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ABSTRACT: Grapes for winemaking are harvested in months of high precipitation and 
temperatures that favor fungal infection. The cycle inversion technique promotes fall-winter 
harvesting with slower maturation and improved quality. However, the incidence of latent 
Botrytis cinerea Pers. in the berries and the susceptibility of cultivars under this pruning 
system have yet to be studied. We evaluated the incidence of latent B. cinerea in grape 
berries under cycle inversion at pre-ripening and the susceptibility of different cultivars to B. 
cinerea infection at maturity. The experiment was conducted in a commercial vineyard in São 
Roque, São Paulo. The red grape cultivars evaluated were Cabernet Franc, Malbec, Syrah, 
and Marselan, and the white grapes were Viognier and Sauvignon Blanc. The incidence of 
latent B. cinerea in the berries ranged from 1 % to 33 % in the different cultivars and harvest 
seasons evaluated. Artificially inoculated B. cinerea (105 conidia m L–1) did not cause disease 
in detached, unwounded ripe berries. However, berries from all cultivars showed symptoms of 
gray mold and signs of the pathogen when artificially inoculated with the same concentration 
of conidia plus the nutritional contribution of grape juice in a 1:1 ratio.
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The quality of Brazilian wines has improved 
through the refinement of oenological and management 
techniques, such as the cycle inversion technique, used 
mainly in the states of Minas Gerais and São Paulo 
(Regina et al., 2011; Brant et al., 2021), resulting in the 
production of winter wines.

In the wine-producing areas in the southeastern 
region, as in other parts of Brazil, there is only one harvest 
season, which coincides with the months of high rainfall 
and high temperatures, causing an increase in fungal 
disease incidence and impaired maturation, which affects 
the quality of the wines produced (Regina et al., 2011). 
Unlike the regular production cycle, the cycle inversion 
through two separate prunings transfers the harvest to 
the autumn-winter season, allowing the bunches to ripen 
longer in drier weather with a good temperature range, 
thereby avoiding adverse weather conditions favorable 
to fungal diseases such as Botrytis cinerea Pers. However, 
there is no information as to whether the change in the 
flowering period with the cycle inversion technique can 
interfere with the presence of latent fungi in the berries 
or even with the susceptibility of these berries during 
maturation.

Botrytis cinerea is one of the most recurrent 
phytopathogenic fungi that affects grapevines (Magalhães, 
2015; González-Fernández et al., 2020). Infection by the 
fungus occurs before and during flowering, leading to 
flower drop, damaging fruit formation, and remains latent 
until the beginning of maturation (Magalhães, 2015). 
It is known that free water and sugar accumulation in 
the berries favors the development of the fungus, whose 
hyphae can directly penetrate the tissues of the berries. 
However, wounds significantly potentiate this process 
(Coertze et al., 2001).

There are variations in susceptibility to B. cinerea 
in the different grape cultivars (PlantGrape, 2021). 

Nevertheless, its incidence in the berries and the 
susceptibility of the cultivars under this pruning system 
have yet to be studied. Given this context, this work 
aimed to evaluate the presence of latent B. cinerea in 
asymptomatic berries of wine grape cultivars managed 
with cycle inversion. Furthermore, we assessed the 
susceptibility of grape cultivars to infection by B. cinerea 
in ripe, unwounded berries from vineyards under cycle 
inversion.

The experiment was conducted in a non-irrigated 
commercial vineyard in the municipality of São Roque, 
São Paulo, Brazil, during the 2019 and 2021 seasons. 
The experimental area was located at 23°35’37.5” S, 
47°9’40” W, altitude 890 m. The climate is Cfb according 
to the Köppen classification - humid subtropical climate 
without a dry season with a temperate summer (Alvares 
et al., 2013). The temperatures ranged from 23.1 °C in the 
hottest month, Feb, to 15.5 °C in the coldest month, July. 
The average rainfall was circa 270 mm in Jan and 27 mm 
in June, according to the Integrated Agrometeorological 
Information Center (Abramides et al., 2019).

