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Grape powdery mildew (GPM), caused by plant pathogenic fungus Erysiphe necator, is the most widespread
disease of the grapevine worldwide, including Iran. Temporal analysis of disease epidemics was carried out by
evaluating GPM in 30 vineyards in three cities of the Sistan region, including Zabol, Zahak, and Hamoon during
2017 and 2018. Field survey of vineyards to record disease incidence (1) and severity (S) was started from plant
growth onset to harvest time, in a weekly program. Disease progress curves (DPCs) were evaluated by
mathematical growth models including linear, monomolecular, logistic, log-logistic, and Gompertz, and their
goodness of fit determined based on statistics such as the coefficient of determination (R?), adjusted R? (aR?), and
the standard error of estimates (SEE). Results showed that in total two years, for three variables of disease
including disease incidence, leaf disease severity, and fruit disease severity, the monomolecular model was fitted
with 100, 100, and 98.33% of the studied epidemics, respectively. Means R? of this model for three disease
variables were calculated 91.64%, 89.60%, and 90.27%, respectively, and this model was selected as the most
appropriate for describing GPM progress in the Sistan region for the two studied years. Also, in a total of two
years rates of increase (ry,) per unit of disease in the vineyards for three disease variables were 0.016, 0.004, and
0.005, respectively. This research is conducted for the first time in the region of Sistan and Iran.
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Table 1. Summary of linear regression analysis statistics to fit different growth models with data of

disease incidence, leaf disease severity, and fruit disease severity caused by grape powdery mildew
seprated by year in the Sistan region

Fruit disease severity Leaf disease severity

Disease incidence

SEE aR% %) R?(%) SEE  aR%(%) R*(%) SEE  aR %) R?(%) Model Year
3.0488 88.01  88.07 26718 8307 8315 56863 89.42  89.47 Linear
0.0342 8859  88.64 00304 8347 8355 0082 9128 9132 Monomolecular

2017

0.6550 68.19 6836 03191 7779  77.89  4.4297 8417  84.26 Logistic
2.5680 9150 91.54 21780 8875  88.80 01764 9358  93.62 Log-logistic
0.1850 77.89 78 0.1186 80.44  80.53 2.6718 8850  88.56 Gompertz
2.1864 9223 9227 14134 9554 9556 51952 90.43  90.48 Linear
0.0257 9186  91.90 00161 9563 9565 00762 9193  91.97 Monomolecular
0.6186 7467 7479 02360 89.18  89.23 03060 8678  86.84 Logistic 2018
2.1843 9227 9230 15185 9486  94.88 42646 9355  93.58 Log-logistic
0.1559 8477 8484 00751 9281 9284 01556 89.97  90.02 Gompertz
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Table 2. Summary of linear regression analysis statistics to fit different growth models with data of

disease incidence, leaf disease severity, and fruit disease severity caused by grape powdery mildew
seprated by three cities in the Sistan region

Hamoon Zahak Zabol
SE  aR*(% R? SE  aR (% R? SE  aR (% R’ Model Variable Year
E ) (%) E ) (%) E ) (%)
417 9412 9420 555 9023 90.37 606 8831  88.48 Linear Disease incidence
005 9638 9644 008 9179 9191 008  90.72 90.85  Monomolecula Disease incidence
r
032 8763 8781 035 8531 8553 037 8338  83.62 Logistic Disease incidence §
]
282 9731 97.35 427  94.20 9428 448  93.60 93.70 Log-logistic Disease incidence
013 9284 92.94 017  89.40 89.55 018  87.65 87.83 Gompertz Disease incidence
324 9624 96.29 455 9286 9297 618 8651  86.71 Linear Disease incidence
003  97.77 97.81 006 94.18 9427 009  88.42 88.59  Monomolecula Disease incidence o
r o
022 9252 9263 027 8961 8976 035 8222 8247 Logistic Disease incidence &
254 97.68 97.71 368 9532 9539 480 9184 91.96 Log-logistic Disease incidence
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010 9582 9588 013 9252 9262 018 8589  86.10 Gompertz Disease incidence
234 8853 8370 260 8155 8182 263 8293 8318 Linear Leaf disease
severity
002  89.13 89.29 002 8181 82.07 002 8373 83.97  Monomolecula Leaf disease
r severity
028 8249 8275 032 7759 7791 032 7594  76.29 Logistic Leaf disease N
severity =
183  92.96 93.06 210 87.97 88.14 197  90.40 90.54 Log-logistic Leaf disease
severity
010  85.53 85.74 011 79,58 79.87 012  79.15 79.45 Gompertz Leaf disease
severity
090 9829 9831 104 9756 9760 163 9367  93.76 Linear Leaf disease
severity
001 98,04 9807 001 9721 9725 101 9447 9455 Monomolecula Leaf disease
r severity
017 9390 9399 019 9273 9284 028 8381  84.05 Logistic Leaf disease S
severity &
143 9574 9580 146 9524 9531 118 96.67  96.72 Log-logistic Leaf disease
severity
005 9687 9691 005 9598 96.04 009 8847  88.63 Gompertz Leaf disease
severity
2.98 89.16 89.31 241 91.72 91.84 262 91.34 91.47 Linear Fruit disease
severity
003 89.97 90.02 002 9235 9246 002 9236 9247 Monomolecula Fruit disease
r severity
033 7446 7489 068 7621 7656 063 68.67  69.15 Logistic Fruit disease S
severity =
238  93.07 93.17 204  94.08 94,17 187 9557 95.64 Log-logistic Fruit disease
severity
012 7854 7890 017 8406 8429 017 80.26  80.56 Gompertz Fruit disease
severity
140 96.92 96.97 118 9726 9730 221 9294  93.04 Linear Fruit disease
severity
001 9690 96.95 001 9689 9693 002 93.09 9319 Monomolecula Fruit disease
r severity
058 7734 7767 047 8256 8281 073 69.16  69.61 Logistic Fruit disease S
severity &
145  96.69 96.73 154 9533 9540 198 9430 94.38 Log-logistic Fruit disease
severity
013  88.10 88.28 011  91.20 91.33 018 81.72 81.99 Gompertz Fruit disease
severity
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Figure 1. Diagrams of disease incidence (A), leaf disease severity (B), and fruit disease severity (C)

