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Relationship between canopy density
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Abstract The influence of canopy density on fruit
quality was investigated during 2 years in two com-
mercial kiwifruit (Actinidia deliciosa 'Hayward')
orchards in Te Puke, New Zealand. One orchard had
a history of producing fruit which store well, whereas
the other tended to have a dense canopy, and high
losses of fruit during coolstorage. In each orchard
we adjusted pruning regimes to produce open, or
dense canopies, with mean leaf area index (LAI)
values ranging from 3.0 to 5.5. There was a tendency
for vines with dense canopies to have more prema-
ture fruit drop and more soft fruit on the vine at
harvest; reduced accumulation of dry matter in fruit
during maturation; fruit with lighter, more vivid,
more yellow/brown skin; lighter, less vivid, and less
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green flesh; reduced fruit firmness after long-term
storage; increased fruit losses during storage because
of stem end rots; and fruit with different textural
properties, but similar flavour and aroma. However,
in many instances differences were found between
fruit from the two orchards which could not be at-
tributed to variations in canopy density. Although
some of the effects related to canopy density were
statistically significant, most were small and prob-
ably not of commercial importance.
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INTRODUCTION

Premature softening of kiwifruit {Actinidia deliciosa
(A Chev.) C. F. Liang et A. R. Ferguson) during
storage can result in fruit being too soft to transport,
or market. Such losses can significantly reduce or-
chard profitability, particularly when the likelihood
of such losses is not predictable. It is popularly be-
lieved (Ombler 1991; McLeod 1992; Mulligan 1993)
that the way kiwifruit vines are managed can affect
fruit quality, and fruit softening. There is a wide-
spread belief that vines with a dense leaf canopy tend
to produce fruit which soften prematurely on the vine
and which have high levels of fruit loss during com-
mercial storage. However, pruning vines so that the
canopy is very open can also reduce fruit quality.
Tombesi et al. (1994) have shown that a leaf area
index (LAI) of 1.8 can reduce fruit size, and the fruit
soluble solids concentration, at harvest.

Shading within trees has been shown to reduce
fruit quality in many fruit species, including satsuma
mandarin, peach, grapes, and raspberries (Palmer
1989). Of the species reviewed, grapes had the low-
est within-canopy irradiance, with photosynthetically
active radiation (PAR) levels as low as 1% of those
above the vine. Grapes which were exposed to high
light levels were generally higher in sugar and an-
thocyanin, and lower in titratable acidity, all
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characteristics which enhance the quality of wine.
Removal of leaves near the fruit clusters to allow
more light onto the fruit and improve fruit quality,
is used commercially in vineyards in California and
Europe (Kliewer & Smart 1989).

Kiwifruit vines can produce a dense canopy
which results in low light levels in the fruiting zone
at the bottom of the canopy (Tombesi et al. 1994).
Within-vine shading has been shown to reduce the
diameter of individual canes, fruit size, and fruit
starch concentration, but not sugar levels of kiwifruit
(Grant & Ryugo 1984a). Davison (1977) observed
differences in fruit firmness, soluble solids concen-
tration, colour, and taste between fruit from well-
shaded and exposed positions on individual vines.
Tombesi et al. (1993) showed that fruit from the
shaded parts of the canopy were smaller and had a
lower chlorophyll concentration at harvest. During
storage these fruit were consistently less firm, and
had a lower soluble solids concentration than fruits
which had grown in exposed positions. Artificial
shading of individual fruits of kiwifruit similarly
reduces flesh firmness, soluble solids concentration,
and dry matter (DM) concentration at harvest
(Tombesi et al. 1993). However, the data of Smith
et al. (1994) imply that low light levels do not al-
ways reduce fruit quality of kiwifruit. In that study,
fruit with the highest soluble solids concentration
(after 12 weeks of storage) were located near the
cordon, in the denser parts of the canopy.

The effects of light microclimate appear to be
moderated by crop load (Lakso et al. 1989; Snelgar
et al. 1991), so that on low-cropping plants any ef-
fect of shading is essentially undetectable, but on
high-cropping plants shading severely reduces fruit
size. Similarly, the soluble solids concentration of
grapes is most severely reduced by shading when
vines are carrying a heavy crop (Lakso et al. 1989).

The influences of LAI and crop load on vine pro-
ductivity were investigated by Snelgar & Martin
(1995) on two commercial orchards in Te Puke dur-
ing 2 years. Orchard A had a history of producing
fruit which stored well, whereas Orchard B tended
to have a dense canopy, and high losses of fruit
during coolstorage. In each orchard we pruned canes
and leaves to produce vines which had "open" or
"dense" canopies, so that the LAI of individual vines
ranged from 2.5 to 6.0. High values of LAI were
found to decrease mean fruit size at a rate of 5.8 g
per unit LAI, but only in the second season, when
crop loads were high (21-70 fruit/m2). In the present
study we report on the fruit quality aspects of this
trial.

MATERIALS AND METHODS

Trial layout and pruning treatments
The trial was undertaken in two adjacent commer-
cial orchards in Te Puke, Bay of Plenty, New Zea-
land (37°49'S, 176°19'E), each with mature vines
trained on pergola support systems. Pruning and crop
load treatments were randomly assigned, in a 2 x 2
x 2 factorial design (orchard x LAI x crop load), to
a total of 40 experimental vines. It was initiated in
late winter 1991, after winter pruning had already
been completed. Orchard B had more canes tied
down per metre of row than Orchard A, and we did
not modify these differences in cane density. Sum-
mer pruning regimes were: (1) "normal" summer
pruning, resulting in a open canopy. Shoots were
tipped in mid October, followed by summer prun-
ing on four occasions, at approximately monthly
intervals. Summer pruning consisted of tipping
shoots back to 2-4 leaves beyond the fruit and re-
moving some vegetative shoots; and (2) no summer
pruning, resulting in a dense, more shaded and tan-
gled canopy.

The LAI varied between orchards (Orchard B,
with more canes per metre, tended to have higher
LAI than Orchard A) and between years, as well as
between pruning treatments. Thus the terms open
and dense are relative, rather than absolute.

Single vines were used as experimental plots, but
half of each of the surrounding guard-vines was
pruned to the same LAI. In this first season, crop
loads on all vines were not high, so we did not
modify crop loads.

In the second season, winter pruning was adjusted
so that more cane was tied down on the dense vines
in both orchards (3.3 canes per metre of row cf. 2.4
on the open-canopied vines). The same summer
pruning regimes were applied to the vines as the
previous season. In addition, two nominal crop loads
were imposed on vines by thinning fruit. Crop loads
were relative ("low" and "high") because vines with
fewer canes (low LAI) carried fewer fruit, so it was
difficult to set high crop loads on these vines.

A combination of natural pollination by bees, and
artificial pollination using hand held sprayers was
used in each orchard. Standard commercial practices
were applied throughout the trial. Hydrogen cyana-
mid was applied to Orchard A in spring 1991 and to
both orchards in 1992 to increase budburst.

Orchard measurements
From mid February onwards, each experimental vine
was visually assessed for leaf condition and leaf drop


