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A B S T R A C T

‘BRS Isis’ is a new colored seedless table grape tolerant to downy mildew, the main vine disease in subtropical
humid areas. This new seedless cultivar is an interspecific hybrid from the crossing of CNPUV 681-29 [Arkansas
1976×CNPUV 147-3 (‘White Niagara’ × ‘Venus’)] × ‘BRS Linda’. However, its performance under subtropical
conditions hasn´t been assessed yet, especially under double annual cropping system. For this purpose, a re-
search was designed with the objective to characterize the phenology and the main physicochemical properties
of this new cultivar. The trial was carried out in a commercial vineyard of ‘BRS Isis’ seedless grape from 2-year-
old vines grafted on ‘IAC 766 Campinas’ rootstock, located in Marialva, state of Paraná (PR), Brazil, in two
consecutive crops, summer season 2016 and off-season 2017. The vines were trained on overhead trellises and
spaced 2.0×5.0m apart. The duration of the main phenological stages of ‘BRS Isis’ were evaluated from
pruning until harvest, as well its thermal demand and main physicochemical characteristics. The summer and
off-season crop cycles of ‘BRS Isis’ seedless grape grown under subtropical conditions last 144 and 125 days, with
thermal demands of 1,931 and 1,815 degree days, respectively. This new seedless grape cultivar can be suc-
cessfully grown under a double annual cropping system in subtropical conditions, however, as it is a very fruitful
cultivar, it is necessary to perform a load crop adjustment after fruit set, equivalent to a density of 5
bunches.m−2, to obtain a sustainable yield in each season. Under this growing system, the berries present in both
seasons, appropriate physicochemical characteristics for table grape market, but with darker skin color in off-
season. Based on these results, a detailed double annual cropping system, with some specific cultural practices, is
proposed for this new hybrid seedless cultivar.

1. Introduction

Viticulture is an important economic activity in South America
countries, such as Chile, Argentina, Uruguay, Peru and Brazil. In the
recent years, it has also become important in generating employment in
large enterprises for production of table grapes, mainly seedless culti-
vars. The worldwide trend for the consumption of seedless grapes has
increased the competition between producers, which direct efforts to
meet a more demanding consumer market (Nachtigal et al., 2005;
Mello, 2016).

Seedless grapes have certain characteristics that make them a high
quality fruit with better acceptance by consumers. Recently, the ‘BRS
Isis’ seedless grape was released by Embrapa Wine and Grape (Brazilian
Agricultural Research Corporation), Brazil. This new seedless cultivar is
an interspecific hybrid from the crossing of CNPUV 681-29 [Arkansas

1976×CNPUV 147-3 (‘White Niagara’ × ‘Venus’)] × ‘BRS Linda’.
‘BRS Isis’ is tolerant to downy mildew, the main vine disease in sub-
tropical humid areas. It is a vigorous and fruitful cultivar with strong
shoot dominance, standing high bud fertility. The berries present pink
to reddish color, with firm texture and neutral taste. Thermal require-
ments have been estimated to 1,800 degree-days from pruning to har-
vest when grown in tropical region. When subjected to cane pruning, it
presents 2–3 great compact bunches per shoot, with natural weight of
375 g, without the use of growth regulators, making this cultivar a high
yield grape. The bunch is medium-sized, predominantly cylindrical-
winged, while the berries are large, with good adhesion.

The knowledge of phenological stages of grapevines is important in
vineyard management because it provides valuable information to
grape growers, as periods of higher demand for hand labor, pest and
disease control and probable harvest dates, further indicating the
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regional climatic potential for grape cultivation and production. When
a new grape cultivar is introduced to an area, phenology plays an im-
portant role as it allows the duration of developmental stages to be
characterized in relation to climate, particularly in relation to seasonal
variation, and it is used to interpret the impact of different climatic
regimes on the crop (Fenner, 1998; Ribeiro et al., 2010).

Along the phenology, the degree-day (DD) is an expression of the
amount of energy that a grapevine needs to satisfactorily complete its
production cycle. It plays an important role in characterizing differ-
ences among species and in predicting plant development under dif-
ferent environmental conditions. The progression of in-season grape-
vine development is strongly influenced by air temperature. As such,
DD is often used to compare regions and vine growing condition, as
well to better understand the behavior of a new cultivar under certain
weather conditions. It constitutes the accumulated difference between
the mean environment temperature and the base-temperature, below
this temperature, no development occurs (Miranda et al., 2013; Tecchio
et al., 2013). Besides, grape qualitative characteristics, as sugar content,
acidity, color, aroma, and flavor, as well bunch mass and yield are
equally important when a new cultivar, like as ‘BRS Isis’ seedless grape,
is desired to be grown in a new area (Ritschel et al., 2013; Sabbatini and
Howell, 2013).