All cultivars were trained to a three-wire vertical 
trellis with the low wire 0.9 m above ground and two spur 
cordons per vine and submitted to the cycle inversion 
technique. The red Vitis vinifera L. cultivars used were: 
Cabernet Franc (clone 214) and Malbec (clone 596), 
planted in 2011; Syrah (clone 174) and Marselan (clone 
980), planted in 2013, all on the rootstock Paulsen 1103, 
with a spacing of 1.5 m between plants and 2.5 m between 
rows. The white V. vinifera cultivars were Viognier (clone 
1042) and Sauvignon Blanc (clone 242), planted in 2016, 
also grafted onto the rootstock Paulsen 1103, with a 
spacing of 1.2 m between plants and 2.5 m between rows. 
In the 2021 season, the Syrah and Marselan cultivars had 
already been removed for not responding to the canopy 
management used.
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Two distinct prunings were necessary to carry out 
the cycle inversion. The first was formative, and the 
second was required for production. Formative pruning 
was carried out in Sept, when the one-year-old canes were 
cut back to two buds, with the inflorescence coming from 
the sprouting removed after its appearance. Production 
pruning was carried out based on the maturation of 
branches with incomplete lignification, consisting of 
pruning of canes with an average of five to seven buds. 
Hydrogen cyanamide was applied to the two apical buds. 
All cultivars had their second pruning in Dec, except for 
Syrah, which was pruned one month after the others to 
reproduce the management approach adopted south of 
Minas Gerais, where the pruning technique was perfected 
and developed.

As regards management, the rows were kept 
clean, and the spaces between the rows were maintained 
with mowed spontaneous cover. In the canopy, the 
leaves around the bunches were removed when the 
berries were groat-size, at stage 73, according to the 
Biologische Bundesanstalt für Land und Forstwirtschaft, 
Bundessortenamt und Chemische Industrie (BBCH) 
scale (Lorenz et al., 1995). At veraison, the plants 
were wrapped with a white anti-hail screen to protect 
against pests and wild animals. Furthermore, spraying 
of insecticides and fungicides for B. cinerea with a 
rotation of the active ingredients chlorothalonil, captan, 
procymidone, and thiophanate-methyl was carried 
out, as well as fertilization, according to technical 
recommendations.

A total of 20 berries were collected randomly to 
evaluate latent B. cinerea, with a pedicel of approximately 
2 to 3 mm, 20 days after stage 81 (BBCH) from each plant 
selected. They were submitted to the overnight freezing 
incubation technique (ONFIT) (Luo and Michailides, 
2001). First, the surface was disinfected by immersing 
the fruits in a 70 % alcohol solution for 1 min, followed 
by immersion in 0.5 % sodium hypochlorite for a further 
1 min, and rinsed three times in sterilized distilled 
water, followed by drying on sterilized paper towels. 
Afterwards, the berries were placed in a freezer for 15 
h (–16 °C) and then placed on a suspended grid, without 
touching each other, inside transparent plastic boxes 
(Gerbox®) containing 20 mL of sterilized distilled water in 
the bottom. The boxes were randomly placed on shelves 
and incubated in a room between 21 and 26 °C. The 
experimental design used was completely randomized 
(CRD) with six replications per red grape cultivar and 
12 replications per white grape cultivar, containing ten 
berries per replicate. The experiment had two replications 
each season, with the same number of berries sampled.

The evaluation was carried out on the tenth day 
after incubation, observing the occurrence of necrosis and 
signs of pathogens with a stereoscopic microscope (20×) 
and confirmation of fungal structures in an optical light 
microscope (400×). Another evaluation was performed 
four days after the tenth day evaluation to ensure that 
fungi that are slower to sporulate were not overlooked.

The primary fungi identified were isolated from 
the berries. For this, the structures were visualized 
under the stereoscopic microscope and placed on Petri 
dishes with Potato Dextrose Agar (PDA) culture medium, 
incubated in a growth chamber at 23 °C in the dark for 
ten days.

This study used the DNA extraction protocol using 
CTAB (cetyltrimethylammonium bromide) with certain 
modifications (Doyle and Doyle, 1987; Pereira et al., 
2019). The species were identified by PCR (Polymerase 
chain reaction) using the methodology proposed by Li 
et al., 2012, through forward primers G3PDH-F1 and 
G3PDH-F2 and reverse primer G3PD-R for identification 
of B. cinerea and Botrytis caroliniana X.P. Li & G. Schnabel, 
respectively. A reaction without DNA was used for the 
negative control, and a sample previously identified as B. 
cinerea was used as a positive control.

