Received: 2 May 2018

Revised: 30 December 2018

Accepted: 1 January 2019

DOI: 10.1111/jph.12786

ORIGINAL ARTICLE

Journal of ey |

WILEY Phytopathology

Yield and quality of grapes cultivated under plastic coverings
with different downy mildew control strategies

Ester Holcman®

| Paulo Cesar Sentelhas! | Marcel Bellato Spésito?® |

Marco Ant6nio Fonseca Conceicdo® | Hilton Thadeu Zarate Couto®

1Department of Biosystems Engineering,
Agricultural College “Luiz de

Queiroz”, University of Sdo Paulo (ESALQ/
USP), Piracicaba, SP, Brazil

2Department of Crop Science, Agricultural
College “Luiz de Queiroz”, University of Sdo
Paulo (ESALQ/USP), Piracicaba, SP, Brazil

3Brazilian Agricultural Research
Corporation/Tropical Viticulture
Experimental Station (Jales), Jales, SP, Brazil

“Department of Forest Sciences, Agricultural
College “Luiz de Queiroz”, University of Sdo
Paulo (ESALQ/USP), Piracicaba, SP, Brazil

Correspondence

Ester Holcman, Agricultural College “Luiz de
Queiroz”, University of Sdo Paulo (ESALQ/
USP), Piracicaba, SP, Brazil.

Email: esterholcman@yahoo.com.br

Funding information

National Council for Scientific and
Technological Development - CNPq, Grant/
Award Number: 478200/2012-9; Sao Paulo
Research Foundation - FAPESP, Grant/
Award Number: 2012/04615-7

1 | INTRODUCTION

The planting of table grapes in tropical areas has been expanding due
to bud dormancy breaking techniques and crop management ade-

quacy depending on the region and climate in which the crop is to be

Abstract

Viticulture has been expanding in tropical regions. However, the climate in these
areas is generally favourable to the incidence of plant diseases, especially downy
mildew. Plastic covers and warning systems have shown very positive results in dis-
ease control, but they are tools that have never been used simultaneously in a tropi-
cal area. The Vitis vinifera cv. BRS Morena table grape was evaluated as regards yield
and quality under different downy mildew control strategies as carried out on vine-
yards trained on an overhead trellis system, covered by a black shading screen (BSS)
or a braided polypropylene film (BPF), over a 3-year period. Different grapevine
downy mildew management approaches defined the treatments: Co) Control (no
spraying); Ca) Conventional control (calendar); Ba) “Rule 3-10" (Atti Istituto Botanico,
8, 1947, 45); Ma25) Low-infection efficiency—i,>25%; and Ma75) High-infection ef-
ficiency—i,>75% (Plant Disease, 84, 2000, 549). The occurrence of downy mildew and
the amount of damage inflicted on vine yield and grape quality are directly related to
the period of the crop cycle when there is rainfall. The use of the Ma75 warning sys-
tem (Plant Disease, 84, 2000, 549) under braided polypropylene film resulted, for the
most part, in similar vineyard productivity compared to Ca, but did not influence the
number of branches and its fertility. The other warning systems decreased produc-
tivity by 31.9% compared to Ca. It was not possible to establish a relationship be-
tween the occurrence of downy mildew and its influence on grape sweetness and
acidity. The use of warning systems led to a substantial reduction in fungicide sprays,
approximately 66.7 to 71.3%, compared to the calendar system commonly used by
the vine growers, with the Ba (Atti Istituto Botanico, 8, 1947, 45) and Ma75 controls
(Plant Disease, 84, 2000, 549) leading to the highest fungicide saving.
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cultivated (Pommer & Barbosa, 2009). However, in the areas studied,
climate has been a limiting factor, since it favours the development of
diseases that can cause damage and loss in the vineyards, where the
predominant disease is downy mildew, caused by Plasmopara viticola
(Berk & Curt. Berl. & de Toni), (Gonzalez-Rodriguez, Cancho-Grande,
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& Simal-Gandara, 2011). Downy mildew is capable of causing up to
100% losses in production (Naves & Sénego, 2006). This panorama
requires intensive chemical control due to the destructive nature
of the disease, increasing production cost and environmental and
human contamination risks (Batista, Barbosa, Terao, Moura, &
Batista, 2008). Management strategies that change environmental
conditions are an effective way to control this plant disease, by cre-
ating pathogen unfavourable conditions (Agrios, 2005). One of these
strategies is protected cultivation, which has shown excellent results
for fungal disease control, according to several studies carried out in
Brazil (Batista et al., 2008; Chavarria et al., 2007; Genta et al., 2010;
Pedro Junior, Hernandes, & Rolim, 2011). Plastic covering prevents
applied fungicide removal by rainfall (Batista et al., 2008) and creates
a partial physical barrier to ultraviolet light, reducing fungicide deg-
radation (Genta et al., 2010). These two aspects increase fungicide
residual period, making disease control more effective. Plastic cov-
ering is a viable alternative for reducing grape downy mildew sever-
ity and, therefore, the frequency of spray application, mainly in areas
or periods with intense rainfall occurrence. In the northwestern re-
gion of the state of Sao Paulo, Brazil, it is very common to use black
plastic screens over the vineyards for grape cultivation protection
against hail and bird attack (Tecchio, Bettiol Neto, Barbosa, & Tucci,
2011). These plastic screens, however, cannot be used for the pur-
pose of disease control.