In most temperate regions, grapevines undergo dormancy from late
fall to early spring, and a single pruning and harvest is the conventional
grapevine practice, while in some subtropical regions, due the mild
winter and the use of bud burst stimulators, a double annual cropping
of grapes can be achieved (Fávero et al., 2011; Zhu et al., 2017; Chen
et al., 2017), and this is the case of Brazilian subtropics, based on Vitis
vinifera seeded cultivars (Roberto et al., 2015a). Thus, the cultivation of
hybrid seedless grapes, such as ‘BRS Isis’, could be an alternative to
diversify the current production system, opening the possibility of
overseas market.

Considering the aspects above, the objective of this work was to
evaluate the performance of ‘BRS Isis’ seedless grape, by means of its
phenology, physicochemical and yield characteristics, grown under
double-annual cropping system in subtropical area.

2. Material and methods

2.1. Phenology of ‘BRS Isis’ seedless grape

2.1.1. Experimental location
The study was conducted in a commercial vineyard of ‘BRS Isis’

seedless grape (Vitis spp.) from 2-year-old vines grafted on ‘IAC 766
Campinas’ rootstock, located in Marialva, state of Paraná (PR), Brazil
(23° 29′52.8″ S, 51° 47′58.0″ W, elevation 570m), in two consecutive
crops, summer season 2016 and off-season 2017. The vines were
trained on overhead trellis and spaced 2.0× 5.0m apart (1000 vines
ha−1). According to Köppen classification, the climate of the area is
type Cfa, i.e., subtropical with an average temperature below 18 °C in
the winter, and average temperature above 22 °C in summer. The
average annual rainfall is 1596mm, with most of the rainfalls occurring
in summer (IAPAR, 2010).

The cane-pruning, consisted of 5–6 buds per cane, was performed on
July 29th for summer crop 2016 and on January 18th for off-season
crop 2017, with high bud fertility rates (> 95.0%). Subsequently, 3%
hydrogen cyanamide solution was applied to the two terminal buds to
induce bud burst in both seasons, since in subtropical areas, the use of
this plant growth regulator is mandatory, especially to obtain an off-
season crop. For the application, a sponge connected to a wood stick
device was used to soak the terminal buds with the solution, and at this
dose and way of application, the product is not dangerous.

As ‘BRS Isis’ is a hybrid seedless grape, berry thinning was per-
formed as described by Roberto et al. (2015a). Other practices like
fertilizer application, weed control, pest and diseases management were
carried out according to the local practices used (Roberto et al., 2012a).

For assessments, 20 representative vines were selected in the area,
which were used in both seasons. In each one, an average of 50 shoots
per vine were adjusted. As ‘BRS Isis’ is a very fruitful grape, presenting
up to 4 bunches per shoot, for the summer crop season, a load adjust-
ment was performed after fruit set removing 50% of inflorescences per
shoot, to leave two inflorescences per shoot, equivalent to a density of
10 bunches m−2. Even removing 50% of inflorescences, the crop load
observed was considered high, and for this reason, in the following
season, just one inflorescence per shoot was left, equivalent to a density
of 5 bunches m−2.

2.1.2. Phenology evaluation
To carry out the analysis of the phenological behavior of ‘BRS Isis’,

two shoots were marked of each representative vine. Then, it was
evaluated, through visual observations, the duration in days of each
phenological stage from pruning (PR), according to the classification
based on Baillod and Baggiolini (1993) and Baggiolini et al. (2008), as
follows: bud swelling (BS): when 50% of the buds have reached the
second stage of development of the vine, that is, when the scales get
broken and the plumage is visible; sprouting (SP): when 50% of buds
reach the fourth stage, i.e., the output of the leaves; emergence of the
inflorescence (EI): when 50% of the shoots present the inflorescence,
with clusters visible; flowering (FL): when 50% of flower are open,
flowering itself with visible flowers; véraison (VE): when 50% of berries
changed the color to red and when they started to softening; and har-
vest (HA): when 100% of the grapes show intense color, with the total
soluble solids content as high as possible (Fig. 1).

It was then characterized the duration in days of each of the fol-
lowing sub-periods: pruning to bud swelling (PR-BS); pruning to
sprouting (PR-SP); pruning to emergence of inflorence (PR-EI); pruning
to flowering (PR-FL); pruning to véraison (PR-VE) and pruning to
harvest (PR-HA) (Nunes et al., 2016). From these data, diagrams were
created representing in scale the duration in days for each of the phe-
nological stages of ‘BRS Isis’, as well as the duration of each subperiod
(Borges et al., 2017).

To characterize the thermal demands of ‘BRS Isis’ seedless grape, the
degrees-day (DD) from pruning to harvest was used, as well as for each
of the phenological subperiod, using climate data from the INMET –
National Institute of Meteorology, according to the following equations
proposed by Villa-Nova (1972):

a) DD = (Tm - Tb) + (TM - Tm)/2, when Tm > Tb;

b) DD = (TM - Tb)2 / 2(TM - Tm), when Tm < Tb; and

c) DD=0, when Tb > TM

where: TM=maximum daily temperature (ºC); Tm=Minimum daily
temperature (ºC); and Tb=base temperature (10 °C).