For evaluating the susceptibility of the berries to 
B. cinerea, two sampled clusters were randomly selected 
from each plant, marked 20 days before collection, 
washed with water to remove possible traces of fungicides, 
dried, and then bagged with tissue paper to avoid direct 
contact with the sprays until harvest time. Bunches 
were collected between stages 83 and 85 according to 
the BBCH phenological scale. The bagged bunches were 
unwrapped, and nine uninjured berries of each cultivar 
were selected with a 3 mm pedicel.

A conidial suspension was prepared from B. cinerea 
colonies after 15 days of growth in PDA medium. Two mL 
of sterilized distilled water was added, and the colonies 
were scraped off with a sterilized Drigalsky loop. The 
suspension was filtered through sterilized gauze, stirred, 
and the concentration of conidia measured in a Neubauer 
chamber under an optical light microscope and adjusted 
to a concentration of 105 conidia m L–1.

The fruit was packed in plastic cups with sterilized 
and moistened cotton to maintain humidity. The 
containers were then placed in Gerbox® boxes in a room 
at a temperature between 21 and 26 °C, and the fruit was 
evaluated daily for seven days by observing the onset of 
symptoms and signs of fungus. The area under the disease 
progress curve (AUDPC) was calculated by adding the 
area of the trapezoids using the formula: AUDPC = (y1 

+ y2) / 2 × (t2 – t1) (Shaner and Finney, 1977), where y is 
equal to the number of infected berries in percentage and 
t the time in days of each evaluation.

The experimental design used was the CRD, 
consisting of six grape cultivars (four red and two white) 
with nine replications each, each berry being considered a 
replication, and four treatments (water, juice, suspension, 
and suspension plus juice from the cultivars in a 1:1 
ratio). The experiment was initially carried out using 
only conidial suspension without juice. Next, conidial 
suspension and conidial suspension plus berry juice were 
tested. Both experiments were repeated twice. Aliquots of 
10 μL of sterile distilled water and sterile distilled water 
plus juice were deposited on unwounded berries from 
different cultivars as controls.
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Aliquots of 30 μL of the suspension were deposited 
on Petri dishes containing 10 mL of Water-Agar (WA) 
medium to evaluate the germination capacity of the 
isolate under the same temperature conditions of 
incubation as the berries. Germination was stopped 
24 h after deposition by adding approximately 1 mL of 
Lactophenol plus blue dye for better visualization under 
an optical light microscope (200×).

The data collected in the experiments were analyzed 
using the R® Software version 3.6.1. In the ONFIT 
experiment, the data transformed with the constant +0.05 
were submitted to the Shapiro-Wilk normality test and 
the Bartlett test of homogeneity, followed by an analysis 
of variance and comparison of means by the Tukey test 
(p < 0.05). In the B. cinerea susceptibility experiment, the 
data were submitted to the Kruskal-Wallis test, followed 
by the Dunn test with p-value adjustment by Bonferroni.

The berries of all cultivars collected during stage 
81 (BBCH) in the 2019 and 2021 seasons showed a high 
incidence of endophytic fungi, such as Clasdosporium 
sp., Fusarium sp., Pestalotiopsis sp., and Colletotrichum 
sp. (data not shown). The genus Botrytis had incidences 
≤ 33 % but with variations between cultivars (Table 1). 
The Sauvignon Blanc and Syrah cultivars were the most 
susceptible in the 2019 season, followed by Marselan, 
Viognier, Malbec, and Cabernet Franc. In the 2021 
season, the incidence of Botrytis sp. was lower in white 
cultivars, but ‘Cabernet Franc’ and ‘Malbec’ showed the 
same trend in both seasons.

A fragment of 238 base pairs (bp) was amplified 
by PCR using a species-specific primer (G3PDH-F1), 
confirming the B. cinerea species. 

In tests with the inoculation of a B. cinerea conidia 
suspension without adding juice on unwounded berries, 
no symptoms or signs of the pathogen were observed in 
any of the cultivars.

