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Study on estimation model for grape downy mildew prediction based on

airborne sporangium concentration of Plasmopara viticola in field
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(Institute of Plant Protection, Liaoning Academy of Agricultural Sciences, Shenyang 110161, Liaoning, China)

Abstract: [ObjectivelGrape downy mildew is a typical airborne disease that can damage all green tis-
sues on Vitis plants, including leaves, inflorescences, berries, tendrils and young canes. Sporangium is
the important carrier of short distance transmission of the disease. The formation, maturation, germina-
tion and release of sporangium are affected by meteorological factors such as temperature, relative hu-
midity, rainfall, illumination and wind speed. In order to clarify the effects of airborne sporangium con-
centration of Plasmopara viticola and meteorological factors (air temperature, relative humidity, rainfall
and wind speed) on disease infection of grape downy mildew in Shenyang, a prediction model of grape
downy mildew driven by airborne sporangium concentration of P. viticola was established to guide the
effective control of the disease.lMethods]Shenyang, one of the production areas of table grapes in Chi-
na, was chosen as the experimental base. Experiments were conducted during four growing seasons
from 2016 to 2019. Four test plots were arranged from north to south, and the test cultivar was Centen-
nial Seedless (Vitis vinifera L.), which was highly susceptible to grape downy mildew. Each experimen-
tal plot was 15 m long, and 5 m wide. Vine spacing was 0.5 m within rows and 0.6 m between rows.
The plots were planted on April 30, 2016; April 28, 2017; May 5, 2018 and April 29, 2019. Each plot
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was irrigated and managed normally, and the cropping system was not treated with any fungicide in or-
der to facilitate the onset of the disease epidemic. TRM-ZS1 meteorological ecological environment de-
tector was installed in the orchard for regular recording meteorological data. The concentration of air-
borne sporangia of P. viticola was monitored daily with Burkard spore trap. The incidence and degree of
grape downy mildew was investigated by using the five-point sampling method and 15 fixed grape seed-
lings were selected from each plot every seven days. Bivariate correlation method in SPSS 19.0 was
used for correlation analysis, and Spearman correlation coefficient was used to obtain the correlation
analysis results among disease index of grape downy mildew, airborne sporangium concentration of P,
viticola and meteorological factors. Eight curve models were selected to fit the data of disease index
and the accumulated sporangium concentration of P. viticola during 2016 to 2019. The coefficient of de-
termination (R*), F value (F), significance probability (p) and estimated standard deviation (Std E) were
taken as the criteria of model selection to select the best prediction model for grape downy mildew. [Re-
sults] The disease progress curve of grape downy mildew was usually sigmoid, the exponential phase
was from early July to late July, the logistic phase was from late July to late August, and the decline
phase was from late August to mid-late September. Rainfall had an important effect on occurrence and
prevalence of grape downy mildew. The variation curve of airborne sporangium concentration of P. viti-
cola in the field showed a wavy change, which increased with the disease index in general. The airborne
sporangium concentration decreased gradually as the disease stopped growing. In 2016, the date of first
sporangia trapping in the field was June 20, and the airborne sporangium concentration increased slow-
ly before July 1, then increased sharply, and reached the peak of 75 sporangium per m’ on September 8.
In 2017, the date of first sporangia trapping was June 26, the airborne sporangium concentration in-
creased rapidly after July 11, and reached the maximum of 52 sporangium per m’ on August 22. The
date of first sporangia trapping was June 29, 2018, then the airborne sporangia concentration increased
in a multi-peak curve, and reached the maximum of 57 sporangium per m’ on September 8. The date of
first sporangia trapping in the field in 2019 was June 26, the airborne sporangium concentration fluctuat-
ed at a low level before July 12, and reached the peak of 51 sporangium per m’ on September 1. Correla-
tion analysis showed that airborne sporangium concentration of P. viticola was significantly positively
correlated with average relative humidity before 7 days (+>0.224, p<0.030) and accumulated rainfall be-
fore 7 days (>0.209, p<0.040), but had a significant negative correlation with daily rainfall, indicating
that the above three meteorological factors were the main meteorological factors affecting the airborne
dispersion of P, viticola. There was no significant correlation between the sporangium concentration of
P, viticola and the average daily air temperature, relative humidity and wind speed, indicating that the
daily meteorological factors were not the key factors affecting the airborne dispersion of P, viticola. The
relationship between disease index and the accumulated sporangium concentration was a power func-
tion by nonlinear regression analysis, and the best prediction model was based on the accumulated spo-
rangium concentration before the day of disease measuring and the accumulated sporangium concentra-
tion before the current week of disease measuring.[Conclusion] Based on the analysis of 4-year plot ex-
periment in the field, the accumulation of sporangium concentration of P. viticola can be used to predict
disease progress of grape downy mildew in the field.

