of average maximum day-temperature
2008 y=46.849—0. 123 21 —0. 109 22 —0. 005 x3 y=55.137—0. 164 21 —0. 061 x2—0. 004 x3

2010 y=50.773—0. 132 21 —0. 169 x2—0. 005 x3 y=259.443—0. 174 21 —0. 136 22 —0. 004 x3

2012 y=50.290—0. 127 21 —0. 182 22 —0. 005 a3 y=159. 648—0. 178 &1 —0. 140 22 —0. 004 x3

2013 y=48.980—0. 113 21 —0. 176 x2—0. 005 x3 v=259.746—0. 164 x1—0. 159 x2—0. 005 x5

2015 y=>55.336—0. 208 21 —0. 053 22 —0. 005 x3 y=62.455—0. 238 21 —0. 005 a3

Dy WIRBE o B er TR s IR
y is temperature, x1 is longitude, x; is latitude, a3 is altitude.
2.2 HESKETFHZEHEELSE —Br 2B 2503 3 Bl AEAKCE BRI RN T
2.2.1 ZH¥RERESR HIE S I ] AR AR R 1 B 2E KGR ),
HIH EViews 10. 0 AARK S T HUEAT —H PR S2RE/RFIE R, L7 H—8 AR 0 cm
PEAR BRI . VPRI AR AR 30 7 % (Augmented SR P XU PR K & %i’J H RIS 22
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Table 4 The results of two stationarity hypothesis test of meteorological factors

v REHT ADF: 7}‘;1/:@ Kol Bl Test critic(?l values
Year Meteorological factor %ﬁ—g. X 0. 01 A 0. 05 /K P
ADF ¢-statistic 0. 01 level 0. 05 level

2008 0 cm FHJJE Average ground surface temperature —4.703 —3.971 —3.416 < 0. 001
SR GE  Average wind speed —10. 437 —3.971 —3.416 < 0. 001
SEHR% K Average precipitation —10. 551 —3.971 —3.416 < 0. 001
SP-34 H BREF %Y Average sunshine time —6. 232 —3.971 —3.416 < 0. 001
PRI EE Average relative humidity —6. 047 —3.971 —3. 416 < 0.001

2010 0 cm FHJHhiE Average ground surface temperature —5.411 —3.971 —3.416 < 0. 001
P XGE  Average wind speed —10. 878 —3.971 —3.416 < 0. 001
SRk B Average precipitation —7.579 —3.971 —3.416 < 0. 001
SE34 H BRI %Y Average sunshine time —7.322 —3.971 —3.416 < 0. 001
SEIAERTE E  Average relative humidity —6. 600 —3.971 —3.416 < 0. 001

2012 0 cm F#J#hi Average ground surface temperature —4.953 —3.971 —3.416 < 0.001
SEHXGE  Average wind speed —11. 050 —3.971 —3.416 < 0.001
SEHR& K Average precipitation —7.704 —3.971 —3.416 < 0. 001
S35 H BREF %L Average sunshine time —4, 084 —3.971 —3.416 0. 006 9
SEIAHXTEE Average relative humidity —6. 507 —3.971 —3.416 < 0. 001

2013 0 cm FHJHJE Average ground surface temperature —4,928 —3.971 —3.416 < 0. 001
SR GE  Average wind speed —19. 571 —3.971 —3.416 < 0. 001
SEHR% K Average precipitation —6. 754 —3.971 —3.416 < 0. 001
SP-34 H BREF %Y Average sunshine time —8.120 —3.971 —3.416 < 0. 001
SEIARXTEE  Average relative humidity —6. 310 —3.971 —3.416 < 0. 001

2015 0 cm EHJHhiE Average ground surface temperature —5.013 —3.971 —3.416 < 0. 001
44X G#E  Average wind speed —11. 231 —3.971 —3.416 < 0.001
SRk e Average precipitation —6. 946 —3.971 —3.416 < 0.001
SEH4 H BRI %L Average sunshine time —5. 603 —3.971 —3.416 < 0.001
SEIAERHE E  Average relative humidity —5. 808 —3.971 —3.416 < 0. 001

