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Abstract 
‘Granny Smith’ apples are highly susceptible to superficial scald, a symptom of chilling injury. For 

many crops, low temperature storage results in oxidative stress and chilling injury, caused by increased 
production of superoxide anions which in turn leads to the generation of other dangerous reactive oxygen 
species (ROS). Application, prior to cold storage, of low oxygen (LO2, <0.5%) atmospheres, ethanol (<2% 
vapour) or 1-methylcyclopropene (1-MCP, 0.5 μL L−1) at 20 °C, was effective in reducing superficial scald 
in fruit following 24 weeks of cold storage. ROS levels were measured by confocal laser-scanning 
microscopy of apple peel treated with the fluorescent probe 2′,7′-dichlorodihydrofluorescein diacetate. In 
control fruit, ROS levels increased during cold storage and shelf-life and were very high after only 8 weeks, 
whereas in 1-MCP-, ethanol- and LO2-treated fruit, ROS levels remained low throughout storage. Gene-
expression levels of ROS-scavenging enzymes were induced by the various pretreatments: catalase 
(MdCAT) was induced by LO2 treatment, whereas Mn superoxide dismutase (MdMnSOD) was induced by 
1-MCP treatment. Polyphenol oxidase (MdPPO) gene expression levels were associated with scald 
symptom development and were highest in control fruit. Ethylene levels and expression of ethylene 
biosynthesis genes were correlated with α-farnesene levels and <alpha>-farnesene synthase (MdAFS) gene 
expression in the variously treated fruit. Accumulation of the α-farnesene oxidation product, 6-methyl-5-
hepten-2-one (MHO), was highest in control fruit after 8 weeks, in accordance with ROS accumulation. The 
LO2 pretreatment mechanism might involve production of anaerobic metabolites, causing a delay in 
ethylene and α-farnesene biosynthesis and oxidation; this is different from the mechansism of action of 1-
MCP, even though both consequently reduce ROS accumulation and scald symptoms. 
 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DSabban-Amin,%2520Revital%26authorID%3D49964390100%26md5%3D9a88d93e7c416a459dc3a8fd6076a5d1&_acct=C000010978&_version=1&_userid=9244538&md5=227ea4aa8b4c7042d6a3a920f6010d2d
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DFeygenberg,%2520Oleg%26authorID%3D6507996227%26md5%3D08cca32fd24aa4a24a45191a599f9c33&_acct=C000010978&_version=1&_userid=9244538&md5=eee3973e31279b98ef4aacd74d83b02d
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPesis,%2520Edna%26authorID%3D6603632694%26md5%3Dbad544404b4eb2503dacd0bf680ac41b&_acct=C000010978&_version=1&_userid=9244538&md5=e8ca8380283b85fde95400d68c1954b7
http://www.sciencedirect.com/science/journal/09255214
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0925521411X00091&_cid=271287&_pubType=JL&view=c&_auth=y&_acct=C000010978&_version=1&_urlVersion=0&_userid=9244538&md5=0f8a9be34bde2e21ee771e600822b1fc

