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Abstract Eighteen-year-old, top-dominant central
leader trees of 'Granny Smith' apple (Malus
domestica Borkh.) were restructured during the
1987 and 1988 dormant seasons into either palmette
central leader (initially) or pyramid central leader
forms. In the palmette form, pruning was restricted
to the total removal of the uppermost east- and west-
facing fruiting scaffolds in 1987, and the shortening
of all middle scaffolds and the upper north-facing
scaffold in 1988. In the pyramid form, major scaffold
limbs were subjectively removed or shortened to re-
establish the desired pyramid shape over the two
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dormant seasons. Both forms were also renewal
pruned annually to totally remove pendant fruiting
laterals and spur-bearing wood over 4 years old. In
addition, unmodified top-dominant trees that were
either renewal pruned or containment pruned
(primarily heading cuts) were maintained for
comparison with the restructuring treatments. The
restructuring treatments resulted in improved light
penetration to the lower and inner canopy regions,
improved spur quality, and in a greater proportion
(50% cf. 30%) of the fruit being borne in the lower
half of the tree. Cumulative yield over the 3 years of
study was not reduced in the restructured trees in
comparison with the containment-pruned top-
dominant trees and was reduced by only 20% in
comparison with the renewal-pruned top-dominant
trees. Mean fruit size in both the upper and lower
tree regions was not altered by the restructuring
treatments. Renewal pruning alone compared with
containment pruning resulted in a total yield gain of
28% and an 8% increase of mean fruit size in the
lower canopy but did not lead to a redistribution of
fruit within the tree. Major upper canopy
restructuring combined with annual renewal pruning,
therefore, achieved the greatest gains in both yield,
and fruit size along with improved fruit distribution
within the tree.
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INTRODUCTION

The yield of an orchard is limited by the total light
interception of the tree canopies (Jackson 1978;
Hunter & Proctor 1986; Palmer 1989). However,
maximum commercial yields and maximum fruit
quality are also dependent on establishing and
maintaining canopy forms that provide adequate
light to all potential fruit-bearing sites throughout
the tree. This is because fruit size, colour, and
internal quality attributes, such as soluble solids
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concentration, are all highly dependent on the
localised light environment within a tree canopy
(Palmer & Jackson 1974; Ferree 1980; Jackson
1980;Lakso 1980; Robinson etal. 1983; Morgan et
al. 1984; Barritt et al. 1987; Tustin et al. 1988;
Warrington et al. 1995). The development of semi-
intensive plantings of apple (Malus domestica
Borkh.) trees on vigour-controlling rootstocks in
the 1960s, together with training into the central
leader pyramid form, recognised the need to
maximise light interception and improve the within-
tree light distribution to achieve high yields of top
quality fruit from a tree structure that was easy to
manage and harvest (McKenzie & Mouat 1963;
Heinicke 1964).

The central leader canopy described here
comprises a dominant vertical central leader that
supports three well-spaced tiers of permanent
scaffold limbs that bear the fruiting laterals. It has
been a very successful tree training system that has
been widely adopted. Yields of 90-100 t/ha have
been regularly recorded for apple cultivars such as
'Gala' in New Zealand and an upper yield of 2001/
hahas been recorded for 'Granny Smith' (McKenzie
1985). Central leader training allows a relatively
natural tree form to be used and the 0.8-1.0 m
spacing between scaffold limbs, together with the
overall pyramid shape, ensures adequate light
penetration to most regions of the canopy (McKenzie
& Mouat 1963; Morgan et al. 1984; Tustin et al.
1988; Warrington et al. 1995).

Application of renewal pruning methods can
ensure high quality fruit production from all but the
most inner-lower regions of central leader trees
(Tustin et al. 1988). Nevertheless, considerable
skills and experience are needed to ensure that dor-
mant pruning effectively provides an adequate
light penetration into the inner canopy during the
growing season. A characteristic of inappropriate
management of older central leader trees is the
development of top-dominant canopies with
overgrown upper tiers. Consequently, this leads to
shading of the lower and interior regions of the tree
canopy which become devigorated and produce
small, poorly-coloured fruit of inferior quality from
weakly-developed spurs and lateral shoots
(Warrington et al. 1995). In addition, spray pene-
tration into the upper regions of top-dominant trees
is often poor and diseases and pest outbreaks can be
difficult to control. Management of top-dominant
central leader trees is largely characterised by
"containment", where pruning and training practices
confine the tree to the within- and between-row

spacings available. Such a management approach
does little to restructure the tree and the inferior tree
form is sustained for a number of years until such
time that the tree is removed because productivity
declines and management costs increase to
unacceptable levels.

An opportunity for restructuring these top-
dominant trees was provided in the principles
embodied in the "palmette leader" tree design of
Lakso et al. (1989). These workers proposed a
central leader tree form with a complete basal whorl
of scaffold limbs but an upper canopy palmette
where the scaffolds were retained on only the north
and south sides of the leader—so forming a N-S
palmette. The advantage of this tree form is that
light penetration to the lower and inner canopy
regions is improved over the conventional pyramid
form. Restructuring for top-dominant central leader
trees could involve removal of the upper east and
west scaffold limbs initially to form an upper N-S
palmette. This would be followed by the heading
back of the upper north and south scaffolds and of
all middle tier scaffolds to restore gradually the
overall pyramid shape of the tree. The approach
uses only three to four significant chainsaw pruning
cuts per tree over two dormant seasons thus retaining
the preferred balance between cropping and
vegetative growth. When coupled with renewal
pruning, the improved light penetration to lower
and inner canopy regions should lead to improve-
ment in total yield and enhanced fruit size and fruit
quality. These options were investigated in this
study.

MATERIALS AND METHODS

A large, uniform commercial block of top-dominant
central leader trees of 'Granny Smith' apple growing
in the Hawke's Bay fruitgrowing district was used
in this study. The trees were planted in 1970 on
MM. 106 rootstock at a spacing of 4.8 x 3.5 m in N-
S aligned rows. They had a basal tier spread of 3.7
x 3.1 m and were 5.3 m high at the start of the study.
The main study area comprised 24 trees within each
of five adjacent rows. The entire area was surrounded
by several rows of similar trees as guards. Within
each orchard row there were two blocks containing
each of the three main treatments and each of these
treatments were randomly assigned within each
block. Four trees were used for each treatment
within a block but data were only collected from the
middle two trees.


