
Frontiers in Plant Science

OPEN ACCESS

EDITED BY

Cristina Cruz,
University of Lisbon, Portugal

REVIEWED BY

Mercedes Fourment,
Universidad de la República, Uruguay
Zishan Ahmad,
Nanjing Forestry University, China

*CORRESPONDENCE

Most Tahera Naznin
mnaznin@unr.edu

†These authors have contributed
equally to this work

RECEIVED 05 May 2025
ACCEPTED 29 July 2025
PUBLISHED 17 September 2025
CORRECTED 06 October 2025

CITATION

Naznin MT, Azad MOK and Moe J (2025)
Challenges and adaptation strategies for
Riesling grape (Vitis vinifera L) production in
the southwest desert in the USA.
Front. Plant Sci. 16:1621299.
doi: 10.3389/fpls.2025.1621299

COPYRIGHT

© 2025 Naznin, Azad and Moe. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Review
PUBLISHED 17 September 2025
DOI 10.3389/fpls.2025.1621299
Challenges and adaptation
strategies for Riesling grape
(Vitis vinifera L) production in
the southwest desert in the USA
Most Tahera Naznin1*†, Md Obyedul Kalam Azad1† and Jill Moe2

1Department of Agriculture, Veterinary and Rangeland Sciences, Nevada Agricultural Experiment
Station, University of Nevada, Reno, Las Vegas, NV, United States, 2Desert Farming Initiative, University
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Riesling, a traditionally cool-climate grape variety, faces increasing challenges
when cultivated in the Desert Southwest region of the United States, where
extreme heat, water scarcity, and nutrient-poor soils prevail. This paper reviews
published research data to identify the key stress factors affecting Riesling
production in these arid environments and explores adaptation strategies to
enhance its viability. This paper synthesizes potential strategies for adapting
Riesling cultivation to desert environments under increasing climate variability.
These strategies include high-elevation planting, the use of drought-tolerant
rootstocks (e.g., Ramsey, 1616C, 110R, 1103P, 140Ru), and canopy or trellising
systems to mitigate thermal stress and optimize microclimates. Soil health
improvements through mulching, composting, cover cropping, and biochar
amendments are also reviewed for their roles in enhancing water retention and
nutrient cycling. Smart irrigation technologies utilizing IoT-based soil moisture
sensors and AI-driven scheduling are discussed as tools for maximizing water
ef�ciency. Additional innovations, such as climate modeling, remote sensing for
vineyard management, and agrivoltaic systems, are explored for their potential
contributions to sustainable vineyard design and operation. Through this
literature review, it appears that Riesling production could adapt to desert
climates by integrating traditional practices with precision agriculture and
sustainability-driven innovations. While these strategies show promise in
supporting fruit quality and long-term resilience, however, further applied
research is needed to validate their effectiveness in speci�c arid contexts.
KEYWORDS

Riesling cultivation, desert viticulture, water management, climate adaptation,
precision agriculture
1 Introduction

Grapevine cultivation is signi�cantly in�uenced by environmental conditions, soil type,
and climate, all of which determine the vine growth characteristics and quality of the fruit
(Meneghelli et al., 2018; Irimia et al., 2015). Originally from Germany, Riesling (Vitis
viniferavar. Riesling) is a cool-climate grape and sensitive to environmental conditions (Li
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et al., 2019). It produces moderate yields with early bud break and
mid- to late-season ripening, making it vulnerable to spring frosts
and heat stress (Keller, 2020). Oenologically, Riesling is prized for
its �oral, citrus, and stone fruit aromas, with wines ranging from dry
to sweet and showing excellent aging potential due to their acidity
and balance (Robinson et al., 2013). Figure 1 illustrates two key
stages of grapevine development: the left shows a young vine in the
vegetative stage with active shoot and leaf growth, while the right
displays mature clusters at veraison, marking the onset of ripening.
This highlights the vine’s phenological progression from early
growth to fruit maturity.

Globally, Riesling thrives in Germany (Mosel, Rheingau), France
(Alsace), Austria (Wachau), Australia (Clare and Eden Valleys), and
New Zealand (Marlborough). In the U.S., key Riesling-producing
areas include Washington State, New York’s Finger Lakes, Oregon,
Michigan, and select cooler sites in California and Idaho (UC Davis
Viticulture and Enology, 2023, University of California, Davis, 2023).
These regions provide ideal growing conditions, long growing
seasons, and well-drained soils that allow grapevines to develop
their signature balance of acidity, minerality, and fruit-forward
�avors (Jones and Hellman, 2003). In the climate of Desert
Southwest USA, accelerate sugar accumulation, reduce acidity, and
impair �avor development. Intense sunlight also increases the risk of
sunburn on exposed berries, leading to skin damage and loss of
aroma and balance in the wine (Gambetta et al., 2021).

