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1 Introduction
Wine, especially red wine, contains a large amount of various 

phenolic compounds. These phenolic compounds play crucial roles 
in wine colour, taste, bitterness, astringency, and microbiological 
stability (Gómez Gallego et al., 2012; Granato et al., 2010). The wine 
phenolic composition will mainly depend on phenolics profile 
of the original grape berry. Therefore, the wine production starts 
off as grape cultivation and grape quality is also referred to as 
wine quality potential. The phenolic composition in grape berry 
is not only related with grape cultivars, but also is regulated by 
cultivation and management practice (Treutter, 2010). In most 
of wine-producing regions in the worldwide, excessive rainfall 
during grape ripening has affected grape berry quality. It is 
unfavorable for sugar accumulation, organic acid degradation, 
phenolic compound formation and fruit coloring. Meanwhile, 
it also can increase the risk of the breeding and spread of some 
fungal diseases such as downy mildew, white rot, and anthracnose. 
These adverse impact seriously limit the production of high-quality 
wine and development of the grape and wine industry.

In order to overcome the disadvantages caused by local 
climate conditions, the rain-shelter cultivation technique was 
introduced to viticulture in China and has been increasing in 
its spread and popularity (Li, 2001). Rain-shelter cultivation can 
effectively prevent the influence of rain on the crops through 
building shelters. These facilities commonly consist of holders 

(bamboo and wood or galvanized steel pipe structures) and a 
covering membrane (made of polyethylene or another material). 
By preventing contact between rainwater and grape berries, 
rain-shelter cultivation effectively decreases the severity of 
diseases, improves fruit yield, and achieves satisfactory economic 
and social benefits compared to open-field cultivation (Sun et al., 
2006; Wang et al., 2011; Meng et al., 2012). White plastic films are 
the most common shelter material. Unfortunately, grape fruits 
grown under covers present higher contents of titratable acidity 
and a lower content of total anthocyanins than those picked from 
plants grown without the plastic covering (Detoni et al., 2007; 
Meng  et  al., 2012). Meanwhile, grape fruit maturity was 
postponed and extended due to changes in the microclimate of 
fruits spheres (Chavarria et al., 2009; Meng et al., 2012). It has 
been confirmed that the impermeable plastic coverings above 
the grapevine rows increased the air temperature and decreased 
the photosynthetic radiation and wind speed. The coverings 
interfered with the quality of the incoming solar radiation, mainly 
by reducing the irradiance of the ultraviolet band and also by 
reducing the ratio between the irradiance of red and far-red 
bands (Cardoso et al., 2008; Chavarria et al., 2009).

Light plays vital roles in plant growth, which is not only 
involved in activating photosynthesis and the energy source 
for vine growth, but also in regulating photomorphogenesis, 
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photoperiodic response, and plant endogenous biological 
rhythms (Chory & Wu, 2001; Pierik et al., 2009). In the visible 
region, the photosynthetically active portions (blue and red) are 
efficiently absorbed. In contrast, radiation in the green spectrum 
is either reflected or transmitted, giving leaves their green 
colour (Jackson, 2008). Therefore, light quality (e.g., the specific 
wavelength of light) is important for grape development and 
ripening. Some research has indicated that red and blue LEDs 
(light emitting diodes) induced sugar, anthocyanin, and stilbene 
accumulation, and affect abscisic acid metabolism (Kondo et al., 
2014; Ahn et al., 2015). Therefore, influencing light quality by 
selective plastic films may serve as a non-chemical growth- regulating 
tool for plant production in greenhouses (Patil  et  al., 2001; 
Casierra-Posada et al., 2012). However, to our knowledge, there 
are few published studies on the effect of coloured plastic films 
cover on fruit sphere microenvironments and berry composition 
of wine grape cultivated under rain-shelter system.

Based on this lack of knowledge, the objective of this study 
was to screen for the kinds of shelter plastic films by evaluating 
fruit sphere microclimate and berry composition of wine grapes 
cultivated under rain-shelter system. From a practical standpoint, 
this study was carried out to provide sufficient experimental 
evidence for the improvement of berry quality of wine grapes 
cultivated under rain-shelter system using different colours of 
plastic films.

