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Abstract

Aim: To investigate the impact of Geographical Indications (Gl) of South Australia on the rootstock/scion-
mediated methoxypyrazine accumulation within the rachis of Shiraz and Cabernet Sauvignon.

Methods and Results: Cabernet Sauvignon and Shiraz bunches were sampled at maturity from two South
Australian Gls over the 2019 and 2020 harvest periods. From each region, a minimum of 18 bunches per
rootstock/scion combination were sampled from across the vineyard and their rachis material was assessed for
3-isobutyl-2-methoxypyrazine (IBMP). Results indicated that region and rootstock choice significantly affect the
concentrations of methoxypyrazines within the rachis material of both Shiraz and Cabernet Sauvignon varieties
at harvest.

Conclusion: This research highlights the effect of regionality on the concentration of methoxypyrazines within
the rachis material of Cabernet and Shiraz vines grown on common rootstock varieties. The outcomes will
conceivably inform viticulturalists and winemakers of how methoxypyrazine characteristics of Shiraz and
Cabernet Sauvignon rachis are impacted by common rootstock/scion combinations permitting informed
rootstock selection and assisting in production of a target wine style.

Significance and Impact of the Study: The presence of rachis material during red must fermentation can confer
methoxypyrazines to the wine. The presence of methoxypyrazines, and predominately 3-isobutyl-2-
methoxypyrazine (IBMP), in red wine can impact the flavour and aroma profile due to their ‘green’ and ‘earthy’
characteristics. Interestingly, this phenomenon has been shown to impact the aroma profile of Shiraz wines, a
variety that has not been shown to naturally produce methoxypyrazines within the berries. Furthermore, it
appears that the concentration of methoxypyrazines within the rachis is mediated by rootstock/scion
combination and the region in which the vines are grown. As rootstock uptake increases across Australia in
response to biological threats and abiotic stresses, an understanding of the viticultural and regional influences
on rootstock/scion mediated rachis composition is essential to facilitate the production of high-quality Australian
wines under increasingly challenging conditions.
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Introduction

3-Alkyl-2-methoxypyrazines (MPs) are grape-derived volatile compounds that are characteristic of certain grape
varieties, including Cabernet Sauvignon and Sauvignon blanc. They can contribute distinctive ‘green’ aromas such
as ‘bell pepper’, ‘green bean’ and ‘asparagus’ to wine (Bayonove et al., 1975). The most prevalent MP in wine is
3-isobutyl-2-methoxypyrazine (IBMP), which has an aroma threshold in white wine between 1 to 2 ng/L (Allen et
al.,, 1991) and 10 to 15 ng/L in red varieties (Kotseridis et al., 1998). IBMP concentration in berries at harvest is
dependent on a multitude of climatic and viticultural factors including light exposure (Dunlevy et al., 2013),
temperature (Falcao et al., 2007), water availability at key development stages and soil fertility (Mendez-Costabel
et al., 2014). The ease of extractability of MPs from grapes (Ryona et al., 2009), and rachis (Capone et al., 2018),
their stability during fermentation, presence in different parts of the vine (Dunlevy et al., 2010), and the general
lack of effective remediation techniques (Liang et al., 2018) means that care must be taken to prevent extraneous
sources of MPs being present in the fermenter and producing wine with undesirable ‘green’ flavour attributes.
The deliberate introduction of bunch stems into fermenters for the purpose of whole-bunch fermentation is
increasing in popularity in Australia (Godden, 2018). In addition to deliberate inclusion of whole bunches, rachis
material may enter the ferment through unintended pathways as a by-product of the harvesting, crushing, and
destemming processes, and is a major component of matter other than grape (MOG) in ferments. Whilst whole-
bunch ferments are generally associated with positive wine characteristics, the technique is often avoided with
varieties known to produce MPs in their fruit, such as Cabernet Sauvignon.

However, emerging research has shown that whole-bunch ferments of Shiraz and Pinot noir varieties, which are
genetically incapable of producing MPs in the grapes (Koch et al., 2010), can produce wines with ‘green’
characteristics (Capone et al., 2018). In recent years, research has highlighted that the concentration of MPs
present in the rachis material could be influenced by the rootstock choice (Capone et al., In preparation).
Although rootstocks have previously been shown to impact the chemical composition of grapes, and in turn, the
wine sensory profile (Olarte Mantilla et al., 2018), rootstock influence on other vine organs remains largely
unexplored. It is unknown how climatic variables that known to impact berry concentrations of MPs will impact
rachis material.

In this study, rachis material from Cabernet Sauvignon and Shiraz vines from the terroirs of the Limestone Coast,
Barossa Valley, and the University of Adelaide Waite Vineyard were analysed for IBMP concentration and the
impact of region, rootstock, and Vitis vinifera variety was explored.

