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ABSTRACT

To control blue mold of apples causedRgnicillium expansum after harvest and during commercial cold
storage, microwave exposure was investigated dysiqal measure and compared with the use of galciu
chloride and the systemic fungicide, carbendaziktierowave exposure of Golden Delicious and Royal
Gala apples at 2450 Mhz for 10, 30 and 45s wastefieas 4% CaGland carbendazime on significantly
reducing the disease incidence %. Calcium chlonids more effective at 8% than 4% or at 1% and was a
effective as carbendazime in reducing the moldriggvend incidence. Microwave exposure for 10, 8d a
45s was as effective as 8% Ca@hd carbendazime on controlling blue mold caugel. lexpansum stored
under the conditions of commercial cold storageffeént apple cultivars have different degrees of
susceptibility to the blue mold. Granny Smith arebdelicious were relatively more tolerant than deol
Delicious, Starking or Royal Gala. However, sighatiations were found in their responses to differen
treatments. Therefore, 10-45s microwave exposurapgfle fruits before cold storage alone or in a
combination with other methods can be an environalesafe physical alternative to chemical fungiside
for controllingP. expansum infections during cold storage.
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1. INTRODUCTION through wounds made during harvest, handling and
processing (Wilson and Wisniewski, 1994). In apples
The domesticated apple (Makasomestica Borkh.) isa  post-harvest losses are mainly due to blue moldeziu
main and common fruit crop in the world (Velastal., by Penicillium expansum Link and grey mold caused by
2010). Consumers are increasingly demanding friiit o Botrytis cinerea Pers.: Fr.Penicillium expansum is a
consistent high quality (Zeebroeek al., 2007). Long-  highly destructive pathogen that causes produdtisses
term cold storage of apples without significantslax during handling of the fruit (Sanzagtial., 2010) in form
quality is greatly important (Dengt al., 2013). Post- of post-harvest rots of pome fruits (Rosenbergeal.,
harvest losses of fruits and vegetables are hayiging 1991). This pathogen is also a major producer tflipa
from 10 and 40% depending on the species anda mycotoxin which can reach high concentrations in
technologies used in the packinghouses (Arras angl, A infected apples and pears (Battilahil., 2008) and has
1999; Wilson and Wisniewski, 1994). Higher risk of cytotoxic, genotoxic and immunosuppressive ac#siti
bacterial and fungal contamination could lower ghelf- (Wouters and Speijers, 1996).
life of apple fruits during transportation and stpe. Despite the wide-spread use of modern storage
Some qualitative and quantitative fruit losses raenly facilities and techniques, synthetic chemical foidgs
due to pathogenic fungi which usually infect thestho such as carbendazime, benomyl, iprodione, pyrinmétha
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and fludioxonil are frequently used immediately dyef 2. MATERIALSAND METHODS

or after harvest to control post-harvest molds roit f

(Eckert and Ogawa, 1988; Li and Xiao, 2008; Xékal.,  2.1. Pathogen Cultureand Fruit Inoculation

2011). However, chemical control is increasingiyited . _

because of environmental and toxicological risksval Penicillium expansum were isolated from decayed

as the onset of fungicide-resistant strains of &ing apples showing typical symptoms of blue mold. Spare
pathogens (Spotts and Cervantes, 1986; Delp, 1988P. expansum were harvested with 10 ML of sterile
Holmes and Eckert, 1999). Moreover, the legal bnaif distilled water containing a drop of Tween 20. $pounts
chemical pesticide residues in imported fruit arecm  were determined with a hemacytometer and adjusttd w
narrow in some countries, thus discouraging theafse sterile distilled water to a 36000 spores/mL cotredion.
pesticides. In the absence of safely effective-hastest . .
fungicides, alternative or integrative measures are2'2' First Experiment

becoming increasingly important in controlling post  puring the 2011 and 2012 growing seasons, apples
harvest diseases. To solve the problem of fungicide(ahout 7 cm-in-diameter) of two cultivars; Golden
resistance and to fight against certain physiollgic delicious was harvested at commercial maturity estag
disorders of apples and pears linked to calCiuMfrom an orchard conducted by the traditional crop
deficiency such as bitter pit, calc!um chloride weed management and kept at a refrigerator prior to Bser
(Mason and Welsh, 1970; Perring, 1986; Raese andy treatment, apples were rinsed in tap water fonid.
Stahly, 1988). Post-harvest calcium treatmentsaldin  Three fruits were placed in a clear and ventilatedage
helping the fruit to become more resistant to decaypastic container (2680 cnf). Five containers were set
and were effectively used against blue mold of @ppl ¢, each treatment thus each treatment was repticat
(Mollng and Locke, 1993; qume.c_, and Eckert, 1999; five times. The following treatments were achieved,;
Maouni et al., 2007). Biological control Dy icowave exposure through placing one container
antagonistic microorganisms is a promising tool for containing thred®. expansuminoculated apple fruits in a
preventing post-harvest fungal rots and minimizing 2450 Mhz microWave oven (R-480J, SHARP® Sensor
:he Lﬁe c;f flungi(;:(iﬂt;s |_(|Janisiewig_z andt Klorsten:[2200 Sharp corporation, Thailand) prO\’/iding 1200 Watt,
ppolito et al., . However, biocontrol agents are . - . i
sometimes not sufficient to control fungal infectso umrlﬁ‘gorvr;a\rﬁcr%mire Vgghogurrg)tig?glopf;?ggs(g clirilsuire
when applied alone under practical conditions ar]dthe fruits of each conP[ainer into a solution ofctlaxir%p
their use should be integrated with other methodsChloride at 10 g [* (1%) or 40 g [* (4%), carbendazime

