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Abstract

The benefits of calcium applications pre and postharvest on fruit storage ability
have been mentioned in the bibliography. It was objective of this work to study the
effect of calcium preharvest application in two different forms and calcium chloride
application postharvest on ‘Hayward’ kiwifruit storage ability.

Kiwifruit vines were sprayed with 0.03% CaCl, or 0.03% CaO at one, three and
four months before harvest. The control did not have any treatment. After harvest,
half fruits were dipped for 2 min in a solution of 1% CacCl,, left to dry and stored at
0°C. The other half was stored at the same temperature without any treatment.

The commercial yield was not affected by treatments. During storage, fruits
dipped in 1% CaCl, softened slower and than fruits not treated. Weight loss was
higher in fruits treated with CaO preharvest. SSC showed a significant decrease in
fruits sprayed with CaO from 4 to 6 months storage.

This work suggests that immersion of kiwifruit in 1% CaCl, postharvest benefits
storage life capacity; preharvest spaying with CaCl, seems to be better than with CaO.
However, we have to try higher calcium concentrations in order to get better results in
storage ability but, without causing toxicity on the vines.
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1. Introduction

Kiwifruit can be air-stored for 4 to 6 months at 0°C, although extensive softening
will occur (Antunes and Sfakiotakis, 2002). Removal of ethylene from storage rooms is
important. Freshly harvested kiwifruit soften rapidly to around 20N during the first 2
months at 0°C, after which they soften slowly (Antunes and Sfakiotakis, 1997).
According to the same authors the soluble solids content (SSC) has a similar pattern.
However, rates of softening vary significantly among cultivars or regions, with some
fruits commencing softening earlier than others (Xie and Jiang, 1994). Retaining and
controlling postharvest kiwifruit ripening is of a great commercial importance to be
able to feed continuously the market.

The pre and postharvest application of calcium salts has been used successfully in
many fresh fruits to reduce loss of firmness and to slow down the ripening process
(Souty et al., 1995). Calcium alters intracellular and extracellular processes which
retard ripening exemplified by lower rates of colour change, softening, CO, and
ethylene production, increase in sugar, and a reduction in total acid content (Conway,
1987). Late season calcium sprays have been reported to be particularly effective in
increasing Ca levels in apples (Link, 1974).
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The objective of the present work was to study the effect of calcium preharvest
application in two different forms (CaCl, and CaO) and CaCl, application postharvest
on the quality preservation of ‘Hayward’ kiwifruit during storage.

2. Material and methods
2.1. Plant material and treatments

Kiwifruit vines (cv. Hayward) grown in an orchard in Beira Litoral, Portugal
were sprayed with 0.03% CaCl, (Antistip) or 0.03% CaO (Chelal) at one, three and
four months before harvest. The control did not have any treatment.

Fruits were harvested at the beginning of November and immediately transferred
to a storage room at 0°C. After one week, fruits free of defects were selected and
separated according to predetermined calibres: 65-74, 75-84, 85-104 and >104g.
Then, half fruits from each calibre were dipped for 2 min in a solution of 1% CaCl,,
left to dry and stored at 0°C. The other half was stored at the same temperature
without any treatment.

Treatments were identified as follow: Treatment 1 = control (no Ca spraying);
Treatment 2 = kiwifruit sprayed with 0.03% CaCl,; Treatment 3 = kiwifruit sprayed
with 0.03% CaO; Treatment 4 = Kiwifruit without any Ca spraying + dipping in 1%
CaCl, postharvest; Treatment 5 = Kiwifruit sprayed with 0.03% CaCl, + dipping in
1% CaCl, postharvest; Treatment 6 = Kiwifruit sprayed with 0.03% CaO + dipping in
1% CaCl, postharvest.

Ten fruits per replication were removed from storage at intervals of 0, 2, 4, and 6
months, for measurements of flesh firmness, SSC and weight loss.

Statistical analyses were made with a SPSS computer program. Two-way
analyses of variance (ANOVA) and Duncan’s Multiple-Range Tests (P<0.05) for
comparisons between treatments over time were conducted.

2.2. Soluble solids content (SSC), firmness and weight loss

Flesh firmness was recorded by puncture with a Chatillon penetrometer (John
Chatillon & Sons, Inc. U.S.A) fitted with a flat-8mm diameter tip. The tip was inserted
after skin removal, at the fruit equator, in opposite sides, to a depth of 7mm. The SSC
were measured using a digital Atago refractometer (model PR1-Atago Co. LTD, Japan)
in juice from the equatorial zone of the fruit. Weight loss was calculated as a percentage
of the initial fruit weight.

3. Results
3.1. Kiwifruit Yield

There were no significant differences among treatments in marketable or total yield
in any calibre (Figure 1). Yield was significantly higher for fruits of > 104g without
significant differences with fruits of 85-104 g, followed by 75-84 and 65-74 g.

3.2. Soluble solids content (SSC)

The SSC increased mostly in the first 2 months storage, and remained almost
constant thereafter for all treatments (Figure 2).

Kiwifruit did not show significant differences in SSC among treatments till 4
months storage for all calibres.



