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GolPhyto, forecasting model of potato late blight in Gorgan

M. A. AGHAJANI®
Plant Protection Research Department, Golestan Agricultural and Natural Resources Research Center, AREEO, Gorgan, Iran

Abstract

Late blight (PLB), caused by Phytophthora infestans, is the most important diseases of potato in the world and Iran that 16 models
have been developed for forecasting so far. Gorgan county had the largest potato cultivated area in the province and during recent 17 years,
PLB appeared in 11 years with different severities. In order to developing a forecasting model based on “blight favorable day” concept, daily
weather data converted to periodic and conditional variables, at last three predictor variables were developed. FTP was the best predictor
variable which composed of three temperature variables and two precipitation variables and its daily score was -2 to 4. Accumulated FTR
from 21 March to disease appearance was 64 and in no-disease years was 4. Prediction accuracy of the model was 75% and 89% based on
logistic regression and discriminant analysis, respectively and sensitivity and specificity of final model was 92 and 100%, respectively.
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Fig. 1. Place of research in Sorkhankalateh region in east of Gorgan
(blue circle).
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Table 1. Variables derived from weather data used for developing a forecasting model of potato late blight in Gorgan region.

Concept Unit Variable Level
Mean minimum temperature Degree centigrade ™ First (simple)
Mean maximum temperature Degree centigrade X
Mean average temperature Degree centigrade AT
Mean minimum relative humidity % HM
Mean maximum relative humidity % HX
Mean average relative humidity % AH
Sum of precipitation ml SP
Sum of rainy days number day RD
Mean minimum temperature of last 5 days Degree centigrade TM5d Second (periodic)
Mean maximum temperature of last 3 days Degree centigrade TX3d
Mean average temperature of last 3 days Degree centigrade AT3d
Mean minimum relative humidity of last 5 days % HM5d
Mean maximum relative humidity of last 3 days % HX3d
Mean average relative humidity of last 7 days % AH7d
Sum of precipitation of last 5 days ml SP5d
Sum of rainy days number of last 3 days day RD3d
Number of days with TM5d > 14 °C day FTM Third (conditional)
Number of days with TX3d > 23 °C day FTX
Number of days with AT3d >17.6 °C day FAT
Number of days with HM5d > 59% day FHM
Number of days with HX3d > 90% day FHX
Number of days with AH7d > 74% day FAH
Number of days with SP5d > 5 ml day FSP
Number of days with RD3d > 2.5 days day FRD
Sum of scores of FTM + FTX + FAT score FT
Sum of scores of FHM + FHX + FAH score FH
Sum of scores of FRD + FSP score FP
Sum of scores of FH + FT score FTH
Sum of scores of FT + FP score FTP
Sum of scores of FH + FP score FHP
Sum of scores of FH + FT + FP score FTHP
Years with diseases (1) and without disease (0) score EP Dependent
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Table 2. Disease history of potato late blight from 2003 to 2019

in Gorgan region.
Disease Date of disease

state* appearance Sowing date Year
+ 2003/04/21 2002/12/10 2003
+ 2004/04/24 2003/12/05 2004
- - 2004/12/22 2005
++ 2006/04/28 2005/12/16 2006
+ 2007/05/11 2007/01/25 2007
- - 2004/12/14 2008
+ 2009/05/08 2008/12/21 2009
++ 2010/04/29 2009/12/29 2010
+ 2011/05/18 2010/12/29 2011
- - 2012/01/11 2012
+ 2013/04/23 2012/12/25 2013
- - 2013/12/23 2014
- - 2014/12/28 2015
++ 2016/05/02 2015/12/24 2016
- - 2016/12/27 2017
+ 2018/04/30 2017/12/26 2018
+ 2019/04/14 2018/12/27 2019

* Symbols + and — indicate years with and without disease, and ++
indicates disease outbreak which more than one spray carried out
per season.
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Table 3. Characteristics of time windows considered for calculating

wether variables needed for developing a forecasting
model of potato late blight.

