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Abstract: The use of early budding varieties in regions prone to late frosts may limit 
production in certain cycles. Since budburst begins in the apical buds, delaying win-
ter pruning can be a management strategy to minimize frost risk. This study aimed 
to evaluate the effects of different pruning dates during the winter/spring transi-
tion in ‘Chardonnay’ and ‘Pinot Noir’ (Vitis vinifera L.) on yield components. Plants 
were trained using the I-trellis system, and pruned at 15-day intervals from July to 
October, using cordon spur pruning (two-bud spurs). Pruning conducted after the 
beginning of September, when apical shoots had more than three expanded leaves, 
significantly reduced (90%) the yield per plant. This reduction was directly associat-
ed with necrosis of primary buds in the base of canes, which stimulated sprouting 
of secondary or tertiary buds, which do not bear clusters. Delaying winter pruning 
could be an option for ‘Chardonnay’ and ‘Pinot Noir’, but apical shoot development 
should be limited to 2-3 expanded leaves, in order to avoid production losses.
Index terms: Viticultural management, grapevine development, grape production, 
sustainability.

Atraso da poda hibernal em ‘Chardonnay’ 
e ‘Pinot Noir’ (Vitis vinifera l.) na Serra 
Gaúcha - uma alternativa para geada 
tardia?
Resumo: A utilização de variedades de brotação precoce em regiões com ocorrên-
cia de geadas tardias pode restringir a produção em alguns ciclos. Como a brotação 
tem início nas gemas apicais, o atraso da poda hibernal pode ser uma estratégia 
de manejo para minimizar-se este risco. Este trabalho teve como objetivos avaliar 
os efeitos de diferentes datas de poda durante a transição inverno/primavera, em 
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Introduction
Sparkling wines are considered excellent 
products of Brazilian viticulture, being 
awarded numerous prizes in international 
competitions (GABBARDO et al., 2016). This 
recognition has been accompanied by a sig-
nificant increase in trade and consumption, 
driving a 102% growth in the production of 
this beverage in Brazil between 2007 and 
2017 (PEREIRA et al., 2020). Throughout 
2021, the increase in Brazilian sparkling 
wine consumption was even more signif-
icant, with a 38% rise in national sales and 
a 21% increase in exports compared to 2020 
(UVIBRA, 2022). Brazil possesses competi-
tive advantages for sparkling wine produc-
tion, with the Serra Gaúcha region standing 
out prominently in viticulture and in produc-
tion volume of this type of wine (PEREIRA 
et al., 2020). Most vineyards are located in 
medium-altitude areas (400 to 700 m), with 
a humid temperate climate (Cfb, Köppen 
methodology), which favors grape acidity 
and varietal aromas, essential characteristics 
for this type of beverage (KELLER, 2020).
Despite these qualitative advantages, grape 
production for sparkling wine in the Serra 
Gaúcha region presents some fragilities. 
‘Chardonnay’ and ‘Pinot Noir’ stand out as 
the main genotypes used in the production 
of sparkling wines in this region (PEREIRA et 
al., 2020). Both are classified as early variet-
ies, with average budburst dates recorded 
in the second half of August (MANDELLI et 

al., 2003). August and September mark the 
transition from winter to spring in south-
ern Brazil, making the region vulnerable to 
the arrival of South American cold fronts, 
increasing early cultivar vineyards late frost 
damage risk.
Higher incidence of late frosts in the Serra 
Gaúcha has been reported in years influ-
enced by the ‘La Niña’ phenomenon, due 
to rainfall restrictions and greater thermal 
amplitudes (BERLATO; CORDEIRO, 2018), in-
creasing the possibilities of freezing damage 
to the vines. Late frosts have an even greater 
impact when preceded by days of high tem-
peratures in August, due to accelerated bud-
burst date and initial growth of these early 
cultivars, caused by increased thermal accu-
mulation (MANDELLI et al., 2003). The dam-
age tends to be more significant in regions 
and years with greater thermal oscillations 
in the winter/spring transition, such as in 
southern Brazil, than under winters of con-
stant and prolonged cold.
The main determining factor for freezing 
damage extent is the moment in which frost 
occurs. Generally, the lignified parts of the 
grapevine, such as trunk, arms, and dormant 
buds, are those that most tolerate extreme 
cold, ranging from -15 to -35°C (CENTINARI 
et al., 2016). After budburst, all growing 
tissues (leaves, green shoots, and inflores-
cences) become susceptible to freezing due 
to the higher amount of free water in the 
cells. All passive actions that prevent the co-

‘Chardonnay’ e ‘Pinot Noir’ (Vitis vinifera L.) sobre os componentes de rendimento. A con-
dução das plantas foi em espaldeira, com podas em cordão esporonado (esporão com duas 
gemas), realizadas de julho a outubro, em intervalos de 15 dias. As podas efetuadas após o 
início de setembro, quando as brotações apicais já apresentavam mais de três folhas expan-
didas, promoveram uma redução expressiva (90%) na produção por planta. Essa redução foi 
diretamente associada à necrose dos cones primários nas gemas da base dos sarmentos, o 
que estimulou a brotação de gemas secundárias ou terciárias, que não apresentam cachos. 
O atraso da poda hibernal pode ser uma opção para ‘Chardonnay’ e ‘Pinot Noir’, mas o de-
senvolvimento das brotações apicais deve ser limitado a 2-3 folhas expandidas, para evitar 
perdas na produção.
Termos para indexação: Manejo vitivinícola, desenvolvimento das videiras, produção de 
uva, sustentabilidade.
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incidence of freezing temperatures with the 
most susceptible stages, such as the choice 
of vineyard location and cultivar, tend to be 
the most effective strategies in dealing with 
late frost damage (SNYDER; MELO-ABREU, 
2005). Given Serra Gaúcha's viticultural tra-
dition and the importance of certain geno-
types for sparkling wine production, passive 
actions are not straightforward to imple-
ment, emphasizing the importance of ad-
justments in vine management or cultural 
practice adaptations.
Delaying winter pruning dates has been a 
common practice in some risk-prone viticul-
tural regions in New Zealand and Australia 
(TROUGHT et al., 2011; MORAN et al., 2017). 
This avoids sprouting of basal buds, pre-
venting freezing damage to the final shoots/
clusters. Late frost damage of apical shoots, 
which naturally emerge earlier, may be ig-
nored, because these tissues are discarded 
during pruning. This delay in basal budburst 
imposed by pruning date has also been test-
ed as a vine-management strategy to adjust 
the ripening period of early grapevines to cli-
matic conditions more favorable for enologi-
cal quality (VERCESI et al., 2023).
The delay or absence of basal budbreak oc-
curs due to the dominance exerted by apical 
shoots over basal buds (KELLER, 2020). In 
other words, as temperatures rise at the end 
of winter, cane terminal buds initiate sprout-
ing earlier, suppressing budbreak metabo-
lism in basal buds. This is coordinated by a 
complex metabolism, initially associated 
only with auxin concentration and basipetal 
flow, although recent studies suggest a joint 
action of sucrose, strigolactones, cytokinins, 
and gibberellic acid (CAO et al., 2023).
Despite late pruning having prevented frost 
damage in some winegrowing regions, such 
as Australia and New Zealand (TROUGHT et 
al., 2011; MORAN et al., 2017), not all areas 
have reported benefits from this vine-man-
agement practice. In Italy, for example, Frioni 
et al. (2016) reported a 55% reduction in 
‘Sangiovese’ yield with late pruning (in May) 

