Pre prints.org

Review Not peer-reviewed version

Growing Grapes in the Time of Dramatic
Climate Change

David Robert Dalton *

Posted Date: 28 January 2025
doi: 10.20944/preprints202501.2081.v1

Keywords: air and ground temperature; wildfires; predators; terroir; greenhouse effect

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1229573

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2025 d0i:10.20944/preprints202501.2081.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Growing Grapes in the Time of Dramatic Climate
Change

David R. Dalton

Department of Chemistry, Temple University, Philadelphia, PA 19122, USA; david.dalton@temple.edu

Abstract: There is widespread agreement that the climate is changing. Some dramatic disturbances
are reported when the costs are in lives. But to those working the land it is also clear that substantive
changes are at hand. The air and ground temperatures are rising, water quality and quantity is
changing, insect populations are on the move, and new bacteria and viruses abound. While there is
evidence that similar localized perturbations have occurred in the past, the increases in human
population and industry are unprecedented. It can be argued that their combined assault on the
environment appears to be either the driving force or a major contributor to the deleterious changes.
What has happened, and what is happening, in and around vineyards is described.
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Historically, weather (including rare floods and drought) has been shown to be unpredict-able;
climate less so. As a consequence, vintners, farmers, arborists, and others close to plants and the soil,
generally took heart even in the most troubling times from the idea that it was possible that “next
year” would be better. In some circumstances old vineyards, carefully tended over generations, could
be counted upon, year after year, to produce a reliable vintage (albeit some years better than others).
The human population has grown and industries have developed to accommodate both growth and
affluence, and it has fallen out that, in addition to the occasionally dramatic variation in local weather,
the climate is changing.

In 1896 the physical chemist Svante Arrhenius made predictions about the temperature rise at
the earth’s surface as a consequence of the greenhouse effect that would result if the increase in carbon
dioxide (CO) in the air continued.! While not passing judgment about greenhouse gasses, it was clear
from his report that temperature rise would occur. Approximations were made as to the extent of the
temperature rise as a function of CO: concentration.

Reality differs from such modeling largely because of the number of variables, not all of which
are known, that need to be considered in the case of long term climate or short term weather
prediction.2 Indeed, there was a good deal of evidence, only recently noted, that much of the carbon
dioxide formed during the industrial revolution was being absorbed by the oceans so that a
greenhouse effect would be moderated (while the acidity of the oceans slowly increased).?

Regardless, almost a century after Arrhenius, Kenny and Harrison produced the results of an
effort to evaluate effects of climate change on grapes in Europe.* Although a number of aspects of
potential change were considered, they concluded, in part that ... “If no significant measures are taken
(to) reduce greenhouse gases in the present or over the next two or three decades, then there could
be significant disruption to the distribution of viticulture in Europe beyond that time.”

As the new century dawned, the continued emphasis on apparent climate changes about which
those involved in wine production would want to be aware was maintained.5 It had already become
clear that the changes underway were more substantive than might be accounted for by normal
variation in weather. For example, in 1999 it was reported that “...greenhouse gases (were) emerging
as the dominant forcing during the twentieth century (where) Northern Hemisphere mean annual
temperature for three of the past eight years are warmer than any other year since (at least) AD1400”.6
In the same vein and only a few years later, it was noted that French records of grape-harvest dates
in Burgundy could be used to reconstruct spring—-summer temperatures from 1370 to 2003 for the
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Pinot Noir grape. The work suggested that temperatures as high as those reached in the 1990s
occurred several times in Burgundy since 1370 but the summer of 2003 appeared to have
temperatures that were probably higher than in any other year since 1370.7

The work continued, even moving into the United States.® By 2010 is was already possible for de
Ordufia to note in a review article on the effect of climate change associated variables on grape
composition that “...it is undeniable that rising temperatures have already had a significant effect on
the grape and wine industry.” ® Some initial greenhouse experiments were done at elevated carbon
dioxide, temperature and UV-B radiation levels to show the effect these changes would have on the
vines (experiments were done on Vitis vinifera cv. Tempranillo). It was not surprising to learn that the
greenhouse grown plants, with elevated carbon dioxide and temperature, had faster ripening.
However, contrarily, UV-B delayed ripening, thus counteracting the climate change conditions of
higher carbon dioxide concentration.

So, it has become proper to ask the questions about what, more specifically, are the problems
and what is to be done.

