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ABSTRACT:Wild edible plants have evolved in response to persistent and often severe environmental pressures,
including salinity, drought, extreme temperatures, high light intensity and nutrient-poor soils. Despite the
considerable physiological flexibility and adaptive capacity exhibited by these species, they remain underrepresented
in contemporary plant stress research, which has traditionally focused on a limited number of model species and
major crops. The present review proposes a conceptual framework that positions wild edible plants as physiological
and ecological reference systems for studying naturally evolved plant stress tolerance, rather than as alternative
genetic model species. The synthesis of current knowledge on the ecological contexts that shape their stress
adaptation is conducted, and the major abiotic stressors influencing wild edible plants across diverse environments
are examined. This study focuses on the physiological mechanisms involved in water regulation, osmotic adjustment,
photosynthetic performance, and antioxidant defence. The role of metabolic plasticity and stress-induced production
of secondary metabolites is also discussed, highlighting how chronic or moderate environmental stress may, under
specific conditions, enhance nutritional and functional attributes without necessarily compromising metabolic stability.
Furthermore, the potential of wild edible plants as reservoirs of stress-resilient traits relevant to sustainable agriculture,
crop diversification, and functional food systems in marginal environments is evaluated. The identification of key
research gaps is the final stage of the research process. These gaps include the limited application of omics-based
approaches, the lack of standardised experimental methodologies, and the scarcity of direct comparative studies
between wild edible and domesticated plant species. The present review underscores the potential benefits and current
constraints associated with the utilisation of wild edible plants in promoting plant stress biology and informing
climate-resilient agricultural strategies.

KEYWORDS: Wild edible plants; abiotic stress; stress tolerance; phenotypic plasticity; secondary metabolites;
metabolic plasticity; sustainable agriculture; functional foods

1 Introduction

Stressors that affect the growth, development and productivity of a plant are both biotic and abiotic
stresses that disrupt metabolic and physiological homeostatic balance and therefore can adversely impact
the quality of the crop [1]. Plants are generally exposed to multiple stresses arising both in natural
environments and in artificial human-made systems. These stresses require coordinated adaptive responses
at the physiological, biochemical, and molecular levels to maintain metabolic balance and ensure healthy
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growth [2]. For many years, research on plant stresses has tended to be dominated by the use of model
species (primarily Arabidopsis thaliana) and a small number of major food crops [3]. Nevertheless, the
heavy reliance on domesticated and model species creates limitations for understanding plant stresses.
Domesticated crops have been bred intensively for increased yield and uniformity. In addition, Arabidopsis
thaliana occupies a narrow ecological niche that does not represent the full range of adaptive responses
observed in other higher plant species [4]. In contrast to cultivated edible plants, which have evolved
under relatively stable and human-managed conditions, wild edible plants have been shaped by long-term
exposure to highly variable ecological stressors. These environments reduce their dependence on controlled
conditions and contribute to the development of high phenotypic plasticity and strong adaptive capacity.
This highlights their ecological, physiological, and nutritional importance as model systems for linking
stress physiology to functional quality in both wild and cultivated species [5,6]. However, existing studies on
wild edible plants have largely focused on ethnobotanical documentation or chemical characterization, with
comparatively fewer investigations employing these species as model systems for plant stress physiology [7].
Research on wild edible plants (e.g., Sonchus oleraceus, Asparagus acutifolius, Rumex acetosa) examining
salinity tolerance and physiological adaptability (i.e., ion regulation) is just beginning to provide the missing
pieces of information necessary to connect wild edible plants with sustainable agricultural systems and
stress physiology [8,9]. Given their long-term exposure to natural stressors, wild edible plants constitute
highly resilient biological systems shaped by evolutionary selection rather than agronomic optimization.
Synthesizing current knowledge on their ecological background and stress responses may therefore reveal
adaptive mechanisms that are underrepresented in conventional crop-based research and provide valuable
insights for climate-resilient agriculture and functional food development [10–12]. Unlike previous reviews
that focus mainly on ethnobotanical uses or nutritional attributes, the present work integrates ecological
adaptation, stress-response mechanisms, and metabolic plasticity. Our objective is to position wild edible
plants as physiologically and ecologically informative systems shaped by natural selection. This framework
allows us to move beyond descriptive accounts and better interpret naturally evolved stress tolerance. The
objective of this conceptual review is thus to position wild edible plants as physiologically and ecologically
informative reference systems shaped by long-term natural selection. By integrating ecological context,
physiological and metabolic mechanisms, and applied perspectives, this review aims to move beyond
descriptive accounts and provide a unifying framework for interpreting stress adaptation in wild plants.
Rather than viewing these plants as marginal food resources, we argue that they constitute naturally
evolved experimental systems capable of complementing classical model plants and crop-based approaches.
Specifically, we first examine the ecological settings and major abiotic stress factors affecting wild edible
plants. We then review the key physiological and metabolic mechanisms underlying stress tolerance.
Finally, we discuss the implications of these traits for sustainable agriculture, food systems, and future
research directions.

