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Abstract: Field studies were conducted on Vitis vinifera cv. ‘Cabernet Sauvignon’ to evaluate the effects of the
defoliation time (pre- and post-flowering and veraison) and severity on the 3-isobutyl-2-methoxypyrazine (IBMP)
concentration and expression levels of the key related genes in grape berries. The IBMP concentration in the grapes
decreased significantly at harvest after all the defoliation treatments. The earlier and heavier the defoliation treatment,
the lower the IBMP concentration. The relative expression level of VVOMTS3 in the berry skin was closely positively
correlated with the IBMP accumulation in all the treatments. Early defoliation coupled with a 1-week delay in the
harvest time may be an effective management strategy to control the IBMP concentration in grapes.
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The “herbaceous and vegetal tastes” of wines made
from some grape (Vitis vinifera) varieties have trou-
bled wine makers for a long time. 3-Alkyl-2-meth-
oxypyrazines (MPs) are a main source of these sen-
sory characteristics (Mozzon et al. 2016). To date,
seven MPs have been identified in grapes and wines,
and the most important one is 3-isobutyl-2-meth-
oxypyrazine (IBMP), which is responsible for the
green pepper aroma of some grape varieties, because
its concentration in grapes often markedly exceeds
the sensory detection threshold (Sidhu et al. 2015).

IBMP mainly exists in the grape berry skins
(72.0%), but it is also present in the seeds (23.8%).
It remains relatively unchanged during fermentation
and is marginally affected by winemaking techniques
(Roujou-de-Boubée et al. 2002). Thus, an effective
way to decrease the IBMP concentration in wine is
to decrease the IBMP contentin the grape.

This work explored appropriate defoliation strat-
egies to decrease the IBMP concentration and
the expression levels of the key related genes
in grape berries.
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Table 1. Different defoliation treatments

Treatments Time Method

DF-pre-F-H re-flowerin removing the 1%, 3 and 5% leaves from the base of the shoot
DEF-pre-F-W P J removing six leaves from the base of the shoot
DF-post-F-H a . removing the 1%, 34 and 5t leaves from the base of the shoot
DE-pre-F-W post-flowering removing six leaves from the base of the shoot

DF-V-H . removing the 1st, 3'd and 5™ leaves from the base of the shoot
DE-V-W veraison removing six leaves from the base of the shoot

CK vines untouched with the complete maintenance of all canopy leaves

Veraison refers to approximately 5% of the cluster in the vineyard and 5% of the berries per cluster having begun to colour

During 2016-2017, seven defoliation treatments
were carried out in a comercial ‘Cabernet Sauvi-
gnon’ vineyard (Table 1). The vines were trained
onto a unilateral cordon with a vertical shoot posi-
tioning trellis system. All the defoliation treatments
were performed manually in the cluster zone and
maintained until harvest. Each treatment had three
independent replicates, and each replicate consisted
of ten vines (approximately 14 shoots per vine), ar-
ranged in a randomised block design. The different
defoliation times were determined in accordance
with the Modified Eichhorn-Lorenz (E-L) system
(Coombe 1995). “Pre-flowering” was determined
as approximately occurring eight and six days be-
fore anthesis in 2016 and 2017, respectively; “Post-
flowering” was determined as approximately occur-
ring 10 and 12 days after anthesis (DAA) in 2016 and
2017, respectively; and “Veraison” occurred at 62 and
65 DAA in 2016 and 2017, respectively.

Within the study, grape berry samples were collect-
ed at 31, 62, 76, 101 and 132 DAA in 2016, and at 25,
65, 95, 114 and 138 DAA in 2017. Three biological
replicates of each sample were taken, and 250 berries
were collected randomly per replicate.

The analysis showed that the berry weight (weight
per berry) increased along with the grape devel-
opment until 65 DAA, and then, the weight gain
stopped. There were no significant differences
(P = 0.05) in the berry weights among the different
defoliation treatments during the experimental pe-
riod (Table 2). The total soluble solids (TSS) contents
of the grapes increased along with the berry ripen-
ing, which increased significantly after the DF-pre-
F-H treatment, from 65 DAA until harvest (by 0.4
to 0.5 “Brix) compared with the CK at the same time
points (P < 0.05) (Table 2).

The IBMP content was determined in the grape
berries in accordance with a previously reported
method with slight modifications (Koch et al. 2010;
Sidu et al. 2015). The IBMP concentrations in the
grapes at harvest (132 DAA) in 2016 were 14.24, 8.18,
14.68, 13.90, 17.39 and 16.07 ng/kg after the DF-pre-
F-H, DF-pre-F-W, DF-post-F-H, DF-post-F-W, DF-
V-H and DF-V-W treatments, respectively. These val-
ues were significantly decreased, by 33.83% (P < 0.05)
to 68.87% (P < 0.01), compared with those in the CK
(26.28 g/kg) at the same time points. In 2017, the lev-
els decreased to below the quantitation limit (2.00 ng/

Table 2. The effect of the defoliation on the TSS content and berry weight in 2017

Days after anthesis (DAA)