1) ADF #3088 - 4 e R F 100 KFA S FHE A4 % B S P (/N F 0. 01, BEBHFE 99 Yotk i 35K T 4R 4 J5 ik, 28 &k 5 4 & PR 5
ADF #8550t 4 X HE R TF 520 KPR Il FUE I A% HE S P {E/NF 0. 05, BEBHAE 9526 85 /K-F T R4 RS A8 B AR FAR 1Y .
The absolute value of ADF ¢-statistic is greater than the absolute value of 1% level test critical value, or P-value is less than 0. 01, which
indicates that the original hypothesis is rejected at 99% significant level, and the variable sequence is stable; the absolute value of ADF -
statistic is greater than the absolute value of 5% level test critical value, or P-value is less than 0. 05, which indicates that the original hy-
pothesis is rejected at 95% significance level, and the variable sequence is stable.
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Table 5 Ordinary Kriging interpolation parameters of meteorological factors

o ﬁ%lﬂ% C/ % R MS RMS ASE RMSS
Years Meteorological factors
2008 0 cm FIyHhIE Average ground surface temperature 0 0.847 9 —0.0012 2.5050 1.480 3 1.682 8
SERIXGE  Average wind speed 49. 59 0.396 7 —0.003 9 0. 680 3 0.679 1 0.997 9
SEHFE K Average precipitation 14. 53 0.772 0 0.0005  1.493 4 1.683 5 0.914 7
SEH H HEIFEL Average sunshine time 2.41 0.852 2 0.0011 0.777 5 0. 669 4 1.208 1
AR Average relative humidity 0 0. 839 4 0.0038 5.0985  3.1878  1.6388
2010 0 cm iR Average ground surface temperature 0 0. 855 6 —0.002 4 2.565 4 1.484 1 1.735 2
SEHIXGE  Average wind speed 520 B2 0.376 8 —0.003 1 0.671 4 0. 667 0 1.002 7
SR K Average precipitation 18.92 0.755 6 0.001 5 1.505 8 1.893 1 0.815 6
S H BRI %8 Average sunshine time 0 0.838 9 —0.000 3 0.739 1 0.664 8 1.160 1
SEIAHRHESE Average relative humidity 0. 56 0.804 8 0.0004  5.407 1 3.6419  1.4788
2012 0 cm FHHhik Average ground surface temperature 0 0.836 9 0.003 6 2.621 4 1.559 3 1.6715
SERIXGE  Average wind speed 44. 74 0.342 9 —0.002 5 0. 684 5 0. 668 7 1.019 3
SRk Fe Average precipitation 19. 16 0.715 8 0. 000 7 1.498 8 1.652 0 0.932 3
S35 H BRI Average sunshine time 6.68 0.781 9 0.0011 0.7311 0.748 7 0.976 2
SEIIAIRULEE Average relative humidity 62. 36 0.7132  —0.0037 5.5802  4.8600  1.1450
2013 0 cm FIyHhIE Average ground surface temperature 0 0.882 9 0.0035  2.5917 1.735 1 1.491 2
SEHXGE  Average wind speed 56. 04 0.362 7 —0.0061 0.737 3 0.769 2 0.961 3
SEHRE K B Average precipitation 19. 24 0.7519 0. 000 4 1.6355 1.993 0 0.833 6
S5 H BBEI%L Average sunshine time 11. 43 0.782 3 0.0010  0.6910 0. 806 8 0.855 9
SEMFHEE  Average relative humidity 6. 20 0.7130  —0.0013 5.7695 5.202 8 1.098 8
2015 0 em FHJHIE Average ground surface temperature 1. 49 0. 803 9 0.002 3  2.5252 1.623 9 1.530 7
SEHIXGHE Average wind speed 45. 29 0.343 3 —0. 000 7 0. 662 5 0.641 2 1.029 0
SR K Fe Average precipitation 9.25 0.797 3 0.001 5 1.531 6 1. 454 8 1.084 7
-4 H BRI Average sunshine time 0 0.8887 —0.0041 0.8266  0.5604  1.5381
AR Average relative humidity 0 0.8801  —0.0030 5.0225 3.423 8 1.466 8

D C/: @ ESEEE EM LM R FUTREG MS: b F4ME; RMS: WU ASE.: PIFRMER2E s RMSS: iR,

C/: The nugget/sill ratio; R: Regression coefficient; MS: Mean standardized; RMS: Root mean square; ASE: Average standard error;

RMSS: Root-mean-square standardized.
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Table 6 The results of correlation analysis between oversummering of Puccinia triticina and meteorological factors
F T ﬁ_ﬂCE Oversummering
Meteorological factor . *ﬁi%ﬁ - P
Correlation coefficient

10 d 03 Average day-temperature in the 10 warmest days —0. 355** 0. 000
10 d 3 H e E SR Average maximum day-temperature in the 10 warmest days —0.330* 0. 001
0 cm FHJHIE Average ground surface temperature —0.178 0. 088
SR XGHE Average wind speed 0.167 0.110
SRk Fe Average precipitation —0.079 0. 452
SEH4 H BRI Average sunshine time 0.130 0.216
SEIAENHEE Average relative humidity —0.098 0. 349

1) il sex 3 FORAE B A BE COUID 2y 0. 05 Al 0. 01 I i A K

% and %% represents the correlation is significant at 0. 05 and 0. 01 levels (two-tailed) , respectively.
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