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Short communication

Observation of watercore dissipation in 'Braebum' apple
by magnetic resonance imaging
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Abstract Following unusually high temperatures
during the 1997/98 growing season, a significant
incidence of watercore was observed in the New
Zealand 'Braeburn' crop {Mains domestica) for the
first time. Serial proton magnetic resonance imaging
was subsequently used to monitor the characteristics
of disorder amelioration in individual fruit during 3-
week and 15-week storage trials (0-0.5°C). Symp-
toms (water-soaked appearance of flesh around the
locule area and extending into the cortex) in
"slightly" affected fruit (>0.5 cm2 affected or <25%
of the equatorial cross-section area affected) gradu-
ally dissipated in 3-5 weeks leaving fruit with nor-
mal appearance and taste. Extracellular fluid in fruit
classified as "severely" affected (>25% of the equa-
torial cross-section area affected) also dispersed
completely, but over a longer time—6-8 weeks.
However, the internal appearance of some severely
affected fruit was unacceptable after 15 weeks of
coolstorage. It is not clear whether the presence of
cavities and brown mealy flesh was attributable to
watercore or other factors associated with the anoma-
lous seasonal conditions. Lines of 'Braeburn' in which
a high incidence of severe watercore is present at har-
vest thus represent high risk for long-term storage.
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INTRODUCTION

Watercore is a physiological disorder in which ar-
eas of flesh in specific apple and pear cultivars
present a water-soaked appearance (Marlow &
Loescher 1984). Its presence in apple crops (Malus
domestica Borkh.) in New Zealand is well known,
and, with a cultivar such as 'Fuji', is able to be
managed by not leaving fruit unnecessarily longer
on the tree at maturity, or avoiding harvesting light
cropping trees (Watkins et al. 1993a). Following
unusually high temperatures during the 1997/98
growing season a significant incidence of watercore
was observed in the national 'Braeburn' crop. This
is the first time the situation had occurred in New
Zealand and apart from anecdotal evidence from
overseas, no previous reports of watercore affecting
'Braeburn' appear to have been published.

In the normal course of events, some degree of
dissipation in the severity of symptoms can be ex-
pected during storage. It was anticipated, but not
certain, that this would occur in 'Braeburn' too.
Furthermore, in some cultivars in which watercore
is present at harvest, core breakdown and alcoholic
off-flavours arise during long-term storage. How
'Braeburn' would respond was unknown and non-
destructive techniques were considered for the pur-
pose of identifying and monitoring affected fruit.
One such technique, proton magnetic resonance
imaging (MRI) has been used previously to moni-
tor the development of watercore in maturing fruit
(Wang et al. 1988), and its amelioration during
postharvest storage (Clark et al. 1998). This study
reports on an MRI investigation in which serial
imaging was subsequently employed to gather infor-
mation about the characteristics of watercore in in-
dividual fruit during 3- and 15-week storage trials
to address these questions.
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MATERIALS AND METHODS

Eight cartons of 80-count 'Braeburn' apples from an
early maturing crop were harvested in Hastings on
5 March 1998 and couriered to Auckland. These fruit
formed the basis for a preliminary 3-week experi-
ment. A further seven cartons for a 15-week storage
trial were picked on 2 April to coincide with com-
mencement of the main harvest crop. After arrival
at the laboratory, and during the course of the inves-
tigation, fruit were stored in air at 0-0.5°C.

Proton MR images were collected on a 1.5 Tesla
Philips Gyroscan ACS-NT clinical instrument. At
the start of each experiment affected fruit were iden-
tified by screening batches of fruit, 18 at a time, with
a turbo spin-echo pulse sequence (repetition time
(TR) = 400 ms; echo delay time (TE) = 12 ms; field-
of-view (FOV) = 36 cm; collection time = 2.6 min).
Thereafter a standard multi-slice Hahn spin-echo
pulse sequence was employed for data collection (TR

= 1000 ms; TE = 40 ms; 2 acquisitions; FOV =
23 cm; 256 x 256 pixel data array; 7.6 min per
multislice data set) on batches of six fruit positioned
in a 27.4 cm quadrature head coil. Choice of instru-
ment parameters TR/TE = 1000/40 was based on
earlier work in which it was established that these
values gave the best distinction between affected and
non-affected tissues in serial images in the shortest
possible imaging time (Clark et al. 1998).

At each imaging session, nine transverse multi-
slice images centred on the median equatorial plane
were obtained from each batch. Each image slice was
4 mm thick, with a 2 mm spacing between consecu-
tive slices. Temperature was not maintained during
the 4-h period that fruit were out of cold storage for
collection of MR data.

Data files (12-bit ACR-NEMA version 1.0) were
subsequently transferred to a Macintosh PowerMac
7300 for image analysis by the public-domain soft-
ware package NIH-IMAGE which contained an
ACR-NEMA macro for opening the non-standard
data format.

RESULTS

Preliminary experiment
High-contrast signal indicating sites of watercore-
affected tissue was readily discerned in affected
samples in the MRI screening process. Of 378 fruit
dissected after screening, 49 identified by imaging
as being affected were confirmed as such. A further
18 fruit were found to contain only small amounts

of affected tissue (<0.5 cm2) around the locules.
These fruit would have been regarded as "accept-
able" by industry standards. The incidence of af-
fected fruit determined by MRI (13%) thus
corresponded favourably to the field assessment of
this line (16.5%), the difference being the number
of very slightly affected, but acceptable fruit, not
detected.

Forty-eight affected fruit were scanned at weekly
intervals during the 3 weeks following harvest. Com-
parison of serial images slices established three
things. Watercore in individual 'Braeburn' did dis-
sipate—improvement was evident even after 1 week.
By 3 weeks after harvest, any remaining symptoms
detected by MRI were either invisible when the fruit
were opened, or else were present at a level consid-
ered to be acceptable. Moreover, fruit formerly af-
fected had both normal appearance and taste.

The majority of fruit in this preliminary experi-
ment were classified as being "slightly" affected
using industry criteria. That is, watercore either ex-
tended beyond the locules, or exceeded 0.5 cm2 but
affected <25% of the equatorial cross-sectional area.
Fruit in the second experiment involving the main
harvest crop were from a property chosen to give a
wider range of severity symptoms.

Main harvest experiment
Twenty-two "severely" affected (>25% of the equa-
torial cross-sectional area affected) and 45 slightly
affected 'Braeburn' were identified by MRI at har-
vest, then imaged again after 1, 3, 8, and 11 weeks
of cold storage. The pattern of distribution of af-
fected tissues within median slices at harvest was
quite variable (Fig. 1), and included examples re-
ferred to within the industry as "radial" watercore
(Fig. 1A) and "block" watercore (Fig. 1C,D). In
some instances so much extracellular fluid was
present that the locule cavities were flooded as well
(Fig. ID).

The four sets of serial images in Fig. 1 typify the
improvement that occurred in individual fruits dur-
ing storage as features in images associated with
water-soaked flesh gradually receded. To quantify
the distribution, extent and rate at which tissue
cleared, pixels defining the flesh area of an entire
image slice (including locule cavities) were deter-
mined by thresholding. Pixels in affected tissue (col-
ours tending to white) were counted by raising the
threshold to a higher intensity setting. Based on
analysis of data from the three central images slices,
the area of affected tissue in slightly affected fruit
declined from c. 13% at harvest to practically zero


