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Abstract
  In 2021, this study investigated the effects of three different trellis systems on the fruit-zone microclimate, berry 
quality and anthocyanins of ‘Xinyu’ grape in Shanshan, Xinjiang, China. The results showed that the light and 
heat energy of fruit-zone microenvironment were higher for inclined ingle dragon trunk shaping + Horizontal leaf 
curtain (ISDTS-H) and inclined single dragon trunk shaping + V and Horizontal leaf curtain (ISDTS-VH) than for 
single dragon trunk shaping + Horizontal leaf curtain (SDTS-H). SDTS-H was more susceptible to low humidity 
than ISDTS-VH.  The canopy area and leaf area index around the fruit were increased and canopy closure was in-
creased with ISDTS-VH compared to SDTS-H. ISDTS-VH increased berry weight, total soluble solids (TSS) and 
yield. Delphinidin concentration and total delphinidin proportion with SDTS-H were higher than that with ISDTS-
VH and SDTS-H, respectively. In general, ‘Xinyu’ grape grown with the ISDTS-VH trellis system achieved high 
quality under the local environmental conditions. These results provide a reference for the trellis systems selection 
and optimization of the ‘Xinyu’ grape cultivar. 
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  Grapevines are typically supported with 
trellises, but grape regions choose different 
training systems that are best suited to them 
(Tian et al., 2022). The present-day global 
diversity of grapevine training systems has 
arisen from differences between grape spe-
cies and cultivars with respect to growth habit 
and cropping capacity, as well as from envi-
ronmental and economic constraints on vine-
yard management (Wolf et al., 2003). A good 
training system can optimize canopy struc-
ture, which could improve microclimate con-
ditions and affect overall canopy photosyn-
thetic productivity (Liu et al., 2018; Araujo 
et al., 2008), influence vine performance and 
berry quality composition under protected 
cultivation. Vines trained on the SAYM (per-

gola trellis and closing Y shaped trellis) trellis 
system had a large leaf area index (LAI) (Yin 
et al., 2022). It also contributed to total leaf 
area, the percentage of leaf well-exposed to 
light, and the percentage of leaves located in 
the interior of the canopy (Katerji et al., 1994; 
Reynolds and Heuvel, 2009; Schultz, 1995). 
Trellis systems can influence berry weight, 
and fruit soluble solids, and color (Ezzahoua-
ni and Williams, 2003; Sanchez-Rodriguez 
and Spósito, 2019),  C6 volatile compounds 
and C9 compounds (Xu et al., 2015). Trellis 
systems may influence the concentration of 
monoterpenes, such as specifically geraniol 
(Ji et al., 2008), as well as berry dry matter 
(30%) and yield (9-11%) (Sanchez-Rodri-
guez and Spósito, 2019; Salvi et al., 2021), 
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and primary and secondary metabolites, such 
as soluble solids, acidity, and phenolic pro-
files of grapes (Azuma et al., 2012). Although 
training system effects on yield and fruit 
composition have been extensively evaluated 
in cool climates (Carbonneau and Huglin, 
1982; Reynolds et al., 1995), less work has 
been done in warm to hot climates, where the 
mean January (or July) temperature (MJT) is 
greater than 21°C (Smart et al., 1985). Some 
studies also indicate that berry weight, length 
and diameter, and total soluble solids were 
not significantly different among the trellis 
systems (Kim et al., 2014). Ezzahouani and 
Williams (2003) also found that yield per vine 
was not affected by any of the trellis treat-
ments. 
  Berry skin color is one of the most impor-
tant fruit traits selected for with red grape cul-
tivars. It is mainly determined by the quality 
and composition of anthocyanins (Azuma et 
al., 2015). There are six main anthocyanins in 
plants, which are cyanidin, delphinidin, pel-
argonidin, peonidin, malvidin, and petunidin 
(Wang et al., 2021). Anthocyanins accumu-
late in berry skins during ripening, and sev-
eral agroecological factors, such as cultivar, 
climate, soil conditions, canopy management, 
crop level, irrigation, ripening, and tempera-
ture have been related to anthocyanin ac-
cumulation in red grape skins (Jackson and 
Lombard., 1993; Esteban et al., 2001).
  The ‘Xinyu’ table grape (Vitis vinifera L.) 
was bred from a cross between the natural 
hybrid single ‘Red Globe’ plant E-42-6 (fe-
male parent) and ‘Rizamat’ (male parent) at 
the Grapes and Melons Research Institute of 
Xinjiang Uighur Autonomous Region and 
registered by Xinjiang Uygur Autonomous 
Region Crop Variety Registration Commit-
tee in 2005. Its berries are oval with dark red/
violet skin, a slightly crisp texture, and sour-
sweet flavor as well as good storage, transpor-
tation, and adaptability characteristics (Luo et 
al., 2007). At present, ‘Xinyu’ is widely culti-
vated in Xinjiang, Yunnan, Shaanxi, and other 
provinces in China. Grapes were previously 
cultivated on small trellis systems in the Tur-