Plant disease warning systems have not been installed in tropical
areas, despite the intense spraying programme carried out annually.
These systems determine the best moment to apply control mea-
sures (Gleason et al., 2008), based on weather condition favourabil-
ity for disease infection (Bardin, Pedro Junior, & Moraes, 2010). Such
systems rationalize the chemical products use and reduce costs,
environmental pollution and chemical contamination (Gillespie &
Sentelhas, 2008). Relative humidity, air temperature, precipitation
and leaf wetness duration determine the possibility of infection
and are the most used variables in downy mildew warning systems
(Gleason et al., 2008; Lalancette, Ellis, & Madden, 1988). Baldacci
(1947) and Madden, Ellis, Lalancette, Hughes, and Wilson (2000) de-
veloped warning systems that, for efficiency and simplicity of use,
have been distributed worldwide. The “Rule 3-10” (Baldacci, 1947),
elaborated in northern Italy, estimates P. viticola primary infection
risk based on simultaneous occurrence of air temperature of 10°C or
higher, vine shoots of at least 10 cm in length and minimum 10 mm
of rainfall for 24 to 48 hr. Madden et al. (2000) proposed a P. vit-
icola warning system, originally developed for American grapes in
the state of Ohio (United States) (Lalancette et al., 1988), which is
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based on air temperature and leaf wetness duration for “Infection
Efficiency” estimation (representing the number of lesions produced
by zoospore).

The use of warning systems and protected cultivation simulta-
neously could be a promising way of achieving more rational plant
disease control in tropical areas and promoting an increase in grape
yield and quality. Given this background, the objective of this study
was to evaluate the effectiveness of plastic covering combined with
disease warning systems on yield and crop quality of Vitis vinifera cv.
BRS Morena table grape in a tropical area in the northwestern region
of the state of Sao Paulo, Brazil.

2 | MATERIALS AND METHODS

The experiment was carried out at the Tropical Viticulture
Experimental Station of Embrapa Grape and Wine in Jales, in the
state of Sdo Paulo, Brazil (20°16'08"S, 50°32'45"W, and 478 m
altitude). According to Képpen classification, the region climate is
Aw, which means tropical humid with rainy summers and moder-
ate droughts during winter (Alvares, Stape, Sentelhas, Goncalves,
& Sparovek, 2013). The predominant soil is Haplic Lixisol (Loamic)
(FAOQ, 2014). The experiments were carried out in three rows of
120 m of Vitis vinifera cv. BRS Morena seedless table grape under
“IAC 766" (106-8 Mgt x V. caribaea) rootstock, north-south oriented,
with 3.0 m between vines, 2.5 m between first and second rows and
5.0 m between second and third rows, totalling 200 m? (Figure 1).
The vines were conducted on an overhead trellis system from April
to August (2012 to 2014), leaving six to eight buds per branch.
However, the data from 2013 will not feature in this study, because
there were no symptoms of downy mildew in vineyards in that year.

Half of the vineyard was covered with braided polypropylene
plastic film (waterproofed with low-density polyethylene, anti-
ultraviolet filter, with 200 um of thickness, 185 g/m2 of specific
weight and 70 to 80% of solar radiation transmissivity) installed
over a metallic arc-shaped structure (BPF). The other half of the
vineyard was covered with black screen (high-density polyethylene
monofilament, anti-ultraviolet filter, with 5.3 x 2.1 mm mesh,
150 g/m2 of specific weight, 80 to 82% of solar radiation transmis-
sivity) (BSS). Irrigation was supplied via microsprinklers (nominal
flow rate of 50 L/hr), and frequency and duration was determined
by the Irrivitis irrigation management system (Conceicio, 2012).
Micrometeorological conditions were measured by automatic

sensors installed under BPF and BSS. Air temperature (Tair) and
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FIGURE 1 Schematic representation
of the experimental field and distribution
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relative humidity (RH) sensors were positioned between canopy
and plastic covers, and incoming solar radiation (SR) sensors on
an acrylic base above the canopies and wind speed sensors (WS)
0.80 m above the canopies and below the covers, connected to
a datalogger (Campbell Scientific, CR23X). An automatic weather
station (Campbell Scientific, CR510), at 100 m from the experi-
mental area, provided rainfall data.

The experimental design was a randomized block with five
treatments and six replications for each treatment in each covered
environment (BPF and BSS). A whole vine was considered a repli-
cation. The treatments, under each type of covered environment,
were defined by the following different grapevine downy mildew
management programmes: Co) Control—no spraying against downy
mildew; Ca) Conventional control (calendar)—which corresponds to
one spraying per week during the dry periods and three sprayings
per week during the rainy periods; Ba) Warning system “Rule 3-10"
(Baldacci, 1947)—based on the simultaneous occurrence of three
conditions (Tair higher than or equal to 10°C; branches with at least
10 cm of length, and occurrence of at least 10 mm of rainfall in 48 h;
Ma25) Warning system with low “Infection Efficiency” (i) (Madden et
al., 2000)—based on Tair and LWD (leaf wetness duration), the fungi-
cide spray being recommended when i,>25%; Ma75) Warning system
with high-infection efficiency (Madden et al., 2000)—based on Tair
and LWD, the fungicide spray being recommended when i,>75%.

The “Infection Efficiency” (i) was calculated from the follow-
ing equation: i=k*1+e”)Y%™ \where: k=-0.071+0.018*Tair
- 0.0005*Tair?; p=-0.24*LWD + 0.070*LWD*Tair - 0.0021*
LWD*Tair%; and m = 1.2. According to the model, for any given pe-
riod of time, i can be predicted, as well as the percentages of i relative
to their maximum value, under favourable environmental conditions
(io), which is calculated by the ratio of current infection efficiency (i)
to maximum infection efficiency (i ,,): iy (%) = (i/i,,,)*100 (Madden
et al., 2000).