2.1.3. Physicochemical analyses
The grapes were harvested at full ripe when total soluble solids were

around 14°Brix. For physical characteristics evaluation of grapes, 5
bunches per vine were collected and the following variables were
analyzed: mass (g) and diameter (mm) of berries, and mass (g) and
width (cm) of bunches using digital calipers and scales. Berry color was
analyzed using a colorimeter CR-10 Plus (Konica Minolta®, USA) to
obtain the following variables from the equatorial portion of berries
(n= 2 per berry): L* (lightness), C* (chroma) and h° (hue). Lightness
values range from 0 (black) to 100 (white). Chroma indicates the purity
or intensity of color, the distance from gray (achromatic) toward a pure
chromatic color and is calculated from the a* and b* values of the
CIELab scale system, starts from zero for a completely neutral color, and
does not have an arbitrary end, but intensity increases with magnitude.
Hue refers to the color wheel and is measured in angles; green, yellow
and red correspond to 180, 90 and 0°, respectively (Mcguire, 1992;
Lancaster et al., 1997; Peppi et al., 2006). The color index for red grapes
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(CIRG) was calculated using the formula CIRG = (180-h°)/(L*+C*)
(Carreño et al., 1995).

For total soluble solids (TSS), titratable acidity (TA) and maturation
index (TSS/TA) evolution, samples of 50 berries collected from upper,
middle and lower portion of each marked bunch, were evaluated
weekly from the beginning of véraison up to 7 days after harvest. For
this purpose, the samples were divided into 5 sub samples of 10 berries
each. The samples were then crushed and the juice was used to de-
termine TSS and TA contents. For determination of TSS, few drops from
already obtained juice were subjected to reading in a digital re-
fractometer with automatic temperature compensation (Model DR301-
95, Kruss Optronic, Germany) at 20 °C, and the results were expressed
in °Brix. The pH of the juice was recorded using a Jenway 3510 bench
pH meter (Cole-Parmer, Staffordshire, UK) and then TA was determined
by potentiometric titration with 0.1 N NaOH up to pH=8.2, using
10mL of diluted juice in 40mL distilled H2O, and the results were
expressed in % of tartaric acid (Youssef and Roberto, 2014). For TSS,
TA and TSS/AT evolution, regression analysis was done. The daily rate
accumulation of these berry chemical properties was calculated by
subtracting the final readings from the initial ones and divided by total
number of days from véraison to harvest in both seasons.

The total anthocyanin concentration of berries was determined at
harvest using 30 berries per plot, which were frozen and stored at
−20 °C. The berry skins were removed using tweezers, taking care to
remove only the skin, without pulp. The skins were washed once with
water, followed by washing in deionized water and drying with ab-
sorbent paper. A 5g-skin sample was then placed in a polystyrene tube
containing 50mL of acidified methanol (1% HCl) and stored in the dark
for 48 h at room temperature. The tubes were then removed from the
dark and stirred manually for 5 s. Absorbance was determined using a
spectrophotometer (Genesys 10S Spectrophotometer, UV-VIS®) at
520 nm with the solvent as the blank. The results were expressed in mg
malvidin-3-glucoside per gram of skin (mg.g−1) (Peppi et al., 2006).

The evaluation of total polyphenol concentration in the pulp and
skin of berries at harvest was based on the Folin-Ciocauteau method.
Ten berries per plot were macerated and then 5 g were homogenized
with 50mL of ethanol 50% in a blender during 2min and centrifuged at
3500 rpm during 5min. An aliquot of 0.2 mL of the extract was mixed
with 1.8mL of distilled water and 10mL of 10-fold diluted Folin-
Ciocalteau reagent. After 30 s to 8min, 8mL of 7.5% of Na2CO3 solu-
tion was added. All test tubes with the mixture were shaken for 10 s on
the vortex and kept in darkness during 2 h. Absorbance of each sample

was measured after 15min using a spectrophotometer Genesys™ 10S
UV-VIS® (Thermo Scientific, USA) at 765 nm against blank sample.
Blank sample was prepared with water instead of the extract.
Determination of total polyphenol was calculated from the calibration
curve obtained with gallic acid at concentrations of 0.2; 0.4; 0.6; 0.8;
1.0 to 1.2. Readings were expressed as mg.100g−1 of berries (gallic acid
equivalents) (Bucic-Kojic et al., 2007; Borges et al., 2012).

The yield per vine (kg per vine) and yield (ton. ha−1) estimates were
obtained according to the average number of bunches per vine, the
average mass of bunches and the number of vines per hectare (Roberto
et al., 2012a).

2.1.4. Statistical analysis
The bunch and berry characteristics of ‘BRS Isis’ seedless grape as-

sessed in both crops seasons were analyzed and compared using
Student’s test for independent samples with homogeneity of variances
verification. Means and standard deviations were assessed with a sig-
nificance level of 5%.