pan region that provided a good windproof 
effect while requiring a minimal amount of 
material. However, these systems were also 
low to the ground and not amenable to mech-
anized cultivation and management. There 
are a multitude of trellis systems for grape-
vines in different parts of China. Each system 
has it peculiarities, which may be related to 
the characteristics of the region, such as the 
relief, climatic condition, technological level 
and cultural habit of grape grower (Sander et 
al., 2019). 
  This research was conducted in the Turpan 
region of China, in 2021, and is a typical ex-
tremely arid area, with high temperatures and 
low humidity. During the fruit coloring, the 
air temperature is at its highest for the year, 
which can result in poor color or excessively 
dark coloration. To increase ‘Xinyu’ produc-
tion and to optimize fruit quality, it is very 
important to choose the appropriate trellis 
system to obtain light interception and pho-
tosynthetic radiation. Therefore, a new trellis 
system is required. To date there are still few 
studies aimed at the fruit quality and other 
characteristics of ‘Xinyu’ grown in a high 
temperature, low humidity, and strong light 
environment. The aim of this study was to in-
vestigate the effects of three different trellis 
systems on the fruit-zone microclimate, can-
opy structure, fruit quality, and anthocyanin 
concentration of ‘Xinyu’ grape cultivated in 
Turpan, Xinjiang, China, in order to provide 
a reference for the production of high-quality 
fruit.

Materials and Methods
Experimental site and treatments
  The own-rooted ‘Xinyu’ table grapes (Vi-
tis vinifera L.) that had been planted in 2015 
were sourced from Yuanyichang (42°91′N, 
90°30′E), Shanshan county, Turpan, Xinji-
ang, China, in 2021. 
  The experiment consisted of three treat-
ments: (1) single dragon trunk shaping and 
horizontal leaf curtain (SDTS-H, Figure 1), 
(2) inclined single dragon trunk shaping and 
horizontal leaf curtain (ISDTS-H, Figure 2.), 
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(3) inclined single dragon trunk shaping with 
vertical and horizontal leaf curtains (ISDTS-
VH, Figure 3.). Both ISDTS-H and ISDTS-
VH vines were oriented in an east–west di-
rection with an angle of 15° to the west/east 
and were spaced at 2.0 m×3.5 m, the SDTS-H 
vines were spaced at 1.2 m×4.0 m and trunk 
was north-south. ISDTS-H and ISDTS-VH 

treatments were applied to 42 grapevine ex-
perimental units, and SDTS-H treatment ap-
plied to 62 grapevine experimental units, 
each unit area was about 300 m2, and the 
treatments were replicated three times in a 
completely randomized design. Four grape-
vines at each end of the experiment plot were 
excluded to minimize the border effect. 

