Applied Entomology and Phytopathology P sl oH]
Vol. 90, No. 1, Sep. 2022 VEY s o) oyled A0 Al
DOI: 10.22092/JAEP.2021.356205.1417
g5 Alae
O pl Jlad 5 438 Jlo o SEMI bl » 0555 s Sk 5 low 2T 0

Lol Kol & plin ol & SLBT ledess | 50 5 o Lo deses
Ol O g5 oDl 51T oK zils (ol pske A=l 2lie mblis 5 (55,5LS poke 2aSC8ils ((SE3elS 05 S )
b olens 05,8 SLils =Y 01l O8Okl anb wlie 5 (6558 Slidns 5 0 (S 5olS Dl e sk sl Y
Ol @S o 5 Jlo Dot po (5855 Slatils Dl ooy sy Jbalid =8 01 Ol ode S5 o801 (alS
(Vere OLT i 8 dy Gyl 1 Er s e il 5o )

0 S

S I bl A Ol sl 5519 WWEY Jl p5 S el G115 55 53 055 55 (s lew DS Peronospora tabacina I b J=ls Sadin

L golow candS Jla Yo 5HIL VA slas 55 T o s @ bl ol 31 055 do s Av BVe 5l h s axdls | 055 oS 5 o op
Gt ol (sl A plmil gl pa 5T (gla ke b (6o g5 Uil oy p Bda b Gaios el 0 ol 365 a3 il glac
sz pde 5ol Silo (gl ke 53 o300 5 (EP3) (615 Sdlonly (ol Sl oy 0 VWA i gtio s o b (S0lew 535
s oib nl oo Slos oy ez 58 w3 8 ks (ladie slue Ol geas 55 S5 Ge)s5 n S Lis (BP2) ol g4 5 (BP) (g lewy
AT 6l Sy o o e 48 313 OLES (Golaw b ba e | S LU (s ol pa sl e YY) Ol 51 58 (gla ite 5 A3 (i o5
AL Glls (AWS) 5l s e 80ls 5 (SP) 250 ¢ smzme (ATA) Lo ste (glas ke (slo it 5 550 (WO04) ele 03553 I b plad (ko
YYA 30 A YL oy s 5 0 EP3 5 EP2 EPL (gla ine bl ol anslw gladite o185 o 5VL s ately (gl it b Sisan

.Jwic,.‘g;guijlgcﬁm}hﬂ}:ﬁ Slos ke sl pane 3l eslinad b Ky sl pirte 3 oUss oS 5 0 g 90 oy

Peronospora tabacina « g 3ludde s Saiw Q5 5 ‘@KT& (s hdS slasily

Forecasting of tobacco downy mildew based on information of the last 30 years in north of Iran

M. R. NAJAFI, M.A. AGHAJANI?2, N. SAFAEI® S. RAHMANPOUR*
1. Department of Plant Protection, College of Agriculture Sciences and Food Industries, Science and Research Branch, Islamic Azad

university, Tehran, Iran; 2. Associate Professor of Plant Protection Research, Agricultural and Natural Resources Research Center, Golestan
Province, Iran; 3. Associate Professor, Department of Plant Pathology, Tarbiat Modares University, Tehran, Iran; 4. Assistant Professor of
Oil Seeds Research Department, Seed and Plant Research Institute, Karaj, Iran

Abstract

Downy mildew, caused by Peronospora tabacina, is the most important disease of tobacco in the world which came to Iran in 1963. The
northern part of Iran has the highest levels of tobacco cultivation and more than 70 to 80% of the extracted tobacco is obtained from these areas.
During the last 30 years, the disease has appeared in 18 years with varying severity in Tirtash region. This research was conducted with the aim of
examining the relationship between the amount of disease and climate variables. For this purpose, the amount of disease was recorded as severity
percent (EP3) and converted to outbreak occurrence (EP1) and severity levels (EP2) during the 30 years (1984-2014). The growth period of tobacco
was considered as a model base and four time windows were defined in this time period and predictor variables were determined among 21
meteorological variables. Correlation of the variables with the disease indicate that the best time window for disease warning was complete length
of Farvardin (March 20 to April 20) and average of mean temperature (ATA), total precipitation (SP) and average of wind speed (AWS) had the
highest correlation with dependent variables. The highest efficiency of prediction of developed models were 80.7%, 64.5% and 33.8% based on
EP1, EP2 and EP3, respectively. The best combination of two predictor variables for disease prediction was obtained by ATA and SP.
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Fig. 1. Location of the study in Tirtash region, Galogah town,
Mazandaran province.
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Table 1. Variables from weather data used for statistical relationships with tobacco downy mildew disease epidemic.

