
Significance of circadian rhythms?

Postharvest practices for Protea perfection

with focus on Protea, Leucospermum & Leucadendron, 
from a South African perspective

Lynn Hoffman



• Woody stems with inflorescences with
– Showy involucral bracts (Protea), flowers with perianth, 

• which can be prominent or insignificant
– Involucral bracts are absent, but with a showy perianth

Product characteristics: unique & diverse



• Woody stems with inflorescences with
– Flowers is borne terminally (Protea) or in an axillary 

position (Leucospermum) as focal flower or as
– Sprays (Serruria)

Product characteristics: unique & diverse



• Woody stems where the foliage is the attractive 
feature of the product, within a bouquets
– the product can be sold purely as a filler product within 

bouquets
– Or as focal stems, based on the foliage
– Or as focal stems for their showy cones

Product characteristics: unique & diverse



High Respiration rate



Non-climacteric products, unlike carnations



Perception:  long vase life, but limited storability 

Impact of COVID lockdown on flowers sales

https://www.abc.net.au/news/2020-03-30/flowers-
dumped-as-coronavirus-closes-events-and-
florists/12100998

https://theconversation.com/valentines-day-
covid-19-wilted-the-flower-industry-but-
sustainability-still-a-thorny-issue-154889

Compared to a product where 
postharvest protocol allows for 

extended storage periods 



Increased flowers sales on special occasions 
requires good postharvest planning 



Factors affecting postharvest life of ornamentals

1. Genotype
2. Preharvest & harvest factors
3. Temperature & storage duration
4. Controlled & Modified Atmosphere
5. Water relations
6. Ethylene and other hormones/PGR
7. Disease & damage from handling
8. Growth and tropic responses
9. Pulsing (carbohydrate/ ethanol)



• Chilling injury: <5°C
– Biophysical & phase changes of the 

membrane, resulting in changes in 
permeability & electrolyte leakage

Physiological postharvest disorders

Symptoms of chilling injury:
• wilting of leaves, 
• discoloration of flowers/petals, water-

soaked tissues, 
• necrosis of leaves, 
• accelerated water loss & dehydration; 
• increased susceptibility to attach by 

pathogens



• Leaf blackening in Protea

Physiological postharvest disorders

• Can manifest 3 – 5 days after harvest
• Affects a wide range of species/cultivars including Protea

‘Sylvia’ (P. eximia x P. susannae) 
• Carbohydrate-deficiency (flower development/ nectar demand)

• O-glycoside esters present in leaf blackening susceptible Protea
species are hydrolyzed during stress/post harvest.  

• This would release the sugar moiety for translocation to the 
developing flowerhead 

• and  a highly reactive free phenolic moiety which on being 
oxidized effectively blackens the leaf



Harvest maturity
• Developing Protea flower heads have a higher respiration rate, thus inclined to 

result in more leaf blackening

• Outer ring of pollen presenters released in Leucospermum to ensure opening, very 
immature flowerheads may be recovered from desiccation during transport & 
storage 

• Leucadendron has better storability when coordinated with flowering or cone 
formation, but susceptible to chilling injury as foliage product



Harvesting time

Leaf blackening varies over the season
Nicole Windell



Harvesting

Leaf blackening varies with time of day
Nicole Windell
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Harvesting: stem quality & position on tree

Nicole Windell
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• Benefits from low temperature storage:
– Reduced metabolism, so reduced rate of product 

deterioration/senescence
– Reduced water loss
– Reduced loss of respirable substrate (sugars)
– Reduced pathogen growth (Botrytis)
– Undesirable growth & development

• What is the optimum long-term storage temperature? 
– Temperate cut flowers in general:  0°C-1°C
– Foliage plants & tropical flowers:  7-10°C
– Proteaceae?: 

• Telopea: 0-2°C for 2 week period, but not 4 weeks 
(Faragher., 1986)

• Grevillea: 0°C (stored dry) for 12 days; but not 5 of 
10°C  (Joyce et al. 2000)

• Leucadendron: 2°C at 80% RH (Philosoph-Hadas et al. 
2010)

• Leucospermum: 1°C for 24 days had chilling injury but 
not >4°C  

Cold chain management 



Storage temperature:  Temp x duration x sensitivity

Storage at 0°C; 2.5°C; 5°C 
for 3, 4 & 5 weeks  

Product & cultivar specific: Leucadendron
5= no damage;
1= extreme damage 

‘Chameleon’

Heleen van Zyl

‘Laurel Yellow’



Storage temperature:  Temp x duration x sensitivity

Storage at 0°C; 2.5°C; 5°C 
for 3, 4 & 5 weeks  

Product & cultivar specific: Leucadendron
5= no damage;
1= extreme damage 

‘Inca Gold’

Heleen van Zyl

‘Blush’



Storage temperature:  Temp x duration x sensitivity

Storage at 0°C; 2.5°C; 5°C 
for 3, 4 & 5 weeks  

Product & cultivar specific: Leucadendron
5= no damage;
1= extreme damage 

‘Safari Sunset’

Heleen van Zyl

Storage temperature:  Temp x duration x sensitivity



Feasibility of closed ventilation and automatic ventilation for sea 
freight of Proteaceae cut flower stems

• Respiration rates under closed ventilation & automatic 
ventilation at 5 and 15 °C

• Lower oxygen limits (LOL values): 0.08 to 0.48% O2 ; CO2 at 
0,04%

• CO2 toxicity tolerance limits for a range of Proteaceae 
products: ramped 5-10-15%; O2 >12%

• Storage temperature of 1°C, duration 21 days
• Recommendation: automatically ventilated reefer may be set 

to a maximum limit of 15% CO2 and a lower limit of 2% O2

Stenford
Matsikidize



Impact of ethylene on postharvest quality 

• Only G. ‘Superb’ benefitted from the ethylene protectant, STS. 
• STS significantly prolonged vase life for this species
• G. ‘Superb’ appeared to not be ethylene-sensitive, 
• The benefits of STS may perhaps be because of an ionic effect in the vase solution 

provided by the Na+ as part of the STS pulse.



