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ABSTRACT

Postharvest hot water treatment has been used intensively for disinfestation and disinfection of a wide variety
of crops against a wide range of pests and diseases, offering a pesticide-free option to control postharvest
diseases. The objective of this study is to optimise a hot water technology to offer fast and effective control of
postharvest decay of avocado fruit. Initially, we exposed avocado fruit to hot water in a series of temperature
and time combinations: 45, 50, 55, 60, 65, 70, 75 and 80 °C (£ 0.1 °C) x 20, 30, 45, 60, 75, 90, 105, 120
and 180 seconds, to evaluate avocado skin sensitivity to heat treatments. Subsequent trials for disease control
used temperatures of control (room temperature), 52, 54, 56 and 58 °C (£ 0.1 °C) x control (0), 10, 15, 20
and 30 seconds. A third series of tests used control (room temperature), 50, 52, 54, 56, 58, 60, 62, 64, 66,
68 and 70 °C (£ 0.1 °C) x control (0), 2, 4, 6, 8 and 10 seconds to determine optimum disease control in the
shortest time. The best disease control of 60-100% was achieved by 70 °C x 6 seconds and 56 °C x 10 seconds.
To counteract future infections of the host fruit, integration of rapid hot water treatment and biological control

yeasts can be ideal for the preservation of fruit freshness until consumption.
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INTRODUCTION

The shelf life of avocado fruit is often reduced by
postharvest decay due to economically important
fungal pathogens following latent infections (Irt-
wange, 2006; Palou, 2009). These infections have
been primarily controlled with the application of
synthetic fungicides (Palou, 2013). However, due
to health concerns, importing countries have en-
forced rules and regulations limiting the application
of chemical fungicides (Palou, 2013; Sivakumar and
Fallik, 2013; Usall, 2016). Consequently, there is a
pressing need to find chemical-free management
strategies against postharvest avocado decay (Schir-
ra, 2000; Palou, 2009; Schirra, 2011). In the first de-
cades of the 20% century, postharvest disease control
practices involved the application of heat treatment
before transitioning to the application of chemical
fungicides (Schirra, 2000; Ben-Yehoshua and Porat,
2005; Irtwange, 2006). Hence, this project has fo-
cused on this approach.

Heat treatment leaves no chemical residues and
causes minimal environmental impact, whilst control-
ling diseases and extending the shelf life of fruits and
vegetables (Palou, 2008; Lurie, 2016; Usall, 2016).

Hot water treatment is fairly easy to use, cost-ef-
fective and, additionally, water is a more efficient
medium in transferring heat than air or steam (Irt-
wange, 2006; Sivakumar and Fallik, 2013). Hot wa-
ter treatment is a process of treating fresh produce
at temperatures above 40 °C for a certain period
to control postharvest infections (Barkal-Golan and
Phlllips, 1991). Control of postharvest decay in fruit
has been studied intensively (Sivakumar and Fal-
lik, 2013) with success in controlling anthracnose
of papaya and mango using hot water dips (HWD)
of 48 °C for 20 minutes and 53 °C for 20 minutes,
respectively, as well as stem-end rot of mango at
55 °C for 5 minutes (Usall, 2016).

The objective of the study was to optimise the
technology of hot water treatment to provide con-
trol of postharvest avocado decay comparable to that
of the fungicide Prochloraz. The effect of hot water
treatments is brief, relative to the long period in-
volved in postharvest handling, transport and sale.
Consequently, the application of hot water treatment
as a stand-alone treatment is usually avoided in
commercial settings (Palou, 2013). The use of bio-
control yeasts to provide long-term protection of hot
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water-treated fruit is an option that has been ex-
plored by some researchers (Abraha et al., 2010).

MATERIALS AND METHODS

Trial 1: Avocado fruit skin sensitivity test to-
wards hot water treatments

The initial screening was of healthy mature avocado
‘Hass’ fruits that were treated in a hot water bath in
a series of temperature x time combinations, as fol-
lows: control (room temperature), 45, 50, 55, 60,
65, 70, 75 and 80 °C (£ 0.1 °C) x control (room
temperature), 20, 30, 45, 60, 75, 90, 105, 120 and
180 seconds. Each treatment combination was ap-
plied to 10 avocado fruits. The treated fruit were then
air-dried, placed in cardboard boxes on a bench in a
randomised complete block (RCB) design, and main-
tained at 25 °C until they were ripe. Once ripe, the
fruit were classified according to the following skin
colours: (1) green, (2) green-black, (3) brown-black
and (4) black. The experiment was performed twice.