In the second test model, with pathogen 
suspension plus grape juice in a 1:1 ratio, the incidence 
of the disease was observed, though it varied between 
cultivars (Table 2). In treatments with water only, juice 
only, or conidia suspension in water, the berries did 
not show fungal development even after seven days of 
inoculation in the cultivars and seasons evaluated. On 
the other hand, treatment with conidial suspension plus 
juice, regardless of the total soluble solids (SS) content, 
resulted in gray mold symptoms. In the 2019 season, 
with SS ranging from 14.6 to 21.6 °Brix, incidences ≥ 
89 % were observed in most of the cultivars, except for 
Sauvignon Blanc, with 56 % of incidence. In the 2021 
season, all tested cultivars showed an incidence of 
100 % at the end of the evaluations, and SS ranging from 
19.4 to 23.8 °Brix.

The time for the pathogen to infect and show 
symptoms varied from one cultivar to another (Figure 
1). The Syrah cultivar showed the longest time from the 
inoculation needed for the appearance of symptoms and 
signs, namely, a period of four days, in the 2019 season. 
For the other cultivars, two days were enough for the 
onset of symptoms and signs, reaching more than 89 % of 
berries infected seven days after inoculation, except for 
‘Sauvignon Blanc’ with 56 % infected. In 2021, symptoms 
and signs were observed starting on the second day of 
inoculation and reaching an incidence of 100 % berries 
infected seven days after inoculation. In the 2019 
season, the AUDPC indicated that the cultivars Cabernet 
Franc, Malbec, Marselan, and Viognier did not differ, 
presenting the highest values with 539, 490, 490, and 550, 
respectively, and ‘Syrah’ had the lowest AUDPC value, 
with 279. ‘Sauvignon Blanc’ did not differ statistically 
from ‘Syrah’ or other cultivars. In the 2021 season, the 
AUDPC did not differ between the cultivars evaluated.

This study identified that latent B. cinerea is 
present even with the cycle inversion in grape cultivars 
Cabernet Franc, Malbec, Syrah, Marselan, Viognier and 
Sauvignon Blanc. The overnight freezing incubation 
technique (ONFIT) is used on several fruit trees to 
observe latent pathogens. This technique eliminates 
superficial microorganisms and degrades the cells of 
the berry epidermis, leading to the emergence of latent 
fungi. The presence of latent fungi in berries can result 
in symptom onset during harvesting and processing, 
which can interfere with the quality of the wine 
through metabolites that disturb the yeasts in alcoholic 
fermentation (Fugelsang and Edwards, 2010).

The period from inflorescence to full bloom is 
highly vulnerable to pathogen infection due to the natural 
opening of the flower (Giovannini and Manfroi, 2013; 
Magalhães, 2015). In this work, latent Clasdosporium 
sp., Fusarium sp., Pestalotiopsis sp., and Colletotrichum 
sp. were found in berries, which serves as a warning for 
future studies that aim to identify the species and confirm 
pathogenicity to better understand the relevance of these 
fungi to the grape healthcare and interference in the 
winemaking process. 

Table 1 – Average incidence (%) of Botrytis cinerea from two 
assays, in berries of red and white grape cultivars under 
cycle inversion system, collected from stage 81 (Biologische 
Bundesanstalt für Land und Forstwirtschaft, Bundessortenamt 
und Chemische Industrie - BBCH), in the 2019 and 2021 
seasons, with the Overnight Freezing incubation technique 
(ONFIT) (15 h at –16 °C).

Cultivar
Botrytis sp. (%)

2019 2021
Cabernet Franc 2 b 1 a
Malbec 3 b 1 a
Syrah 33 a -
Marselan 9 b -
CV (%) 54.74 26.65

Cultivar
Botrytis sp. (%)

2019 2021
Viognier  8 b 0 a
Sauvignon Blanc 20 a 1 a
CV (%) 48.88 39.07
Means followed by the same lowercase letter in the column do not differ 
significantly by Tukey’s test (p < 0.05). 
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In this study, even managing fungal diseases 
with multisite and site-specific fungicides, the average 
incidence of Botrytis sp. was 12 % for red cultivars and 
14 % for white cultivars. This fact may be due to the 40 
mm of rain recorded during the flowering period in the 
2019 season. On the other hand, in the 2021 season, the 
average incidence of Botrytis sp. for the remaining white 
and red cultivars was approximately 1 %. 