2 Materials and methods
2.1 Planting material and trial design

The two-year study (2013 and 2014) was conducted at the 
Grape Demonstration Base of the Jingyang Heyue-Fengrun 
agriculture Co., Ltd., Jingyang County, Shaanxi Province, China 
(34°39′15″ N, 108°44′35″ E), which is in a temperate continental 
monsoon climate zone with annual sunshine of 2195.2 h, an 
average annual temperature of 13 °C, annual precipitation of 
548.7 mm, and an average annual frost-free period of 213 d. 
Rows of own-rooted Cabernet Sauvignon (Vitis vinifera L.) 
vines (planted in 2009) were oriented north-south on flat terroir 
with sandy soil. Vines were arranged in a between-row and 
within-row spacing of 2.5 × 0.8 m, respectively, and pruned to 
two buds per spur. Vines were trained to a bilateral cordon at 
0.6 m above ground, in which shoots were trained upwards and 
each vine carried approximately 20 grape clusters. The vertical 
shoot-positioned canopies were uniformly managed.

Eighteen rows of vines (60 vines for each row) were 
divided into six groups with 3 rows (replicates) in each group. 
Group one was a control and cultured on an open field (open-field 
cultivation). Group two to six were cultured under a rain-shelter 
cultivation system covered with red (R), yellow (Y), blue (B), 
purple (P), and white (W) plastic films, respectively. Shelters 
were built along with vines rows before berry colouration 
(late in July) and were 2.2 meter high, 1.7 meter wide, and were 
covered with transparent and different colour polyethylene film 
(0.06 mm thickness). The sugar content and titratable acids in 
the grape berries were recorded during ripening. Clusters were 
harvested at their physiological maturity from the vineyards 
according to local winery requirements and weather conditions 

(16/09/2013 and 19/09/2014). Three hundred berries of each 
treatment were randomly selected from the collected clusters. 
These samples were stored at -80 °C for subsequent analysis for 
their physicochemical composition.

2.2 Measurement of fruit sphere microenvironments

A multiparameter moisture monitor (FM-DZY, Hebei Feimeng 
Electronic Technology Co., Ltd., Handan, Hebei, China) was 
used to record air temperature, air humidity, and wind speeds 
of the fruit spheres in 2014. The probes for air temperature, air 
humidity, and wind speed were fastened around grape clusters 
at 0.7 to 0.9 m from the ground and began to record at the 
interval of once an hour from plastic films covering to harvest.

A micro-spectrometer (FX2000, Shanghai Ideaoptics 
Corporation, Shanghai, China) was used to monitor light intensity 
and spectral distribution under polyethylene film and above 
vines canopy (approximately 1.9 m from the ground) in 2014. 
The detecting time was chosen as 11:00-13:00 (Chinese Standard 
Time) at the interval of every 10 d from plastic films covering to 
harvest. The results represent averaged value from 4 measuring 
points.

2.3 Analysis of total phenolics and total anthocyanins

A 0.75 g sample of grape skin dry powder was extracted with 
ultrasonic assistance in 15 mL of acidified methanol solution 
(1 M HCl in 80% methanol) in an external water bath at 25 °C for 
30 min. After extraction, the extracts were centrifuged at 8000 × g 
for 10 min at 4 °C. The extraction procedure was repeated four 
times under identical conditions; then, the four supernatants 
were combined and stored at -20 °C in the dark until use.

The total phenolic content (TPC) was estimated using the 
Folin-Ciocalteu method (Singleton & Rossi, 1965) and the results 
are expressed as milligrams of gallic acid equivalents (GAE) per 
gram of dry berry skins (mg GAE/g DW). The total anthocyanin 
content (TAC) was estimated using the pH differential method 
(Wrolstad, 1976) and the results are expressed as milligrams 
of malvidin-3-glucoside equivalents (MGE) per gram of dry 
berry skins (mg MGE/g DW). The tannin content (TANC) was 
determined by methyl cellulose precipitation (Sarneckis et al., 
2006) and the results are expressed as milligrams of (+)-catechin 
equivalence (CE) per gram of dry berry skin (mg CE/g DW).

