Crop-forcing: an effective pruning technique to

delay ripening to a cooler period

By Nieves Lavado'?, David Uriarte’”, M. Henar Prieto’, M. Esperanza Valdés? Luis A. Mancha’ and Daniel Moreno?

For vineyards in semi-arid climates that are subjected to high
temperatures and water scarcity, new growing practices are increasingly
required that minimise the adverse effects of global warming on grape
yield and quality. ‘Crop-forcing’ induces the regrowth of buds developed
during the season with the goal of modifying the phenology of the
grapevine and shifting berry ripening to a time of moderate temperatures.
Researchers evaluated the effect of crop-forcing on the relationship
between various parameters that determine the characteristics of
Tempranillo berries under different irrigation strategies and compared
those results to vines with traditional winter pruning.

INTRODUCTION

In viticulture, climate plays a key
role in defining ‘terroir’ as an element of
differentiation and added value in wines.
However, current and foreseeable short and
medium-term climatic conditions are making
it increasingly difficult to maintain the typical
sensory characteristics of wines from each
production area. High temperatures during
grape ripening lead to a loss of anthocyanin
content and acidity and an increase in pH
(Keller 2010, Buttrose et al. 1971, Kliewer
and Antcliff 1970, Mori et al. 2007a-b, Mori
et al. 2005, Spayd et al. 2002, Tarara et al.
2008, Winkler et al. 1974). The negative effect
not only influences the final volume of these
metabolites but also the kinetics of these
compounds. High temperatures reduce the
acid-to-sugar ratio and the anthocyanin-to-
sugar ratio and can also lead to an imbalance
in grape ripening. In 2012, Sadras and Moran
observed a decoupling between anthocyanin
and sugar content in red varieties exposed to
environmental stress conditions due to high
temperatures.

Berries accelerate the synthesis of sugars
(Petrie and Sadras 2008), increasing the
alcoholic potential of their wines (Jones et
al. 2005, Cook and Wolkolich 2016). This
increase is at odds with current consumer
preferences for wines with more moderate
alcohol content (Palliotti et al. 2014).

Additionally, total acidity decreases with
increasing temperature (Mira de Ordufia
2010, Buttrose et al. 1971), which alters

the synchrony between the evolution of

acid and sugar accumulation. On the other
hand, temperatures above 30°C can inhibit
anthocyanin accumulation (Mori et al. 2007a-
b), and this scenario is becoming increasingly
common in vineyards around the world.

Climate change also increases the intensity
of water stress in vineyards as a consequence
of the increase in evapotranspiration and the
decrease in precipitation during the period
of highest water demand for vines. Deficit
irrigation can be an effective strategy to
manage water status and improve grape quality
(Uriarte et al. 2016, Girona et al. 2009, Intrigliolo
et al. 2012).

There is an urgent need to find solutions to
maintain the viability of existing vineyards in the
face of this current challenge. These solutions
must include the adaptation of management
practices that can mitigate the effects of high
temperatures on berry composition. In this
context, summer pruning is emerging as
a possible solution to the effects of global
warming as it provides greater leaf cover
around bunches, which affects the microclimate
of grapes (Poni et al. 2023). Although this
second pruning increases production costs, it
can be a tool to steer ripening in the desired
direction (Poni et al. 2023).

In the last decade, Gu et al. (2012) studied
the technique of ‘crop-forcing’, which was
effective in shifting the harvest date to a
period with lower average temperatures. In
recent years, this technique has been studied
in different production areas such as Spain
(Martinez-Moreno et al. 2019, Martinez De Toda
et al. 2019, Lavado et al. 2019, 2023a-€), Japan
(Kishimoto et al. 2022), Portugal (Cabral et
al. 2023) and ltaly (Poni et al. 2020). The aim
of this research was to test the feasibility of
combining ‘crop-forcing’ and deficit irrigation
to provide winemakers with more suitable raw
materials for the production of premium wines,
and to provide winegrowers with tools to
obtain higher value crops that will make their
vineyards more profitable and increase the
resilience of vineyards in hot areas in the face
of climate change.
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EXTREMADUR

MATERIALS AND METHODS
Plant material and vineyard site

The study was carried out in an
experimental vineyard located at Badajoz,
Extremadura, Spain (38° 51" N, 6° 40" W,
198m) planted with Tempranillo (Vitis vinifera
L.) grafted on Richter 110 rootstock, trained
as bilateral cordons on a vertical trellis
system with a drip irrigation system of 8L/h
per grapevine. All the grapevines were winter
pruned to six spurs and two buds per spur.
The rows are laid out east-west and row
and grapevine spacing is 2.5m and 1.2 m,
respectively.