2 Ecological Background of Wild Edible Plants

Wild edible plant species have developed in many different types of marginal and heterogeneous
environments, where environmental stress is an ongoing and continuous selection pressure rather than a
one-time occurrence. These environments include saline soil (salty), long periods of water deficit (drought),
continuous high levels of high light intensity (UV), ranges of high and low temperature (cold/heat shocks),
and low nutrient levels [13]. Wild edible plant species have a much more direct and ongoing association
with abiotic stressors during their entire life cycle, as opposed to cultivated agricultural crops, which are
buffered from many of the factors of environmental variability through agronomic practices. In addition,
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long-term exposure to abiotic stressors has created adaptations that give physiological resilience and
ecological success [14]. In arid and semi-arid areas, such as the Mediterranean basin, many wild edible
species occupy environments characterized by low water availability and high light intensity, rather than
UV radiation, creating strong selection pressures associated with photosynthetic regulation, reduced water
loss, and enhanced oxidative stress tolerance. Halophytes and facultative salt-tolerant plant species also
occupy environments that have high soil salinity, which increases the need for efficient strategies for ion
homeostasis and osmotic adjustment [15]. Because all these environmental factors occur simultaneously,
they create conditions that favour the evolution of adaptive syndromes rather than individual stressor
responses [16].

An important difference between wild and cultivated plants arises from their respective evolution. The
domestication process favoured characteristics such as yield, taste, and uniformity; these traits were often
selected for in an optimal growing environment. Although domesticated plants have increased yield, they
generally have reduced genetic diversity and decreased stress tolerance compared to many wild-collected
edible species [17]. On the other hand, wild edible plant species have been primarily selected through natural
selection, where survival and reproduction are based on their ability to cope with fluctuating and challenging
environments. As a result, wild edible plants have often developed greater ecological versatility and, in
many cases, higher stress tolerance levels relative to cultivated edible plants [18]. The divergence between
wild and cultivated plants is directly related to phenotypic plasticity, which denotes the ability of a genotype
to produce different phenotypes under varying environmental conditions. High levels of phenotypic
plasticity enable wild plants to alter their morphological, physiological, and metabolic characteristics in
response to changing conditions, thus enhancing their growth and productivity under various environmental
conditions [19]. Results of comparative studies have demonstrated that wild-collected plants grown under
natural conditions often have equal or greater amounts of bioactive compounds when compared to those
grown under artificially controlled conditions and selected based on their appearance [20,21] Along with
plasticity is the concept of ecological resiliency which is defined as the ability of an organism to absorb
disturbance and maintain its functional integrity. Wild edible plants demonstrate ecological resilience by
sustaining growth, reproduction, and secondary metabolism even under repeated or chronic exposure
to stress. Research studies comparing species such as Amaranthus viridis, Sisymbrium irio and Sonchus
tenerrimus have shown that the adaptability of these traits is not fully represented in controlled settings
and thus provides an example of the potential of wild edible plants as models for research on stress
tolerance [21–23]. However, these responses remain species and context dependent and should not be
generalized across all wild edible plants. Ethnobotanical research supports the ecological perspective. Many
of the wild edible plants traditionally harvested and consumed in Mediterranean and arid areas are found
on marginal lands specifically because they can thrive under less than desirable soil and growing conditions;
therefore, they have historically been utilized for this purpose. In addition, the continued use of these
species by humans reflects the cumulative body of cultural knowledge, as well as their inherent biological
resiliency, thereby placing these species at the nexus of ecology, nutrition, and stress biology [11,24].

The interplay between ecological, evolutionary and ethnobotanical factors indicates that wild edible
plants represent a naturally adapted system for coping with stress due to their prolonged exposure to
various types of environmental constraints. In addition, these ecological adaptations create the basis on
which physiological and metabolic mechanisms of stress tolerance operate. Thus, it is important to be
aware of these ecological adaptations when assessing and interpreting stress responses for the purpose of
utilizing these adaptive traits in sustainable agriculture and food systems [25,26].
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3 Major Abiotic Stress Factors Affecting Wild Edible Plants

As illustrated in Fig. 1, wild edible plants are continually exposed to multiple abiotic stressors,
particularly salinity, drought, extreme temperatures, and high light intensity under natural conditions.
These factors often act simultaneously and persist over long periods, creating complex environmental
pressures that shape the physiological resilience of these species.

Figure 1: Major abiotic stress factors affecting wild edible plants and their key physiological adaptive responses. This
schematic summarizes the main stressors (salinity, drought, high light intensity, temperature extremes, and nutrient
limitation) that shape natural environments. It also highlights the core physiological responses osmotic adjustment,
phenotypic plasticity, and mineral regulation enabling resilience under chronic stress.

