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Manipulation of carbohydrate concentrations in kiwifruit
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Abstract Girdling was used to manipulate
carbohydrate concentrations in kiwifruit {Actinidia
deliciosa (A. Chev) C.F. Liang et A.R. Ferguson
var. deliciosa) laterals to determine the impact of
carbohydrates on the rate of fruit maturation.
Individual laterals were girdled and pruned to
achieve either a 1:1 or 5:1 leaf:fruit ratio. Fresh
weight, dry matter concentration, soluble solids,
total sugar, and starch concentrations, were higher
in fruit from the 5:1 than 1:1 leaf: fruit ratio treatment.
There was, however, no impact of leaf :fruit ratio on
the rate of decrease in flesh firmness. Fruit
maturation, assessed by the time to reach 6.2%
soluble solids concentration, was markedly delayed
in the 1:1 treatment compared to fruit from the 5:1
leaf:fruit ratio treatment. Carbohydrate
concentration in the 1:1 leaf:fruit ratio treatment
appeared to be insufficient to allow normal fruit
maturation to occur.
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INTRODUCTION

Fruit growth depends on the ability of fruit to
compete with vegetative growth for a supply of
assimilates from leaves. Studies using 14CO2 have
shown that assimilate flows from the source (leaves)
to the closest sink (fruit) along a gradient. Crops
investigated by this technique include apple (Malus
domestica Borkh.) (Hansen 1969), kiwifruit
(Actinidia deliciosa (A. Chev) C.F. Liang et A.R.
Ferguson var. deliciosa) (Lai et al. 1989),
muskmelon (Cucumis melo L.) (Hughes et al. 1983),
and tomato (Lycopersicon esculentum Mill.) (Ho et
al. 1983). In kiwifruit, the direction of flow of
assimilate was normally from the source to the
adjacent sink (Buwalda & Smith 1990), but
assimilate can be transported to fruit that are >2 m
from the nearest leaf (Snelgaretal. 1986). Similarly,
removal of fruit from selected branches of apple
trees showed that leaves on non-bearing branches
support fruit growth on neighbouring branches
(Hansen & Christensen 1974).

The flow of assimilate to fruit can be altered by
girdling. The technique of girdling the trunk, or a
branch of a fruit tree, has been used to increase fruit
set and fruit size in apple (Priestley 1976a,b), grape
(Coombe 1959), and kiwifruit (Davison 1980).
Supply of assimilate is restricted by the number of
leaves present on girdled branches or laterals as it is
isolated from other parts of the plant, in contrast to
ungirdled branches or laterals where assimilate can
be imported from elsewhere within the plant.
Consequently, on a girdled kiwifruit lateral fruit
growth was totally dependent on the supply of
assimilate from leaves within that lateral and fruit
were smaller with a leaf:fruit ratio of 1:1 compared
with one of 2:1, whereas fruit size was unaffected
by the leaf:fruit ratio treatment on an ungirdled
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lateral (Lai et al. 1989). Similarly, fruit size was
progressively reduced as the leaf:fruit ratio on
girdled kiwifruit laterals reduced from 5:1 to 1:1
(Snelgar et al. 1986; Woolley et al. 1992).

Many changes occur in fruit during maturation,
including increases in soluble solids concentration
(SSC), total sugar concentration, dry matter (DM)
concentration, and fresh weight, together with
decreases in starch concentration and flesh firmness
(Beever & Hopkirk 1990). Increasing the leaf:fruit
ratio on girdled laterals, in addition to influencing
fruit weight (Snelgar et al. 1986; Lai et al. 1989;
Woolley et al. 1992), also increased SSC at harvest
(Snelgar & Thorp 1988). Results of girdling studies
have normally been reported as changes in fruit
weight. However, important changes in the fruit
that occur during development and maturation, such
as changes in carbohydrate concentration and flesh
firmness have not been measured previously. In the
present study, girdling of kiwifruit laterals was used
to manipulate carbohydrate concentrations in fruit
to determine whether they affected rate of
maturation.

MATERIALS AND METHODS

Six 8-year-old 'Hayward' kiwifruit vines were
selected from the Fruit Crops Unit orchard, Massey
University, Palmerston North (40°23'S, 175°37'E),
New Zealand. The soil type was a Manawatu fine
sandy loam (sandy, mixed, mesic, Dystric Fluventic
Eutrochrept). Vines were trained on T-bars and
spaced 4.5 m apart within a row and 5 m between
rows.

On 14 January 1991, 30 fruiting canes on each
vine were randomly selected from a similar region
of the vine and were girdled, pruned, and thinned to
give two different leaf :fruit ratio treatments (1 leaf: 1
fruit or 5 leaves: 1 fruit). Any further increase in leaf
area was unlikely, as leaves were fully expanded
and the fruiting cane was pruned close to the last
leaf. Girdling involved removal of a 10 mm portion
of bark on the lateral closest to the vine leader. The
girdled region was recut when necessary to prevent
reconnection of the phloem.

Two fruit from each treatment were harvested
from each of the six vines on five occasions
(21 March (Day 0), 11 April, 26 April, 6 May, and
15 May). Measurements made on each fruit were:
fresh weight, SSC at both ends of the fruit using an
Atago N-20 hand-held refractometer (Harman &
Hopkirk 1982); flesh firmness, using an Effigi

penetrometer (FT 327) with an 8 mm head (on
opposite sides of the fruit after skin had been removed
to a depth of 2 mm); DM concentration, by taking a
3 mm transverse section through the equatorial
region and recording both fresh and dry (40°C for
48 h) weights. Samples of outer pericarp and core
tissue were also taken for subsequent analysis of
starch and total sugar concentrations (Seager &
Haslemore 1993).

The fruit weight, DM, sugar and starch
concentration data at each measurement time were
analysed by ANOVA procedures with vine as the
block stratum. The trends in flesh firmness and
SSC over time were analysed using regression
models.

RESULTS

Girdling had a major effect on fruit growth by the
first harvest in March, as fruit in the 5:1 leaf:fruit
ratio treatment were 39 g heavier than those in the
1:1 leaf:fruit ratio treatment (Table 1). The rates of
increase in fruit size during the period from Day 0
to Day 55 were 0.17 and 0.28 g fresh weight (FW)/
day for the 1:1 and 5:1 leaf:fruit ratio treatments,
respectively.

Flesh firmness decreased with time in both
treatments (Fig. 1), but there was no significant
difference between the leaf:fruit ratio treatments.

At the first harvest, DM was >2% higher in the
5:1 than in the 1:1 leaf: fruit ratio treatment (Table 1).
Rates of increase in DM over the 55-day period
were 0.020 and 0.038%/day for fruit harvested from
the 1:1 and 5:1 leaf:fruit ratio treatments,
respectively.

A quadratic fitted the SSC data well (Fig. 2).
The two curves were significantly different as by
Day 55, increase in SSC was faster in the 5:1 than
the 1:1 leaf:fruit ratio.

Starch and total sugar concentrations tended to
be consistently higher in the 5:1 than in the
1:1 leaf:fruit ratio treatment (Fig. 3). Although the
differences at each harvest were not significant, it is
highly unlikely that the concentrations in the 5:1
ratio exceeded those in the 1:1 ratio treatment in
several consecutive measurements if a true
differential did not exist. Concentration of starch
and total sugar in the core was generally greater
than or equal to that in the outer pericarp at all
harvests. The decrease in starch concentration after
the second or third harvest corresponded to an
increase in total sugar concentration.


