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Grapevine downy mildew caused by Plasmopara viticola is the most important factor in decreasing grape
production in temperate and rainy regions. To investigate the disease progression curve in vineyards of North
Khorasan province during two years of 2018 and 2019, scoring of the target vineyards was carried out each week
on a regular schedule from mid-April at the bud swelling time from the vineyard. The incidence rate and severity
of the disease in 80 vineyards from four counties of Bojnourd, Maneh and Samolghan, Shirvan, and Farouj were
calculated. Linear regression was fitted to disease time progression curves with five population growth models as
exponential, monomolecular, logistic, log-logistic, and gompertz models. The model fitness was determined based
on statistics as coefficient of determination (R?), standard error of estimates (SEE) and adjusted coefficient of
determination (R,%). The results showed that exponential, monomolecular, logistic, log-logistic, and Gompertz
models were fitted with 5, 27.5, 12.5, 17.5, and 37.5% of the disease in the studied gardens, respectively.
Accordingly, Gompertz model with 96.76% coefficient of determination was selected as the most suitable model
to describe disease progression in North Khorasan province. Rates of increase (rg) per unit of disease in each
vineyard was 0.005 to 0.048 (with an average of 0.026). This is the first report of a study of the progression curve
of grapevine downy mildew in Iran.
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Figure 1. Linear (y *) growth curves (intensity versus time) of grapevine downy mildew in North
Khorasan province. As an example, several cases are presented in this figure. a) Exponential model
(Bojnourd18-3 vineyard), b) Monomolecular model (Mane vineyard 18-9), c) Logistic model
(Bojnourd18-7 vineyard), d) Log-logistic model (Farooj18-5 vineyard), and ) Gompertz model
(Vineyard Bojnourd19-6). Time was regarded as the number of days since April.
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Table 1. Results of evaluation of progression curves of grapevine downy mildew in the four studied
counties during 2018 and 2019.

Bojnourd Mane and Farooj Shirvan Province Percentage
Model Samalghan

18 19 18 19 18 19 18 19 18 19 18 19 Total

Exponential 1 0 1 0 1 0 1 0 4 0 10 0 5
Monomolcular 5 0 5 1 3 2 3 3 16 6 40 15 275
Logestic 2 0 0 0 4 1 2 1 8 2 20 5 125
Log-logestic 2 1 2 2 1 2 2 2 7 7 17.5 175 175
Gompertz 0 9 2 7 1 5 2 4 5 25 125 62.5 375
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Table 2. Results of linear regression analysis of growth curve of grapevine downy mildew after fitting
five growth models in four studied counties of North Khorasan province in 2018 and 2019.

Region Year Model R%(%) SEE R"(%)
Monomolcular 96.23 0.003 95.29
Logestic 88.52 0.29 85.65
2018 Log-logestic 97.19 0.143 96.48
Exponential 88.23 0.288 85.29
Bojnourd Gompertz 91.51 0.061 89.39
Monomolcular 91.04 0.065 88.81
Logestic 91.98 0.48 89.98
2019 Log-logestic 94.2 0.408 92.75
Exponential 89.56 0.484 86.96
Gompertz 94.7 0.154 93.39
Monomolcular 95.7 0.001 94.84
Logestic 87.78 0.259 85.34
2018 Log-logestic 97.5 0.117 97
Exponential 87.68 0.258 85.21
Mane and Gompertz 90.06 0.048 88.07
Samalghan Monomolcular 87.97 0.053 85.56
Logestic 87.5 0.623 85.01
2019 Log-logestic 93.12 0.462 91.75
Exponential 85.2 0.628 83.24
Gompertz 93.08 0.056 91.7
Monomolcular 91.83 0.006 90.19
Logestic 94.96 0.079 93.96
2018 Log-logestic 87.77 0.248 85.33
Exponential 87.62 0.335 85.14
Farooj Gompertz 89.17 0.341 87.02
Monomolcular 91 0.025 88.25
Logestic 89.96 0.483 87.45
2019 Log-logestic 91.8 0.409 90.01
Exponential 89.04 0.478 88.75
Gompertz 92.59 0.127 90.74
Monomolcular 91.66 0.002 89.99
Logestic 84.81 0.285 81.78
2018 Log-logestic 95.74 0.15 94.89
Exponential 84.67 0.282 81.61
Shirvan Gompertz 86.69 0.06 84.03
Monomolcular 92.22 0.015 90.28
Logestic 88.63 0.485 85.79
2019 Log-logestic 92.07 0.348 90.41
Exponential 87.83 0.484 86.78
Gompertz 92.49 0.109 90.61
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The statistics used to determine the fitness of the models are: R? (coefficient of determination), SEE (standard error of
the estimate) and R,? (adjusted coefficient of determination).
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Table 3. Best determined growth equations to describe the grapevine downy mildew in the studied areas
during the two years of 2018 and 2019 in North Khorasan Province.

Region Year Fitness model Linear equation R?(Percentage)
Bojnourd 2018 Monomolcular Ln[1/(1-y)]=(0.00112907)*t-0.00733442 96.23

2019 Gompertz -Ln[-Ln(y)]=(0.0645267)*t-2.98963 94.70

Mane and 2018 Monomolcular Ln[1/(1-y)]=(0.000382804)*t-0.0012 95.70
Samalghan 2019 Gompertz -Ln[-Ln(y)]=(0.0542668)*t-2.83153 91.70
Farooj 2018 Logestic Ln[y/(1-y)]=(0.0519661)*t-5.56825 94.96

2019 Gompertz -Ln[-Ln(y)]=(0.0445971)*t-2.6325 92.59

Shirvan 2018 Monomolcular Ln[1/(1-y)]=(0.000536018)*t-0.00054119 91.66

2019 Gompertz -Ln[-Ln(y)]=(0.0379466)*t-2.48858 92.49

sl Jdo s gy RZ 5 (1) Laseion loj 50 (Y) (6 lows oo
The amount of disease (y) at a given time (t) and R? is the model's explanation factor
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Figure 2. Comparison of the Gompertz model rate in a total of two years of research on grapevine downy
mildew in North Khorasan province
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