and no production with very late pruning 
(in June). Gatti et al. (2016) and Palliotti et 
al. (2017) also reported a significant reduc-
tion in plant yield with late pruning of using 
the same variety, while Vercesi et al. (2023) 
found similar results on ‘Chardonnay’. In the 
winegrowing region of La Rioja, Spain, Zheng 
et al. (2017) recorded a 41% reduction in 
‘Maturana’ grapes yield with the use of late 
pruning.
The outcomes of delaying winter pruning 
may vary depending on genotype, vineyard 
location, or timing of implementation of this 
management technique. Thus, the aim of 
this study was to assess the impacts of dif-
ferent dates of late pruning on yield com-
ponents and grape ripening in ‘Chardonnay’ 
and ‘Pinot Noir’, cultivated in Serra Gaúcha, 
a traditional grape and wine-producing re-
gion of Brazil.

Material and methods
The study was conducted in the vineyards of 
Vinícola Geisse, a traditional sparkling wine 
producer located in the municipality of Pinto 
Bandeira. These vineyards are situated in the 
upper slopes of the Serra do Nordeste, in the 
state of Rio Grande do Sul (RS), also known 
as Serra Gaúcha, which is the main wine-pro-
ducing region of Brazil. The region’s climate 
is Cfb (humid temperate), according to the 
Köppen climate classification. Characterized 
by rugged terrain, the region features shal-
low and rocky soils, with decomposing ba-
salt, predominantly classified in Brazil as 
Gray-Brown Argisol.
The experiments were carried out over three 
consecutive production cycles: 2015/2016, 
2016/2017, and 2017/2018, employing the 
‘Chardonnay’ and ‘Pinot Noir’, grafted onto 
Paulsen 1103 and trained using the I-trellis 
system. ‘Pinot Noir’ vineyards were located 
in two different sites: area 1 (PN-low), plant-
ed in 2007, spaced 2.60 m x 1.00 m, at 660 
m altitude and frequent late frost damage 
(29°08’39.2” S and 51°25’30.6” W), and area 
2 (PN-high), planted in 2009, spaced 2.20 m 
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x 1.00 m, at 738 m altitude (29°09’01.6” S 
and 51°25’39.2” W). ‘Chardonnay’ vineyard 
was located in area 3 (CH), planted in 2009, 
spaced 2.20 m x 1.00 m, adjacent to area 2 
(738 m). Automatic weather stations (Davis, 
Pro2 6152) were installed near the three ar-
eas to monitor maximum, mean, and mini-
mum temperatures, as well as precipitation 
during the evaluation cycles.
In the first two cycles (2015/2016 and 
2016/2017), the treatments consisted of sev-
en pruning dates (P), with approximately 15 
days apart: P1 (2015-07-10 and 2016-07-13); 
P2 (2015-08-03 and 2016-08-03); P3 (2015-
08-17 and 2016-08-16); P4 (2015-08-31 and 
2016-08-31); P5 (2015-09-14 and 2016-09-
14); P6 (2015-09-28 and 2016-09-28); and 
P7 (2015-10-14 and 2016-10-11). On each 
date, vines were pruned using the cordon 
spur pruning method, with two visible buds 
per spur (average of 12 spurs per plant). 
Treatments were replicated identically in the 
three areas (PN-low, PN-high, and CH). Seven 
rows per area were selected, with a different 
treatment (pruning date) applied randomly 
to each row. The experimental area of each 
vineyard was divided into five blocks along 
the rows, with seven plants per treatment in 
each block, totaling 35 plants per row. Due 
to the constraint of maintaining the same 
management in each row, it was not possi-
ble to randomize the treatments within the 
blocks.
In the last cycle (2017/2018), modifications 
were introduced on the treatments by in-
corporating pre-pruning management as a 
variation factor in the August, September, 
and October prunings. On plants subjected 
to pre-pruning (PP, on 2017-07-20), the dor-
mant canes from the previous cycle were 
cut to approximately 30 cm, leaving an av-
erage of eight buds per cane. At this time, 
canes were arranged to remain in the verti-
cal position. Final pruning treatments, in a 
two-bud cordon spur, combined or not with 
pre-pruning, were carried out maintaining 
compatible identification with the previous 

