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 high-value, perishable sector, the worldwide cut flower trade is susceptible to post-

harvest losses during harvesting, handling, shipping, and retail.  In addition to 

decreasing profitability, losses result in higher environmental footprints due to emissions and 

wasted inputs.  Recent developments (2015–2025) in cold-chain technologies and sustainable 

packaging that aim to reduce losses and enhance the sector's sustainability are summarized in 

this overview.  The scope and underlying causes of post-harvest deterioration in cut flowers 

are examined, as are: (1) sustainable packaging options, such as biodegradable wraps, 

active/functional packaging (ethylene scavengers, moisture buffers), and new materials that 

replace petroleum-based floral foams; (2) cold-chain technologies and handling techniques, 

such as pre-cooling, vacuum/hydro cooling, controlled/modified atmosphere storage, 

ethylene control, and refrigerated logistics; (4) digital monitoring, Internet of Things, and 

traceability systems that facilitate data-driven temperature control; and (5) obstacles related 

to adoption, the economy, and the environment.  Pilot projects and industrial breakthroughs 

are examples of case studies that show real-world results.  We wrap up by outlining a 

roadmap for incorporating packaging, cooling, and digital monitoring into robust, low-waste 

value chains: give field-to-cold-room speed top priority, use ethylene-management sachets 

and compostable packaging, put temperature-controlled multimodal logistics with real-time 

monitoring into place, and base decisions on life-cycle accounting.  Coordination amongst 

stakeholders, compostability requirements, and investments in cold-chain infrastructure—

especially in countries of origin—are crucial.  Standardized shelf-life testing of novel 

materials, scalable ethylene removal options for containers, and techno-economic evaluations 

that take circularity into account are examples of research needs.  When widely used, these 

strategies may significantly eliminate waste, lessen their negative effects on the environment, 

and boost revenue across the cut-flower supply chain.  

Introduction 
Cut flowers are luxury perishables that are sold internationally. Their supply chains are 

intricate and time-sensitive, including producers (often smallholders in the countries of 

origin), exporters, forwarders, air and ocean carriers, wholesalers, and retailers.  Even little 

delays or slight changes in temperature or environment may result in significant downgrades 

or complete loss since quality (appearance, vase life, turgor, and aroma) is crucial.  Thus, the 

industry relies on two technological pillars: (A) packaging that shields stems, petals, and 

water relations while being handled, and (B) a dependable cold chain that stops senescence 

and stops degradation caused by microbes and ethylene.  In order to better manage these 

pillars, digital monitoring and traceability have also grown in popularity in recent years.  

However, cold-chain gaps—particularly in countries of origin and multimodal transfers—

remain frequent sources of quality loss, and packaging has been a significant subject of 
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environmental criticism (plastics, non-compostable floral foam).  The literature and industry 

advancements (2015–2025) on cold-chain technologies and sustainable packaging that lower 

post-harvest losses and enhance the environmental performance of the sector are included in 

this study. 

Scale and causes of post-harvest losses in cut flowers  
Global estimates of post-harvest losses in fruits and vegetables are widely reported, but the 

cut-flower sector receives less consolidated statistical attention. Still, multiple field studies 

and industry reports indicate that losses—ranging from 10% to over 30% depending on 

species and logistics—are commonplace, particularly where cooling is slow, ethylene 

exposure occurs, or packaging fails to protect stems and blooms during transit and display. 

Main proximate causes are: 

 Temperature abuse and field heat: Flowers harvested at ambient temperatures retain 

field heat; delayed pre-cooling speeds respiration and wilting. 

 Ethylene exposure: Even trace ethylene accelerates petal senescence and abscission in 

sensitive species (e.g., carnations, roses, orchids). 

 Moisture loss / desiccation: Inadequate hydration during transport leads to turgor loss 

and stem droop. 

 Mechanical damage: Bruising and broken stems during packing, loading/unloading, and 

sorting. 

 Microbial blockage of xylem: Microbial growth in stem ends blocks water uptake, 

shortening vase life. 

 Chemical contamination and incompatible packaging: Off-odors or residues from 

packaging chemicals can harm sensitive flowers. 

Sustainable packaging: materials, function, and evidence 
Packaging for cut flowers must be protective, moisture-managing, and easy to handle, while 

increasingly meeting circularity goals. Innovations cluster into three categories: (A) 

sustainable material replacements for conventional plastics and foam; (B) functional/active 

packaging that extends vase life; and (C) systems thinking—design for reuse, composting and 

logistics. 

Biodegradable and compostable materials: Traditional polyethylene sleeves, plastic 

sleeves and polystyrene floral foam are durable but persistent in landfills and the 

environment. New materials include: 

• Films and coated papers made of cellulose that may be recycled or composted in an 

industrial setting.  If appropriately coated, they may take the role of single-use sleeves 

and outer wraps while retaining their barrier qualities. 