3. Results and discussion

The duration in days of ‘BRS Isis’ cycle during the summer season
from pruning to harvest (PR-HA) was 144 days, while the duration of
days from pruning to bud swelling (PR-BS), pruning to sprouting (PR-
SP), pruning to emergence of inflorescence (PR-EI), pruning to flow-
ering (PR-FL) and pruning to véraison (PR-VI) was 10, 15, 22, 50, and
116 days, respectively. During the off-season crop, the duration of the
cycle was shorter, 125 days, while the duration of the PR-BS, PR-SP, PR-
EI, PR-FL and PR-VI subperiods was 10, 13, 16, 39, and 85 days, re-
spectively (Fig. 2).

In viticulture, the knowledge of phenology can be used for selection
of cultivars, vineyard planning, skilled labour and equipment require-
ments, and a schedule of cultural practices as part of grapevine man-
agement. Off-season crop develops mostly in the summer, which im-
plies in the reduction of number of days to be completed. It happened
because at this season, the vines are pruned in early January (summer),
showing intense metabolic activity, and the air temperature is high.
Thus, the response of the hydrogen cyanamide application is faster,
because at this period the vines are not dormant like in late winter. As a
result, the PR-VE period is quite reduced (Fig. 2). On the other hand,
the ripening develops during autumn, where the average air tempera-
ture is lower, and the VE-HA period is longer. It is known that in warm

Fig. 1. Representation of the main ‘BRS Isis’ phenological stages. A: bud swelling; B: sprouting; C: emergence of the inflorescence; D: flowering; E: véraison; F:
harvest.
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locations with high temperatures, vegetative growth of vines tends to
be higher and the cycle is reduced in relation to cooler regions (Pedro-
Júnior and Sentelhas, 2003).

Since ‘BRS Isis’ seedless grape has been recently released, informa-
tion about its behavior, such as the phenological characteristics in
subtropical areas are scarce. However, it was possible to verify that the
cycle of ‘BRS Isis’, in both seasons, is similar to the main seeded grapes
grown in subtropics, such as ‘Benitaka’ and ‘Black Star’ (Ribeiro et al.,
2010; Roberto et al., 2015a), i.e., this grape is considered a mid-season
cultivar. As a result, the double annual cropping system can be easily
achieved for this cultivar by performing the pruning in late winter, and
the harvest is achieved in December (summer season crop), leaving
enough time for the realization of a summer pruning (January) in order
to obtain a harvest in the early fall (off-season crop). Besides, it was also
verified that ‘BRS Isis’ is a vigorous cultivar, which contributed to the
good vine development, especially during the training period.

The duration of the productive cycle of vines also varies according
to the canopy/rootstock combination, the vigor of the plant in a given
edaphic and climatic condition and the yield (Kishino et al., 2019a).
The knowledge of the duration of the phenological phases is a re-
quirement of modern viticulture, since it makes possible the rationali-
zation and optimization of the cultural practices, which are indis-
pensable for the cultivation of the vine, where the correct choice of
rootstock play an important role (Mandelli et al., 2004). The ‘IAC 766
Campinas’ rootstock used in this trial showed to be very suitable for its
purpose, allowing a good development for ‘BRS Isis’.

The thermal demand required by ‘BRS Isis’ during the subperiod PR-
HA in the summer crop was 1931.48 DD. For the evaluated phenolo-
gical subperiods PR-BS, BS-SP, SP-EI, EI-FL, FL-VE and VE-HA, the
demand was of 134.15, 42.50, 82.35, 299.48, 918.95 and 454.05 DD,
respectively. Regarding the off-season crop, the thermal demand re-
quirement was 1815.7 DD from PR to HA, and for the evaluated sub-
periods, the demand was of 152.3, 42.25, 42.55, 401.14, 715.4 and
462.05 DD respectively (Table 1). The DD required for ‘BRS Isis’
seedless grape to complete the cycle was similar to other grape mid-
season cultivars grown in subtropics, such as ‘Benitaka’, ‘Black star’ and
‘Brasil’ table grapes (Nagata et al., 2000; Ribeiro et al., 2010; Roberto
et al., 2015a).

Evaluation of the thermal demand in different regions showed that
the amount needed to complete the cycle may vary considerably
(Pedro-Júnior et al., 1993). Therefore, studies to establish crop thermal

demand in loco are essential for the adoption of this prediction model
(Busato et al., 2013). In addition to environmental factors, the vine
cycle duration can also be altered, in the same region, due to the
combination of scion and rootstock cultivars (Sato et al., 2008). Sub-
tropical areas are colder than the tropics and warmer than temperate
zones, and winter usually is mild to cool with unpredictable air tem-
peratures. Thus, unpredictable winter conditions may result in a dif-
ferent accumulation of DD over several years at the same site, which
may accelerate or delay the onset of plant development (Scariotto et al.,
2013; Hussain et al., 2016). The DD concept is a good indicator of heat
accumulation on vine behavior within a given locality. However, other
factors, such as altitude, latitude, precipitation, thermal amplitude,
solar radiation, among others, also have a direct influence on vine de-
velopment, and can vary among regions even for a same cultivar (Leão
and Silva, 2004; Kishino et al., 2019b; Santos et al., 2009).