(Janisiewiczet al., 2003).
High frequency microwaves, when hit objects, can 50% WP at O'.6 MIL, or tap water (as untrea_ted Bt
Blue mold disease incidence and severity % were

create heat (Wang and Tang, 2001). Microwave OVeN,ssessed after cold storage for 4 weeks. Disease

:\j.Widely used in food industryd(lkeﬂiahn ‘?f %gglg) incidence was assessed as the number of decayddpots
Icrowave  exposure can direclly aftect ving e mg|q per apple fruit. Disease severity wassuesd

organisms due to its thermal effect on living tissu as the proportion of decay lesion in the fruit ahe
(Ondracek et al., 1976). Microwave treatments are following 0-5 scale was used:; O: no lesions, 1012:

widely used for drying, disinfesting and pastewi 1755 3: 26.50, 4: 51-75, 5: 76-100%, entire fruit
agricultural products while maintaining product Biya  gecayed) and calculated as the sum of all numerical
and as a physical measure previously used effdgtive ratings per a treatment multiplied with 100% and

to control pests (Fanslowt al., 1975; Cunningham, divided on the multiplication of their total numbeith
1980; lkedialaet al., 1999; Bol'shakovet al., 2001; the maximum disease category (5).

Ernieenor and Ho, 2010). There are few reports .

(Karabulut and Baykal, 2002; Zhareg al., 2006) on  2-3- Second Experiment

the effect of microwaves as a post-harvest treatiiozen Three fruits of each apple cultivars; Golden
controlling blue mold of apples or even other d&&a  Delicious, Red Delicious, Starking, Granny Smithdan

of post-harvest fruits. Therefore, this study aim@d Royal Gala were placed in a clear and ventilated
investigating the utility of microwaves as a poat\rest  storage plastic container (280 cnf). Five containers
treatment on blue mold of apples and comparing itswere set for each treatment thus each treatment was
effects with calcium chloride and carbendazime onreplicated five times. The following treatments wer
different apple cultivars under cold storage candi. achieved; microwave exposure through placing one
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container containing threeP. expansum-inoculated microwave exposure and 4% calcium chloride treatsen
apple fruits in a 2450 Mhz microwave oven for 10, 3 used when compared with the untreated check whie 1
and 45s or dipping the fruits of each containepiat  calcium chloride treatment did obviously reducee th
solution of calcium chloride at 40g°L(4%) and 80 g  disease incidence F{g. 1A). On other hand, all
L™ (8%), carbendazime 50% WP at 0.6 mL,Lor tap treatments except % cglcm_m _(_:hlorlc_je were able to
water (as untreated control). Blue mold disease®duce the disease severity significaniig( 1B).
incidence and severity % were assessed after cold Results of the second experiment revealed that the
storage for 4 weeks. Disease severity and incidencelOS exposure to microwave significantly gave theelst
were assessed as previous|y mentioned. reduction in blue mold disease severity and inaigein
o . a similar level to the fungicide, Carbendazime. ©tiger

24. Statigtical Analysis exposure times were also effective in reducing the

Data were analyzed statistically using General &ine disease amounfr@ble 1). Calcium chloride at 8% was
Model (GLM) procedure (SPSS software version 11.5; obviously more effective than at 4% in suppressimng
SPSS Inc., Chicago, USA). Least Significance disease severity but with similar incidence on the
Difference (LSD) test was used for mean separation different apple cultivarsTable 1 and 2). Among the
the 0.05 probability level. Significance of mairctars  apple cultivars, Granny Smith and Red Delicious had
and interactions was tested at the 0.05 probaltafitg!. significantly the lowest number of disease spdiable
1) and the lowest disease severity Palfle 2).

Both treatment and cultivar as main factors had

Results of the first experiment revealed a 5|_gn|f|car_1tly_ (Probability vaIl_JeSS0.0SO) affected the
significant reduction of blue mold incidence on d|seas_e |n_c|dence_ and severihable 3)' _T_he treatment
Golden Delicious fruit after 30s microwave exposure X cultivar interaction of them was significantlyfedted
and carbendazime treatments followed by 10sthe severity of the blue mold &ble 3).