3.1 Salinity Stress

The salt concentration in the soil or irrigation water increases, thereby causing osmotic stress, ion
toxicity, and nutrient imbalance, which in turn all contribute to the development of salinity stresses as
well as reducing the ability of plants to uptake water and maintain cellular homeostasis. Salinity stress
presents a significant barrier to the plant growth of many coastal and arid regions. Salinity exposure in most
naturally occurring wild edible plants occurs chronically, as these species typically inhabit persistently saline
environments [27]; however, this also occurs acutely, as in the case of seawater intrusion or soil evaporation,
both of which require both long-term acclimatization and short-term physiological adjustment [28,29].
Many wild edible plants demonstrate an inherent capacity to tolerate salinity, particularly halophytic and
facultatively salt-tolerant species. It has been demonstrated that certain wild plants, which are edible
and native to the Mediterranean region, (e.g., Sonchus oleraceus), in addition to specific leafy greens,
possess the capacity to thrive and sustain their physiological functions under conditions of moderate
salinity [8]. Furthermore, their capacity for adaptation enables them to persist for extended periods in
saline environments. The occurrence of edible halophytes (e.g., Salicornia fruticosa, Atriplex halimus)
thriving in saline soils offers valuable models for studying the mechanisms of salt tolerance, which have
evolved over millennia through continuous natural selection driven by environmental pressures [30]. At the
broadest scope, salinity tolerance of wild plant species results from effective osmotic regulation and includes,
but is not limited to, a combination of the three major mechanisms of compatible solute accumulation,
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compartmentalization of ions, and photosynthetic performance under ionic stress. The presence of larger
and more effective antioxidants has also been suggested as an additional factor in the alleviation of oxidative
damage caused by salt and salt-related stresses [31], enabling the maintenance of metabolic processes in
high-salinity environments, especially when the plant is exposed to this chronic stress [32].

3.2 Drought and Water Deficit

Drought-related effects occur when an area has no water for prolonged periods of time, as this leads to
lower soil moisture levels and higher levels of drought stress on the growing plant. Areas such as drylands,
areas where the average amount of rain falls during a given year and Mediterranean climates are particularly
susceptible to experiencing drought stress because they have low levels of annual rainfall and very high
evapotranspiration rates [33,34]. In natural ecosystems, wild edible plants experience not only chronic
water deficits but also acute drought events; the chronic and acute events work in concert with one another
to develop strategies for how wild edible plants adapt to water limitations [35]. Evidence suggests that wild
edible plants occurring in dryland and Mediterranean climates often exhibit greater drought adaptability
than cultivated plants, as they are routinely exposed to water limitations [36]. These plants have adapted
to survive and grow even when there is little available water by regulating how much water they lose from
their foliage, making osmotic adjustments, and developing physical structures that reduce transpiration
losses [14,37]. The general mechanisms of drought tolerance as found in wild edible and other wild plants
consist of regulating stomatal conductance, maintaining cellular moisture level by osmotic adjustment, and
maintaining the photosynthetic process in water-limited situations [37]. These processes are augmented
by a strong antioxidant defense system [38], which helps maintain a healthy cellular environment and
promote cellular growth in response to the drought-induced oxidative stress [39,40].

3.3 High Light Intensity and Temperature Extremes

In many ways, the wild edible plants that are exposed to both high light exposure and hot temperatures
are under significant environmental stress due to significant exposure to solar radiation, as well as extreme
thermal temperatures. High solar light exposure and thermal extremes can inhibit the machinery of
photosynthesis, increase the rate of transpiration and produce reactive oxygen species, especially when
combined with limitations in either water or nutrient availability [41–43]. Wild edible plants that grow at
high light intensity and high-temperature environments exhibit a high degree of tolerance due to long-term
exposure to high light intensity/temperature fluctuations. Studies comparing the performance of wild
edible plants in natural populations with those cultivated in controlled environments indicate that, under
high light intensity, wild edible plants (e.g., Sonchus oleraceus) can maintain photosynthetic efficiency
and produce protective metabolites [20,21]. Tolerance to high light intensity and temperature extremes is
typically mediated by photoprotective processes, stabilization of photosynthetic efficiency, and activation
of antioxidant systems that reduce oxidative damage caused by excessive light intensity and thermal stress.
The integration of these responses enables wild edible plants to sustain metabolic activity and growth
under the challenging conditions characteristic of natural environments [44,45].

4 Physiological Mechanisms of Stress Tolerance in Wild Plants

Wild edible plants have developed several different ways to cope with environmental stress over a long
period of time. This contrasts with domesticated crops that have been selectively bred under more stable and
controlled conditions. For example, many domesticated crops are bred for maximum growth and yield, while
wild species develop a range of physiological adjustments that assist them in maintaining their internal
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water status, metabolic balance, and cellular structure when faced with an adverse environment [46]. The
ability of wild edible plants to survive under extreme environments results from the combined effects of
evolutionary selection and repeated exposure to interacting stressors [47]. However, the intensity and
expression of these responses vary widely among species and should not be generalized [8].

4.1 Regulation of Plant Water Status

Regulation of plant water balance is a primary determinant of stress tolerance, particularly under
drought and salinity conditions. Wild plants frequently display enhanced control over stomatal conductance,
allowing them to limit transpirational water loss while maintaining sufficient carbon assimilation. This
balance contributes to the maintenance of leaf water potential and delays the onset of hydraulic failure
under water-limited conditions [48–50]. Comparative studies indicate that wild species often maintain more
stable water potential than cultivated plants under similar stress intensities, reflecting superior regulation
of water uptake and loss. Such control is critical in marginal habitats, where fluctuations in soil moisture
are frequent and unpredictable [14]. In contrast, many cultivated crops show earlier hydraulic imbalance
under comparable stress levels, highlighting reduced flexibility in water-use regulation. However, these
responses are species-specific and should not be generalized across all wild edible plants.

