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Abstract: Harvesting table grapes twice yearly presents a viable opportunity for winegrowers
seeking to increase profitability and extend fruit availability in the market. In this study, we aimed
to assess the production and quality of the seeded grape Niagara Rosada, a table grape resulting
from a natural mutation of Niagara with red fruit. The vineyard was 14 years old and not irrigated;
the soil is classified as dystrophic Tb Haplic Cambisol, and the climate is humid subtropical with dry
winter and warm summer. Vines were pruned twice a year, leading to harvests in 2015 and 2016 in
both summer and winter (a total of 760 days). Throughout the experiment, we monitored various
climatic conditions, such as rainfall, air temperature, photosynthetically active radiation (PAR),
temperature range, degree-day accumulation, and Huglin index values. We evaluated yield and fruit
quality, including the number of branches and bunches, as well as the weight and size of the bunches
and berries. Additionally, we assessed the quality of the must, examining soluble solids, acidity, and
the maturation index for each harvest. We observed that higher rainfall and PAR during the summer
harvest resulted in increased grape production compared to winter harvest. Niagara Rosada
produced two branches and four bunches more per plant during the summer than in the winter crop,
increasing by 71.2% of grape production. Interestingly, however, fruit harvested in winter displayed
better quality with a higher maturation index. Despite these differences, both summer and winter
harvests met the quality standards for commercialization. In conclusion, our findings suggest that
winegrowers can successfully harvest Niagara Rosada grapes twice a year under subtropical
conditions, offering a feasible approach for increasing productivity and fruit availability within the
market.
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Abbreviations: ADG_accumulated degree-days; BeL_ten berries length; BeW_ ten berries width; BM_beginning of maturation;
Br_number of branches; Bu_number of bunches; BuL_bunch length; BuW_bunch width; D_day length; F_flowering; FWBe_fresh
mass of ten berries; FWBu_fresh mass of bunches; FWS_fresh mass of rachis; HI_Huglin index; M_Maturation; MI_maturation
index; P_pruning; PAR_ photosynthetically active radiation; Prod_production; Rain_rainfall; S_budburst; S_summer crop season;
SSC_solid soluble contents; Ta_tartaric acid; TA_thermal amplitude; Tave_average temperatures; Tmax_ maximum temperatures;
Tmin_minimum temperatures; W_winter crop season.

Introduction

Grapevines are grown for various purposes, including wine,
juice, and table grapes, and they grow on a total of 7.3 million
hectares of vineyards worldwide (O1V, 2020). Brazil produced
1.4 million tons of grapes in 2022, including Vitis vinifera, Vitis
labrusca and hybrids (IBGE, 2022). In Sao Paulo State, one of
the largest table grape regions in Brazil, the main cultivar is
Niagara Rosada (Mello and Machado, 2022). Niagara Rosada
is a seeded grape variety originated in 1933 from a natural
somatic mutation of the Niagara (Vitis labrusca x Vitis
vinifera) in Brazil. Niagara Rosada is known for its ease of
cultivation, tolerance to diseases and pests, and popularity
among consumers owing to its appealing pink color and
sweet flavor (Camargo, 1998).

To achieve high grape quality and production, different types
of vineyard management can be used, depending on the
region where the vineyard is located (Qiu et al., 2019). In
tropical and subtropical regions, high temperatures around
25 °C and consistent rainfall throughout the year create
favorable conditions for at least two grapevine cycles per
year (Hernandes et al., 2013; Scapin-Buffara et al., 2018; Leao
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et al., 2020). Grapevine double cropping represents a valuable
technique that allows grape growers to maximize production
efficiency, manage market dynamics, and increase both yield
and fruit quality (Lu et al., 2023). Double pruning is a
viticultural practice employed in spur-pruned vineyards to
optimize the timing of final pruning. This technique involves
conducting two pruning sessions during the growing season.
The first occurs in late winter (late August and September in
Brazil), and the second takes place in late summer, usually
between late December and January in Brazil. During this
stage, vines are rapidly and selectively pruned to achieve the
desired bud count for optimal vine balance and grape
production (Weber et al., 2007). By implementing summer
pruning techniques, such as single or double cropping within
the same season, growers can effectively manage vine vigor,
canopy density, and fruit load to optimize grape quality and
yield. This approach allows growers to adapt to shifts in
temperature, precipitation patterns, and growing seasons to
harness the potential benefits of climate change while
mitigating associated risks (Poni et al., 2023).
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Fig 1. Principal components analysis. (A) Cycles 2014, 2015/1, 2015/2, and 2016, during summer and winter crop seasons. Crop
seasons with a similar profile are grouped on the same side of the graph. (B)Variables used to characterize seasons and cycles.
Variables with orange arrows indicate high contributions to explaining the principal component. Variables with arrows in yellow,
brown, and blue, respectively, indicate low contributions to explaining the principal component. Note Production (Prod), number
of branches (Br) and bunches (Bu) per plant, fresh mass of bunch (FWBu), bunch length (BuL) and width (BuW), fresh mass of ten
berries (FWBu), ten berries length (BeL) and width (BeW), fresh mass of rachis (FWS), solid soluble contents (SSC), acidity,
maturation index (Ml), thermal amplitude (TA), average temperature (Tave), minimum temperature (Tmin), maximum temperature