3.RESULTS
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Fig. 1. Effects of different treatments used in the secexpkriment on blue mold disease incidence (A) awerity (B) on apple
cv. Golden Delicious under cold storage conditions
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Table 1. Effects of different treatments on disease inoi@éf of blue mold on different apple cultivars

Cultivar
Treatment Golden delicious Red delicious Starking an@y smith Royal gala Means
10s microwave 03 1.0 0.0 0.3 1.0 0.5°b
30s microwave 3.30 0.3 3.0 1.3 0.7 1.7a
45s microwave 1.70 0.3 0.5 0.3 1.0 0.8b
4% CaC} 1.60 1.0 2.3 1.0 0.0 1.2ab
8% CaC} 1.70 1.0 1.3 0.3 0.7 1.0ab
Carbendazeme 1.00 0.3 0.9 1.0 1.0 0.8b
Control 2.80 1.0 1.0 0.3 2.0 1.4 ab
Means 1.8% 0.7b 1.3ab 0.6b 0.9 ab
IMeans of five replicates (2 fruits/container)
2Means within columns or rows followed by the saetéer are significantly different at 0.05 probailievel
Table 2. Effects of different treatments on disease seywétif blue mold on different apple cultivars

Cultivar
Treatment Golden delicious Red delicious Starking an@y smith Royal gala Means
10s microwave 1.71 10.0 0.0 33 16.7 6.3cd
30s microwave 33.30 20.0 18.3 3.3 48.3 246 b
45s microwave 23.30 3.3 50.0 16.7 7.8 20.2b
4% CaC} 45.30 32.1 53.3 13.3 25.3 339a
8% CaC} 5.00 13.3 10.0 16.7 24.2 13.8c
Carbendazeme 3.30 5.0 0.0 10.0 13.3 6.3d
Control 50.00 20.0 66.7 23.3 38.3 39.7a
Means 23.1% 14.8 b 28.3a 12.4 b 248 a

IMeans of five replicates (2 fruits/container)

2Means within columns or rows followed by the saetéer are significantly different at 0.05 probafilevel

Table3. Main and interaction effects of treatments andivarit
type on blue mold of apple under cold storage c¢immdi

Source Disease incidence
Treatment 0.003 0.008
Cultivar 0.000 0.002
Treatment X cultivar 0.156 0.028

*Probability values<0.050 are significant

4. DISCUSSION

Fungal spores and latent infections Rof expansum
are found either on the surface or in the first fesil
layers under the peel of the fruit (Lurie, 1998hsP
harvest treatment is very important since it camiahte
blue mold infections through removing spores frdma t
fruit surface and acting directly on their vialyiliand/or
induce fruit defense mechanisms in the outer lapérs
the epicarp which
development (Schirret al., 2000).

Calcium chloride was more effective at 8 than 4r
1% and was as effective as carbendazime in reddlcéeng
mold severity and incidenceln vitro, CaC} had
significantly little efficacy againsP. expansum, even at
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6% while in vivo and at low temperature, it waseffve
at 4% (Maouniet al., 2007). Compared to benomyl, 2%

Disease severity CaCl, was not effective in controllind®. expansum

(Moline and Locke, 1993). As a mode of action, itait
ions might bind with intercellular pectic constituge of
fruit tissue; which becomes resistant to the fungal
pectolytic enzyme, polygalactouronase (Bateman,
1964; Conwayet al., 1999). As a core ion of plant cell
wall, calcium might increase the firmness of the
treated fruit which may a benefit for permitting an
extension of the fruit shelf life (Margosahal., 1997;
Samset al., 1993).

In the present study, 2450 Mhz microwave exposure
for 10, 30 and 45s was as effective as 8% ¢aaGH
carbendazime on controlling blue mold caused Py
expansum in apples stored under the conditions of
commercial cold storage. The mode of action of

reduce pathogen growth andmicrowave on the blue mold may be due its direfdoef

on the conidia oP. expansum and indirectly by heating
the surface of treated apple fruit to a temperature
detrimental forP. expansum growth and development. A
2450 MHz and 450 watt microwave exposure for 2 or 3
min of P. expansum-inoculated pear fruits was able
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effectively to reduce blue mold of pear withouteating 5. CONCLUSION
fruit quality (Zhanget al., 2006).

The effectiveness of microwaves is exposure-time In a conclusion, 10-45s microwave exposure of apple
dependent. About 60% of the larvae of blow fly fruits before cold storage alone or in a combimatidth
species, Chrysomya megacephala lived after 7 sec obther methods can be an environmental safe physical
microwave exposure, most larvae died by 15 secatind alternative to chemical fungicides for controllitdue

larvae were dead at 30 and 60 sec (Sripaleies., mold of apple caused B3 expansum.
2005). Fanslow et al. (1975) demonstrated that
microwaves at 2450 MHz destroy the eggs of thel®wnt 6. REFERENCES
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