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Figure 5.  Schematic depicting the separation of less dense, non-watercore apples (upper 
stream of fruit - gray spheres) from more dense, watercore-containing fruit 9lower fruit 
stream) (redrawn from Cavalieri et al., 1998). 
 
 
Use of light transmission through the fruit was an early method to detect watercore (Olsen et al., 
1962; Throop et al., 1989).  Light passes through the watercored tissue more readily than the non-
symptomatic tissue, which tends to scatter the light.  As a result, a greater portion of the incoming 
light passes through the fruit.  Trebor Industries developed a hand-held device for detecting 
watercore on individual fruit using transmitted light.  More recently, several companies (e.g. Greefa 
iFA, Compac TasteTech, Fig. 6) offer internal defect detection, which includes the ability to detect 
watercore (in addition to internal browning) using visible and near infrared (NIR) wavelengths.  In 
these technologies, light is shone into the fruit and the loss in the intensity of light eimissions 
fromthe fruit (or lack thereof in the case of watercore) is determined, permitting rapid and effective 
sorting. 
 

 
Figure 6.  Images of Greefa (left) and Compac (right) technologies for internal defect 
detection and fruit sorting. 
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In addition to floatation and light transmission, a few more esoteric technologies have been 
investigated.  Nuclear magnetic resonance (NMR) imaging (a.k.a. MRI) is a technique that can 
easily identify areas of free water in fruit or other tissues, wielding cross-sectional images (Fig. 7) 
in a few seconds to minutes time (Wang et al., 1988).  While the technology is effective, it is too 
slow for practical applications requiring 10 or more fruits to be analyzed per second.  Very high 
energy requirements are also a hindrance. 
 

 
Figure 7.  Nuclear magnetic resonance imaging of watercore in Red Delicious fruit (from 
Wang et al., 1988). 
 
 
In a study comparing the effectiveness of X-ray computed tomography (X-ray CT) and MRI, the 
two technologies were similarly able to image and detect watercore in apple (Herremans et al., 
2013, Fig. 8).  Interestingly, the X-ray CT images could be used to image individual cells in the 
cortex and clearly show the accumulation of liquid between cells.  The technique is slow, however, 
requiring several minutes to acquire a single image. 

 
Figure 8.  Watercore-containing 'Rebellon' apple fruit and its X-ray CT image (right) and 
MRI image (center). 
 
Finally, thermal imaging can be used to detect watercore (Baranowski et al., 2008).  This technique 
involves heating the fruit and measuring the rate of warming ising thermal images (Fig. 9).  
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Watercored fruit, likely because of the greater thermal mass and poorer air circulation, was slower 
to warm.  While the technique is able to discriminate fruit correctly about 80% of the time, the time 
to acquire the data was over an hour and would be of little use in sorting.  In addition, this technique 
requires precise temperature control, which is managed only with some difficulty. 
 

 
Figure 9.  Thermography used for watercore detection (from Baranowski et al., 2008) 
 
 
CONCLUDING COMMENTS 
After more than a century of work, the root causes of watercore are still somewhat mysterious.  
While we know symptoms are linked to the fruit's inability to properly manage incoming 
photosynthate, the determining factor is still unknown.  Importantly, though, we know that the 
disorder is linked to advancing maturity on the tree, so that further symptom development can be 
stopped simply by harvesting the fruit.  While symptoms dissipate in air and CA storage, fruit with 
anything more than mild watercore symptoms should be marketed as soon as is practicable. Prior to 
storage and post-storage, detection and sorting can be rapidly performed with modern NIR sorting 
systems. The grower can minimize watercore development by establishing a balanced production 
system in which undercropping is prevented.  In addition, a timely harvest before maturity becomes 
too advanced is critical in preventing this disorder from becoming too severe.  
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Table 1.  List of cultivars with reported susceptibility (Yes) or resistance (No) to watercore 
(Marlow and Loescher, 1984). 
  Watercore    Watercore 
 Cultivar susceptibility   Cultivar susceptibility 
Alfriston Yes  Northwest Greening                 Yes 
Allington Pippin Yes   Oldenburg  Yes 
Antonovka Yes   Ontario  Yes 
Arkansas Yes   Pioneer  Yes 
Baldwin  Yes   Pound Sweet                            Yes 
Ballarat  Yes  Pumbkin Sweet                       Yes 
Beacon  Yes   Ramo                                   Yes 
Ben Davis Yes   Red Canada                                 No 
Blenheim Yes   Red Delicious                          Yes 
Braeburn Yes   Red Miller  Yes 
Bramley Seedling Yes   Red St. Lawrence  Yes 
Breton Henry Yes   Reinette d'Angleterre  Yes 
Calville Blanc Yes   Rhode Island Greening             Yes 
Cleopatra Yes   Ribston Pippin                        Yes 
Commerce Yes  Richared                                  Yes 
Cortland No   Rival  Yes 
Cox's Orange Pippin Yes   Rogers Red  Yes 
Delicious Yes  Rokewood                                Yes 
Democrat Yes   Rome                                      Yes 
Devonshire Quartredon Yes   Rome Beauty                              Yes/No 
Dougherty Yes   Roval Red  Yes 
Duchess Yes   Russian  Yes 
Dunns Yes   Scarlet Nonpareil  Yes 
Early Harvest Yes   Spitzenberg  Yes 
Fall Pippin Yes  Stark  Yes 
Fameuse  No   Starking  Yes 
French Crab  Yes   Starkrimson  Yes 
Fuji Yes   Statesman  Yes 
Gano  No   Stayman  Yes 
Gardner Red Yes   Stayman Winesap                    Yes 
Glori Mundi Yes   Stone Pippm                  Yes 
Golden Delicious  Yes/No  Sturdeespur  Yes  
Granny Smith Yes  Sturmer Pippin  Yes 
Gravenstein Yes  Suntan  Yes 
Grimes Golden  Yes  Tasmans Pride              Yes 
Holstein Cox  Yes  Tompkins King              Yes 
Honeycrisp Yes  Tolman             Yes 
Irish Peach     Yes  Transparent          Yes 
Jacobs Sweet  Yes  Turner Red                Yes 
James Grieve Yes  Twenty Ounce           Yes 
Jardine Red Yes  Verde Doncella Yes 
Jonathan  No/Yes   Virginia Summer Rose         Yes 
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King Yes  Wagener                  Yes 
King David Yes  Wealthy               Yes/No 
Kinnard  Yes  White Astrachan                Yes 
Lady  Yes  Willow Twig                 Yes 
Lalla Yes  Winesap             Yes 
Lane's Prince Albert Yes  Winter Banana                          Yes 
London Pippin Yes  Winter Golden Pearmain  Yes 
Lord Derby  Yes  Wolf River                               Yes 
Lord Wolseley Yes  Worcester  Yes 
Margil Yes  Worcester Pearmain  Yes 
Mela Carlo Yes  Yates  Yes 
Miller's Seedling                      Yes  Yellow Bellflower  Yes 
Morgendotl  Yes  Yellow Newton                        Yes 
Mcintosh                                      No  Yellow Transparent                  Yes 
Newton                                  Yes  York Imperial                          Yes 

Northern Spy                             Yes/No  Zurich Transparent                   Yes 
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