Flowering is one of the developmental phases 
most susceptible to the primary infection by B. cinerea 
present from the previous season. Natural openings, 
such as flowers, act as a gateway for the pathogen, which 
causes the flower buds to dry (at the ends or completely) 
or remain latent until the beginning of maturation 
(Magalhães, 2015; Carisse et al., 2018; Haile et al., 2017). 
The most significant losses occur during maturation due 
to fungus penetration, mainly through openings caused 
by hail, cracks caused by water imbalance or excess 
vigor, and attacks by bees, powdery mildew, and moth 
caterpillars (Magalhães, 2015). Although the broadly 
optimal temperature for pathogen germination is between 
15 °C and 25 °C with humidity ≥ 90 %, germination 

occurs at lower temperatures in the presence of free 
water, even if at a slower rate (Pearson and Goheen, 1990; 
Wilcox et al., 2015). This demonstrates that the pathogen 
infection may occur in the berries, even with the cycle 
inversion, if conditions are favorable. Green berries have 
a high concentration of organic acids, which, together 
with phytoalexins, will prevent the germination of B. 
cinerea spores (De Kock and Holz, 1991). However, when 
berries fall, for abiotic reasons, physiological disorders, or 
other phytopathogens, the pathogen can lodge in the scar 
site and remain there until the opportune moment for the 
disease to develop (Giovannini and Manfroi, 2013).

No vineyard is free of B. cinerea due to this pathogen’s 
various alternative hosts (Choquer et al., 2007; Wilcox 
et al., 2015). The pathogen is one of the most damaging 
in Brazilian vineyards during the flowering period until 
harvest. An interesting fact is that grapes partially affected 
by gray mold can be used in winemaking; however, if their 
quantities are large, the enzyme laccase produced by the 
fungus, which causes the oxidation of certain phenols, will 
modify the aroma and stabilization of the color (Giovannini 
and Manfroi, 2013).

Table 2 – Average incidence (%) of Botrytis cinerea from two assays, seven days after inoculation, in berries of red and white grape cultivars 
under cycle inversion, collected between stages 83 and 85 (Biologische Bundesanstalt für Land und Forstwirtschaft, Bundessortenamt 
und Chemische Industrie -BBCH), in the 2019 and 2021 seasons, kept under favorable conditions of humidity and temperature. Average 
soluble solids content (SS) of berry juice, water deposition, juice deposition, inoculation with conidia suspension and inoculation with 
conidia suspension plus berry juice (1:1).

Cultivar
Treatments

SS Water Juice Conidia suspension Conidia suspension + Juice (1:1)
2019 2021 2019 2021 2019 2021 2019 2021 2019 2021

C. Franc 17.6 20.4 0 0 0 0 0 0 100 a 100 a
Malbec 20.0 19.4 0 0 0 0 0 0 89 b 100 a
Syrah 14.6 - 0 - 0 - 0 - 89 b -
Marselan 16.4 - 0 - 0 - 0 - 89 b -
Viognier 21.6 23.8 0 0 0 0 0 0 100 a 100 a
S. Blanc 16.8 21.0 0 0 0 0 0 0 56 b 100 a

Means followed by the same lowercase letter in the column do not differ significantly by Dunn’s test (p < 0.05).

Figure 1 – Cumulative curve of mean incidence of Botrytis cinerea from two assays and area under the disease progress curve (AUDPC), 
in number of berries (n = 9) and seven days after inoculation, of red and white grape cultivars under cycle inversion system, inoculated 
with conidial suspension plus juice (1:1), collected between stages 83 and 85 (Biologische Bundesanstalt für Land und Forstwirtschaft, 
Bundessortenamt und Chemische Industrie - BBCH), in the 2019 and 2021 seasons. Means followed by the same lowercase letter in the 
column do not differ significantly by Dunn’s test (p < 0.05). 
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Studies on the time of B. cinerea infection in the 
field in vineyards using cycle inversion have yet to be 
found. They should be explored to expand knowledge 
and, consequently, improve management.

