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ABSTRACT

	Cut flowers constitute a vital component of the global floriculture industry, contributing substantially to aesthetic enrichment, economic development and international trade. However, their production and postharvest quality are increasingly constrained by abiotic stresses such as drought, salinity, temperature extremes, light fluctuations and heavy metal contamination. These stresses disrupt physiological, biochemical and molecular processes, adversely affecting flower initiation, pigment stability, vase life and overall market value. Understanding the complex mechanisms governing plant responses to environmental stresses is therefore crucial for maintaining quality and productivity in cut flower crops.
This review comprehensively explores the physiological and biochemical responses of cut flowers to major abiotic stresses, emphasizing alterations in water relations, photosynthetic efficiency, antioxidant defense and hormonal regulation. It also highlights the consequent impacts on floral development, morphology and postharvest performance. This review highlights recent advancements in mitigation strategies, including agronomic interventions, nanotechnology, biostimulant applications, microbial associations and genetic engineering approaches that enhance resilience and sustainability in floricultural systems. Integrating these conventional and modern technologies offers a promising framework for developing climate-resilient cultivars and ensuring a consistent year round flower supply under changing environmental conditions.
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1. INTRODUCTION

[bookmark: _Hlk213519155]The global floriculture industry has evolved into a dynamic and economically significant sector of horticulture, driven by the rising demand for cut flowers such as Rosa hybrida, Gladiolus grandiflorus, Gerbera jamesonii, Chrysanthemum morifolium, Tulipa gesneriana and Lilium longiflorum. These flowers possess substantial economic, cultural and aesthetic value, contributing to global trade and livelihoods across both developed and developing nations (Verdonk et al., 2023). Global production has expanded rapidly, however, the productivity, postharvest quality and market value of cut flowers are increasingly constrained by biotic and abiotic stresses (Sharma et al., 2023). Abiotic stressors such as drought, salinity, waterlogging, temperature extremes, light fluctuations and heavy metal toxicity pose major threats to ornamental crop physiology. These stresses disrupt vital physiological, biochemical and molecular processes, leading to decreased photosynthetic efficiency, oxidative damage, altered water relations, impaired pigment synthesis and accelerated senescence (Prisa,2023; Saharan et al., 2022).
Consequently, flowers subjected to abiotic stress exhibit reduced yield, inferior ornamental quality, shortened vase life and, under severe conditions, plant mortality. Adding to this concern is the ongoing climate crisis. Global mean temperatures have increased by approximately 0.9 °C since the late nineteenth century and are projected to rise by 1.5 °C or more by 2050, primarily due to greenhouse gas accumulation from anthropogenic sources (Eftekhari, 2022). Such climatic shifts are expected to intensify the frequency, duration and severity of abiotic stresses, including drought, heatwaves, salinity and chilling injury, all of which adversely affect growth, flowering and postharvest behavior in cut flowers. In this context, developing strategies to manage and mitigate these stresses has become increasingly important for ensuring sustainable cut flower production under changing environmental conditions. This review aims to provide a comprehensive overview of the effects of abiotic stresses on cut flowers and highlights the mitigation strategies currently employed. By consolidating recent research advances, it seeks to contribute to the development of sustainable solutions for maintaining the quality and resilience of cut flower crops under changing environmental conditions.

2. ABIOTIC STRESS

[bookmark: _Hlk213519224]Abiotic stress refers to the detrimental effects of non biological environmental factors on plant tissues and physiological processes. These stressors, such as drought, temperature extremes and ultraviolet radiation, disrupt metabolic activities, growth and development, leading to major declines in global crop productivity (Dresselhaus & Huckelhoven, 2018).
Stress signaling in plants is a coordinated process beginning with perception and culminating in adaptive responses that ensure survival under adverse conditions. Drought, salinity, temperature variation, heavy metals and oxidative stress are sensed by receptor like kinases, mechanosensors, ion channels and organellar sensors in chloroplasts and mitochondria. This triggers the generation of secondary messengers including Ca²⁺, reactive oxygen species (ROS), lipid derived molecules and phytohormones, which together form intricate intracellular and systemic signaling networks (Dong et al., 2022; Mohanta et al., 2018; Rodas-Junco et al., 2021; Zhang et al., 2022).