cycles: P1 (2017-07-20), PP+P3 (2017-08-
15), P3 (2017-08-15), PP+P5 (2017-09-13), 
P5 (2017-09-13), PP+P7 (2017-10-11), and 
P7 (2017-10-11). The same plants from the 
same three areas (PN-low, PN-high, and CH) 
were used, but treatments were changed ac-
cordingly. In areas 2 and 3 (PN-high and CH), 
the experiment was conducted normally, but 
in area 1 (PN-low) an unintentional pruning 
conducted by the grower on one specific line 
led to discarding P1 on the last cycle.
Bud load (total number of buds left after 
pruning), number of sprouted buds, and 
number of fertile shoots (with clusters) per 
plant were measured during flowering and 
early maturation in each cycle, in the two 
central plants per treatment of each block. 
Budburst rate (% of sprouted buds relative 
to the total) and fertility rate (% of fertile 
shoots relative to the sprouted buds) were 
calculated using these values. At harvest, 
number of clusters and total cluster weight 
(g) was measured in the same plants, cal-
culating mean weight of clusters on each 
plant. Three clusters from each of these 
plants were sampled for physical and chem-
ical evaluations. During transportation to 
the lab, clusters were stored in polyethylene 
bags and in thermal boxes with eutectic ice. 
Initially, the number of berries in each clus-
ter was counted, and the weight of 30 ran-
domly sampled berries from the three clus-
ters was measured to calculate mean weight 
per berry.
For the anatomical analysis of dormant 
buds, in the 2017/2018 cycle, two strate-
gies were employed. First, buds along the 
canes were analyzed to define the position 
of the fertile bud, randomly collecting 45 
shoots, each with nine buds, from 15 plants 
in each evaluation area (CH, PN-high, and 
PN-low) on three dates: 2017-07-14, 2017-
07-25, and 2017-08-15. Using a stereomicro-
scope (Opton NTB-3A), with an average fo-
cal magnification of 50 times, the presence 
or absence of inflorescence primordia was 
verified, and the average numbers of fertile 
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buds at each position of the cane, from the 
1st (base) to the 9th bud, were calculated. 
Images were captured through a digital cam-
era (Sony Cyber-shot DSC-W210) attached to 
the stereomicroscope.
Second, bud viability over time was deter-
mined by randomly collecting 105 shoots, 
each with 2 buds, from 30 plants in each 
evaluation area (CN, PN-high, and PN-low), 
on six dates: 2017-07-14, 2017-07-25, 2017-
08-15, 2017-09-05, 2017-09-18, and 2017-
10-03. Buds were excised with a flush cut to 
the cane, and then longitudinally cut with a 
scalpel, opened with tweezers, and analyzed 
under a stereomicroscope (Opton NTB-3A). 
In this analysis, buds were classified as: (1) 
fertile bud, (2) non-fertile bud, (3) necrotic 
bud, or (4) necrotic primary bud and viable 
secondary bud. Observations were averaged 
for each bud classification and collection 
date. Images were also captured through a 
digital camera (Sony Cyber-shot DSC-W210) 
attached to the stereomicroscope.
Statistical analyses of all variables were con-
ducted using the R CORE TEAM (2024) soft-
ware, through analysis of variance consider-
ing the effects of treatment and blocks nest-
ed within areas. Means associated with dif-
ferent pruning dates were compared within 
each cultivated area using Tukey’s HSD test 
at a 5% significance level.

Results and discussion
Meteorological conditions varied between 
the cycles, both in terms of precipitation 
and thermal conditions. During the focus 
period (winter and spring), the first cycle 
(2015/2016) was rainier than usual, except 
for August (Figure 1). In the following cycle 
(2016/2017), winter was dry, with rainfall 
generally below normal, but with a very rainy 
period in October. The 2017/2018 cycle be-
gan rainy until June, followed by a drier peri-
od from July to September, returning to nor-
mal as of October. From April to September 
2015, 150 chilling hours were accumulated 
(CH = hours with air temperature ≤ 7.2°C), 

much lower than the climatological normal 
for the region (409 CH). Furthermore, in 
August 2015, only 8 CH were recorded, with 
average minimum temperature at 14.1°C, 
well above the normal of 9.3°C (Figure 1).

Figure 1. Monthly averages of maximum, mean, 
and minimum temperatures (°C), and rain-
fall (mm) for the 2015/2016, 2016/2017, and 
2017/2018 cycles. Data recorded by the Davis 
Automatic Station. Climatological normals for 
the 1961-1990 period. Pinto Bandeira - RS.

In September, 41 CH were accumulated, 
which was associated with a severe late 
frost on 2015-09-13 and 2015-09-14, caus-
ing freezing damage to ‘Pinot Noir’ (Figure 
2), which was located at the lower altitude 
(PN-low, 660 m). The PN-high and CH areas, 
located at a higher altitude (738 m) and with 
greater air circulation, were not affected, as 
cold air is denser and tends to accumulate 
in the lower parts of the terrain (SABBATINI; 
HOWELL, 2013). In 2016, minimum tempera-
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tures were more constant, accumulating 591 
CH from April to September, a value higher 
than the climatological normal and ade-
quate for the vines to completely overcome 
dormancy. In the 2017/2018 cycle, thermal 
conditions approached those of the first cy-
cle, with 251 CH accumulated from April to 
September, but with cold days concentrated 
mainly in July and no records of late frosts.

Figure 2. Damage caused by late frost (2015-09-
13) on ‘Pinot Noir’ (Vitis vinifera L.) shoots, lo-
cated at the lowest altitude of the terrain (660 
m). A) Plant pruned on 2015-08-03, and B) un-
pruned plant. Images captured on 2015-09-15, 
two days after the frost. Pinto Bandeira - RS, 
2015/2016 cycle.

Considering the impact of environmental 
factors on vegetative and productive be-
havior of each cycle, budburst percentage 
was directly associated with winter chill 
availability. This becomes evident when 
comparing different pruning times in the 
2015/2016 and 2016/2017 cycles (Figure 3A 
and 3B). Delaying the pruning date caused 
relatively little effect on budburst rate. In the 
2015/2016 cycle (Figure 3A), a reduction in 
the budburst rate of ‘Chardonnay’ pruned 
last (2015-10-14, 47%) was observed com-
pared to pruning 3 (2015-08-17, 72%).

