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ABSTRACT
The effect of six postharvest management regimes on the incidence

and severity of ‘Hass’ avocado ripe rots was compared in 1996. Fruit
from a stepped temperature regime had most anthracnose. Two “sea
shipping” regimes tested resulted in fewer rots than all other treatments,
including “air shipping”. A two day delay in application of prochloraz
significantly reduced control of stem end rots. Fruit subjected to no
coolstorage, delayed coolstorage and stepped temperatures had the
most rots overall. The amount of time fruit was at 6oC was significantly
inversely related to disease incidence.
Keywords: avocado, postharvest, diseases, temperature, cool chain.

INTRODUCTION
Postharvest rots are considered to be an important problem for avocado (Persea

americana) in New Zealand. Colletotrichum acutatum Simmonds ex Simmonds,
Colletotrichum gloeosporioides (Penz.) Penz. & Sacc. (teleomorph Glomerella
cingulata (Stoneman) Spauld. & H. Schrenk), Botryosphaeria parva Pennycook &
Samuels, Botryosphaeria dothidea (Mougeot ex Fries) Cesati & de Notaris and
Phomopsis sp. are the fungi predominantly isolated from fruit with postharvest rots
(Hartill 1991). Each of these fungi can cause either stem end rots or anthracnose which
become symptomatic after harvest. Despite the use of optimised storage and ripening
temperatures, under experimental conditions approximately 20% of ‘Hass’ fruit were
affected by postharvest rots (Hopkirk et al. 1994). A survey in the Sydney marketplace
showed that 41% of ‘Hass’ fruit from New Zealand were unacceptable, due to
anthracnose (25%) and stem end rots (21%) (Ledger et al. 1993; Ledger and Barker
1995). Some fruit had both stem end rots and anthracnose.

New Zealand fruit is generally exported, either by air or by sea, without emphasis
on maintenance of the cool chain. Breaks in the cool chain include leaving fruit sitting
on the tarmac at the airport until being transported in uncooled trucks to the
marketplace. Refrigerated trucks are generally not used by exporters to transport fruit
to the sea or air port in New Zealand. In contrast, this process is strictly controlled in
South Africa. South African fruit has less of a rot problem when compared to New
Zealand fruit, despite a longer transit time to market (Everett and Korsten 1994). A
total of 28 days shipping time is required for South African fruit to Europe compared
with 5 days for New Zealand fruit to Australia. The aim of this work was to compare
the South African stepped temperature regime, with no breaks in the cool chain, and
several New Zealand postharvest management regimes for their effect on the incidence
and severity of postharvest rots.

METHODS
Three trays per treatment (69 fruit, 23 fruit per tray) of ‘Hass’ avocado fruit were

obtained from a commercial packing line (Trevallyans Packhouse) in Te Puke, New
Zealand immediately after picking and packing in January 1996. There were six
postharvest management regimes (Table 1). All treatments were exposed to
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approximately 20oC for 3 hours while they were picked and packed. Prochloraz (450
g/litre, Sportak 45 EC) was applied where indicated by dipping fruit in a 5.5 ml/litre
suspension for 2 mins.

TABLE 1: Simulation of postharvest management regimes for ‘Hass’ avocado
fruit exported from South Africa and New Zealand by sea and air._________________________________________________________________

Simulated action Treatmenta

Day 1b 2 3 4 5 6_________________________________________________________________

0 • picking 20c⎤ 20⎤ 20 (3 h) 20 (3 h) 20 (3 h) 20 (3 h)
• prochloraz - ⎪(3 h) 20⎦(3 h) - - - -
• packing 20 ⎦ - - - - -
• coolstorage 6 6 6 - 6 6

3 • prochloraz - - 20⎤ 20⎤ 20⎤ 20⎤
• packing - 20 (3 h) 20⎦(3 h) 20⎦(3 h) 20⎦(3 h) 20⎦(3 h)
• coolstorage 5.5 6 6 - 6 6

4 • truck to Tauranga - 20 (1 h) 20 (1 h) 20 - -
/Auckland - - - - 20 (3 h) 20 (3 h)

• fumigate - - - - 32 (3 h) 32 (3 h)
• coolstorage - 6 6 - 6 20
• ship - 6 6 20 - -

5 • flight - - - - 6 (3 h) 6 (3 h)
• stand at airport - - - - 34 (3 h) 34 (3 h)
• truck to market - - - - 6 20

7 • retail - - - - 20 20
• truck to Sydney - 32 (4 h) 32 (4 h) 32 (4 h)

market - 6 6 20

8 • retail - 20 20 20

10 5
12 4.5
14 4
34 • retail 20_________________________________________________________________
a Treatment 1=South African shipping regime; Treatment 2=New Zealand shipping
regime, prochloraz applied immediately after harvest; Treatment 3=New Zealand
shipping regime, prochloraz applied after 2 days coolstorage; Treatment 4=NZ
shipping regime with no coolstorage; Treatment 5=New Zealand air shipment
regime;Treatment 6=New Zealand air shipment regime with less coolstorage.
b Values are temperature in oC and figures in parentheses are the duration of each
temperature regime if less than 24 hours. ( indicates simulated action not taken.
c Temperatures of 20 indicate fruit were at ambient, approximately 20oC.