[bookmark: _Hlk213335309]2.1 Drought/Water deficit stress

[bookmark: _Hlk213335405]Drought, a transient condition caused by insufficient precipitation, disrupts morphological, physiological and biochemical functions, leading to reduced plant height, leaf size and leaf number through impaired cell expansion and increased leaf shedding. Photosynthetic activity declines due to chlorophyll degradation and photosystem II damage (Shakarami et al., 2019). To maintain cellular function, plants accumulate osmolytes such as proline, glycine betaine and soluble sugars that preserve turgor and protect membranes (Dawood et al., 2021). 
In cut flower crops like gladiolus, rose and tuberose, water deficit reduces spike length, number of florets, flower diameter and overall quality (Sisodia et al., 2020). Drought also shortens flower lifespan and turnover by limiting carbohydrate availability through reduced photosynthesis, resulting in fewer and shorter duration blooms (Toscano et al., 2019). Carbohydrate depletion is a key factor reducing vase life in gladiolus (Sarje et al., 2024).	

Water deficit during cultivation affects plant vigor, floral morphology and marketable yield. Limited irrigation causes malformed buds with shorter petals and lowers harvestable quality by reducing stalk length, bud number and fresh weight. Reduced hydraulic conductivity impairs water transport and accelerates senescence, while inadequate rainfall further decreases yield and visual appeal. In Lilium longiflorum, restricted irrigation reduced water uptake, increased fresh weight loss and hastened chlorophyll degradation, causing early foliage yellowing and delayed flower opening due to altered hormonal regulation (Alarcón et al., 2024).

Plants mitigate drought effects through escape, avoidance and tolerance mechanisms. Escape involves early flowering to evade stress, as in cut rose ‘Charming Black’ (Shi et al., 2019). Avoidance reduces water loss through smaller leaves, dense trichomes and deeper roots, as in chrysanthemum ‘Nannong Xuefeng’ (Palta & Turner, 2018). Tolerance mechanisms, such as osmotic adjustment, antioxidant enzyme activation (APX, SOD, CAT) and the accumulation of protective proteins like LEA and dehydrins, stabilize cellular membranes and mitigate oxidative stress in ornamentals such as tuberose (Ali et al., 2024).

[bookmark: _Hlk213335543]2.2 Waterlogging stress
[bookmark: _Hlk213335609]Waterlogging, intensified by climate change and poor drainage, creates oxygen deficient rhizospheres that inhibit aerobic respiration, forcing plants into anaerobic metabolism and reducing energy supply and growth (Mudasir & Shahzad, 2025). Stomatal closure and low CO₂ assimilation limit photosynthesis and nutrient uptake, causing ionic imbalance and chlorosis (Hussain et al., 2024). In cut flowers, it increases bud abortion, reduces floral quality and heightens root disease susceptibility, while prolonged flooding often causes root death and crop loss (Pooja et al., 2024).

Heliconia psittacorum exhibits chlorosis, wilting and defoliation under hypoxia from ferrous ion accumulation that disrupts chlorophyll biosynthesis and promotes ROS formation (Suriyakaew & Jampeetong, 2021). Similarly, herbaceous peony shows foliage discoloration, root darkening and slow recovery, reducing ornamental value (Zhang et al., 2021).
Hypoxia induced ROS triggers lipid peroxidation and cell injury (Jahan et al., 2025). Adaptations include ethylene induced aerenchyma formation and adventitious roots for aeration (Zhang et al., 2025). Energy metabolism shifts to glycolysis and fermentation (Irfan et al., 2010), while antioxidant enzymes such as catalase, superoxide dismutase and ascorbate peroxidase limit oxidative damage (Teoh et al., 2022).
In Lilium ‘Brindisi’, nutrient reallocation to bulbs maintains energy under suppressed photosynthesis. Early responses include proline accumulation, elevated activities of antioxidant enzymes and activation of anaerobic respiration through alcohol dehydrogenase, lactate dehydrogenase and pyruvate decarboxylase, followed by oxidative damage after prolonged stress (Chen et al., 2022). Hormones, including ethylene, auxin, salicylic acid, brassinosteroids and melatonin modulate adaptive growth, while Group VII ERFs and AP2/ERF, bHLH and MYB transcription factors regulate hypoxia responsive genes and post stress recovery (Pan et al., 2021; Bandehagh et al., 2025).

