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ABSTRACT

Efficiency of acetic acid vapours either alonejrocombination with chitosan coating for the cantling gray and
blue moulds of apple fruits during storage was stigated . In vitro test results indicated thatf@oncentration of
acetic acid vapours i.e. 00, 2.0, 4.0 ,6.0 and |8/Q were tested against linear growth and spoeengination of
Botrytis cinerea and Penicillium sp. Results reeéaiat all concentrations significantly reduceé tinear growth
and spore germination of B. cinerea and Penicillisjm Complete reduction in linear growth and spgeemination
of B. cinerea and Penicillium sp. was obtained veitdetic acid vapours at 8.0 and 6.0 pl/L respetyiveComplete
reduction in linear growth and spore germination Bf cinerea and Penicillium sp. was obtained wittfitasan
solution at 6.0 and 5.0 g / L respectively. Thehbgj reduction was obtained with chitosan solutiob.0 and 4.0 g
/ L which reduced the linear growth and spore geatipn of both fungi more than 77.8 and 74.2 %pessively.
Moreover, In vivo, test, all concentrations of acetcid vapours significantly reduced the gray dide moulds as
disease incidence or rotted part tissues of applist The highest reduction was obtained with @&catid vapour
at 6.0 and 8.0 pl/L which reduced the both diseas® rotted part tissues more than 84.0 and 861@$pectively.
Also, all concentrations of chitosan solutions #igantly reduced the gray and blue moulds as disgacidence or
rotted part tissues of apple fruits. The highestugion was obtained with chitosan solutions at &¥@ 6.0 g /L
which reduced the both diseases and rotted pasiuéis more than 84.0 %. Acetic acid vapour and shito
solutions alone or in combination significantly tee:d the gray and blue moulds as disease incidenoatted part
tissues of apple fruits. The most effective treatmas combined treatment between acetic acid wapb8.0 pl/L
followed by chitosan solutions at 5.0 or 6.0 gihich reduced the both diseases and rotted pssti#s more than
84.0 and 87.0 % respectively.
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INTRODUCTION

Worldwide gray mould caused IBotrytis cinereaPers; Fr. and blue mould causedR®Bnicilliumsp. are the most
important diseases attacking apple fruit duringrasge [1], [2], [3], [4]. Using of chemical fungi®d gave
satisfactory control against mould infection , tave residual harmful effect to human and enviramnig].
Moreover, successive use of fungicides could leadevelop some significant fungal isolates reststanused
fungicides. Therefore, alternative fungicide treaits are needed for the management of posthariestsgs of
fruits [6], [7]. Acetic acid ( AA ) is a universahetabolic intermediary and occurs in plants andnats [8]. It was
commonly used by food manufactures as antimicrghieservative or acidulates in a variety of fooddurcts [9].
Vapours of acetic acid were extremely effective kdling spores of postharvest fungi which caussedses to
various fruits [10], [11]. Fumigation with aceticid vapours prevented postharvest decay of agqilefruit , pear ,
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tomato , citrus and stone fruits [12], [13], [1/10], [15]. [11] reported that, acetic acid vapoetssed complete
inhibition of linear growth oBotrytis cinereaand reduced gray mould incidence of table grapa®than 84.6 as
compared with control fruits. Chitosan is theoraficbe used as a preservative for coating fruite Toating is non-
toxic and safe [16], and exhibits antifungal agivegainst several fungi [17], [18], [19], [20],1R A chitosan
coating is known to have the potential to prolohg storage life and control the decay of strawbejriomatoes,
peaches, pears, kiwifruit, litchi, apples, longand citrus fruits, as examined by [22], [23], [2H5],[26], [27],
[28]. The aim of this study was to evaluate thécaffy of acetic acid vapours either alone, orambination with
chitosan coating for the control of gray and blusutds of apple fruits during storage .

EXPERIMENTAL SECTION

Source of pathogenic fungi and apple fruits

Pathogenic isolates @&otrytis cinereaandPenicilliumsp the causal agent of gray and blue mould diseasae
kindly obtained from Plant Pathology Dept., Natib Research Centre , Giza , Egypt. Meanwhgpleafruits cv.
Anna were obtained from commercial market in Egypt.

Fumigation: Acetic acid fumigation (v/v in air ) was carriedt in fumigation chamber according to the methods
which were described by [12].