Trial 2: Temperature and time combinations
of hot water treatment to control postharvest
avocado rot

Healthy mature avocado ‘Hass’ fruit were submitted
to the following temperatures: 25 (control), 54, 56
and 58 °C (£ 0.1 °C). For each temperature, the
avocado fruit were exposed for the following period:
0 (control), 10, 15, 20 and 30 seconds.

Trial 3: Comparing Prochloraz versus the best
of the rHWT combinations from Trial 2

The efficacy of the best of the rHWT combinations
56 °C for 10 seconds (T56 x t10) from Trial 2 was
compared with the fungicide Prochloraz at full
strength (Prochloraz at 1100 mL per 100 L water)
and half-strength (Prochloraz at 550 mL per 100 L
water).

Trial 4: Temperature and time combinations
of hot water treatment to control postharvest
avocado rot to identify very rapid treatments

Further tests were conducted to determine optimum
control at the shortest time, using the temperature

and time combinations of 25 (control), 50, 52, 54,
56, 58, 60, 62, 64, 66, 68 and 70 °C (+ 0.1 °C) for
0 (control), 2, 4, 6, 8 and 10 seconds. The efficacy
of hot water treatment was compared against the
fungicide Prochloraz at full strength (Prochloraz 1100
mL per 100 L water) and half strength (Prochloraz
550 mL per 100 L water).

Each treatment was applied to 25 avocado fruit and
repeated four times. The treated fruit were then air-
dried, placed in cardboard boxes on a bench in a RCB
design at 25 °C until they were ripe. After storage
to ripeness, the fruit were classified as follows: A =
healthy avocado fruit (0% infection); B = the fruit is
rotten, smells and is not edible (90% infection). The
experiment was conducted twice.

Statistical analysis

The data were subjected to analyses of variance
(ANOVA) using the Agricolae package in the R Statis-
tical Analysis Software (version 3.6.1) (De Mendibu-
ru and De Mendiburu, 2020; R Core Team, 2013) to
determine differences between treatments. Fisher’s
Least Significant Difference Test was used for treat-
ment means separations (P < 0.05).

RESULTS AND DISCUSSION

Trial 1: Hot water treatments for a safe tem-
perature and exposure time for fresh avocado
‘*Hass'’ fruits

Avocado fruit skins are highly sensitive to stress-
ful conditions and, to account for this, in our study
avocado fruit were subjected to different hot wa-
ter temperatures for different periods to determine
safe temperature and time combinations to control
postharvest avocado decay (Palou, 2008). Table 1
presents the effects of combinations of temperatures
of 45 °C to 55 °C applied for 20 s to 180 s; and
60 °C with the time combination of 20 s to 30 s,
where fruit had no skin damage from heat. At 60 °C
with time combinations of 45 s to 105 s the fruit had
green-black fruit skin colour, indicating moderate skin
damage. At temperatures of 65 °C to 80 °C x 20 s
to 180 s and 60 °C x 120 s to 180 s, the fruit went
black, indicating severe skin damage.

Table 1: Skin sensitivity test results for the HWT at different temperature and time combinations of avocado

‘Hass’
20s 30s 45s 60s 75s 90s 105s 120s 180s
45c Green Green Green Green Green Green Green Green Green
50c Green Green Green Green Green Green Green Green Green
55c¢ Green Green Green Green Green Green Green Green Green
60c Green Green | Green-Black | Green-Black | Green-Black | Green-Black | Green-Black Black Black
65c Black Black Black Black Black Black Black Black Black
70c Black Black Black Black Black Black Black Black Black
75c¢ Black Black Black Black Black Black Black Black Black
80c Black Black Black Black Black Black Black Black Black
Control | Green Green Green Green Green Green Green Green Green
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Trial 2: Hot water treatment for the control of
postharvest avocado rot

Temperature and time combinations that caused no
skin damage and which were efficient in time were
selected to determine the optimal time and tempera-
ture combination for the control of avocado rot. Table
2 depicts the best treatments which were 58 °C for
10 seconds; 52 °C for 20 seconds; and 56 °C for
10 seconds.

