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Approaches to Climate Change Mitigation in Viticulture
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Approaches to Climate Change Mitigation in Viticulture

Genetics X Environment x Management

|:| Cultivarchoice
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How can we increase sustainability (reduce inputs), while
maximizing quality & yield?




Heat Waves, Wine & Water Demand
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Evolution of world wine production
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Extreme climatic conditions and widespread fungal diseases severely impacted many
vineyards worldwide, culminating in a historically low global wine production of 237
million hectolitres. This marked a 10% drop from 2022 and represented the lowest
output since 1961.

Very low production volumes were recorded in both the EU (145 mhl, -11% /2022) and
the Southern Hemisphere (47 mhl, -15% /2022).
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Opportunities to Address Challenges in Viticulture

|. Impacts of Climate Variability & Extremes on Grape Quality
ll. Relationships Between Yield & Quality

Ill. Regenerative practices & Climate Extreme Mitigation

V. Realtime Risk Assessments for Viticultural Decision Making




|. Impacts of Climate Variability & Extremes on Grape Quality

Winkler Study: Developing New Indices for Cultivar Suitability
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|. Impacts of Climate Variability & Extremes on Grape Quality

Winkler Study: Developing New Indices for Cultivar Suitability
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Winkler Study: Developing New Indices for Cultivar Suitability
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Figure 2. (A} Winkler Regions for American Viticultural Areas (AVA) within the Napa Valey and associated range of growing degree days.

() and growing degree days above & base temperatire of 10 degrees Celsius between Apri 1 and Oclober 3151 calculated according o
Winkler & Amerine 1944, Degree days were calouiated from the 1380-2010 climate normals at 800 meter grid cell resolution from the PRISM

dowrscaled dimate dataset (Daly ot & 2015),

* 60 blocks across Napa covering all AVAs; 24 participating wineries/growers
* Historical on-site phenological, irrigation and weather data
*Longitudinal study of climate and environmental impacts on berry

chemistry; primary chemistry
*In conjunction with 2015 dataset, sampled in 2021 - 2024, initially

Cabernet Sauvignon, adding other cultivars this year
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Total Anthocyanin Concentration

|. Impacts of Climate Variability & Extremes on Grape Quality
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ll. Impacts on Yield & Quality Relationships




Abstract
Climate change is shifting the timing and conditions of wine grape berry ripening,
impacting development and composition. Extreme heat during ripening can alter
the nuanced balance of sugar accumulation, acid degradation, and aromatic
potential in berries. These elements are of particular importance for white wine
grape cultivars, despite much less work focusing on climate impacts on white
wine quality. In order to assess the relationship between climate and Chardonnay
berry we tracked the of primar and
aromatic precursors over ripening in 22 different vineyards, spanning diverse
micro-climates in the North Coast wine regions. @ite weather stations, within
canopy temperature sensors, and stable isotope analy&s¢yprovided insights
into ripening conditions. To assess the aromatic precursors, we are using-High
Liquid Cl Timeof-Flight mass
spectrometry (HPL@QTOF MS). Preliminary results indicate differences in
accumulation between skin and pulp. Future work will apply these findings to the
modification of current suitability indices (i.e. Winkler Index) using finer scale
microclimatic data and additional quality parameters to inform cultivar selection
for future climate resilience.

Introduction

Methods

AField work:collected berry samples weekly from 22 vineyards in Napa and
Sonoma counties (Figure 1) from 10 brix until harvest in

Acimate datazccessed onsite weather stations and PRISM Group remotely
sensed weather observations and installed within canopy temperature sensors

AGrape analysis:
easuredcarbon13 isotope ratio( 8G a% a proxy for seasonal water status.

In process: using HPKGTOF MS foglycosidicallybound aroma precursors
and HPLC fdflavonols

&fmacked primary chemistr{brix, TA, pH, malic acid, glucose + fructpse

Toimimcom

Figure 1. Study sites and spatial distribution of growing degree day accumulation in Napa and Sonoma Counties.
Locations of study sties indicated with white points. Degree days calculated with a base temperature of 10 C
&

Winegrape production is extremely sensitive to

Tipening conditions often lead to rapid sugar accumulation, which

N may not be matched by aroma or phenolic development, or by the
retention of acidity.

Acidity contributes to the taste, balance, and mouthfeel of wine, and
extreme heat can decouple sugar accumulation from acid
degradation.

