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Loss of late watercore from Fuji apples 
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Summary 
The most commonly planted new apple 
cultivar in Australia is Fuji. This variety 
which was bred in Japan is very suscep
tible 10 Ihe physiological disorder lale 
watercore. Many markets regard this 
disorder as a defect. However mosl 
watercore disappeared from samples af
ler Ihey had been held al OSC for 80 
days. Therefore to avoid watercore in the 
market place, Fuji should either be har
vested with low levels of watercore 
(which disappea.TS sooner) or be held at 
OS C for 80 days. 

Inlroduction 
According to Carne (1 948) there are two 
types of watercore in apples. One fo rm 
originates in immature apples while the 
more common "la te" (or radial ) type is as
sociated with fruit of ad vanced maturity. 
The term "watercore" is not really appro
priate for the la te type as the core area in
side the vascular ring is not affected . Late 
watercore is a physiological disorder as
sociated with the vascula r bundles. It has 
its o rigin in abnormal sa p pressures 
which cause the sweet sap to escape into 
the intercellular spaces fl ooding the tis
sues and replacing the air to produ ce a 
glassy or wa tersoa ked appea rance (Ca rne 
1948, Bramlage and Shipway 1967, 
Simons 1968). 

Varie tal susceptibility to late watercore 
varies considerably. Apple varieties such 
as Delicious, Jonathan, Gravenstein and 
Rome Beauty are highly susceplible 
(Carne 1948) as is Ihe recentl y developed 
Fuji va riety from Japan. Late wa tercore is 
usually rega rded as a defect since, a l
though it d isappears during storage, it is 
often followed by internal breakdown 
(Lord and Damon 1966, Bea ttie et al. 1989) . 
A number of resea rchers (e.g., Bra mlage 
and Shipway 1967, Fukuda 1983) re
ported thai brea kdown is closely linked to 
the amount o f watercore at harvest. 
Smock (1977) classified brea kdown asso
ciated w ith watercore as "watercore 
breakdown". 

Ho wever in Japan, the presence o f 
watercore (ca lled "honeycore") is used to 
promo te Fuji apples as it ensures that they 
have high levels of to tal so luble solids. 
The presenl authors (unpublished ) have 
found that watercore at harvest does not 
result in brea kdown in Fuji except in fru it 
from light crop trees during extended 
storage (6 months). 

The most important factor determining 
the incidence of late watercore is harvest 
time as susceptibility increases with de
layed harvesting (Carne 1948, Nardin and 
Scienza 1983, Beattie et al. 1989). 

Watercore is increased by climatic fac
tors such as high fruit temperatures in
duced by intense sunlight while apples 
are maturing on the tree (Fisher et al. 1930, 
Harley 1938) . Orchard conditions such as 
light crops and severe pruning produce 
higher levels of watercore (Harley 1938, 
Henze 1983). More recently apples w ith 
watercore have been shown to have low 
levels of fruit calcium and the application 
of ca lcium reduced the incidence of 
watercore (Perring 1984, Filsouf 1988). 

Working with the apple variety Gloster, 
Henze (1 984) found that by holding sa m
ples at 12°C most of the watercore disap
pea red within two weeks w hereas this 
took a month longer at 1°C. Previous 
sludies by the present authors (unpub
lished) fo und that most wa tercore had 
d isappea red from Fuji apples after 14-17 
weeks at 0.56 c. However as no earlier re
movals from cools tore were made, the 
present study was designed to inves tigate 
the ra te of disappearance of watercore 
from fruits with different levels at harvest. 
According to Wickson (1 992), the Fuji va
riety represents 11 % of young apple trees 
in Australia. This makes it the most com
monly planted new apple va riety ahead 
of Lad y William, Ga la and Pink Lad y. 

Method 
Fif teen uniform five-year-o ld trees o f 
Naga Fu 2 Fuji were selected for this 
study. All trees were grown on MM106 
rootstock. At each of three harvest dates 
a ll fruit (approximately 150 per tree) from 
a randomized block of five trees was har
vested . The three harvest da tes (April 16, 
22 and 28) were selected to provide sa m
ples with low, medi um and high initia l 
levels o f watercore. 

As light transmittance equipment used 
by Bramlage and Shipway (1967) was nol 
available it was necessary to cut samples 
fo r inspection. At each harves t da te, 20 
fruits per tree were selected at random, 
cut transversely and scored for wa tercore 
as follows: 

o Nil 
:=: slight (some vClscu ia rs wi th 

watercore) 
2 medium (a ll vasculars wi th 

3 = severe (wa tercore ex tending 
beyond vasculars) 

Mean scores were calculated by divid
ing the to tal thus obtained by the number 
of apples (20) in each sample. 

The re ma ining fruits were placed in 
coolstore at O.5"C. Twenty fruits per tree 
were removed from store, cut trans
versely and scored at approximately 14 
day intervals after the firs t harves ted 
fruits (April 16) had been in coolstore for 
28 days. 

Results and discussion 
At harves t the mean watercore sco res 
were 0.47, 0.72 and 1.43 for harvests made 
on April 16, 22 and 28 respectively. Dif
ferences be tween the first and third har
vests and between the second and third 
harvests were sta tistically significant 
(LSD = 0.56 a t P ~ 0.05) . The increase in 
severity w ith harvest da te agrees w ith 
p revious studies (e.g., Nard in and 
Scienza 1983) which have highlighted the 
increasing incidence of late watercore as 
harvesting is delayed espeCia lly beyond 
o ptimum ma turity. 

There was a rapid loss of watercore dur
ing coolstorage fo r Fuji harvested on 
April 16 (Fig ure 1). This rela tionship can 
best be described by the equation: 
1) Watercore score (ex 16/4/92) = 0.48 x 

0.94' (where x = days in coolstore) 
For harvests made on April 22 and 28 

the decl ine was linea r (Figure 2) and best 
described by the equations: 
2) Watercore score (ex 22 / 4 /92) = 0.83-

1.01 (days in coolstore) 
3) Watercore score (ex 28/4/92) = 1.53-

0.02 (days in coolstore) 
The correlation coeffi cients fo r equa

tions 2 and 3 are 88.4% and 96% respec
tively. 

Irrespective of harvest da te (and sever
ity of wa tercore a t harves t) most 
wa tercore had d isa ppea red within 80 
days of harvest. This result is similar to 
that ob tained by Bra mlage and Shipway 
(1 966) w ith the apple c.v . Delicious (one 
of the parents of the c.v. Fuji). 

Therefore in ma rkets w hich p refer 
wCl tercore the pa ttern of loss would re
strict the sa le o f Fuji to a rela ti ve ly short 
period (less than 80 days). Fo r ma rkets 
such as in Europe w hich regard watercore 
as a defect, Fuji co uld be held a t O.5'C fo r 
80 days to ensure that most had disap
pea red. Alterna ti vely fo r early-season 
markets (less than 90 days after harvest) 
in the Northern Hemisphere, Fuji should 
be harvested befo re the mean watercore 
score exceeds 0.5. 
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Figure 1. Loss of watercore during coolstorage for Fuji 
harvested on April 16. 

Figure 2. Loss of watercore during coolstorage for Fuji 
harvested on April 22 and April 28. 
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