• Polylactic acid (PLA) and starch sheets for trays and inner wraps; PLA is bio-based but 

has to decompose according to industrial composting requirements. 

• Bio-foams (such corn-based polylactide foams) as substitutes for phenolic floral foam: 

new commercial products like Phoam exhibit encouraging biodegradability and florist-

useful properties.  These are industrially biodegradable and have the same ability to retain 

water and secure stems as traditional foam.  Where composting infrastructure is available, 

the market has responded favorably to such options. 

Evidence & trade-offs: According to bench tests, certain biodegradable films operate as 

protectively as petro-plastics during brief transit windows, although they often vary in 

mechanical strength, rip resistance, and water vapor transfer, necessitating careful material 

selection and sometimes multi-layer designs.  End-of-life paths must be taken into 

consideration in life-cycle assessments (LCAs):  Only when composting infrastructure is 

available can biodegradable items decrease landfill persistence; otherwise, the environmental 

benefit decreases.  

Active and functional packaging: Active packaging integrates materials that interact with 

packaged microenvironment to prolong quality. For cut flowers, useful functions include 
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ethylene scavenging, moisture buffering, antimicrobial activity & temperature/atmosphere 

control. 

• Ethylene scavengers: Sachets or embedding layers containing zeolites, activated carbon, 

potassium permanganate, or catalytic materials eliminate ethylene and postpone 

senescence in species that are susceptible to it.  When ethylene is present, field testing 

reveal quantifiable improvements in vase life throughout transportation.  Sachets based on 

potassium permanganate are often used in fresh produce and have been modified for use 

in floriculture.  

• Materials that absorb and release moisture:  Desiccant layers may be helpful in high 

humidity situations to inhibit fungal development, while superabsorbent pads and 

hydrogel inserts may retain water and maintain hydrated microenvironments at stem 

bases. 

• Antimicrobial sachets and coatings: Adding natural antimicrobials (such as chitosan or 

plant extracts) to wraps or coatings improves water absorption by reducing xylem 

obstruction and stem end bacterial growth.  Research on controlled-release biopolymers 

and nanocoatings is ongoing.  

Design considerations: Active ingredients must not release harmful residues and be in line 

with compostability objectives.  Better handling and less unintentional exposure are achieved 

by integrating into packaging as opposed to free sachets. Any new active ingredient must 

undergo stringent shelf-life testing and get regulatory approval. 

Reuse, circularity and logistic design 

Beyond material substitution, circular design reduces waste upstream: 

• Reusable sleeves and crates: Requiring reverse logistics and washing procedures, rigid 

reusable transport crates safeguard bunches and minimize single-use waste. 

• Design for compostability and disassembly: Recycling and composting are made easier 

by the use of single-material films or clearly labeled multi-material systems. 

• Retail-to-compost pathways: Florists and event planners may redirect spent 

biodegradable materials by partnering with industrial composters or municipal compost 

programs.  Adoption depends on the trash infrastructure in the area.  

Cold-chain innovations and handling practices 
Cold-chain effectiveness is the most influential determinant of cut-flower quality and vase 

life. Innovations range from low-tech process improvements to advanced refrigeration and 

controlled atmosphere systems. 

Pre-cooling and field handling: Immediately after harvest, pre-cooling eliminates field heat 

and lowers respiration.  Among the techniques are vacuum cooling (rapid evaporative cooling 

under decreased pressure), room cooling, forced-air cooling, and hydrocooling (immersion of 

stems in cold water).  Forced-air and hydrocooling often strike a compromise between speed 

and careful handling for fragile blooms.  Before any long-distance transportation, effective 

cold chains provide quick pre-cooling in the packhouse. 

Cold storage and refrigerated transport 

• Chain control and optimum temperature setpoints: Various species have specific ideal 

temperature ranges (for example, many roses need 0–2 °C, whereas tropical flowers 

require greater temperatures).  Quality loss is minimized by maintaining these setpoints 

throughout the air, sea, and road legs.  When deviations happen, real-time monitoring 

enables remedial action. 

• Multimodal cold rooms with ethylene control: In situations when air freight is too 

expensive, refrigerated containers (reefers) equipped with ethylene scrubbers and 

regulated ventilation may maintain quality across extended ocean legs.  Senescence for 

ethylene-sensitive consignments is greatly decreased when ethylene removal is integrated 

within reefers, according to research and experimental trials.  

Controlled and modified atmospheres (CA/MAP): Modified atmosphere packaging 

(MAP) and controlled atmosphere (CA) aim to reduce respiration (low O₂) and slow 

senescence. For cut flowers: 



Sherawat et al. (2025) Agri Articles, 05(05): 167-171 (SEP-OCT, 2025)     

Agri Articles ISSN: 2582-9882 Page 170 

• MAP (bagging with selected permeabilities) has been successfully tested for short-haul 

shipments of roses, lilies, and carnations; the films need to be suited to the anticipated 

temperature and the respiration rates of the flowers. 