Trial 3: Comparing Prochloraz versus the best
of the rHWT from trial 2

A rHWT of 56 °C for 10 seconds provided control com-
parable to that of the fungicide (Table 3). These find-
ings are similar to studies on hot water rinsing and
brushing (HWRB) of citrus fruit that was developed
in Israel around 1990 to 1996 (Pavoncello, 2001;
Palou, 2009; Palou, 2013; Lurie, 2016). Similarly,
Sivakumar and Fallik (2013) noted that hot water
treatments at temperatures between 48 °C to 63 °C
for 10 to 25 seconds extend the shelf life of a wide
range of fresh and fresh-cut produce while main-
taining the overall product quality. They found that
mango decay could be controlled by rHWT of 48 °C
to 65 °C applied for 10 to 25 seconds.

Trial 4: Very rapid hot water treatments

In the subsequent studies to determine optimum
control in less than 10 seconds, one treatment pro-
vided 100% disease control at 70 °C for 6 seconds
(Table 4). The best rHWT treatments were substan-
tially better than the two Prochloraz treatments. In
a parallel study on tomato fruit, Ziena (2019) found
that 62 °C for 8 seconds provided the best control
of C. gloeosporioides and G. candidum, which cause
postharvest rot of tomato fruit, confirming that rHWT
less than 10 seconds can provide excellent disease
control for fresh produce. The mechanism by which
rHWT protects the host against the pathogen is due
to heat shock-induced production of the phytoalexins

Table 2: Percentage of healthy ‘Hass’ fruits, free
from avocado rot, after rapid hot water treatment

Temperature Time Mean
(degrees Celcius) (seconds) percentage of
healthy fruits
56 10 67 a
52 20 66 a
58 10 63 a
54 15 54 ab
56 15 50 abc
54 20 48 abc
52 30 38 bc
Control (25) Control (0) 34 c

Values with the same letters were not significantly different
P-value - 0.01174

F-value - 3.3849

LSD-value - 19.74235

CV%- value - 25.76714

scoparone and scopoletin, and the production of
pathogen-related (PR) proteins (Ben-Yehoshua and
Porat, 2005; Palou, 2009).

Results obtained may be inconsistent because all
fruit may not react similar to rapid hot water treat-
ment (Irtwange, 2006). To address any biases from
our findings, further studies will involve applying rap-
id hot water treatment to most of the commercially
produced avocado cultivars across Southern Africa,
as well as screening for the heat shock proteins and
phytoalexins responsible for pathogen control. We
are working with an agricultural engineer to create
and test rHWT equipment that can be integrated into
existing commercial packhouses.

Table 3: Efficacy of best temperature and time com-
bination compared to Prochloraz treatments for the
‘Hass' cultivar

Treatments
(Temp x time)

Percentage of
healthy fruits

Full strength Prochloraz 91 a

T56 x t10 89 a

Half strength Prochloraz 75 b
Control 71b
P-value 4.303e-06
F-value 33.222
LSD-value 5.33698
CV%-value 4.250431

Mean values with the same letters are not significantly different
T = (temperature °C)

t = time (seconds)

Full strength Prochloraz at 1100 mL per 100 L water

Half strength Prochloraz at 550 mL per 100 L water

Table 4: Mean percentage of healthy ‘Hass’ avocado
fruits heat-treated for 10 seconds or less

2sec 4 sec 6 sec 8 sec 10 sec

50°C 77.5 87.5 75 55 72.5
52°C 75 60 70 77.5 67.5
54°C 67.5 77.5 75 80 62.5
56°C 60 57.5 67.5 57.5 62.5
58°C 67.5 87.5 60 60 77.5
60°C 70 87.5 87.5 72.5 72.5
62°C 75 77.5 82.5 82.5 80

64°C 67.5 62.5 75 65 57.5
66°C 60 57.5 55 42.5 42.5
68°C 45 40 65 62 80

70°C 90 72.5 100 85 87.5

Mean values with the same letters are not significantly different
Control = 52.5

Half fungicide = 57.5

Full fungicide = 55

P-value = 2.612e-12

F-value = 3.9123

CV%- value = 25.76714
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CONCLUSION

The study demonstrates that rHWT can provide ex-
cellent control of avocado fruit decay, comparable
with that provided by the fungicide Prochloraz. Fur-
ther studies on the effects of rHWT on the physiology,
pathology, biochemistry and molecular biology of av-
ocado are called for (Lurie, 1998; Fallik, 2004; Siva-
kumar and Fallik, 2013). Additionally, rHWT typically
controls existing or latent infections but does not
protect the fruit subsequently in the period between
packing and consumption. Therefore, integrated dis-
ease management combining the use of rHWT with
a yeast biocontrol agent to prevent future infections
may be ideal in providing long-term disease control
for avocado fruit (Palou, 2009).
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