After each treatment was completed, fruit were placed at approximately 20oC
(Figure 1), evaluated for softness by gentle hand squeezing on a 0-10 scale (0=hard,
5=ready to eat, 10=totally soft) and assessed when fruit were ready to eat. Fruit were
assessed internally for stem end rots and anthracnose. All assessments were made on
a 0-10 scale, 0=healthy and 10 indicating entire fruit decay (Korsten et al. 1995).
Disease incidence data were arcsine transformed prior to ANOVA, and the means
separated by Fisher’s protected least significant difference test (LSD). The severity
of the lesions on the fruit with rots was similarly analysed but data were not
transformed.
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FIGURE 1: Average ambient daily temperature during the experiment (●––●).
The line at 19.5oC is the average for the entire period. Open bars
indicate when each of treatments 1-6 were removed from simulated
shipping and placed at ambient. Solid bars indicate when fruit were
assessed for rots.

RESULTS
The incidence of anthracnose rots in Treatment 1 was significantly (P<0.05)

greater than in all other treatments (Figure 2a). No other treatments had a significant
effect on either incidence or severity of anthracnose.

FIGURE 2: Incidence of a) anthracnose and b) stem end rots of ‘Hass’ avocados
under six postharvest management regimes. For details of treatments,
see Table 1. Columns with the same letter are not significantly
(P<0.05) different according to Fishers’ Protected LSD test. a)
anthracnose, LSD=19.6, b) stem end rots, LSD=22.4. Data are
arcsine transformed.

a) b)
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The incidence of stem end rots was significantly (P<0.01) less in Treatment 2
compared to the other treatments (Figure 2b). There was no significant difference in
stem end rot severity between treatments. Most stem end rots occurred in fruit from
Treatment 6, followed by Treatments 4, 1, 3 then 5. The differences were significant
(P<0.01) between fruit from Treatment 6 and Treatments 3 and 5.

When the times that fruit were stored at three broad temperature bands used in the
experiment were compared, (6oC, c.20oC and >30oC), stepwise regression analysis
showed that only length of time fruit was at 6oC had any significant effect on incidence
of stem end rots (P<0.01, R2=53.9%, Figure 3). The relationship was negative, ie the
greater the time spent at 6oC, the less rots. The effect of length of time at <6oC was
difficult to include in this analysis as only fruit from Treatment 1 was coolstored below
6oC.

FIGURE 3: Relationship between total hours at 6oC and percent stem end rots
(arcsine transformed) of ‘Hass’ avocado fruit.

DISCUSSION
Incidence and severity of anthracnose were not affected by any of the management

regimes except for Treatment 1, without any breaks in the cool chain, which appeared
to increase incidence. These fruit were coolstored for a total of 32 days compared to
5-8 days with other treatments, and unlike fruit from all other treatments were not
prochloraz dipped, according to the practice in South Africa. Both factors probably
contributed to the number of rots. Climatic and soil differences between South Africa
and New Zealand (Everett 1996) may also have contributed to this result. The outcome
for Treatment 1 suggests a postharvest stepped temperature regime designed for South
African fruit may not be applicable in New Zealand conditions.

When prochloraz was applied immediately after harvest (Treatment 2), stem end
rots were significantly reduced compared to Treatment 3. The only difference between
treatments 2 and 3 was the timing of the prochloraz dip. When there was a 2 day delay
in application of prochloraz in Treatment 3, stem end rots were not reduced significantly
compared with other treatments. This suggests that fungi penetrated the stem end
during that 2 day interval and were thus not controlled by delayed applications of
prochloraz.

Treatments 5 and 6 were similar, except fruit in Treatment 5 were coolstored for
a longer time. Despite the temperature fluctuations undergone by fruit from Treatment
5, which included the high temperature fumigation step, the inclusion of additional
coolstorage led to a lower incidence of stem end rots compared to Treatment 6.
Treatment 4 fruit were not coolstored at all, and stem end rot incidence was high. These
trends tend to suggest that coolstorage was important in reducing stem end rot
incidence. In fact, when the cumulative temperature data were compared (Figure 3),
only time at 6oC had a significant effect on disease incidence. These results suggest
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that coolstorage at 6oC reduced stem end rot incidence, a conclusion supported by
previous results (Everett et al. 1993). However, this difference was only significant at
the 10% level, and as our treatments were not selected to examine single effects, this
observation needs to be verified. Surprisingly, time at >32oC did not appear to result
in a significant increase in stem end rot incidence. It seems that exposure to these high
temperatures was not of sufficient length to have an effect, or otherwise high
temperatures may be detrimental to disease development. The effect of storing fruit
at approximately 20oC was probably insignificant compared with the other effects,
such as timing of prochloraz application and total time at 6oC. Hopkirk et al. (1994)
found that storage of fruit at temperatures close to the final ripening temperature could
result in fewer rots.

Our results indicate that the South African stepped temperature regime tested was
not applicable to New Zealand fruit, prochloraz needs to be applied immediately after
harvest to effectively control rots, and that coolstorage may be important in reducing
rots. We did not show that maintenance of the cool chain is necessary to reduce rot
incidence or severity. Comparison with a treatment in which fruit is coolstored for 5-
8 days with no breaks in the cool chain is required before any conclusions can be made
concerning maintenance of the cool chain. Further experimentation is also required to
investigate the effect of both high and low temperature on disease incidence and
severity.
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