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Introduction 

The global cut flower trade has become one of the most vibrant 

and economically significant segments of horticulture, with 

countries like the Netherlands, Colombia, Kenya and Ecuador 

leading the international export market (1). These nations 

collectively supply billions of cut flower stems each year to high-

demand regions such as Europe, North America, Asia and the 

Middle East. Valued at over USD 35 billion annually, the floriculture 

industry not only contributes substantially to global agricultural 

exports but also provides essential employment opportunities, 

foreign exchange earnings and socio-economic support in many 

developing and middle-income countries (2). However, the 

industry faces persistent postharvest challenges that threaten 

product quality and profitability. Once harvested, flowers rapidly 

lose their vitality due to the cessation of nutrient and water 

uptake, making them highly susceptible to wilting, water stress, 

ethylene-induced senescence, microbial contamination and 

physical damage (3). Factors such as microbial blockage in stem 

xylem, poor handling practices, mechanical injuries during 

grading and temperature fluctuations during storage and 

transport further exacerbate postharvest losses, which can reach 

up to 30 % in certain regions, particularly where cold chain 

infrastructure is lacking (4). In light of these challenges, this article 

aims to explore and consolidate recent innovations and 

sustainable practices in postharvest handling of cut flowers (fig. 1). 

Emphasis is placed on emerging technologies, environmentally 

friendly solutions and improved logistics that collectively aim to 

extend flower shelf life, reduce waste and enhance market 

competitiveness (5). Ultimately, this article seeks to guide 

researchers, policymakers, exporters and supply chain 

stakeholders toward integrated strategies that promote quality 

preservation and long-term sustainability in the global floriculture 

value chain. 

Extending postharvest longevity 

Enhancing postharvest longevity is a critical aspect of maintaining 

the commercial quality of cut flowers destined for global markets 

and this involves a multi-faceted approach cantered on 

physiological preservation, ethylene inhibition, environmental 

control and genetic improvement (6). One of the primary 

strategies involves the use of preservative and pulsing solutions, 
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advances in microbial control using UV-C, ozone and essential oils; integration of automated grading systems using AI and machine vision; 

and the adoption of innovative, sustainable packaging solutions including biodegradable materials, smart packaging and Modified 
Atmosphere Packaging (MAP).    
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which typically comprise a combination of carbohydrates (such as 

sucrose), antimicrobial agents (like 8-hydroxyquinoline citrate [8-

HQC] or silver nitrate) and growth regulators (such as cytokinins, 

gibberellic acid or auxins) to enhance flower longevity and quality 

(7). These components serve to provide respiratory substrates for 

the flowers, promote bud opening, maintain osmotic balance and 

inhibit microbial growth that could block xylem vessels and 

reduce water uptake (8). Pulsing treatments, conducted within 12 

to 24 hours post-harvest, involve immersing cut stems in 

concentrated solutions often containing 10 %–20 % sucrose and 

200–300 ppm 8-hydroxyquinoline citrate (8-HQC) to fortify them 

against transit stress (9).While silver thiosulfate (STS) has been 

widely used for its effectiveness in ethylene inhibition, regulatory 

restrictions due to its heavy metal content have prompted a 

search for safer alternatives, including nano-silver, citric acid and 

biodegradable plant-based biocides (10). Ethylene inhibition is 

particularly vital for ethylene-sensitive species such as carnations, 

orchids and sweet peas, which are prone to rapid senescence due 

to exposure to endogenous or exogenous ethylene (11). The use of 

1-Methylcyclopropene (1-MCP), a synthetic compound that binds 

irreversibly to ethylene receptors, has revolutionized postharvest 

ethylene management by preventing typical symptoms like petal 

wilting, chlorophyll breakdown and premature flower drop (12). 