Impact of ethylene on postharvest quality 
Exposure of  Protea

‘Venus’ to 2ppm ethylene 
gas for 24h



Managing postharvest quality by glucose pulsing

Pulsing with glucose can reduce/control leaf 
blackening, but not eradicate it
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Managing postharvest quality by glucose pulsing

Pulsing with glucose can reduce/control leaf 
blackening, but not eradicate it

Nicole WindellLB after 10 days 
fresh evaluation
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Addition of a low glucose containing preservative 
in vase life is beneficial both leaf and flower quality in Protea

VASE LIFE (DAY 0)
Trial Glucose 

pulse 
concentratio
n (%)

Leaf blackening 
(%)

Flower quality 
(score)

Sept 2010 0 75.8 a 3.3 b
10 9.4 b 4.8 a

ANOVA F 53.482 13.953
p <0.0001 <0.0001

VASE LIFE (DAY 7)
Trial Glucose 

pulse 
concentratio
n (%)

Vase holding 
solution

Leaf blackening 
(%)y

Flower quality 
(score)

Sept 2010 0 H2O 100.0 a 1.0 d
0 CCProf3 100.0 a 1.0 d
10 H2O 35.8 b 2.8 c
10 CCProf3 22.5 c 4.3 a

ANOVA F 52.298 36.887
p <0.0001 <0.0001

Nicole Windell

• 6% glucose can reduce leaf 
blackening significant

• But it may take too long to 
take up the glucose pulse 
solution under commercial 
conditions

• Harvest later in the day 
assist with better uptake of 
pulsing solution



Inclusion of sugars as a pulse/ vase life combination 
was beneficial for Leucadendron

Philosoph-Hadas et al. 2010, 
Acta Hort 869:207-217



The use of ethanol vapour or 
pulsing to reduce leaf blackening 

Nicole Windell



The role of stomata in maintain postharvest quality of 
pulsed Protea stems
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Long-term cold storage of potted  Protea ornamentals 
& the role of stomatal control

Madelein De Klerk

Storage treatments
Control: storing 9 plants (3x3) at 
100% RH at 6˚C dark conditions
Vapour GuardR: Anti-transpirant
spray, stored similar to control
Light: 60–70% RH, in a growth 
chamber, at 6˚C, light at ±30-
40цmol.m-2.s-1.
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Long-term cold storage of ornamentals & the role of low light levels

Morgana Miller



Alternatives to glucose/ ethanol for pulsing? 

• Sugars/ osmolytes/antioxidants: 
Trehalose, glycine betaine, 
lactulose, ascorbic acid

• Invertase inhibitors: cycloheximide 
and chloramphenicol

Waafeka Vardien

GABA: γ-Aminobutyric acid • Leaf blackening decreases with increasing 
concentrations of GABA in ‘Sylvia’ 

• But the effect of the glucose is more significant 
to control blackening. 



Alternatives to glucose/ ethanol for pulsing? 

Waafeka Vardien
Sodium nitroprusside

The variation in percentage (%) leaf 
blackening & flower quality  in ‘Brenda’ over a 
vase life period of 14 days, for stems pulsed 
with 6% glucose, 25 and 50 μM sodium 
nitroprusside. 



Alternatives to glucose/ ethanol for pulsing? 

8 days 
vase life

11 days 
vase life

Control- no 
treatment

Sprayed with 5g/L 
ascorbic acid, water 
as vase solution 

5g/L ascorbic acid 
as vase solution

Sprayed with 5g/L 
ascorbic acid, water 
as vase solution 

5g/L ascorbic acid 
as vase solution

13 days 
vase life



Using CATTs for phytosanitary pest control as required for exports

TBZ-
Thiabendazole

Western 
Flower trips

(Controlled atmosphere temperature treatment system-
atmosphere of 1% O2, 15% CO2 in N2)

Nkosi Ngwenya



Chrysal Viva (6-Benzyladenine) for leaf blackening control

Application:  4ml/ L spray

DAY 10 Swellendam

Kimberley van der Vegt



Application of metabolomics tools to determine possible
biomarker metabolites linked to leaf blackening in Protea

• Analysed by liquid-chromatography 
hyphenated to photodiode array and high 
resolution mass spectrometry (LC-PDA-
HRMS), 

• where 116 features were annotated from 
37 Protea species

• Stems susceptible to leaf blackening cluster 
together and contained features identified 
as benzenetriol (I) and/or hydroquinone (II) 
derived metabolites e.g. neriifolin & arbutin

• Species, selections and cultivars not prone 
to blackening (III) were linked to 
metabolites with known protective 
properties against biotic and abiotic 
stressors such as protocatechuic acid

• During the browning process, resistant 
cultivars produce high levels of protective 
metabolites

Keabetswe Masike



To deliver products of consistent high quality 
with a long vase life

• research required for new products & 
cultivars

• new markets, new requirements

To lower carbon footprint of the input chain 
by 

• using sea freight as opposed to air freight, 
without sustaining chilling injury

Consumer expectations of near-perfect 
produce, throughout the year 

To develop new cultivars, less sensitive to leaf 
blackening

Postharvest challenges for Proteaceae products



Thank you for your attention
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