For mass, diameter and length of the ‘BRS Isis’ berries no significant
differences were observed between seasons (Table 2). The minimum
diameter required for national market is 12 mm, with averages between
14 and 17mm recommended for a good commercialization of table
grapes (Brasil, 2002; Santos et al., 2015), and it is also considered in the
market for the export of table grapes (Santos et al., 2013).

It was possible to verify that ‘BRS Isis’ has medium sized berries,

Fig. 2. Duration in days of the main phenological stages of ‘BRS Isis’ seedless grape. Summer season 2016 and off-season 2017. PR: pruning; BS: bud swelling; SP:
sprouting; EI: emergence of inflorescence; FL: flowering; VE: véraison; HA: harvest.

Table 1
Thermal requirement in degrees-day (DD) and standard deviation for each
phenological subperiod of ‘BRS Isis’ seedless grape grown under double annual
cropping system in subtropical area. Summer season of 2016 and off-season of
2017.

Phenological subperiods Degree days (DD)*

Summer season 2016 Off-season 2017

PR-BS 134.15 ± 1.54 152.3 ± 0.98
BS-SP 42.50 ± 1.83 42.25 ± 0.75
SP-EI 82.35 ± 1.97 42.55 ± 0.49
EI-FL 299.48 ± 4.23 401.14 ± 1.79
FL-VE 918.95 ± 3.1 715.4 ± 2.08
VE-HA 454.05 ± 1.8 462.05 ± 1.98
PR-HA 1931.48 ± 3.50 1815.7 ± 2.99

PR-BS: pruning – bud swelling; BS-SP: bud swelling – sprouting; SP-EI:
sprouting – emergence of inflorescence; EI-FL: emergence of inflorescence –
flowering; FL-VE: flowering – véraison; VE-HA: véraison – harvest. *Base-
temperature=10 °C.
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wide elliptical, firm with colorless flesh and neutral flavor. It has big
seed traces that can eventually develop normal seeds, and berries
format is similar to that of ‘Black Star’ and ‘Redimeire’ grapes (Roberto
et al., 2012b, 2015b), but with color coverage. The bunch presented
weight of around 500 g and length of 21.0 cm, with medium size and
cylindrical shape. The bunch presented moderate compactness and
demanded similar berry thinning to ‘BRS Vitoria’ seedless grape.

Color is one of the most important visual features in table grapes,
and this attribute is commonly associated with bunch quality and is
directly related to consumer´s acceptance, being one of the main de-
termining factors in the commercial value of grapes. Regarding skin
color attributes of ‘BRS Isis’, there was no significant difference re-
garding L* and h° (22.8 and 22.4) and (58.0 and 54.0) for summer and
off-season crops, only for C* (5.9 and 3.3), respectively (Table 2). In
addition, the CIRG observed in the off-season crop was higher than
summer season (4.9 and 4.3, respectively), which displays that berries
have red and red-dark violet color, respectively (Carreño et al., 1998),
and it can be related with the crop load adjustment done in off-season,
since greater number of bunches increases competition for photo-
synthates in vines. Besides, it may also have happened because during
off-season crop, the ripening develops under cooler temperatures (au-
tumn) and mainly sunny days. As previously reported, the subperiod
VE-HA is longer than in summer season, which allows a higher accu-
mulation of anthocyanins (Mori et al., 2005, 2007), what was con-
firmed when the concentration of these compounds have been assessed
(Table 3).

For some colored grape cultivars, the climatic conditions, especially
the diurnal temperature variation at ripening, have a great influence on
the berry color. When cultivated under high temperatures in a semi-arid
region, ‘BRS Isis’ bunches do not express well the red color, but allows
high yield levels (Ritschel et al., 2013).

The accumulation of anthocyanins in colored grapes begins at
véraison and their biosynthesis is controlled by the MYB transcriptor
factors, which modulate the expression of the structural genes and are
responsive to abscisic acid (ABA) concentrations in the tissues (Koyama
et al., 2018). It has been already demonstrated the benefits of exo-
genous application of the enantiomer S-ABA to promote color of table
grapes grown in warm conditions (Peppi et al., 2006; Roberto et al.,
2012a, 2013). Thus, this plant growth regulator could be used to pro-
mote color of ‘BRS Isis’ seedless grape at the summer season, which
temperatures during the subperiod VE-HA are high, since it occurs
during spring-summer seasons.