 

Figure 1. Single dragon trunk shaping + Horizontal leaf curtain, SDTS-H

 

Figure 2. Inclined single dragon trunk shaping + Horizontal leaf curtain, ISDTS-H
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  The vineyard was irrigated with a micro-
spray irrigation system. The total amount of 
irrigation water was about 15,000 m3·ha–1 for 
each year. Organic fertilizer (sheep manure, 
30 m3·ha–1), diammonium phosphate (DAP, 
900 kg·ha–1), carbamide (300 kg·ha–1), com-
pound fertilizer (15% N : 1.4% P : 6.55% K, 
600 kg·ha–1) and potassium sulphate (300 
kg·ha–1) were applied each year. Pest and dis-
ease management followed the standard pro-
cedure used in the production yard.

Fruit-zone microclimate monitoring
  To measure the fruit-zone microclimate, a 
temperature-humidity recorder (EL-USB-2, 
Lascar, United Kingdom) was hung in the 
fruit zone during the fruit coloration period 
to monitor the fruit-zone temperature and hu-
midity. One sensor was applied to each ex-
perimental unit; there were 9 sensors. Values 
were recorded at 30-min intervals throughout 
each day from the early stage of veraison (5 
June) to the fruit ripening stage (20 August). 

Grape sample collection and measurement
Leaf curtain structure, branch growth, and 
leaves area index
  The length, width, and thickness of the leaf 
curtain were measured using a tape measure, 
seven days after secondary tips were trimmed 

in early July. A plant canopy analyzer (LAI-
2200C, LI-COR Biosciences, Lincoln, NE, 
USA) was used to measure leaf area index 
(LAI) for each replicate from 12 randomly 
selected sites in each plot. 

Berry quality and yield
For each replicate, 1500 g of berries were 
collected and immediately transported to the 
laboratory to measure fruit quality.
  A subsample of 30 berries per replicate was 
weighted on an electronic balance (AL214, 
Sartorius, Germany), and berry longitudi-
nal diameter and transverse diameter were 
measured using Vernier calipers (DL3944, 
Deli Group Co. LTD, China). Berry shape in-
dex was calculated as longitudinal diameter 
(mm)/transverse diameter (mm).
  A portable refractometer (PAL-1, Atago, 
Tokyo, Japan) was used to determine the 
total soluble solids (TSS, °Brix). Titratable 
acid concentration (TA) was determined 
by titration with 0.05 mol·L−1 NaOH to an 
endpoint of pH 8.2, and was expressed as 
tartaric acid equivalents. Vitamin C (VC) 
concentration was determined according to 
food  safety  national  standard  Determina-
tion of  total acid  in  foods (GB 12456-2021, 
2021), total anthocyanins concentrations 
were determined utilizing the pH differential 

Figure 3. Inclined single dragon trunk shaping + V and Horizontal leaf curtain, ISDTS-VH 

 



140 Journal of the American Pomological Society

method (Stojanovic and Silva, 2007). Each 
measurement was repeated 3 times. When the 
berry was mature, clusters were picked and 
weighed to calculate the yield of each plot.

Color measurement
  Berry color was determined around the 
equatorial belt of each berry for 20 berries per 
treatment. A chroma meter (CR-400, Atago, 
Tokyo, Japan) was used to measure L*, a*, 
and b* values. The values of a* and b* were 
used to calculate the chroma axis C* with 
the equation C*=[(a*) 2 + (b*)2]0.5. The hue 
angle (h°) was calculated with the equation 
h°=tang−1 (b*/a*). These values were used to 
calculate the color index for red grape (CIRG) 
with the equation CIRG=(180−h°)/(L*+C*) 
(Carreño et al., 1995), green-yellow (CIRG 
<2), pink (2<CIRG<4), red (4<CIRG<5), 
dark red (5<CIRG<6), blue-black (CIRG>6) 
(Carreño et al., 1996).

