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Abstract

Modern fruit growing is increasingly confronted with extreme weather events
that cause significant damage at the orchard level, a rising incidence of pests
and diseases, and stricter quality and safety standards. In this context, cultivar
choice becomes a primary strategy for risk management, with implications for
maintaining quality and productivity and a direct effect on the economic
performance of orchards. Building on results from the breeding of
thermophilous (warm-adapted) species, the most sensitive to climate
variability in Romania, a case study from the Research and Development
Station for Fruit Growing Baneasa (RSFG Baneasa). The station’s heritage
cultivars, ‘Carmela’, ‘Rares’, ‘Viorica’ (apricot) and ‘Alexia’, ‘Amalia’,
‘Antonia’ (peach), remain preferred for establishing new commercial orchards
due to confirmed adaptability and stable genetic and phenotypic traits. A
locally adapted assortment, with delayed bloom, staggered ripening, and
tolerance to abiotic (e.g., late spring/return frosts, hail, high temperatures,
drought) and biotic factors (diseases and pests), reduces harvest fluctuations,
lowers resource needs, and ensures stable profitability, including in resource-
efficient (low-input) and organic systems. This approach improves production
practices, enables product differentiation through cultivar identity, and
strengthens traceability in short agri-food supply chains, offering a local
model replicable at a regional scale. The conservation and use of zone-adapted
genetic resources, both in breeding programmes and in the establishment of
orchards, support production aligned with current requirements, and the
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cultivar remains the principal link for risk control, enhanced competitiveness,
and the economic resilience of the fruit-growing sector.

Keywords: stone fruit, economic optimisation, germplasm conservation, agri-
food marketing, traceability

Introduction

Extreme weather events, emerging pests and diseases, and stricter
quality and safety standards in the marketplace increasingly challenge modern
fruit growing. In this context, the choice of cultivar, the particular fruit variety
planted, has become a primary strategy for managing risk in orchards. The
cultivar determines a tree’s adaptability to climate variability, its resistance to
biotic stresses, and the quality and timing of its fruit yield, thereby directly
affecting the economic performance of fruit farms (Ho et al., 2018). Unlike
many farm inputs, cultivar decisions are one-way decisions, very hard to
modify afterwards. Once an orchard is established, its genetic makeup (the
cultivars and rootstocks chosen) cannot be easily changed without uprooting
or grafting (Kester, 1983), which are costly and time-consuming. The stakes
are therefore high: a well-chosen cultivar can ensure stable productivity and
profits under adverse conditions (Devin et al., 2023), whereas a poorly suited
cultivar can lock a grower into years of suboptimal performance or
vulnerability to climate damage.

A case in point comes from the Research and Development Station for
Fruit Growing Béaneasa (RSFG Baneasa) in Romania. There, locally bred
“heritage” cultivars of apricot and peach with proven adaptability, including
traits like late blooming (to avoid spring frosts), staggered ripening, and
tolerance to drought, heat, frost, and diseases, have remained favoured for new
orchard plantings. This locally adapted assortment has been shown to reduce
year-to-year yield fluctuations and lower input requirements, thus ensuring
more stable profitability even in low-input and organic systems. Moreover,
leveraging well-adapted local cultivars allows product differentiation by
cultivar identity and strengthens traceability in short supply chains. In other
words, the cultivar choice not only influences agronomic outcomes but also
serves as a marketing asset and a foundation for sustainable, region-specific
production models. This example underscores the central thesis of this paper:
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the cultivar is the foundational link in fruit production systems, tying together
biological resilience, technological innovation, and economic viability.