Date Description Name
May Harvest W01
June to November Inter season W02
December to end April Growing season Wo03
July, August and September Summer W021
January, Febraury and March Winter W031
March and April Spring W032
Mid March to April Spring WO033

April Spring W034
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Fig. 2. Flowchart of calculating periodic, conditional and predictor
variables from daily weather variables for developing
forecasting model of potato late blight.
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Table 4. Status of statistical significance and Spearman rank correlation of weather vaiables with potato late blight occurrence
separated by eight time windows during the year.

Wm Statistic W01 W02 W03 W021 W031 W032 W033 W034
Variable

™ P-value! ns ns * ns * ns ns ns
r -0.252 0.476 0.644 0.168 0.588 0.224 -0.420 -0.476

X P-value ns ns ns ns *x ns ns *x
r -0.140 0.364 0.224 -0.028 0.672 0.112 -0.476 -0.840

AT P-value ns ns ns ns * ns ns *
r -0.168 0.448 0.448 0.084 0.644 0.196 -0.420 -0.784

HM P-value ns ns ns ns ns ns * *
r -0.168 -0.280 0.308 -0.448 0.112 -0.028 0.560 0.700

HX P-value ns ns ns ns ns ns ns ns
r -0.028 -0.252 0.280 -0.084 0.140 -0.070 0.280 0.448

AH P-value ns ns ns ns ns ns ns *
r -0.224 -0.308 0.364 -0.140 0.140 0.028 0.476 0.672

SP P-value * ns ns ns ns ns ns *
r -0.560 0.056 0.336 -0.098 0.238 0.196 0.476 0.644

RD P-value ns ns * ns ns ns ** *
r -0.422 0.141 0.505 0.170 0.084 0.211 0.705 0.677

—

. ns: non significant, *: significant (P<0.05), very significant (P<0.01)
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Table 5. Probability value of statistical significance and Spearman rank correlation (r) of periodic weather vaiables calculated with different
lengths with potato late blight.

Win. length

Variable Statistic 3 5 7 10 14

T™ P-value® ns ns ns ns ns
r -0.427 -0.452 -0.327 -0.276 -0.176

TX P-Va|Ue **% **% **k * *
r -0.703 -0.678 -0.678 -0.628 -0.502

AT P-value * * * * ns
R -0.628 -0.628 -0/603 -0.528 -0.352

HM P-value *x *x * * *
r 0.653 0.703 0.628 0.628 0.628

HX P-value * * * ns ns
r 0.578 0.553 0.502 0.452 0.352

AH P-value * * *x * *
r 0.603 0.628 0.678 0.628 0.628

SP P-value * * * * ns
r 0.566 0.578 0.528 0.528 0.427

RD P-Va|Ue **k **k **k * *
r 0.656 0.655 0.653 0.603 0.541

1. ns: non significant, *: significant (P<0.05), very significant (P<0.01)
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Fig. 3. Box and whiscker plot of four predictor variables
for potato late blight.
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Table 6. Summary statistics of four predictor variables
for potato late blight.

. Standard - .
Variable  Average Minimum Maximum
error
FTHP 1243 11.90 -5 239
FTH 102.3 10.78 -15 205
FTP 44.1 8.29 -32 102
FHP 101.0 7.59 37 167
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Table 7. Probability value and Spearman rank correlation of
predictor variables with potato late blight.

Variable P-Value Spearman Rank Correlation
FTHP 0.0311 0.523
FTH 0.0066 0.659
FTP 0.0010 0.795
FHP 0.8513 -0.046
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Table 8. Analysis of variance and mean comparison of predictor variables based on potato late blight occurrence.