Detection of anthocyanin compounds in peel
  Chemicals and reagents. High-perfor-
mance liquid chromatography-grade methanol 
(MeOH) was purchased from Merck (Darm-
stadt, Germany). MilliQ water (Millipore, 
Bedford, MA, USA) was used in all experi-
ments. All of the standards were purchased 
from isoReag (Shanghai, China). Formic 
acid was purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Hydrochloric acid was ob-
tained from Xinyang Chemical Reagent (Xin-
yang, China). Stock solutions of standards 
were prepared at a concentration of 1 mg/ml 
in 50% MeOH and stored at -20°C. Working 
solutions were prepared by diluting the stock 
solutions with 50% MeOH before use.
  Sample preparation and extraction. Sam-
ples were freeze-dried, ground into powder 
(30 Hz, 1.5 min), and stored at -80°C until 
use. The powder (50 mg) was extracted with 
0.5 ml methanol/water/hydrochloric acid 
(500:500:1, v/v/v) and the extract was vor-
texed for 5 min, ultrasonicated for 5 min, and 
centrifuged at 12,000×g and 4°C for 3 min. 
The residue was re-extracted by repeating the 
above steps under the same conditions. The 

supernatant was collected and passed through 
a membrane filter (0.22 μm; ANPEL Labora-
tory Technologies, Shanghai, China) before 
liquid chromatography–tandem mass spec-
trometry (LC–MS/MS) analysis.
  Ultrahigh-performance liquid chromatog-
raphy (UPLC). Sample extracts were ana-
lyzed using a UPLC-electrospray ionization 
(ESI)–MS/MS system (ExionLC™ and Tri-
ple Quad 6500; AB Sciex, Framingham, MA, 
USA). The analytical conditions were as fol-
lows, ACQUITY BEH C18 (1.7 µm, 2.1×100 
mm) (Waters, Milford, MA, USA); solvent 
system, water (0.1% formic acid):methanol 
(0.1% formic acid); gradient program, 95:5 
v/v at 0 min, 50:50 v/v at 6 min, 5:95 v/v at 
12 min, hold for 2 min, 95:5 v/v at 14 min, 
hold for 2 min; flow rate, 0.35 ml/min; tem-
perature, 40°C; and injection volume, 2 μL.
  ESI–MS/MS conditions. Linear ion trap 
and triple quadrupole scans were acquired on 
a triple quadrupole linear ion trap mass spec-
trometer (QTRAP6500+ LC–MS/MS system) 
equipped with an ESI turbo ion spray interface, 
operating in positive ion mode and controlled 
with Analyst v1.6.3 software (AB Sciex). The 
ESI source operation parameters were as fol-
lows: ion source, ESI+; source temperature, 
550°C; ion spray voltage, 5500 V; and curtain 
gas, 35 psi. Anthocyanins were detected us-
ing scheduled multiple reaction monitoring 
(MRM). Analyst v1.6.3 software (AB Sciex) 
was used for data acquisition, and Multiquant 
v3.0.3 software (AB Sciex) was used to quan-
tify metabolites. MS parameters including 
the declustering potential (DP) and collision 
energy (CE) for individual MRM transitions 
were used with further DP and CE optimiza-
tion. A specific set of MRM transitions were 
monitored for each period according to the 
metabolites eluted within this period.

Data analysis
  Excel 2007 software (Microsoft, Redmond, 
WA, USA) and SPSS v20.0 (IBM, Armonk, 
NY, USA) were used for statistical analyses. 
Statistically significant differences (P<0.05) 
between groups were evaluated by 1-way 
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analysis of variance and Duncan’s multiple 
range test for multiple comparisons. Figure 
1 was produced with photoshop (CC2019, 
Adobe, America). Figure 2 was plotted using 
OriginLab OriPro 2021 (MicroLalab, USA).

Results
Fruit-zone microclimate
  The minimum and mean temperatures 
were higher for ISDTS-H and ISDTS-VH 
than those for SDTS-H. Means of the mini-
mum temperature and mean temperature 
were higher for ISDTS-H and ISDTS-VH 
than for SDTS-H, with differences of 2.77°C 
and 2.72°C, and 2.29°C and 2.24°C, respec-
tively (Figure 4). 
  The maximum and mean humidities were 

higher for SDTS-H than for ISDTS-H and 
ISDTS-VH, and ISDTS-VH was slighter 
higher than ISDTS-H. Compared with SDTS-
H, the maximum humidity and the minimum 
humidity for ISDTS-H and ISDTS-VH were 
decreased (Figure 5).