Fruits sprayed with CaO showed for all calibres slightly lower SSC. At the end of
the storage period, a significant decrease in SSC from fruits sprayed with CaO was
observed for all calibres.

3.3. Flesh firmness

Kiwifruit of all calibres behaved similarly in terms of softening through the storage
period (Figure 3). Fruit of control had a great decrease in firmness till 2 months storage
and slower thereafter.

Fruits sprayed with CaCl, or CaO had a similar behaviour but showed significant
softening from 2 to 4 months storage. Kiwifruit dipped in 1% CaCl, softened slower
through time, although at the end of the storage period all fruit were equally soft.

3.4. Weight loss

Weight loss increased through storage for all treatments and calibres (Figure 4).
Till 2 months storage there was no significant differences in weight loss between
treatments.

Weight loss was higher in fruits treated with CaO preharvest after 4 and 6 months
storage. This behaviour was in all calibres except calibre >104mm. In this last calibre
we found no significant differences in weigh loss among treatments.

4. Discussion

It is known that calcium ions make bridges between peptic molecules in the middle
lamella being responsible for cell cohesion (Knee and Bartley, 1981). So, softening can
be the result of the loss of calcium from the middle lamella and/or a loss of its place in
the connections between the peptic molecules (Knee, 1982). Calcium infiltrations
pre and postharvest in fruit tissues, delays softening rate and ripening, by retarding the
loss of disintegration of cell walls (Roy et al., 1994).

The commercial yield was not affected by treatments. Also we found not important
differences in ripening parameters between kiwifruit calibres.

‘Hayward’ kiwifruit showed a great decrease in firmness and increase in SSC in the
first two months at 0°C as previously reported (Antunes and Sfakiotakis, 1997). Fruits
sprayed on the vine either with 0.03% CaO or 0.03% CaCl,, were slightly more firm
than control fruits. Gerasopoulos et al. (1996) found higher firmness through storage in
fruits sprayed three times on the vine with 0.375% CaCl,. However, it was our aim to
try the smallest recommended manufacturer concentrations for Checal and Antistip, to
see their effect on kiwifruit keeping quality through storage.

During storage, fruits dipped in 1% CaCl, softened slower than fruits not treated.
Mainly, they reduce the effect of the rapid softening and of kiwifruit during the first
storage months as did previously controlled atmosphere storages ((Antunes and
Stakiotakis, 1997).

Weight loss was higher in kiwifruit treated with CaO preharvest than in the other
treatments. Also, those fruits had a decrease in SSC from 4 to 6 month storage,
indicating a faster senescence process.

This work suggests that immersion of kiwifruit in 1% CaCl, postharvest benefits
storage life capacity; preharvest spaying with CaCl, seems to be better than with CaO.
However, we have to try higher calcium concentrations in order to get better results in
storage ability but, without causing toxicity on the vines.
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Figure 1. Total yield per vine of kiwifruit subjected to the treatments: T1 and T4 = control
(no Ca spraying); T2 and T5 = kiwifruit sprayed with 0.03% CaCl,; T3 and T6 = kiwifruit

sprayed with 0.03% CaO.
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Figure 2. Soluble solids content of ‘Hayward’ kiwifruit during storage at 0°C, subjected to the
treatments: Treat. 1 = control (no Ca spraying); Treat. 2 = kiwifruit sprayed with 0.03% CaCl,; Treat.
3 = kiwifruit sprayed with 0.03% CaO; Treat. 4 = Kiwifruit without any Ca spraying + dipping in 1%
CaCl, postharvest; Treat. 5 = Kiwifruit sprayed with 0.03% CaCl, + dipping in 1% CaCl,
postharvest; Treat. 6 = Kiwifruit sprayed with 0.03% CaO + dipping in 1% CaCl, postharvest.
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Figure 3. Firmness of ‘Hayward’ kiwifruit during storage at 0°C, subjected to the treatments: Treat. 1
= control (no Ca spraying); Treat. 2 = kiwifruit sprayed with 0.03% CaCl,; Treat. 3 = kiwifruit
sprayed with 0.03% CaO; Treat. 4 = Kiwifruit without any Ca spraying + dipping in 1% CaCl,
postharvest; Treat. 5 = Kiwifruit sprayed with 0.03% CaCl, + dipping in 1% CaCl, postharvest;
Treat. 6 = Kiwifruit sprayed with 0.03% CaO + dipping in 1% CaCl, postharvest.
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Figure 4. Weight loss of ‘Hayward’ kiwifruit during storage at 0°C, subjected to the treatments:
Treat. 1 = control (no Ca spraying); Treat. 2 = kiwifruit sprayed with 0.03% CaCl,; Treat. 3 =
kiwifruit sprayed with 0.03% CaO; Treat. 4 = Kiwifruit without any Ca spraying + dipping in 1%
CaCl, postharvest; Treat. 5 = Kiwifruit sprayed with 0.03% CaCl, + dipping in 1% CacCl,
postharvest; Treat. 6 = Kiwifruit sprayed with 0.03% CaO + dipping in 1% CaCl, postharvest.