Technological advancements have further refined its application 

through microencapsulation and gaseous formulations that can 

be deployed across entire storage containers. In tandem, optimal 

temperature and humidity control is fundamental to prolonging 

freshness. Ideal storage temperatures generally range from 0 °C to 

5 °C, depending on species sensitivity, while maintaining high 

relative humidity (90 %-95 %) is essential to minimize water loss 

(13). Pre-cooling within 2 to 4 hours post-harvest is crucial to arrest 

metabolic activity and delay senescence (14). Maintaining 

hydration through acidified water solutions, wet floral foams or 

hydration gels during packaging is especially important for flowers 

subjected to long-distance shipping (15). Complementing these 

physical and chemical strategies, genetic improvement has 

emerged as a promising long-term approach. Through advanced 

molecular breeding techniques, researchers are developing 

cultivars with delayed senescence, reduced ethylene sensitivity 

and improved water transport efficiency for instance, miniature 

rose Rosa hybrida ‘Linda’, transformed with the P(SAG12)-ipt gene, 

shows delayed leaf senescence and greater resistance to 

exogenous ethylene. Similarly, in ornamental petunia, 

transformation with etr1-1 a dominant ethylene-insensitive allele 

from Arabidopsis under floral-specific promoters extended vase 

life up to fivefold. Moreover, expressive overexpression of 

regulatory genes such as FOREVER YOUNG FLOWER (FYF) in 

Eustoma grandiflorum has also delayed senescence by down-

regulating key ethylene pathway genes. Innovations such as 

Quantitative Trait Loci (QTL) mapping for vase life traits, CRISPR/

Cas9-mediated gene editing to suppress ethylene biosynthesis 

genes and RNA interference (RNAi) for gene silencing are showing 

significant potential in commercially important species like roses, 

gerberas and chrysanthemums. Together, these integrated 

strategies contribute to preserving the aesthetic and physiological 

quality of cut flowers throughout the supply chain, enhancing 

their appeal and shelf life in competitive export markets. 

Postharvest Disease and Microbial Management 

Postharvest diseases pose a significant threat to the quality and 
marketability of cut flowers, often resulting in aesthetic damage, 

reduced vase life and substantial economic losses (16). Among 

the most prevalent pathogens is Botrytis cinerea, a fungal 

organism responsible for grey mold that appears as fuzzy, 

greyish lesions on petals and buds, especially under high 

humidity conditions. Erwinia carotovora, a bacterial pathogen, 

 

 Fig. 1. Post harvest chain of cut flowers. 
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causes soft rot in floral tissues, leading to tissue collapse and foul 

odour, while Pseudomonas fluorescens is known to interfere with 

water uptake by colonizing and blocking the xylem vessels of cut 

stems (17). These infections typically arise due to a combination 

of high moisture levels, inadequate sanitation and physical 

injuries incurred during harvesting, grading or transport. To 

mitigate these issues, several disinfection strategies have been 

developed and are increasingly incorporated into postharvest 

protocols (18). UV-C radiation, which employs short-wave 

ultraviolet light, is effective in disrupting microbial DNA, thereby 

reducing surface contamination on floral tissues (19). Ozone 

treatment, leveraging the strong oxidative properties of O₃, 

serves as a residue-free sanitizer that decomposes back into 

oxygen, making it suitable for use in enclosed storage areas (20). 

Chlorine dioxide, particularly effective in gaseous form or in 

recirculated water systems, has demonstrated strong efficacy 

against a variety of pathogens, including the fungal agent 

Botrytis cinerea (gray mold) commonly afflicting cut roses, 

Alternaria alternata and Stemphylium vesicarium (targeted in 

postharvest treatments of tomatoes) and bacterial species such 

as Escherichia coli, Salmonella typhimurium and Listeria 

monocytogenes in produce systems (21). Additionally, plant-

derived antimicrobials such as essential oils from thyme, clove 

and oregano have gained traction for their broad-spectrum 

antifungal and antibacterial properties, as well as their eco-

friendly and biodegradable nature (22). Beyond chemical and 

physical treatments, maintaining strict hygiene throughout 

storage and handling operations is critical for disease 

prevention. This includes routine disinfection of storage bins, 

trimming tools and packaging materials, as well as ensuring that 

hydration water is sterilized and regularly changed to prevent 

biofilm buildup (23). Proper airflow and the prompt removal of 

decaying plant matter further help suppress pathogen 

proliferation (24). To standardize and strengthen these hygiene 

practices, some exporters have adopted the Hazard Analysis and 

Critical Control Points (HACCP) framework, allowing for 

systematic identification and control of microbial hazards in the 

postharvest phase. Together, these interventions form a 

comprehensive approach to microbial and disease 

management, preserving the visual and physiological quality of 

cut flowers and supporting their successful transit through 

global export supply chains. 

Advanced Grading and Sorting Technologies 

The grading and sorting of cut flowers, once a labor-intensive 

and subjective process, is being rapidly transformed by the 

integration of automation, artificial intelligence (AI) and machine 

vision technologies, particularly in high-throughput export-

oriented facilities, enabling greater consistency, speed, labor 

savings and reduction of human error (25). These advanced 

systems use high-resolution cameras and image processing 

algorithms to assess critical floral attributes such as bud size and 

development stage, color intensity and uniformity, stem 

straightness, length and diameter, as well as to detect surface 

defects, deformities or signs of pest and disease infestation (26). 