EUROPE

Figure 1. The location of the experimental
vineyard.

Treatments and experimental design

The experimental design was split-plot
with four replicates per treatment (Table 1).
The experimental subplot consisted of six
rows per 18 vines (108 vines). The 10 central
vines of the four central rows were monitored
(two rows as a border). The main component
consisted of two treatments of ‘crop-forcing’ on
two different dates: F1, ‘crop-forcing’ applied
four days after flowering and F2, 22 days after
flowering. Both treatments were compared
with a treatment without crop-forcing (NF)
with grapevines grown following conventional
practices (just winter pruning) (Lavado et al.
2023a).

Similarly, in F1 and F2, the 12 growing
shoots per vine were hedged with scissors
leaving seven nodes (one bud/node). In
addition, all the summer laterals, leaves and
clusters were removed to force the bursting
of the dormant buds developed in the current
season. Figure 2 shows the situation before
and after the application of ‘crop-forcing’ in
the treatments in late spring. As a secondary
component, two irrigation regimes were
established: a treatment with full irrigation
(C), supplying water to maintain a midday
stem water potential (SWP) close to -0.6MPa
(based on 100%ETc) and a pre-veraison
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Table 1. Summary of the treatments applied in the study. Source: Lavado et al. 2023a.

No “Crop-forcing”

(NF)
Full irrigated (C) C-NF
Deficit irrigation (RI) RI-NF

Early Late
“Crop-forcing” “Crop-forcing”
(F1) (F2)

C-F1 C-F2
RI-F1 RI-F2

Figure 3. The experimental Tempranillo vineyard subjected to ‘crop-forcing’ in Extremadura (Spain).

deficit irrigation (RI) treatment supplying
water to reach an SWP of -1.1MPa, as
maximum, and -0.8MPa in post-veraison.

These treatments were maintained in
the same vine during the three consecutive
years.

Figure 2. Schematic representation of a) a
vine before forcing and b) vine after forcing.
Drawing by Uriarte, D. published in Lavado
et al. (2023b).
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Microvinifications

Samples of about 60kg from each plot,
thus four wines per treatment, were obtained
each year. Microvinifications was carried out
employing a methodology based on previous
work (Lavado et al. 2023c).

Measurements

Phenological observations were carried out
in 10 grapevines in each experimental plot,
every seven days from budburst to veraison.
Veraison was determined by colour change in
50% of berries.

From veraison to harvest, 200 grapes
were frozen in the laboratory until analysed.
The rest were destemmed, crushed and
homogenised. An aliquot of the resulting mash
(pulp, juice, skins and seeds) was filtered and
used to determine technological parameters.
Total soluble solids (°Brix) was determined by
refractometry, total acidity (g tartaric acid/L)
and malic acid content (g/L) according to ECC
formal methods (ECC, 1990).

Extraction of phenolic substances
from grapes was carried out employing a
methodology based on previous work (Lavado
et al. 2023d). Total polyphenol content from
the extracts was determined according to
Singlenton and Rossi (1965), total anthocyanin
content was quantified employing the pH
differential method (Lee et al. 2005) and
catechins content was determined according
to McMurrough and Dowell (1978).

All treatments were harvested manually
at 23-24°Brix, a common criterion for picking
red grape varieties in this area. The average
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TSS of the berries from the four elementary
plots was considered for each treatment. All
the clusters of 10 grapevines per experimental
plot were weighed (40 grapevines per
treatment). To determine berry weight 100

grapes were considered per experimental plot.

RESULTS AND DISCUSSION

In this study, the green pruning technique
called ‘crop-forcing’ (F) was evaluated
and compared with a common pruning
practice (NF; winter pruning combined with
conventional green pruning) under two
different irrigation strategies (C and RI).

The inclusion of the irrigation factor in this
approach was motivated by several reasons:
a significant portion of the vineyards in

Spain are located in semi-arid areas with
limited water resources; deficit irrigation is
one of the most widely used strategies in
vineyards to improve the characteristics of red
winegrapes; and finally, to take advantage of
the opportunity offered by shifting the vineyard
cycle to induce an early water deficit (pre-
veraison), which is difficult to achieve naturally
due to spring rainfall.

The crop-forcing technique proved effective
in delaying the harvest by an average of 32
days when carried out after flowering (F1)
and 56 days when carried out after fruit set
(F2) (Figure 4). With this delay, temperatures
during the ripening period (from veraison to
harvest) were lower, resulting in a reduction of
mean maximum temperatures by 2.4°C when
forcing was applied after flowering and 6.3°C
when applied after fruit set.