The fungicide used for Plasmopara viticola control was Ridomil
Gold MZ® (Mancozeb +Metalaxyl-M, Syngenta). The other fungicide
used in the vineyard was Folicur (Tebuconazol), for powdery mildew

max)

control, and its application followed the scheme adopted by the
regional growers. The spraying was done with a manual backpack
sprayer of 20 L, with nozzle cone type. The incidence (I) and sever-
ity (S) of downy mildew were evaluated weekly on all vine leaves of
four branches on each of the six replications, from full flowering to
early maturation, which totalled approximately 110 days. The | was
obtained by counting the number of leaves that presented symp-
toms in relation to the total number of leaves per branch. The S was
obtained by the percentage of leaf area with symptoms determined
for each leaf of the evaluated branch. Subsequently, average values
for all leaves of the branches evaluated were calculated so as to ob-
tain average percentage of leaves with symptoms by branch (1,%) and
mean leaf area percentage with disease symptoms per branch (S,%).
An eight level diagrammatic scale, described in Holcman (2014), was
used for downy mildew severity assessment.

Plant phenological assessment, for both protected environ-
ments, was performed daily until harvesting, according to Lorenz
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et al. (1995). The branches and fertile bud counts were determined
a month prior to harvest, in the six replications of each treatment,
making a total of 30 vines evaluated for each environment. All
bunches harvested from the 30 vines were counted and weighed.
From the 30 vines, 10 berries of 3 bunches were selected, for stem
and berry weight and width determination. Next, these berries were
macerated to determine total soluble solids—TSS (°Brix) (manual re-
fractometer—scale O to 32° Brix), pH (digital pHmeter) and titrat-
able acidity—TA (meq/L of fruit juice) (titration with 0.1 N sodium
hydroxide solution and blue bromothymol indicator (Ribéreau-
Gayon, Peynaud, Ribéreau-Gayon, & Sudraud, 1976). Comparisons
between BPF and BSS (microclimate, disease, biometric and qual-
itative variables) were submitted to data variance analysis and the
Kruskal-Wallis test at a level of 5% of probability using SAS statisti-
cal software package (ver. 9.3; SAS Institute, Cary, NC).

3 | RESULTS

The mean values of micrometeorological variables in covered vine-
yards (under BPF and BSS) and the rainfall data were obtained at the
experimental station during 2012 and 2014, for each phenological
stage (Table 1). For both years, the intensity of solar radiation (SR)
inside BPF was lower than the SR obtained under BSS (p < 0.05). The
decrease in SR below the BPF covering, from 2012 to 2014, can be
explained by the ageing of the plastic cover and deposits of dust
and soot particles over time. Although BSS had allowed higher SR
transmissivity to the covered vineyard, causing higher temperature
balance (short and long waves), the mean air temperature (Tair)
and mean relative humidity (RH) in this environment were similar
to BPF (Table 1). This was a result of the increased air circulation
promoted by the shading meshes of BSS, which favoured heat-sen-
sitive exchange between the environments. The mean wind speed
(WS) under BPF was lower when compared to BSS (p < 0.05). As
for rainfall occurrence (rain), the frequency and intensity in 2012
were relatively high, mainly from April to June. This level of rainfall
is not common in the region during this period and, consequently,
this could be considered an atypical year (Table 1). In 2014, rain fell
with lower intensity and frequency (Holcman, Sentelhas, Conceicéo,
& Couto, 2017).

The production variables, as well as the downy mildew | and
S were obtained for each year (Y), environment (E) and treatment
(T) evaluated (Table 2). Although there were significant differ-
ences in disease | and S (p < 0.05) between the various sources
evaluated, there was no effect of these factors on number of
branches per vine. However, E influenced the percentage of fer-
tile branches. Under BPF, the branches were more fertile, with a
higher number of buds sprouted. Despite this, the number of clus-
ters was similar between covered environments. This occurred
because in the cv. BRS Morena management, an average of two
bunches per branch was usually preserved. This standardized the
number of clusters per vine under the covered environments, en-

suring a satisfactory cluster size. For the same reason, analysing
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TABLE 1 Average values of incoming solar radiation (SR), air tem

perature (Tair), relative humidity (RH) and wind speed (WS) measured in

each studied environment and in each experimental year in Jales, state of S&do Paulo, Brazil, being: braided polypropylene film (BPF) and

black shading screen 18% (BSS)

SR (MJ/m? day) Tair (°C) RH (%) WS (m/s)
Stage DAP BPF BSS BPF BSS BPF BSS BPF BSS Rain (mm)
2012
0 5-16 10.62 b 11.72a 21.1a 21.1a 81.0a 775a 0.36 b 0.63a 427
1 17-30 7.86b 9.05a 214a 21.6a 77.5a 73.6a 0.31b 0.62 a 38.0
5 31-37 8.63 b 9.24a 21.2a 21.4a 73.5a 72.6 a 0.31b 071a 5.5
6 38-56 713b 8.04a 21.7 a 21.5a 86.0a 83.1a 0.30b 0.60 a 52.2
7 57-91 9.94 b 10.74 a 19.8 a 199a 767 a 73.7 a 0.30b 0.53a 25
8 92-124 12.20b 12.66 a 21.6a 22.0a 594 a 56.8a 0.40b 0.58 a 0.0
2014
0 4-12 9.83b 10.62 a 23.5a 23.6a 76.7 a 699 b 0.29b 0.57 a 79
1 13-27 10.29 b 11.05 a 22.1a 22.3a 73.1a 66.6b 0.27b 0.61a 0.0
5 28-35 10.30 b 11.06 a 21.7 a 21.8a 70.6 a 64.3b 0.24b 0.55a 0.0
6 36-50 7.83b 8.75a 20.1a 20.1a 774 a 70.5b 0.24b 0.49 a 20.8
7 51-80 8.58 b 9.45a 210a 211a 720a 65.5b 0.24b 0.61a 0.0
8 81-122 8.63 b 9.50a 19.6 a 19.7 a 69.9 a 63.7b 0.23b 0.53a 0.0

