
Citation: Li, X.; Li, S.; Zhang, Y.;

Huang, W.; Zhu, H.; Zhai, H.; Gao, Z.;

Du, Y. The Umbrella Type Canopy

Increases Tolerance to Abiotic

Stress-Leaf Microenvironment

Temperature and Tropospheric

Ozone in ‘Chambourcin’. Atmosphere

2022, 13, 823. https://doi.org/

10.3390/atmos13050823

Academic Editors: José Manuel

Moutinho-Pereira, Lia-Tania Dinis

and Sara Bernardo

Received: 12 March 2022

Accepted: 13 May 2022

Published: 18 May 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

atmosphere

Article

The Umbrella Type Canopy Increases Tolerance to Abiotic
Stress-Leaf Microenvironment Temperature and Tropospheric
Ozone in ‘Chambourcin’
Xinfeng Li 1, Shangrui Li 1, Yifan Zhang 1, Wenwei Huang 1, Huaping Zhu 2, Heng Zhai 1, Zhen Gao 1,*
and Yuanpeng Du 1,*

1 State Key Laboratory of Crop Biology, College of Horticulture Science and Engineering, Shandong
Agricultural University, Tai’an 271018, China; lixinfeng0226@163.com (X.L.); lishangrui163@163.com (S.L.);
punk1022@163.com (Y.Z.); huangwenwei816@163.com (W.H.); hengz@sdau.edu.cn (H.Z.)

2 Qingdao Dahao Heshan Co., Ltd., Qingdao 266000, China; zhuhuaping123@126.com
* Correspondence: gaoz89@sdau.edu.cn (Z.G.); duyp@sdau.edu.cn (Y.D.)

Abstract: This study reports on the effect of the vertical shoot type canopy (VST) and umbrella type
canopy (UT) on the fruit region microenvironment, light interception, tropospheric ozone, and berry
quality of vertical trellis ‘Chambourcin’. The real-time temperature and humidity fluctuation and the
daily average temperature of the UT canopy were lower than that of the VST canopy. An extremely
high temperature was recorded around the fruit region of the VST canopy. Notably, the UT canopy
significantly increased light interception and leaf area index and reduced the damage of atmospheric
ozone to the leaves. These phenomena increased the content of soluble solids, anthocyanins, total
phenols, flavonoids, and flavanols in the mature fruits of the UT canopy more than in the VST
canopy. In conclusion, the UT canopy saves shoot management labor and improves the fruit region’s
microenvironment and the content of anthocyanins, total phenols, flavonoids, and flavanols.

Keywords: grape; canopy types; microenvironment; tropospheric ozone injury; light interception;
berry quality

1. Introduction

‘Chambourcin’ (Seyve-Villard 12-417×Seibel 7053) is an interspecific hybrid red wine
grape characterized by a higher disease and winter resistance than the V. vinifera cultivars.
It can consistently produce high-quality wine in many humid climate New World grape
growing regions, including New Jersey and the mid-Atlantic region of the United States [1],
and critical areas of soil cover for cold protection in China [2]. Most of these producing areas
are characterized by hot-rainy summers and cold-dry winters. Considering climate change,
the areas suitable for wine production are such as to move south and north [3]. Thus, the
cultivation of resistant varieties will be paid more attention. Though ‘Chambourcin’ has a
high disease and cold resistance, it is susceptible to atmospheric ozone and begins to show
strong light intensified ozone injury symptoms in early June [4,5]. A five-year experiment
showed that ‘Chambourcin’ had a mean of 5.28% leaf tissue injury when exposed to
an average of 34 ppb ambient O3 [6]. Blanco-Ward [7] reported that the traditionally
cultivated grapevines are exposed to an average of 50 to 60 ppb O3, affecting both the
grape’s yield and quality. Studies on how to alleviate O3 stress are thus of great significance
to grape cultivation.

Reasonable canopy shapes can improve the light and temperature conditions in the
cluster microenvironment of grape berries, regulate the vegetative and reproductive growth
of trees, and influence the quality and yield of grape berries [8]. There are several canopy
training systems, such as the Smart–Dyson, Scott Henry, Geneva double curtain (GDC),
vertical shoot shape canopy (VST), and Lyre, among others. VST is the most popular [9]
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and is commonly used for European wine grape (Vitis vinifera) cultivars. It is convenient,
conducive to mechanized operation, and allows for narrower row spacing for greater vine-
planting densities. VST is thus a suitable training system for upright-growing cultivars with
low to moderate vigor. However, it can increase vegetative vigor in hybrid grapes [10,11].
Divided canopy training systems, such as the Athena training system, retrofitted with
several trellis cross arms reduce vegetative vigor and support a greater number of shoots
for more yields in hybrid cultivars [12] because of a bigger leaf area and higher light
interception and porosity.