progress curves of grape powdery mildew separated by two years 2017 and 2018
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Table 3. Equations of monomolecular model to describe epidemics of disease incidence, leaf disease
severity, and fruit disease severity caused by grape powdery mildew seprated by year in the Sistan region

R (%)

Equation

Variablr

Year

91.32
91.97
83.55
95.65
88.64
91.90

Ln[1/(1-y)]=(0.0166328)t+(-0.28455)
Ln[1/(1-y)]=(0.0161578)t+(-0.22151)
Ln[1/(1-y)]=(0.00427794)t+(-0.04617)
Ln[1/(1-y)]=(0.00474985)t+(-0.06893)
Ln[1/(1-y)]=(0.00597332)t+(-0.12854)
Ln[1/(1-y)]=(0.005427)t+(-0.10751)

Disease incidence
Disease incidence
Leaf disease severity
Leaf disease severity
Fruit disease severity

Fruit disease severity

2017
2018
2017
2018
2017
2018
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Table 4. Equations of monomolecular model to describe epidemics of disease incidence, leaf disease
severity, and fruit disease severity caused by grape powdery mildew seprated by three cities in the Sistan

region
R?(%) Equation Variable Year City
90.85 Ln[1/(1-y)]=(0.017444)t+(-0.278585) Disease incidence 2017 Zabol
88.59 Ln[1/(1-y)]=(0.0165949)t+(-0.19623) Disease incidence 2018
91.91 Ln[1/(1-y)]=0.0169329)t+(-0.299187) Disease incidence 2017 Zahak
94.27 Ln[1/(1-y)]=(0.0164072)t+(-0.24055) Disease incidence 2018
96.44 Ln[1/(1-y)]=(0.0163955)t+(-0.315206) Disease incidence 2017 Hamoon
97.81 Ln[1/(1-y)]=(0.0162643)t+(-0.26261) Disease incidence 2018
83.97 Ln[1/(1-y)]=(0.00432996)t+(-0.0389863) Leaf disease severity 2017 Zabol
94.55 Ln[1/(1-y)]=(0.00472543)t+(-0.05685) Leaf disease severity 2018
82.07 Ln[1/(1-y)]=(0.003898)t+(-0.0414907) Leaf disease severity 2017 Zahak
97.25 Ln[1/(1-y)]=(0.00474929)t+(-0.07459) Leaf disease severity 2018
89.29 Ln[1/(1-y)]=(0.00468096)t+(-0.0622539) Leaf disease severity 2017 Hamoon
89.07 Ln[1/(1-y)]=(0.00493192)t+(-0.08289) Leaf disease severity 2018
92.47 Ln[1/(1-y)]=(0.00644477)t+(-0.127037) Fruit disease severity 2017 Zabol
93.19 Ln[1/(1-y)]=(0.00606521)t+(-0.11333) Fruit disease severity 2018
92.46 Ln[1/(1-y)]=(0.00571578)t+(-0.134037) Fruit disease severity 2017 Zahak
96.93 Ln[1/(1-y)]=(0.00497685)t+(-0.10332) Fruit disease severity 2018
90.02 Ln[1/(1-y)]=(0.00609255)t+(-0.139431) Fruit disease severity 2017 Hamoon
96.95 Ln[1/(1-y)]=(0.00556637)t+(-0.11916) Fruit disease severity 2018
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