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Flower quality and fruit size in kiwifruit {Actinidia deliciosa)
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Abstract Kiwifruit (Actinidia deliciosa (A. Chev.)
C.F. Liang et A.R, Ferguson 'Hayward') vines were
grown at five sites that represented the climatic range
of the major kiwifruit growing regions of New Zea-
land. Hydrogen cyanamide was applied to half the
vines at three of the sites. Measurements of flower
quality over two seasons were used to determine if
this was linked to fruit weight at harvest. There was
a progressive increase in ovary fresh weight and
ovary dry weight from warmer to cooler sites. Hy-
drogen cyanamide increased ovary fresh weight by
between 6 and 20% and fruit weight by up to 11%
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at the two warmest sites. Variation in ovary fresh
weight and dry weight accounted for some of the
variation in fruit weight 170 days from flowering in
the first season, but over both seasons, by itself, had
no predictive value. The highest correlation between
fruit weight and flower quality across both seasons
was with the ratio of pedicel length to seed number
(r2 = 0.56). The relatively consistent relationships
that have previously been found between crop load
and average fruit weight and between flower qual-
ity and fruit weight at harvest did not apply over
different seasons and regions.
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INTRODUCTION

Season-to-season variation in the fruit size of
kiwifruit (Actinidia deliciosa (A. Chev.) C.F. Liang
et A.R. Ferguson 'Hayward') poses difficulties in
management of vines and distribution and marketing
of the fruit. Changes in the relationship between
mean fruit size and crop load from year to year,
provides an indication of the magnitude of seasonal
variation. Cooper & Marshall (1990) reported a 20 g
range in mean fruit weight over 3 years for vines with
a similar crop load and management, whereas
Snelgar et al. (1986) found a 17 g difference over
two seasons and Van Oostrom (1985) found a 10 g
difference.

A significant amount of seasonal variation in
kiwifruit size at harvest is established early in the
fruit growth period. Hall et al. (1996) found that
c. 75% of the variation in mean fruit volume and
80% of the standard deviation at harvest were
already determined by 50 days after flowering. This
is about the time that the second, slower phase of
fruit growth starts and is only one third of the way
through the fruit growth period.

Fruit size is determined by cell number and cell
size, so factors which influence it are likely to be
active during periods of substantial cell division and
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expansion before and after anthesis. Unlike most
deciduous fruit crops where flower bud differ-
entiation occurs in the season before their
emergence, in kiwifruit it occurs only c. 3 weeks
before budbreak (Linsley-Noakes & Allan 1987;
Snowball & Walton 1992) which is typically 7-12
weeks before anthesis in New Zealand (McPherson
et al. 1992). Therefore flower quality is likely to be
influenced during the 10-15 weeks before anthesis.
Almost one third of the number of cells present in
mature kiwifruit are present at flowering (Hopping
1976) and the majority of cell division has been
completed 50 days from flowering (Hopping 1976;
Woolley et al. 1992; Currie 1997).

The size and quality of kiwifruit flowers has been
shown to be important in determining final fruit size.
Several authors have found that early flowers had
larger ovaries with more locules and ovules than late
flowers on the same vine and they produced larger
fruit (Lai et al. 1990; Lawes et al. 1990; Cruz-
Castillo et al. 1991). Comparisons between early and
late flowers may be a result of competition for
resources within the vine and positional effects
(Smith et al. 1994). It has not been established
whether these relationships between flower and fruit
size apply between regions and seasons.

Processes that occur during the 7-week period of
rapid fruit growth immediately after anthesis may
also affect fruit size at harvest. The effectiveness of
pollination is important. Currie (1997) found that
poorly pollinated kiwifruit had fewer cells and a
lower fruit growth rate. Individual fruit weights are
highly correlated with seed number and increases in
fruit weight of between 3.6 and 5.6 g/100 seeds have
been found (Hopping 1990; Snelgar et al. 1991;
Snelgar & Martin 1997).

Vascular development of the pedicel or fruit may
also influence fruit growth. Fruit size was found to
be highly correlated (r2 - 0.72) with the diameter of
fruit pedicels (Lai et al. 1990) however because the
pedicel measurements were made at harvest it was
not clear when their influence may have been
important. In satsuma mandarins, Marsh et al. (1999)
found that 9 weeks after anthesis, the cross-sectional
area of vascular bundles was highly correlated (r2 =
0.98) with fruit volume at harvest. It is not clear
whether this is due to assimilate transport limitations
or merely an effect of sink strength.

A further consideration in assessing the impact of
flower quality on fruit growth is the widespread
commercial use of hydrogen cyanamide. Hydrogen
cyanamide is applied before budbreak to promote
flower production by reducing abortion of basal

flower buds (Walton & Fowke 1993). Increases in
fruit size have also been reported. Henzell et al.
(1992) found that in the Bay of Plenty, New Zealand,
the mean weight of fruit increased by from 1 to 15%
over five seasons when hydrogen cyanamide was
used despite a 20% increase in average crop load.
Costa et al. (1997) found that, in southern Italy,
hydrogen cyanamide increased average fruit size and
the percentage of marketable fruits, increasing the
yield of marketable fruit by between 8 and 515%
over four seasons.

As the fruit size at harvest has been largely
determined by 50 days from flowering (Hall et al.
1996), it must be an expression of differences that
exist earlier than that, possibly by the time of fruit
set. The objective of this study is to explore
variability in flower quality between seasons and
regions, and seek relationships with fruit size at
harvest. This may provide a basis for understanding
the causes of the variation in fruit size at harvest, and
to develop predictive tools. Clearly, when within-
season forecasts are required, the earlier in the season
the predictions can be made, the better.

MATERIALS AND METHODS

Kiwifruit vines (A. deliciosa 'Hayward') were grown
on three HortResearch Research Orchards (Kerikeri
35°10'S, 173°55'E; Te Puke 37°50'S, 176°19'E;
andRiwaka 41°07'S, 172°57'E). Two commercial
orchards near the Te Puke Research Orchard were
also used, one was 120 m higher than the research
orchard ("TP Hi", 37°53'S, 176°17'E); and the
other 90 m lower ("TP Lo", 37°49'S, 176°49'E).
Measurements were made over two seasons—1996/
97 and 1997/98. All vines were more than 10 years
old, trained on T-bar trellises and managed using
standard commercial practices (Sale 1983).
Pollination was by bees, combined with
supplementary pollination using the PollenAid™
system. At the research orchard sites, five blocks of
vines were selected, each with two pairs of vines.
Hydrogen cyanamide was applied randomly to one
of each pair used at a rate of 3.12 kg active
ingredient per 100 litres, between 34 and 65 days
before natural budbreak. In the commercial orchards,
10 vines in a single row were used with no
application of hydrogen cyanamide.

Two typical fruiting canes were chosen on each
vine (one cane per side). At the mid-point of
flowering, two fruiting laterals positioned at the mid-
point along each fruiting cane, were chosen and