Theoretical Framework: Defining Cultivars, Varieties, Landraces, and
Heirlooms

A cultivar is generally understood as a human-selected plant grouping
with distinct, uniform, and stable characteristics, maintained through
deliberate propagation according to the International Code of Nomenclature
for Cultivated Plants (ICNCP) (ICNCP, 1980). Although the term is often used
interchangeably with “variety” in agricultural practice, botanical
nomenclature treats variety as a natural taxonomic rank below species, while
horticulture reserves “cultivar” for selections derived from human
intervention. In legal frameworks such as UPOV, the term used is “plant
variety,” defined broadly to include cultivars, clones, lines, and hybrids that
meet the DUS criteria, distinctness, uniformity, and stability, aligning
regulatory definitions with the ICNCP concept of a stable genotype (UPOV,
1988; UPOV, 1991).

Beyond formal cultivars, agricultural literature recognises landraces
and heirloom varieties as important genetic resources. Landraces are
traditional, locally adapted populations developed over long periods through
farmer selection under diverse, low-input conditions. Their broad genetic base
often confers resilience to environmental stresses and greater yield stability in
marginal regions; farmers in areas such as Morocco have continued to
cultivate landraces precisely for this reason (Di Falco et al., 2007). Increased
on-farm varietal diversity likewise supports resilience by spreading risk and
enabling interactions that buffer yields under stress.

Heirloom varieties refer to older cultivars maintained across
generations for their heritage value or quality attributes. In fruit trees, where
propagation is typically vegetative, heirlooms are simply older named
cultivars that have persisted outside modern intensive breeding. Research has
shown that some heirloom or landrace materials can exhibit superior
nutritional or organoleptic qualities, and in some crops, better adaptation to
low-input systems compared to modern varieties (Mefleh et al., 2019).

These distinctions matter in practice because legal cultivars are
expected to conform to DUS standards, while landraces and heirlooms, being
genetically diverse and less uniform, often fall outside formal registration
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systems. This has historically limited their use in commercial horticulture,
despite their value as reservoirs of adaptive traits. Recent critiques suggest that
the UPOV paradigm may need to evolve as breeding goals shift toward
sustainability, agroecology, and farmer-led innovation (Galanakis, 2022).
Integrating traits from landraces into modern breeding, or providing pathways
for the recognition of farmer varieties, is increasingly viewed as essential for
developing cultivars suited to climate variability.

For this article, “cultivar” refers to fruit tree varieties selected and
propagated according to ICNCP and UPOV principles; “variety” is used in a
general sense; “landrace” denotes a traditional, locally adapted population;
and “heirloom” denotes an older cultivated variety preserved for heritage or
quality traits. These definitions provide the conceptual foundation for
understanding how cultivar choice shapes the biological, technological, and
economic performance of fruit orchards.

Methodology

This study applies a qualitative review methodology, synthesising
findings from scientific literature, technical reports, and regulatory documents
to analyse the role of cultivar choice in fruit tree production systems (Jeuffroy
et al., 2014; Galanakis, 2022). The literature survey focused on recent work
addressing cultivar development and identification (Azizi et al., 2021; Korir
et al., 2013), orchard sustainability and climate adaptation (Fernandez et al.,
2023; Devin et al., 2023), and economic or management perspectives on
cultivar performance (Ho et al., 2018; Sottile et al., 2020). Additional
information was drawn from specialised sources such as conference
proceedings and institutional publications, including materials from RSFG
Baneasa, which provide region-specific insights into cultivar behaviour under
Romanian conditions.

No experimental fieldwork was conducted; instead, the study uses an
analytical synthesis of existing evidence, complemented by the RSFG Baneasa
case as an applied example of a cultivar-centred orchard strategy. Reference
selection prioritised relevance and recency, especially publications from 2018
to 2024 that reflect current developments in climate resilience, genetic
resource use, and smart farming technologies. Foundational legal documents,
such as UPOV definitions, were also included to ensure conceptual clarity and
historical grounding. Through this integrative approach, the methodology
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supports a comprehensive understanding of how cultivar selection influences
biological performance, risk management, and economic outcomes in
contemporary fruit-growing systems.

