
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



FACTORS INFLUENCING THE SUSCEPTIBILITY 

OF APPLES TO BRUISING 

This thesis is presented in partial fulfilment of 

the requirements of the degree of 

Doctor of Philosophy 

111 

Horticultural Science 

at 

Massey University, Palmerston North, 

New Zealand. 

Craig Meffan Mowatt 

1 997 



ABSTRACT 

Financial returns to New Zealand orchardists could be increased if bruise 

damage to apples and its visual consequences were reduced. Comprehension of 

the variability of susceptibility to the bruising of apples associated with either 

pre harvest, harvest or postharvest influences is fundamental to reducing bruise 

damage. Standard impacts to apples have been generated in many ways and 

bruise severity has generally been represented as bruise volume per unit enerh,),. 

In this study bruise severity was represented by a) the diameter of a bruise 

generated by a sphere of mass and radius of curvature similar to that of apples 

and whosc impact energy (0.32 J) was similar to apple-apple collisions that 

occurred during grading or b) the damage that apples incurred by grading in a 

standard manner. Bruise colour was also measured and visual differences 

between dark and light brown 'Granny Smith' bruised tissue were associated with 

a 5" diffcrence in hue angle, as measured by a Minolta chromameter. 

In 1 990 from a survey of 'Granny Smith' orchards it was determined that the 

range in bruise diameter of individual fruit was 1 7% (fruit mass range; 0. 1 57-

0 .20 7 kg) and in 1 99 1  was 63% (fruit mass range; 0.098-0 .271'1 kg). The betwecn

season difference in mean bruise diameter was 2.8% .  Over the two years it was 

found that bruise diameter of fruit from orchards producing either the most or 

Icast bruise susceptible fruit differed by an average of 6 .5 % .  In 1991 bruise 

diameter generated from a standard impact was related to grader damage (R2 = 

0.49) and the slope of this relationship indicated that small increases in bruise 

diameter equated to large increases in grader damage. In both years the most 

bruise susceptiblc fruit had higher levels of tissue phosphorus, calcium and 

nitrogen than least susceptible fruit. In onc year of the survey bruise diameter 

was positively related to apple calcium content and apple mass with grader 

damage positively related to phosphorus content. 

In a within-orchard study between-tree variation in bruise diameter of 'Royal 

Gala' ( 1 1 So) exceeded that of 'Granny Smith' (4%) .  Bruise diameter of least 

bruise susceptible fruit was more consistently related to starch index, soluble 

solids, fruit mass and firmness than bruise diameter of the most susceptible fruit. 

Harvesting 'Granny Smith' and 'Royal Gala' early rather than later in the season 
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resu l ted in hruise diameter reductions of 5 %  and 2 1  % respectively. Within-tree 

position of apples did not consistently influence susceptibil ity to bruising in either 

variety. Foliar sprays of calcium (CaCI2) and phosphorus (H3P04) did not 

influence fruit mineral contents or susceptibility to bruising. Apples from non

irrigated 'Braehurn' trees had smal ler bruise diameters (6%), less calcium and 

tended to have more dry matter than apples from normal ly irrigated trees. 

'Golden Delicious' apples harvested later in t he day were less susceptible to 

hruise damage (7.3 % )  than those harvested early in the morning; e levated 

temperatures and reduced water status were identified a causative factors. As 

temperature increased from a to 20°C susceptibility to bruising showed a non

linear reduction. Bruise diameter and grader damage reduced 5 %  and 2 4 %  

respectively when 'Granny Smith' apples were bruised a t  20°C rather than when 

hruised at O°e. If ' Royal Gala' were cooled to 2 °C and then rewarmed to 200e 

they sustained 36% less grader damage than if graded immediately after harvest. 

Usefu l reductions in grader damage (25 %) were achieved by holding fresh ly 

harvested 'Royal Gala' at ambient temperatures for one day before grading. 

Storing the h ruise susceptible  cultivar 'Splendour' apples for 5 4  h at 20°C before 

hruising resulted in a 9% reduction in bruise diameter. A 24 h delay in pre

cooling of 'Royal Gala' was associated with a 0.5 % weight loss and a 3% 
reduction in hruise diameter; delays of more than 24 h before pre-cooling were 

associated with enhanced ripening and greater weight loss but no measurable  

change in  susceptihility to  bruising. 

I n the 1991 survey, there were large between-orchard differences in hue angle of 

hruised 'Granny Smith' apple tissue (16°) and light brown brui e tissue was 

associated with higher fruit nitrogen content (R2 = 0.55) .  Between-tree 

diffe rences in hue angle of bruised tissue from ' Royal Gala' apples were l arge 

( I  S°) hut with 'Granny Smith' were insignificant. Differences in bruised tissue 

colour due to enhanced maturity or within-tree position in both cu ltivars were 

not consistcnt. Cool storing 'Sp lendour' for 4 14 h before bruising appeared to 

increase hruise lightness. 
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