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 B,*P1 - L�M?-�� A�RST� L��V?�� ����3��+ #�+L*3  6%70
 (�� ��  
Table 1. Specifications of meteorological stations used in this study 

No. Station name Province Longitude Latitude Altitude (m) 

1 Pars Abad Ardabil 47.782 39.6055 71 

2 Gharakheil Mazandaran 52.7763 36.4894 15 

3 Dashte Naz Mazandaran 53.1964 36.6502 4 

4 Hashem Abad Golestan 54.3528 36.8757 12 

5 Gorgan airport Golestan 54.4126 36.9068 -12 

6 Aliabad Golestan 54.9033 36.9011 200 

7 Gonbad Golestan 55.2175 37.2671 46 

8 Kalaleh Golestan 55.4597 37.3851 127 

  

 B,*P2 - 6?T� #�+�%>?� L*3 L���  �V?�� ���� ����+ , /1 #�+B*� #��" L��#��$%" ��*%�� # ��  
Table 2. Variables derived from weather data and used for disease epidemic modeling 

Level Variable Unit Concept 

Daily TM °C Average minimum temperature 

TX °C Average maximum temperature 

AT °C Average temperature 

HM % Average minimum relative humidity 

HX % Average maximum relative humidity 

AH % Average relative humidity 

P mm Precipitation  

Ev mm Evaporation 

Sun hr Sunny hours 

Periodic ATM °C Average minimum temperature 

MTM °C Minimum temperature 

ATX °C Average maximum temperature 

XTX °C Maximum temperature 

AT °C Average temperature 

AHM % Average minimum relative humidity 

MHM % Minimum relative humidity 

AHX % Average maximum relative humidity 

XHX % Maximum relative humidity 

AH % Average relative humidity 

SP mm Sum of  precipitation 

XP mm Daily maximum precipitation 

FD day Frosty day (minimum temperature < 0°C) 

RD day Rainy day (day with P > 0.2mm) 

WD day Wet day (day with P > 1mm) 

HPD day Heavy precipitation day (day with P > 10 mm) 

VHPD day Very heavy precipitation day (day with P > 20 mm) 

WDP mm Wet day precipitation (P (mm) in wet days) 

DD day Dry day (day with P < 0.2 mm) 

SEV mm Sum of evaporation 

ASUN hr Average of sunny hours 

AGDD °C day Growing degree day 

AHTR %/°C day Average humid thermal ratio (AH/AT) 

ASHTR %/°C day Average special humid thermal ratio (HX/TX) 

AME %/°C day Average threshold humid thermal ratio 

AHTU °C hr Average humid thermal unit 

 NP80 day Number of rainy days with AH > 80% 

 NP70 day Number of rainy days with AH > 70% 

 NP65 day Number of rainy days with AH > 65% 

 NP60 day Number of rainy days with AH > 60% 

Dependent EP1 score Disease epidemic (1) or not (0) 

EP2 score Disease epidemic as outbreak (2) or normal (1) or no disease (0) 
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Table 3. Average and range of weather variables of eight meteorological stations in Golestan, Mazandaran and 

Ardabil provinces during November to May of three cropping years, 2015-16, 2016-17 and 2017-18 
Variable† Mean Standard error Minimum Maximum 

ATM 6.9 0.28 2.8 8.4 

MTM -5.0 0.78 -13.2 -0.8 

ATX 17.6 0.33 13.3 19.8 

XTX 37.4 0.60 31.6 43.4 

AT 12.1 0.33 7.3 13.9 

AHM 58.9 0.70 51.6 63.4 

MHM 13.6 1.42 0 26 

AHX 93.5 0.40 89.9 97.4 

XHX 100.0 0.00 100 100 

AH 76.6 0.51 72.3 81.1 

SP 361.1 25.02 132.48 593.6 

XP 38.6 3.38 14.3 72.7 

FD 19.0 3.47 2 77 

RD 60.3 2.19 35 80 

WD 46.0 2.19 24 64 

HPD 12.5 1.28 3 26 

VHPD 4.9 1.04 0 21 

WDP 351.5 25.16 120.55 582.5 

DD 147.3 2.22 125 171 

SEV 479.5 38.65 326.2 1043.6 

ASUN 4.9 0.08 4.4 5.5 

AGDD 2592.0 53.77 1835.9 2904.8 

AHTR 1532.2 26.41 1305.1 1795.5 

ASHTR 1374.6 58.01 1061 2312.6 

AME 932.9 50.65 631.6 1783.7 

AHTU 12999.7 744.79 3310.2 16764.5 

NP80 55.7 1.61 42 67 

NP70 81.1 2.17 51 96 

NP65 86.3 2.44 55 105 

NP60 88.3 2.61 56 112 
†: The abbreviation of variables are presented in Table 2. 
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Table 4. Comparison of means of the weather variables of Golestan, Mazandaran and Ardabil provinces during 

November to May between three cropping years, 2015-16, 2016-17 and 2017-18 
Variable† ATM MTM ATX XTX AT AHM MHM AHX XHX AH 