Note. Phenological stages of vine development (Lorenz et al., 1995): O = budding; 1 = leaf development; 5 = inflorescence emergence; 6 = flowering;
7 = fruit development; 8 = fruit maturation. DAP = days after pruning. For each main factor separately, averages followed by different letters in the
same line differ statistically from each other by Kruskal-Wallis test (p < 0.05).

TABLE 2 Productivity variables and severity of downy mildew (%) in BRS Morena vineyard comparing the factors year, environment and
treatment separately: braided polypropylene film (BPF); black shading screen 18% (BSS); Co = control; Ca = calendar; Ba = Baldacci (1947);
Ma25 = Madden et al. (2000)—i, de 25%; Ma75 = Madden et al. (2000)—i, de 75%

o .
Number of branch l:or::;tr:fs Number of clusters Yield (kg) Disease incidence Disease severity

Source plant™ plant™ plant™ branch™ plant™ branch™ 1(%) S (%)
Year (Y)

2012 371a 89.1a 45.5b 1.2b 712a 0.18a 56.00 a 448 a

2014 41.3a 85.5a 61l.6a l.6a 6.49 a 0.17 a 3.27b 0.10b
Environment (E)

BPF 39.1a 88.9a 544 a 14a 7.34 a 0.19 a 9.73b 0.29b

BSS 39.3a 85.7b 35.5b 1.0b 2.77b 0.08 b 49.54 a 4.30a
Treatment (T)

Co 38.5a 82.3a 32.8¢c 09c 2.58 ¢ 0.07d 4717 a 6.27 a

Ca 370a 89.1a 50.2a 14a 7.02a 0.19 a 21.82¢c¢ 0.19b

Ba 38.6a 89.8a 39.1b 1.0 be 4.78 b 0.13 bc 28.00 b 2.05b

Ma25 40.2 a 86.6a 38.8 bc 1.0 bc 4.78b 0.12c¢ 25.48b 1.85b

Ma75 41.8a 88.9a 489 a 1.2ab 6.10 ab 0.14b 25.71b 1.11b

For each main factor separately, averages followed by different letters i
(p < 0.05).

E and T, a relationship between the number of clusters and the
disease parameters | and S was also not clear. However, it is pos-
sible to verify that the number of clusters tended to be lower in
2012, the year of higher disease occurrence, and in Co, a treat-

ment with higher disease pressure. The disease intensity in the

n the same column differ statistically from each other by Kruskal-Wallis test

first year of evaluation compromised grape cluster development.
Similarly, Co treatment, for failure to disease control, compro-
mised the number of clusters per branch and, consequently, per
vine. It presented similar averages to some treatments based on
warning systems, mainly Ba and Ma25.
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The occurrence of downy mildew deeply affected the yield-re-
lated variables. However, although disease levels were very different
in 2012 and 2014 (56.00 and 3.27% for |; 4.48 and 0.10% for S), the
mean yields were similar in these two years. This means that once
the disease has settled in the vineyard, this is enough to greatly af-
fect yield. Different plastic covers (E) also influenced the yield vari-
ables. Under BPF, the yield was higher compared to the vineyard
under BSS. This was due to the higher disease control under BPF, as
a result of the micrometeorological changes provided by this plastic
cover, mainly due to its impermeability to rainwater.

Disease levels (I and S) were higher in Co, compared to other
treatments (T) (p < 0.05), once they had no disease control. The
Ca treatment with more intensive fungicide application resulted in
lower |. However, S values were similar among Ca and the treatments
based on warning systems. It means that warning systems were as
efficient in controlling downy mildew as the treatment based on vine
grower's fungicide schedule used in the region of the experimental
area. The T did not influence the number of branches and bud fer-
tility, but had an effect on the other biometric variables (Table 2).
Ba and Ma25 presented similarity to Co as regards not only in the
number of clusters per branch, but also in their similarity to Ma75.
Ca presented similar averages to Ma75, for the same variable, high-
lighting that both treatments provided the best performances. For
yield, warning systems were similar to each other. Only Ma75 was
similar to Ca (yield per branch). Co recorded lower averages due to
the higher disease pressure, being 54.5 and 51.7% lower than the
other treatments, per plant and per branch, respectively.

The downy mildew | and S differences over the years (Y) (p < 0.05)
had no effect on stem weight and width, berries weight, diameter
and width (Table 3). For cluster weight, the averages were higher in

_WILEY—¥
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2014, a year in which there was less occurrence of the disease. The
E source influenced all the biometric variables in the table, except
the diameter of berries. Vine cultivation under BPF promoted the
production of heavier clusters, stem and berries, as well as longer
stem and berries compared to BSS (p < 0.05). The higher occurrence
of disease in the vines under BSS caused a decrease in the biometric
variables. It was also observed that the higher yield under BPF came
from the increase in cluster size and weight, and not from the num-
ber of clusters since this was the same in the vineyards under both
BPF and under BSS (Table 2).