Aromatic potential is also important for white wine quality, though
the relationship between aroma development and climate is not well
understood. Prior to fermentation, many volatile aroma compounds
are stored as glycosidessugarbound precursors that release aroma
through enzymatic or acid hydrolysis. While recent analytical
advances have expanded our understanding of these compounds, it
remains unclear how warmer ripening conditions may affect
aromatic potential

Chardonna alifornia's most
43% of tons crushed in 2023. Both acidity and aroma are critical for
the fresh, vibrant qualities consumers expect from these wines.

Objectives
,}\ i variation in Cl ripening acrosa
climatic gradient n Cal ifornia’s North
ADescribe potential of Cl in

composition and accumulation between skin and pulp

AExtend to ongoing work in th&orrestelLab tomodernize the Winkler Index
and assess growing seasons beyond traditional growing degree day models
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Figure 2. Berry Ripening Across Study Vineyards. Each line
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Figure 3. 2024 Growing Season Summaries5@93 as a function of cumulative VPD (Vapor. Pressure Deficit,
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Initial Compound Identification
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Figure 3. Comparison of Glycoside Compuund Class Composiion Between Grape Skinand ulp Tissues
Compounds identied rough UHP: eof-flight M:
jpound database developed rom Caffrey et al (2020) and Wei et al (2023).
(A) Number of umque olycosidesdetected n each major compoud class, separated by tssue type. (8 Relave
lass within ach

vineyard and each a

by the UC Davis Stable Isotope Facility. (8) Cumulative
15to October 3F). Each line represents a study vineyard, grouped by color byragion. Dally VPD and
temperature data accessed from the PRISM Climate Group.
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‘Table 1. Glycosidic Compound Idenified in Grape Skin and Pulp Tissues
List of compounds identified through UHPiDadrupole timeof-flight MS analysis following solid phase extraction.
Slycosides were exvactd from cyground grape skinand pulp using soihase exacton (SPE). wihout
hydrolysi ompounds. Putative
AglenthassHumerQualtaive ATalysis aing foature (scovery and  compound database. developed fom Cafrey
etal (2020) and Wei et al (2023).

Conclusions and Future Work

A We leveraged the wide variety of microlimates in the North Coast to crea
climate gradientacross study sites.
A 5C13is a useful indicator oplant water status as some of the variation in isotope
discrimination could be explained by cumulative VPD.
A Preliminary berry analysiseveals that skin tissue exhibits greater diversity of
idi i by of d

y
norisoprenoidscompared to pulp.

Future Work:
A Continue analysis for glycoside accumulation and begin HPLC analysis for
flavonolsacross ripening stages throughout our climate gradient in 2024
A Repeat data collection and analysis in summer/fall of 2025
A Apply findings to develop models of berry developmentin relation to climate and
inform cultivar-region matching under climate change
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lll. Regenerative practices ¢

® presence of cover crops, improved
infiltration, soil aggregate stability,

and soil

fruit

health

iIncreased
carbon, save water, cool canopy &

® |nitiating longterm trials assessing
impacts of no-till on heat stress,

water and nutrient availability

107

105

=
o
®

Temperature (F)
=
o
=3

99

97

95
12:00

13:00

Temperature of July 2nd, 2024 in Fruit Zone

14:00

—e—no till —e—till

15:00

16:00

107.7

17:00

18:00

19:00

RS B R




Longterm Trials of Till v. No-till: Dominus Estate, N apaValley
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lll. Regenerative practices & Climate Extreme Mitigation

Till v. Natill Trial at Dominus Estate: Scaling Up

HNo Tilt 446 C Hno Tilt 464 C Hno Tilt 4601 C
HTilt 476 C HTilt 485 C HTilt 4907 C

Avg. of 3 deg. C difference between till antlino
and 1.5 deg. C difference between canopies.

N, Bambaclet al.



V. Realtime Risk Assessments for Viticultural Decision Making
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Can we use spectral data to infer berry chemical properties?
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Can we use leddvel spectral data to infer berry chemical

properties?
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we use spectral data to infer berry chemical properties?

Reflectance (%)
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Predicting Smoke Impacts on Fruit from Spectral Data

Percent Difference form Control in Berry Spectra

August Sampling September Sampling

Percent Reflectance Difference Relative to Control
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