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Guidelines updated on an 

annual basis 

• Highlight factors to 

maximize effectiveness of 

SmartFresh and minimize 

risk 

• Based on industry 

knowledge and that gained 

from researchers 



Our research is 

driven by mutual 

goals – to identify 

keys to maintaining 

while understanding 

the underlying 

processes: 

1. Firmness and quality 

 attributes 

2. Controlling and  avoiding 

 storage disorders 
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What is SmartFresh? 

1-MCP 

Sugar powder 

1-Methylcyclopropene (1-MCP) 



PA apple varieties 

• Honeycrisp 

• Jonathan 

• McIntosh 

• Mutsu 

• Nittany 

• Pink Lady 

• Red Delicious 

• Rome 

• Stayman 

• York 

 

• Braeburn 

• Cameo 

• Cortland 

• Empire 

• Fuji 

• Gala 

• Gingergold 

• Golden Delicious 

• Granny Smith 



Outline of today’s presentation 

 

Part 1: Factors that affect 

Quality  

 

Part 2: Storage disorders 



Part 1: Factors that affect Quality  

Understanding of ethylene production both 
pre- and post-harvest 

• Variety 

 

• Maturity 

 

• Plant growth regulators 

•   

• Postharvest handling 
 



Apple firmness 

6 months air @ 0.5oC + 7 days @ 20oC 
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Comparison of two cultivars: 

Firmness (N) in air storage 

 

40

45

50

55

60

65

70

75

80

0 1 2 3 4

- 1-
MCP

+ 1-
MCP 40

50

60

70

80

0 1 2 3 4

- 1-MCP

+ 1-
MCP

STORAGE TIME (Months) 



Fruit maturity 
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Firmness (N) during storage 
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Prevent fruit drop 

 

Harvest and labor 

management 

 

Responses of fruit to 

SmartFresh  

 

Aminoethoxyvinylglycine 

(AVG) 

Napthaline acetic 

acid (NAA) 



McIntosh ReTain/NAA trial  

IEC (ppm) at harvest 
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McIntosh ReTain/NAA trial 

Firmness (lb) after 3 months air storage + 1d 
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McIntosh ReTain/NAA trial 

Firmness (lb) after 3 months air storage + 1d 

11

13

15

17

H3 H3+MCP

untreated

3 wk ReTain

NAA



Take home message for preharvest 

factors 

• Variety differences related to metabolic rates, 
especially rates of ripening and associated 
ethylene production. [Can be affected by growing 
region.] 

 

• Responses of fruit at harvest are greatly affected 
by maturity at harvest 

 

• Maturity, and thus response to SF, can be 
affected greatly by plant growth regulators 
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Postharvest handling  

• High volume crop that is 
typically accumulated for 
several days before 
application of CA storage 

 

 

• Ripening processes are 
ongoing 
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Two examples 

• Delays between harvest and SmartFresh treatment 

 

• Treatment of fruit with SmartFresh quickly after harvest 
and delay before CA storage 
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Example 1: Delays between harvest and 

1-MCP treatment 

• Jonagold fruit harvested, cooled overnight. 

• 1-MCP applied after 2, 7, 14 and 21 days. 

• IEC measured at time of treatment. 

• Firmness measured after 5 months of storage in 
CA. 
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 Jonagold, IEC (ppm)  before 1-MCP and CA 

storage 
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Firmness (lb) after 5 months CA 
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Example 2: Treatment of fruit with 1-

MCP quickly after harvest and delay 

before CA storage 

• Empire fruit harvested, cooled overnight. 

• 1-MCP applied after 24 hours of cooling to 35oF. 

• CA applied after 2, 7 and 14 days 

• Firmness measured after 5 months of storage in CA plus 

1 d at 68oC. 
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Firmness (lb) untreated or after SF trt one day 

after harvest - delayed CA (9 mo + 1 d) 
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Rapid 1-MCP treatment after harvest - 

ProPodTM Transition Rooms 



Multiple 1-MCP treatments 

NYS SmartFresh label revision dated July 30, 2009 

• Here and other countries where revision accepted that 

more than one 1-MCP application can now be made. 

• Allows treatment of fruit while room is loaded, or during 

storage 



McIntosh – multi SmartFresh treatments 

H1. 4 month removal + 7 days shelf life 



Empire – multi SmartFresh treatments 

H1. 4 month removal + 7 days shelf life 



Empire – multi SmartFresh treatments 

H1.8 month removal + 7 days shelf life 



Take home message 

•Rapid 1-MCP treatment alone 

or multiple can maximize 

effectiveness of SF, but 

urgency is a function of variety 

and storage length 
 



Part 2: Storage disorders 

Inhibition 

•Senescent 

breakdown 

•Superficial scald 

Enhancement 

• Carbon dioxide 

injury (external 

and internal) 

• Firm flesh 

browning 

• Diffuse skin 

browning (G. Del.) 
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Superficial scald (storage scald) 

• Can be controlled by 
SmartFresh 

• SmartFresh inhibits 
production of the 
compound that causes 
scald development 

• Effects usually 
maintained during 
storage, but some 
varieties ‘escape’, e.g. 
Cortland 

 



 

 
Carbon dioxide-

related injury of 

apples 
Higher incidence associated with   

• Higher CO2 

• Early harvested fruit for 

external form 

• Late harvested fruit for 

internal form 

• Much greater risk with slower 

fruit cooling 

 

 

 

 

McIntosh, Empire, Jonagold, Braeburn, Fuji, 

Honeycrisp 



CO2 injury (%) in apples exposed to high CO2 one day 

after harvest, or untreated or treated with 1-MCP, and 

exposed to CO2 2, 7 and 14 days after harvest 
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McIntosh – multi 1-MCP treatment 

8 months CA 
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Strategies to avoid carbon dioxide injuries 

• Apply diphenylamine (DPA) 

 

• Cool fruit properly, taking into account the cooling capacity 
of your refrigeration 

 

• Delay SmartFresh treatment (some varieties) 

 

• Maintain  low CO2 during loading of fruit by adding lime 
through the room 
• Turn on CA monitors while loading – health issue as well 

 

• Maintain low CO2 for the first 4-6 weeks 

 



Diffuse skin browning 

• Associated with rapid 

cooling of fruit 

• Delayed cooling to low 

setpoint reduces risk 

 



 

 Start oxygen pull down only when fruit temperature is below 2°C. Maintain CO2 level below O2  level, and 

anyway never above 2% 

Room filling 

SmartFresh  

application 

Days after the application 

Start decreasing the temperature 2 

days after the application 

Golden Delicious  



Flesh 

browning 
 

Empire, but same as Gala 

and other cultivars? 



‘Gala’ stem-end browning 



‘Gala’ internal browning 



Flesh browning (%) at different  

temperatures during CA storage for 10 

months 
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Flesh browning 

• No solution yet for ‘Empire’ flesh browning 

 

• ‘Gala’ promising effects of HC-like conditioning – SF 

treatment followed by conditioning period of 7 days at 

50oF 

 

• Ongoing work of urgency 



In conclusion 

• Ethylene is a key factor in SF success 

• Variety 

• Harvest maturity, also as affected by plant 

growth regulators 

• Postharvest handling 

 

• Storage disorders must be considered – 

both positive and negative effects – in 

storage and marketing decisions  
 