The Co resulted in lower cluster weight, due to the high disease
pressure of this treatment (T), which prevented satisfactory cluster
development and caused the fall of some berries infested by the
pathogen. For this and the other biometric variables in this Table, in
general, the warning system Ma25 yielded higher or similar means
compared to Ca. Taking this result into account, it can be deduced
that, of all the warning systems, Ma25 provided the best vineyard
performance since it was predominantly similar to only Ca.

The Y source had an effect on total soluble solids (TSS) and fruit pH,
but the effect was zero for titratable acidity (TA) (Table 4). The higher
occurrence of disease in 2012 promoted the highest TSS and lowest pH
of the harvested fruits. The different disease levels of grapevine downy
mildew appear to have no influence on fruit acidity (for the most part,
tartaric acid) when comparing all the years evaluated. TSS and TA were
higher and, consequently, pH was lower in fruits harvested under BPF.
The downy mildew control and distinct disease intensity conditioned
by the different treatments tested did not affect fruit pH, but the more
diseased plants (Co) presented higher levels of TSS and TA.

Figure 2 shows the number of fungicide sprays for downy mildew
control for each treatment. In the 2012 season, the microclimatic

TABLE 3 Cluster, stem and berries characteristics of cv. BRS Morena and severity of downy mildew (%) comparing years, environments
and treatments separately: braided polypropylene film (BPF); black shading screen 18% (BSS); Co = control; Ca = calendar; Ba = Baldacci
(1947); Ma25 = Madden et al. (2000)—i, de 25%; Ma75 = Madden et al. (2000)—i, de 75%

Cluster Stem 10 berries Disease Disease
Weight Weight Width Weight Diameter Width Incidence Severity
Source (g) (g) (cm) (g) (cm) (cm) (%) S (%)
Year (Y)
2012 153.51 b 559a 12.62a 33.84a 1541a 19.30a 56.00 a 4.48a
2014 161.21a 4.76 a 12.66 a 31.64a 15.80a 19.84 a 3.27b 0.10b
Environment (E)
BPF 110.26 a 4.24a 12.54a 31.37a 15.72 a 20.47 a 9.73b 0.29b
BSS 70.16 b 3.08b 11.16 b 30.33b 15.70 a 19.83b 49.54 a 4.30a
Treatment (T)
Co 103.26d 3.99c 12.19b 29.86 ¢ 15.43 ¢ 19.72 ¢ 4717 a 6.27 a
Ca 163.31a 4.88b 12.07b 33.67a 16.28 a 20.58a 21.82c 0.19 b
Ba 127.07 be 392c 12.02b 31.95b 16.04 ab 20.14 bc 28.00 b 2.05b
Ma25 139.35b 6.35a 13.55a 34.06 a 16.28 a 20.79 a 25.48b 1.85b
Ma75 11611 ¢ 4.51 bc 12.94 ab 32.06 b 15.97b 20.49 ab 25.71b 1.11b

For each main factor separately, averages followed by different letters in the same column differ statistically from each other by Kruskal-Wallis test

(p < 0.05).
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Total soluble Titratable
solids (TSS) acidity (TA) Disease incidence Disease severity
Source °Brix pH meq L 1(%) S (%)
Year (Y)
2012 20.7 a 3.5b 106.00 a 56.00a 448 a
2014 18.7b 41a 100.77 a 3.27b 0.10b
Environment (E)
BPF 20.5a 3.8b 116.17 a 9.73b 0.29b
BSS 19.1b 41a 93.67 b 49.54 a 4.30a
Treatment (T)
Co 20.3a 3.85a 114.56 a 4717 a 6.27 a
Ca 19.7 ab 3.7%9a 102.67 b 21.82¢c¢ 0.19b
Ba 18.8 ¢ 3.83a 96.56 ¢ 28.00 b 2.05b
Ma25 19.0c 3.90a 98.67 bc 25.48b 1.85b
Ma75 19.5 bc 3.8%9a 100.22 bc 25.71b 1.11b

For each main factor separately, averages followed by different letters in the same column differ

TABLE 4 Qualitative variables and
severity of downy mildew (%) in BRS
Morena vineyard comparing the factors
year, environment and treatment
separately: braided polypropylene film
(BPF); black shading screen 18% (BSS);
Co = control; Ca = calendar; Ba = Baldacci
(1947); Ma25 = Madden et al. (2000)—i,
de 25%; Ma75 = Madden et al.—i, de 75%

statistically from each other by Kruskal-Wallis test (p < 0.05).

conditions were more favourable for the occurrence of disease,
mainly due to the increase in the intensity and frequency of rainfall,
with the warning systems indicating a greater need for control than
in 2014. The number of sprayings in all treatments was the same in
both environments (BPF and BSS), which was caused by similar Tair
and RH conditions. In the late afternoon and evening period, when
the RH reached high values, warning systems (Ma25 and Ma75) were
used to fix vine spraying recommendations for both environments
on similar days and schedules. In addition, Ca and Ba treatments
were applied with the same frequency under both BPF and BSS.

In a more detailed statistical analysis, evaluating downy mil-
dew | and S for each T, Y and E, it was observed that differences
between T had occurred only in 2012 (Table 5). In 2014, the pres-
ence of symptoms was very small and there was no significant dif-
ference between treatments in the vineyards grown under either
covered environment (BPF and BSS). In 2012, under BPF, Co treat-
ment resulted in the highest disease level in the plants, whereas Ca
promoted efficient disease control, similar to that attained by the
studied warning systems (Ba, Ma25 and Ma75). Under BSS, Ca pro-
vided better disease control compared to the warning models. These

treatments, in turn, presented | and S levels similar to control (Co).