[bookmark: _Hlk213335687]2.3 Salinity stress

Salinity is a major abiotic constraint limiting the growth, flowering and commercial sustainability of ornamental crops, especially under greenhouse conditions where frequent irrigation accelerates salt buildup. Sensitive species such as rose, chrysanthemum, gerbera, tuberose and carnation exhibit strong declines in growth and floral quality under saline environments (Li et al., 2022; Uzma et al., 2022).
In cut flowers like tuberose and Lilium, increased salinity reduces spike length and diameter, floret size, number of florets per spike and vase life (Othman et al., 2024; Shahzad et al., 2022). Chrysanthemum morifolium ‘Bacardi’ shows smaller flowers, fewer buds, lower biomass and thinner stems under high salinity (Yasemin et al., 2022). Tuberose experiences progressive growth and flowering decline between 50–100 mM NaCl (Shahzad et al., 2021), while carnation shows reduced root development and flower production above 60 mM (El-Kinany et al., 2025).

[bookmark: _Hlk213335723]Salinity induces osmotic stress, lowering water potential, stomatal conductance and photosynthesis (Kumar et al., 2021). Excess ROS damage lipids, proteins and chlorophyll, while sodium and chloride accumulation disrupts potassium, calcium and magnesium uptake, causing nutrient imbalance and growth inhibition (Balasubramaniam et al., 2023).
Tolerance mechanisms sustain ionic and osmotic balance through selective ion regulation and osmolyte accumulation. Transporters such as SOS1, NHX and HKT1 maintain a high cytosolic K⁺/Na⁺ ratio (Sharma et al., 2022). Dendrobium orchids limit sodium and chloride uptake through root sequestration (Abdullakasim et al., 2018). Antioxidant enzymes along with osmoprotectants, protect membranes and proteins.In Gerbera jamesonii, enhanced antioxidant activity under saline conditions preserves turgidity, color brightness and postharvest quality (Farooq et al., 2024).

[bookmark: _Hlk213335850]2.4 Heat stress
[bookmark: _Hlk213335928]Heat stress occurs when ambient temperatures exceed plant tolerance limits, disrupting physiological and developmental processes. Its impact depends on intensity, duration and rate of temperature rise and is intensified under drought. In ornamentals, high pre harvest temperatures reduce bud initiation, flower size and morphology, lowering visual quality and market value (Ma et al., 2021; Pooja et al., 2024). Elevated temperatures also promote petal fading by suppressing anthocyanin biosynthesis and enhancing pigment degradation, causing rapid color loss, as seen in chrysanthemum.
Cell membranes are primary heat targets. Protein denaturation and lipid changes increase fluidity and electrolyte leakage (Nadeem et al., 2018). Damage to photosystem II limits carbon fixation and RuBisCO activity, reducing photosynthesis and energy supply. In Gerbera jamesonii, exposure to 45 °C causes chlorosis, wilting, electrolyte leakage, lipid peroxidation and chlorophyll loss, with low proline accumulation leading to poor recovery (Kim et al., 2016). In rose, elevated temperatures (35/25 °C) accelerate flowering but reduce shoot length, petal size and stem strength. Heat also disrupts floral organ differentiation by downregulating key identity genes, RhAP1, RhAP3 and RhAG/RhSHP resulting in defective development and reduced ornamental value (Yeon et al., 2022).
Excess ROS under heat stress triggers lipid peroxidation and programmed cell death (Medina et al., 2021). Photosynthetic decline arises from both stomatal and non stomatal limitations, including reduced RuBP regeneration and chloroplast efficiency, lowering water use efficiency and flower quality (Akter & Islam, 2017; Zahra et al., 2022).
Plants adapt to high temperatures through leaf reorientation, smaller leaf size, waxy cuticles and trichomes that reduce heat absorption (Hasanuzzaman et al., 2013). Thermotolerance involves ROS regulation, hormonal signaling and antioxidant activation (Katano et al., 2018). In Lilium longiflorum, moderate heat enhances antioxidant enzyme activities, while severe stress suppresses them (Yin et al., 2007). Hormones such as abscisic acid, brassinosteroids, ethylene, salicylic acid and cytokinins coordinate with heat shock proteins (HSPs) to maintain homeostasis (Devireddy et al., 2021). HSPs act as molecular chaperones stabilizing proteins and membranes (Rahman et al., 2022). In Rosa hybrida, transcriptomic studies show rapid upregulation of RhHSP70-69 and RhHSP70-88 within two hours of exposure, indicating their key role in thermotolerance and maintaining floral quality (Yan et al., 2025).