Type Variable Unit Concept
MTM °c minimum of minimum temperature
XT™M °c maximum of minimum temperature
ATM °c average of minimum temperature
MTX °c minimum of maximum temperature
XTX °c maximum of maximum temperature
ATX °c average of maximum temperature
MTA °c minimum of mean temperature
XTA °c maximum of mean temperature
ATA °c average of mean temperature
Independent (weather variables) MHM % minimum of minimum relative humidity

XHM % maximum of minimum relative humidity
AHM % average of minimum relative humidity
MHX % minimum of maximum relative humidity
XHX % maximum of maximum relative humidity
AHX % average of maximum relative humidity
MHA % minimum of mean relative humidity
XHA % maximum of mean relative humidity
AHA % average of mean relative humidity

SP mm Sum of precipitation

SR mm Sum of rainy days
AWS m/s average of wind speed

EP1 score disease epidemic (1) or not (0)

Dependent (disease) EP2 score disease epidemic as outbreak (2) or normal (1) or no disease (0)

EP3 % Disease severity
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Fig. 2. History of tobacco downy mildew disease during the recent 30 years (1984-2014) in Tirtash region.

Year Planting date Disease occurrence date Epidemic situation* Final disease severity (EP3) EP1 EP2
1984 1984/05/05 1984/06/12 + 224 1 1
1985 1985/05/11 - - 13.1 0 0
1986 1986/05/01 1986/06/01 + 20.7 1 1
1987 1987/04/08 1987/06/10 ++ 28.6 1 2
1988 1988/04/12 1988/06/07 + 34.8 1 2
1989 1989/05/07 - - 14.2 0 0
1990 1990/05/01 1990/05/30 + 19.8 0 0
1991 1991/04/14 1991/05/13 + 19.1 0 0
1992 1991/05/04 1991/06/17 + 322 1 2
1993 1993/04/25 1993/06/02 + 224 1 1
1994 1994/05/05 1994/06/22 + 35.6 1 2
1995 1995/04/16 1995/05/29 + 36.6 1 2
1996 1996/05/05 1996/06/05 + 29.6 1 2
1997 1997/04/05 1997/05/12 + 34.6 1 2
1998 1998/04/12 1998/05/18 + 20 0 0
1999 1999/04/25 1999/06/09 + 37.6 1 2
2000 2000/05/01 2000/05/25 + 13.8 0 0
2001 2001/04/18 2001/05/13 + 15 0 0
2002 2002/05/05 2002/06/19 + 17.2 0 0
2003 2003/04/29 2003/06/10 ++ 34.9 1 2
2004 2004/04/27 2004/06/01 + 47 1 2
2005 2005/05/01 2005/06/13 + 26.3 1 1
2006 2006/05/08 2006/06/07 ++ 16 0 0
2007 2007/04/20 2007/05/25 ++ 12.4 0 0
2008 2008/05/02 2008/06/02 + 11.4 0 0
2009 2009/05/11 2009/06/06 + 37.8 1 2
2010 2010/05/05 2010/06/03 + 14.7 0 0
2011 2011/04/23 2011/05/29 + 39.8 1 2
2012 2012/05/04 2012/05/26 ++ 18.9 0 0
2013 2013/04/29 2013/06/17 + 234 1 1
2014 2014/05/10 2014/06/08 + 20 1 1
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* Symbols +, - and ++ indicate years with occurrence, not occurrence and high severity of disease as more than one time fungicide spraying per
season was needed to control the disease. Definition of EP1 and EP2 are presented in Table 1.
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Table 3. Characteristics of time windows for calculating weather

variables required for developing forecast model of tobacco
downy mildew.
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Window Defenition Time duration
W01 2 — 4 leaves Last 10 days of March
W02 4 — 6 leaves First 10 days of April
W03 Full planting Middle 10 days of April
W04 - 20 March to 20 April
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Table 4. Statistical significance and Spearman rank correlation coefficient of periodic variables with epidemic situation of tobacco downy mildew
disease occurrence separated by four time windows based on dependent variable EP1.