The TSS evolution of ‘BRS Isis’ berries were best fitted to linear
regression for both seasons (Fig. 3). The early ripening period of ‘BRS
Isis’ table grape, considered when 50% of berries changed the color,
occurred 66 and 46 days after flowering in the summer season and off-
season respectively, with no significant difference in both seasons
reaching at harvest 14.2 and 14.4° Brix in summer and off-seasons,
respectively (Table 3). The daily rate of TSS observed for summer and
off-seasons were quite similar, 0.10 and 0.09° Brix, respectively
(Table 4).

TA evolution was also best fitted to linear regression for both sea-
sons (Fig. 3). ‘BRS Isis’ presented significant differences at harvest 0.6
and 0.8% for tartaric acid during both seasons, respectively (Table 3),
similar to those observed by Leão et al. (2016) when this cultivar was
grown under semi-arid conditions. Even the pH was quite similar in
both seasons; the variation in acidity could be because of climatic dif-
ferences among seasons and because of the load adjustment (bunch
thinning) of grapes (Pastore et al., 2011). The decreasing evolution of
TA (Fig. 3) can be due to several factors, such as dilution of the organic
acids by increasing the volume of the berry; activation of the break-
down of organic acids; and inhibition of synthesis and transformation of
organic acids into sugar. The decrease of TA content in this phase can
be mainly due to the malic acid respiratory process and to the organic
acid reduction in relation to the berry size increase. The daily decrease
rate of TA observed was -0.03% for both crop seasons, respectively
(Table 4) (Mullins et al., 1992; Mota et al., 2006).

Similar behavior was observed for TSS/TA evolution for both sea-
sons (Fig. 3), showing significant differences for TSS/TA reaching 24.1
in summer season and 17.9 in off-season, respectively (Table 3). The
difference values of TSS/TA between the seasons may have occurred
due to the higher TA observed in off-season crop. The TSS/TA is one of
the indexes used for determination of grape quality, but it has been used
carefully, since an increase in TSS does not always correspond to equal
reduction of TA. However, this index may indicate the ideal balance
between sugar and acidity of a cultivar for a given region, in most of the
cases higher than 18. The daily evolution rate of maturation index was
0.57 for summer crop and 0.35 for off-season crop, respectively
(Table 4).

The means of total anthocyanins observed during summer and off-
season crop were 0.3 and 1.0mg.g―1, respectively, representing a sig-
nificant difference behavior between both seasons (Table 3), as pre-
viously described, whereas no significant difference was observed in
case of total polyphenols, and the means recorded were 23.8 and
28.4 mg.100g―1, respectively. The variation of the anthocyanin content
of ‘BRS Isis’ grapes between both seasons can be related to the fact that
the synthesis of this compound is directly influenced by the climatic
conditions, such as temperature, light intensity and precipitation
(Bevilaqua, 1995), and it explains the lower CIRG observed in the
summer season (Table 2). The constant presence of light intensity sti-
mulates the synthesis of these compounds in colored grapes (Lima,
2009). It should be considered that temperature also influences the
synthesis of anthocyanins, and the vines subjected to conditions of
higher temperatures during the ripening phase tend to reduce the
synthesis of this compound, while under conditions of higher diurnal
temperature variation, its synthesis is favored (Champagnol, 1984).
Beside this, it is known that bunch thinning (load adjustment) may

Table 2
Bunch characteristics of ‘BRS Isis’ seedless table grape grown under double
annual cropping system in subtropical area. Summer season 2016 and off-
season 2017.

Bunch characteristics Summer season
2016

Off-season
2017

Berry mass (g) 6.7 ± 1.0ns 6.4 ± 0.3
Berry diameter (mm) 19.0 ± 1.7ns 19.3 ± 1.1
Berry length (mm) 27.3 ± 2.5ns 27.7 ± 1.6
Bunch mass (g) 512.7 ± 0.04ns 529.0 ± 0.1
Bunch length (cm) 21.2 ± 2.3ns 21.7 ± 1.7
Lightness (L*) 22.8 ± 2.4ns 22.4 ± 1.0
Saturation (C*) 5.9 ± 2.3* 3.3 ± 1.1
Hue angle (h°) 58.0 ± 35.7ns 54.0 ± 12.7
Color index (CIRG) 4.3 ± 1.3* 4.9 ± 0.4

Student’s test (within lines) for independent samples with homogeneity of
variances verification with means ± standard deviations.*: significant (P <
0.05); ns: not significant.

Table 3
Chemical characteristics of ‘BRS Isis’ seedless table grape grown under double
annual cropping system in subtropical area. Summer season 2016 and off-
season 2017.