2015-16 7.2 -3.2 17.7 38.5 12.4 59.7 16.4 94.4 100 77.4 

2016-17 5.8 -8.2 16.7 37.2 11.2 57.9 10.8 93.1 100 75.9 

2017-18 7.6 -3.6 18.3 36.4 12.9 59.1 13.8 93.2 100 76.5 

P-value 0.0114 0.0079 0.1382 0.3525 0.0819 0.5751 0.2785 0.3820 - 0.4691 

 

  

 B,*P4 - �����                                                                                                                         Table 4. continued  

Variable SP XP FD RD WD HPD VHPD WDP DD SEV 

2015-16 464.7 44.8 13.8 67.5 54.1 15.8 7.5 455.9 140.0 477.6 

2016-17 301.2 40.5 33.3 56.0 40.6 10.0 3.4 290.5 152.4 483.6 

2017-18 317.5 30.5 9.9 57.5 43.1 11.8 3.9 308.1 149.6 477.3 

P-value 0.0071 0.2126 0.0068 0.0596 0.0201 0.1754 0.2153 0.0069 0.0497 0.9974 

 

  

 B,*P4 - �����                                                                                                                         Table 4. continued  

Variable ASUN AGDD AHTR ASHTR AME AHTU NP80 NP70 NP65 NP60 

2015-16 5.1 2634.7 1570.4 1360.4 917.4 13291.0 57.9 86.6 93.0 95.8 

2016-17 5.0 2415.7 1495.7 1488.3 1010.6 12439.8 54.0 79.4 82.6 83.5 

2017-18 4.8 2725.6 1525.9 1289.2 880.3 13268.1 55.3 77.4 83.4 85.8 

P-value 0.3024 0.0459 0.5361 0.3968 0.5917 0.8782 0.6265 0.1910 0.1543 0.1235 

†: The abbreviation of variables are presented in Table 2. 
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Table 5. Comparison of means of the weather variables between eight meteorological stations in Golestan, 

Mazandaran and Ardabil provinces during November to May of cropping years 2015-16, 2016-17 and 2017-18 
Variable† ATM MTM ATX XTX AT AHM MHM AHX XHX AH 

Aliabad 7.7 -4.8 17.7 36.9 12.7 58.9 9.7 92.5 100 75.7 

Gonbad 7.2 -6.1 19.3 40.6 13.3 53.6 12.7 93.6 100 73.6 

Gorgan airport 6.6 -4.1 17.9 37.5 12.3 60.0 16.0 96.2 100 78.1 

Hashem Abad 7.2 -3.2 17.9 38.0 12.6 61.8 20.3 90.5 100 76.2 

Kalaleh 7.0 -6.4 18.9 40.4 13.0 54.0 10.3 91.9 100 72.9 

Dashte Naz 7.4 -3.0 17.3 37.0 12.4 59.8 14.0 95.5 100 77.7 

Pars Abad 4.2 -9.3 14.3 32.2 8.6 60.4 11.3 92.9 100 79.8 

Gharakheil 7.5 -2.9 17.1 36.1 12.3 62.8 14.7 95.1 100 78.9 

P-value 0.0093 0.4741 0.0001 0.0014 0.0003 0.0000 0.6868 0.0000 - 0.0000 

 

 B,*P5 -                                     �����                                                                                    Table 5. Continued  
Variable SP XP FD RD WD HPD VHPD WDP DD SEV 

Aliabad 459.7 35.8 6.3 75.0 56.7 14.7 3.7 448.2 132.7 457.5 

Gonbad 335.9 31.5 16.0 58.0 43.3 11.0 1.3 326.4 151.7 421.0 

Gorgan airport 327.6 41.0 24.7 61.0 44.3 7.7 3.3 316.4 145.7 416.0 

Hashem Abad 335.5 48.4 15.0 60.3 44.3 8.7 2.7 325.6 147.3 377.5 

Kalaleh 444.9 44.0 12.0 61.0 49.7 14.3 5.0 436.4 145.0 511.5 

Dashte Naz 403.1 47.8 16.0 65.0 52.0 20.7 13.7 393.6 142.3 370.6 

Pars Abad 160.9 16.4 49.0 40.7 27.0 4.0 0.0 151.3 166.3 940.8 

Gharakheil 421.3 43.6 12.7 61.7 50.3 19.0 9.7 414.2 147.7 341.2 

P-value 0.0358 0.2819 0.0425 0.0019 0.0121 0.0006 0.0012 0.0381 0.0031 0.0000 

 

 B,*P5 -                 �����                                                                                                        Table 5. Continued  
Variable ASUN AGDD AHTR ASHTR AME AHTU NP80 NP70 NP65 NP60 