Window Statistics MTM XTM ATM MTX XTX ATX MTA XTA ATA MHM XHM AHM MHX XHX AHX MHA XHA AHA SP SR AWS
P-value -0.24 -0.13 -0.18 -0.24 -0.22 -0.19 -0.23 -0.18 -0.23 0.07 -0.08 0.10 0.07 0.05 0.07 0.05 -0.04 0.09 0.15  -0.19 0.10
W01
r 0.18 0.47 0.33 0.19 0.23 0.29 0.21 0.33 0.20 0.70 0.67 0.59 0.70 0.77 0.70 0.78 0.81 0.63 0.42 0.29 0.59
P-value -0.36 -0.35 -0.39 -0.26 -0.04 -0.21 -0.38 -0.15 -0.36 0.07 -0.04 0.04 -0.24 -0.19 -0.19 -0.01 0.10 -0.04 0.25 0.02 0.19
wo2
r 0.05 0.05 0.03 0.15 0.83 0.25 0.04 0.41 0.05 0.70 0.83 0.83 0.19 0.31 0.30 0.94 0.60 0.81 0.17 0.92 0.30
P-value -0.17 0.02 -0.30 -0.22 -0.32 -0.17 -0.34 -0.27 -0.28 0.11 -0.04 0.12 -0.01 0.16 0.04 0.03 0.01 0.11 0.22 0.09 0.00
W03
r 0.36 0.92 0.10 0.23 0.08 0.35 0.06 0.13 0.13 0.53 0.83 0.52 0.97 0.37 0.81 0.87 0.94 0.53 0.22 0.64 0.98
P-value -0.26 -0.09 -0.55 -0.34 -0.21 -0.44 -0.30 -0.35 -0.53 0.13 0.00 0.15 0.06 0.18 0.00 0.01 0.06 0.08 0.38 0.00 0.16
W04
r 0.16 0.63 0.00 0.06 0.25 0.02 0.10 0.05 0.00 0.48 1.00 0.40 0.73 0.32 1.00 0.95 0.76 0.65 0.04 0.98 0.38
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Table 5. Statistical significance and Spearman rank correlation coefficient of periodic variables with epidemic situation of tobacco downy mildew
disease occurrence separated by four time windows based on dependent variable EP2.
Window Statistics MTM XT™M ATM MTX XTX ATX MTA XTA ATA MHM XHM AHM MHX XHX AHX MHA XHA AHA SP SR AWS
P-value -0.17 -0.15 -0.11 -0.28 -0.25 -0.22 -0.18 -0.20 -0.25 0.09 -0.02 0.17 0.04 0.01 0.07 0.04 0.02 0.14 0.05 -0.08 0.26
W01
r 0.35 0.43 0.54 0.13 0.18 0.23 0.32 0.27 0.18 0.62 0.90 0.35 0.83 0.95 0.71 0.81 0.92 0.46 0.78 0.67 0.15
P-value -0.38 -0.25 -0.33 -0.34 -0.04 -0.25 -0.41 -0.13 -0.35 0.08 0.04 0.04 -0.23 -0.18 -0.20 0.02 0.17 -0.03 0.30 0.09 0.38
W02
r 0.04 0.17 0.07 0.06 0.83 0.17 0.03 0.48 0.05 0.64 0.83 0.82 0.20 0.31 0.27 0.93 0.37 0.86 0.10 0.61 0.04
P-value -0.28 -0.15 -0.39 -0.27 -0.38 -0.23 -0.39 -0.37 -0.38 0.08 0.03 0.09 0.00 0.12 0.09 0.05 0.10 0.10 0.33 0.15 0.24
wo3
r 0.13 0.40 0.03 0.13 0.04 0.20 0.03 0.04 0.04 0.65 0.86 0.62 0.98 0.53 0.62 0.78 0.60 0.58 0.07 0.43 0.19
P-value -0.22 -0.23 -0.53 -0.37 -0.35 -0.50 -0.28 -0.48 -0.58 0.09 0.03 0.17 0.04 0.10 0.01 0.00 0.11 0.09 0.39 0.12 0.34
W04
r 0.22 0.21 0.00 0.04 0.05 0.01 0.12 0.01 0.00 0.61 0.86 0.35 0.84 0.57 0.95 0.99 0.56 0.63 0.03 0.50 0.07
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Table 6. Statistical significance and Spearman rank correlation coefficient of periodic variables with epidemic situation of tobacco downy mildew
disease occurrence separated by four time windows based on dependent variable EP3.
Window Statistics MTM XTM ATM MTX XTX ATX MTA XTA ATA MHM XHM AHM MHX XHX AHX MHA XHA AHA SP SR AWS
P-value -0.19 -0.24 -0.17 -0.11 -0.16 -0.12 -0.11 -0.20 -0.16 -0.07 -0.01 0.01 0.05 0.11 0.19 -0.09 0.04 0.07 -0.07  -0.11 0.21
W01
r 0.32 0.20 0.37 0.57 0.38 0.50 0.57 0.29 0.39 0.70 0.97 0.97 0.79 0.56 0.30 0.62 0.83 0.70 0.71 0.55 0.26
P-value -0.42 -0.12 -0.30 -0.50 -0.02 -0.29 -0.51 -0.11 -0.36 -0.01 0.26 0.03 -0.22 -0.15 -0.14 -0.04 0.34 -0.02 0.47 0.20 0.39
W02
r 0.02 0.51 0.10 0.00 0.93 0.12 0.00 0.55 0.05 0.97 0.17 0.87 0.23 0.42 0.44 0.82 0.06 091 0.01 0.28 0.03
P-value -0.40 -0.30 -0.53 -0.22 -0.29 -0.31 -0.38 -0.32 -0.44 -0.07 -0.07 -0.12 0.00 -0.02 -0.01 0.00 -0.03 -0.09 0.35 0.11 0.22
W03
r 0.03 0.10 0.00 0.23 0.12 0.09 0.03 0.08 0.01 0.70 0.70 0.52 0.98 0.90 0.96 0.99 0.87 0.62 0.06 0.56 0.23
P-value -0.21 -0.17 -0.46 -0.43 -0.27 -0.40 -0.33 -0.32 -0.51 -0.04 0.08 -0.04 0.02 0.18 0.02 -0.05 0.17 -0.02 0.45 0.10 0.32
W04
r 0.25 0.37 0.01 0.02 0.14 0.03 0.07 0.08 0.00 0.82 0.66 0.83 0.92 0.34 0.91 0.80 0.36 0.89 0.01 0.58 0.08
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Fig. 2. Changes of annual average temperature, average humidity and total precipitation during the recent 30 years (1984-2014) in Tirtash region.
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Fig. 3. Average severity of tobacco downy mildew during the 30 years (1984-2014) in Tirtash region.