2.4 Analysis of some individual phenolic compounds

Preparation and analysis of non-anthocyanin phenolic 
compounds in the grape berries was performed using a previously 
identified method (Cheng, 2008). For non-anthocyanin phenolic 
compounds in grape skins, triplicate samples of the pulverized 
berry skins of each treatment (2.00 g dry weight) were exhaustively 
extracted four times with 5 mL of distilled water and 45 mL of 
ethyl acetate in an orbital shaker (SHZ-88A, Taicang Experiment 
Equipment Factory, Jiangsu, China) for 30 min at 20 °C to avoid 
thermal degradation. Then, these organic phases were combined 
and evaporated until dry in a rotary evaporator (SENCO-R series; 
Shanghai Shensheng Biotech Co. Ltd., Shanghai, China) at 35 °C 
under vacuum. Subsequently, the dried residuals were re-dissolved 
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in 5 mL of methanol (HPLC grade). The methanol solution was 
filtered through a 0.45-μm organic membrane and analysed by 
high performance liquid chromatography (HPLC) coupled with 
a diode array detector (DAD) (LC-2010A, Shimadzu, Japan).

The compounds were eluted using a Hibar RT Lichrospher 
SB-C18 column (250 mm × 4.0 mm, 5 μm) and detected at 
280 nm. The column temperature was set to 30 °C. The mobile 
phases consisted of two phases, A (water-acetic acid, 98:2 v/v) 
and B (acetonitrile). The gradient elution conditions were as 
follows: 0-20 min, 0%-5% B; 20-35 min, 5%-15% B; 35-50 min, 
15%-30% B; 50-65 min, 30% B; 65-75 min, 30%-0% B. The flow 
rate was 1.0 mL/min, and the injection volume was 10 μL. 
Phenolic compounds were identified by comparing their retention 
times with those of pure standards and by spiking the samples 
with standard solutions. Quantifications were made using the 
external standard method.

2.5 Statistical analysis

Statistical analysis was performed on three replicates of the 
same sample using SPSS 17.0 for Windows. A one-way analysis 
of variance (ANOVA) and Duncan’s multiple range test were 
used to determine significant differences among samples with 
a significance level of 0.05.

3 Results and discussion
The microclimate factors of vineyards under rain-shelter 

cultivation, such as air temperature and humidity, photosynthetic 
radiation, wind speed, and soil moisture content were altered 
compared to those under open-field cultivation (Rana et al., 
2004; Cardoso et al., 2008, Chavarria et al., 2009). Figures 1 and 2 
show the microenvironment parameters in the fruit sphere of 
Cabernet Sauvignon grapevines from open-field cultivation 
and rain-shelter cultivation with the five colours of plastic films 
measured in the present study. The change of air temperature, 
relative humidity, and wind speed displayed similar trends in 
the fruit sphere of grapevines among these treatments. Because 
of continuous rainfall, the air temperature and relative humidity 
among all six treatments had no significant differences from 
September 5 to 19, 2014. Before that period, as shown in 
the figures, the air temperature, wind speed, and total solar 
radiation in the fruit sphere of grapevines under rain-shelter 
cultivation with the five colours of plastic films were all 
significantly lower than for the vines uncovered with plastic 
films (open-field cultivation), while they showed higher relative 
humidity in the fruit sphere of grapevines under rain-shelter 
cultivation than open-field cultivation. This result is a little 
different from those of previous studies, which found that the 
plastic films coverings above the grapevine rows increased the 
air temperature, although it also decreased the photosynthetic 
radiation and wind speed (Cardoso et al., 2008; Chavarria et al., 
2009). The low air temperature in the fruit sphere of grapevines 
under rain-shelter cultivation could be due to decreased total 
solar radiation compared to open-field cultivation, while high 
relative humidity may be related to smaller wind speeds under 
rain-shelter cultivation, since plastic films coverings above the 
grapevines rows prevent air movement and exchange mainly 
by reducing the wind speed in the fruit sphere of grapevines.

For the five groups of rain-shelter cultivation with coloured 
plastic films, the relative humidity and air temperature showed 
a negative relationship, which suggests that a group with a high 
air temperature in its fruit sphere will have low relative humidity. 
This may be because the high air temperature promotes water 
vapour evapotranspiration and loss in the air around the fruit 
sphere. Regarding to spectrum components, compared to 
open-field cultivation, the coverings with different colours of 
plastic films interfered with the quality of the incoming solar 
radiation and reduced the irradiance in each spectrum band to 
various extents. Despite this, the studies of Cardoso et al. (2008) 

Figure 1. (a) Air temperature; (b) relative humidity and (c) wind 
speed in the fruit sphere of Cabernet Sauvignon vines cultivated under 
rain-shelter system with coloured plastic films.
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and Chavarria et al. (2009) suggest that this interference mainly 
was by reducing the irradiance of the ultraviolet band and 
the ratio between the irradiance of the red and far-red bands. 
Interestingly, in our study, for each particular colour plastic film, 
the irradiance of its corresponding spectrum band was higher 
than other colour plastic films in the fruit sphere of vines —that 
is there is a higher irradiance in the red light band for red plastic 
film, the yellow light band for yellow plastic film, the blue light 
band for blue plastic film, the purple light and ultraviolet band 
for purple plastic film, and the visible light band for white plastic 
film compared to other plastic films. Meanwhile, the irradiance 
of the green light band through white plastic film, orange light 
band through red plastic film, and infrared ray band through 
blue plastic film were higher than with the other plastic films.