Aliabad 4.6 2684.6 1518.6 1647.0 1202.3 13834.9 63.3 94.3 101.7 105.7 

Gonbad 5.3 2785.6 1420.1 1232.7 761.4 15770.5 45.3 77.7 85.3 88.0 

Gorgan airport 5.1 2603.6 1502.5 1296.4 858.8 14124.9 62.0 90.0 93.0 93.7 

Hashem Abad 5.0 2660.2 1434.7 1317.1 945.0 14424.9 54.0 82.3 90.0 91.7 

Kalaleh 5.4 2730.6 1497.1 1135.7 710.3 15891.1 51.7 80.0 87.0 91.0 

Dashte Naz 4.8 2625.7 1584.7 1304.7 864.4 13355.9 59.0 80.0 84.0 86.0 

Pars Abad 4.0 2027.4 1673.0 1801.1 1265.8 4168.0 47.7 61.7 63.3 64.0 

Gharakheil 4.5 2618.4 1673.5 1404.1 966.2 12427.1 62.7 83.0 86.3 86.7 

P-value 0.0005 0.0011 0.0884 0.0941 0.0577 0.0000 0.0013 0.0007 0.0006 0.0006 
†: The abbreviation of variables are presented in Table 2. 
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Figure 1. Difference of weather variables between eight meteorological stations in Golestan, Mazandaran and 

Ardabil provinces during November to May of three cropping years 2015-16, 2016-17 and 2017-18  
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 B,*P6 - �!]�,[�p�`��� #�+  �O ����� ������ �� �!� ��" #��$%" �" )*�! )�9�� .�Y�, , ��B�� 95-94 E96-95  ,97-96  
 Table 6. Phenological characteristics and reactions of wheat cultivars to Fusarium head blight (FHB) disease 

during three cropping years, 2015-16, 2016-17 and 2017-18 

Province Cultivar 
Anthesis start day (days 

after Iranian year) 

Anthesis duration 

(days) 
EP2† Cultivar reaction‡ 

Golestan Aftab 17 8.8 2 S 

Ehsan 26 7.7 1 VS 

Gonbad 21 6.6 1 MS 

Karim 18 9.3 2 S 

Kohdasht 20 8.3 0 R 

Line-17 17 8.5 2 S 

Morvarid 24 7.9 1 VS 

Qabos 18 8.3 0 R 

Tirgan 24 7.2 1 MS 

Mazandaran Ehsan 18 ? 2 MS 

Gonbad 18 ? 2 MS 

Morvarid 18 ? 1 MS 
Ardabil Shiroodi 43 ? 1 R 

Chamran 41 ? 1 R 

Morvarid 45 ? 0 MS 

Gonbad 46 ? 0 MS 
†: The numbers 0, 1, and 2 indicate no disease, normal disease and severe disease as epidemic outbreak, respectively. 
‡: Cultivar reaction against pathogen: R, resistant; MS, moderately susceptible; S, susceptible; VS, very susceptible. 

 

 

 B,*P7 -  �%>?� ,� r��� �" ����� ������ �� �!� ��" #��$%" ��*%��EP1  ,EP2  �O ��B�� �@��  95 -94 E96-95 , 97-96  
Table 7. Epidemic situation of Fusarium head blight (FHB) disease based on variables EP1 and EP2 during three 

cropping years 2015-16, 2016-17 and 2017-18 

  Region 

Variable Year Aliabad Gorgan airport Gonbad Hashem Abad Kalaleh Gharakheil Dashte Naz Pars Abad 

EP1 2016 1 1 1 0 0 1 1 0 

 2017 1 1 0 1 0 1 0 - 

 2018 1 1 0 1 0 0 0 - 

EP2 2016 2 2 1 0 0 2 1 0 

 2017 2 2 0 1 0 1 0 - 

 2018 1 1 0 1 0 0 0 - 
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Table 8. Spearman rank correlation between periodic variables and epidemic situation of Fusarium head blight 

disease (EP2) during three studied years (2015-16, 2016-17 and 2017-18) 