[bookmark: _Hlk213336004]2.5 Heavy metal stress

Heavy metal contamination has become a major abiotic stress in floricultural systems, particularly in cut flower production areas affected by industrial effluents and sewage irrigation. Excessive accumulation of metals such as cadmium, lead and nickel disrupts physiological and biochemical processes, causing stunted growth, distorted floral development and loss of petal brightness and freshness that reduce ornamental and postharvest quality. Contamination arises from both natural and anthropogenic sources, including mining, smelting, transport, atmospheric deposition and the use of sewage sludge, fertilizers and pesticides (Wan et al., 2024).
Once absorbed, heavy metals induce excessive reactive oxygen species (ROS) generation, leading to lipid peroxidation, protein and DNA damage, enzyme inhibition and nutrient imbalance (Kiran et al., 2021). Chromium (Cr), nickel (Ni), cadmium (Cd), lead (Pb), mercury (Hg) and arsenic (As) are particularly toxic. In Gladiolus grandiflorus, Cd stress reduces height, spike length and pigment concentration while elevating MDA, H₂O₂, antioxidant enzyme activity and proline (Ahsan et al., 2025) and Dendranthema morifolium shows chloroplast and mitochondrial disintegration with enhanced lipid peroxidation (Muhammad et al., 2023). Freesia refracta exposed to Cr exhibits delayed flowering, reduced flower number and shorter vase life, reflecting persistent oxidative injury during postharvest (Ahsan et al., 2024).
[bookmark: _Hlk213336048]Plants mitigate toxicity through avoidance and tolerance strategies. Avoidance restricts metal uptake via thickened cuticles, trichomes and cell walls, while arbuscular mycorrhizal fungi immobilize metals in the rhizosphere (Yu et al., 2019; Dhalaria et al., 2020). Tolerance involves vacuolar sequestration, chelation by low molecular-weight thiols such as glutathione and cysteine and phytochelatin complex formation to prevent cytoplasmic toxicity (Riyazuddin et al., 2021; Mansoor et al., 2023). Antioxidant enzymes (SOD, CAT, APX, GR) and non-enzymatic compounds (ascorbate, glutathione, carotenoids, phenolics) further alleviate oxidative stress and maintain cellular homeostasis (Goncharuk & Zagoskina, 2023).

2.6 Light stress

Solar radiation drives photosynthesis and underpins plant growth and development, but deviations from optimal light intensity, spectrum, or photoperiod induce stress that alters physiology and ornamental quality. In greenhouse floriculture, fluctuating light intensity and spectral composition frequently cause light stress, influencing pigment formation, stem elongation and floret opening. Excess irradiance reduces postharvest longevity, increases fragility and lowers visual appeal, decreasing market value (Horibe, 2020). In chrysanthemum, a qualitative short-day plant, even brief night interruptions inhibit floral initiation and promote vegetative growth (Proietti et al., 2022).
Insufficient light restricts photosynthetic energy and carbohydrate accumulation, reducing sugar reserves in floral tissues and shortening vase life (Gupta & Dubey, 2018). High irradiance induces ROS accumulation, causing lipid peroxidation, chlorophyll degradation, chlorosis and premature senescence (Shi et al., 2022). In Heliconia stricta ‘Iris’, moderate shading improved growth and inflorescence quality, while excessive light triggered oxidative stress and carbohydrate imbalance (Nihad et al., 2019).
Plants employ several photoprotective mechanisms. Chloroplasts reposition to optimize light absorption under shade and minimize photodamage under high light, mediated by phototropins PHOT1 and PHOT2 (Kiprono et al., 2024). Stomatal regulation maintains photosynthetic gas exchange and water balance (Singh et al., 2024). Anthocyanin accumulation acts as a natural light filter and ROS scavenger, enhancing pigment stability and color vibrancy. In Rosa hybrida, moderate light optimizes anthocyanin synthesis, whereas heavy shading reduces pigment accumulation (Hatamian & Salehi, 2017). Non-photochemical quenching (NPQ) further dissipates excess excitation energy as heat via light-harvesting complex adjustments and carotenoid activation, stabilizing photosystem II under high irradiance (Cazzaniga et al., 2013).