Treatments 25 65

95 114 138

TSS BW TSS BW

TSS

BW TSS BW TSS BW

DF-pre-F-H 2.4 +0.1* 0.8 £ 0.0°
DF-pre-F-W 2.2 +£0.1* 0.8 £0.1°
DEF-post-F-H 2.3 + 0.2% 0.7 + 0.0?
DF-pre-F-W 2.4+ 0.1* 0.7 £ 0.0°

DF-V-H 2.5+0.1* 0.7 £ 0.0*
DE-V-W 25+0.1* 0.7 £ 0.1
CK 2.3+0.1° 0.8 £0.0°

10.9 + 0.221.1 + 0.22
10.6 + 0.3 1.2 + 0.12
10.4 + 0.4°1.2 + 0.1
10.5 + 0.3 1.2 + 0.1
10.4 £ 0.3°1.1 + 0.1
10.5+0.2°1.2 + 0.0
10.5 + 0.3 1.2 + 0.12

155+ 0.1 1.2 £ 0.1
152+ 04" 1.2 + 0.1
151+ 0.3 1.2+ 0.12
15.1+0.4° 1.1 + 0.1
152 +0.2° 1.1 + 0.12
151+ 04" 1.2+ 0.1
151 +0.2° 1.1 + 0.12

18.8 + 0.1* 1.2 + 0.0°
18.4+0.2° 1.2 + 0.2°
18.5 + 0.2° 1.2 + 0.0?
18.5+0.3° 1.2 + 0.0
18.4 +0.3° 1.1 + 0.0?
18.3+0.2° 1.2 + 0.0
18.4 + 0.4 1.2 + 0.0

20.5 + 0.2% 1.2 + 0.0
20.6 + 0.2 1.2 + 0.22
20.3 + 0.5 1.2 £ 0.1°
20.1+0.3> 1.2+ 0.2
20.0 + 0.2° 1.2 + 0.12
20.2 £ 0.4° 1.1 + 0.2
20.0 + 0.3 1.2 £ 0.1

BW — berry weight (g/berry); TSS — total soluble solids content (*Brix); for treathments description see Table 1

The data are the mean of three replicates and their standard error (SE)
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kg) at harvest (138 DAA) after the different defolia-
tion treatments, except for the DF-V-F-H treatment
(6.68 ng/kg), but the levels had still significantly de-
creased by 48.69% (P < 0.01) compared with the CK
(13.02 ng/kg) at harvest (Figure 1).

The IBMP concentrations of the grapes decreased
significantly after all the defoliation treatments, es-
pecially after the pre-flowering defoliation treat-
ment. These results were similar to those of previous
studies, which suggested that the early season basal
leaf removal was an effective management strategy
to reduce the IBMP accumulation in grape berries
(Martin et al. 2016). However, the IBMP contents
of the grapes at harvest after the pre-flowering or
post-flowering treatments were still above the quan-
titation limit in 2016, whereas the levels were below
the quantitation limit in 2017. This might be because
the harvest time was delayed for approximately one
week in 2017, which further suggests that a delayed
harvest time could effectively reduce the IBMP con-
tent in the grape berries (Bindon et al. 2013).

To further investigate the impact of the defolia-
tion on the IBMP metabolism, the relative expres-
sion levels of VWVOMT1 and -3 in the berry skins
were evaluated in two consecutive years in accord-
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Figure 1. Effect of the defoliation on the IBMP content
in the ‘Cabernet Sauvignon’ grapes in 2016 and 2017
For treatments description see Table 1

ance with the method reported by Lei et al. (2019).
The VWOMT3 expression level in the berry skins
mirrored the IBMP accumulation in the grape ber-
ries in the two consecutive years (Figure 2C, D). This
result was similar to that of a previous study in which
VVOMTS3 had a high affinity for the 3-alkyl-2-hy-
droxypyrazines (HPs) precursors of MP, which played
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Figure 2. Effect of the different defoliation treatments on the key gene expression levels (A, B - VVOMT1 and
C, D - VWWOMT?3) in the ‘Cabernet Sauvignon’ grape berry skins in 2016-2017

For the treatments description see Table 1
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an important role in the MP biosynthesis in grape
berries (Dunlevy et al. 2013).

The VVOMT1 expression level in the berry skins
showed a continuous decreasing trend in 2016, which
was synchronous with the IBMP accumulation in the
grape berry (Figure 2A). However, in 2017, it did not
share the same trend with the IBMP accumulation
in the grape berry (Figure 2B). This might be be-
cause the methylation activity of VWVOMT1 preferred
the flavonol quercetin to HPs (Dunlevy et al. 2010)
owing to the climate or other influencing factors. This
warrants further study.

In conclusion, the pre- and post-flowering defoli-
ation treatments significantly decreased the IBMP
concentration at harvest, and the earlier and heavier
the defoliation treatment, the lower the IBMP con-
centration. In addition, if the weather conditions
permit doing so, delaying the harvest time for ap-
proximately one week could result in a greater de-
crease in the IBMP concentrations of the grapes.
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