4.2 Osmoregulation and Ion Homeostasis

Osmoregulation represents a central physiological strategy in wild plants exposed to salinity and
drought. The accumulation of compatible solutes such as proline, soluble sugars, and organic acids
contributes to osmotic adjustment, enabling cells to retain water without compromising metabolic processes.
In saline environments, the regulation of ion uptake and compartmentalization, particularly sodium and
potassium, prevents ionic toxicity and sustains cellular homeostasis [51,52]. Wild edible plants frequently
exhibit efficient ion regulation mechanisms, allowing growth and metabolic activity under moderate to
high salinity. In contrast, many domesticated crops display reduced tolerance due to limited capacity
for ion exclusion or vacuolar sequestration, underscoring a key physiological divergence shaped by
domestication [8].

4.3 Photosynthetic Adjustments under Environmental Stress

Stress conditions commonly impair photosynthesis through stomatal limitation, damage to the
photosynthetic apparatus, or disruption of electron transport [53]. Wild plants adapted to high light
stress, salinity, or water deficit often exhibit pronounced photosynthetic plasticity, including adjustments in
light harvesting, photochemical efficiency, and carbon fixation pathways [47,54]. Experimental comparisons
between natural environment and controlled-environment cultivation indicate that wild plants can maintain
higher photosystem II efficiency and sustain photosynthetic performance under stress conditions [47]. This
capacity reflects both structural and biochemical acclimation mechanisms that mitigate photoinhibition
and preserve energy balance [55]. By contrast, cultivated plants frequently exhibit stronger declines in
photosynthetic efficiency when exposed to similar stress intensities [21,56,57].

4.4 Antioxidant Defense Systems

Abiotic stress is commonly associated with excessive production of reactive oxygen species (ROS),
which can damage lipids, proteins, and nucleic acids. Wild plants typically possess robust antioxidant
defense systems, encompassing both enzymatic components (e.g., superoxide dismutase, catalase, and
peroxidases) and non-enzymatic molecules such as phenolic compounds, flavonoids, and carotenoids [46,58].
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Enhanced antioxidant capacity has been repeatedly observed in wild edible plants grown under natural
stress conditions, contributing to oxidative stress mitigation and metabolic stability. Compared with many
cultivated species, wild plants often show higher baseline levels of antioxidant metabolites, reflecting an
adaptive strategy for coping with recurrent oxidative challenges [20]. However, maintaining enhanced
antioxidant capacity and physiological flexibility may involve metabolic costs that can constrain growth or
reproductive output under non-stress conditions [59].

4.5 Wild Versus Domesticated Plants: a Physiological Perspective

Taken together, these physiological mechanisms highlight fundamental differences between wild
and domesticated plants. While domestication has favored traits related to productivity and uniformity
under managed environments, it has often resulted in reduced physiological flexibility and stress resilience.
Wild edible plants, in contrast, maintain a broader repertoire of adaptive responses, including tighter
water regulation, effective osmotic adjustment, flexible photosynthetic behavior, and strong antioxidant
defenses [12,60]. These differences suggest that wild plants represent not only alternative species, but
alternative stress-response paradigms, shaped by natural selection under chronic environmental pressure
rather than by agronomic optimization. As such, wild edible plants constitute valuable biological models
for understanding naturally evolved stress tolerance and for informing strategies aimed at improving
crop resilience under increasingly variable and unpredictable environmental conditions [18,61]. Table 1
synthesizes these physiological contrasts, reinforcing the argument that wild edible plants represent
alternative stress-response paradigms shaped by natural selection rather than agronomic optimization.

Table 1: Comparative overview of stress-response mechanisms in wild edible plants and domesticated crops.

Trait Wild Edible Plants Domesticated Crops References

Water regulation Tight stomatal control; stable leaf
water potential under stress

Earlier hydraulic imbalance;
reduced flexibility [62,63]

Osmoregulation Efficient ion compartmentalization;
high compatible solute accumulation

Limited Na+ exclusion; lower
osmotic adjustment capacity [64]

Photosynthetic performance High photochemical flexibility;
reduced photoinhibition

Greater decline in PSII efficiency
under stress [65]

Antioxidant systems Elevated baseline antioxidant
activity; stable ROS scavenging

More inducible but often lower
baseline antioxidant capacity [66]

Phenotypic plasticity High environmental responsiveness Reduced plasticity due to
breeding selection [67]

Nevertheless, the expression and effectiveness of these physiological traits remain strongly dependent
on species identity, environmental context, and experimental conditions.

5 Metabolic Plasticity and Secondary Metabolite Accumulation

One of themost distinctive features of wild edible plants under environmental stress is their pronounced
metabolic plasticity, which enables dynamic modulation of secondary metabolism in response to adverse
conditions. Unlike primary metabolism, which is directly linked to growth and reproduction, secondary
metabolism plays a central role in plant defense, stress mitigation, and ecological interactions. In wild
plants, long-term exposure to abiotic stressors has favored the evolution of metabolic strategies that not
only ensure survival but also promote the accumulation of bioactive compounds with nutritional and
functional relevance [68–70]. While Fig. 1 summarises the environmental stressors, Fig. 2 integrates the
corresponding physiological pathways.
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Figure 2: Integrated physiological responses of wild edible plants to abiotic stress. The diagram integrates water
regulation, osmotic adjustment, ROS scavenging, and chloroplast protection as central mechanisms supporting stress
tolerance. These processes collectively maintain metabolic stability when plants face salinity, drought, or high
light intensity.