Leaf curtain structure
  Canopy thickness was lower for ISDTS-
VH and ISDTS-H than for SDTS-H. Canopy 
length was significantly longer for SDTS-H 
than for the other systems, whereas SDTS-H 
and ISDTS-VH were not different. Canopy 
width was highest for ISDTS-VH and pro-
gressively lower for ISDTS-H and SDTS-H. 
Canopy height was the highest for ISDTS-H, 
followed by ISDTS-VH, SDTS-H, with sig-

Figure 4. Daily average minimum, maximum and mean temperatures within the canopies of ‘Xinyu’ grape 
vines trained to three systems. 
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nificant differences among the three groups. 
For leaf area index (LAI), SDTS-H was the 
highest (5.84), followed by ISDTS-VH (5.25) 
and ISDTS-H (4.80), and differences among 
the trellis systems were significant (Table 1).

Berry quality
  Berry weight, berry longitudinal diameter, 
and fruit shape index were significantly high-
er for ISDTS-VH than ISDTS-H and SDTS-
H, but the latter two treatments were not sig-
nificantly different. Berry transverse diameter 
was not affected by trellis system (Table 2).
  Total soluble solids and TSS/TA were sig-
nificantly higher for ISDTS-VH and ISDTS-
H than for SDTS-H, and titratable acid (TA) 
concentration was significantly lower for 
ISDTS-H and ISDTS-VH than for SDTS-

H. Vitamin C concentration was highest 
for ISDTS-VH, followed by ISDTS-H, and 
SDTS-H. Total anthocyanins concentration 
was highest for ISDTS-H, followed by IS-
DTS-VH, and SDTS-H.  Number of clusters 
per ha and yield were significantly highest 
for SDTS-H, followed by ISDTS-VH and IS-
DTS-H. Berries on ISDTS-H ripened earliest 
(15 July), and fruit on SDTS-H ripened latest 
(10 August).

Fruit color
  Compared to SDTS-H, values of L*, a*, 
b*, and C* were significantly lower for IS-
DTS-VH and ISDTS-H (Table 3). CIRG for 
SDTS-H was significantly lower than for 
ISDTS-VH and ISDTS-H.

Figure 5. Daily average minimum, maximum and mean relative humidity measured within the canopies of 
‘Xinyu’ grape vines trained to three systems.  521 
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Table 1. Leaf curtain structure characteristics of ‘Xinyu’ grape vines trained to three different trellis 
systems.

z  	Values are means ± standard deviations of three replicates. Values within rows followed by common letters do not differ at the 5% 
level of significance, by Duncan’s multiple range test.
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Anthocyanin compounds in berry skin
  High total and peel anthocyanin concen-
trations are the main reason for the deep 
coloration of ‘Xinyu’ grapes, which is also 
enhanced by increased total delphinidin con-
centration. Delphinidin, petunidin, malvidin, 
cyanidin, and pelargonidin concentrations 
in berry skin were highest for ISDTS-H and 
lowest for SDTS-H, but concentrations for 
ISDTS-H and ISDTS-VH were not always 

Table 3. Berry color of ‘Xinyu’ grape berry harvested from vines trained to three different trellis 
systems.

Table 2. Berry characters of ‘Xinyu’ grapes harvest from vines trained to three different trellis systems. 530 