Variable Total Fall Winter Spring Nov. Dec. Jan. Feb. Mar. Apr. May 

ATM 0.16 0.09 0.06 0.47* 0.13 0.06 0.02 0.00 0.00 0.35 0.25 

MTM 0.22 0.00 0.22 -0.05 0.00 0.00 -0.13 0.03 0.11 -0.05 0.38 

ATX -0.47* -0.25 -0.44* -0.54* -0.28 -0.41 -0.32 -0.41 -0.44* -0.60* -0.25 

XTX -0.16 -0.16 -0.36 -0.16 -0.19 -0.35 -0.35 -0.25 -0.32 -0.28 -0.16 

AT -0.22 -0.16 -0.28 -0.38 -0.16 -0.19 -0.28 -0.25 -0.19 -0.22 -0.09 

ARHM 0.54* 0.57* 0.35 0.44* 0.47* 0.60* 0.35 0.28 0.24 0.47* 0.32 

MRHM 0.25 0.57* 0.16 0.38 0.44* 0.60* 0.54* 0.06 -0.03 0.19 0.44* 

ARHX 0.22 0.50* 0.22 0.00 0.43 0.41 0.25 0.20 0.22 0.19 -0.03 

XRHX -  0.34 -  0.44* 0.45* 0.03 -0.52* 0.27 0.48* 0.44* 0.09 

ARH 0.60* 0.66* 0.35 0.35 0.50* 0.63* 0.32 0.35 0.28 0.54* 0.25 

SP -0.25 0.13 -0.38 -0.28 0.09 0.16 -0.22 -0.36 -0.13 -0.16 -0.46* 

XP 0.17 -0.09 -0.03 -0.28 -0.09 0.14 0.06 -0.38 -0.32 -0.38 -0.47* 

FD 0.11 0.06 0.05 -  -  0.06 0.13 0.05 0.02 - -  

RD 0.06 0.35 -0.06 0.24 0.21 0.13 -0.19 0.21 -0.05 0.11 0.39 

WD 0.08 0.35 -0.08 -0.02 0.16 0.36 -0.23 -0.03 0.10 -0.03 0.05 

HPD -0.52* 0.08 -0.53* -0.58* 0.24 -0.12 -0.28 -0.52* -0.21 -0.44 -0.44* 

VHPD -0.11 0.32 -0.21 -0.12 0.03 0.41 0.04 -0.50* 0.00 -0.17 -0.12 

WDP -0.22 0.13 -0.38 -0.28 0.09 0.16 -0.22 -0.38 -0.09 -0.16 -0.54* 

DD -0.14 -0.36 -0.03 -0.35 -0.22 -0.18 0.08 -0.14 0.05 -0.08 -0.40 

SEV -0.35 -0.28 -0.35 0.06 -0.13 -0.47* -0.47* -0.41 0.03 0.16 0.00 

ASUN -0.44* -0.32 -0.35 -0.35 -0.28 -0.57* -0.32 -0.22 -0.16 -0.47* -0.19 

AGDD -0.28 -0.25 -0.25 -0.16 -0.16 -0.22 -0.25 -0.22 -0.38 -0.28 -0.03 

AHTR 0.06 0.03 0.22 0.35 0.32 0.06 0.32 0.06 0.41 0.38 0.28 

ASHTR 0.60* 0.41 0.54* 0.41 0.35 0.44* 0.32 0.41 0.35 0.54 0.35 

AME 0.63* 0.38 0.57* 0.41 0.28 0.38 0.35 0.47* 0.22 0.54* 0.35 

AHTU -0.44* -0.38 -0.41 -0.32 -0.25 -0.63* -0.41 -0.32 -0.25 -0.47* -0.16 
*: Significant correlation. The abbreviation of variables are presented in Table 2.   
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Table 9. Spearman rank correlation between periodic variables and epidemic situation of Fusarium head blight 

disease (EP2) during three studied years (2015-16, 2016-17 and 2017-18) 
Variable Total Fall Winter Spring Nov. Dec. Jan. Feb. Mar. Apr. May 