However, berry sunburn [13–15] and ozone injury often occur on ‘Chambourcin’ in
the VST canopy because of direct sunlight [16]. The Athena training system is limited by
higher setup costs because of the division canopy [12]. It is thus important to develop
a suitable training system to reduce ozone injury and the need for summer pruning to
control vine growth. Developing such a system requires the wine industry to understand
the impact of training options on leaf microenvironment temperature, light, ozone stress,
and berry quality [17,18]. This study thus focused on studying different canopy types to
select the canopy type that saves labor and contributes to healthy growth and fruit quality
of ‘Chambourcin’ to provide a reliable basis for cultivation.

2. Materials and Methods
2.1. Materials and Canopy Management

This experiment was conducted between May 2020 and August 2021 at the ex-
perimental vineyard station of Shandong Agricultural University (GPS positioning is
36◦17′17.98′ ′ N and 117◦16′85.64′ ′ E). The area has a temperate monsoon climate, with an
annual average rainfall and temperature of 697 mm and 13 ◦C, respectively. The daily
maximum ozone value range from June to September was 14–56 nL·L−1, with an average
value of 30.6 nL·L−1.

Two canopy types, the vertical shoot shape canopy (VST) and the umbrella type canopy
(UT) (Figure 1), were developed using ‘Chambourcin’ (Seyve-Villard 12-417×Seibel 7053).

Figure 1. Diagram of different canopy types.

Vines in the VST system were trained to bilateral cordons 1m above ground. Shoots
were tucked upward between horizontally distributed catch wire as needed throughout
the summer. The vines were pruned four times: on 12 June, 4 July, 15 July, and 15 August,
after the shoots reached the top wire. The lateral shoots were pruned to one leaf.

Vines in the UT system were trained to bilateral cordons 1m above ground. Shoots
were tucked upward between horizontally distributed catch wire as needed. The top tips
of the vines were picked on 12 June, when the shoots were 20 cm higher than the top wire
and were twined around the top wire. The lateral shoots below the top wire were pruned
to one leaf, whereas the lateral shoots above the top wire were maintained and let to droop
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naturally to form a uniform umbrella shape. The droopy lateral shoots were pruned on
15 August and maintained at 20 cm in length. There were three replicates per treatment,
with two rows of 240 trees per replicate.

2.2. Ozone Injury Classification

The class of intensity of symptoms and the necrotic surface of leaves were examined
by scorers. The classification of leaves with ozone damage shows in Figure 2. Level 0: less
than 5% of leaf surface covered by necrotic lesions; level 1: 5–30% of leaf surface covered
by necrotic lesions; level 2: 30–60% of leaf surface covered by necrotic lesions; level 3: more
than 60% of leaf surface covered by necrotic lesions [19]. Ten plants were randomly selected
from each treatment for the ozone injury classification, and there were three replicates
per treatment.

Figure 2. Classification of ozone damage.

2.3. Monitoring of Temperature

The temperature and humidity monitor (LUGE, L92-1, Hangzhou, China) was installed
around the fruit region of both leaf canopy types.

2.4. Determination of the Leaf Area Index (LAI) and Diffuse Non-Interceptance (DIFN)

After the canopy was formed, without direct radiation (cloudy day, morning, and
evening), the light intensity changes above and below the canopy (or inside and outside)
were measured from the zenith angle directions of five different angles by using the LAI-
2200C (LI-COR, Inc., Lincoln, NE, USA) canopy analyzer with a ‘fish-eye optical sensor’
(148◦ vertical field of view and 360◦ horizontal field of view), and the canopy structure
parameters’ leaf area index (LAI) and the diffuse non-interceptance (DIFN) were calculated
by a vegetation radiation transfer model [20,21]. Five plots were randomly selected and
two quadrats with uniform growth were selected in each plot, for a total of 10 repetitions.
During each repeated measurement, the top of the canopy was measured once, and the
lower part was measured repeatedly on the same horizontal plane at the base of the grape
stem 6–10 times.