Abiotic stresses such as salinity, drought high light intensity and temperature extremes stimulate
the biosynthesis of phenolic compounds, flavonoids, and terpenoids. These metabolites contribute to
stress tolerance through antioxidant activity, membrane stabilization, and protection of the photosynthetic
apparatus [71]. In wild edible plants, stress-induced metabolic responses are often more pronounced and
consistent than in cultivated species, reflecting adaptive regulation rather than stress-related metabolic
impairment [72,73]. Phenolic compounds constitute one of the most responsive metabolite classes under
stress conditions. Increased total phenolic content (TPC) has been consistently reported in wild plants
growing under natural field stress, where enhanced phenylpropanoid pathway activity is closely associated
with oxidative stress mitigation [74]. Similarly, flavonoids perform a dual function as antioxidants and
photoprotective agents, particularly under high light and drought conditions. Terpenoids, including
carotenoids and other isoprenoids, further contribute to stress resilience by supporting photoprotection,
membrane stabilization, and reactive oxygen species scavenging [75,76].

This adaptive metabolic behaviour supports the idea that moderate or chronic stress can enhance
nutritional and functional quality [8]. However, not all stress levels promote metabolite accumulation. Stress
intensity and duration strongly influencemetabolic outcomes, and excessively severe stress may reduce plant
quality [74]. However, not all stress levels enhance metabolite accumulation, highlighting the importance of
stress intensity and duration in determining metabolic outcomes. Comparative studies between natural and
controlled-environment cultivation have demonstrated that wild plants frequently accumulate higher levels
of antioxidants and other bioactive metabolites under adverse environmental conditions [20]. Consequently,
plants grown under controlled conditions where stress factors are minimized typically exhibit lower
antioxidant concentrations, underscoring the value of wild species both as functional foods and as biological
models for stress-responsive metabolism [21,77]. Importantly, this metabolic plasticity contrasts with the
responses typically observed in domesticated crops, where stress often results in yield penalties and more
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variable or transient metabolite accumulation. As illustrated in Table 2, stress-associated increases in
phenolics, flavonoids, and antioxidant capacity are recurrent across multiple wild edible species [8]. In
these plants, the induction of secondary metabolism represents a stable and naturally selected adaptive
trait, rather than a transient damage response [20]. These characteristics highlight the relevance of wild
edible plants not only as functional food sources but also as experimental systems for understanding
stress-responsive metabolic regulation [77].

Table 2: Examples of stress-associated increases in bioactive compounds in wild edible plants.

Species (Wild-Grown) Stress Context/Growth
Condition

Key Metabolite
Indicator Reported Value* Reference

Asparagus spp.
(wild shoots)

Natural field conditions
(Mediterranean)

Total phenolic content
(TPC) ~18–22 mg GAE g−1 dw [20]

Amaranthus viridis L. Natural vs. controlled
environment

Antioxidant activity
(DPPH)

Higher in wild plants
(↑ ~30%) [21]

Sisymbrium irio L. Growth in nature under high
light intensity (TPC) ~12–15 mg GAE g−1 dw [22]

Salicornia fruticosa Saline soils Antioxidant capacity
(FRAP/DPPH)

Increased antioxidant
activity under salinity [78]

Atriplex halimus/
Salicornia fruticosa/
Cakile maritima

Saline conditions Total phenolic content Increased under salinity
vs. non-saline [79]

*Values are indicative and may vary depending on environmental conditions and analytical methods.

Metabolic Trade-Offs and Resource Allocation under Stress

While enhanced antioxidant capacity and secondary metabolite accumulation contribute to stress
tolerance, these adaptive responses may incur significant metabolic costs. The allocation of carbon,
energy, and reducing power towards defensive pathways, such as phenylpropanoid biosynthesis, ROS
scavenging, and stress responsive hormone networks, often results in a reduction of investment in
growth and reproduction under non-stress conditions [74]. This reflects a fundamental trade-off between
resilience and productivity. Recent research into plant specialised metabolism under stress highlights how
multi-omics-integrated regulatory networks orchestrate increased biosynthesis of defensive compounds at
the expense of primary growth pathways, linking stress signalling with resource partitioning in plants [71].
Analyses of trait trade-offs indicate that integrative adaptation strategies, including coordination between
above- and below-ground traits, contribute to ecological resilience. These strategies may also influence
resource distribution patterns [80]. In wild edible plants, prolonged exposure to fluctuating environmental
pressures appears to have fine-tuned balance, thereby enabling sustained metabolic performance and
defence capacity without complete inhibition of growth [8]. It is imperative to comprehend these metabolic
trade-offs in order to assess the transferability of stress-resilient traits into high-yield cropping systems. In
such systems, excessive allocation of resources to defence may potentially compromise productivity [74].
These trade-offs illustrate how wild plants balance resilience and resource allocation, making them valuable
comparative models for improving crop stress tolerance [77].

