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Details on model equations 

Maturation of primary conidia [equation (1)]  

For the development of equation (1), we used data from Fukaya [1] and Daykin and 
Miholland [2]. Fukaya [1] sampled rain-borne conidia by placing a funnel trap under affected 
peduncles in a vineyard in Akita Prefecture (Japan) from 1986 to 1997. Daykin and 
Milholland [2] collected conidia from affected mummies and pedicels by using a similar 
method in a vineyard in Castle Hayne (NC, USA) from 1980 to 1982; we used the data of 1980 
only, because those of 1981 and 1982 were biased by the presence of secondary inoculum. 
Both papers showed the numbers of conidia in samples over time, with time expressed as 
calendar days.  

We expressed the cumulative numbers of conidia sampled in each season on a 0 to 1 
scale, where 1 is the total of the conidia sampled in a season, and used the rescaled data for 
equation fitting (Figure S1). We also expressed the time after bud break as cumulative 
degree-days by accumulating daily temperature when T > 5°C (base temperature) and rain > 1 
mm (base rain). We defined the base temperature according to Wang et al. [3], who reported 
no fungal growth and no sporulation on PDA at 5°C. We accumulated temperature only on 
rainy days, because conidia were produced during rainy periods in the spring [4]; we defined 
1 mm of rain as a threshold based on the best fit we obtained in a preliminary analysis (not 
shown).  

 

 

Figure S1. Cumulative proportion of mature conidia of Colletotrichum gloeosporioides produced 
by overwintered inoculum sources as a function of degree-days (DD) accumulated after bud 
break of vines when temperature was > 5°C and rain was  > 1 mm. Dots show the average 
data from Fukaya [1] and Daykin and Miholland [2] in steps of 50 degree-days, and whiskers 
are standard errors; the curve shows the fit of the data with equation (1) in the main text, with 
R²=0.81.  



Rain and spore dispersal  

The model assumes that the dispersal of conidia from acervuli is triggered by a rain > 2 
mm/h, which is defined based on the spore dispersal experiment of Madden et al. [5]. In the 
latter experiment, the effect of rain intensity (millimeters per hour) on splash dispersal of 
Colletotrichum acutatum conidia from infected strawberry fruit was determined under 
simulated rains with intensities of 2 to 60 mm/h. Spore dispersal was assessed by collecting 
the splashing droplets with conidia in gravity samplers, consisting of Petri plates with a 
selective medium, and then counting the colony forming units. Colony numbers declined 
with the distance from the source, increased over time to a maximum, and then declined. 
Total colonies increased linearly with rain intensity when rain intensity was > 2 mm/h. 

 

Berry-to-leaf ratio 

The size of the system is defined by LA, the leaf area of the reference grapevine plant of 
the model system at flowering and after, and by BA, the berry area of this plant. The 
berry-to-leaf area (BLR) can be easily calculated as BA/(BA+LA).   

For example, for Vitis vinifera L. cv. Barbera planted with a 2.5 m between-row spacing 
and a 0.9 m within-row spacing in a single Guyot system in northern Italy [6], the maximum 
leaf area of a grapevine plant at flowering and after was 3 m2, the number of clusters per vine 
was 20, the numbers of berries per cluster was 85, each cluster having a maximum surface 
area of 531 mm2 (radius = 0.6 mm) at late ripening. Therefore, the maximum value of BA in 
our model is 0.9 m2 per plant (= 0.531/1000000 m2 per berry times 85 berries per cluster times 
20 clusters per plant), and the maximum berry-to-leaf ratio is BLR = BA/(BA+LA) = 
0.9/(0.9+3.0) = 0.231. Obviously, BA increases from the start of flowering to full ripening based 
on the example of Figure S2. 

 

 

Figure S2. Relationship between berry area per plant (m2, calculated based on the example 
provided in the text) and the time after early flowering (days); GS = 60 is the growth stage of 
vines based on Lorenz et al. [7].  



 

Infection [equation (4)]  

For the development of equation (4), we used data from Steel et al. [8] and Yun and Park 
[9]. To study the effect of temperature on infection of flowers, Steel et al. [8] immersed 
detached inflorescences of V. vinifera (cv. Chardonnay) in a suspension of Colletotrichum 
acutatum conidia and incubated them at 15, 20, 25, or 30°C for 24 h. Yun and Park [9] 
investigated the effects of temperature (10, 15, 20, 25, and 30°C) and wetness duration (0, 2, 4, 
8, 12, 16, 20, and 24 h) on the formation of appressoria by germ tubes developed by the 
conidia of C. gloeosporioides that were artificially inoculated on grape berries of Riesling and 
Seibel 9110; to be consistent with the data of Steel et al. [8], we only used the 24-h data of Yun 
and Park [9].  

The original disease data were expressed as % incidence of affected flowers and % of 
conidia that formed an appressorium on grape berries, respectively; we rescaled these data 
relative to the maximum value observed in each experiment on a 0 to 1 scale, and used the 
rescaled data for equation fitting (Figure S3).  