In the two treatments where crop-forcing
pruning was applied, the production was
lower than in the NF treatment. However,
as seen in Figure 5, among the crop-forcing
treatments, F2 had a higher production than
when crop-forcing was carried out after
flowering (F1). The F treatments left a higher
number of buds than NF, resulting in a higher
number of clusters per vine. However, these
clusters were smaller, with a reduced number
of berries and smaller size (Figure 6). Despite
the higher crop load in these treatments, it did
not compensate for the lower cluster weight,
resulting in a yield that remained lower than
that of the NF treatment.

The application of deficit irrigation (RI) did
not alter the phenology of the vines, but it
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Figure 4. Maximum daily temperatures from 29 July through 16 November in 2018.

Horizontal bars represent the period between veraison and harvest for NF, F1 and F2.

Source: Lavado et al. 2023d
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Figure 5. Effect of ‘crop-forcing’, irrigation strategy and their combination on yield (kg/ha).
The bars represent the standard error of the mean. Source: Lavado et al. 2023b
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Figure 6. Picture of clusters of treatments NF, F1 and F2 on 21 August
2019.

Figure 7. Pictures of vines of treatments (a) NF, (b) F1 and (c) F2 on
11 August 2017. Source: Lavado et al. 2023d
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resulted in lower productivity than the C treatment in both the non-
forced and forced pruning treatments. The reduction in production in
the water-limited treatments was a result of lower berry and cluster
weights. The RI treatments increased water productivity, defined as
the ratio of production obtained to irrigation water applied. When
crop-forcing was applied without water limitation (C-F1 and C-F2), it
could require about 20% more water than the non-forcing and non-
water-limited treatment (C-NF). However, when crop-forcing was
applied with pre-veraison RI (RI-F1 and RI-F2), it maintained similar
water requirements to RI-NF and about 25% of the water required in
C-NF, although these results depended on the annual climatology.
The crop-forcing technique modified various aspects of the
vineyard; it not only shifted the crop cycle, reducing the temperature
during ripening, but also changed the plant architecture, the
microclimate of the clusters and the fruit load. As a result, it altered
the developmental dynamics of various berry compounds and
their relationships. This pruning resulted in a displacement of the
clusters to a higher zone of the trellis, with greater exposure to
solar radiation (Figure 7). Bergqvist et al. (2001) observed that, at
high temperatures, excessive solar radiation reduces grape colour.
However, other studies (Poni et al. 2009) indicate improvements
in colour with increased exposure, as observed in this study,
possibly due to the combination of lower temperatures and higher

illumination during the post-veraison period. >
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According to Sadras and Moran (2012), high temperatures during
ripening accelerate sugar accumulation, leading to a decoupling
between phenolic and technological ripeness. Grapes from crop-
forcing vines, whether applied after flowering or after fruit set, could
be harvested at 22°Brix to obtain wines with lower alcohol content.
This resulted in improvements in total anthocyanin content, even
when compared to values obtained from non ‘crop-forcing’ vines at
24°Brix (Figure 8).

The grapes from the F1 and F2 pruning treatments had higher
contents of total polyphenols, anthocyanins and catechins (Figure
9). When crop-forcing was carried out after fruit set, it resulted in
increased malic acid content and total acidity. These increases in
total polyphenols, anthocyanins, catechins, malic acid and total
acidity were maintained in the resulting wines (Table 2, see page
42). These changes in grape and wine composition could make them
more suitable for the production of premium wines with a higher
economic value, which could compensate for the higher production
costs and yield losses.

Deficit irrigation (RI) did not achieve a greater coupling between
the phenolic and technological ripeness of the grapes and hardly
improved the berry or wine composition, especially in the non-
forced treatments. On the other hand, the application of crop-forcing
resulted in more significant changes in berry and wine characteristics
than deficit irrigation, increasing the acidity and total polyphenol
content mainly due to an increase in malic acid and catechin content
(Table 2).

The combination of ‘crop-forcing’ and a controlled deficit irrigation
strategy before veraison resulted in an increase in anthocyanin
content in both grapes and wines, although this was highly
dependent on the climatic conditions of the year.

An important practical aspect of the commercial application of this
technique is its cumulative effect on the vines. It is an aggressive
technique that alters the relationships between vegetative and
productive organs and thus the source-sink relationships. Compared
to conventional management, total biomass production was lower in
the forcing treatments, especially when applied after fruit set (F2).
Plants in this treatment had a higher proportion of biomass removed
during the crop-forcing intervention and with a lower proportion
of leaves compared to the NF or F1 lines. The vine was able to
regenerate the canopy in the earlier forcing (F1), but not in the later
forcing (F2). However, the application of crop-forcing did not lead to
a depletion of reserves in F1 and was only slight in F2. The amount
of starch and soluble sugars was not consistently reduced in the
years when crop-forcing was applied, nor in the year after crop-
forcing was stopped.