6 Wild Edible Plants As Reservoirs of Stress-Resilient Traits

Wild edible plants (e.g., Sonchus oleraceus, Amaranthus viridis) represent an important and still
underutilized reservoir of stress-resilient traits that can be leveraged to enhance agricultural sustainability
under increasingly challenging environmental conditions [8]. Having evolved under persistent abiotic
constraints, these species harbor adaptive features that confer tolerance to salinity, water scarcity, and
oxidative stress-traits that are increasingly valuable in modern crop systems facing climate change and
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land degradation [12]. It is important to note that the transferability of these traits is species-specific and
strongly modulated by environmental conditions, which limits broad generalizations [81].

6.1 Edible Halophytes As Sources of Salinity Tolerance

Edible halophytes (e.g., Salicornia fruticosa, Atriplex halimus) are among the most emblematic examples
of naturally evolved salt tolerance. These species thrive in saline soils and coastal environments where
conventional crops frequently fail, making them valuable models for understanding and exploiting salinity
resilience [27]. Their adaptive traits include efficient ion compartmentalization, osmotic adjustment through
compatible solutes, and sustained photosynthetic activity under elevated salt concentrations [30,51]. Beyond
their ecological relevance, edible halophytes also exhibit significant nutritional and functional value, often
characterized by high levels of phenolic compounds and antioxidant capacity. These combined agronomic
and nutritional attributes position halophytes as strategic biological resources for saline agriculture and as
physiological and ecological references for the development of salt-tolerant cropping systems [14,82].

6.2 Mediterranean Wild Plants and Drought Resilience

Mediterranean wild edible plants (e.g., Sisymbrium irio, Rumex vesicarius, Cichorium intybus) are
adapted to environments characterized by seasonal drought, high light intensity and nutrient-poor soils.
These conditions have been selected for traits associated with efficient water use, pronounced phenotypic
plasticity, and resilience to oxidative stress [22]. Compared with domesticated crops, wild Mediterranean
species oftenmaintain physiological stability andmetabolic activity under prolongedwater limitation [27,83].
Comparative studies between natural and controlled cultivated conditions indicate that species such as
Amaranthus viridis, Sisymbrium irio, and Sonchus tenerrimus exhibit robust performance and enhanced
phytochemical accumulation when grown under natural stress conditions. These responses reflect intrinsic
adaptive traits that could inform crop improvement strategies or support the development of alternative and
resilient crop systems [21–23]. Although wild edible plants frequently show higher levels of phytochemicals
than cultivated species, experimental validation is required in each specific case to exclude the influence of
abiotic factors (e.g., drought, fungal infections, high light intensity, poor soil nutrient availability, and similar
stressors) that may artificially enhance the phytochemical content of wild-grown plants [84]. Therefore,
additional controlled experimentation is needed to determine whether these differences truly reflect intrinsic
species-specific traits or simply environmentally induced responses [77].

6.3 Traditional Wild Vegetables As Models of Metabolic Robustness

Traditional wild vegetables (e.g., Portulaca oleracea, Amaranthus viridis, Cichorium intybus) consumed
for generations in marginal regions represent an additional pool of stress-resilient traits. Their continued
inclusion in local diets reflects not only accumulated cultural knowledge but also consistent biological
performance under adverse environmental conditions [85]. These species frequently exhibit metabolic
robustness, characterized by stable or enhanced production of bioactive compounds under stress, rather
than stress-induced metabolic collapse [86,87]. Such robustness is particularly relevant for agricultural
systems targeting functional food production, where nutritional quality is as critical as yield stability.
Traditional wild vegetables therefore provide valuable insights into how stress-responsive metabolism can
be integrated into sustainable food systems without compromising plant performance [77,85].
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6.4 Transferable Traits and Agricultural Implications

The adaptive traits exhibited by wild edible plants (e.g., Sisymbrium irio, Rumex vesicarius) can be
regarded as transferable assets for agriculture through various pathways, including the direct cultivation
of wild or semi-domesticated species, conventional breeding methods, and management strategies that
exploit stress-induced resilience [81]. Salinity tolerance, water-use efficiency and metabolic stability under
environmental stress are three key traits of interest, all of which are increasingly relevant for future
crop systems [85,88]. However, the direct genetic transfer of stress-resilient traits from wild to cultivated
species is often constrained by reproductive barriers, complex trait inheritance, and trade-offs between stress
tolerance and yield. Consequently, wild edible plants should be regarded not only as potential genetic donors
but also as physiological and ecological references capable of informing breeding priorities and adaptive
management strategies [81,89]. As illustrated in Table 2, the principal stress-resilient traits identified in the
species under consideration are synthesised, with particular emphasis on their relevance for agricultural
systems facing salinity, drought, and climatic instability. Table 3 further summarizes the key stress-resilient
traits identified in wild edible plants and highlights their potential applications in agriculture. The concrete
applications of this theory provide further evidence for its translational value. Edible halophytes such
as Salicornia fruticosa and Atriplex halimus are cultivated in saline agriculture systems [79,82], while
stress-related traits from wild relatives have informed breeding programmes targeting improved ion
regulation and drought tolerance [81,89]. Concurrently, controlled moderate stress (e.g., deficit irrigation)
has been investigated to enhance phenolic content and antioxidant capacity [90], thereby establishing a
correlation between physiological resilience and the quality of functional food. For instance, traits related
to ion compartmentalization in Atriplex halimus have been used to design saline agriculture systems, and
drought-resilient features of Sisymbrium irio have informed stress-tolerant crop ideotypes [27].