Plants use sunlight not only as an energy source for 
photosynthesis but also as an informational cue to control a broad 
range of developmental and physiological responses, including 
seed germination, de-etiolation, directional growth, organelle 
movement, flowering, and senescence throughout their life cycle 
(Franklin et al., 2005; Kami et al., 2010). Plants have evolved 
unique photoreceptor systems to mediate their light responses 
to broad wavelengths from ultraviolet-B (UV-B) to far-red light 
(Kong & Okajima, 2016). Plenty of earlier studies have shown 
that light quality could have important effects on plant economic 
quality (Sasakawa & Yamamoto, 1979; Vijayaraghavan et al., 1979). 
Therefore, the variation of spectrum components received by 
plant leaves and in canopies could cause different photoreceptor 
responses and physiological changes. A previous study showed that 
a light spectral distribution change could improve the activities 
of acid invertase, sucrose synthase, and sucrose-metabolizing 
enzymes and increase the allocation of photosynthetic products 
to grape berries (Liu et al., 2008). Our results further corroborate 
this finding. As shown in Table 1, total sugar and titratable acid 
contents were changed by the colour of the plastic covering above 
the grapevines rows, and the blue plastic covering significantly 

increased sugar content in grape berries, which may be related 
to a higher irradiance in the blue light band.

As a result of the change in grapevine fruit sphere 
microenvironments by coloured plastic films, not only was 
the primary metabolism of the grapevines modified, but their 
secondary metabolism was likely also changed. Polyphenolics 
are one class of important secondary metabolites, and are 
also one of the most important quality parameters of wines 
due to their direct influence on some important organoleptic 
characteristics of wines, such as colour, flavour, bitterness, and 
astringency (Garrido & Borges, 2011). They are also considered 
major contributors to the antioxidant activity of vegetables 
and fruits. For these reasons, we examined several important 
polyphenolic parameters, TPC, TAC, and TANC of grape berries 
from open-field cultivation and rain-shelter cultivation with 
different coloured plastic films; the detailed results are shown 
in Figure 3.

In vintage 2013, the TPC, TAC, and TANC of grape berries 
were elevated significantly by blue plastic films covering the 
grapevine rows compared to white plastic film, which is the 
most common plastic film used in grape rain-shelter cultivation. 
In vintage 2014, for which excess rainfall during grape ripening 
in 2014 caused poor maturity and berry quality, the TPC, TAC, 
and TANC in grape berries for all treatments were significantly 
lower than vintage 2013. However, the TPC, TAC, and TANC 
in grape berries of all red, yellow, blue, and purple plastic film 
treatments were higher than with the white plastic film, and the 
effect of the purple plastic film was the most significant, followed 
by the blue plastic film. Judging from the data of vintages 2013 and 
2014, blue plastic film is most effective for increasing TPC, TAC, 
and TANC in grape berries. Cheng et al. (2015) used transparent 
red, orange, green, blue, and white control light filter film bags 
composed of strips of a 0.03 mm-thick polyethylene film to cover 
Yatomi Rosa (Vitis vinifera) grape clusters and obtained a similar 
result that showed the levels of anthocyanins were significantly 

Figure 2. Spectrum distribution in canopies of Cabernet Sauvignon vines cultivated under rain-shelter systems with coloured plastic films.
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enhanced by blue light filter film and suppressed by red, orange, 
and green films compared to white film.