(Tmax) and rainfall (rain).

For two grapevine cycles per year, the double pruning
technique is performed, resulting in two harvests per year,
one in winter and the other in summer (Favero et al., 2011;
Lu et al, 2022). However, grape production is seasonally
affected by climatic factors, such as air temperature, rainfall,
wind, humidity, thermal amplitude, and photosynthetically
active radiation (Nunes et al.,, 2016). Therefore, grapevines
cultivated twice a year may exhibit differences in terms of
the number of branches and bunches, fruit weight and size,
soluble solids content, and titratable acidity of the must in
both crop cycles (Ricce et al., 2013; Mirdehghan and Rahimi,
2016; Nan et al., 2018). Nonetheless, double pruning still faces
challenges due to its adaptability to different climatic regions
and grape varieties, resulting in different yields and fruit
quality (Lu et al., 2023). By altering the grapevine cycle, the
double pruning technique can help avoid spring frost injury
in grapevines (Centinari, 2023), reduce grape diseases like
Eutypa lata in spur-pruned vineyards (Weber et al., 2007), and
mitigate challenges related to the rainy season in tropical
regions such as Brazil and Thailand, thereby improving grape
quality (Camargo et al., 2012).

Accordingly, this study aimed to evaluate the production of
table grapes, specifically the Niagara Rosada variety, during
both winter and summer crop cycles under subtropical
growing conditions. Despite climatic differences between the
two seasons, our hypothesis holds that the production of
high-quality table grapes is feasible in both summer and
winter, highlighting the adaptability and potential of
Niagara Rosada in Brazil.

Results

Performance of Niagara Rosada during the winter and
summer cycles

The cultivar Niagara Rosada produced two branches and four
bunches more per plant during the summer compared to
such production in the winter crop, increasing grape
production by 71.2% (+6 ton ha) during the summer crop
season under a subtropical climate (Table 1). High
production during the summer, which is the usual crop
season, was the result of heavier and bigger fruits compared
to fruits harvested in the winter. FWBu, FWBe, and FWS
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increased by 49.9 g, 7.78 g, and 2.05 g, respectively, during
the summer. Also, when comparing cycles in the summer
season, the 2014 cycle produced more bunches per plant, and
during the second summer crop cycle (2015/2), the grapevine
produced more branches (21 branches) with berries (FWBe =
43.44 g) and heavier rachis (FWS = 6.35 g). Comparing the
2014 and 2015/1 winter crop cycles with the 2015/1 and 2016
winter cycles, the grapevine produced smaller and lighter
fruits, resulting in lower production.

Grapes from summer crop cycles (2014 and 2015/2) showed
higher MI with lower must acidity than grapes from winter
crop cycles (2015/1 and 2016). Must acidity increased by 0.14,
and both SSC and MI decreased by 0.25°. Brix and MI
decreased by 0.25 and 18.8, respectively, during both winter
crop cycles (Table 2). Must presented a higher SSC in the
2014 summer cycle compared to the 2016 winter cycle.
Characterizing crop  seasons  with
Components Analysis (PCA)

The first principal component explaining 64.6% of total
experimental variation and it was related to grape
production, Bu, FMBu, WBu, LBu, SSC, MI, must acidity,
rainfall, thermal amplitude, and average and maximum
temperature characterizing the differences between winter
and summer seasons (Figure 3). During the summer season,
the grapevines were cultivated under higher rainfall, thermal
amplitude, and average and maximum temperature,
resulting in higher grape production with heavier and larger
bunches (FMBu, WBu, Bu and BuL) compared to the winter
crop under subtropical conditions. In addition, the summer
season produced must with lower acidity and higher SSC,
resulting in higher MI than in the winter season (Figures 3A
and B).