Chemical characteristics Summer season
2016

Off-season
2017

Total soluble solids - TSS (°Brix) 14.2 ± 0.3ns 14.4 ± 0.2
Titratable acidity - TA (%) 0.6 ± 0.04* 0.8 ± 0.04
Maturation index (TSS/TA) 24.1 ± 1.5* 17.9 ± 0.9
pH 4.3 ± 0.02ns 4.4 ± 0.1
Total anthocyanins (mg. g―1) 0.3 ± 0.1* 1.0 ± 0.5
Total polyphenols (mg.100 g―1) 23.8 ± 6.1ns 28.4 ± 4.3

Student’s test (within lines) for independent samples with homogeneity of
variances verification with means ± standard deviations.*: significant (P <
0.05); ns: not significant.
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promote the biosynthesis of some phenolic compounds (Fanzone et al.,
2011), as observed in ‘Sugraone’ table grape subjected to different le-
vels of bunch densities (Leão et al., 2016).

Regarding the productive characteristics of ‘BRS Isis’ seedless grape
(Table 5), for summer crop the production per vine was 49.0 kg, and
estimated yield per hectare was 49.0 ton.ha―1. However, as previously
reported, the ‘BRS Isis’ showed to be a very fruitful grapevine, and a
load adjustment was necessary to be applied in the off-season crop,
leaving 5 bunches. m―2. As a result, the production of this season was
more balanced, 24.0 kg per vine with an estimated yield of
24.0 ton.ha―1, almost the half compared to the summer season.

Considering this average yield level in just one season, as this new
cultivar can be grown under double annual cropping system in sub-
tropical areas, as demonstrated in this work, an annual yield of
49 ton.ha―1 could be achieved, what is considered highly profitable. In
addition, it is important to note that the productive characteristics of
the ‘BRS Isis’ seedless grape are compatible with those observed for
other table grapes under the same intensive cultivation system in sub-
tropical region (Kishino et al., 2019a; Colombo et al., 2011).

The response of the load adjustment is the result of the changes in
photosynthates uptake to grapes, as reported for ‘Thompson Seedless’
grapes when the bunch density was reduced from 6 to 4 bunches. m−2

(Leão and Lima, 2017) and for other cultivars (Keller et al., 2005, 2008;

Fig. 3. Evolution of total soluble solids (TSS), titratable acidity (TA) and maturation index (TSS/TA) of ‘BRS Isis’ seedless table grape grown under double annual
cropping system in subtropical area. A: summer season 2016; B: off-season 2017.

Table 4
Total soluble solids (TSS), titratable acidity (TA) and TSS/TA daily rate accu-
mulation of ‘BRS Isis’ seedless grape grown under double annual cropping
system in subtropical area. Summer season of 2016 and off-season of 2017.

Daily rate accumulation

Summer season 2016 Off-season 2017

TSS (°Brix) 0.10 ± 0.04 0.09 ± 0.01
TA (%) ―0.03 ± 0.001 ―0.03 ± 0.01
TSS/TA 0.57 ± 0.04 0.35 ± 0.03

Table 5
Productive characteristics of ‘BRS Isis’ seedless grape grown under double an-
nual cropping system in subtropical area. Summer crop of 2016 and off-season
crop of 2017.

Productive characteristics Summer season
2016

Off-season
2017

Number of bunches per vine 94.9 ± 11.2 45.4 ± 8.1
Yield per vine (kg per vine) 49.0 ± 5.8 24.0 ± 4.3
Yield per hectare (ton. ha―1) 49.0 ± 5.8 24.0 ± 4.3
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Dami et al., 2006; King et al., 2012; Sun et al., 2012; Ozer et al., 2012;
Avizcuri-Inac et al., 2013; Gil et al., 2013). These authors exemplified
that deficiencies in fruiting, as a consequence of restrictive climatic
conditions, may limit the expected benefits to the quality of the grapes
and / or their derivatives when bunch thinning is adopted. This tech-
nique has great influence on the source-sink association and the supply
of photosynthates between fruits and leaves (Dry, 2000; Mota et al.,
2010), turning into a mandatory technique required to grow ‘BRS Isis’
seedless grape successfully.

According to the results observed in this work, we propose here a
model to grow ‘BRS Isis’ seedless grape under double annual cropping
system, considering some specific cultural practices required to obtain a
sustainable cultivation in a subtropical area (Fig. 4). In this model, we
considered the vines trained on overhead trellis system with bilateral
arms, spaced 2.0×5.0m apart (1000 vines ha−1), grafted onto ‘IAC
766 Campinas’, a tropical and vigorous rootstock. Under these condi-
tions, the number of canes is adjusted to 40–50 per vine, evenly dis-
tributed along the arms.

Under this system, the summer crop starts from the end of grapevine
dormancy in late winter, and the harvest occurs in mid-December. In
late July, where the risk of frost is low, the vines are cane-pruned and
the hydrogen cyanamide 2.5% is applied to the two apical buds aiming
to induce and standardize sprouting, resulting in 80–100 new shoots
per vine. Flowering begins around 50 days after pruning, and about 20
days later, after the fruit set stage, the crop load can be adjusted fol-
lowed by shoot trimming.