• CA storage in cold rooms with low O₂ and high CO₂ may prolong vase life, but careful 

management and observation are necessary to prevent anaerobiosis.  High-value, long-

distance shipments where investment pays off are more likely to use these techniques.  

Ethylene management at scale: Ethylene is produced endogenously under stress and can 

accumulate in enclosed spaces. Two complementary strategies exist: 

Prevention and removal: Endogenous ethylene is decreased by minimizing physiological 

stress and mechanical damage.  Catalytic scrubbers in containers or commercial sachets 

(KMnO₄) may lower ambient ethylene for removal.  TiO₂-based emerging catalytic and 

photocatalytic materials are being researched.  Controlling ethylene has been shown to result 

in quantifiable quality improvements; nonetheless, some exporters continue to face cost and 

scalability issues.  

Digital monitoring, IoT and data integration: Real-time temperature and atmosphere 

sensors, combined with IoT connectivity, enable active cold-chain control. Use cases: 

• Extended temperature abuse during truck transfers or customs delays is avoided with 

temperature recording and alarms. 

• Provenance is provided via integrated dashboards and blockchain traceability, which also 

enable downstream participants (retailers, wholesalers) to evaluate conditional quality 

upon delivery.  Pilots that combine blockchain technology, smart contracts, and IoT 

sensors increase accountability and enable pay-for-quality models.  

Integrated approaches: combining packaging + cold chain + data 
Packaging and cold chain are synergistic. Examples of integrated strategies: 

1. Active-MAP + rapid pre-cooling: Combining MAP optimized to the flower’s 

respiration with fast pre-cooling yields longer shelf life than either alone. 

2. Ethylene-scavenging sleeves + refrigerated reefers with ethylene scrubbers: Reduces 

both localized and container-level ethylene loads—especially useful for mixed 

consignments where one species may emit ethylene. 

3. Compostable external packaging + reusable internal crates + IoT monitoring: 
Minimizes single-use waste while ensuring temperature integrity; crate reuse reduces 

packaging demand and cushions mechanical damage. 

Commercial developments and case studies 
Phoam and floral foam substitutes: The substitute for floral foam the large waste and 

microplastic issue caused by phenolic foams is addressed by Phoam, a PLA-based biofoam.  

Scalability is dependent on availability and verified industrial composting access; early 

commercial roll-outs (UK/US tests in 2023–2024) demonstrate florist acceptance when 

composting is accessible.  This is an excellent example of how product substitution meets 

both environmental and functional objectives.  The Financial Times 

Frontiers review results and smart packaging: New developments in active packaging, 

nanocoatings, and intelligent sensors integrated into pack systems are compiled in recent 

academic studies, which show lab-scale effectiveness in prolonging vase life and lowering 

microbial spoiling.  The next stage is to translate these into reliable, affordable commercial 

solutions.  The frontiers 

Blockchain and IoT projects for flower delivery:  IoT sensors connected to blockchain 

records have been utilized by academic and commercial pilots to track temperature during air 

export, providing unchangeable proof of chain integrity.  Although they need standardization 

and buy-in, these systems aid in dispute resolution, the implementation of quality-based 

rewards, and the encouragement of improved handling.   
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Adoption, environmental, and economic factors 
Smallholder reality and cost-benefit analysis: Large exporters may more easily afford the 

initial expenditures of several advances (such as CA storage, IoT, and ethlyene scrubbers) 

than smallholder cooperatives.  Though finance, aggregation, and service models (cold-chain 

as a service) are often required for fair adoption, economic models demonstrate positive 

returns when fewer rejections and better market prices are attained. 

Trade-offs between life-cycle and circularity: LCAs must account for the trade-offs that 

sustainable materials may have, such as increased embodied energy or the need for industrial 

composting.  Compostable single-use products need local compost infrastructure, whereas 

reusable solutions require reverse logistics.  Circular results are accelerated by policy 

incentives (such as procurement norms and landfill restrictions).   

Standards and regulatory obstacles: International phytosanitary regulations, active agent 

safety (such as antibacterial coatings), and compostability certifications all influence what 

may be utilized in cross-border exports.  International trading in innovative materials would 

be facilitated by harmonized standards. 

Conclusion 
Packaging, chilling, and information system advancements must be linked to reduce post-

harvest losses in the worldwide cut flower trade.  Cold-chain strategies (rapid pre-cooling, 

controlled atmospheres, refrigerated multimodal transport), active packaging (ethylene 

scavengers, antimicrobial layers), and sustainable materials (cellulose wraps, PLA foams) all 

make contributions, but their combined implementation—aided by IoT monitoring and 

circular end-of-life systems—produces the biggest benefits.  Harmonized standards, common 

infrastructure, and funding are necessary for equitable adoption.  Targeted investments in 

origin-country cold facilities and composting infrastructure, together with research that closes 

technical and socioeconomic knowledge gaps, would enable significant waste and 

environmental impact reductions while enhancing producers' profits and consumers' quality. 
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