Figure 3. Budburst rate (% of buds sprouted) in 
grapevines (Vitis vinifera L.) with different prun-
ing strategies, in the 2015/2016 (A), 2016/2017 
(B), and 2017/2018 (C) cycles, in three areas: 
‘Chardonnay’ (CH), ‘Pinot Noir’ high (PN-high), 
and ‘Pinot Noir’ low (PN-low). In the last cycle, 
the combination of late pruning with pre-prun-
ing management (PP, performed on 2017-07-
20) was tested. P1 = pruning on Jul 10-20; P2 = 
pruning on Aug 3; PP+P3 = pre-pruning + prun-
ing on Aug 15; P3 = pruning on Aug 15-17; P4 
= pruning on Aug 31; PP+P5 = pre-pruning + 
pruning on Sep 13; P5 = pruning on Sep 13-14; 
P6 = pruning on Sep 28; PP+P7 = pre-pruning + 
pruning on Oct 11; P7 = pruning on Oct 11-14. 
Means marked with the same lowercase letter 
or unmarked, within the same cycle and area, do 
not differ from each other by Tukey’s HSD test 
at 5% probability, as do areas under the same 
uppercase letter or unmarked, within each year. 
Vertical lines indicate the 95% confidence inter-
val for the respective mean. Pinto Bandeira - RS, 
2016.

However, no significant effects of pruning 
date on budburst rate were observed in the 
other treatments, nor in the two ‘Pinot Noir’ 
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areas in the cycle. Average budburst rate 
in PN-high (70%) was higher than the aver-
age rates of PN-low (63%) and Chardonnay 
(60%). Interestingly, the date with the high-
est budburst rate in CH and PN-high (P3) 
was the date with the lowest value in PN-
low, which is explained by the occurrence of 
late frost in that location, causing damage to 
buds that were already swollen and close to 
sprouting (Figure 2). When buds swell due 
to hydration and metabolic activation at 
the end of dormancy, these tissues become 
susceptible to freezing damage (SABBATINI; 
HOWELL, 2013).
In the 2016/2017 cycle, which had more chill 
availability, higher budburst rates were ob-
served compared to the previous cycle, with 
averages of 82%, 79%, and 77% for PN-high, 
PN-low, and CH, respectively. Under these 
conditions, delaying the pruning date had a 
significant impact on budburst, with more 
pronounced effects on ‘Chardonnay’ (Figure 
3B), which underwent a significant reduction 
(P <0.05) from 90% at the beginning (P1) to 
62% and 61% on the two final dates (P6 and 

P7). For ‘Pinot Noir’, in general, there was a 
milder effect of pruning dates on budburst 
compared to ‘Chardonnay’, with the main 
effect being a reduction in buds sprouted in 
PN-low on the last pruning date (P7, 67%), 
compared to the previous ones (P3, 92%, 
and P4, 84%), with no significant effect on 
the sprouting rates in PN-high.
When analyzing the last cycle (2017/2018), 
maximum budburst exceeded the previous 
cycles, with average values of 101%, 99%, 
and 99% for PN-high, PN-low, and CH, re-
spectively (Figure 3C). This greater stimulus 
in budburst, with values that exceed 100%, 
was associated with the uniform accumu-
lation of chill during winter and the high-
er proportion of double or triple sprouting 
(Figure 4), mainly recorded in treatments 
combined with pre-pruning management. 
In this cycle, the percentage of budburst in 
‘Chardonnay’ was also lower in the October 
prunings (Figure 3C), with milder impact on 
plants subjected to pre-pruning. There was 
no significant effect of pruning on budburst 
in the two ‘Pinot Noir’ areas.

Figure 4. Shoots from double and triple buds occurred in the Chardonnay and Pinot Noir varieties 
(Vitis vinifera L.), mainly in the pruning treatments that were preceded by pre-pruning manage-
ment, in the 2017/2018 cycle. Pinto Bandeira - RS.

The impact of pruning date on shoot fertil-
ity (presence of clusters) was much more 
pronounced than on budburst rate. In the 
2015/2016 cycle, there was a significant re-
duction in the fertility of new shoots with de-
layed pruning date, especially in PN-high and 
CH (Figure 5A). In the ‘Chardonnay’ area, on 
dates P1 and P2 (July 10, 2015, and August 
03, 2015), the plants reached, respectively, a 

rate of 82% and 72% of shoots with clusters, 
while on P3, they reached 36% of total fer-
tility. The most drastic effect was recorded 
in prunings P4, P5, P6, and P7, with only 8% 
fertility on the last pruning date (P7, October 
14, 2015). A similar reduction in fertility was 
observed in ‘Pinot Noir’ at the highest alti-
tude (PN-high), where prunings P1, P2, and 
P3 had the highest shoot fertility, averaging 
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between 65% and 74%, while P4 and P5 had 
medium fertility (close to 43%), with a dras-
tic reduction in P6 and P7, reaching 16% and 
13%, respectively.

Figure 5. Total fertility rate (% of shoots with 
clusters) in grapevines (Vitis vinifera L.) with 
different pruning strategies, in the 2015/2016 
(A), 2016/2017 (B), and 2017/2018 (C) cycles, in 
three areas: ‘Chardonnay’ (CH), ‘Pinot Noir’ high 
(PN-high), and ‘Pinot Noir’ low (PN-low). In the 
last cycle, the combination of late pruning with 
pre-pruning management (PP, performed on July 
20, 2017) was tested. P1 = pruning on Jul 10-20; 
P2 = pruning on Aug 3; PP+P3 = pre-pruning + 
pruning on Aug 15; P3 = pruning on Aug 15-17; 
P4 = pruning on Aug 31; PP+P5 = pre-pruning + 
pruning on Sep 13; P5 = pruning on Sep 13-14; 
P6 = pruning on Sep 28; PP+P7 = pre-pruning + 
pruning on Oct 11; P7 = pruning on Oct 11-14. 
Means marked with the same lowercase letter 
or unmarked, within the same cycle and area, do 
not differ from each other by Tukey’s HSD test 
at 5% probability, as do areas under the same 
uppercase letter or unmarked, within each year. 
Vertical lines indicate the 95% confidence inter-
val for the respective mean. Pinto Bandeira - RS.