Anova Mean Comparison
Variable
P-Value F-ratio 0 se 1 se
FTHP 0.0142 7.57 85.00 17.51 144.00 12.38
FTH 0.0059 10.09 63.17 15.08 121.83 10.66
FTP 0.0000 31.66 4.67 8.57 63.75 6.06
FHP 0.9764 0.00 100.67 13.56 101.17 9.59
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Table 9. Results of discriminant analysis and logistic regression of predictor variables based on potato late blight occurrence.

Discriminant Analysis Logistic Regression
Variable Canonical Correctly Correctly
P-Value . . P-Value -
Correlation Classified (%) Classified (%)
FTHP 0.0143 0.567 83.33 0.0062 32.63
FTH 0.0059 0.622 88.89 0.0011 46.23
FTP 0.0000 0.815 88.89 0.0000 74.80
FHP 0.9764 0.008 44.44 0.9745 0.00
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Table 10. Results of discriminant analysis and logistic regression of predictor variables based on potato late blight occurrence.

Variable  AUC! SE? Z Statistic P-Value Youden indexJ  Sensitivity  Specificity
FTHP 0.819 0.12 2.72 0.0066 0.58 91.670 66.670
FTH 0.903 0.09 4,59 0.0000 0.75 91.670 83.330
FTP 0.986 0.02 24.75 0.0000 0.92 91.670 100.000
FHP 0.528 0.18 0.16 0.8761 0.25 8.330 66.670

1. Area under ROC curve
2. Standard error
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Fig. 5. Receiver operating characteristic (ROC) curve for predictor variables of potato late blight.



¥4 Lidul oY ojled M Al

(LS sl glen 5 LT

Yr_J01] 0203040506 070809 10 11 12[13] 14] 151617 18]19]20] 21] 22| 23] 24|25 26|27 2829 [30] 31 [32]33 | 34|35 |36 37 |38 39| 20| 41] 42 |43 24 |45 ] a6 |47 a8 495051 52]53 5455
84 2|2 1)2]2 2]2]2]2]2]0 0 2|2
8 o[2[2]2]2]2|2[2]2[2]2]2]2]2]2[2]2 [ 1 0
91 22|22 0l2]2]2]2]2]|2 2|2 1 1]1]0
93 2|2 1)1 2]2j0j0]2]2]2|2]2]|2|2|2 0|0
94 2|2|2f2(2[2]2 2(2]2]2]|0 1 1 0|0 2(2(2]2 0
9% |2 1/2(2]2 1|0 2(2]2]2 1 1 2 0
1 2 0 2(2]2]0]2]2]2 1 2(2]2
2|12(2[2]2 2/2|0 1 2(0|0 2 2|0
ofofol2]2]2[1]1 2[2]2]2]0 2 2[2 2]2]2 1
2|2f2(2({2]2 2|12|2]|2 2|2 2/0]0 1 2|2 0
2|22 2|2 202]2]2]2]2]2]|2]|2 2|2 20212 of1]1
2|2|2 1 1 2 2 2 2|2 2 2 0 0
2|2|2f2f2f22]2]2|2]|2]|2|2|2|2|2|2]2[2]2]|2]|2]|2]2]|2 1
2] 2 222 222 2 2] 2]2]2]2]2 2[2|ololol2 1 0 0 oo
2|1)/1f1f1/1][2 2|2|2]|0 2|2 2|2 1)1 olo
2 2 2/2j0j0]2]2]2]2 1)1 1 0 1 1/1
0|0 0|2 2(2]2]|2]2]2|2|0|/0[2 1|02 0[2]2
2]2]2 oj2jo 1]0

ATIA GAYAY gladle b FTP) iasoam (Soiob (ilew (55000 it gails, Ol el =1 K2
Fig. 6. Daily scores of predictor variable (FTP) of potato late blight from 2002 to 2019.
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Fig. 7. Mean daily scores of predictor variable (FTP) of potato late blight from 2002 to 2019 separated by epidemic and non-epidemic years.
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Fig. 8. Accumulated scores of predictor variable (FTP) of potato late blight from 2002 to 2019.
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