The results of this work correspond with some aspects of other
published work on this technique: it involves a loss of production,
but it is the most effective agronomic practice for modifying the
climatic conditions in which ripening takes place and, consequently,
the characteristics of the berries (Cabral et al. 2023, Gu et al. 2012,

Figure 8. Evolution of metabolites in 2018. The bars represent the standard error of the mean. Source: Lavado et al. 2023d
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Figure 9. Effect of “crop-forcing”, irrigation strategy and their
combination on phenolic composition (mg substance /kg fresh
berry) of Tempranillo grapes: a) Total polyphenols; b) Anthocyanins
and c) Catechins. The bars represent the standard error of the
mean. Source: Lavado et al. 2023e.

Kishimoto et al. 2022, Martinez-Moreno et al. 2019, Martinez de Toda
et al. 2019, Tian and Gu 2019). Considering the limited resources that
have been invested so far, it is quite possible that with more effort,
significant progress could be made to minimise the undesirable effects
while maintaining the positive ones. Some authors have proposed
double harvesting as an option to compensate for the loss of yield
(Martinez de Toda 2021, Poni et al. 2020). In this case, the application
of ‘crop-forcing’ is carried out by eliminating the leaves and the last part
of the shoots while the harvest is maintained, meaning that the ‘normal’
clusters coexist with those developed from the forced buds. These
trials resulted in an additional yield of 40-50%. Additionally, the second
‘forced’ harvest resulted in an increase in total soluble solids, total
acidity, malic acid and anthocyanins.

Based on the results obtained, we understand that the crop-forcing

technique may be of interest in certain contexts, but its commercial
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application requires further information from more scenarios and
aspects that were not the subject of this work, such as economic
evaluation or mechanisation of the cultivation work. It may also be of
interest for dealing with situations that would naturally lead to crop loss,
such as hail or serious phytosanitary problems in the early stages after
planting. Another practical issue is the date of entry into the winery.

In the conditions under which this experiment was carried out, the
harvesting of the crop-forcing treatments (mainly the later ones) was
carried out when the fermentation processes in the cellars had already
been completed. This, which in principle could be a problem, offers the
possibility of staggering the receival of grapes in wineries and extending

the working period.

CONCLUSIONS

Based on the analysis of the results obtained under the conditions of

this study, the following conclusions can be drawn:

« Crop-forcing is a useful technique for delaying ripening to periods
with more favourable temperatures.

« This technique causes a loss of production; however, when applied
for three consecutive years on the same vines, it did not have a
depressing effect on yield, maintaining a more stable production
than traditional pruning.

» The application of crop-forcing after fruit set increases the content

of total polyphenols, anthocyanins, catechins and titratable acidity.»
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Table 2. Effect of “crop-forcing” and water status on composition and chromatics characteristics of Tempranillo wines. Source: Lavado et al. 2023d

2017
Malic acid (g/L) 2018
2019
2017
Total Acidity (g/L) 2018
2019
2017
Anthocyanins (mg/L) 2018
2019
2017
Catechins (mg/L) 2018
2019
2017
Total polyphenols (mg/L) 2018

2019

2.0 2.8 1.6 2.7 e n.s.
3.2 3.1 25 n.s *
2.1 29 24 2.7 il n.s.
55 6.8 5.0 6.9 i n.s.
7.8 8.2 6.2 7.5 ok ok
7.5 7.6 6.0 7.8 * *
148.2 199.2 227.3 217.5 n.s. *
280.0 441.6 239.7 373.9 ** n.s.
187.5 321.3 232.0 288.4 e n.s.
995.7 1752.1 715.8 1655.2 x n.s.
1528.3 2837.3 1052.5 1888.9 e **
1810.8 3641.1 1149.5 3633.6 x *
1581.9 2212.0 1546.4 2101.3 ok n.s.
2228.6 2570.1 1783.4 2233.1 x x
1855.8 2594.5 1762.0 2581.7 ax n.s.

Statistical analysis: n.s. indicate not significant; (*) significant at 5% level; (**) significant at 1% level and (***) significant at 0.1% level.

Crop-forcing is, therefore, a technique
capable of restoring the link between
phenolic and technological ripeness. The

resulting wines also reflect this increase.

The combination of crop-forcing and the
strategy of controlled deficit irrigation
before veraison improves the quality

of the grapes subjected to crop-forcing
without water limitation, although it
causes a greater loss of production

parameters.

Crop-forcing, water stress, or a
combination of the two did not lead to
progressive wear of the vines. These
techniques did not cause a reduction in
the stock of the vines, either during their

application or in the following year.
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