Elevated temperatures can also accelerate sugar accumulation,
resulting in a shorter growing season with higher alcohol content in
juice but lower aromatic complexity (Biasi et al., 2019). Another major
issue is water limitation and drought stress. In the Desert Southwest
USA, annual rainfall is typically less than 150 mm (6 inches), with the
majority occurring during short monsoonal bursts in late summer
(July–September) and occasional winter storms (December–February)
(NOAA National Centers for Environmental Information, 2021). This
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minimal and erratic precipitation necessitates full reliance on irrigation
for viticulture. However, water scarcity, allocation limits, and increasing
regulatory restrictions present major challenges to the sustainability of
grape production in the region (Williams and Araujo, 2002).
Maintaining Riesling’s signature acidity and aromatic pro�le in such
a climate is another key challenge (Daccak et al., 2021).

The southwestern regions of the United States, including
Arizona, New Mexico, Texas, Nevada, and parts of California, lie
along the 37th parallel north (Figure 2). This latitude experiences
moderate temperatures (25–35 °C) and ample solar radiation (2,200
kWh/m�) throughout the year (Dong et al., 2022). However, the
Southwest is distinctively classi�ed as a desert, primarily
encompassing the Mojave and Sonoran deserts (Brazel, 1989).
The Southwest experiences low annual precipitation, clear skies,
and a warm climate year-round due to a quasi-permanent
subtropical high-pressure ridge (Table 1). This region has an arid
to semi-arid climate, characterized by high summer temperatures,
minimal rainfall, frequent droughts, and signi�cant water scarcity
challenges (Azad et al., 2024). Intense heat accelerates water
evaporation, increasing the demand for cooling and irrigation,
while diminishing water sources like the Colorado River and
groundwater struggle to support urban and agricultural needs.
Prolonged droughts and excessive water consumption further
stress resources, highlighting the urgency of water conservation
and sustainable agricultural practices for the regions (Sanderson
et al., 2015; Hirt et al., 2017).

In this review, we explore the challenges and adaptation
strategies for cultivating Riesling in the Desert Southwest USA.
Riesling was selected for study due to its high sensitivity to climate
and site-speci�c conditions, making it an ideal indicator for
assessing the impact of extreme environments on grapevine
performance. Although not the most widely planted white grape
in the U.S., Riesling holds signi�cant importance in cooler regions
FIGURE 1

Riesling plant (left) and ripened grapefruit (right).
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such as Washington State—where it is the second most planted
white variety after Chardonnay—and in New York’s Finger Lakes,
where it dominates white wine production (USDA-NASS, 2021;
Wine Institute, 2023).

Riesling, cultivated on approximately 51,000 hectares globally,
is primarily concentrated in Germany, which accounts for over 45%
of its total area (OIV, 2022). Despite its prominence in cool-climate
regions, its expansion into arid environments remains largely
Frontiers in Plant Science 03
unexplored. What makes Riesling particularly signi�cant is its
sensitivity to environmental conditions, especially in relation to
canopy architecture, irrigation precision, and phenological timing.
These traits make it an ideal model for testing adaptive viticultural
practices under climate stress. Given the increasing challenges
posed by heat, drought, and extreme weather in traditional and
emerging wine regions, examining Riesling’s performance in non-
traditional settings such as the U.S. Southwest offers a timely
FIGURE 2

Ecological classi�cation of the desert southwest, USA.
TABLE 1 Comprehensive key weather and climate parameters of the southwest desert of the USA.

Climate parameter Description Typical range/Values Reference

Temperature High daytime temperatures Summer: 100–120°F Winter: 40–70°F (NWS, 2020)

Precipitation Low annual rainfall 3–12 inches (NOAA, 2021a, b)

Humidity Low relative humidity 10–30% (Arizona State Climate Of�ce, 2019)

Wind Speed Moderate to intense winds 5–25 mph (NOAA, 2021a, b)

Storms Thunderstorms, dust storms Mostly in summer monsoon (July–Sept) (Adams and Comrie, 1997)

Sunlight High solar radiation 85–95% sunny days per year (WRCC, 2020)

Elevation Effects Temperature and precipitation vary with altitude Higher elevations are cooler, wetter (Barry, 2008)

Evaporation Rate High due to intense heat and low humidity 70–150 inches/year (Farnsworth et al., 1982)

Soil Moisture Exceptionally low Rapid drying after rainfall (Scanlon et al., 2005)

Growing Season Long, but limited by heat and water availability 250–300 days (Winkler et al., 1974)

Snowfall Rare in lower elevations, but occurs in higher altitudes 0–20 inches in mountains (NOAA, 2021a, b)