21 -

No fungicide sprays

BPF (2012) BSS (2012)

These results are attributable to BSS meshes allowing partial de-
positing of raindrops on grape plants, resulting in partial fungicide
removal from the leaves and bunches, which reduces the control
efficacy. Furthermore, the raindrops on the leaves contributed to
spore dispersion to other parts of the canopy. Associated with this
fact, wind speed under BSS was higher than under BPF (Table 1),
which contributed to the transporting of spores in the vineyard. The
only exception was for Ma75, which did not differ from Ca in relation
to average S (p < 0.01), and was the treatment with the best downy
mildew control under BSS.

4 | DISCUSSION

Variation in disease levels over the years (Y) (Tables 2-5) occurred
due to differences in the rainy season's frequency and period
(Table 1). In 2012, rainfall occurred at the plant's phenological stages
susceptible to disease (stages 0 and 1), promoting pathogen dissipa-
tion and resulting in an epidemic, reaching the lowest averages of the
biometric variables and compromising yield (Tables 2,3 and 2,3). In

2014, rainfall was less intense and less frequent, but occurred at the

mCo

8 Ca

BBa ®BMa25 ®Ma75

2zzzs
B3

BSS (2014)

BFF (2014)

Environment (Growing season)

FIGURE 2 Number of fungicide sprays in the branches of cv BRS Morena relative to the five treatments performed over 2012 and
2014 crop seasons in Jales, state of Sdo Paulo, Brazil. Braided polypropylene film (BPF); black shading screen 18% (BSS); Co = control;
Ca = calendar; Ba = Baldacci (1947); Ma25 = Madden et al. (2000)—i, de 25%; Ma75 = Madden et al.—i, de 75%



HOLCMAN ET AL.

Journal of

Phytopatholo

— iy

TABLE 5 Downy mildew incidence and severity in BRS Morena vineyard for each treatment, year and environment, where BPF = braided
polypropylene film; BSS = black shading screen 18%; Co = control; Ca = calendar; Ba = Baldacci (1947); Ma25 = Madden et al. (2000)—i, de
25%; Ma75 = Madden et al.—i, de 75%

2012—BPF 2012—-BSS 2014—BPF 2014—-BSS
Treatment 1(%) S (%) 1(%) S (%) 1(%) S (%) 1(%) S (%)
Co 86.48a 2.71a 92.01a 2215a 2.42a 0.02a 7.75a 0.21a
Ca 0.35b 0.02b 83.67 b 0.67 b 0.46a 0.00a 281a 0.06 a
Ba 2.08b 0.09 b 97.87 a 7.53a 1.37 a 0.01a 10.69 a 0.56a
Ma25 0.58b 0.01b 98.32a 7.31a 0.00 a 0.00a 3.03a 0.08 a
Ma75 3.21b 0.02b 95.47 a 4.32ab 0.38a 0.01a 3.79a 0.09a

For each main factor separately, averages followed by different letters in the same column differ statistically from each other by Tukey's test (p < 0.01).

beginning of the crop cycle (stage 0). Rainfall at this time, even with
low intensity, triggers the downy mildew infectious process. The dis-
ease levels (Il and S) were lower compared to 2012. However, despite
the mild pathogen attack, a number of biometric variables decreased
and presented averages similar to 2012. This probably happened
due to plastic degradation and accumulation of dust over the years,
reducing photosynthesis in the covered vines and also interfering in
the productivity decrease and berry size (Tables 2,3 and 2,3). In ad-
dition, as mentioned above, the pathogen presence, regardless of its
I and S levels, had already caused a decrease in grapevine production
due to its high susceptibility to this disease.

The rainfall influenced the occurrence of downy mildew in vine
under plastic coverings, even when they were partially permeable
(BSS) or impermeable (BPF). Rain raises RH significantly, which is the
main determinant of dew and leaf wetness. The presence of water
on the leaves and fruit is the basic condition for the pathogen in-
fection process (germination and penetration), resulting in epidemic
occurrence (Cicogna, Dietrich, Gani, Giovanardi, & Sandra, 2005).
The optimum Tair for vine cultivation ranges from 20°C to 30°C
(Reynier, 2005) and for downy mildew occurrence, from 5 to 30°C
(Lalancette et al., 1988). The mean Tair observed between pruning
and harvest ranged from 19.6 to 23.5°C under BPF and from 19.7
to 23.6°C under BSS (Table 1). These values are sufficient for full
vine development, and also did not limit the downy mildew infec-
tious process. Relative humidity (RH) was slightly above the ideal for
vines when the goal is to prevent certain fungal diseases. The mean
values (pruning to harvest) ranged from 59.4% to 86.0% under BPF
and 56.8 to 83.1% under BSS (Table 1). However, the ideal RH for
vines is between 62.0% and 68.0%, since values higher than 75%,
associated with high Tair, favour downy mildew and other diseases
(Kishiro & Caramori, 2007). High RH and saturation vapour pressure,
on rainy days or not, was sufficient for downy mildew to find condi-
tions satisfactory for its establishment under both plastic coverings.

Downy mildew | and S under BPF was much lower than that
observed in BSS vines. Similarly, Batista et al. (2008 and Genta et
al. (2010) verified that the use of impermeable plastic cover pro-
vided gains in this form of disease control even under favourable
conditions. Du et al. (2015) also found that impermeable plastic

cover reduced average severities of grape downy mildew by 81%

on cv. Red Globe cultivar, since it avoided having raindrops on the
vines. Czermainski and Sénego (2004) also observed the influence
of rainfall on fungicide efficiency. Furthermore, the inclusion of
chemical additives acted as ultraviolet solar radiation blockers (UV,
A <400 nm) in BPF composition. The fungicide degradation and,
consequently, the reduction of its period of action are accelerated
by UV radiation. The anti-UV pigmentation, used to increase plastic
durability (Castellano, Candura, & Scarascia, 2008), also caused a re-
duction in degradation rate of fungicide molecules (Chavarria et al.,
2007), promoting a greater persistence of these molecules in vines.
Consequently, yield of the vines cultivated under BPF was higher
than under BSS, on average 165.0% per branch and 137.5% per plant
(Table 2). Du et al. (2015) also found that vines under impermeable
plastic increased vine yields by 110%-176%, on average, when com-
pared with vines cultivated in an open field.