This may result from the light quality differences under the 
various colours of plastic films. Light quality has been reported to 
affect phenolic metabolism in various plants. Phenolic compounds, 
especially flavonoids in fruits, were found to be particularly 
sensitive to light environments, which reflects a possible role of 
these compounds in photoprotection (Jackson & Lombard, 1993; 
Downey et al., 2004). Some research has indicated that red and 
blue LEDs induce sugar, anthocyanin, and stilbene accumulation, 
and affect abscisic acid metabolism (Kondo et al., 2014; Ahn et al., 
2015). To further understand the effect of coloured plastic film 
coverings on polyphenolic components in grape berries, we 

investigated several familiar phenolic compounds in grape berries, 
including six flavonoids ((+)-catechin, (-)-epicatechin, rutin, 
quercetin, kaempferol, and morin), seven phenolic acids (gallic 
acid, caffeic acid, syringic acid, ferulic acid, vanillic acid, ferulic 
acid, and coumaric acid) and one stilbene (trans-resveratrol). 
As shown in Tables 2 and 3, in 2013 all six flavonoids analysed 
from the berries of vines covered with blue and purple plastic 
films demonstrated higher contents than in those covered by 
white plastic film, with the increase in blue plastic film more 
striking. Differing from vintage 2013, in 2014, there was large 
variation in the contents of the six flavonoids among the five 
colours of plastic films, with total flavonoid content and three 
individual flavonoids (rutin, (+)-catechin, and (-)-epicatechin) 

Table 1. Physio-chemical parameters of Cabernet Sauvignon berries from vines covered with different colours of plastic films.

Treatments
Vintage 2013 Vintage 2014

Reducing sugars Titratable acids pH value Reducing sugars Titratable acids pH value
R 224 ± 4ab 4.25 ± 0.07cd 3.50±0.03ab 175 ± 2c 6.72 ± 0.10a 3.21 ± 0.02d

Y 221 ± 5ab 4.38 ± 0.06b 3.44 ± 0.02c 175 ± 2c 6.29 ± 0.19b 3.27 ± 0.01c

B 230 ± 4a 4.20 ± 0.09d 3.54 ± 0.02a 202 ± 3a 6.16 ± 0.10b 3.28 ± 0.02b

P 225 ± 4ab 4.31 ± 0.06bc 3.47 ± 0.01b 184 ± 2b 5.17 ± 0.16d 3.35 ± 0.03a

W 210 ± 3c 4.50 ± 0.05a 3.39 ± 0.02d 183 ± 4b 5.06 ± 0.10d 3.37 ± 0.03a

Control 219 ± 4bc 4.29 ± 0.05c 3.50 ± 0.03ab 172 ± 1d 5.46 ± 0.12c 3.33 ± 0.04bc

Note: R, Y, B, P and W represent red, yellow, blue, purple and white plastic film covering above the grapevines rows, respectively. Different lowercase superscript letters in a column 
represent statistically significant differences between means at p < 0.05 obtained by one-way ANOVA. Values are expressed as mean ± standard deviation (n=3). Residual sugar and 
titratable acids are expressed in g/L glucose and g/L tartaric acid, respectively.

Figure 3. Total phenolic content in (a) 2013 and (d) 2014, total anthocyanin content in (b) 2013 and (e) 2014, and tannin content in (c) 2013 and 
(f) 2014 of grape berries of Cabernet Sauvignon cultivated under rain-shelter systems with coloured plastic films.
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Table 2. Phenolic components of Cabernet Sauvignon berries from vines covered with different coloured plastic films in 2013.

No. Phenolic compounds Retention time
(min)

Phenolic content (mg/Kg DW)
R Y B P W Control

1 Rutin 41.7 51.8 ± 3.7c 26.0 ± 2.4d 85.1 ± 4.2a 76.0 ± 5.3b 71.6 ± 4.6b 74.3 ± 4.4b

2 (+)-Catechin 19.6 62.0 ± 4.3a 41.3 ± 3.3b 55.8 ± 5.2a 35.9 ± 2.7c 35.1 ± 3.0c 59.6 ± 4.0a

3 (-)-Epicatechin 29.1 20.1 ± 1.5e 33.8 ± 2.1d 65.6 ± 4.6a 52.3 ± 5.0b 28.4 ± 2.4d 47.0 ± 4.3b

4 Quercetin 56.2 4.3 ± 0.4b 3.6 ± 0.2c 4.9 ± 0.5ab 5.6 ± 0.5a 3.8 ± 0.3c 5.9 ± 0.5a

5 Kaempferol 63.9 1.6 ± 0.1c 2.1 ± 0.2b 4.7 ± 0.3a 2.2 ± 0.2b 0.2 ± 0.0d 2.2 ± 0.2b

6 Morin 52.5 35.4 ± 2.4a 18.9 ± 1.2c 35.5 ± 3.1a 15.8 ± 1.45d 14.9 ± 1.2d 24.3 ± 1.7b

Sum of flavonoids 175.1 125.8 251.7 187.8 154.0 213.2
7 Gallic acid 5.4 1.6 ± 0.1c 3.7 ± 0.3a 4.1 ± 0.4a 3.1 ± 0.3b 1.6 ± 0.2c 2.8 ± 0.3b