Berry charqcteristic SDTS-H ISDTS-H ISDTS-VH 

Berry mass (g) 10.57± 0.67 b z 10.04±0.31 b 12.99± 0.26 a 

Longitudinal diameter (mm) 29.54± 1.43 b 28.79±1.25 b 32.81±1.34 a 

Transverse diameter (mm) 25.06±1.00 a 24.36± 1.32 a 25.07± 0.81 a 

Fruit shape index 1.18± 0.07 b 1.19±0.07 b 1.31±0.06 a 

Total soluble solids (%) 13.33±0.95 c 19.20±0.90 a 17.71±0.51 b 

Titratable acid (mg·g−1) 7.03±0.24 a 5.82±0.18 c 6.31± 0.22 b 

TSS/TA 19.84±0.57 c 33.27±0.87 a 28.73±0.46 b 

Vitamin C (mg·kg−1) 366.75± 4.89 c 411.23±3.71 b 455.72±4.58 a 

Total anthocyanins (μg·g−1) 521.00± 8.51 c 811.84±16.74 a 627.88±31.01 b 

Actual no. clusters/ ha 24762.45±1611.3 a 18150.90±1325.4 c 20724.60±1429.3 b 

Yield (t·ha−1) 29.10±3.37 a 15.63±1.14 c 24.30±1.84 b 

Ripen date 10 August  15 July  22 July  

z Values are means ± standard deviation of three replicates. Values within rows followed by common 531 

letters do not differ at the 5% level of significance, by Duncan’s multiple range test. 532 
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significantly different (Table 4).  Pelargonidin 
concentrations were lowest for SDTS-H. The 
proportion of total cyanidins was lowest and 
the proportion of total delphinidins was high-
est for ISDTS-H. 
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anin concentrations were highest for ISDTS-
HH (Table 5). The proportion of methylated 
anthocyanins was significantly lower for 
ISDTS-H than for SDTS-H and ISDTS-VH, 
but the proportion of nonmethylated anthocy-
anins was relatively high, with no difference 
between SDTS-H and ISDTS-VH. Acety-
lated and coumaroylated anthocyanins were 
dominant in berry skin whereas coffeelation 
and acylation were detected at low levels. 
The proportion and concentration of acylated 
anthocyanins were significantly higher for 
ISDTS-H than for SDTS-H and ISDTS-VH. 

Discussion
Effect of trellis system on grape vine
structure
  Training/Trellis system and canopy man-
agement are integral components of vineyard 
management because of their impact on the 
microclimate within the canopy (Tsolova et 
al., 2007). The leaf curtain of grape vines is 
influenced by the trellis system and new shoot 
management, and training systems influence 
total leaf area (Wang et al., 2019).  In this 
study we found that the trellis system im-
pacted the canopy thickness, length, width, 
and area. Plant spacing and management of 
new shoots with SDTS-H enhanced apical 
dominance producing a thicker leaf curtain 
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and higher leaf area index (Pan et al., 2017). 
Shi et al. (2015) observed that V-shape leaf 
curtain also had obvious apical dominance, 
producing a thicker leaf curtain and greater 
the leaf area index, the results in this experi-
ment were consistent with the previous ob-
servations.

Effect of trellis system on fruit quality
  Previous studies showed that in cooler cli-
mates, yield components, berry weight, berry 
diameter, total soluble solids, and titratable 
acidity did not differ among trellis systems 
(Olson et al., 2021), and berry total antho-
cyanin concentrations at harvest were not 
greatly affected by training system (Wolf et 
al., 2003). In this study, TSS and solid/acid of 
‘Xinyu’ grape were significantly higher when 
grown under ISDTS trellis systems compared 
to that under the SDTS system. For dry culti-
vation, ISDTS may promote the degradation 
of fruit sugars and organic acids, and ber-
ries within the relatively open clusters may 
experience greater temperature differences 
between day and night. Unlike the relatively 
closed SDTS-H system, the ISDTS system 
may not be conducive for accumulation of 
sugars and for anthocyanins. The increase in 
photosynthetic area with ISDTS-VH promot-
ed the accumulation of more nutrients com-
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pared with a pergola trellis, while reduction 
of bearing part of V-shaped trellis protected 
the fruit from damage caused by hot and dry 
wind, high temperature, and strong light, 
resulting in a higher horizontal curtain and 
larger berries despite a smaller leaf area in-
dex (LAI). Although sugar and anthocyanins 
accumulate, organic acids degrade quickly in 
overexposed grape berry, the relatively small 
leaf-to-fruit ratio does not favor berry devel-
opment, leading to a small berry mass.