2.7 Cold stress

Cold stress occurs when plants experience temperatures below their optimal range, leading to cellular dehydration, membrane injury, impaired photosynthesis, enzyme inactivation and ROS accumulation, which collectively reduce growth, reproduction and quality (Hussain et al., 2018). In roses, temperatures below 5 °C induce bullhead disorder and low temperature exposure (12–15 °C) increases shoot blindness, reducing flowering potential (Desta et al., 2022). In gladiolus, cold delays flowering and reduces spike length, floret number and diameter (Qayyum et al., 2020), while in Anthurium, temperatures below 12 °C inhibit growth and cause wilting and necrosis (Sun et al., 2020).
Plants tolerate chilling by modifying membrane lipid composition to maintain fluidity and prevent ice formation. Accumulation of osmolytes such as proline and glycine betaine stabilizes proteins and membranes, maintains osmotic balance and scavenges ROS. Glycine betaine further protects photosystem II by reducing lipid peroxidation (Patel et al., 2024). Cold perception activates C-REPEAT BINDING FACTORS (CBFs), which regulate COR genes to induce acclimation (Manasa et al., 2022). In Lilium davidii var. unicolor, tolerance involves OLEO3 (membrane repair), CBF genes (wall formation and hormonal signaling) and C2H2 zinc finger proteins (photosynthesis and ABA regulation) forming an integrated defense network (Tian et al., 2024).
Antioxidant enzymes such as SOD, CAT, APX and POD mitigate ROS induced injury. In Paphiopedilum cultivars, chilling enhances proline and antioxidant enzyme activity, while increased MDA indicates lipid peroxidation and genotype dependent tolerance (Ding et al., 2023). Antifreeze proteins (AFPs) further protect tissues by binding to ice crystals and preventing intracellular freezing, enhancing cold resistance (Satyakam et al., 2022).

3. MITIGATION STRATEGIES

Abiotic stress mitigation in ornamental cut flowers involves integrating agronomic, physiological, microbial and molecular approaches to enhance resilience and maintain quality. Agronomic management serves as the foundation, where mulching, precision irrigation and soil improvement conserve moisture, regulate temperature and optimize nutrient cycling (Becker et al., 2022; Dasgupta et al., 2023; Singh & Lal, 2018). These practices collectively alleviate drought and salinity stress, stabilize plant growth and improve yield and postharvest performance.
Nanotechnology provides advanced means to enhance tolerance through improved nutrient delivery, ion regulation and redox balance. Nanoparticles such as SiO₂, TiO₂, ZnO and Ca–Si act as biostimulants that enhance photosynthesis, osmolyte accumulation and antioxidant activity under drought, salinity and temperature stress (Etesami et al., 2021; Ghabel & Karamian, 2020). Metallic and oxide nanoparticles also mitigate oxidative damage by modulating ROS levels, improving ion homeostasis and activating stress-related signaling pathways, making nanotechnology a promising tool in sustainable floriculture.
Physiological strategies, including grafting and seed priming, further improve stress adaptation. Grafting combines tolerant rootstocks with elite cultivars to enhance hydraulic conductivity, hormonal regulation and nutrient absorption. Seed priming activates early metabolic processes, improving germination, vigor and antioxidant defense, which enhance establishment and stress adaptability (Sisodia et al., 2018; Mollaei et al., 2018).
Soil amendments and biostimulants improve soil fertility and plant metabolism. Biochar enhances pH stability, water retention and nutrient availability (Mansoor et al., 2020), while hydrogels maintain moisture and regulate ions under drought or salinity. Biostimulants such as humic acids, protein hydrolysates, seaweed extracts and chitosan activate antioxidant enzymes, enhance osmotic balance and stabilize membranes, thereby improving photosynthetic efficiency and flower longevity (Franzoni et al., 2022; Rizwan et al., 2025).
Microbial inoculants including plant growth-promoting rhizobacteria (PGPR), arbuscular mycorrhizal fungi (AMF) and endophytes alleviate abiotic stress by enhancing nutrient uptake, hormonal signaling and ROS scavenging (Ghazi et al., 2021; Othman et al., 2022). These microorganisms regulate osmotic balance and oxidative defense, improving plant vigor and vase life.
Phytohormones such as salicylic acid, jasmonic acid, abscisic acid and melatonin modulate stress signaling by controlling stomatal activity, osmolyte synthesis and antioxidant systems, sustaining photosynthetic stability and flower quality (Ji et al., 2024; Zulfiqar et al., 2024).
Conventional breeding and molecular tools, including transgenics, QTL mapping, marker assisted selection and CRISPR/Cas9 gene editing, target stress related genes involved in ion transport, osmotic regulation and antioxidant defense (Zhang et al., 2022; Rouet et al., 2022). Integrating these biotechnological innovations with agronomic and physiological practices offers a sustainable framework for climate resilient cut flower cultivation.