As regards the treatments (T), Ca required the highest frequency
of sprayings during the two years for both covered environments
(Figure 2). This treatment is the usual one performed by the grow-
ers in northwestern Sdo Paulo, Brazil. As a result, this treatment
promoted the lowest occurrence of downy mildew in both covered
vineyards (Tables 2-5). However, conventional management of fun-
gicides, according to the calendar, is not recommended in vineyards
under plastic covers, since it can leave high levels of chemical resi-
dues on berries, resulting in a loss of quality, as reported by Pedro
Junior et al. (2011). The treatments based on warning systems
(Ba, Ma25, and Ma75), even with a lower spraying frequency (2 to
10 applications), controlled downy mildew as well as the calendar
(Ca) schedule. The Ba treatment was the one that led to the high-
est spraying reductions, by 61.5% to 75% in relation to the calendar
(Ca). Pedro Junior, Pezzopane, and Martins (1999) and Fiorine (2006)
also found similar results for open field vineyards in Brazil, but with
spraying reductions ranging from 17% to 40%.

All biometric parameters measured allowed for evaluating the
effectiveness of each treatment (T) on grape downy mildew con-
trol and on the gain in vineyard yield and quality. The different
disease control treatments did not affect the number of branches
and percentage of branches with fertile buds. Nonetheless, there
was a significant impact of T on the other variables, mainly in

terms of number and weight of clusters and yield (Tables 2,3 and
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2,3). A number of clusters presented similar averages between
treatments based on fungicide application calendar (Ca) and the
Ma75 warning system. Colombo et al. (2011) found similar results,
verifying a similar number of clusters per vine among treatments
with standard application of fungicides and with application re-
duced by 50 and 75%, for V. vinifera cv. BRS Clara table grape. The
unsprayed treatment (Co), which presented the highest levels of
disease, promoted a reduction of 25.9% and 21.7% in number of
clusters per branch and vine, respectively, and 24.3% in cluster
weight compared to sprayed treatments (Ca, Ba, Ma25 and Ma75).
Co provided a 54.5 and 51.7% decrease in yield per branch and
per vine, compared to other treatments. Comparing Ba, Ma25 and
Ma75 to Ca, we can see that the means were similar, except for
Ma25, which was also similar to Co. Therefore, in general, the dif-
ferent warning systems had the same efficiency in disease control
and also in comparison to Ca.

Cv. BRS Morena biometric variables (Tables 2,3 and 2,3) were
lower compared to the cultivar potential. This cultivar can produce
around 20 to 25 tons per ha (Camargo, Nachtigal, Maia, Oliveira, &
Protas, 2003), corresponding to at least 15 kg per vine (considering
a spacing of 2.5 x 3.0 m). However, the highest yield was approx-
imately 7.02 kg per vine for the most productive treatment (Ca),
below its potential. The disease occurrence compromised cluster
development, either in a more severe or milder manner depending
on the treatment. It resulted in lower quantity and weight of clusters.
However, it cannot be affirmed that only the presence of disease
had caused this yield reduction. Certain treatments (T) were able to
control the incidence of disease reasonably, and even then, resulted
in yields still below the cultivar's potential. In addition, even in years
with low or no incidence of disease, the yield means were unsatisfac-
tory. In 2012, this variable did not differ from 2014, although | and S
were only 0.10 and 3.27% in 2014.

It is possible that floral abortion is one of the probable reasons
why the vines have not been able to achieve their best perfor-
mance, resulting in an unsatisfactory number of clusters per branch.
According to Camargo et al. (2003), for cv. BRS Morena, 2 clusters
per branch are usually produced. However, the cluster number per
branch was always <2 (Table 2). For sprayed treatments, an aver-
age of 1.0-1.4 clusters per branch was obtained, less than the two
clusters usually grown per branch for this cultivar. Pedro Junior,
Hernandes, Tecchio, and Pezzopane (2007) verified similar results;
an average of 1.3 and 1.4 clusters per branch. Another important as-
pect to consider is that the cluster weight was, on average, between
100 and 165 g, also lower than expected, that is, about 200 to 500 g
(Brasil, 2002), even in the vines sprayed according to the calendar
adopted by growers in the region (Ca) (163.31 g per cluster). Other
authors, in the commercial cv. BRS Morena vineyards, obtained
higher cluster weights, between 300 and 340 g (Mascarenhas, Silva,
Lima, Mendonca, & Holschunh, 2012; Santos et al., 2014). Flower
abortions, reducing cluster numbers and mass, and in turn reducing
vineyard productivity, can be facilitated by very vigorous rootstocks,
as verified by Lira, Moares, Souza, Sales, and Ledo (2017) in cv. BRS
Clara vineyards. However, these authors observed that the cv. IAC

766 rootstock, the same used in the present study, did not present
such effects.