In PN-low, there was also significant variation 
between pruning dates, but with a different 
response to early pruning (Figure 5A). The re-
duction in fertility in prunings P1, P2, and P3 
is explained by the occurrence of frosts in this 
cycle (on 2015-09-13 and 2015-09-14), when 
the plants from these early prunings had al-
ready begun sprouting. Intense frost occurred 
on the PN-low, but not on PN-high, resulting 
in the death of shoots from primary buds and, 
consequently, reduced fertility in the lower 
area. From P4 onward, results were similar to 
those of PN-high, indicating a similar impact 
of pruning date in both locations.
In the second cycle (2016/2017), shoot fertil-
ity was also reduced with delayed pruning in 
all areas (Figure 5B). In ‘Chardonnay’, shoot 
fertility dropped from 54-77% in the first four 
pruning dates to 2-19% in the last three, sim-
ilar to the previous cycle. In the two ‘Pinot 
Noir’ areas, responses to pruning treatments 
were similar to that of ‘Chardonnay’, but PN-
low showed a higher proportion of fertile 
shoots than PN-high (Figure 5B). While in 
PN-high, prunings P1, P2, P3, and P4, with 
an average fertility of 40%, were superior to 
prunings P6 and P7, with an average of 4%, 
the same occurred in PN-low, but with aver-
age fertilities of 67% in the first group and 
24% in the second. This contrast between 
‘Pinot Noir’ areas is possibly associated 
with the fact that production in PN-low was 
compromised by frost in the previous cycle 
(2015/2016), favoring the accumulation of 
reserves and bud fertility for the following 
cycle, compared to PN-high which did not 
suffer frost damage and had a full harvest.
In the 2017/2018 harvest (Figure 5C), shoot 
fertility (%) was also reduced with delayed 
pruning, especially in the ‘Chardonnay’ and 
‘Pinot Noir’ areas in the highest altitude. 
Fertility rates were higher with prunings P1, 
P3 and PP+P3, with averages of 57% for CH 
and 66% for PN-high, while the average fer-
tility of prunings P5, PP+P5, P7 and PP+P7 
was 10% for CH and 22% for PN-high. In PN-
low, there was also a significant, although 
less intense, impact of late pruning.
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Production and yield components were di-
rectly impacted by year, cultivar, and location 
in the three areas (Tables 1 and 2). Delayed 
pruning impact is also evident, regardless of 
other factors. Production per plant (g) was 
the lowest in the first cycle (2015/2016), 
well below what is expected for these Vitis 
vinifera varieties, due to the combination of 
low chilling hours accumulation, excessive 
heat in August and late frosts. This effect 

was observed not only in the experiment, 
but also throughout the Serra Gaúcha region 
(ALVES; TONIETTO, 2016). A significant re-
duction in production was observed in late 
pruning dates. ‘Chardonnay’ was always the 
most impacted by delayed pruning, with the 
least impact occurring on PN-low. It is worth 
noting that the reduction effect imposed by 
late pruning was more severe in cycles with 
better production conditions.

Table 1. Yield components of Chardonnay and Pinot Noir varieties (Vitis vinifera L.) with different 
pruning dates in the 2015/2016 and 2016/2017 cycles. Pinto Bandeira - RS.

Pruning
Production

(g/plant)
Number of clusters

per plant
Number of berries

per cluster
Mean

berry weight (g)

2015/16 2016/17 2015/16 2016/17 2015/16 2016/17 2015/16 2016/17

Chardonnay

P1 566 ab 1315 ab 17.7 a 15.6 a 23.0 ab 59.0 abc 1.34 ab 1.47
P2 727 a 1996 a 16.2 a 18.4 a 33.8 a 76.3 ab 1.33 ab 1.45
P3 298 bc 1900 a 8.1 b 17.4 a 23.2 ab 81.0 a 1.40 a 1.37
P4 98 c 1410 ab 3.4 bc 13.8 a 22.0 ab 74.8 ab 1.26 ab 1.28
P5 30 c 218 b 1.3 c 3.2 b 26.3 ab 47.5 abc 1.09 abc 1.41
P6 12 c 3 b 1.4 c 0.4 b 8.8 b 6.8 c 1.02 bc 1.10
P7 12 c 45 b 0.9 c 1.0 b 18.2 ab 35.2 bc 0.80 c 1.16

Pinot Noir High

P1 164 b 662 12.1 a 8.8 ab 11.4 c 54.7 ab 1.21 ab 1.42
P2 658 a 1239 13.0 a 11.5 ab 37.7 a 74.1 a 1.39 a 1.45
P3 688 a 1096 14.4 a 12.1 ab 42.6 a 66.5 ab 1.11 ab 1.38
P4 235 b 1458 6.4 b 13.3 a 30.9 ab 86.2 a 1.16 ab 1.28
P5 100 b 713 5.5 b 6.6 ab 14.3 bc 81.2 a 1.25 ab 1.31
P6 195 b 58 5.7 b 2.0 b 31.8 ab 26.1 b 1.07 ab 1.20
P7 20 b 92 3.0 b 2.0 b 7.5 c 45.4 ab 0.89 b 1.13

Pinot Noir Low

P1 90 b 2260 a 3.6 ab 20.0 ab 23.1 b 71.2 abc 1.33 1.53
P2 91 b 2319 a 2.9 b 22.0 a 25.8 ab 73.4 abc 1.28 1.46
P3 130 b 3407 a 2.9 b 23.1 a 35.2 ab 102.6 a 1.18 1.49
P4 559 a 3234 a 9.2 a 24.0 a 44.6 a 83.7 ab 1.23 1.42
P5 348 ab 2347 a 7.2 ab 26.7 a 39.4 ab 61.7 abcd 1.19 1.44
P6 142 b 558 b 5.4 ab 11.1 bc 20.5 b 31.9 d 1.11 1.52
P7 43 b 437 b 2.3 b 8.4 c 20.5 b 36.0 cd 1.19 1.32

CV (%) 76.4 68.2 51.0 51.8 44.3 35.0 12.3 11.9

Means of the same variety in the same column followed by the same letter or not followed by a letter do not differ from 
each other by Tukey’s HSD test at 5% probability. Pruning dates in the 2015/2016 and 2016/2017 cycles, respectively: 
(P1) July 10, 2015 and July 13, 2016; (P2) August 3, 2015 and August 3, 2016; (P3) August 17, 2015 and August 16, 2016; 
(P4) August 31, 2015 and August 31, 2016; (P5) September 14, 2015 and September 14, 2016; (P6) September 28, 2015 
and September 28, 2016; (P7) October 14, 2015 and October 11, 2016. CV = coefficient of variation.
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Table 2. Yield components of Chardonnay and Pinot Noir varieties (Vitis vinifera L.) with different 
pruning dates in the 2017/2018 cycle. Pinto Bandeira - RS, 2018.