As regards the susceptibility of different 
grape cultivars to B. cinerea, the fungus could infect 
healthy, unwounded berries only after the nutritional 
contribution of grape juice with the spore suspension. 
Regardless of the number of infected berries, all cultivars 
were susceptible to infection. Spores suspended in water 
alone could not infect any berry of the different cultivars 
tested. The germ tube length of spores amended with 
juice was greater than without the nutrient, which may 
have favored the infection process (data not shown). 
There are reports in the literature of direct infection 
by hyphae in adjacent infected berries (González-
Domínguez et al., 2015), and studies to confirm this type 
of infection in healthy berries for the cultivars evaluated 
are needed.

Botrytis cinerea is a necrotrophic fungus that 
kills host plant cells to feed and develop reproductive 
structures. However, its efficacy relates to the energy 
input from water and nutrients. The penetration of B. 
cinerea into the vine, especially into the berry, occurs 
typically with the germination of a single germ tube 
with direct penetration, with or without the formation 
of an appressorium (Coertze et al., 2001). In field 
conditions associated with factors such as bee damage, 
berry cracking, and others, the pathogen is favored by 
the leakage of pulp juice, which enhances penetration 
and subsequent infection.

	 The work with inoculation of B. cinerea 
demonstrated that its spores could only penetrate ripe 
berries with nutritional input from the cultivars’ juice 
under the conditions of the experiment. For other 
inoculum concentrations, temperatures, maturation 
stages, and places of cultivation of the vines, direct 
infection without nutrient input can occur, as has been 
reported by Ciliberti et al. (2015) in a study on ‘Sauvignon 
Blanc’ in the region in Villenave d’Ornon – France and 
Pukekohe – New Zealand (Tyson et al., 2022). According 
to the experience of our work group, in other cultivars 
of grapes, such as table grapes produced in the São 
Francisco Valley – Brazil, infection by B. cinerea occurs 
in unwounded berries even without nutrient input. 
Several studies have proven that nutrients improve the 
infectious and colonization process. It was observed that 
the cavity of harvested raspberries resulted in a moist 
and nutritious environment, which favors the attack by 
Rhizopus sp. (Davis, 1991). The same condition occurs 
when berry peduncles are broken and generate exudation 
of sugars, which favors infection by this fungus (Lisker 
et al., 1996) and leads to infection by B. cinerea in the 
field. Furthermore, Baggio et al. (2016) observed that the 
ability to penetrate directly into peaches and nectarines 
that were not injured and with the external nutritional 
supply, showed a more effective production of enzymes 
by Rhizopus stolonifer (Ehrenb.) Vuill.

All cultivars were susceptible to infection 
in unwounded berries. After the second day of 
inoculation, berries from all cultivars showed a high 
incidence of fungus, regardless of the season, except 
for ‘Syrah’ in the 2019 season, which took four 
days. A rapid infection of the fungus was observed 
in Thompson Seedless and Flame Seedless berries, 
which recorded an incidence of around 40 % in 24 h 
at a temperature of 20 °C (Latorre et al., 2002). The 
results in the present study can be correlated with the 
AUDPC, which demonstrated that the Syrah cultivar 
had the lowest value compared to the others and may 
be linked to the lower SS of the berries, resulting in a 
longer time for the infection. 

Detecting pathogens surviving on the berries 
indicates the need for monitoring and attention to the 
potential for damage. The fact that B. cinerea directly 
penetrated the surface of mature berries of wine grapes 
without wounds, only when the juice of the respective 
cultivars was added to the suspension of conidia, alerts 
producers in São Paulo who use cycle inversion to 
avoid damage to berries that can cause juice to leak 
and encourage infection.

The pathogen B. cinerea was detected as latent 
in grape cultivars Cabernet Franc, Malbec, Syrah, 
Marselan, Viognier, and Sauvignon Blanc under a cycle 
inversion system in the region of São Roque – São 
Paulo. The B. cinerea fungus directly penetrated the 
surface of mature berries of fine, unwounded grapes 
and presented symptoms under laboratory conditions 
when the conidia suspension used for inoculation was 
amended with juice from the respective cultivars.
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