The second principal component explained 29.1% of the total
experimental variation related to minimum temperature and
the number of branches, which characterized the cycles.
During the cycles 2015/2 and 2016, the grapevine was
cultivated under higher minimum temperature, resulting in
higher branch production per plant, compared to the
cultivation in cycles 2014 and 2015/1 (Figures 3A and B).

Principal



Table 1. Production, number of branches (Br) and bunches (Bu) per plant, fresh mass of bunch (FWBu), bunch length (BuL) and
width (BuW), fresh mass of ten berries (FWBu), length of ten berries (BeL) and width (BeW), and the fresh mass of rachis (FWS) of
cv. Niagara Rosada cultivated during four cycles in the winter and summer crop seasons under subtropical conditions.

.. Crop season Cycle

Characteristic =g s Winter p-value 2014 2015/1 2015/2 2016 p-value
Prod (ton ha') 14.10 + 3.5T a 836+1.11b <0.001 17.35+0.47a 897 +092c 10.35+1.29b 7.75 £ 0.99 ¢ <0.001
Br (un) 16 £52a 14+09b <0.001 11 +0.30 c 15+0.80b 21+£1.1a 14+£09b <0.001
Bu (un) 15+271a 11 +14b <0.001 17 £0.30 a 13+0.60 b 13+0.60b 10+1.3c <0.001
FWBu (g) 189.0 + 4.21 a 139.1+3.36 b <0.001 198.0 +0.36 a 126.9 +0.54 c 180.0 £ 0.45 a 151.2+0.80 b <0.001
BuL (cm) 11.42 £ 0.76 a 10.63 £ 0.36 b <0.001 11.47+0.33a 10.08+0.38b 11.38 +0.42 a 11.18 £ 0.52 a <0.001
BuW (cm) 597 +0.41a 5.46+0.10 b 0.001 5.88 £ 0.26 5.41 £ 0.06 6.06 + 0.54 5.51 £ 0.11 0.541
FWBe (g) 4344 + 1.44 a 35.66 £ 3.39 b <0.001 - 36.17 + 3.84 4344 +1.44 35.15+ 3.14 0.603
BeL (cm) 20.80 + 0.39 a 19.21+131b 0.021 - 18.75 + 0.49 20.80 + 0.39 19.67 + 1.75 0.198
BeW (cm) 18.64 £ 0.25 a 17.22+0.22b <0.001 - 17.22+0.31b 18.64 + 0.25 a 17.22+0.07 b 0.900
FWS (g) 6.35+0.37 a 4.30 £ 0.55 b <0.001 - 3.82+0.22 ¢ 6.35+0.37 a 4.77 £ 0.30 b <0.001

Values after means are the deviation using 95% of interval confidence. Different letters in the row indicate significance according
to the Scott-Knott test (p<0.05).

Table 2. Solid soluble contents (SSC), acidity and maturation index (MI) of cv. Niagara Rosada’s must cultivated during four cycles
in the winter and summer crop seasons under subtropical conditions.

Characteristics Crop Season Cycle

Summer Winter P-value 2014 2015/1 2015/2 2016 P-value
SSC (°Brix) 16.72 £+ 0.37 a 16.47 £ 0.32b 0.024 17.0+0.20 a 16.7 £ 0.29 ab 16.4 £0.27 bc  16.2£0.14¢  <0.001
Acidity (g 100 g ta) 0.30 £ 0.03 b 0.44 +0.05a <0.001 0.27 £ 0.02d 0.48 £0.02a 0.32£0.01c  0.39%0.02b <0.001
MI (SSC/Acidity) 564 +79a 376 +39b <0.001 62.8+6.0a 34.3+1.3d 50.1+2.5b 411 +19¢c <0.001