Pruning Production
(g/plant)

Number of
clusters per plant

Number of berries
per cluster

Mean
berry weight (g)

Chardonnay

P1 1622 a 24.8 a 54.2 a 1.20 a
PP+P3 1509 a 23.9 a 50.9 a 1.23 a

P3 1387 a 26.4 a 43.2 ab 1.18 a
PP+P5 77 b 2.8 b 33.0 ab 0.85 b

P5 27 b 1.0 b 35.9 ab 0.82 b
PP+P7 10 b 0.8 b 11.9 b 1.04 ab

P7 77 b 2.8 b 24.7 b 1.19 a

Pinot Noir High

P1 1789 a 28.3 a 48.2 1.31
PP+P3 1644 a 32.6 a 40.2 1.26

P3 1360 ab 28.5 a 41.4 1.16
PP+P5 278 c 8.1 b 31.1 1.07

P5 307 bc 9.7 b 29.9 1.08
PP+P7 271 c 6.6 b 35.8 1.16

P7 332 bc 8.1 b 31.3 1.27

Pinot Noir Low

PP+P3 3673 a 45.9 a 60.2 a 1.29 ab
P3 1943 b 31.2 b 44.5 a 1.34 ab

PP+P5 1181 bc 14.0 c 60.9 a 1.23 ab
P5 579 c 12.6 c 41.5 a 1.10 b

PP+P7 153 c 5.4 c 17.2 b 1.39 a
P7 282 c 8.6 c 18.5 b 1.17 ab

CV (%) 72.1 48.6 35.9 10.8

Means of the same variety in the same column followed by the same letter or not followed by a letter do not differ from 
each other by Tukey’s HSD test at 5% probability. Pruning strategies: (P1) pruning on July 20, 2017; (PP+P3) pre-pruning 
on July 20, 2017 + pruning on August 15, 2017; (P3) pruning on August 15, 2017; (PP+P5) pre-pruning on July 20, 2017 
+ pruning on September 13, 2017; (P5) pruning on September 13, 2017; (PP+P7) pre-pruning on July 20, 2017 + pruning 
on October 11, 2017; (P7) pruning on October 11, 2017. CV = coefficient of variation.

Pruning date impact on production and 
yield components is primarily explained 
by the variation in shoot fertility (Figure 5) 
and, consequently, by the number of clus-
ters per plant, despite some significant dif-
ferences in the number of berries per clus-
ter and average berry weight (Tables 1 and 
2). In all years, when comparing pruning 
dates with maximum and minimum pro-
duction, ‘Chardonnay’ showed an average 
reduction of 99.2% in production (g/plant), 

96.3% in the number of clusters per plant, 
71.8% in the number of berries per cluster, 
and 25.7% in the average berry weight. In 
‘Pinot Noir’, a similar assessment results in 
an average reduction between the two ar-
eas of 92.2% in production, 77.9% in the 
number of clusters per plant, 61.3% in the 
number of berries per cluster, and 7.5% in 
the average berry weight. The greatest vari-
ation among yield components occurred 
in the number of clusters per plant, fol-
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lowed by the number of berries per cluster, 
with average berry weight having relative-
ly little influence on the reduction of total 
production.
In order to explain the form in which delayed 
pruning affects yield components, potential 
fertility and viability of ‘Chardonnay’ and 
‘Pinot Noir’ buds were assessed on the three 
areas in the last cycle (2017/2018). No signif-
icant differences (P>0.10) were observed in 
bud fertility between areas or between dif-
ferent bud positions on the shoot (Figure 6). 
This is an indication that potential bud fer-
tility (before budburst) was very similar with 
respect to position, cultivar, and location. 
As time progressed, bud fertility decreased 
(Figure 7).

Figure 6. Proportion (%) of fertile buds (with 
presence of visible and developed inflorescence 
primordia) at different positions on the cane, 
in the varieties ‘Chardonnay’ (CH) and ‘Pinot 
Noir’ (PN-high and PN-low), evaluated before 
apical budburst in the 2017/2018 cycle. Pinto 
Bandeira - RS.

Figure 7. Proportion (%) of vine basal buds 
(Vitis vinifera L.) classified as: (1) fertile bud, (2) 
non-fertile bud, (3) necrotic bud, and (4) pri-
mary necrotic bud and viable secondary bud, 
on different pruning dates and in the varieties 
‘Chardonnay’ (CH) and ‘Pinot Noir’ (PN-high and 
PN-low), during the 2017/2018 cycle. Pinot Noir 
was sampled at high (738 m) and low (660 m) 
altitudes. Means marked with the same letter or 
not marked, within the same bud type, do not 
differ from each other by Tukey’s HSD test at a 
5% probability level. Pinto Bandeira - RS.

In the first four sampling dates (up until the 
first half of September), evaluated buds had 
an average fertility of over 70% fertile buds. 
However, in the two subsequent samples 
(2017-09-18 and 2017-10-03), the propor-
tion of fertile buds (Figure 8C-8D) was re-
duced to 39% (CH), 23% (PN-high), and 27% 
(PN-low). This variation is not explained by 
the proportion of “non-fertile buds”, which 
were viable at the time of the assessments 
and did not show inflorescence primordia 
(Figure 8B), as the proportion of these buds 
also decreased in the three areas. However, 
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there is a significant increase in “necrot-
ic buds” (Figure 8E) and “necrotic primary 

buds with a viable secondary bud” (Figure 
8F) in the last two sampling dates (Figure 7).