Beginning with serious intent in the last decade or so, it has become clear in many wine growing
regions!! that habitat loss will require moving vineyards, not necessarily because of air temperature
rise but, in part, because the soil temperatures will no longer accommodate microbiota and
temperature sensitive nutrients required by the roots of the vines as well as the roots themselves.1213
Despite arguments that the extent predicted may be too great,'* modifications of currently grown
grapes either through traditional crossing methods or by laboratory genetic methods are being
considered. There are uncertainties involved and success is questionable.1>16

In the meantime, there are lessons to be learned from the grapevine.'” The timing of the harvest
might need to be changed!® and further actions taken, some of which have been summarized in a
series of four articles’ and on a website devoted to the time of climate change.?

In addition, it is clear both historically and from the current environment that there is a link
between climate change and the extent and severity of wildfires.?!

In the early part of this century, Stocks, et al, reviewed the history of large forest fires in Canada
during the four decades from 1959 through 1997.22 They pointed out there had been a steady increase
in the number of fires in the 1990s and “...recent scientific consensus indicates that climate change
impacts will be most significant in the carbon-rich boreal zone.” Their comments followed on a thirty-
five year study of wildfires supporting the “growing consensus ...that the Earth’s climate will start
warming at an unprecedented rate because of increasing amounts of active gases such as water vapor,
carbon dioxide, methane, ozone, nitrous oxide and chlorofluorocarbons.” 2 Interestingly, the extent
to which such fires might perturb the wine industry was not particularly referenced in the Canadian
work nor does it seem to have been of particular concern in Europe or the United States. However,
in the developing wine industry in Australia, it had become clear that wild fires could be a problem.
Thus, in The Australian Wine Research Institute Annual Report of 20032 it was noted “...During the
2003 vintage...alarge amount of time ...(was spent)...dealing with the issue of ‘smoky’ taint in grapes
and wine resulting from the bushfires that occurred in Victoria and southern New South Wales in
January and February 2003.” The initial conclusions from the study of juices and wines with
“characters variously described by the ...sensory panel as smoky, burnt, ash, ashtray, salami, smoked
salmon etc.” were “that guaiacol and 4-methylguaiacol were the most important compounds
contributing to the sensory taint.” Guaiacol and 4-methylguaiacol (Figure 1) at very low
concentrations, along with a variety of other phenols, are not uncommon in wines held in toasted-
oak-barrels as they are formed in the combustion of the oak in the toasting process.

Experiments designed to overcome the consequences of the presence of larger amounts of these
unwanted phenols failed. However, the unrecognized (at that time) and yet significant report that
“Guaiacol and 4-methyl guaiacol were detected in all of the skin samples but were not detected in
any of the pulp samples” awaited the invention of better analytical techniques. Indeed, after much
discussion of efforts to ameliorate the problem of the detected phenols the report concluded “...In
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spite of the fact that this project has greatly increased the understanding of the nature of this problem,
solutions remain elusive.”

In 2004, estimates of the likely impacts of climate change on the severity of wildfire in Northern
California were investigated.?! Fires affecting vineyards were not considered. In the meantime,
because of the proximity of wine regions to bushfires, investigations of grapes affected by smoke
were continuing in Australia.?> As noted earlier, it was found that smoke exposure resulted in the
presence of the phenols guaiacol and 4-methylguaiacol along with 4-ethylguaiacol, 4-ethylphenol,
and eugenol (Figure 1). Also, as previously, it was found that the intensity of the smoke-taint
increased during fermentation and now it was suggested that glycoconjugates (Figure 2), formed
once the phenols had passed through the skin, were present. Thus, testing the grapes or grape juice
for the phenols themselves would fail and only during the fermentation process would the phenols
be released in the wines. Similarly, testing the grape juice for the phenols would fail but, when
consumed, hydrolysis of the glycoconjugates would again release the phenols producing unwanted
flavors. It was concluded that in order to determine if the juice was fit for consumption or
fermentation, hydrolytic methods, destroying the glycoconjugates and regenerating phenols, be
undertaken. There was no discussion of the possibility of remediation.
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Figure 1. Phenols reported to be found after exposure to smoke from Australian brushfires (a) phenol (not
reported); (b) 2-methoxyphenol (guaiacol); (c) 2-methoxy-4-methylphenol (4-methylguaiacol); (d) 4-ethyl-2-
methoxyphenol; (e) 4-ethylphenol; (f) 2-methoxy-4-(prop-2-en-1-yl)phenol (eugenol). .
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Figure 2. Representations of two phenolic diglycosides: (a) 2-methoxyphenyl 6-O-p-D-glcopyranosyl-D-
glucopyranoside (guaiacol gentiobioside); (b) 2-methoxyphenyl 6-O-(b-deoxy-a-L-manopyranosyl-g-D-
glucopyranoside (guaiacol rutinoside). Many other gentiobiosides and rutinosides have been found where the

2-methoxyphenol has been replaced by other phenols.