ATM 0.02 -0.09 -0.06 0.43 -0.12 -0.08 -0.08 -0.15 -0.07 0.20 0.37 

MTM 0.15 -0.12 0.28 -0.13 -0.19 -0.12 -0.14 0.18 0.00 -0.13 0.15 

ATX -0.48* -0.44* -0.41 -0.59* -0.50* -0.56* -0.29 -0.43 -0.51* -0.69* -0.17 

XTX -0.17 -0.33 -0.48* -0.17 -0.40 -0.37 -0.24 -0.17 -0.44* -0.39 -0.17 

AT -0.30 -0.33 -0.36 -0.34 -0.40 -0.31 -0.31 -0.37 -0.33 -0.37 0.04 

ARHM 0.42 0.51* 0.16 0.53* 0.60* 0.45* 0.18 0.09 0.13 0.45* 0.47* 

MRHM 0.05 0.51* -0.03 0.56* 0.50* 0.55* 0.43 -0.16 0.16 0.28 0.60* 

ARHX 0.28 0.62* 0.25 0.17 0.58* 0.45* 0.25 0.26 0.27 0.21 0.20 

XRHX -  0.42 -  0.54* 0.51* 0.15 -0.53* 0.33 0.43 0.54* 0.31 

ARH 0.53* 0.71* 0.23 0.57* 0.71* 0.50* 0.19 0.21 0.24 0.54* 0.53* 

SP -0.12 0.22 -0.23 -0.05 0.23 -0.02 -0.30 -0.15 0.04 0.07 -0.37 

XP 0.10 -0.01 -0.09 -0.10 0.01 -0.06 -0.08 -0.11 -0.11 -0.17 -0.45* 

FD 0.16 0.18 0.05  - -  0.18 0.12 0.09 0.19  - -  

RD 0.18 0.51* -0.09 0.43 0.36 0.10 -0.27 0.24 -0.05 0.34 0.54* 

WD 0.14 0.50* -0.13 0.15 0.31 0.33 -0.30 -0.05 0.05 0.20 0.09 

HPD -0.37 0.17 -0.32 -0.39 0.39 -0.16 -0.31 -0.26 0.05 -0.26 -0.37 

VHPD -0.04 0.44* -0.17 0.11 0.28 0.12 -0.07 -0.31 0.10 0.05 -0.09 

WDP -0.11 0.22 -0.23 -0.05 0.23 0.00 -0.30 -0.17 0.06 0.05 -0.44* 

DD -0.18 -0.53* 0.01 -0.52* -0.38 -0.20 0.15 -0.19 0.07 -0.28 -0.52* 

SEV -0.09 -0.22 -0.14 0.25 -0.15 -0.33 -0.37 -0.34 0.16 0.14 0.26 

ASUN -0.33 -0.52* -0.20 -0.26 -0.46* -0.70* -0.21 -0.10 -0.02 -0.38 -0.07 

AGDD -0.43 -0.44* -0.30 -0.14 -0.40 -0.39 -0.25 -0.35 -0.44* -0.41 0.08 

AHTR 0.04 0.04 0.20 0.47* 0.57* 0.01 0.28 0.06 0.48* 0.49* 0.41 

ASHTR 0.65* 0.55* 0.54* 0.56* 0.61* 0.57* 0.24 0.41 0.45* 0.66* 0.45* 

AME 0.59* 0.51* 0.41 0.48* 0.48* 0.46* 0.18 0.40 0.15 0.61* 0.45* 

AHTU -0.34 -0.59* -0.27 -0.24 -0.44* -0.74* -0.25 -0.26 -0.12 -0.43 -0.05 
*: Significant correlation. The abbreviation of variables are presented in Table 2. 
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Table 10. Spearman rank correlation between periodic variables and epidemic situation of Fusarium head blight 

(FHB) disease during the months of three cropping years, 2015-16, 2016-17 and 2017-18 

Time period Total Fall Winter Spring Nov. Dec. Jan. Feb. Mar. Apr. May 

EP1 0.28 0.28 0.26 0.28 0.23 0.30 0.27 0.26 0.19 0.30 0.25 

EP2 0.32 0.30 0.24 0.32 0.22 0.38 0.29 0.24 0.20 0.37 0.22 
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Table 11. Time windows defined for studying the relationships between weather variables and epidemic situation 

of Fusarium head blight (FHB) disease in Golestan province 
No. Name Length (days) Start Time 

1 AW7 7 0 Anthesis 

2 A7 7 +1 After the anthesis 

3 A14 7 +8 After the anthesis 

4 A21 7 +15 After the anthesis 

5 B7 7 -1 Before the anthesis 

6 B14 7 -8 Before the anthesis 

7 B21 7 -15 Before the anthesis 

8 AW10 10 0 Anthesis 

9 A10 10 +1 After the anthesis 

10 A20 10 +11 After the anthesis 

11 A020 20 +1 After the anthesis 

12 B10 10 -1 Before the anthesis 

13 B20 10 -11 Before the anthesis 

14 B020 20 -1 Before the anthesis 
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Table 12. Spearman rank correlation between periodic variables and epidemic situation of Fusarium head blight 

disease (EP1) during three cropping years, 2015-16, 2016-17 and 2017-18 for different time windows 