As the ‘BRS Isis’ seedless grape is a very fruitful and over cropped
cultivar, the shoot thinning is performed leaving 50 shoots evenly
distributed along the vine arms with just 1 bunch each, equivalent to a
density of 5 bunches. m−2. The bunches are selected according to their
size, shape and position along the vine, and those misshape and weak
are removed. By removing the excess of bunches, the number of berries
that receive nutrients and photosynthates from the vine is decreased,
which ends up improving the overall quality of the remaining crop.

Around 35 days after flowering, berry-cluster thinning is necessary
to avoid bunch compactness. Flower-cluster thinning or brushing prior
to flowering, usually used for seeded cultivars, should not be used for
‘BRS Isis’ seedless grape because some flowers may abscise before
flowering, and still others may abort prior to flowering. Thus, berry-
cluster thinning can be performed over a longer period of time, i.e.,
when berries are between 7–18mm, as it is a time consuming activity

(Roberto et al., 2015a).
Sixty-six days after flowering, the onset of grape ripening occurs,

also known as véraison, which can be identified from berry softening
and increase in TSS content, followed by a sudden increase in the color
of the berry skin. In summer crop, as this stage occurs under high
temperatures in subtropical conditions, the anthocyanin accumulation
usually is not sufficient to provide a good berry color coverage. In si-
tuations like this, the plant growth regulator S-ABA at 400mg.L−1 can
be applied around 7 days after véraison to promote anthocyanin ac-
cumulation and improve berry color. A second application, 14 days
after the first one, might be necessary.

Ninety-four days after flowering, by mid-December, the bunches
reach full ripe and can be harvested. Considering a density of 5 bun-
ches. m―2 and an average bunch weight of 0.5 kg, the estimate yield at
harvest would be around 25 tons.ha―1. This summer crop cycle lasts
144 days, from winter pruning to harvest.

In between seasons, the grapevines should rest at least for 30 days.
The off-season crop starts in late January and the harvest occurs in mid-
May, autumn. At the rest period, the air temperature is high, and
combined to the rainy days, the vine metabolism allows a second cycle.
In late January, the vines are cane-pruned and the hydrogen cyanamide
2.5% is applied to the two apical buds to force a new sprouting, re-
sulting in 80–100 new shoots per vine.

Flowering begins around 39 days after pruning, and about 20 days
later, after the fruit set stage, the crop load can be adjusted, followed by
shoot trimming, leaving 50 shoots evenly distributed along the vine
arms with just 1 bunch each, equivalent to a density of 5 bunches. m−2,
as previously described for the summer crop. At this period, as the air
humidity is higher, the incidence of downy mildew, the main vine
disease in the humid subtropics, is higher than the previous season, and
a strict fungicide program is needed (Ricce et al., 2013), even though
‘BRS Isis’ is considered tolerant to this disease.

Around 30 days after flowering, berry-cluster thinning is needed to
prevent bunch compactness. The off-season crop develops under lower
air temperature than summer crop, with higher diurnal temperature
variation, which allows a higher accumulation of anthocyanins. For this
reason, exogenous applications of S-ABA at véraison, which starts 46
days after flowering, is not necessary for berry color improvement.
Eighty-six days after flowering, by mid-May, the bunches reach full ripe
and can be harvested. Because of the load crop adjustment, the estimate
yield for autumn crop is also 25 tons.ha―1, and the off-season cycle is
125 days, from summer pruning to autumn harvest, 19 days shorter
than the summer crop. After harvesting, the vines are left to rest for a
period of about 60 days, before a new cycle is initiated in late winter.

Additionally, as the risk of frosts is low in subtropical areas, using
this model, the winter and the summer prunings, followed by the hy-
drogen cyanamide application for bud burst, can be performed ac-
cording to a scheduling in order to provide a better distribution of man
power labor for the demanded cultural practices and harvest. In other
words, the vineyard can be, for example, split into 2 or 3 sections, and
the prunings can be performed in a 7-day interval from each other.

4. Conclusion

The summer and off-season crop cycles of ‘BRS Isis’ seedless grape
grown under subtropical conditions last 144 and 125 days, with
thermal demands of 1,931 and 1,815 degree days, respectively. This
new seedless grape cultivar can be successfully grown under a double
annual cropping system in subtropical conditions, however, as it is a
very fruitful cultivar, it is necessary to perform a load crop adjustment
after fruit set, equivalent to a density of 5 bunches. m−2, to obtain a
sustainable yield in each season. Under this growing system, the berries
present in both seasons, appropriate physicochemical characteristics for
table grape market, but with darker skin color in off-season.

Fig. 4. Proposal of a double annual cropping system for ‘BRS Isis’ seedless grape
grown in subtropical region with some specific cultural practices. PR: pruning
followed by hydrogen cyanamide application for bud burst; FL: flowering; VE:
véraison; HA: harvest; 1: crop load adjustment followed by shoot trimming; 2:
berry-cluster thinning; 3: exogenous S-ABA application for color improvement.
The onset of winter, spring, summer and autumn seasons is indicated by sym-
bols above the respective month.
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