AI-powered machine learning models continuously refine their 

accuracy by learning from vast datasets, enabling them to adapt 

to the natural variability in flower species and environmental 

conditions (27). This allows for real-time, high-precision 

classification and sorting of flowers according to predefined 

quality parameters (5). In addition, robotic arms integrated with 

AI are increasingly being deployed for the gentle handling and 

bunching of flowers, significantly reducing mechanical damage 

and enhancing efficiency (28). Grading parameters are typically 

aligned with international standards such as those set by the 

United Nations Economic Commission for Europe (UNECE), 

which emphasize uniformity, cleanliness and structural integrity 

for export-quality flowers. The implementation of automated 

grading not only ensures consistent quality and traceability but 

also reduces dependency on skilled labour, minimizes human 

error and accelerates processing time factors that are crucial for 

meeting the stringent timelines and quality expectations of 

global markets (29). This shift toward smart grading systems 

underscores the broader digital transformation within the 

floriculture industry, where precision, standardization and 

efficiency are paramount for maintaining a competitive edge in 

international trade. 

Innovative and sustainable packaging solutions 

The shift toward innovative and sustainable packaging solutions 

in the cut flower industry reflects growing global demand for 

environmentally responsible practices, especially in premium 

markets such as Europe and Japan (30). Traditionally, packaging 

for cut flowers has relied heavily on single-use, non-recyclable 

plastics, which contribute significantly to environmental 

pollution (31). In response, biodegradable alternatives are 

gaining traction, including polylactic acid (PLA) films derived 

from corn starch, starch-based bioplastics, banana fibre wraps 

and natural fibre sleeves made from jute and cotton (32). These 

materials not only reduce ecological impact but also enhance 

brand image and appeal to eco-conscious consumers, providing 

a marketing advantage in competitive export markets (33). 

Complementing this trend is the development of active and 

smart packaging technologies that extend flower freshness and 

improve supply chain monitoring (34). Active components such 

as ethylene scavengers typically potassium permanganate 

(KMnO₄) sachets and antimicrobial liners help mitigate ethylene 

accumulation and microbial growth within packaging, thereby 

prolonging shelf life (35). Smart labels, including Time-

Temperature Indicators (TTIs) and RFID-enabled freshness tags, 

provide real-time data on temperature fluctuations and product 

condition during transit, enhancing traceability and allowing for 

more informed decisions in the supply chain (36). Another major 

innovation is Modified Atmosphere Packaging (MAP), which 

involves regulating the internal package environment 

specifically oxygen, carbon dioxide and humidity levels to slow 

down respiration rates, delay senescence and inhibit microbial 

proliferation. MAP is particularly valuable for long-haul 

shipments via sea freight, where prolonged transit times 

necessitate extended preservation (37). In parallel, modern 

packaging is being reengineered to integrate seamlessly with 

pre-cooling and hydration systems (38). Designs now include 

features such as ventilation holes for forced-air cooling, 

absorbent hydration wraps and breathable films that allow 

optimal airflow and moisture retention, all of which contribute 

to maintaining flower quality from farm to consumer (39) (Table 

1). These integrated packaging strategies not only align with 

sustainability goals but also enhance logistical efficiency and 

postharvest performance, making them essential tools in the 

global export of cut flowers. 
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Modern Storage and Cold Chain Management 

Maintaining a robust and uninterrupted cold chain is 
fundamental to preserving the quality and extending the vase 