Analysis and Discussion
Biological and Technological Dimensions of Cultivar Selection

A cultivar represents a bundle of genetic and phenotypic traits that
determine how a fruit tree grows, tolerates stress, and produces yield, making
its biological suitability to local conditions essential. Key attributes such as
chilling requirement, bloom timing, drought and heat tolerance, pest and
disease resistance, and fruit quality have become increasingly important under
shifting climatic baselines. In Mediterranean climates, for instance, reduced
winter chill already compromises traditional high-chill cultivars of apricot,
peach, plum, and cherry, leading to irregular blooming and greater
vulnerability of early-blooming types to frost and heat events. A clear
recommendation emerging from recent assessments is the development and
adoption of low-chill cultivars adapted to future warm-winter scenarios
(Fernandez et al., 2023).

Breeding programs are responding by combining classical selection
with molecular and data-driven tools. Traditional multi-year field selection
remains foundational, but molecular markers (SSR, SNP), DNA
fingerprinting, and barcoding now allow rapid and accurate cultivar
identification, essential for maintaining trueness-to-type and supporting
intellectual property and traceability systems (Azizi et al., 2021). Beyond
identification, molecular breeding accelerates selection for complex traits:
marker-assisted selection and genome-wide approaches enable early screening
for drought or disease resistance, and crop wild relatives are increasingly used
as sources of adaptive alleles for resilience (Devin et al., 2023). Wild Prunus
species, for example, exhibit strong drought tolerance through deep rooting or
efficient stomatal regulation, traits now being incorporated into modern
cultivars.

Frontier technologies such as CRISPR/Cas editing and genomic
prediction further expand the breeding toolkit. Gene editing enables targeted
adjustments to flowering-time or stress-response genes, while “omics” and Al
approaches can reveal regulatory elements controlling traits such as fruit
softening or colour. Recent Al work demonstrates how deep-learning models
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can decode gene expression patterns directly from DNA sequences, offering a
pathway to refine existing cultivars through cis-regulatory “gene tuning”
while preserving cultivar identity (Kuwada & Akagi, 2024).

Digitalisation also influences cultivar management. Orchard
Management Information Systems increasingly integrate cultivar- and
rootstock-level data, capturing phenology, yield, and fruit quality across years
(Dhonju et al., 2024). Coupled with microclimate sensors and historical
weather data, these systems help growers identify high-performing cultivars
for specific sites and conditions. Emerging Al-based decision-support tools
may soon recommend optimal cultivar portfolios under projected climate
scenarios, making cultivar choice a more precise, data-informed process.

Together, these developments illustrate how biological traits,
technological tools, and climate pressures intersect to make cultivar selection
a strategic decision grounded in modern breeding science and digital analytics.

Economic and Management Considerations of Cultivar Choice

Cultivar selection is fundamentally an economic decision because the
chosen genotype determines long-term profitability, input needs, and the
orchard’s exposure to risk. A fruit cultivar typically remains in place for 15-30
years, and replacing it later is costly, which makes the initial choice a strategic
investment that must account for future climate conditions and consumer
preferences rather than only present-day performance (Van Etten et al., 2019).
Market value is often the strongest driver of economic outcomes: cultivars
with premium consumer demand can significantly shorten the break-even
period and raise net returns, as shown in studies where high-value apple
cultivars achieved much earlier investment recovery compared to standard
varieties, even under similar yields (research cited in Ho et al., 2018).
However, price premiums are unstable, and preferences shift, meaning over-
reliance on a single high-value cultivar increases financial risk.

Yield traits also influence economic performance through precocity,
cropping regularity, and suitability for intensive systems. Modern cultivars
bred for high-density orchards, mechanised harvest, or self-compatibility can
greatly increase labour efficiency and productivity, while older cultivars or
landraces may require higher labour inputs or produce less uniform grades,
reducing returns (Sottile et al., 2020). Yet high yield alone does not guarantee
profitability. There are frequent trade-offs between yield, resilience, and
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quality: heritage or heirloom cultivars often have superior sensory attributes
valued in premium or organic markets, compensating for lower yields through
higher prices, as noted in surveys of European organic fruit growers (Kienzle
et al., 2022) where fruit quality outranked disease resistance as the main
selection criterion.