Table 3: Wild edible plants as reservoirs of stress-resilient traits with agricultural relevance.

Plant Group Representative
Examples

Main Stress
Tolerated Key Adaptive Traits Agricultural

Relevance Reference

Edible halophytes
Atriplex halimus,
Salicornia fruticosa,
Cakile maritima

Salinity

Ion
compartmentalization,
osmotic adjustment,
antioxidant capacity

Saline agriculture,
marginal lands [79]

Mediterranean wild
plants

Amaranthus viridis,
Sisymbrium irio

Drought, high light
intensity

Water-use efficiency,
phenotypic plasticity

Climate-resilient
crops [21,22]

Wild leafy
vegetables Sonchus spp. Salinity, drought Physiological stability,

metabolic plasticity
Alternative leafy

crops [8]

According to studies, wild edible plants have been shown to exhibit tighter stomatal regulation,
more efficient ion compartmentalisation, greater photochemical stability under highlight, and higher
baseline antioxidant capacity in comparison to domesticated crops [8]. Conversely, domesticated
species characteristically demonstrate diminished physiological adaptability and accelerated functional
deterioration in response to stress, which is indicative of a selective focus on yield over resilience [58,71].
These recurring patterns underscore the significance of wild edible plants as valuable complementary
reference systems for understanding naturally evolved stress tolerance [77].

7 Implications for Sustainable Agriculture and Food Systems

The growing body of evidence on stress tolerance in wild edible plants (e.g., Sisymbrium irio, Rumex
vesicarius) has important implications for the development of more resilient agricultural systems and food



12 Phyton-Int J Exp Bot. 2026;95(3):6

chains. As climate change intensifies environmental constraints such as salinity, drought, and temperature
extremes, conventional crop systems increasingly face limitations in maintaining productivity under
marginal conditions [37,52]. In this context, wild edible plants provide biologically grounded insights that
support the re-evaluation of agricultural strategies beyond yield centred approaches [27]. The broader
implications of their physiological and metabolic traits are summarised in Fig. 3, which integrates ecological
adaptation, crop diversification, and functional food development into a unified sustainability framework.

Figure 3: Implications of wild edible plants for sustainable agriculture and resilient food systems. The figure
illustrates how stress-resilient traits can support crop diversification, low-input farming, and the development of
antioxidant-rich functional foods. It highlights the relevance of wild edible plants as complementary resources for
climate-adaptive agriculture.

The resilience of wild edible plants is underpinned by key physiological and metabolic traits, including
efficient water-use regulation, robust antioxidant systems, and flexible secondary metabolism [37]. These
characteristics can inform the design of low-input agricultural strategies. One direct application lies in
farming systems established on marginal lands. These include saline soils, arid regions, and low-fertility
environments [27]. Many wild edible species are naturally adapted to such conditions and can be cultivated
with reduced water and nutrient inputs, thereby lowering external resource dependence while maintaining
functional performance [14,82,91]. Wild edible plants may also serve as alternative or complementary crops
within diversified production systems. Their potential domestication or semi-domesticationmay broaden the
crop portfolio, reduce reliance on a limited number of intensively bred species, and enhance agroecosystem
stability [27]. Unlike highly improved crops, wild plants often retain greater genetic diversity and phenotypic
plasticity, traits closely linked to physiological adaptability under unpredictable climatic conditions [12,92].
Comparative studies between natural conditions and controlled cultivation further indicate that several
species can sustain productivity while preserving elevated phytochemical levels, supporting their feasibility
for future cropping systems [21]. Nevertheless, the successful integration of wild edible plants into
agricultural and food systems requires careful consideration of agronomic feasibility, consumer acceptance,
and supply-chain constraints [85]. Beyond agronomic factors, the stress-induced accumulation of bioactive
compounds in wild edible plants has clear implications for functional food production. Enhanced levels
of phenolics, flavonoids, and antioxidant capacity under moderate stress conditions reflect metabolically
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regulated responses rather than stress damage [77]. These characteristics link physiological stress tolerance
with nutritional quality, reinforcing the relevance of wild edible plants at the interface between sustainable
agriculture and nutrition science [59,90]. At a broader systems level, the integration of wild edible plants into
agricultural and food systems may contribute to climate-change adaptation by increasing biological diversity
and reducing vulnerability to environmental shocks [93]. Knowledge derived from the physiological and
metabolic basis of stress tolerance in wild plants therefore extends beyond crop improvement and supports
the development of more diversified, resilient, and sustainable food systems [12,93]. Together, these
considerations highlight the relevance of wild edible plants not as universal solutions, but as complementary
components of more diversified and resilient agri-food systems.

8 Knowledge Gaps and Future Research Directions

Despite the growing interest in wild edible plants as sources of stress tolerance and functional value,
significant knowledge gaps remain that currently limit their full integration into plant stress biology
and sustainable agriculture. For example, omics-based studies on wild species are still scarce, restricting
our understanding of the molecular networks underpinning their stress tolerance [71,94]. Addressing
these gaps represents not only a scientific challenge but also a strategic opportunity to expand current
paradigms in plant stress biology [77]. Future research should adopt experimental approaches that quantify
adaptive plasticity and establish links between physiological and metabolic responses under controlled
conditions. Common-garden and stress-gradient assays, which are widely utilised to characterise differential
plasticity between wild and domesticated species [95]. Have the potential to facilitate the delineation of
species-specific tolerance thresholds. In a similar manner, the implementation of controlled salinity or
irradiance gradients would facilitate the identification of physiological trade-offs and limits of plasticity.
Integrated multi-omics frameworks, which have proven highly effective for the analysis of regulatory
networks involved in plant stress responses [94,96]. Could further clarify the mechanisms underpinning
stress-induced metabolic plasticity in wild edible plants.