life of cut flowers intended for export, particularly those shipped 

by air to distant markets (54). The cold chain begins immediately 

after harvest with rapid field heat removal often through 

vacuum or forced-air pre-cooling and continues through 

refrigerated storage at grading and packaging centres (55). From 

there, flowers are transported in temperature-controlled trucks 

and stored in chilled air cargo holds to ensure consistent low 

temperatures throughout the journey(56). Any break in this cold 

chain can lead to accelerated respiration, moisture loss, 

microbial growth and ultimately, reduced marketability (57). To 

enhance preservation during longer storage periods, advanced 

storage methods such as Controlled Atmosphere (CA) and 

Modified Atmosphere (MA) storage are employed. These systems 

carefully regulate levels of oxygen (O₂), carbon dioxide (CO₂) and 

relative humidity (RH) to suppress senescence, microbial 

proliferation and ethylene activity (58). Storage is commonly 

used in centralized distribution hubs and flower auctions such as 

the world-renowned Aalsmeer Flower Auction in the 

Netherlands, where it helps maintain the freshness of bulk 

flower stocks awaiting sale (13). Technological advancements 

have further bolstered cold chain management through the use 

of real-time monitoring tools (59). Temperature loggers, IoT-

based sensors and GPS tracking devices provide continuous 

feedback on environmental conditions and shipment location, 

enabling stakeholders to detect and resolve transit delays, 

equipment failures or temperature excursions before they 

compromise flower quality (60).  Real-world case studies 

underscore the effectiveness of these systems: in Kenya, the 

S. No. Crop Type of package 
Storage (hours/ 

days) Temperature Responses to package Source 

1. Calendula 
Passive modified atmosphere 

packaging (MAP) with 
microperforated film 

10 days 5 °C Overall (visual and 
nutraceutical) quality is good 

(40) 

2. Carnation and 
snapdragons 

MAP sealed with a gas permeable 
film 

7 days 5 °C 
Reduced weight loss and 

decay incidence and 
maintained visual quality 

(41) 

3. 
Carnation, prairie 

gentian, 
chrysanthemum 

Short-term controlled atmosphere 2h 5 °C and 23 °C Prolong the vase life of 
ethylene sensitive flowers 

(42) 

4. Cultivars of roses 
Modified atmosphere plastic 

containers (7.09 kPa  CO2 and13.17 
kPaO2) 

10 days 2 °C Flower quality was good (43) 

5. Orchid 
Active MAP, the orchid flowers were 
wrapped with MAP film filled with 5 

% CO2 and 2 % O2 
9.33 days   Flower size is longer (44) 

6. Dendrobium 
orchids 

Modified atmosphere packaging (5 % 
CO2, 2 % O2), Controlled atmosphere 

Normal package (NP) 

28.33 days 18.15 days 
11.67 days 

  Delaying the senescence (44,45) 

7. Red Gala rose The flowers were stored in controlled 
atmosphere (5 % CO2 and 4 % O2) 

45 days 2 °C Longer vase life (45) 

8. Gerbera Passive MAP 7 days 
5 °C, 

10 °C and 15 °C 

Significantly lower 
physiological loss in weight; 
improved flower size, petal 

length and width during vase 
life 

(46) 

 9. Jasmine Polypropylene packaging film for 
passive MAP 

10 days 2 °C Physiological reduction in 
weight loss 

(47) 

10. Marigold Tagetes 

Passive modified atmosphere 
packaging (with or without ethanol), 

when exposed to salinity (0,50 
and100mMNaCl) 

  14 days 

Flowers survived, increasing 
the levels of carotenoids and 
anthocyanins, making them 

potential nutraceuticals 

(48) 

11. Marigold Low-density polyethylene (LDPE)
bags, 

8 days of storage 23 °C 
Significantly reduced weight 
loss and retained color and 

overall appearance 
(49) 

12. Orchid 
Passive MAP, polypropylene 

packaging, increase in CO2 and a 
decrease in O2 inside the packaging 

15.66 days   Longest average storage life (50) 

13. Ornithogalum 
spikes 

Modified atmosphere packaging with 
cellophane 

3 days 4 °C Best for storage (51) 

14. Roses ‘Avalanche’ Controlled atmosphere (3 % O2 and 
6 % CO2) 

14 days and 21 days 1 °C 

Significantly higher lower 
quality, longer green foliage 
and minor Botrytis cinerea 

incidence 

(52) 

15. Tulip Modified atmosphere packaging 20days 0 °C 
Significantly better and 
successfully extended 

postharvest life 
(53) 

Table 1. Responses of plant species of cut flowers to different packaging and average storage life 
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integration of vacuum cooling and centralized cold storage 

facilities at Jomo Kenyatta International Airport (JKIA) has 

reduced postharvest losses by more than 20 %, enhancing the 

reliability of exports to European markets (61). Similarly, 

Colombia’s cold chain logistics spanning from farm to Miami 

allow flowers to reach the U.S. market within 48 to 72 hours of 

harvest, preserving visual appeal and freshness (62). These 

examples highlight how investments in cold chain infrastructure 

and smart logistics are pivotal to sustaining quality standards 

and ensuring competitiveness in the global floriculture trade. 