 

Figure S3. Relationships between temperature (°C) and rescaled infection severity by 
Colletotrichum acutatum (data of Steel et al. [8]), and C. gloeosporioides (data of Yun and Park 
[9]). Dots show the average data from the mentioned papers, and whiskers are standard 
errors; the curve shows the fit of the data by equation (4) in the main text, with R²=0.88.  

 

Infection [equation (5)]  

For the development of equation (5), we used data from Greer et al. [10] and Yun and 
Park [9]. Greer et al. [10] studied the influence of wetness duration on flower infection by 
immersing detached inflorescences of V. vinifera (cv. Chardonnay) in a conidial suspension of 
Colletotrichum acutatum and incubating them at 25°C for 2, 4, 6, 12, 18, and 24 h. As indicated 
in the previous section, Yun and Park [9] investigated the effect of temperature (10, 15, 20, 25, 
and 30°C) and wetness duration (0, 2, 4, 8, 12, 16, 20, and 24 h) on the formation of 
appressoria by germ tubes developed by the conidia of C. gloeosporioides that were artificially 
inoculated on grape berries of Riesling and Seibel 9110; to be consistent with data of Greer et 



al. [10], we only used the 25°C data of Yun and Park [9] for fitting the effect of wetness 
duration. 

The original disease data were expressed as % incidence of affected flowers and % of 
conidia that formed an appressorium on grape berries, respectively; we rescaled these data 
relative to the maximum value observed in each experiment on a 0 to 1 scale, and used the 
rescaled data for equation fitting (Figure S4).  

 

 

Figure S4. Relationship between wetness duration (hours) and rescaled infection severity by 
Colletotrichum acutatum (data of Greer et al. [10]) and by C. gloeosporioides (data of Yun and 
Park [9]). Dots show the average data from the mentioned papers, and whiskers are standard 
errors; the curve shows the fit of these data by equation (5) in the main text, with R²=0.95. 

 

Sporulation [equation (9)] 

For the development of equation (9), we used data from Es-Soufi et al. [11], Everett et al. 
[12], Fernando et al. [13], King et al. [14], Liu et al. [15], Fitzell and Peak [16], Mello et al. [17], 
Pandey et al. [18], Wastie [19], Wang et al. [3], and Veloso et al. [20]. 

Es-Soufi et al. [11] determined the effect of temperature on the production of conidia by 
Colletotrichum acutatum on PDA at different temperatures (5, 18, 23, 25, 27, 30, and 37°C); 
Fernando et al. [13] and Liu et al. [15] did similar experiments on PDA at temperatures 
between 5 and 40°C (at 5°C intervals) and at 6, 8, 12, 14, 16, 18, 20, 24, 26, 28, 32, 34, and 36°C, 
respectively. Mello et al. [17] plated C. gloeosporioides from green pepper on PDA, incubated 
the plates at 15 to 35°C (at 5°C intervals), and finally enumerated the conidia at 7 and 12 days 
after plating. Wastie [19] studied the effect of temperature (15.0, 21.0, 26.5, and 32.0°C) on 
sporulation of C. gloeosporioides isolated from a rubber tree on Czapek-Dox agar. Wang et al. 
[3] studied the influence of temperature (5 to 40°C at 5°C intervals) on sporulation of C. 
gloeosporioides isolated from grape berries (cv. Kyoho) on PDA. Veloso et al. [20] confirmed 
that the maximum temperature for sporulation of C. gloeosporioides is 40°C by plating C. 
gloeosporioides isolated from a cashew plant on PDA. 



Everett et al. [12] studied the effect of temperature (5 to 30°C, 5°C intervals) on the 
number of conidia produced by C. acutatum lesions on detached apples cv. Royal Gala. King 
et al. [14] studied the sporulation dynamics of C. gloeosporioides and C. acutatum in relation to 
temperature (5 to 35°C, 5°C intervals) on detached strawberry fruit. Fitzell and Peak [16] 
reported the effect of temperature (10.0, 12.5, 15.0, 17.5, 20.0, 22.2, 25.0, and 30.0°C) on the 
numbers of conidia produced by C. gloeosporioides on mango leaves. Pandey et al. [18] studied 
the effect of temperature on sporulation of C. gloeosporioides on guava fruits at 15, 20, 25, 30, 35, 
and 40°C and 75-80% RH for 10 days. 

To combine the data extracted from the above experiments, we rescaled the original data 
relative to the maximum number of conidia found in each experiment on a 0 to 1 scale, and 
the averages of these rescaled values were used for equation fitting (Figure S5). 

 

 

Figure S5. Relationships between temperature (°C) and rescaled production of conidia by 
Colletotrichum acutatum and C. gloeosporioides. Dots show the average data from the literature 
mentioned in the text, and whiskers are standard errors; the curve shows the fit of the data by 
equation (9) in the main text, with R²=0.83.  
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