2.5. Determination of Chlorophyll Content in Grape Leaves

The fifth node leaves were collected during the color-changing period and the chloro-
phyll content was determined using the ethanol-acetone extraction colorimetric method [22],
with slight modification. Fresh plant leaves (0.2 g) were washed, dried, chopped, and placed
in a 25 mL glass test tube; 10 mL of 95% ethanol was added and extracted for 24 h without
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light. After 24 h, the volume was fixed to the 25 mL scale line and compared at the wave-
lengths of 649 nm, 665 nm, and 470 nm. The calculation formula of chlorophyll content in
the sample was as follows:

Chl a (mg·g−1) = [(13.95 × A665) − (6.88 × A649)] ×mL ethanol/mg leaf tissue.

Chl b (mg·g−1) = [(24.96 × A649) − (7.32 × A665)] ×mL ethanol/mg leaf tissue.

Carotenoids (mg·g−1) = [(1000 × A470) − (2.05 × Chl a) − (114.8 × Chl b)]/245 ×mL

ethanol/mg leaf tissue.

Total Chl = Chl a + Chl b.

2.6. Determination of the Photosynthesis Rate

During the color-changing period, an estimate of bunch exposure was obtained by
measuring the net photosynthetic rate of the sixth node leaves with the CIRAS-3 (PP
SYSTEMS, Amesbury, MA, USA) portable photosynthesis meter (at least ten times) from
9:00 to 10:00 on a sunny day. Readings for each set of measures were averaged to calculate
an estimate of vine exposure. The photosynthetic parameters of the photosynthesis meters
were manual. Air with a known CO2 concentration (385 ± 5 ppm) and 70 ± 5% RH was
supplied at a constant flow (200 cm3 min−1)) into the leaf chamber. Leaf temperature was
30 ◦C as monitored and photosynthetic photon flux density (PPFD) was 1200 µmol·m−2·s−1

as measured with a quantum sensor.

2.7. Determination of Light Transmittance and Space Photosynthetically Active Radiation

During the color-changing period, 3 plants were selected with the same growth trend,
and the light quantum meter (3415F type, pulse photoelectric sensor; Spectrum Technolo-
gies, Inc., Plainfield, IL, USA) was used to measure the effective photosynthetic radiation
of the leaf canopy at 11:00 during sunny and windless weather: this was performed using
the grid method, where the central leading stem was taken as the starting point, posts were
set up every 40 cm in and between rows, and a metering point was marked at a height of
0 m from the ground.

The light transmittance = the photosynthetic active radiation (PAR) of outer canopy/the
photosynthetic active radiation (TPAR) of inner canopy.

The light energy interception rate (CaR) = (PAR-TPAR)/PAR × 100%.

2.8. Berry Quality Indexes Determination

At the maturity stage, twenty bunches were randomly collected from both east and
west sides of each treatment. A total of 100 berries (0–1500 g, 0.01 g) were weighed 10 times.
The soluble solids of 30 berries were measured using a WZB-45 digital refractometer
(Shanghai Precision Scientific Instrument Co., Ltd., Shanghai, China). The berries were first
squeezed and centrifuged. Determination of the titratable acid content was made through
pH titration [23]. These assays were replicated thrice.

2.9. Determination of the Total Amount of Phenols, Flavonoids, Flavanols, and Anthocyanins

The total phenol content in the grape skin was determined using the Folin–Ciocâlteu
method [24]. The contents of the flavonoids, flavanols in the peel, and total anthocyanins
were determined using nitrite-aluminum chloride [25], vanillin hydrochloric acid, and pH
differential methods [26], respectively.

2.10. Statistical Analyses

Statistical analysis was performed using the software SPSS (V20.0, IBM, Armonk, NY,
USA). One-way analysis of variance was followed by Duncan’s multiple range test (p < 0.05).
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3. Results
3.1. Effect of Canopy Types on the Temperature and Humidity around Grape Berries

There were significant differences in temperature and humidity around the grape
berries between the two canopy types. An extremely high temperature of 40.8 ◦C was
detected around the fruit region of the VST canopy in 2020. Notably, 3.94% of the VST
canopy was more than 35 ◦C in August 2021, compared to 3.01% of the UT canopy. The
temperature fluctuation of the UT canopy was less than that of the VST canopy, with the
VST canopy having a 0.8 ◦C higher temperature difference range than that of the UT canopy
in 2020. The humidity around the fruits in the UT canopy was relatively higher, causing
significant cooling (Table 1).

Table 1. Effect of canopy types on the temperature and humidity around grape berries.