Risk management also plays a major economic role. Cultivars resistant
to pests and diseases or tolerant to frost, drought, and heat reduce input costs
and stabilise yields, especially in environments with climate uncertainty. In
contrast, susceptible cultivars commit growers to long-term expenses and
higher variability. For instance, early-blooming cultivars exposed to frost or
those prone to physiological disorders, such as bitter pit in certain apple
cultivars, generate recurrent losses and additional mitigation costs (Korir et
al., 2013). Because these vulnerabilities often become apparent only after
commercial adoption, incorporating resilience traits into cultivar decisions is
a form of economic insurance.

Operational management is equally shaped by cultivar portfolios.
Staggered-ripening assortments distribute labour and harvest demand over
several weeks, reduce bottlenecks, and extend the marketing window, whereas
single-cultivar plantings tend to concentrate labour needs and can saturate
markets. Diversifying cultivars, therefore, provides flexibility and income
stability, though it increases management complexity (Dhonju et al., 2024).

Taken together, cultivar choice determines revenue potential, cost
structure, labour efficiency, and risk exposure. Because it cannot be easily
corrected once trees are established, growers benefit most from forward-
looking, data-driven decisions that integrate market trends, climate
projections, and performance evidence. In practice, the economically optimal
cultivar is not necessarily the highest yielding, but the one that consistently
aligns biological resilience, market value, and operational fit over the
orchard’s lifespan (Devin et al., 2023).

Climate Resilience and Sustainability: Strategic Implications for Orchard
Design

Climate change has shifted the criteria by which fruit cultivars are
evaluated, making traits linked to resilience increasingly valuable. As winters
warm and extreme events intensify, traditional cultivar recommendations are
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being reassessed; high-chill or early-blooming cultivars that once performed
reliably may now flower too early and face greater frost or heat damage, while
late-ripening cultivars may struggle to reach full quality in shortened or hotter
seasons. Incorporating climate projections into orchard design has therefore
become essential, with emphasis on matching cultivars to anticipated future
conditions rather than historical averages (Fernandez et al., 2023). In practice,
this means prioritising traits such as late flowering, drought and heat tolerance,
and flexible ripening windows. The RSFG Baneasa experience illustrates this
logic: apricot and peach cultivars selected for late bloom, staggered ripening,
and abiotic stress tolerance maintained more stable yields under increasingly
erratic weather, demonstrating the practical value of climate-adapted
genotypes.

Growers worldwide are making similar choices. Survey data from
Tunisia and Chile show that farmers increasingly prioritise drought tolerance,
disease resistance, and low-chill requirements as key strategies for reducing
climate vulnerability (Pechan et al., 2023). However, economic constraints
often limit the ability to replace orchards with better-adapted cultivars,
highlighting the need for supportive policies such as credit access or targeted
subsidies to accelerate transitions at the farm level.

Sustainability also depends on conserving and utilising genetic
diversity. Traits critical for future resilience, such as late bloom, self-fertility,
or drought endurance, frequently originate from heritage cultivars or wild
relatives. Recent assessments stress the importance of maintaining diverse
germplasm repositories and integrating landraces and old cultivars into
breeding programs to secure adaptive traits for future climates (Galanakis,
2022). Farmers themselves contribute through on-farm conservation,
maintaining heirloom cultivars that perform well under local conditions or
hold market value, creating a feedback loop between traditional diversity and
modern breeding needs.