Variable AW10 B10 B20 A10 A20 B020 A020 AW7 A7 A14 A21 B7 B14 B21 

ATM 0.28 -0.41 0.03 -0.33 0.16 -0.44* -0.03 0.06 0.13 -0.30 0.06 -0.47* 0.25 -0.25 

MTM 0.09 -0.36 -0.32 -0.02 0.22 -0.35 0.03 0.03 0.03 -0.22 0.08 -0.44* 0.06 -0.35 

ATX -0.16 -0.55* -0.19 -0.19 -0.50* -0.76* -0.28 0.19 -0.16 -0.19 -0.47* -0.38 -0.57* -0.17 

XTX -0.03 -0.60* -0.43 0.02 -0.77* -0.63* -0.76* -0.36 0.09 -0.19 -0.19 -0.16 -0.60* -0.38 

AT 0.03 -0.60* -0.06 -0.13 -0.25 -0.72* -0.19 0.20 -0.09 -0.13 -0.25 -0.58* -0.54* -0.09 

ARHM 0.17 0.13 0.25 0.00 0.43 0.35 0.54* -0.03 -0.05 0.24 0.28 -0.13 0.38 0.06 

MRHM 0.13 -0.25 0.46* 0.30 0.66* 0.28 0.46* 0.30 -0.05 0.05 0.35 -0.38 0.28 0.47* 

ARHX 0.16 0.65* 0.16 0.22 0.63* 0.25 0.44* 0.33 -0.05 0.28 0.50* 0.40 0.22 0.16 

XRHX 0.07 0.53* 0.07 0.36 0.36 0.44* 0.44* -0.02 0.02 0.36 0.37 0.57* 0.36 0.27 

ARH 0.25 0.32 0.28 0.05 0.57* 0.44* 0.79* 0.02 0.06 0.22 0.44* -0.02 0.41 0.06 

SP -0.22 0.16 0.28 0.09 0.52* 0.36 0.33 -0.76* 0.66* 0.09 0.59* 0.44* 0.19 0.19 

XP -0.22 -0.16 0.35 0.03 0.27 0.13 0.11 -0.76* 0.57* 0.06 0.52* 0.33 -0.08 0.32 

RD -0.02 0.71 0.23 0.27 0.59* 0.61* 0.82* -0.53* 0.52* 0.20 0.50* 0.73* 0.49* 0.11 

WD 0.12 0.29 0.06 0.17 0.60* 0.24 0.84* -0.65* 0.41 0.10 0.54* 0.40 0.20 0.11 

HPD -0.26 -0.27 0.25 -0.48* 0.22 0.03 -0.27 -0.60* 0.41 -0.48* 0.22 -  -0.12 0.22 

VHPD -0.14  - 0.07 - -  0.07 -  -0.58* 0.41  -  -  - -  0.07 

WDP -0.25 0.06 0.27 0.00 0.52* 0.33 0.28 -0.76* 0.63* 0.05 0.55* 0.37 0.16 0.19 

DD 0.05 -0.52* -0.27 -0.03 -0.65* -0.56* -0.74* 0.59* -0.56* -0.10 -0.55* -0.54* -0.42 -0.08 

SEV 0.08 -0.50* -0.46* -0.09 -0.35 -0.43 -0.25 0.44* 0.22 -0.06 -0.28 -0.25 -0.38 -0.28 

ASUN -0.19 0.00 -0.57* 0.25 -0.38 -0.16 0.09 0.32 0.30 -0.19 -0.16 0.20 -0.44* -0.05 

AGDD -0.03 -0.60* -0.06 -0.19 -0.06 -0.66* -0.14 0.28 -0.09 -0.13 -0.22 -0.58* -0.32 -0.09 

AHTR 0.09 0.60* 0.09 0.22 0.55* 0.66* 0.41 -0.32 0.09 0.16 0.47* 0.60* 0.50* 0.03 

ASHTR 0.03 0.60* 0.13 0.19 0.60* 0.80* 0.38 -0.28 0.09 0.13 0.44* 0.60* 0.50* 0.16 

AME 0.16 0.54* 0.09 0.19 0.44* 0.60* 0.41 -0.28 0.00 0.19 0.32 0.47* 0.44* 0.03 

AHTU -0.35 -0.19 -0.50* -0.16 -0.47* -0.44* -0.13 0.32 0.22 -0.16 -0.22 -0.19 -0.41 -0.19 

NP80 -0.25 0.59* 0.36 0.27 0.27 0.71* 0.74* -0.44* 0.21 0.52* 0.44* 0.46* 0.57* 0.00 

NP70 -0.10 0.74* 0.33 0.24 0.24 0.60* 0.83* -0.59* 0.45* 0.20 0.53* 0.73* 0.22 0.21 

NP65 -0.43 0.72* 0.47* 0.30 0.30 0.61* 0.83* -0.59* 0.30 0.20 0.50* 0.72* 0.16 0.36 

NP60 -0.43 0.73* 0.17 0.39 0.39 0.54* 0.82* -0.59* 0.45* 0.20 0.50* 0.73* 0.16 0.07 
*: Significant correlation. The abbreviation of variables are presented in Table 2. 
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Table 13. Spearman rank correlation between periodic variables and epidemic situation of Fusarium head blight 

disease (EP2) during three cropping years, 2015-16, 2016-17 and 2017-18 for different time windows 