Period Canopy
Shape

Highest
Temperature

(◦C)

Minimum
Temperature

(◦C)

Day and Night
Temperature

Difference (◦C)

≥35 ◦C
(%)

Humidity
60–80% (%)

Humidity
>80% (%)

2020
August

VST 40.80 13.30 27.50 1.93 22.04 48.58
UT 39.90 13.20 26.70 1.80 22.73 51.37

2021
August

VST 37.40 15.30 22.10 3.94 15.51 67.52
UT 37.10 15.00 21.80 0.93 12.19 77.01

3.2. Effects of Canopy Types on the Spatial Distribution of Photosynthetic Active Radiation

The comparison of the photosynthetic active radiation (PAR) on the land surface of
the VST canopy and UT canopy (Figure 3a,b) showed that the lowest point of surface
photosynthetic active radiation in both canopy types was close to the row and the farther
the distance, the greater the photosynthetic active radiation (Figure 3a,b). The average
photosynthetic active radiation on the east and west sides in the rows of the VST canopy
were 229.58 and 124 µmol·m−2·s−1, and interception rates were 87.23% and 93.12%, re-
spectively. The corresponding photosynthetic active radiation of the UT canopy was 67.5
and 55 µmol·m−2·s−1, and the interception rates were 96.25% and 96.94%. These inter-
ception rates were 9.02% and 3.82% higher than those of the VST canopy. The average
photosynthetic effective radiation rates 40 cm from the trunk on the east and west sides of
the VST canopy were 1870 and 1868 µmol·m−2·s−1, respectively, and the light interception
was about zero. The corresponding photosynthetic active radiation of the UT canopy was
67.5 and 55 µmol·m−2·s−1, and the light interception rates on the east and west sides were
90.65% and 96.58%, respectively. This suggested that the UT canopy had a higher light
energy interception 80 cm from the trunk.

The comparison of photosynthetic active radiation (PAR) on the sunny and shaded
sides of the VST canopy and UT canopy (Figure 3c) showed that the average photo-
synthetic active radiation (PAR) on the sunny side of the VST canopy was the highest, at
1287.93 µmol·m−2·s−1, followed by the sunny side of the UT canopy at 740.67 µmol·m−2·s−1

and the shaded side of the VST canopy at 712.20 µmol·m−2·s−1 (Figure 3c). The average
PAR on the shaded side of the UT canopy was the lowest at 93.93 µmol·m−2·s−1. Notably,
the 25–75% photosynthetic effective radiation range on the sunny side of the UT canopy
was equivalent to that of VST on both sides. In contrast, that of the shaded side of the UT
canopy was significantly decreased.
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Figure 3. Effects of canopy types on the spatial distribution of photosynthetic active radiation.
Distribution of photosynthetic active radiation (PAR) on the surface of VST canopy (a) and UT canopy
(b), and the distribution of PAR data (c). Values are the mean of three replicates and error bars denote
the SD. Different lowercase letters indicate significant differences based on Duncan’s multiple range
test (p < 0.05).

Collectively, the transmittance of the UT canopy was lower than that of the VST canopy,
and with overall high effectiveness of light energy interception capacity.

3.3. Effects of Canopy Types on the Leaf Area Index and Diffuse Non-Interceptance

The leaf area indexes (LAI) of the UT canopy in 2020 and 2021 were 2.21 and 2.61,
which were 0.55 and 0.57 higher than those of the VST canopy (Figure 4). In the same line,
the diffuse non-interceptances (DIFN) of the UT canopy in 2020 and 2021 were 0.17 and
0.15, which were 0.07 and 0.05 lower than those of the VST canopy. These results suggested
that the UT canopy significantly increased the leaf area index and reduced the diffuse
non-interceptance.
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Figure 4. Effects of canopy types on the leaf area index (LAI) and the diffuse non-interceptance
(DIFN). Values are the mean of three replicates and error bars denote the SD. Different lowercase
letters indicate significant differences based on Duncan’s multiple range test (p < 0.05).

3.4. Effects of Different Canopy Types on Ozone Injury Symptoms in Grape Leaves

‘Chambourcin’ is very sensitive to ozone injury [6,27]. The incidence of ozone injury
was different in the primary shoot leaves of different canopy types (Figure 5). The pro-
portion of leaves without ozone stress under the UT canopy in 2020 and 2021 was 12.96%
and 15.36%, and 1.23% and 8.36% under the VST canopy. The proportion of level 2 and
level 3 ozone injury in the VST canopy was more than 10% and 5%, respectively. Of note,
the proportion of level 2 and 3 ozone stress in the VST canopy was 2.12 and 1.74 times that
of the UT canopy in 2020 and 3.39 and 4.39 times in 2021. The proportion of level 1 ozone
stress between the two canopy types was more than 70%, but not significantly different.