Values after means are the deviation using 95% of interval confidence. Different letters on the row indicate significance according

to the Scott-Knott test (p < 0.05). ta = tartaric acid.
Discussion

Our results demonstrated a higher production of branches
and fruits for Niagara Rosada during the summer crop
compared to the winter crop under a subtropical climate.
Nevertheless, berries from both summer (20.8 mm) and
winter (19.21 mm) seasons reached the minimum diameter
required for table grape commercialization at between 14
and 17 mm (Brasil, 2002). On the other hand, the variety
Isabel exhibited consistent fruit production and berry mass
during both summer and winter crop seasons (Santos et al.,
2011a), indicating that different vine cultivars are affected in
distinct ways by variable growing conditions. Fruit taste and
quality of the second harvest of grapes from the grapevine
are generally superior to those of the initial fruit (Ahmed et
al., 2019). In our study, however, grapes from both crop
seasons achieved the minimum SSC required for the market
at 14°C Brix (Benato, 2002; Maia, 2002). Niagara Rosada from
the summer crop showed higher MI (maturation index) with
lower must acidity than grapes from the winter crop.
However, varieties such as Syrah and Bérdo produced larger
bunches and berries during the summer crop compared to
the winter crop, while higher sugar content (SSC) and
anthocyanins were observed during the winter crop season
compared to summer (Santos, 2011b). During our
experiment, we observed higher PAR from the beginning of
grape maturation to harvest during the summer crop,
resulting in higher MI, compared to the winter crop. In
addition, higher rainfall during the summer crop, compared
to the winter crop, improved grape production. The low
water availability in soil during the winter limits fruit
production (Martinez-Lischer et al., 2016). The varieties
Syrah and Bérdo produced fewer fruits owing to lower water
availability during the summer when compared to the winter
crop season (Santos et al., 2011b). However, V. labrusca
varieties, such as Niagara Rosada and Bérdo, are more
adapted to tropical and subtropical conditions than V.
vinifera cultivars (Hernandes et al., 2013; Duchéne, 2016).
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Seasonal pruning for grape production needs to be planned
based on climatic conditions and the characteristics of the
variety to be cultivated (Gu et al., 2012; Duchéne, 2016). The
ideal climatic conditions for growing grapevine allow
varieties to achieve maximum genetic potential, resulting in
high fruit production and quality (Duchéne, 2016; Wu et al.,
2016). In our study, the summer crop resulted in higher
production and MI of Niagara Rosada as a result of higher
rainfall during fruit development and higher PAR during
maturation compared with the winter crop. The winter crop
is, nonetheless, an alternative for producing marketable table
grapes (Ras and Vermeulen, 2009; Hernandes et al., 2013; da
Silva et al., 2018), commanding correspondingly high prices
(Ras and Vermeulen, 2009; Ricce et al., 2013; Frolech et al.,
2019). Grapevine varieties, such as Isabel, Niagara Rosada,
Niagara, Concord, Bordo, BRS Carmen, and BRS Rubea,
presented enough accumulated degree-days to be cultivated
twice a year in subtropical and tropical regions during
summer and winter crops (Ricce et al., 2013). Moreover,
grapes harvested in both seasons present the minimum
standard in berry size and SSC to meet market requirements
(Benato, 2002; Maia, 2002), such as that found in Ordinance
n° 371 of the Ministry of Agriculture (Brasil, 2002) and
different international commercialization standards (Kader,
1992; Barros et al., 1995).

