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Abstract In 1996, the responses of organic and
conventional (i.e., "Kiwigreen") 'Hayward' kiwifruit
(Actinidia deliciosa (A. Chev.) C. F. Liang et A. R.
Ferguson var. deliciosa) to typical postharvest han-
dling and storage regimes were compared, as were
their compositional attributes. Although harvested
on the same day, Kiwigreen fruit were generally
more mature, as indicated by soluble solids concen-
trations, but their average firmness did not differ
significantly. Despite the differences in maturity,
whole fruit softening during storage at 0°C did not
differ significantly with production system. How-
ever, organic fruit nearly always developed less soft
patches on the fruit surface than Kiwigreen fruit with
the average difference being significant. Fruit from
organic production sites often contained more cal-
cium (Ca) with the average difference being on the
borderline of significance while across all produc-
tion sites, the incidence of soft patches was

H99047
Received 29 November 1999; accepted 29 February 2000

negatively associated with the average levels of Ca
in fruit. Typical postharvest handling practices, com-
pared to harvesting directly into trays, did not sig-
nificantly affect whole fruit softening.
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INTRODUCTION

There is anecdotal evidence in New Zealand indi-
cating that organically grown 'Hayward' kiwifruit
(Actinidia deliciosa (A. Chev.) C. F. Liang et A. R.
Ferguson var. deliciosa) store substantially better
than their conventionally grown counterparts. How-
ever, very little published work has compared the
quality of kiwifruit from organic and conventional
systems. In one study, organic fruit were found to
soften less rapidly than conventionally grown fruit
but only two orchards were compared (Hasey et al.
1996). Reasons for the purported differences are
unclear, though they must be linked to one or more
preharvest orchard factors such as soil characteris-
tics. Whatever the reasons, they must be mediated
by differences in the composition of fruit at harvest.

The major objective of the current study was to
compare the responses of'Hayward' fruit from paired
organic and conventional (i.e., "Kiwigreen")
production systems to typical postharvest handling and
storage regimes and to explain those differences based
on inherent differences in the composition of fruit that
may have been built into the fruit by the time they were
harvested; we did not attempt to identify cultural
factors that may have been responsible for any
observed differences in fruit storage behaviour.
Mechanical damage during the handling of kiwifruit
has exacerbated the incidence of soft patches (Davie
1997). Handling might also be expected to increase the
spread of disease spores. Therefore, we also examined
the effects of handling on the softening behaviour of
fruit as well as the incidence of Botrytis cinerea
infections in stored fruit.
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MATERIALS AND METHODS

Orchard survey
In 1996, ten pairs (i.e., neighbouring properties) of
organic and Kiwigreen orchards were identified in
the Bay of Plenty region, New Zealand^ Within
pairs, the altitude, climate, and soil type of each
orchard was assumed to be similar but are likely to
have differed between pairs because of their geo-
graphical separation; data was not collected to test
these assumptions. Subsequently, 30 trays of count
36 (93-103 g) size fruit (plus 20 additional fruit,
count 36 size) were harvested throughout May from
each of the orchards as soon as the average soluble
solids concentrations (SSC) of the fruit from each
pair was as close to 6.2% as logistically possible. For
each grower, 10 trays of fruit were picked directly
into polylined single layered trays whereas the re-
maining 20 trays of fruit were harvested into pick-
ing bags then transferred into wooden bins. The
position of sampled fruit was standardised as the
second fruit (from the basal end of the shoot) on a
fruitin" lateral, taken only if it had a subtending leaf.
Fruit were sampled from several vines, evenly
spaced throughout a single block at each orchard.
Within each pair, fruit were harvested on the same
day within hours of each other (to minimise differ-
ences in fruit attributes such as maturity) but pairs
of orchards were harvested on different days. After
harvesting, fruit from each of the orchards were
transported to the HortResearch Research Orchard
packhouse in Te Puke. Those fruit harvested into
wooden bins were then run across a mechanical
grader (Treeways) and of those 20 trays, 10 were
subsequently treated with a fungicide (Rovral™), in
an attempt to prevent Botrytis infections, by dipping
the stem ends of each fruit into the fungicide. Dur-
ing grading, the 20 trays of fruit per orchard were
packed into polylined single layered trays. By the
end of grading and treatment with fungicide, the
following three handling treatments (10 trays each)
had been established per orchard: (1) not handled
with no fungicide dip (control); (2) handled with no
fungicide dip; and (3) handled with fungicide dip.
At the same time that fruit were being graded, the
flesh firmness, SSC, and mineral composition of the
20 additional fruit sampled from each orchard were
determined. The total SSC of each fruit was

Organic orchards in pairs 8, 9, and 10 were paired
against the same Kiwigreen orchard as they were all
next to each other. Hence, the Kiwigreen data presented
here for these pairs are the same.

determined by extracting and mixing two drops of
juice from the two cut ends of each fruit into a re-
fractometer (Atago, 0-20%). The flesh firmness of
each fruit was measured using a drill-mounted Effegi
penetrometer (0-12 kgf) fitted with a 7.9 mm
plunger. Two measurements were made per fruit at
right angles to each other on pared areas on the equa-
tor of the fruit. Maturity and firmness measurements
were made at 20°C. The concentrations of Ca, Mg,
and K in fruit were determined spectrophotometri-
cally whereas the concentrations of N and P were
determined colorimetrically.

After grading, all 30 trays of fruit from each of
the orchards were immediately freighted to the Plant
Growth Unit coolstore at Massey University where
they were stored at 0°C. Throughout storage, the
flesh firmness of fruit was regularly monitored at
0°C, as described above. The firmness of 10 fruit/
treatment per grower was measured on each
occasion, i.e., one fruit was sampled from each of
the 10 trays/treatment per orchard.

After 10 weeks of storage, fruit from all
treatments and orchards were condition checked and
scored for Botrytis; infected fruit were removed. At
the end of storage, all remaining fruit were inspected
and scored for the presence or absence of soft patches
(i.e., localised areas on kiwifruit that have softened
prematurely, relative to surrounding tissue). Fruit
were inspected in ambient conditions, within minutes
of their removal from the coolstore, with soft patches
being detected by gently moving the fingers of both
hands over the surface of each fruit. The
concentrations of Ca, Mg, K, N, and P in fruit with
and without soft patches were determined as
described above.

Data analysis
Fruit data collected at harvest (i.e., SSC, firmness,
and mineral analysis data) were subjected to an
analysis of variance (ANOVA) using the general
linear models (GLM) procedure of the SAS Statis-
tical Software (Little etal. 1991); a randomised com-
plete block model was used with locations as the
blocks and production systems as the treatments.
Differences in the softening behaviour of fruit be-
tween production systems and handling treatments
were determined by identifying non-linear models
that best characterised the data and then by compar-
ing the parameters obtained from fitting those mod-
els to each set of data. Models were fitted to the data
using the non-linear (NLIN) procedure of the SAS
Statistical Software (SAS 1996), whereas the param-
eters were compared by subjecting them to an


