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An Example of post-harvest Thermotherapy as
a non-Chemical Method of Pathogen Control on
Apples of Topaz Cultivar in Storage

M. Grabowski, K. Macnar, J. Skrzynski

Abstract—Huge losses in apple production are caused by
pathogens that cannot be seen shortly after harvest. After-harvest
thermotherapy treatments can considerably improve control of
storage diseases on apples and become an dternative to chemica
pesticides. In the years 2010-2012 carried out research in this area.
Apples of ‘Topaz' cultivar were harvested at optimal maturity time
for long storage and subject to water bath treatment at 45, 50, 52,
55°C for 60, 120, 180 and 240 seconds. The control was untreated
fruits. After 12 and 24 weeks and during so called smulated trade
turnover the fruits were checked for their condition and the
originators of diseases were determined by using the standard
phytopathological methods. The most common originator of ‘ Topaz'
apple infection during storage were the fungi of genus Gloeosporium.
In this paper it was proven that for effective protection of ‘Topaz’
apples against diseases, thermotherapy by using water treatments at
temperature range of 50-52°C is quite sufficient.

Keywords—apple storage diseases, prolonged fruit storage,
‘Topaz' apples, thermotherapeutic treatments.

|. INTRODUCTION

PPLE diseases that cannot be seen shortly after harvest

and become noticeable only after prolonged storage cause
huge losses in production [1]. This affects primarily apples
coming from more and more common ecological growing
systems where chemical plant protection is strongly restricted.
Thus, it is justified to search for environmentaly friendly
methods of fruit disease control. It seems that post-harvest
therapy may be quite promising for pathogens causing disease
symptoms during fruit storage.

Post-harvest heat treatment is successfully used in
disinfection and desinsectisation of increasing number of
various plants, including fruits and vegetables [7]. In recent
years it was proven that heat treatment can effectively control
storage diseases on mangos [12], citrus fruits [11], peaches
and nectarines [5], persimmons [10] and bananas [9]. For
apples, thermotherapy by hot water treatments is considered to
be one of the most efficient method of pathogen control in
organic orchards [1], [16]-[17]. So far, experiments were
focused mainly on the use of warm water baths to improve the
fruit storage ability. Such treatments enable high flesh firmness
to be maintained after storage and cause advantageous changes
in extract content and apple acidity [6], [14].
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For establishing a new organic apple orchard, ‘Topaz’
cultivar is especially recommended due to its resistance to scab
and flavour qualities [3], [15]. Bompeix and Cholodowski-
Faivre [2] consider that susceptibility of various apple
cultivars to heat treatment is differentiated. Thus, it is of
utmost importance to establish the temperature ranges and
durations of water baths for particular cultivars. The aim of
this paper is to assess the suitability of ‘Topaz apples for
post-harvest thermotherapy.

I.MATERIAL AND METHODS

In the years 2010-2012 at the Department of Pomology and
Apiculture at the University of Agriculture in Krakéw the
experiments were carried out to find an effect of post-harvest
baths on condition of applesin storage.

The test material consisted of apples of Topaz cultivar
originated from the Experimental Station of the University of
Agriculture in Garlica Murowana. Undamaged fruits showing
no disease symptoms were plucked at random from various
parts of apple tree-crowns at optimal maturity time for long
storage and then treated in a water bath. The subject of the
experiment was both temperature of thermotherapeutic
treatment (45, 50, 52, 55°C), and exposition time (60, 120,
180, 240 seconds). In each test treatment 50 apples were used.
The control was untreated fruits. Apples were stored in
a standard cold storage room (temperature of 3°C, humidity of
92%) for 6 months in plastic crates placed on pallets and
wrapped with polyethylene sheeting to reduce transpiration.

The fruits were checked for overall condition after 12 and
24 weeks in storage. The number of apples showing symptoms
of fungal infestation was recorded and expressed in percentage
of all stored fruits subject to the same treatment. Pathogenic
fungi were identified based on disease symptoms caused by
them as well on microscopic features of isolates taken from
fungal cultures growing on a solidified potato dextrose agar
(PDA). To isolate pure culture fungi from infected apples, the
fragments of infected apples of 0.5 cm in diameter were cut
within lesions and then subject successively to washing in
distilled water (for 2 minutes), surface disinfection in 70%
alcohol (for 4 minutes) and washing once again in distilled
water (for 2 minutes), and afterwards they were left on a filter
paper until drying. The fruit fragments decontaminated in
such a way were put on the surface of solidified PDA in Petri
dishes. The dishes were kept at temperature of about 21°C for
10-12 days. All the developed fungal cultures were split on
PDA dants. After the next 10-12 days the funga isolates
developed on dants were grouped according to macroscopic
comparisons and identified based on available mycological
keys[4], [8].
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In experiments also condition of ‘Topaz’ applesenft

thermotherapy was checked during so called sindiitizde
turnover.
weeks of storage) 10 fruits were chosen at randameéch

treatment and were kept in plastic crates for oreekw
infestatiof

Afterwards the number of apples showing
symptoms was recorded and the originators of iifecivere
identified.