Figure 5. Effects of different canopy types on ozone injury symptoms in grape leaves. Values are the
mean of three replicates and error bars denote the SD. Different lowercase letters indicate significant
differences based on Duncan’s multiple range test (p < 0.05).

3.5. Effects of Different Canopy Types on the Chlorophyll Content

The chlorophyll content of leaves was significantly different in the two canopy types
in 2020 and 2021 (Figure 6). The primary shoot leaves in the UT canopy had a higher



Atmosphere 2022, 13, 823 8 of 12

chlorophyll content at 1.60 and 1.45 mg/g in 2020 and 2021 than those in the VST canopy
at 1.31 and 1.26 mg/g, respectively. Moreover, the chlorophyll content of leaves in the UT
canopy increased by 22.14% and 15.08% in 2020 and 2021, more than that of the leaves in
the VST canopy.

Figure 6. Effects of different canopy types on chlorophyll content. Values are the mean of three
replicates and error bars denote the SD. Different lowercase letters indicate significant differences
based on Duncan’s multiple range test (p < 0.05).

3.6. Effects of Canopy Types on the Net Leaf Photosynthetic Rate

The UT canopy increased the net photosynthetic rate of grape leaves (Figure 7). The
net photosynthetic rates of primary leaves in the VST and UT canopies were 5.53 and
7.34 µmol·m−2·s−1 in 2020 and 4.03 and 9.03 µmol·m−2·s−1 in 2021. The net photosynthetic
rate of the UT canopy increased by 32.73% and 124.07% in 2020 and 2021 compared to the
corresponding rates in the VST canopy.

Figure 7. Effects of canopy types on the net leaf photosynthetic rate. Values are the mean of three
replicates and error bars denote the SD. Different lowercase letters indicate significant differences
based on Duncan’s multiple range test (p < 0.05).
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3.7. Effects of Canopy Types on the Growth and Development of Grape Berries

The hundred-grain weight of berries from the UT canopy was significantly heavier
than that of the VST canopy, increasing by 4.95% and 1.90%, respectively (Table 2). Generally,
the UT canopy increased the content of soluble solids and titratable acid. The content of
the soluble solids of berries from the UT canopy in 2020 was 20.97%, which was a 12.14%
increase compared to the corresponding contents in the VST canopy. The titratable acid
of berries from the UT canopy increased by 8.98% in 2021 compared to the corresponding
contents in the VST canopy. On all other indexes, there was no significant difference
between treatments.

Table 2. Effect of canopy types on the fruit size, soluble solids, and titratable acid content.

Canopy Shape Hundred-Grain
Weight (g)

Soluble Solids
(%)

Titratable Acid
(g/L)

2020
VST 251.83 ± 5.35 b 18.70 ± 1.33 b 10.03 ± 0.64 a
UT 264.29 ± 5.36 a 20.97 ± 1.52 a 10.05 ± 0.75 a

2021
VST 253.23 ± 2.49 b 19.27 ± 0.23 a 10.58 ± 0.68 b
UT 258.04 ± 2.28 a 19.77 ± 0.23 a 11.53 ± 0.83 a

Note: Values are the means of three replicates and values of standard deviation denote the SD. Different lowercase
letters indicate significant differences based on Duncan’s multiple range test (p < 0.05).

3.8. Effects of Canopy Types on the Anthocyanins, Total Phenols, Flavonoids, and Flavanols of
Grape Berries

The contents of anthocyanins, total phenols, flavonoids, and flavanols were higher
in 2020 than in 2021 (Table 3). The UT canopy significantly increased the contents of
anthocyanins, total phenols, flavonoids, and flavanols by 32.53%, 60.70%, 71.15%, and
91.86%, respectively, in 2020. There was an increase in anthocyanins and total phenols by
52.12 and 7.6%, respectively, in 2021. There were no significant differences in the contents
of flavonoids and flavanols between the two canopies.

Table 3. Effect of canopy types on the secondary metabolite of grape berries.