Key words: Plasmopara viticola; Disease index; Airborne sporangia concentration; Meteorological fac-

tors; Prediction model
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Fig. 1 Schematic diagram of the accumulated sporangia concentrations in different time interval
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Table 1 Correlation coefficients between daily sporangium concentration of Plasmopara viticola and meteorological factors

during 2016 to 2019
gt TSR -7 FE S Sporangium concentration
Meteorological factors 2016 2017 2018 2019
H 2R r=0.113 =0.006 =0.007 =0.109
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Average wind speed before 7 days »<<0.001 p=0.072 p=0.191 p=0.074
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Note: * indicates significant correlation at 0.05 level; ** indicates significant correlations at 0.01 level.
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BRI A2 8 b i FH il ZR AR AR X 2016—2019 4F Sl $i 4
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Table 2 Different models between disease index and the accumulated sporangium concentration of Plasmopara viticola

AT R FRIE FIE R FfH o R i bR 2
Model Model expression r F value Y4 Std E

Yo % 26 $ Logarithmic Y=22.834In¢,—60.751 0.693 20.340 0.001 19.851

0 R HY Inverse Y=-250.441/c,+42.504 0.249 2.983 0.118 31.062

54 R Compound ¥=0.459x(1.030)"" 0.751 27.190 0.001 1.367
TEHREL Power ¥=0.002¢,*"" 0.976 371.630 <0.000 1 0.422
SEiELS Y=exp(3.359-32.647/c\) 0.723 23.472 0.001 1.443

K PREL Growth Y=exp(—0.780+0.029¢) 0.751 27.190 0.001 1.367

5 %28 31 Exponential ¥=0.459exp(0.029/c1) 0.751 27.190 0.001 1.367
AR MEL Logistic ¥=1/[0.010+3.138exp(0.961¢))] 0.884 68.414 <0.000 1 1.158

TR 2 B R R, BB AU [R) 76 45 75
B T I ToLA P B AR A

M3 T LLE H, DL T — i i R AR AT 3Rk
JEE ) SR P 1 i LA A5 28 1) 40 BBE e vy, FLHE
FHE T 102016 4 R*=0.989,2017 4 R*=0.931,
2018 4F R*=0.979,2019 £F R*=0.980) . F {H fix X (2016
fE F=788.154, 2017 4 F=135.840, 2018 4 F=
470.811, 2019 £E F=490.694) . & 35 1 #f 2 & K
(2016—2019 4 p<<0.0001) Al i 5 b5 #E 2 5 /N
(2016 4 Std E=0.291,2017 4 Std E=0.712,2018 4
Std E=0.375,2019 4F Std E=0.405) . AT 2510
T FEUR R 0 1 R B U AR S B IR
T LA — 8] B S AR A 7 JR R B RN 1 A SR AR T K
J5 RA S 193 1 HE BT 2R () 404 B DU B N AR

3%

ASHIEFE WA 1k PH DX R A A 2 T RAT
kI8 % Oy S TR 2k, a8 7 H B 2= A
FINNTH THZESH T HIBHIN8 A THIE9
Ao T FEARZ TG R, FE R A2 R0 4
FEIR AR S TR ANRAT REE G BE IR 7, X 5 [l N b
e NIV S G S IS SR FE O
AR I B A B R AR S TR T AT 9T P )
M2 SRR E R L. B T ARE RS, H
) AR B IR R AR ATRAT 52 B 2 d R LE | R

*3 ETARERERNBFRRENHEBEERESR
R BT IR R B RARTE
Table 3 The models between disease index and the
accumulated sporangium concentration of Plasmopara
viticola in different periods during 2016 to 2019
Ty B HE R FE WHEVEMEE S ARUEZE
Year Model R Fvalue p Std E
2016 Y=0.002¢,*"" 0.976 371.630 <<0.0001 0.422
¥=0.015¢,""" 0.989 788.154 <<0.0001  0.291
¥=0.018¢,*** 0.883 67.902 <<0.0001 0.938
¥=0.002¢,>*" 0.765 29.347 <0.0001 1.328
2017 Y=0.001¢,> 0.921 117.354 <<0.0001 0.762
Y=0.011c,"** 0.931 135.840 <<0.0001 0.712
¥=0.007¢;*" 0.863 62.915 <<0.0001 1.007
¥=0.017¢,* 0.390 6.405 0.0300 2.123
2018  ¥=0.002¢,*" 0.962 250.538 <<0.0001 0.510
¥=0.023¢,"" 0.979 470.811 <<0.0001 0.375
¥=0.058¢,""* 0.842 53.075 <<0.0001 1.034
¥=0.003¢,"* 0.615 15.984 0.0030 1.615
2019 Y=0.000 05¢,**" 0.975 392.376 <<0.0001 0.452
Y=0.001¢,"*" 0.980 490.694 <<0.0001 0.405
¥=0.001¢,""" 0.717 25.358 0.0010 1.525
¥=0.004¢,>"* 0.280 3.898 0.0770 2.432
Hio. BREFRIKE ;0. — AT RBHEFIRIKSE ;oo lT— A R
BT BIREE o0, L RO T HIRE

Note: ¢;. Accumulated sporangium concentration before the day of

disease measuring; ¢,. Accumulated sporangium concentration before
the current week of disease measuring; c;. Accumulated sporangium
concentration in the previous week of disease measuring; c¢.. Accumulat-

ed sporangium concentration in the current week of disease measuring.
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