Figure 8. Anatomy of basal buds on canes of the ‘Chardonnay’ variety (Vitis vinifera L.), observed 
in longitudinal section, in the 2017/2018 cycle. A) Compound bud showing the primary, secondary, 
and tertiary buds; B) Viable but non-fertile bud; C) Fertile bud; D) Highlighted inflorescence primor-
dium in fertile bud; E) Necrotic bud; and F) Dead primary bud and viable secondary bud. PB - prima-
ry bud; SB - secondary bud; TB - tertiary bud; LP - leaf primordium; IP - inflorescence primordium. 
Pinto Bandeira - RS.

Under southern Brazilian growing condi-
tions, delaying the pruning date led to a 
significant reduction in yield components, 
particularly in the number of clusters per 
plant. The effects were more pronounced 
in the October pruning for ‘Pinot Noir’ 
and ‘Chardonnay’. These findings diverge 
from the favorable outcomes of late prun-
ing found in ‘Merlot’, ‘Chardonnay’, and 
‘Sauvignon Blanc’ (Vitis vinifera) in New 
Zealand and Australia (FRIEND; TROUGHT, 
2007; FRIEND et al., 2011; TROUGHT et al., 
2011; MORAN et al., 2017). Similar, but less 

impactful, results were reported by Frioni 
et al. (2016), who highlighted a 55% reduc-
tion in yield with late pruning, with 44% 
fewer clusters per plant, 26% decrease in 
cluster weight, and 17% fewer berries per 
cluster, compared to traditional pruning 
with ‘Sangiovese’ in Italy. The negative out-
comes of late pruning, as highlighted by 
these Italian authors, are especially associ-
ated with limited reserves or competition 
between the vegetative growth of apical 
shoots and the concurrent reproductive de-
velopment of basal buds.
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Reproductive organs are developed in three 
main phases, spanning two consecutive 
growth cycles: the first season, preceding 
budburst, is devoted to the formation of 
undifferentiated primordia (anlagen) and 
their differentiation into inflorescence pri-
mordia; in the second season, flower for-
mation and flowering occur post-budburst 
(VASCONCELOS et al., 2009). These stages 
depend on hormonal balance in the buds, 
considering the relationship between cy-
tokinins and gibberellins. Gibberellins pro-
mote the initiation of lateral meristems but 
inhibit inflorescence development, while 
cytokinins promote inflorescence formation 
(CARMONA et al., 2008). This hormonal 
balance can be influenced directly and in-
directly by other factors, such as bud load 
and production from the previous cycle, nu-
tritional status, water availability, and root-
stock vigor.
One cause of production loss due to late 
pruning could be the occurrence of “shat-
ter” during the flowering period. Shatter is a 
physiological disorder resulting from the lack 
of fertilization of flowers and subsequent 
abortion, preventing the complete forma-
tion of berries, leading to clusters with a 
smaller number of berries. This can happen 
during cold and rainy periods or during high 
temperatures at flowering (KELLER, 2020). 
This factor may have been partially present, 
as clusters from late pruning had a lower 
number of berries. However, when consid-
ering all cycles together (with contrasting 
meteorological conditions), the number of 
berries per cluster does not fully explain 
the variation that occurred in production 
between the initial and final pruning dates. 
Additionally, in the initial analysis of bas-
al bud sprouting, in the phenology records, 
the absence of clusters had already been ob-
served. Therefore, in this study, shatter can-
not be considered a relevant cause of fertili-
ty loss in late pruning.
Fertility of basal buds is defined in the pre-
vious cycle (VASCONCELOS et al., 2009) 

and, in this study, was characterized by the 
maximum values obtained in the first prun-
ing dates (except in the PN-low area, which 
suffered damage from late frost in 2015, 
Figure 5A). Considering the small varia-
tion in budburst, influenced mainly by the 
conditions of each winter, it is possible to 
infer that shoot fertility results were clear-
ly reduced by the delay in pruning dates, 
reaching values close to zero on the last 
date (mid-October). Fertility of basal buds 
was apparently lost with this delay, due to 
oxidation and death of bud tissues, mainly 
of the primary bud (Figures 7 and 8). Some 
buds also showed the same effects of ne-
crosis on the secondary bud, further affect-
ing their production potential. This fertility 
loss in plants was directly associated with 
increased growth (vigor) of apical shoots. 
Longer delays in pruning date, with conse-
quently greater vegetative growth of apical 
shoots (Figure 9), increased the negative ef-
fect on buds.
Fertility reduction of basal bud shoots after 
late pruning has been associated with drain 
on carbon reserves exerted by apical shoots. 
This theory is defined by studies with late 
pruning in Italy (GATTI et al., 2016; FRIONI et 
al., 2016), considering that apical shoots act 
as strong drains on the cane’s reserves un-
til leaves reach their full size and maximum 
photosynthetic potential, restricting the 
production potential of basal buds. Apical 
shoots can also act as source tissues of hor-
mones, directly influencing fertility of basal 
buds. Yahyaoui et al. (1998) conducted an 
in vitro study with excised inflorescence pri-
mordia from ‘Pinot Noir’ and ‘Chardonnay’ 
buds cultured in different hormone media. 
They obtained the reversion of the inflores-
cence primordium into a shoot with three 
leaves and a tendril when cultured in a me-
dium with gibberellin or with gibberellin as-
sociated with auxin. This indicates that re-
version or dedifferentiation may be possible 
in grapevine buds, changing reproductive 
structures defined in the previous cycle to 
vegetative ones.
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Plant hormones influence inflorescence for-
mation and development, especially auxins, 
cytokinins, gibberellins, and their associat-
ed biochemical pathways (CARMONA et al., 
2008). According to May (2004), flower for-
mation in the basal and middle portions of 
the shoots may be inhibited by auxin from 
earlier growing apical shoots, until the time 
of each pruning date. During the second sea-
son of the inflorescence differentiation cy-
cle, gibberellins produced in the vegetative 
tissues of the aerial part cause floral inhibi-
tion in Vitis vinifera. Therefore, another pos-
sible explanation for the negative influence 
of delayed pruning is that apical shoots act 
as hormonal source on the lower portions of 
the cane, inducing reversion of inflorescence 
primordia in basal buds.