Materials and Methods

Cabernet Sauvignon vines grown in two regions on the Limestone Coast (LC1 and LC2) and the Barossa Valley
(BV1), and Shiraz vines grown in the Barossa Valley (BV2) and the University of Adelaide Waite Campus (UAWC)
vineyard, were utilised for the trial. Cabernet Sauvignon vines were on own roots, as well as on 1103 Paulsen,
110 Richter, M5512, M5489, and M6262 rootstocks in LC1 and 110 Richter, M5512, M5489, and M6262
rootstocks in LC2. Cabernet Sauvignon vines grown in the Barossa Valley (BV1) were grown on 110 Richter and
1103 Paulsen rootstocks. Shiraz vines in the Barossa valley (BV2) were grown on 140 Ruggeri and 1103 Paulsen
rootstocks, and in UAWC, vines were grown on own roots and 140 Ruggeri, Schwarzmann, and Ramsey
rootstocks.

Sampling during the 2018/19 harvest period was conducted as follows: for each treatment, six grape bunches
were taken per sample location with three replicates, chosen to provide a representative overview of the
vineyard. Sampling for the 2019/2020 harvest period was modified dependent on the vineyard. For Cabernet
Sauvignon vines in LC1, one bunch was taken per vine for each rootstock location with 66 or 72 replicates. For
Shiraz vines grown in BV1, six bunches were taken per sampling location with three replicates, chosen to provide
a representative overview of the vineyard.

IBMP content of rachis material was determined using an adapted stable isotope dilution assay utilising solid-
phase microextraction (SPME) coupled with a gas chromatograph—tandem mass spectrometry (GC-MS/MS)
(Dunlevy et al., 2010).



Results and Discussion

In the 2019 vintage, IBMP levels in rachis material from Cabernet Sauvignon grown in the Limestone Coast were
not significantly different between regions (LC1 and LC2). Similarly, there was no difference in IBMP accumulation
between own roots and rootstocks for these regions (Figure 1A). However, in 2020 when rachis from Cabernet
Sauvignon grown in two different Geographical Indications (Gls) (LC1 and BV1) were compared, material from
1103 Paulsen and 110 Richter rootstocks grown in LC1 had significantly higher levels than those from BV1 (Figure
1B). Additionally, rachis from 1103 Paulsen grown in LC1 had significantly higher concentrations than 110 Richter
grown in LC1.

The difference in the concentration of IBMP in the rachis material of the rootstocks grown in LC1 compared with
BV1 suggested that terroir may be influencing the accumulation and retention of IBMP. In Cabernet Sauvignon,
MP content in berries differs with changes in management practices and with vineyard variables such as water
availability and soil fertility (Mendez-Costabel et al., 2014); similar considerations may explain the variation in
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Figure 1. A) Intra-Geographical Indications: Concentration of IBMP in the rachis (mean + SEM, n = 3) of Cabernet
Sauvignon from Limestone Coast grown on 110 Richter, M5512, M5489, and M6262 rootstocks, and own roots
at harvest in 2019. B) Inter-Geographical Indications: Concentration of IBMP in the rachis (mean + SEM) of
Cabernet Sauvignon grown in LC1 (n = 36) and BV1 (n = 6) at harvest in 2020. Vines were grown on 1103 Paulsen
and 110 Richter rootstocks. * indicates significance (P < 0.05) in rootstocks grown in different Geographical
Indications and # indicates significance (P < 0.05) in rootstocks from same vineyard. C) Distribution of IBMP in the
rachis (mean £ SEM, n = 3) of Shiraz grown on own roots and 140 Ruggeri, Schwarzmann, and Ramsey rootstocks
at harvest in 2019. The rachis material was harvested from BV2 and the UAWC during the 2019 harvest period. *
indicates significance in rootstocks from the same vineyard.

In 2019, the IBMP concentration in the rachis of Shiraz grown in BV2 was not significantly different to Shiraz
grown in UAWC, although the rachis from bunches grafted to 140 Ruggeri in both Gls had significantly higher
concentrations of IBMP when contrasted with those on own roots (Figure 1C). The mechanism for this is unclear
and requires further investigation.

When considering all data sets, it was apparent that 140 Ruggeri and 1103 Paulsen rootstocks, independent of
scion, appeared to accumulate higher levels of IBMP in the rachis than other rootstocks. It was hypothesised that
this difference may be driven by the parentage of these rootstocks and their associated attributes. 140 Ruggeri
and 1103 Paulsen rootstocks are hybrids of American Vitis species, namely V. berlandieri and V. rupestris, which
are known to produce rootstocks with high vigour characteristics (Jones et al., 2009). Increases in vigour will lead
to an increase in canopy size (Jones et al., 2009) and water use (Gambetta et al., 2012), decreasing rachis
exposure to light, and increasing water flow throughout the vine. In the berry, decreasing light exposure (Dunlevy
et al., 2013) and increasing water availability (Mendez-Costabel et al., 2014) have been positively correlated with
increases in IBMP concentration at harvest. When considering high vigour, it is important to note that although
Ramsey is also known to produce vines with high vigour, it does not appear to have the same increase in IBMP
accumulation in the rachis in these Gls (Figure 1C).

Conclusions

With commercial uptake of rootstocks, having increased understanding of their impact on wine quality and
flavour is essential. This investigation has highlighted that rootstock variety and terroir can influence the
accumulation of IBMP in the rachis. The mechanisms driving this phenomenon are currently unknown and remain
an important consideration for the future development of this work.
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