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A warmer and drier climate advances sugar accumulation in grapes and impairs the balance between
sugars and specialised metabolites important for winemaking. Delayed ripening has been shown to
mitigate the decoupling between sugars and anthocyanins and improve grape quality. Evaluation of the
effect of delayed ripening on grape aroma compounds is needed to fully characterise whether delayed
ripening is fully beneficial to counteract climate change and improve grape quality.

Objectives/aims
It was attempted to manipulate rates of sugar accumulation (also referred to
as ripening rates) in Cabernet Sauvignon grapes grown in the Lodi
American Viticultural Area of California during vintage 2019. Pre-veraison
cluster thinning (1 cluster left per shoot) and late season irrigation (+ 50 %
irrigation from 20 to 26 °Brix) were employed in a factorial design to achieve
slower and later ripening compared to the control, the latter being standard
irrigation (85 % of vine evapotranspiration) and unmanipulated crop level.
Aroma and phenolic compounds were chemically determined on grapes
ripening at different rates at four maturity levels defined on a Total Soluble
Solids (TSS) basis (20, 22, 24 and 26 °Brix).

Key findings
The combination of two crop load levels (low vs high) and two irrigation
strategies (standard vs late season irrigation) led to three distinct rates of
sugar accumulation (Figure 1). Fruit from cluster thinned vines ripened
faster and reached the targeted commercial maturity (i.e. 26 °Brix) 7 days
earlier than the control. In contrast, the combination of cluster thinning and
late season irrigation delayed ripening 14 days later than the control. Sugar
accumulation of vines submitted to late season irrigation without cluster
thinning was equal to the control, thus is not reported in Figure 1.

Among the yield components measured at harvest (Table 1), crop yield
was reduced by 37.5 % on average by cluster thinning, which was driven
by a 35 % reduction in clusters/vine. Cluster and berry weights were not
affected by crop load manipulation and late season irrigation, and similarly
these treatments did not affect pruning weight. Faster ripening in low crop
load was explained by a 40 % increase in the yield-to-pruning weight ratio.

Figure 1: Kinetics of sugar accumulation in vines submitted to cluster thinning and late season 
irrigation. Points and error bars represent mean ± SE (n = 6). DOY: day of the year.

Delayed ripening is beneficial for 
grape aroma composition
Free and bound aroma compounds (IBMP, C6 compounds, terpenes and
norisoprenoids) were measured at harvest (Figure 2). Delayed ripening
resulted in significantly lower levels of IBMP and C6 compounds, both
responsible for green notes generally unwanted in red wine. Free terpenes
and norisoprenoids were either decreased or unaffected in slow-ripening
grapes, while bound norisoprenoids, particularly β-damascenone, were
increased when ripening was delayed by 2 weeks. These results suggest
that a slower ripening rate has a positive impact on red wine quality,
shifting the aroma profile from green to fruity/floral notes.

Crop load Irrigation
LC HC STI LSI

Yield (kg/vine) 7.12 a 11.39 b 10.21 8.29

Cluster weight (g) 91.8 93.0 97.4 87.5

Berry weight (g) 1.10 1.17 1.17 1.10
Pruning weight (kg) 2.62 2.49 2.67 2.44

Crop load* 2.81 a 4.67 b 3.59 3.89

Table 1: Yield components, pruning weight and crop load of Cabernet Sauvignon vines 
submitted to crop load manipulation and different irrigation strategies.

Notes: different letters denote significant differences (p < 0.05) for crop load or irrigation separately.
Abbreviations: LC, low crop; HC, high crop; STI, standard irrigation; LSI, late season irrigation.

* Crop load was measured as the yield-to-pruning weight ratio (kg of fruit/kg of pruning)

Figure 2: Composition of aroma compounds (in mg/L unless otherwise specified) in Cabernet 
Sauvignon grapes with different rates of sugar accumulation. Prefixes “B_” and “F_” denote 
free and bound fractions of aroma compounds.