8 Benzoic acid 10.0 2.3 ± 0.2b 1.6 ± 0.1c 0.8 ± 0.1d 0.7 ± 0.1d 8.6 ± 0.5a 0.2 ± 0.0e

9 Vanillic acid 23.4 4.2 ± 0.4e 3.5 ± 0.5e 19.5 ± 1.5a 14.9 ± 1.2b 8.8 ± 0.5d 11.3 ± 1.0c

10 Caffeic acid 24.2 7.4 ± 0.6ab 7.0 ± 0.4b 7.2 ± 0.7b 8.2 ± 0.7a 2.9 ± 0.1d 6.6 ± 0.2c

11 Syringic acid 27.2 9.5 ± 0.7c 15.1 ± 1.1b 19.6 ± 1.4a 19.6 ± 1.5a 7.4 ± 0.6d 18.3 ± 1.4a

12 p-Cumaric acid 34.2 8.4 ± 0.5c 3.6 ± 0.2f 14.4 ± 1.0a 12.0 ± 1.0b 7.5 ± 0.4d 5.7 ± 0.3e

13 Ferulic acid 39.2 13.5 ± 1.0a 2.9 ± 0.0e 6.9 ± 0.5c 6.1 ± 0.5c 5.0 ± 0.4d 7.6 ± 0.5b

Sum of phenolic acids 46.9 37.5 72.5 64.6 41.79 52.3
14 trans-Resveratrol 51.2 9.8 ± 1.3b 5.6 ± .0.5c 4.2 ± 0.3d 10.8 ± 1.0b 5.3 ± 0.4c 16.5 ± 1.1a

Sum of nonflavonoids 56.7 43.1 76.7 75.4 47.1 68.8
Sum of phenolics 231.8 168.9 328.4 263.2 201.0 282.0

Note: R, Y, B, P and W represent red, yellow, blue, purple and white plastic film covering above the grapevines rows, respectively. Values are expressed as mean ± standard deviation 
(SD). Different letters in each row of total concentrations are significantly different at the 0.05 level according to ANOVA.

Table 3. Phenolic components of Cabernet Sauvignon berries from vines covered with different coloured plastic films in 2014.

Phenolic compounds Retention time
(min)

Phenolic Content (mg/kg DW)
R Y B P W Control

Rutin 41.7 70.9 ± 5.3a 57.3 ± 3.8b 57.1 ± 3.5b 52.5 ± 4.2bc 49.6 ± 3.5c 61.7 ± 4.7b

(+)-Catechin 19.6 19.5 ± 1.7d 38.1 ± 2.7a 32.3 ± 2.5b 23.7 ± 2.2d 29.0 ± 2.6c 33.0 ± 2.1b

(-)-Epicatechin 29.1 52.3 ± 5.00a 50.5 ± 5.0a 56.5 ± 5.0a 45.3 ± 3.8b 43.2 ± 4.1b 48.2 ± 3.2ab

Quercetin 56.2 6.1 ± 0.4e 9.5 ± 0.6c 8.1 ± 0.8d 10.7 ± 0.7b 8.9 ± 0.7c 13.1 ± 1.3a

Kaempferol 63.9 2.0 ± 0.1d 1.0 ± 0.1e 5.3 ± 0.3c 7.8 ± 0.3b 11.1 ± 0.8a 2.7 ± 0.1d

Morin 52.5 28.3 ± 2.2b 91.7 ± 5.0a 92.8 ± 5.4a 90.1 ± 5.3a 96.3 ± 5.5a 93.0 ± 5.6a

Sum of flavonoids 179.0 248.2 252.0 230.2 238.1 251.6
Gallic acid 5.4 0.6 ± 0.1b 0.6 ± 0.0b 1.6 ± 0.1a 0.7 ± 0.2b 0.7 ± 0.1b 1.4 ± 0.1a

Benzoic acid 10.0 0.6 ± 0.0d 0.5 ± 0.1d 1.9 ± 0.2a 0.1 ± 0.0e 0.9 ± 0.1b 0.7 ± 0.0c