The infographic in Figure 2 was created to explain table grape
production and quality during winter and summer crops
under subtropical conditions. From budburst to flowering,
the grapevine needs high thermal amplitude, lower PAR, and
rainfall, when compared to those values from the beginning
of grape maturation. At the first phenological stages, from
budburst to flowering, low PAR and rainfall decrease the
vegetative growth of tendrils and branches, resulting in more
bunches and fresh mass of bunches. Moreover, high thermal
amplitude results in standard budburst (Antivilo et al., 2017).
From fruit development to color change of fruit (‘veraison’),
temperatures above 25 °C, high PAR, and rainfall increase
grape size. From ‘veraison’ to harvest, the decrease in rainfall
and increase in temperature increase SSC, Ml, and phenolic
compounds on the must, but decrease must acidity (Zhang
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Fig 2. Effect of climate on table grape production and quality during the main phenological stages. Note: Up arrows ( T) correspond
to higher values, and down arrows ( | ) represent lower values for evaluated variables during summer and winter crop seasons. (P)
Pruning, (S) Budburst, (F) Flowering, (SM) Start of maturation, (M) Maturation, (SSC) solid soluble contents, (MI) maturation index,
(PAR) photosynthetically active radiation, and (TA) thermal amplitude.
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Fig 3. Design of experimental area. The experiment was performed in a completely randomized block design, consisting of four
blocks with seventy-two grapevines per block. Only the forty-eight central grapevines were considered for evaluation in each season
(n=192 grapevines evaluated in four blocks). Black squares indicate the evaluated area in each block, and green circles represent

individual grapevine plants.

et al.,, 2016). Low rainfall after ‘veraison’ results in grapes
with higher quality owing to less incidence of rip rot
(Glomerealla cingulata) and Botrytis cinerea (Echeverrigaray
et al., 2020; Fedele et al., 2020). Nonetheless, in order to
maintain active vegetation during the summer under a
double reproductive cycle, vines require substantial vigor and
abundant resources, including nutrients and water (Poni et
al., 2023).
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Materials and methods

Experimental area

This study was conducted in Jundiai, Sao Paulo State, Brazil
(23°07’S and 46°56°W), 750 m (a.m.s.l.). According to Képpen-
Geiger, the climate is classified as humid subtropical with
dry winter and warm summer (Cfa). The soil of the
experimental area was classified as dystrophic Tb Haplic
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Fig 5. Rainfall accumulation (A) and photosynthetically active radiation (B) during each phenological phase of the grapevine
Niagara Rosada cultivated in a subtropical climate during summer and winter crop seasons. The summer crop season was from
August to December. The winter crop season was from February to June. July and January were intervals between cycles before
grapevine pruning. (P) Pruning, (S) Budburst, (F) Flowering, (BM) Beginning of maturation, and (M) Maturation.

Table 3. Rainfall, minimum (Tmin), maximum (Tmax), and average (Tm) temperature, accumulated degree-days (ADG), and Huglin
index (HI) of cv. Niagara Rosada cultivated during four cycles in the winter and summer crop seasons under subtropical conditions.

Temperature
Average Minimum Maximum  Amplitude ADG  HI
Crop season °C
Summer 221 4.6 37.8 33.2 1853 2243
Winter 21.6 2.4 33.9 31.5 1648 2157
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Cambisol. The soil of the experimental area was classified as
dystrophic Tb Haplic Cambisol. Chemical analysis of the soil
was conducted before the experiment installation, following
the methodology proposed by Raij et al. (2001). The soil in
the 0-20 cm layer exhibited the following values for chemical
attributes organic matter (O.M.): 16 g kg'; pH (CaCly): 5.0;
base saturation: 68%; P: 388 mg dm3; K: 4.8 mmolc dm3; Ca:
40 mmolc dm3; Mg: 10 mmolc dm3; H+Al: 25 mmolc dm3; B:
0.28 mg kg'; Cu: 6.6 mg kg™; Fe: 76 mg kg'; Mn: 7.7 mg kg~
', Zn: 7.5 mg kg, and in the 20-40 cm layer exhibited organic
matter (O.M.): 12 g kg'; pH (CaCly): 5.1; base saturation: 67%,
P: 250 mg dm-3; K: 5.2 mmolc dm3; Ca: 34 mmolc dm3; Mg: 9
mmole dm3; H+Al: 24 mmolc dm3; B: 0.25 mg kg'; Cu: 4.8 mg
kg™, Fe: 54 mg kg'; Mn: 4.7 mg kg'; Zn: 4.2 mg kg™

The rootstock IAC 766 Campinas was planted in 2010, spaced
1.8 m between rows and 1.0 m between plants (Figure 3). The
cultivar Niagara Rosada was grafted onto the rootstocks in
2011. The grapevines were conducted under a vertical trellis
system, the soil was fertilized, adventitious and apical shoots
were removed, and diseases, such as anthracnose, downy
and powdery mildew, were controlled according to technical
recommendations for the region.