Dew Point Low most of the year Below 30°F, higher in summer (Arizona State Climate Of�ce, 2020)

Climate Type Hot desert Arid conditions year-round (Peel et al., 2007)
frontiersin.org

https://doi.org/10.3389/fpls.2025.1621299
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Naznin et al. 10.3389/fpls.2025.1621299
opportunity to evaluate climate-resilient viticulture. This review
contributes novel insights by using a well-known yet climatically
sensitive variety to explore innovative growing strategies in desert
viticulture, providing broader implications for global grape
production under changing climates.
2 Optimal chemical composition of
Riesling grapes

Determining the optimal chemical composition of Riesling
grapes at harvest is crucial for achieving the desired sensory pro�le,
fermentation performance, and aging potential of the resulting �nal
products. Riesling is highly sensitive to must composition,
in�uencing its acid-sugar balance, aromatic complexity, and
typicity. While optimal ranges for Brix, pH, titratable acidity, yeast
assimilable nitrogen (YAN), and aroma precursors are established in
cool-climate contexts, these serve as reference points rather than �xed
targets in arid regions, where heat accelerates sugar accumulation
and disrupts ripening synchrony. In such environments, these
benchmarks help guide adaptive practices such as irrigation
management and modi�ed harvest timing to balance physiological
and compositional maturity. Using Riesling thus provides a valuable
lens for assessing climate-resilient viticultural strategies (Jackson,
2020) (Table 2). Understanding these parameters is particularly
important for Riesling, a cultivar known for its high acidity and
reliance on volatile aromatic compounds especially monoterpenes
like linalool, geraniol, and citronellol for varietal expression (Marais,
1983; Gonza�lez-Barreiro et al., 2015). Riesling’s aroma pro�le is also
shaped by C13-norisoprenoids such as b-damascenone and TDN,
which develop during ripening and contribute to aged wine
complexity (Mendes-Pinto, 2009). These compounds are highly
responsive to environmental conditions and harvest timing. Recent
studies show that delayed harvest enhances aromatic complexity in
Riesling by increasing concentrations of norisoprenoids and
terpenoids (Jones et al., 2005; Previtali et al., 2022). These
compounds are highly responsive to environmental conditions and
harvest timing. While studies from cooler regions have shown that
delayed harvest can enhance Riesling’s aromatic complexity by
increasing norisoprenoid and terpenoid concentrations, such effects
Frontiers in Plant Science 04
are often site-speci�c and may vary under different climatic zones and
vineyard management practices (Rouxinol et al., 2023).

These chemical markers make Riesling an ideal cultivar for
studying environmental effects on grape quality. Its high sensitivity
to temperature, solar radiation, and water availability allows for
clear expression of terroir in�uences on aroma and acidity (Jones
and Davis, 2000; Van Leeuwen et al., 2004). This responsiveness
enables the assessment of how climate variables and adaptive
viticultural strategies shape grape composition and wine typicity
(Baderschneider and Winterhalter, 2000).

Furthermore, vineyard management practices such as regulated
de�cit irrigation (RDI) and partial rootzone drying (PRD) have been
shown to modulate grape composition and wine aroma pro�le in
Riesling, offering additional levers to optimize grape quality under
changing climatic conditions (Keller, 2020). As climate change alters
ripening patterns, establishing robust reference values for high-quality
Riesling production becomes increasingly important. The presented
data not only assists viticulturists in optimizing fruit quality but also
contributes to broader enological research focused on precision
harvest and sustainable production of aromatic Riesling grapes.
3 Factors affecting grape production

Grape production in the southwest desert region faces
signi�cant challenges due to harsh environmental conditions. Key
factors such as water scarcity, climate variability, and poor soil
characteristics greatly impact vine growth, fruit quality, and yield.
These stressors are particularly critical in arid and semi-arid areas
where viticulture depends heavily on irrigation and careful soil
management. As climate change continues to alter regional weather
patterns, understanding and adapting to these limitations is
essential for sustainable grape production.
3.1 Extreme heat

The extreme heat of the southwest desert poses signi�cant
challenges to grape cultivation, particularly for Riesling. Studies
have shown that temperatures exceeding ~35°C can adversely affect
TABLE 2 Optimal ranges and enological parameters of Riesling grape to harvest.

