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Time in transport cut flowers

0

2

4

6

8

10

T
im

e
 (

d
a

y
s
)

HOL D FR UK IT SW USA JAP

Countries



Fresh produce Innovations

Quality loss cut flowers

4 day shipment, vase life determination under optimal conditions 

Product

Gerbera
Rose
Carnation
Tulip
Chrysanthemum
Lily
Iris
Freesia

Average

Vase life reduction

33%
29%
15%
47%
25%
33%
46%
27%

32%
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Transport modality shift

ωStandard transport modality: air freight
ςFast transport times 
ςRelatively expensive; fuel surcharges
ςFlexible volumes 

ωAlternative marine (Reefer) transport 
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Transportation energy costs

Product km per energy quotum
ωCar 1
ωAir 43
ωTruck 740
ωRailroad 2400
ωContainer Ship 3800

100 x less energy/kg product
50 x less CO2 emission/kg product

ωHalf the value of a perishable product may be transportation costs
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Air freight: poor temperaturecontrol

Cargo temperature

4.5 days
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Attractiveness of container transport for flowers

tǊƻΩǎ

ω Relatively cheap

ω Lots of capacity

ω Excellent climate control (T, RH, atmosphere)
ς Also in the case of delays !!

ς Closed cold chain from farm to end user

ω More sustainable

ω Experience with many tropical fruits and, increasingly with 
flowers/potted plants

/ƻƴΩǎ

ω Takes long time

ω Quality of end product often disappointing! 
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Consequences of container transport

ωDue to the change from air transport to container transport 
Quality is increasingly becoming an item

ωFlowers have to be resistant to long term storage at relatively 
low temperatures

ωNeeds superior control of water loss  (desiccation) and botrytis 
infection (temperature control is excellent)
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Quality aspects in cut flowers

ωVase life

ωDesiccation (water loss)

ωLack of flower opening

ωLeaf yellowing/blackening or wilting

ωPremature senescence

ωFungal attack
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There is lots of genetic variation

ωVase life

ωBotrytis sensitivity

ωFlower opening

ωVascular blockage

ωEthylene sensitivity

ωBest way to improve 
quality is selection !!

0

2

4

6

8

10

12

14

16

1 2 3 4 5 6 7 8 9 10 11 12

cultivar

v
a

s
e

 li
fe

 (
d
a

y
s
)

Alstroemeriavase life



Fresh produce InnovationsEthylene concentration (PPM)

0.0 0.1 0.2 0.4 0.8



Fresh produce Innovations

Contents

ωChanging transport modalities for cut flowers

ωFactors affecting quality loss pre-harvest
ςGenetics

ςCultivation conditions

ωFactors affecting quality loss post-harvest
ςWater loss

ςTemperature

ςEthylene

ςBacteria

ςBotrytis

ωConclusions



Fresh produce Innovations

Effect of cultivation conditions on post harvest quality

ωFertilizer (Nitrogen) levels (vase life)

ωHumidity (botrytis)

ωDay/night temperatures

ωWater management

ωShading regime

ω..

Conditions aimed at maximum 
production may interfere with the 

goal of maximum postharvest 
quality 
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Effect of K fertilizer on postharvest leaf quality

NO early medium late
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water loss and regrowth
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ωMost flowers can loose up to 8-10% of water without quality loss
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respiration sunflower
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Temperature: less respiration and more vase life 

respiration and vase life
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Low temperature effects

ωRapid and continuous cooling is important:

ςSlows down respiration

ςslows down ageing/senescence

ςSlows down botrytis growth

ςSlows down bacterial growth

ςSuppresses ethylene production and sensitivity

ωMost flowers can be stored at near ZERO temperatures

ςSome exceptions (orchids, lilies, anthurium, ..)
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Ethylene

ωIn sensitive flowers/plants affects:

ςflower senescence/abscision

ςleaf yellowing/abscision

ςflower malformation
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Ethylene sensitivity of flowers (petal senescence)

ω Sensitive
ςCarnation
ς Campanula
ς Trachelium
ς Gypsophila
ςOrchids
ς Physostegia
ς Scabiosa

ω Insensitive (low sensitivity)
ς Iris
ς Chrysanthemum
ς Euphorbia
ς Gladiolus
ς Liatris

ω Intermediate
ςRose, snapdragon, aconitum, scabiosa, alstroemeria, ..
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Sources of ethylene

ωIndustrial PE plants

ωIndustrial pollution

ωCars and trucks

ωStill concentration in outside 
air is generally LOW

ωSome soil bacteria use 
ethylene as a carbon source

ωPlants are also sources of 
ethylene
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Ethylene concentration at different locations

Location Concentration(ppb)

Outsideair 2 - 10

Flowerpackagingstation
ω minimal activity 10
ω maximalactivity 100 - 300

Fire 4,000

Carexhaustgases 400,000

Fruit storageroom 1,000,000

Levels that may damage
flowers/plants



Fresh produce Innovations

Ethylene concentrations during distribution (2500 samples)

Grower

Auction

Wholesaler

Retail trade

3%

4%

2%

3%

Ethylene concentrations (ppb)Location

80%

68%

81%

79%

< 50

17%

27%

18%

18%

50-100 > 100
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Sources of ethylene in the chain

Location Source

Grower CO2-supplementation

Auction exhaustgases, ripeningfruits

Wholesaler exhaustgases, ripeningfruit

Retailtrade heatingequipment, ripeningfruit

Trucks exhaustgases, flowers
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Plantsproduceethylene: ageinghormone

ethylene

receptor Signal transduction

Gene expression Effects

Ripening
Senescence
Ethylene biosynthesis

Ethylene biosynthesis

Autocatalysis

Ethylene from other source
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Temperature and ethylene

ωAt low temperature plants produce lessethylene

ωLess effectof ethylene at low temperatures

In addition:

ωLess effect of ethylene at low concentrations

ωLess effect of ethylene at short exposuretimes
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Effect temperature
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Chemical inhibitors of ethylene biosynthesis and action

ACC synthase

ACC oxidase

Ethylene

Receptor and
signal transduction

Effects

AVG
AOA

AIBA, Cobalt

KMnO4

zeolites
Ventilation

STS (silver thiosulphate)

1-MCP (methyl cyclopropene)
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waterSTS pretreatment
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SmartFresh

SmartFreshquality Crop Overview
ω The SmartFreshSMQuality System ensures that packers and 

shippers of fresh produce and their retail customers can 
offer consistently high-quality produce to consumers with 
total confidence. Consumers enjoy the benefits of these 
best-quality fruits and vegetables for longer.
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Ethyleneand 1-MCP
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Ethylene receptor

P PD D

P PH H

C C

Membrane

NN


