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Abstract A survey of red colour in 'Fuji' apple
(Mains domestica Borkh.) fruit from trees in orchards
situated in three regions of New Zealand has
confirmed that tree vigour, tree nitrogen (N) status,
and region are important factors determining the
extent and intensity of red colour development. The
survey was conducted in Hawkes Bay and Nelson in
1990 and Hawkes Bay and Canterbury in 1991. In
both years, a multiple regression model using leaf N
concentration in February, tree vigour, and region
as predictors for the intensity of red colour (chroma)
gave the best fit to the data (r2 = 0.65,1990; r2 = 0.46,
1991). Interaction terms for leaf N status and region,
and growth rate and region were also significant. A
multiple regression model over both years for
Hawkes Bay found leaf N concentration in February
and growth rate to be useful predictors for chroma
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(r2 = 0.66). Leaf N status and tree vigour appear to
act separately, and direct effects on fruit colour
development seem to be implicated rather than
secondary factors such as shading. Additional
measurements in Hawkes Bay showed that
anthocyanin concentrations were not related to
changes in chroma, leaf N concentration, or fruit N
concentration. Chlorophyll concentration increased
with increasing fruit N concentration in individual
fruit (r2 = 0.35), and this corresponded to decreased
red colour intensity (chroma). The relationships
explored here explained c. 50—60% of variation in
the intensity of red colour. Considered against the
survey method and the potential of other factors to
affect red colour development, the regressions
presented gave insight into ways of managing young
'Fuji' trees for increased red colour.
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INTRODUCTION

Poor red colour at fruit maturity is a limitation to the
export of New Zealand grown apples (Mains
Domestica Borkh.) of the 'Fuji' cultivar. Fruit are
selectively harvested and graded in orderto maximise
fruit red colour development, and this has a marked
effect on the profitability of growing this cultivar.
An export standard of a bright pink/red colour
covering 33% of the fruit has been imposed. Much
of the fruit from young (1—5-year-old) trees does
not, however, reach this standard under New Zealand
growing conditions. The extent and intensity of
colour in red varieties is affected by many climatic
and cultural factors (Saure 1990). Among those
which can be influenced by cultural practice are tree
vigourand level of nitrogen (N) fertilisation (Weeks
et al. 1958) (Boynton & Cain 1943). Generally,
increased vigour results in a decline in the extent of
red colour development (Weeks et al. 1958) and
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higher N concentrations have been correlated with
lower red colour in 'Mclntosh' apples (Boynton &
Cain 1943). As part of larger programme on factors
affecting red colour in 'Fuji' and other cultivars, we
conducted an initial survey of variations in the
extent and intensities of red fruit colour in orchards
from three different regions of New Zealand. To
help to explain variations in fruit colour several
additional factors were assessed, and these included
leaf N concentrations, fruit maturity, tree vigour,
and tree age.

METHOD AND MATERIALS

Tree selection
The variation in the intensity of fruit red colour was
surveyed in two different regions of New Zealand
each year. The survey was conducted over two
seasons. We assessed 21 orchard sites in Hawkes
Bay and 14 sites in Nelson in the 1989—90 season.
In 1990-91 we assessed 36 orchard sites in Hawkes
Bay, and 11 sites in Canterbury. Tree age varied
from 3—5 years, all trees were trained as centre
leader pyramids, planted at similar spacings (4.5—
5.5 m x 2.0—3.5 m) of similar size and heavily
cropped. The trees were on semi-dwarfing rootstocks
(MM 106 or M793). At each orchard site six similar
cropping and sized trees were selected at the
beginning of the season immediately after full bloom.

Tree and fruit measurements
Vigour was quantified by the increase in trunk
cross-sectional area at 0.2 m above the graft overthe
period of the study (October—April). Absolute
increase in tree cross-sectional area (GR) and relative
increase in tree cross-sectional area (RGR) were
calculated from this data according to the following:
GR = TCA (April) - TCA (October) and RGR =
GR/TCA (October). Samples of the youngest fully
matured leaves from the current years growth (40
leaves/tree) were taken in November (N1) and early
February (N2) from each tree, and analysed for total
N by a modified Kjeldahl procedure (Baethgen &
Alley 1990). All trees were harvested on the same
day in each region (18 April 1990 Hawkes Bay; 23
April 1990, Nelson; 09 April 1991, Hawkes Bay; 16
April 1991, Canterbury) in the middle of the
commercial harvest period.

Five fruit were sampled randomly from the
outer part of the tree canopy at shoulder height. This
was done to minimise the influence of canopy
position on skin colour development. Individual

fruit samples were stored at ambient and
measurements of fruit quality and maturity made
the following day. The fruit maturity parameters
determined were soluble solids, starch pattern,
background colour, firmness, and background
colour.

Background colour was determined using a
specific' Fuj i' background colour chart, which rates
colour from 1 (green) to 10 (gold). Red colour was
assessed on the fruit from each tree using a fruit
industry red colour chart (= red colour score). The
scale ranged from 1 to 12, with 1 representing a very
dull bronze and 12 a bright pink. Red colour on the
blushed side of each fruit was also measured with a
colour reflectance meter (Minolta) (McGuire 1992).
This technique measures L, a, and b values which
relate to the lightness, hue, and intensity of fruit
colour. McGuire (1992) suggests that lightness (L)
values can be reported without further manipulation
but that a and b values relate to co-ordinates in space
which indirectly reflect hue and chroma but are
difficult to interpret separately. To relate measured
a and b values to the elements of perceived colour
as defined by Munsell notation we have calculated
hue (H) and chroma (C) in the manner described by
McGuire (1992).

At harvest in 1991 in Hawkes Bay samples of
5 fruit/tree were also taken for analysis of skin
pigments. Skin punches, 8 mm diameter, were taken
from the blush side of the fruit. Punches were sliced
2 mm thick for chlorophylls and 1 mm thick for
anthocyanins. Anthocyanins were estimated after
extraction with isopropanol : water : lactic acid
(3 ml, 95:3:2, v/v) in vacuo for 10 min and then
overnight at 4°C. An additional 1 ml water was
added to each sample which was mixed, stood for
2 h and centrifuged at 2000g.

Absorbances were measured with a Pye Unicam
SP6 spectrophotometer (6 run bandpass) in a 1 cm
flow cell. The absorbance for anthocyanin was
measured at 530 nm and the anthocyanin
concentration calculated from the extinction
coefficient of an ideain-HCl solution in this solvent
compared with that in ethanol-HCl. The chlorophylls
were extracted with 2 ml dimethylformamide
(DMF)-triethanolamine carbonate (99/1 v/v,
prepared by saturating a stock solution of
triethanolamine in dimethylformamide with carbon
dioxide) in vacuo for 20 min and then overnight at
4°C. Acetone-dimethylformamide-water (3 ml,
80:19:1, v/v) was added, the solution mixed, stood
for 1 h at room temperature, mixed, and centrifuged
at 2000g. The absorbance was measured at 662.5