Consumer Expectations and Quality Perception 

Consumer expectations play a vital role in shaping the standards 

and practices of the global cut flower industry, with quality 

perception beginning at the point of purchase and continuing 

through the vase life experience (63). Buyers typically assess flower 

freshness and appeal based on visible and sensory attributes such 

as bud tightness, color vibrancy, leaf greenness and the absence of 

bruises, wilting or signs of dehydration (64). For fragrant species, the 

presence of a natural, balanced scent is desirable strong enough to 

enhance the sensory appeal but not overwhelming as seen in 

flowers such as Rosa hybrida (roses), Jasminum sambac (jasmine) 

and Lavandula angustifolia (lavender) (65).  In premium markets, 

these expectations extend beyond the physical product to include 

branding and packaging aesthetics (66). High-end packaging not 

only protects flowers but also enhances the unboxing experience 

with recyclable or artistically designed materials, custom branding 

and informational inserts that share flower care tips or origin stories. 

For instance, a package might highlight that the blooms were 

cultivated “at 2,000 meters in the Ecuadorian Andes” (67). Such 

narratives add emotional value and foster consumer loyalty. 

Additionally, the integration of digital feedback mechanisms has 

enabled producers to stay closely attuned to consumer preferences 

(68). Online platforms and retailer data collection tools allow 

floriculture businesses to receive real-time insights into how flowers 

are performing in-market (69). This feedback helps growers fine-

tune harvest timing to match consumer demand for bud openness 

or coloration, select floral varieties with improved postharvest 

performance and revise packaging or hydration protocols to 

improve shelf life. Increasingly, retailer-buyer feedback loops are 

becoming essential components of quality assurance programs 

and are also guiding research and development strategies (70). By 

aligning production with market feedback, exporters can better 

meet consumer expectations, reduce product waste and 

strengthen their position in competitive international markets. 

Future Perspectives and Research Gaps 

The future of postharvest handling in the cut flower industry lies at 

the intersection of technology, sustainability and inclusive 

development, with significant potential for innovation and 

improvement across the value chain (71). Emerging smart 

technologies, such as artificial intelligence (AI), are being explored 

for their capacity to predict vase life and detect early signs of quality 

degradation, thereby enabling more precise quality control and 

shelf-life estimation for example, AI-driven image analysis systems 

that assess petal discoloration or wilting patterns in real time (72). 

Lock chain systems offer the promise of transparent, tamper-proof 

supply chains, allowing buyers and consumers to trace the origin 

and journey of flowers from farm to market, thereby enhancing 

trust and accountability (72). Similarly, the Internet of Things (IoT) is 

revolutionizing cold chain logistics through real-time monitoring of 

temperature, humidity and location, providing critical alerts to pre-

empt spoilage or loss during transit (73, 74). In parallel, there is a 

growing emphasis on sustainability and the inclusion of smallholder 

farmers, who form the backbone of flower production in many 

developing nations (75). Innovations such as solar-powered cold 

storage units for remote farms, affordable biodegradable packaging 

solutions and the use of indigenous plant extracts for eco-friendly 

bio preservation not only reduce environmental impact but also 

make advanced postharvest techniques accessible to marginalized 

producers (76). Despite these advances, several research gaps 

persist. There is a paucity of comprehensive data on the 

physiological responses of different flower species under stress 

conditions such as fluctuating temperatures or low humidity 

information vital for optimizing handling protocols (77). 

Furthermore, the development of disease-resistant cultivars 

tailored for export markets remains limited, highlighting the need 

for targeted breeding programs (78). Another critical gap lies in the 

life-cycle assessment (LCA) of postharvest practices and materials, 

which is essential for understanding the environmental footprint of 

packaging, preservatives and logistics operations (79). Addressing 

these research gaps, while integrating digital and sustainable 

innovations, will be key to building a resilient, equitable and 

environmentally responsible future for the global cut flower trade.  

 

Conclusion  

Recent innovations in postharvest handling have significantly 

transformed the global cut flower industry, making it more resilient, 

efficient and environmentally conscious. Advances in vase life 

extension, microbial control, automated grading and sustainable 

packaging have greatly improved flower quality during export. Yet, 

challenges remain in infrastructure, sustainability and smallholder 

participation. To meet evolving global standards and consumer 

preferences, the industry must adopt an integrated and 

collaborative approach involving research institutions, 

governments, logistics providers and producers. Emphasis on 

innovation, sustainability and inclusive policies will ensure that the 

benefits of a robust floriculture value chain are widely distributed, 

environmentally responsible and future-ready.  
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