Parameter Optimal range Purpose/Importance Reference

Brix 20–24°Bx Determines sugar content and potential alcohol (Marõ�n-Martõ�nez et al., 2021)

pH 2.9–3.2 Enhance freshness, stability, and aging potential (OIV, 2020)

Titratable Acidity 6.5–9.5 g/L Contributes to balance and crisp mouthfeel (Karime Atencia Payares et al., 2024)

Malic Acid 2–5 g/L Retained to preserve acidity in wines without MLF (Zoecklein et al., 1995)

Tartaric Acid 4–7 g/L Provides stable structural acidity throughout vini�cation (Sinesio et al., 2021)

Yeast Available Nitrogen 140–250 mg/L Supports healthy fermentation, reduces risk of sluggishness (Diverres et al., 2024)

Potassium < 1.2 g/L Elevated levels increase pH, potentially reducing acidity (Schultz, 2000)

Aroma Precursors High (terpenes, etc.) In�uence of varietal expression and aromatic complexity (Jones et al., 2005)
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grapevine physiology and berry composition; however, the severity
of these impacts depends on elevation, row orientation, and
canopy architecture, which in�uence microclimate and fruit zone
temperature (Greer, 2018; Cola et al., 2009).

Speci�cally, sustained exposure to daytime temperatures above
this threshold accelerates sugar accumulation by approximately
7–14 days and can lead to a decline in titratable acidity by 1.5–2.5
g/L, depending on cultivar and site conditions (Duche�ne et al., 2010;
Sadras and Moran, 2012).

High temperatures accelerate ripening, disrupt photosynthesis,
and increase sunburn risk, affecting grapefruit quality (Figure 3)
(Abad et al., 2021; Diverres et al., 2024). Temperatures >35°C in
desert vineyards accelerate ripening by increasing sugar
accumulation and acid degradation, leading to a shortened
harvest window and loss of balance in grape composition (Sadras
and Petrie, 2011; Kizildeniz et al., 2015).

In arid regions, high diurnal temperature variation helps
mitigate acidity loss by slowing malic acid degradation during
cool nights, thus preserving Riesling’s acid-sugar balance under
rapid ripening conditions (Rouxinol et al., 2023). This results in
reduced freshness, a term referring to the sensory perception of
crisp acidity and aromatic liveliness, often linked to esters and
monoterpenes (Morata et al., 2019). Heat stress accelerates sugar
accumulation and acidity loss, diminishes freshness, and
unbalances �avors (Diverres et al., 2024). Prolonged stress
reduces energy production, stunting vine growth and berry
development (Chaves et al., 2010). While excessive transpiration
increases water loss, potentially leading to dehydration and yield
reduction (Kang et al., 2023). Sunburn further impacts grape
quality, causing skin browning, �avor degradation, and uneven
ripening (Intrigliolo and Castel, 2010).

Sunburn in Riesling berries typically occurs above 45°C surface
temperature, but sensitivity varies. Thin-skinned Riesling is more
vulnerable, and canopy management strongly in�uences risk leaf
removal raises exposure, while shading reduces berry temperature
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and sunburn incidence (Greer, 2018). It causes skin browning,
necrosis, and oxidation of phenolics, which degrade �avor, increase
bitterness, and lead to uneven ripening (Gambetta et al., 2021). These
effects are exacerbated by high transpiration rates, leading to
dehydration and reduced yield (Medrano et al., 2015).
3.2 Water scarcity and drought stress

Water availability is a critical factor in viticulture in the
Southwest Desert. Annual precipitation in regions such as
southern Nevada and Arizona often falls below 150 mm, while
reference evapotranspiration (ETo) can exceed 1,400–1,600 mm/
year, resulting in a large water de�cit (Jones et al., 2022; Keller,
2023). For grapevines, seasonal water requirements typically range
between 500–700 mm, depending on canopy size, crop load, and
climatic conditions (Ojeda et al., 2002). Thus, available rainfall
covers less than 20–30% of the crop’s seasonal demand, making
supplemental irrigation essential. Insuf�cient irrigation de�ned as
less than 40–50% of ETo during key phenological stages (e.g., post-
veraison) can lead to impaired vine growth, reduced berry size, and
lower yield and quality (Keller, 2023; Intrigliolo and Castel, 2010).

Insuf�cient water availability can lead to reduced vine vigor,
resulting in stunted growth and diminished canopy development.
This reduction in photosynthetic activity hampers the vine’s ability to
produce energy, adversely affecting both vegetative growth and fruit
production (USDA Agricultural Research Service, 2023).
Consequently, berry size may decrease, leading to lower yields and
compromised vine health. Precise water management, such as
regulated de�cit irrigation, can reduce berry size and increase the
skin-to-juice ratio, enhancing �avor, color, and aroma concentration
—making it a key strategy for optimizing grape quality in arid regions
(Keller et al., 2023).To conserve water while maintaining vine health,
many vineyards implement de�cit irrigation strategies (Rouxinol
et al., 2023) (Figure 4). This technique limits water supply at
FIGURE 3

Chemical changes of Riesling grape based on temperature.
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