Diversification within orchards is another strategy for buffering
climate risks. Growing multiple cultivars or complementary species can
reduce vulnerability to single extreme events, moderate disease spread, and
extend marketing periods. Although increased diversity can complicate
management, it offers a resilience advantage analogous to portfolio
diversification: when one cultivar fails due to frost, heat, or disease, others
may still perform.
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Regulatory frameworks also shape cultivar decisions. Protected
varieties under UPOV rules require licensed planting material, while
unregistered but locally adapted cultivars may face market or compliance
barriers. Club-managed cultivars add further constraints and opportunities by
controlling supply and establishing quality standards. These systems influence
which cultivars growers can feasibly adopt and how diverse their orchards can
be. At the same time, traceability and provenance have become important
marketing tools; cultivar identity increasingly supports product differentiation,
as seen in regional branding efforts and in cases where specific cultivars
contribute to high-value niche products.

Designing climate-smart orchards thus involves combining resilient
cultivars, diversified planting strategies, suitable rootstocks, and forward-
looking replacement plans, while ensuring farmers have access to both
improved modern cultivars and traditional varieties. As breeding programs
shift toward agroecological principles, the future may lie in “landrace-
inspired” cultivars, robust, flexible, and regionally adapted, yet benefiting
from modern improvements.

Ultimately, cultivar choice functions as a frontline adaptation measure.
Selecting genotypes aligned with future climatic conditions can reduce
vulnerability, stabilise production, and support sustainable orchard systems.
Resilience emerges from a balanced strategy that integrates scientific breeding
advances, genetic diversity, local knowledge, and supportive policy
frameworks to ensure cultivars remain effective assets in an uncertain climate.

Conclusion and Recommendations

The analysis demonstrates that cultivar choice operates as the
structural backbone of fruit production, shaping biological performance,
management efficiency, climate resilience, and economic viability throughout
the entire lifespan of an orchard. Because cultivar decisions are essentially
irreversible over 20-30 years, they require a thorough understanding of genetic
concepts and practical distinctions between modern cultivars, traditional
landraces, and heirloom varieties. Rather than being seen as antiquated,
landraces and heirloom cultivars represent valuable reservoirs of resilience
traits and market differentiation potential, complementing the uniformity and
predictability of formally bred cultivars.
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Effective cultivar selection, therefore, depends on forward-looking
planning that incorporates site-specific evaluations, climate projections, and
market dynamics. Pilot plantings, comparative observations across similar
environments, and integration of both scientific knowledge and farmer
experience help reduce the wuncertainties associated with long-term
horticultural investments. Advances in breeding technologies and molecular
identification further support decision-making by improving access to resilient
genetic materials and ensuring the authenticity and health status of planting
stock. Economically, cultivar choice influences revenue stability, production
costs, labour organisation, and exposure to biotic or abiotic risks. A diversified
cultivar portfolio remains one of the most practical strategies for buffering
orchards against climatic variability, market fluctuations, and disorder-
specific vulnerabilities, while still enabling growers to benefit from high-value
or niche-oriented cultivars.

As climate change alters traditional production baselines, resilience
traits such as low chill requirement, late flowering, heat and drought tolerance,
and resistance to major diseases are becoming essential selection criteria.
These must be integrated with suitable rootstocks and with updated regional
projections to ensure that orchards remain productive under future conditions.
At the same time, legal and regulatory aspects, intellectual property, certified
material, protected cultivars or club systems, affect growers’ choices and must
be carefully navigated to avoid long-term constraints. Increasingly, cultivar
identity also carries marketing weight, enabling differentiation in short supply
chains, regional branding, and consumer preference building.

Taken together, these insights emphasise that cultivar management
should be approached as a dynamic, knowledge-driven, and adaptive process.
Growers who continuously reassess cultivar performance, remain attentive to
changing environmental and market signals, and combine modern breeding
advances with traditional genetic resources are best positioned to maintain
resilience, profitability, and competitive advantage. In this sense, the cultivar
remains not only the biological foundation of the orchard but also a strategic
instrument for long-term sustainability under accelerating climatic and
economic uncertainty.
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