Y



Ve g s ) oyled b a1 alE slaslew 5 ST

17F 160 F T ]
16F T
120 - .
15F
5
CRTIS G 8- .
+
13F +
- or .
12f i
1E 0t L .
0 1 0 1
EP1 EP1

U il 5> OV - AY) Jle o b 05 Jls S L;)L‘..:{L;jﬁliﬁ.cﬁ);élwéu)bﬁ—i g

EPL (gaxly juize olul
Fig. 4. Box plots of two predictor variables of tobacco downy mildew during the 30 years (1984-2014)

in Tirtash region based on dependent variable EP1.
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Fig. 5. 2D scatterplots of the predictor variables of tobacco downy

mildew during the 30 years (1984-2014) in Tirtash region based on
dependent variable EP1.
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Table 7. Parameters and statistics of Logestic regression and Discriminant analysis for predictor variables of
tobacco downy mildew in Tirtash region based on disease occurrence in time window of W04.

Dependent Independent Discriminant Analysis Logistic regression
variable variable ; Canonical Correctly ; ) Adjusted
p-value correlation classified (%) p-value R-squared (%) R-squared (%)
EP1 ATA 0.001 0.55 74.2 0.001 25.0 15.5
Sp 0.047 0.36 61.3 0.029 11.4 1.9
ATA+SP 0.004 0.57 80.7 0.003 284 14.1
EP2 ATA 0.002 0.59 61.3
Sp 0.103 0.39 48.4
ATA+SP 0.010 64.5
St sle it 03l O g S5 G525 40 by sl bl A J g b3 S 5 e 20 W04 (o o0 )5 ATA ‘}f.,w e
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Table 8. Statistics of the simple regression of predictor variables of ‘}A S TS e S
tobacco downy mildew (dependent variable EP3) in time windows of Gaee 2 A Jga) el Cowdds WO2 (o st AWS
W02 and W04 in Tirtash region.
_ Adjusted S5 e EP3 e Ll ol St Gl
Time Independent value R-squared R-squared
window variable P (%) ?0/) 55 SP S ATA sz 53 ol (S sla e
6 :
W04 ATA 0.0032 26.2 237 Sy OLES 5 e 55 Sam S5 by 4 5585 oS
SP 0.0114 20.1 17.3
ATA+SP 0.0031 338 29.1 Sl ATA e )3 e gendes a5 50 SO 31 gl &S
W02 MTA 0.0035 259 23.3 .
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Fig. 6. Box plots of two predictor variables of tobacco downy mildew during the 30 years (1984-2014)
in Tirtash region based on dependent variable EP2.
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Fig. 7. Simple regression graphs of two predictor variables of tobacco downy mildew during the 30 years (1984-2014)
in Tirtash region based on dependent variable EP3.
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Table 9. Equations of statistical relationships between weather and dependent variables for predicting tobacco downy mildew during the 30 years
(1984-2014) in Tirtash region.

No. Dependent variable Qutput Equation
; EP1 0o EP1 = exp(eta)/(1+exp(eta))
eta = 14.3601 - 1.06054*ATA + 0.0201198*SP
Oorl EP1=-107.5+ 14.172*ATA + 0.1438*SP
3 EP2 0,1o0r2 EP2 =-110.217 + 14.5208*ATA + 0.127954*SP
EP3 % EP3 =64.831 - 3.16293*ATA + 0.0887009*SP
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