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Abstract The effects of inoculation and cool-
storage delays, factors affecting fruit composition
(harvest date, vine, soluble solids content, position
in canopy), and preharvest treatment with salicylic
acid on the incidence of Botrytis cinerea storage
rots in kiwifruit were investigated. 'Hayward'
kiwifruit picked during the 1992 and 1993 harvest
seasons with pedicels attached were inoculated by
applying mixed germinated and ungerminated
Botrytis cinerea conidia to wounds formed by
removal of the pedicels. The incidence of rots was
consistently high (82-88%) when inoculation was
within 0.1 h of picking and fruit was cooled rapidly.
Where cooling and inoculation were delayed the
incidence declined significantly. In these instances
it varied with vine and harvest date with no apparent
dependence on fruit maturity. The salicylic acid
treatment significantly reduced the incidence of
storage rots.
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INTRODUCTION

Botrytis cinerea Persoon ("botrytis") stem end rot is
a major cause of postharvest losses in kiwifruit
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{Actinidia deliciosa (A. Chev) C.F. Liang et A.R.
Ferguson 'Hayward'). Fruit is normally harvested
by tearing the fruit from the pedicel, forming an
irregular wound surface through which infection
occurs. In 0°C coolstorage, rots develop in the main
fruit body after 4-12 weeks, appearing as a
characteristic waterlogged often radially symmetric
zone, spreading from the stem end of the fruit.

The incidence of rots in commercially packed
fruit varies considerably during the harvest season
and between sites for reasons that are not well
understood. There is evidence that this variability is
a result of resistance in the fruit. For example,
inoculated fruit had a lower incidence of rots if
packing and cooling was delayed for up to 7 days
than if done on the day of harvest (Pennycook &
Manning 1992). Development of Botrytis infections
in the stem end of the fruit were considerably less
rapid than in pericarp, possibly because of inhibitory
components present in these tissues (Poole &
McLeod 1991; Sharrock & Hallett 1991). Changes
in the early postharvest period, such as production
of phenolic polymers or other secondary metabolites
in the stem end tissues may contribute to this
resistance (McLeod & Poole 1994).

Ripening affects disease resistance in fruit such
as avocado (Prusky et al. 1985) and tomato (Lavy-
Meir et al. 1989). Even though there is considerable
variation of kiwifruit soluble solids content with
position in the vine canopy (G. Smith 1992 pers.
comm.), there are no visible changes at maturity,
and all fruit is picked commercially at the same
time. The position of fruit in the vine canopy is
known to affect post storage firmness and soluble
solids (Smith et al. 1994).

It is possible that these differences in fruit
composition before harvest, and changes occurring
in the early postharvest period affect the
susceptibility of kiwifruit to storage infections. In
the present work we investigated vine, canopy
position, and harvest date variation, and the effect
of postharvest handling on the incidence of Botrytis
cinerea storage rots.
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EXPERIMENTAL

Fruit handling
Vines used for these experiments were 6-11-year-
old 'Hayward' cultivar grafts on seedling rootstock
in a single block at the Blands research orchard near
Hamilton, New Zealand. The vines were trained as
T-bars in north-south oriented rows.

Kiwifruit were harvested between 0930 and
1030 h with pedicels remaining attached. Fruit
firmness exceeded 2 kg force by subcutaneous
penetrometer. Soluble solids were determined as
mean refractive index (degrees Brix, Atago) of
juice expressed from the apical and basal flesh for
a minimum of five fruit. At varying times after
harvest, the pedicels were pulled from the fruit and
the picking wound surfaces thus formed were
inoculated with 5 (Xl B. cinerea conidial suspension.
Fruit was maintained under cover at ambient
temperature (12-16CC) after picking until being
placed in 0°C coolstorage. Sample groups were
packed in formed plastic liners to separate the fruit.
These were wrapped with polythene film and
supported in single layer wooden trays.

Different cooling regimes were used over the
two harvest seasons. The rate of cooling was
determined using a thermocouple probe attached to
fruit surfaces at the tray edges and centres. In the
1992 season, the trays were close packed in 0°C
coolstorage to minimise cold air circulation and the
rate of cooling. Surface temperatures reduced to
< 10°C after 20 h. In the 1993 season, the trays were
stacked in vertical columns so that all tray edges,
but not top or bottom surfaces, were exposed to free
air circulation. Fruit in the centre of the tray cooled
to 10°C within 4 h, whereas fruit in the outer parts
of the tray cooled to < 7°C within 4 h; all fruit
reached 2°C or lower within 14 h. Fruit was examined
monthly up to 13-15 weeks after harvest, recording
characteristic botrytis rots and discarding infected
fruit.

B. cinerea conidial suspension
The strain of B. cinerea used had been isolated from
infected fruit in a Tauranga pack house in 1990 and
successively recultured at ambient and 4°C. A
suspension containing B. cinerea conidia 200 000/
ml, half that had been incubated for 16 h at 22°C in
0.05M glucose and Czapek's nutrients and half
ungerminated was prepared each day as described
previously (McLeod & Poole 1994). Viability was
tested on each day by determining the proportion of
conidia germinated during the incubation, and by

inoculating kiwifruit pericarp on the vine (9 fruit)
with 0.5-1 (0.1 mixed suspension. Over 80% of
conidia germinated within 16 h, and over 7 days, all
fruit developed rots radiating 7-10 mm from the
needle track. At the stage of fruit inoculation, germ
tubes were 0.15-0.25 the length of the swollen
conidium, extending in the nutrient medium at
c. 20 urn /h.

Sampling and fruit treatments
1992 season

Influence of harvest date on the incidence of rots

Uniformly sized fruit (95-110 g), was sampled
from four heights within the canopy (< 1.1,1.1-1.5,
1.5-1.8, and > 1.8 m) from the same four vines on
24 April and 13 May. Fruit in the 1.5-1.8 m high
canopy sector from four other vines in the same
block were harvested on 26 May. Two replicates of
20 fruit were used for each vine and canopy position.
Pedicels were removed within 30 min of picking.
The fruit was inoculated immediately afterwards,
and stored 1 h later.

Effect of salicylate on susceptibility to
postharvest infection
Fruit (95-110 g) in the 1.1-1.8 m high canopy
sector from three vines was randomly divided into
treatment and control groups, each consisting of six
replicates of 18 fruit. On 28 May, fruit was dipped
into solutions containing iprodione (Rovral FLO,
Rhone Poulenc) 10 mg a.i./litre to cover the proximal
end of the pedicel and the sepals. For the treated
group, the solution also contained sodium salicylate
(BDH) 1 mM. Fruit was harvested after 24 h,
inoculated immediately and placed in coolstorage
after 1 h.

1993 season

Effect of delays in inoculation and coolstorage on
incidence of rots
Fruit (95-110 g) was harvested from the mid and
upper canopy (>1.1 m above ground) in at least four
vines on 4, 11, 26 May, and 1 June. Mean soluble
solids contents were 7.8, 9.3, 9.1, and 9.4 degrees
Brix for the 4, 11, 26 May, and 1 June experiments
respectively.

Eight replicates of 20 fruit on each day were
inoculated within 6 min of harvest and placed in
coolstorage within 30 min. Some of the fruit
harvested on 4 and 11 May was maintained at
ambient temperature before inoculation and