Variable AW10 B10 B20 A10 A20 B020 A020 AW7 A7 A14 A21 B7 B14 B21 

ATM 0.46* -0.63* -0.06 -0.49* 0.12 -0.65* -0.11 0.14 0.07 -0.26 0.01 -0.67* 0.29 -0.51* 

MTM 0.22 -0.57* -0.43 -0.04 0.23 -0.45* -0.01 0.12 -0.01 -0.25 0.07 -0.62* 0.13 -0.42 

ATX 0.03 -0.62* -0.21 -0.07 -0.68* -0.88* -0.29 0.25 -0.12 -0.09 -0.59* -0.47* -0.65* -0.15 

XTX 0.06 -0.69* -0.52* 0.24 -0.89* -0.76* -0.73* -0.45* 0.18 -0.03 -0.23 -0.17 -0.61* -0.36 

AT 0.21 -0.77* -0.09 -0.12 -0.37 -0.86* -0.18 0.24 -0.08 -0.08 -0.36 -0.75* -0.54* -0.11 

ARHM 0.15 0.08 0.29 -0.18 0.66* 0.38 0.57* 0.05 -0.16 0.15 0.46* -0.19 0.40 0.08 

MRHM 0.15 -0.35 0.51* 0.28 0.75* 0.29 0.57* 0.39 -0.06 -0.08 0.46* -0.55* 0.30 0.49* 

ARHX 0.23 0.62* 0.00 0.13 0.67* 0.08 0.45* 0.21 -0.19 0.29 0.57* 0.31 0.10 0.04 

XRHX 0.21 0.54* 0.11 0.37 0.52* 0.54* 0.55* 0.17 -0.04 0.38 0.53* 0.66* 0.35 0.37 

ARH 0.27 0.29 0.21 -0.11 0.75* 0.37 0.85* 0.10 -0.15 0.11 0.60* 0.00 0.38 0.04 

SP -0.11 0.38 0.41 0.03 0.69* 0.59* 0.47* -0.88* 0.81* 0.03 0.74* 0.65* 0.33 0.28 

XP -0.06 -0.04 0.52* -0.01 0.50* 0.34 0.18 -0.88* 0.74* 0.01 0.69* 0.53* 0.03 0.51* 

RD -0.06 0.83* 0.35 0.07 0.70* 0.78* 0.76* -0.68* 0.42 0.02 0.65* 0.90* 0.60* 0.15 

WD -0.10 0.56* 0.18 0.04 0.73* 0.50* 0.85* -0.80* 0.40 -0.01 0.68* 0.64* 0.43 0.16 

HPD -0.17 -0.14 0.37 -0.43 0.36 0.22 -0.14 -0.67* 0.67* -0.43 0.36  - 0.07 0.31 

VHPD 0.08 -  0.27 -  -  0.27 -  -0.59* 0.67* - -  -  -  0.27 
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WDP -0.17 0.33 0.38 -0.03 0.69* 0.56* 0.39 -0.88* 0.80* 0.00 0.71* 0.62* 0.31 0.28 

DD 0.12 -0.69* -0.42 0.16 -0.71* -0.74* -0.66* 0.71* -0.53* 0.08 -0.64* -0.76* -0.54* -0.14 

SEV 0.33 -0.61* -0.57* 0.02 -0.45* -0.66* -0.30 0.34 0.03 0.11 -0.48* -0.32 -0.54* -0.38 

ASUN -0.21 0.10 -0.70* 0.47* -0.52* -0.07 0.30 0.47* 0.54* -0.06 -0.24 0.41 -0.65* 0.11 

AGDD 0.15 -0.77* -0.08 -0.18 -0.11 -0.81* -0.14 0.36 -0.08 -0.08 -0.33 -0.75* -0.38 -0.10 

AHTR -0.11 0.72* 0.10 0.15 0.74* 0.81* 0.46* -0.41 0.01 0.09 0.64* 0.74* 0.52* 0.06 

ASHTR -0.17 0.65* 0.12 0.07 0.76* 0.86* 0.36 -0.41 -0.04 0.05 0.62* 0.64* 0.54* 0.14 

AME -0.02 0.59* 0.10 0.04 0.62* 0.70* 0.48* -0.36 -0.22 0.11 0.47* 0.57* 0.46* 0.06 

AHTU -0.21 -0.13 -0.69* 0.00 -0.64* -0.50* -0.05 0.43 0.40 -0.07 -0.32 -0.13 -0.63* -0.14 

NP80 -0.38 0.64* 0.41 0.19 0.19 0.79* 0.79* -0.61* 0.04 0.48* 0.67* 0.50* 0.63* 0.00 

NP70 -0.25 0.86* 0.49* 0.05 0.05 0.76* 0.79* -0.75* 0.18 0.06 0.70* 0.87* 0.26 0.34 

NP65 -0.54* 0.87* 0.58* 0.09 0.09 0.77* 0.76* -0.75* 0.04 0.06 0.66* 0.87* 0.21 0.44* 

NP60 -0.54* 0.89* 0.29 0.26 0.26 0.74* 0.79* -0.75* 0.29 0.06 0.66* 0.89* 0.21 0.15 
*: Significant correlation. The abbreviation of variables are presented in Table 2. 
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Table 14. Spearman rank correlation of 30 periodic variables with epidemic situation of Fusarium head blight 

(FHB) disease during three cropping years, 2015-16, 2016-17 and 2017-18 for different time windows 

Time window AW7 A7 A14 A21 B7 B14 B21 AW10 A10 A20 A020 B10 B20 B020 

EP1 0.39 0.25 0.19 0.36 0.41 0.33 0.17 0.17 0.18 0.41 0.43 0.43 0.25 0.46 

EP2 0.48 0.28 0.12 0.49 0.52 0.38 0.23 0.20 0.15 0.50 0.45 0.52 0.33 0.58 
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Figure 2. Box plots for predictor variables of Fusarium head blight (FHB) epidemic (ATX, RD, DD, ASHTR and 

NP80) based on time window B020 (20 days before anthesis) for dependent variables EP1 and EP2 during three 

cropping years, 2015-16, 2016-17 and 2017-18 
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Table 15. Parameters and statistics of logestic regression and discriminant analysis for five predictor variables of 

of Fusarium head blight (FHB) epidemic based on time window B020 (20 days before anthesis) for dependent 

variables EP1 and EP2 during three cropping years, 2015-16, 2016-17 and 2017-18  

 Logistic regression Discriminant analysis 

 EP1 EP1 EP2 

 P-value Correct (%) Adjusted P-value Can. Cor. Correct (%) P-value Can. Cor. Correct (%) 