Vanillic acid 23.4 4.1 ± 0.4d 6.5 ± 0.4c 14.2 ± 1.4ab 13.0 ± 1.0b 16.1 ± 1.5a 11.7 ± 1.3b

Caffeic acid 24.2 3.7 ± 0.4d 3.3 ± 0.4d 5.8 ± 0.4c 9.8 ± 0.6a 2.2 ± 0.1e 6.6 ± 0.4b

Syringic acid 27.2 8.8 ± 0.9d 13.8 ± 1.1c 15.3 ± 1.2b 18.0 ± 1.8a 16.5 ± 1.6ab 12.6 ± 1.2c

p-Cumaric acid 34.2 9.0 ± 0.8b 7.1 ± 0.6c 12.0 ± 1.0a 4.2 ± 0.4d 9.0 ± 0.8b 8.7 ± 0.5b

Ferulic acid 39.2 1.9 ± 0.1c 12.4 ± 1.2b 13.8 ± 1.1b 10.1 ± 1.0c 12.4 ± 1.4b 27.2 ± 2.1a

Sum of phenolic acids 28.5 44.2 64.6 56.0 57.8 68.8
trans-Resveratrol 51.2 2.1 ± 0.1c 1.4 ± 0.1e 1.8 ± 0.1d 1.9 ± 0.2d 2.4 ± 0.1b 4.6 ± 0.4a

Sum of nonflavonoids 30.7 45.6 66.3 57.9 60.1 73.4
Sum of individual phenolics 209.7 293.8 318.4 288.0 298.2 325.0
Note: R, Y, B, P and W represent red, yellow, blue, purple and white plastic film covering above the grapevines rows, respectively. Values are expressed as mean ± standard deviation 
(SD). Different letters in each row of total concentrations are significantly different at the 0.05 level according to ANOVA.

significantly higher in the blue and yellow plastic films than the 
white plastic film. Similarly, for phenolic acids in 2013, with 
the exception of benzoic acid, the content of the phenolic acid 
compounds detected from the berries of vines covered with blue 
and purple plastic films were higher than white plastic film, and 
naturally the sum of total phenolic acids also presented a similar 
trend, with the sum level of phenolic acids in the blue plastic 
film treatment group having the highest among all five colours 

of plastic films. In vintage 2014, the sum level of phenolic acids 
in the blue plastic film was less than open-field cultivation, but 
remained the highest among the groups under rain-shelter 
cultivation. However, trans-resveratrol content, in both vintages 
2013 and 2014, was lower in rain-shelter cultivation with all the 
different colours of plastic films than open-field cultivation, which 
may be connected with there being lower diseases and biological 
stresses in the rain-shelter cultivation. Previous studies have 
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Figure 4. The hierarchically clustered heat map of grape berry phenolic content and grape canopy spectrum irradiance with treatments in rows 
and phenolic components in columns. Colour bar defines concentration fold change.

confirmed that resveratrol is a major phytoalexin and positively 
correlated with grapevine disease resistance (Shi et al., 2014).

In order to better understand the relationship between 
phenolic content and light quality, cluster analysis was performed 
using grape berry phenolic content and grape canopy spectrum 
irradiance as variables. As shown in Figure 4, blue light irradiance, 
TPC, TANC, and (+)-catechin could be clustered within a short 
hierarchical distance, indicating that they had similar variation 
tendencies and a high correlation. It was further suggested that 
the high content of total phenolics, tannins, and (+)-catechin 
could be mainly attributed to the high irradiance of blue light 
when the blue plastic film covered the grapevine rows.

4 Conclusions
In this study, we investigated the effects of different coloured 

plastic films covering Cabernet Sauvignon grapevine rows before 
veraison on the fruit sphere microenvironment and phenolic 
components of mature grape fruits. The rain-shelter cultivation 
method reduced air temperature, wind speed, and total solar 
radiation in the fruit sphere of grapevines and enhanced the 
relative humidity in the fruit sphere of grapevines. For a particular 
colour plastic film, the irradiance of its corresponding spectrum 
band in the fruit sphere of vines was higher than with other 
coloured plastic films. Meanwhile, the blue plastic film treatment 
significantly promoted the accumulation of total phenolics, 
anthocyanins, flavonoids, tannins, and phenolic acids compared 
to the other colours of plastic films.
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