Contrasting with what occurred in cluster performance, berry
dimensions complied with the commercial requirements for both
national and international markets. Cv. BRS Morena standard berry
size is 16.0 x 20.0 mm (EMBRAPA Uva e Vinho, 2005), wherein the
minimum diameter required for local market commercial standards
is 12.0 mm (Brasil, 2002) and between 14.0 and 17.0 mm for exports
(Santos et al., 2014). In this study, individual berry size was on av-
erage 16.0 x 20.3 mm, corresponding to the commercial standards
required and very similar to the values obtained by Lago-Vanzela,
Da-Silva, Gomes, Garcia-Romero, and Hermosin-Gutiérrez (2011)
for the same cultivar.

Cv. BRS Morena presents a glucometric potential higher than
20°Brix of total soluble solids (TSS), and its harvesting is recom-
mended between 18 and 19 °Brix (Camargo et al., 2003). The aver-
age contents verified in the berries of the present work were 18.8
to 20.3 °Brix for all the experimental years (Table 4). Therefore, the
TSS level was attained, for the most regularly recorded data, the rec-
ommended standards for this cultivar. Other authors, working with
the same cultivar, obtained lower values, ranging from 14.9 to 17.0
°Brix (Lago-Vanzela et al., 2011; Mattiuz, Miguel, Galati, & Nachtigal,
2009; Santos, Silva, Oster, Mistura, & Santos, 2013).

The Y source influenced TSS levels (Table 4). In 2012, the TSS
rose, with an average of 20.7 °Brix, but declined in 2014. This prob-
ably occurred due to the difference in rainfall levels over the years.
Some authors identified low TSS values related to ripening and
harvesting times during the rainy season (Pedro Junior, Hernandes,
Blain, & Bardin-Camparotto, 2014), causing maturation delays
(Schiedeck, Miele, Barradas, & Mandelli, 1999). Otherwise, dry pe-
riods in the vine maturation final stage produced sweeter grapes
(Kishino & Caramori, 2007). However, there was no occurrence of
rainfall during fruit maturation (Stage 8) in all the years evaluated
(Table 1). Solar radiation (SR) and air temperature (Tair) are also re-
lated to fruit composition (Downey, Dokoozlian, & Krstic, 2006).
SR affects the levels and accumulation patterns of sugars (Reshef,
Walbaum, Agam, & Fait, 2017). This is because greater exposure to
SR provides higher carbon availability and activates fruit metabolic
processes, resulting in increases in TSS (Ollat, Gaudillere, & Bravdo,
2000). Therefore, TSS variability may be related to SR reduction
during stage 8 (maturation) from 2012 to 2014 (Table 1), discarding
the hypothesis of Tair influence on this, since this variable was simi-
lar in all years and sources evaluated.

In addition, it was found that the E source had no effect on TSS,
despite differences in SR transmittance within each environment
due to physical characteristics of BPF and BSS (Table 1). As regards
T, Co had a severe disease attack and significant leaf area damage by
disease symptoms, which compromised photosynthesis. However,
this fact did not interfere in TSS, since average severities were simi-
lar for all treatments. Colombo et al. (2011) obtained similar results.
These authors observed no differences between TSS of cv. BRS
Clara berries under plastic cover comparing different levels of fungi-
cide application for downy mildew control.
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The Y source had an effect on pH (Table 4). The pH val-
ues in 2014 were higher compared to 2012. Thus, the grapes
of higher sweetness (high TSS), harvested in 2012, also pre-
sented the lowest pH. Different from what occurred in the case
of TSS, the distinct plastic coverings (E) did influence grape pH
(p < 0.05). Under BPF, pH was lower than that obtained in fruits
grown under BSS. The pH of cv. BRS Morena grapes cultivated
based on different treatments (T) reached similar averages, with
a small variation. The results obtained in this study were similar
to those reported by Manfroi, Mielle, Rizzon, Barradas, and Souza
(2004) and Mascarenhas et al. (2012) and were higher than those
obtained by Santos et al. (2013). The titratable acidity (TA) pre-
sented differences only in E and T. Under BPF, SR was lower and
TA was higher when compared to BSS. These results agree with
those from Sweetman, Sadras, Hancock, Soole, and Ford (2014).
These authors observed that SR highly modulates malic acid lev-
els, leading to decreases in fruit acidity. According to Reshef et
al. (2017), SR affected organic acids levels in grape cluster. This is
also consistent with the differences in pH obtained between the
environments, because the variation in pH is inversely related to
TA (Santos et al., 2014).

The increase in berry TA is related to organic acids and to in-
creases in potassium cation (Manfroi et al., 2004). TA varied from 96
to 115.0 mEqg/L. For cv. BRS Morena, under plastic cover, a number
of authors obtained TA values between 74.0 and 79.0 meq/L which
were lower than those observed in the present study (Chavarria
et al.,, 2008; Schiedeck et al., 1999). For Santos et al. (2014), the
Brazilian seedless grapes presented TA ranging from 0.41% to
0.58%. Converting TA from meq L to %, the mean values reached
in the present trial were between 0.72% and 0.80%, which were
above the cultivar standard and higher than the mean values verified
by other authors for the same cultivar (Mascarenhas et al., 2012;
Mattiuz et al., 2009).

5 | CONCLUSIONS

The occurrence of downy mildew and its levels of incidence and se-
verity affected both vine yield and grape quality, mainly when the
rainy season coincided with the crop's most susceptible phenological
stages, even under plastic coverings.

The use of warning systems under BPF and BSS promoted sat-
isfactory disease control, resulting in similar efficiency between
them and when compared to the conventional control (calendar),
without consequences for vine yields. In addition, treatments based
on warning systems resulted in a significant decrease in sprayings
compared to conventional control usually practiced by vine growers
in the northwestern region of the state of Sao Paulo, Brazil.
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