8.1 Limited Application of Omics Approaches in Wild Edible Plants

Most omics-based studies, including genomics, transcriptomics, proteomics, and metabolomics, have
been conducted on model species and major crops. In contrast, wild edible plants remain largely unexplored
at the systems biology level [84]. This limitation restricts our understanding of the molecular networks
and regulatory pathways underlying their stress tolerance and metabolic plasticity. Expanding omics
approaches to wild species would enable the identification of novel stress-responsive genes and metabolites
shaped by natural selection [94,96,97]. For example, integrating metabolomics and transcriptomics in
species such as Sisymbrium irio or Atriplex halimus would help identify stress-inducible pathways that
cannot be detected using classical physiological measurements [58].

8.2 Scarcity of Experiments under Controlled Environments

A large proportion of studies on wild edible plants rely on field observations or naturally grown samples,
where environmental variability can complicate mechanistic interpretation [93]. Controlled-environment
experiments remain scarce, yet they are essential for isolating the effects of individual stress factors and
ensuring experimental reproducibility. Future research should prioritize well-designed controlled studies
to complement field-based evidence and to enable robust cross-species comparisons [61,98]. For instance,
salinity-gradient hydroponic trials could be used to isolate specific ion-regulation mechanisms, while
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controlled irradiance chambers would help quantify photoprotection thresholds in wild versus domesticated
plants [42].

8.3 Lack of Methodological Standardization

Research on wild edible plants is characterized by substantial heterogeneity in experimental protocols,
including stress application, growth conditions, and analytical methods for metabolite quantification [78].
This lack of standardization hinders direct comparison among studies and limits the potential for
meta-analytical approaches [78]. The development of standardized experimental frameworks would
substantially improve data comparability and scientific robustness in this emerging field [61,99,100]. As an
example, adopting unified protocols for measuring antioxidant activity (e.g., DPPH, FRAP) or standardized
electrical conductivity levels for salinity trials would facilitate direct comparison across studies [21].

8.4 Insufficient Comparative Studies with Domesticated Crops

Direct comparative studies between wild edible plants and domesticated crops grown under identical
stress conditions remain limited. Such comparisons are critical for identifying traits that are genuinely
associated with wild stress adaptation and for evaluating their potential transferability to agricultural
systems. Future research should incorporate parallel assessments of wild and cultivated species to bridge
the gap between ecological adaptation and agronomic application [101–103]. Parallel cultivation of wild and
domesticated species under identical conditions, such as comparing Amaranthus viridis with domesticated
spinach, would help determine which traits are truly intrinsic versus environmentally induced [69].

8.5 Need for Integrative and Interdisciplinary Approaches

Current research efforts are often fragmented across disciplines such as ecology, plant physiology,
nutrition, and agronomy. Integrative approaches that combine these perspectives are required to fully
capture the complexity of stress tolerance in wild edible plants and to translate biological insights into
practical solutions for sustainable agriculture and resilient food systems [12,104,105]. Addressing these
research gaps is imperative for the advancement of wild edible plants as informative biological models
and for the translation of stress tolerance knowledge into sustainable agri-food solutions. For example,
combining ecological field surveys with controlled physiological assays and metabolomic profiling would
provide a more complete understanding of how wild edible plants respond to both natural and simulated
stress conditions [97].

9 Conclusions

Wild edible plants offer a compelling and still underexploited perspective in plant stress biology.
Shaped by long-term exposure to environmental constraints such as salinity, drought, high light intensity
and nutrient limitation, these species have developed integrated physiological and metabolic strategies
that support resilience and functional performance under stress. The evidence reviewed here indicates that
wild plants frequently maintain water balance, photosynthetic efficiency, and metabolic stability while
simultaneously enhancing the accumulation of bioactive compounds in response to adverse environmental
conditions. Unlike many domesticated crops, whose stress responses are often constrained by breeding for
high-input agricultural systems, wild edible plants retain high levels of phenotypic plasticity and adaptive
flexibility. This characteristic makes them particularly valuable for understanding naturally evolved stress
tolerance mechanisms and for identifying traits relevant to climate-resilient agriculture. Their ability to
couple stress tolerance with enhanced nutritional and functional quality further positions wild edible plants
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at the intersection of sustainability, nutrition science, and plant physiology. Wild edible plants therefore
represent untapped biological models for understanding and exploiting plant stress tolerance. Future
research integrating omics-based approaches, standardized experimental designs, and direct comparisons
with cultivated crops will be essential to fully harness their potential. Advancing this knowledge will
contribute not only to crop diversification and sustainable agriculture but also to the development of resilient
food systems capable of addressing the challenges imposed by global environmental change. Recognizing
wild edible plants as informative biological models rather than marginal species represents an important
conceptual shift in plant stress research.
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