Ill. RESULTSAND DISCUSSION

During the first year of experiment much severesidtion
of stored fruits was recorded compared to thathef mext
analysed season (table 1). In the control group b8%pples
showed symptoms of infection with fungal pathogafisr 12
week in storage.

TABLE |
PERCENTAGEINFESTATION OF T OPAZ APPLECULTIVAR WITH PATHOGENS
DURING STORAGE AT INDIVIDUAL DATES OFANALTSIS

To do it at time of two analyses (aft® and 24

Treatment Number of infested apples [%]

after 12 simulated after 24 simulated

weeks trade weeks trade
turnover | turnover Il

1 2 1 2 1 2 1 2

yeal yeal yea yeal yea yea yea yeal
control 16.0 0.0 5.9 00 286 50 0.0 7.9
45°/60" 0.0 0.0 0.0 0.0 6.3 0.0 0.0 2.5

45°/120” 0.0 0.0 0.0 00 200 25 0.0 0.0
45°/180" 8.0 00 105 00 268 00 125 25
45°/240" 8.0 0.0 0.0 00 400 00 286 0.0
50°/60” 4.0 0.0 4.8 00 177 25 9.1 0.0
50°/20” 0.0 0.0 0.0 00 125 00 100 25
50°/180” 0.0 0.0 0.0 00 125 0.0 0.0 0.0
50°/240" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
52°/60” 0.0 0.0 4.6 0.0 111 0.0 0.0 5.0
52°/120” 0.0 0.0 0.0 0.0 6.7 0.0 0.0 0.0
52°/180" 0.0 0.0 0.0 0.0 6.7 0.0 10.0 0.0
52°/240" 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0
55°/60” 0.0 0.0 0.0 0.0 0.0 0.0 182 0.0
55°/120" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
55°/180” 0.0 0.0 0.0 0.0 6.7 0.0 10.0 0.0

559240 0C 0C 0C 0C 0C 00 00 0C

In the second year of examination the symptomsfettion
were recorded only after 24 weeks of fruit storddest likely
this was related to weather conditions in the amthan
individual years.

In performed experiments the most common originator

‘Topaz’ apple infection during storage were thediuof genus
Gloeosporium (83,9%), that cause
According to Auinger et al. [1] this disease camisEup to
50% fruit losses in storage rooms.

Bompeix and Cholodowski-Faivre [2] state that apple

treated at appropriate high temperature directigrafarvest
and then stored in a storage room show only a miimfé¢ction
with lenticelrot. Schirra et al. [13] claim thatlawer fruit
infestation with pathogens after thermotherapy dasnected
with high temperature that make germinating spbiasless,
thus reducing the amount of effective inoculums.

lenticelrot (fig. 1).

Venturia inaequalis- Alternaria alternata

. " Botrytiscinerea
Monilinia fructigena

Fusarium avenaceum

Gloeosporium sp.

Fig. 1 Percentage share of fungi isolated from &@m@pples in
storage (%)

This is consistent with the results of experimegmssented
in this paper. At all dates of analysis the peragetof fruits
infested with pathogens (including fungi of genus
Gloeosporium) was significantly lower than that of the control
combination for water treatment at temperature58°C and
higher (fig. 2). However, an adverse effect of tment
temperature of 55°C on quality parameters of ‘Topquples
was observed. He peel of fruits treated with waterthat
temperature (regardless of exposition time) waghgl
creased already after 12 weeks in storage. Thispn@zably
connected with dissolving and washing off an epécugr wax
protective layer, thus enhancing transpiration.

Thepercentage diseased fruit [2o]
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Fig. 2. Percentage infestation of ‘Topaz’ appléth wathogens
during storage in the years 2010-2012

Trierweiler et al. [17] showed high efficacy of gtdharvest
water treatment at 53°C for 120 seconds in resigct
infestation of ‘Topaz’ apples with pathogens. listhaper it
was proven that for effective protection of ‘Topamples
against diseases, thermotherapy by using watetntesds at
temperature range of 50-52°C is quite sufficientatidition,
by using lower temperatures it is possible to aaideffect of
fruit peel creasing during storage. The performeakeements
confirm uniquely that Topaz apple cultivar is shieafor post-
harvest fruit treatment in hot water bath to caaistrincidence
of storage diseases.
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