Treatments and experimental design

The treatments were summer and winter crops in a
subtropical climate (Brazil). The summer crop was conducted
during the 2014 and 2015 (2015/1) cycles with pruning in
August and harvesting in December. The winter crop was
conducted during the 2015 (2015/2) and 2016 cycles with
pruning in February and harvesting in June. The
experimentation period lasted a total of 760 days. In all
cycles, 5 % of hydrogen cyanamide (Dormex®, 52 %, m/v
CH2N32) was sprayed on the buds after pruning to standardize
the budburst. After pruning, in all cycles, hydrogen
cyanamide (Dormex®, 52 %, m/v CH2N2) at 5 % was again
sprayed on buds to standardize the budburst. The
experiment was performed in a completely randomized block
design, consisting of four blocks with seventy-two
grapevines per block. Only the forty-eight central grapevines
were considered for evaluation (n = 192 grapevines evaluated
in four blocks).

Grape production and quality

The number of branches (Br) and bunches (Bu) was counted
at the veraison stage. Production and fruit quality were
evaluated at physiological maturation (purple fruits).
Production was estimated in tons per hectare. Grape size was
evaluated using 480 bunches per experimental block (n =
1920 bunches in four blocks). Fresh mass of bunches (FWBu),
ten berries (FWBe), and rachis (FWS) were weighed, and
bunch length (BuL), bunch width (BuW), and both BelL
(length of ten berries) and BeW (width of ten berries) were
measured. Must was extracted (4,800 berries per
experimental block), and solid soluble contents (SSC) were
measured by a digital refractometer (ATAGO®), while
acidity was assessed by adding NaOH 0.1N to the must until
reaching pH 8.2. The maturation index (M) was calculated
as the ratio between SSC and titratable acidity of the must.
Climatic conditions

Total rainfall, photosynthetically active radiation (PAR),
minimum (Tmin), maximum (Tmax), and average (Tave)
temperatures were monitored at a meteorological station
next to the experimental area during all crop seasons.
Thermal amplitude (TA) was calculated using maximum and
minimum temperatures. The accumulated degree-days
(ADG) and Huglin index (HI) were calculated using data from
budburst to harvest for each crop season (Huglin, 1978;
Tonietto and Carbonneau, 2004), as

Tmax 4+ Tmin
ADG = Z[(zi)] —10
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2[(Tmax — 10)] + [Tave — 10]

HI =

Day length (d) was 1 since the experimental area was located
below 40° latitude (Tonietto and Carbonneau, 2004).

The average temperature during the summer crop was 0.5 °C
higher than that during the winter crop season (Table 3 and
Figure 4). Thermal amplitude during summer was 1.7 °C
higher compared to the winter crop. During the winter crop,
the average minimum temperature was 2.2 °C lower than
that of the summer crop. The maximum temperature average
in the summer crop was 3.9 °C higher than that of the winter
crop, increasing the accumulated degree-days and Huglin
Index. Before grapevine pruning, during the winter crop in
July (Table 3), the plants were exposed to higher PAR than
before pruning in the summer crop in January (Figure 5B).
On the other hand, compared to the winter crops, grapevines
were exposed to higher PAR from the beginning of grape
maturation to maturation during the summer crop (Figure
5B). Rainfall accumulation in the summer crop was 50 mm
higher at grape maturation than that during the winter crop
(Figure 5A).

Statistical analysis

Data from seasons and cycles were analyzed by variance
analysis, and the means were ranked by the Scott-Knott test
(o = 0.05). Crop seasons were characterized by principal
component analysis. Statistical analyses were performed
using the statistical packages Agricolae (Mendiburu, 2020)
and Factoextra (Kassambara and Mundt, 2020) in R software
(R Core Team, 2019).

Conclusions

Our results demonstrate that the management system can
effectively be employed for Niagara Rosada grapes in Sao
Paulo State, ensuring high-quality production of grapes that
can be brought to market in both seasons. This approach also
increases annual grapevine production. The production and
quality of Niagara Rosada grapes were influenced by climatic
conditions during different crop seasons, with a higher
number of fruits exhibiting a correspondingly higher MI
during the summer compared to the winter crop. The
development of a double cropping system per year represents
a significant advancement, improving the quality and yield
of out-of-season grapes.
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