Among plant hormones, indole-3-acetic acid 
(IAA), the most common auxin, is the best 
candidate for causing necrosis in basal buds. 
Young developing shoots produce auxin, 
transported basipetally and accumulated in 
basal buds (NANDA; MELNYK, 2018). There 
is no report that endogenous concentra-
tions of auxin cause phytotoxicity or tissue 
death; however, the effect of exogenous 
applications of auxins varies depending on 
dosage. At low concentrations, auxins pro-
mote growth, whereas at high concentra-
tions, they can cause over-accumulation of 
reactive oxygen species (ROS) leading to tis-
sue oxidation and cell death (GROSSMANN, 
1996; PARVEEN et al., 2022), as observed in 
this study (Figure 8E and 8F).

High concentrations of auxin stimulates 
ethylene production by induction of 1-ami-
nocyclopropane-1-carboxylic acid (ACC) 
synthase few minutes after treatment. The 
resulting ethylene burst causes growth ab-
normalities and senescence, akin to herbi-
cidal effect (GROSSMANN, 2007). The in-
creased apical vegetative growth observed 
in late pruned plants may have favored 
greater synthesis and translocation of auxin 
to basal buds, leading to necrosis of these 

tissues. Observed bud death in this study 
is also similar to symptoms of the disorder 
called primary bud necrosis (PBN), which 
has causes not yet completely understood 
(KAVOOSI et al., 2013; VASCONCELOS et al., 
2009).

The influence of apical shoot vigor and, 
consequently, the modulation of its effect 
on the results of delayed pruning becomes 
clearer when considering the contrast of 
climatic conditions between viticultural 
regions worldwide. While in central New 
Zealand and in Barossa Valley, Australia, 
fertility remained unchanged or even fa-
vored by late pruning (FRIEND; TROUGHT, 
2007; FRIEND et al., 2011; TROUGHT et al., 
2011; MORAN et al., 2017), in Italy (GATTI 
et al., 2016; FRIONI et al., 2016; VERCESI 
et al., 2023), Spain (ZHENG et al., 2017), 
and Brazil (Serra Gaúcha), fertility was 
drastically reduced with delayed pruning. 
Average temperatures in Wellington, NZ, 
Westport, NZ, and Barossa Valley, AU, at 
the beginning of spring are 12.8, 11.8°C, 
and 12.3°C, respectively. This thermal con-
dition is much lower than the averages ob-
served in Brazil, Italy, and Spain, and slight-
ly above the grapevine’s base temperature 
(10°C), favoring slow vegetative growth af-
ter budburst. In contrast, in La Rioja (Spain) 
and Perugia (Italy), average temperatures 
during the spring months are 16.0 and 
15.3°C, respectively, a more favorable ther-
mal condition for rapid vegetative growth. 
In Southern Brazil (Serra Gaúcha), aver-
age spring temperatures are even higher 
(16.9°C), compared to other regions, ac-
companied by high precipitation (160 mm 
monthly). This climatic condition is even 
more favorable for vegetative growth than 
Italy and Spain, and especially New Zealand 
and Australia. This is evident in the images 
of the two cultivars before the last pruning 
dates (Figure 9).
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Figure 9. Monthly vegetative growth of ‘Chardonnay’ (Vitis vinifera L.) before late pruning treat-
ments, in the 2015/2016 cycle. (A) 2015-08-15; (B) 2015-09-14; (C) 2015-10-15; and (D) Visible in-
florescence in non-pruned plant, 2015-10-15. Pinto Bandeira - RS.

In New Zealand, very late pruning (October, 
in Southern Hemisphere conditions) oc-
curred when apical shoots were approxi-
mately 5 cm long, resulting in an average 
increase of 79% in yield of ‘Merlot’ over 
three consecutive cycles (FRIEND; TROUGHT, 
2007). In Australia, very late pruning oc-
curred when apical shoots had only two 
to three separate leaves, with no resulting 
impact on yield (MORAN et al., 2017). Low 
apical growth vigor in these two regions is 
associated with climatic conditions. In Italy 
(FRIONI et al., 2016) and Spain (ZHENG et 
al., 2017), very late pruning (May and June 
in the Northern Hemisphere) occurred 
when the apical shoots already had devel-
oped inflorescences, reducing yield in over 
40%. In Serra Gaúcha, where very late prun-
ing occurred on plants with dense vegeta-
tive growth and presence of inflorescenc-
es (Figure 9D), even stronger impacts were 
observed. In the three cycles evaluated, on 
average, there was a reduction of 97% in 
yield of ‘Chardonnay’ and 89% in ‘Pinot Noir’ 
(PN-high), between regular (July and August) 

and late (October) pruning. This significant 
reduction in yield due to delayed pruning in 
Serra Gaúcha was directly related to climat-
ic conditions that favored vigorous apical 
growth.
According to Gatti et al. (2016), late pruning 
when canes have apical shoots with more 
than four developed leaves limits yield. 
Palliotti et al. (2017) demonstrated that fi-
nal pruning with apical shoots having no 
more than two or three developed leaves 
results in minimal yield limitation and ade-
quate maturation, but delayed pruning with 
apical shoots of over four leaves drastically 
reduced productivity. In Serra Gaúcha, un-
der these experimental conditions, delayed 
pruning up until the phenological stage of 
two or three separate leaves (end of August/
early September) did not affect yield.

Conclusion
The practice of delaying winter pruning in 
early varieties such as ‘Chardonnay’ and 
‘Pinot Noir’ can lead to a significant reduc-
tion in yield per plant in the climatic condi-
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tions of Serra Gaúcha. This reduction in pro-
duction is directly associated with necrosis 
of the primary bud in the base buds of the 
cane (remaining after pruning, in spur cor-
don), stimulating the sprouting of second-
ary or tertiary buds that do not bear clus-
ters. This negative effect of late pruning on 

production only manifests when the apical 
shoots surpass the phenological stage of two 
to three expanded leaves, which in the eval-
uated cycles occurred after the beginning of 
September. It is important to restrict delayed 
pruning to this maximum limit, in order to 
ensure sustainable production.
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