Effect of trellis system on anthocyanin
accumulation
  Color is an important characteristic for 
evaluating grape quality. It is mainly deter-
mined by concentrations of different antho-
cyanins (Castellarin et al. 2006). In general, 
a higher total anthocyanin concentration in 
the peel yield a darker fruit. Berry skin with 
a high proportion of cyanidins are generally 
light red or red, whereas those with a high 
proportion of delphinidins are purple- or blue-
black (Jaakola et al. 2002; Azuma et al. 2015). 
Additionally, a higher proportion of modified 
anthocyanins was associated with darker fruit 
color (Gomez et al. 2009). Environmental 
factors such as light and temperature can af-
fect the anthocyanin composition and level in 
fruit by altering gene expression (Mazza et 
al. 1995). The anthocyanin concentration of 
‘Xinyu’ grape skins was significantly higher 
with ISDTS trellis systems than with the 
SDTS system, and the anthocyanin was sig-
nificantly higher for grapes from the ISDTS-
H treatment than for those from ISDTS-VH. 
The number of hours above 35°C was highest 
for ISDTS-H and lowest for SDTS-H, and 
the anthocyanin concentration was consistent 
with the time above 35°C. Mori et al. (2005) 
also showed that high temperature reduced 
anthocyanin accumulation in the skin. How-
ever, the elevated temperature was beneficial 
for the increased proportion of malvidin-
based anthocyanins (Lu et al. 2022). In this 
study we also found that malvidin concentra-
tion was higher for ISDTS-H than for ISDTS-
VH and SDTS-H.

  Additionally, the high proportion of to-
tal delphinidins may have make berry skin 
overcoloring which can also occur with high 
levels of methylated and acylated anthocya-
nins. Lu et al. (2022) showed that elevated 
temperature might be the cause of higher 
proportions of methylated anthocyanins and 
acylated anthocyanins. Tarara et al. (2008) 
showed that grape berries might shunt more 
of the available anthocyanin toward acylation 
in response to temperature stress, with the po-
tential advantage to the plant of color stabil-
ity within the vacuole because of the stability 
of the acylated compounds. In this study, we 
found that the proportion of acetylated was 
higher for ISDTS-H than for ISDTS-VH and 
SDTS-H, however, the proportion of methyl-
ated was lower for ISDTS-H than for ISDTS-
VH and SDTS-H, but this study was not ex-
actly the same as previous studies. By altering 
the leaf curtain structure, the different trellis 
systems further influenced fruit nutrient sup-
ply and microclimate, resulting in differences 
in fruit coloring, although the contribution of 
other factors such as light intensity and qual-
ity that affect anthocyanin synthesis requires 
further study.

Conclusions
  There were significant differences in the 
fruit quality and characteristics of ‘Xinyu’ 
grape trained to three different trellis systems. 
Canopy thickness, LAI, and yield were high-
est for SDTS-H and lowest for ISDTS-H. 
The ISDTS-VH system had the highest berry 
mass and fruit quality. 
  The six anthocyanins, including delphini-
din, petunidin, malvidin, cyanidin, peonidin 
and pelargonidin, were detected in the ‘Xinyu’ 
berry skin, and delphinidin was dominant. 
ISDTS-H and ISDTS-VH could increase the 
proportion of acetylated anthocyanin and de-
crease the proportion of methylated anthocy-
anin. Taken together, cultivation of ‘Xinyu’ 
grape with the ISDTS-VH trellis system in 
the arid area of northwest China can achieve 
relatively high yields and high berry quality.
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About the Cover:
  Velvet apple (Diospyros blancoi) is a tropical fruit related to persimmon and native to 
the Philippines and Taiwan. It is not grown commercially but may be sold in local farmer’s 
markets. Trees are propagated by seed or cuttings. The deciduous trees can be 20 m tall. 
Seedling trees vary greatly in tree size and shape, and fruits vary in shape, color, taste, and 
hairiness. The skin is not eaten because it is tough and bitter. Some fruits have large seeds and 
others are seedless. The fruit is less popular than many other tropical fruits because it lacks 
sweetness and is fairly dry.  Trees flower in late winter and fruits ripen in June to September. 
Trees produce dark colored wood that is very dense, and the wood is used for flooring, doors 
and windows in house construction as well as for carving and furniture.    