Canopy Shape Anthocyanin
(mg/g)

Total Phenol
(mg/g)

Flavonoids
(mg/g)

Flavanols
(mg/g)

2020
VST 7.93 ± 0.04 b 3.69 ± 0.12 b 6.10 ± 0.49 b 10.56 ± 0.72

b
UT 10.51 ± 0.84 a 5.93 ± 0.46 a 10.44 ± 0.14 a 20.26 ± 1.61 a

2021
VST 4.24 ± 0.22 b 1.44 ± 0.03 b 5.97 ± 0.28 a 13.41 ± 0.54 a
UT 6.45 ± 0.27 a 1.55 ± 0.06 a 6.25 ± 0.23 a 14.85 ± 0.71 a

Note: Values are the means of three replicates and values of standard deviation denote the SD. Different lowercase
letters indicate significant differences based on Duncan’s multiple range test (p < 0.05).

4. Discussion

‘Chambourcin’ is highly sensitive to ozone stress. A notable ozone injury was noted
in early July, and the leaf senescence aggravated with time, leading to less soluble solids
and poor fruit quality [7,12]. Strong light stress and high temperature can aggravate ozone
injury [7]. In this study, the UT canopy reduced the direct light irradiation and high-
temperature ratio on the leaves, thus alleviating ozone stress. These phenomena induced
higher net photosynthetic rates and chlorophyll content of grape leaves.

The canopy architecture has a potent impact on light interception [28] and is usually
modified to optimize light interception [29]. An optimal canopy architecture is generally
evaluated using parameters such as the leaf area index, light energy interception rate [30],
and net photosynthetic rate (Pn). Light energy interception ability is one of the most direct
reflections of light energy utilization efficiency [31]. The net photosynthetic rate (Pn) is
also considered a major performance metric for evaluating the light interception ability of
the canopy. In this study, the UT canopy increased the leaf area index, light interception,
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and leaf net photosynthetic rate, thus increasing carbon assimilation. The drooping shoots
weakened the top advantage and balanced the vegetative and reproductive growth. The
drooping was beneficial to the transportation and distribution of more nutrients to the fruit.
The contents of the soluble solids and titratable acids in the UT canopy fruit were thus
higher than those in the VST canopy.

Different canopy types determine the field’s microclimate. A good cluster microen-
vironment can improve fruit quality [32,33]. Fruit quality is affected by temperature,
humidity, light, and other environmental factors. Strong light exposure in the VST canopy
increased the respiration intensity, resulting in decreased malic acid content [34]. High
temperature and other stresses can degrade ascorbic acid and tartaric acid content [35]. The
lower titratable acid of ‘Chambourcin’ may be caused by strong light exposure and higher
VST canopy temperatures [36]. Notably, phenolic compounds play an important role in
determining the flavor and color of wine, which results in distinctive tastes of wine [32,37].
Some studies postulate that the content of phenolic substances in plants is different because
of different climate characteristics, such as light radiation and temperature [33,34,38]. Light
is important for anthocyanin synthesis. It induces chalcone synthase (CHS) and chalcone
isomerase (CHI) in the grape peel, thus affecting the distribution and composition of antho-
cyanins [39]. A previous study demonstrated that light and temperature enhancements
through technical operations, such as leaf picking and leaf moving in the veraison stage,
increased the flavanols content, total phenolics content, and tannin content after the verai-
son period [40–42]. However, strong light and high temperatures above 35 ◦C accelerate
the degradation of secondary metabolites [36]. In this study, the UT canopy was pruned
before veraison and the rainy season, which increased the amount of light around the fruits.
The higher carbon assimilation caused by a larger leaf area index, light interception, and
leaf net photosynthetic rate provided a carbon source for secondary metabolism. Increased
light exposure induced the formation of secondary metabolites in grape berries of the
UT canopy.

Pruning of primary and lateral shoots controls the relationship between the source
and sink. The angle of shoots affects auxin distribution, and the apical dominance is thus
lost when the shoot tip growth position is changed [43]. In this study, the shoot tip of the
UT canopy sagged after reaching the height of the fourth line. This phenomenon changed
the source-sink relationship, weakened the apical dominance, and reduced the growth,
thereby reducing the number of shoot pruning times. In contrast, the growth rate of the
primary shoots in the VST canopy was fast. The growth of the primary shoots was inhibited
after pruning, thus rapidly accelerating the growth of the lateral shoots, which necessitated
pruning the lateral branches within 23 days. The growth rate was significantly affected
because of the change in the growth state of shoots, which caused differences in the final
pruning frequency: four times for VST and two times for UT [44]. The UT canopy type can
thus increase the supply of source to sink, improve fruit quality, and save labor force when
planting resistant varieties.

We suggest using a UT canopy in the continental monsoon climate zone, with pruning
before the arrival of the rainy season, for resistant varieties of ‘Chambourcin’.
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