ATX 0.0001 71.2 51.4 0.0010 0.76 93.3 0.0000 0.91 86.7 

RD 0.0109 32.1 12.3 0.0160 0.61 73.3 0.0018 0.81 66.7 

DD 0.0203 26.7 6.9 0.0323 0.55 80.0 0.0014 0.82 66.7 

ASHTR 0.0002 69.3 49.5 0.0022 0.73 86.7 0.0016 0.81 73.3 

NP80 0.0023 45.9 26.1 0.0054 0.68 73.3 0.0101 0.73 60.0 

ATX+RD 0.0007 71.3 41.6 0.0050 0.77 93.3 0.0003 0.91 86.7 

ATX+DD 0.0007 71.3 41.6 0.0044 0.77 93.3 0.0002 0.92 86.7 

ATX+ASTHR 0.0003 80.8 51.1 0.0051 0.76 93.3 0.0002 0.92 86.7 

ATX+NP80 0.0002 83.2 53.5 0.0039 0.78 93.3 0.0003 0.91 86.7 

RD+DD 0.0317 34.2 4.5 0.0499 0.63 73.3 0.0063 0.82 66.7 

RD+ASTHR 0.0006 73.7 44.0 0.0111 0.73 86.7 0.0038 0.84 80.0 

RD+NP80 0.0084 47.4 17.7 0.0195 0.69 73.3 0.0061 0.82 66.7 

DD+ASTHR 0.0006 73.7 44.0 0.0110 0.73 93.3 0.0018 0.85 80.0 

DD+NP80 0.0097 46.0 16.2 0.0231 0.68 73.3 0.0032 0.82 66.7 

NP80+ASTHR 0.0006 72.8 43.1 0.0084 0.74 86.7 0.0118 0.82 80.0 

ATX+ASTHR+NP80 0.0002 100.0 60.4 0.0138 0.78 93.3 0.0013 0.92 86.7 
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Figure 3. Two dimensional scatterplots of the best predictor variables for modeling Fusarium head blight (FHB) 

epidemics based on time window B020 (20 days before anthesis) for dependent variable EP1 during three 

cropping years, 2015-16, 2016-17 and 2017-18 
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Figure 4. Two dimensional scatterplots of the best predictor variables for modeling Fusarium head blight (FHB) 

epidemics based on time window B020 (20 days before anthesis) for dependent variable EP2 during three 

cropping years, 2015-16, 2016-17 and 2017-18 
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Table 16. Equations of the logistic regression and discriminant analysis of three predictor variables of Fusarium 

head blight (FHB) disease based on time window B020 (20 days before anthesis) for dependent variables EP1 and 

EP2 during three cropping years, 2015-16, 2016-17 and 2017-18  

Model 
Disease 

variable 
Method Euation 

1 EP1 Logistic regression
†
 eta = 150.914 - 7.11535*ATX 

 EP1 Discriminant analysis -256.437 + 22.9306*ATX 

 EP2 Discriminant analysis -596.799 + 53.4121*ATX 

2 EP1 Logistic regression eta = 282.31 - 14.7161*ATX + 4.46664*NP80 

 EP1 Discriminant analysis -440.137 + 34.8524*ATX + 17.3959*NP80 

 EP2 Discriminant analysis -2364.91 + 120.005*ATX - 11.211*NP80 + 22.3867*ASHTR 

3 EP1 Logistic regression eta = 363.384 - 52.7417*ATX + 19.9715*NP80 + 6.17046*ASHTR 

 EP1 Discriminant analysis -804.68 + 67.3896*ATX + 17.8253*NP80 

 EP2 Discriminant analysis -3526.13 + 204.619*ATX - 15.2806*NP80 + 27.2294*ASHTR 
†
: EP1 = exp(eta)/(1+exp(eta)) 
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Abstract 
Fusarium head blight (FHB) is one of the most important diseases of wheat that is a suitable 

disease for forecasting. In order to determine the statistical relationship among disease occurrence and 

weather and crop variables, this study was conducted in Golestan, Mazandaran and Ardabil provinces 

during 3 years (crop years 2016-17, 2017-18 and 2018-19). Crop characteristics and disease severity 

were recorded in wheat fields around meteorological stations. Nine weather data was received from 

the stations as daily data and converted to 30 periodic variables. Integrating flowering start date and 

anthesis length in different years and regions calculated as 11 time and meteorological calendar 

variables and used in statistical analyses. Results of correlation tests of these variables with disease 

showed that the best window for disease prediction was B020 (20 days before anthesis) and ATX 

(average of maximum temperature), RD (number of rainy days), DD (number of dry days), ASHTR 

(average of special hydrothermal ratio) and NP80 (number of days with rain and relative humidity > 

80%) showed the highest correlation with disease. Results of logistic regression and discriminant 

analysis for the selected variables as one, two and three showed that ATX was the best individual 

variable, and the best combination of two variables was ATX + NP80 and adding ASHTR to them did 

not cause significant increase in prediction efficacy. Therefore, logistic regression and discriminant 

analysis model of ATX and NP80 in 20 days before anthesis, introduced as the best model for 

forecasting wheat FHB. 
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