Table 1.	Mitigation strategies for abiotic stresses in cut flowers

	Mitigation strategy
	Example crops
	Approach 
	Stress type
	Effects on Cut Flower Quality
	 Reference

	Agronomic Practices
	Gladiolus grandiflorus
	Mulching along with shade net
	Drought, heat
	Improved growth, soil temperature stability
	Becker et al. (2022); 

	Nanotechnology
	Lilium, R
	 Ca–Si NPs
	Salinity
	Enhanced chlorophyll content and antioxidant activity, improves flower size
	Gomez-Santoz et al. (2023)

	Grafting
	Rosa hybrida





Chrysanthemum
	Rosa hybrida on Natal rootstock,
Artemisia annua rootstock in Chrysanthemum
	



Drought





	Higher flower yield and stress tolerance under saline and drought conditions
	Chen et al. (2018);
Sujatha et al. (2024)

	Seed Priming
	Gladiolus grandiflorus
	KNO₃, 24-epibrassinolide
	
	Enhanced emergence, antioxidant defense
	Mollaei et al. (2018);
Sisodia et al. (2018) 


	Soil Amendments
	Gerbera jamesonii
	Pusa hydrogel
	
	Enhanced postharvest life and cut flower quality
	Verma et al. (2018).

	Biostimulants
	Gladiolus grandiflorus
	Chitosan
	Drought
	Increased floret number and corm yield, enhanced pigment accumulation and antioxidant activity
	Rizwan et al. (2025); 

	Microbial Interventions
	Tuberose,
Carnation, Gerbera
	PGPR (Bacillus, Pseudomonas), AMF, endophytes
	Salinity, drought
	Improved vase life, biomass and stress resilience
	Ghazi et al. (2021); Navarro et al. (2012); Othman et al. (2022)


	Plant Growth Regulators
	Gerbera, Lilium, Tuberose, Gladiolus
	Salicylic acid, ABA, melatonin
	Salinity, Arsenic stress
	Higher chlorophyll content, enhanced antioxidant activity and prolonged vase life
	Farooq et al. (2024b); Ji et al. (2024)
Zulfiqar et al (2024)

	Breeding and Genetic Tools
	Chrysanthemum
	Transgenic expression of CcSOS1 (Na⁺/H⁺ antiporter) genes
	Salinity
	Stable stress resistance, improved ornamental traits and yield
	 Partap et al. (2023)



4. Conclusion

Abiotic stress in cut flowers represents a complex and multifaceted challenge that significantly affects the global floriculture industry. Major stress factors such as water stress, temperature fluctuations, light intensity and heavy metal toxicity act individually or synergistically to deteriorate flower quality and shorten vase life. Understanding the physiological and biochemical mechanisms underlying these stress responses has enabled the development of effective management practices, including improved irrigation scheduling, temperature regulation and chemical or biological treatments.
Integrated approaches that combine agronomic optimization, physiological regulation and biotechnological innovation have proven most effective in minimizing stress induced damage. Recent advancements in nanotechnology and biostimulant development offer new avenues for enhancing plant defense and extending postharvest longevity. These efforts underline that managing abiotic stress is not only vital for maintaining aesthetic and commercial quality but also for ensuring sustainability and profitability in the cut flower sector.

5.FUTURE PROSPECTS

Future research on abiotic stress management in cut flowers should focus on species and environment specific approaches that enhance resilience and performance. Emphasis should be placed on developing sustainable and eco friendly treatment options and improving predictive models to assess stress impacts under different climatic and cultural conditions. Advanced technologies such as nanotechnology and genetic engineering offer considerable promise for developing stress tolerant cultivars and for the precise delivery of protective compounds. In addition, future studies should investigate the combined effects of multiple stress factors, since plants are often exposed to several stresses simultaneously rather than in isolation.
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