Advances in analytical techniques and the overarching desire to understand the consequences
of vineyard contamination eventually led to groups at the Australian Wine Research Institute being
able produce a summary review on both the phenols and their glycosidic metabolites that had been
identified by 2015.2¢ Indeed, at that time it was noted that “a broad range of organic compounds are
emitted as VOCs in wood smoke which may cause contamination of vines and grapes, and contribute
to the formation of undesirable smoke-taint into the vine, viz (i) directly by passive diffusion via the
berry cuticle and epidermis; (ii) via the stomates in the leaves and then translocated to the grapes via
the vascular system; or (iii) through uptake via the roots and translocation to the grapes.” The last
being considered least likely given the climate conditions. In addition. the cuticle is considered
unlikely to have been breached. Finally, the review? noted the important contribution found in an
earlier Australian report?” that showed that not only was glycosylation occurring but that it was
possible to develop and validate a quantitative analytical method for the phenolic glycosides in
Shiraz, Chardonnay, Cabernet Sauvignon and Pinot Noir smoke-affected grapes and wine.

Subsequently, in 2018 the Canadian group of Zandberg and coworkers,? provided a detailed
characterization of a set of independently synthesized (i.e., laboratory prepared) phenolic glycosides
and in 2021, Fuentes and coworkers,? listed the phenols (without the attached sugars) found
responsible for causing the grapes and wines affected by bushfires in a variety of local vineyards to
be unpalatable (Figure 3).
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Figure 3. Phenols reported to be found to be responsible for causing the grapes and wines affected by bushfires
in a variety of local Australian vineyards to be unpalatable.? (a) Phenol; (b) 2-methylphenol (ortho-cresol); (c) 3-
methylphenol (meta-cresol); (d) 5-methyl-2-(propan-2-yl)phenol (thymol); (e) 2-methoxyphenol (guaiacol); (f) 2-
methoxy-4-methylphenol (4-methylguaiacol); (g) 2,6-dimethoxyphenol (syringol); (h) 2-methoxy-4-(prop-2-en-
1-yl)phenol (eugenol).

Then, the 2016-2017 wildfires in California and Oregon befell those communities. In 2022, Crews
and coworkers® were able to undertake a thorough examination of the phenolic diglycosides that
were created among eight different Vitis vinifera varietals in the 2017-2021 vintages. Their results were
similar to those found earlier and it was ascertained that the diglycosides are stable in wines for more
than 2.5 years. However, glycosidases in saliva can “carry out rapid in-mouth phenolic diglycoside
biotransformations releasing odorous volatile phenols possessing unpleasant aromas and flavors”.3
The analytical data collected will continue to remain valuable and, in the Supporting Information to
the work, Figure S8 provides the structures of thirty-four key volatile phenols isolated and
categorized from (a) wildfire smoke; (b) oak barrel toasting, and: (c) grapevines. Some of the phenols
of Figure S8 are seen here in Figures 1 and 3 and are reported to replace the 2-methoxyphenol in the
diglycosides in Figure 2.

In addition to these changes, everybody knows that we are not alone our our enjoyment of
grapes. Along with the many species of leathopers, cutworms, thrips, spidermites, Japanese beetles
and other insects generally attacking plants everywhere, the more specialized Grapeberry moths
(Paralobesia viteana), Grape Mealybugs (any of the species in the genus Pseudococcus but maritimus,
longispinus, and wviburni in particular), Vine Mealybugs (Planococcus ficus) and, the Spotted
Lanternfly (Lycorma delicatula)® have proved to be a problem for us. Recently, an uptick in the
bacterium (Xylella fastidiosa) responsible for Pierce's disease.?? and thought to be brought by the
glassy-winged sharpshooter (Homalodisca vitripennis).3 has been reported.?* Their fate in the time of
climate change appears to be largely unknown. Information on other invasive species that may
accompany relocation of vineyards into their new terroir, as well as arising in vineyards that are not
moved, but might be susceptible because the invaders move as a consequence of climate change, also
needs to be considered.®

In addition, although some local wild yeasts are prized for their contribution to the fermentation
process, various mildews, viruses other and occupants of the microbiome have been brought under
control (or nearly s0),% it is not clear how climate change will affect both the localization of the current
managed pests and their potential speciation. There are hints as to changes that may be in store for
the vines, the vintners, and the consumers.?”

Interestingly, it now appears airborne imaging3® might be used to observe early detection f the
effects of climate change along with mobile ground-based spectroscopic robotics.*
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