Testing of acetic acid fumigation on linear growth of pathogenic fungi
Four concentration of acetic acid vapoues 00, 2.0, 4.0 ,6.0 and 8.0 pl/l were tested agdinear growth of
Botrytis cinereandPenicilliumsp.

Disks (6-mm-diameter) of 10 days old cultures ofiguwere fumigated with acetic acid vapours at fmes
concentrations for 30 min in fumigation chambeerthransferred to plates containing PDA mediumebkimgrowth
of fungi was measured when the control plates reédhll growth and the average diameter was cadledldive
replicates were used for each treatment.

Testing of acetic acid fumigation on spore germination of pathogenic fungi

Drops of spore suspension Bf cinereaand Penicilliumsp. were placed on PDA medium at six equidistaimtpo
on Petri-plates containing 10 ml of medium. Inotedaplates were uncovered and fumigated with acatid

vapours at 00, 2.0, 4.0, 6.0 and 8.0 ul/l for 3@ im fumigation chamber. Fumigated plates were mxvend
incubated for 24h at 25 °C. Percent germinatiospoires was determined by counting 100 sporesifivestin each
drop microscopically [12].

Evaluation of the inhibitory effect of chitosan on thelinear growth of and spore germination of pathogenic
fungi

The inhibition by chitosan toward the linear myaktjrowth of B. cinereaandPenicillium sp. were determined on
potato dextrose agar (PDA) at 25 + 2°C accordn{®]. The prepared PDA medium was dispersed i rh0
quantities into 250 ml Erlenmyer flasks and steedi by autoclaving at 121°C for 15 min. Chitosamenygrepared
as described previously and then added to PDA mebiefore its solidification to obtain the final @amtrations of
0, 2, 4 and 6 g/L (w/v) and mixed gently with 0.1%een 80 (Sigma) to enhance solubility. Each fiasls then
disbanded in sterilized Petri- plates (9- cm diarjebefore its solidification. Plates were indivadly inoculated
with equal disks (6- mm diameter) taken from 7-daie cultures of eactB. cinereaand Penicillium sp., then
incubated at 25 + 2°C. Linear mycelial growth afijus was measured, when the control plates redohegowth
and the average growth diameter was calculatech ffaatment was represented by 5 plates as regdica

Meanwhile, the inhibition by chitosan toward theosgs germination of botB.cinereaand Penicillium sp were
determined on potato dextrose broth (PDB) at 25°@ according to [29]. The prepared potato dextrosoth
(PDB) was dispersed in 5 ml quantities into 10 edtttube and sterilized by autoclaving at 121°C1&rmin.
Chitosan were prepared as described previouslyremadded to PDB to obtain the concentrations @f @ and 6
g/L (w/v) and mixed gently with 0.1% Tween 80 (Santo enhance solubility. Each tube was then itated with
1.0 ml of the spore suspension at a concentrafidf’sporegml. Inoculated test tubes were incubated at25G 2°
for 20 hours on rotary shaker (200 rpm). Germinatpdres were examined microscopically to deterntivee
germination rate [30]Experiment was represented by one handred spemeseplicate and five replicates per
treatment were used
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Invivo: Testing of different concentrations of acetic acid vapourson gray and blue mould diseases of apple
fruits.

Different concentrations of acetic acid vapours 0, 2, 4, 6 and 8 pl/L were tested to stubigir effect
against gray and blue mould diseases of appitsfieresh apple fruits (c.v. Anna) apparentheffeom physical
damage and diseases were artificially wounded ustaglized scalpel. Fruits were fumigated withetac acid
vapours at previous concentrations for 30 min mifjation chamber . Inoculation of treated fruitssvearried out
by spraying fruits with spore suspension®(&pores/ml) oB. cinereaandPenicilliumsp then air dried . All treated
or un-treated fruits were placed into carton batethe rate of 10 fruits/box. Each particular corication as well as
control treatment was represented by three carnen All boxes were stored at 20+2C° for 15 daygcPBetage of
infected fruits (disease incidence) and rotted fissties of fruits (disease severity) were reabmafeer 15 days.

In vivo: Testing of different concentrations of chitosan solutions on gray and blue mould diseases of apple
fruits.

Chitosan solutions at different concentratioes 0.0,1.0, 2.0 3.0 ,4.0, 5.0 and 6.0 g / L werstetd to study their
effect against gray and blue moulds incidenceypple fruits. Fresh apple fruits apparently fimen physical
damage and diseases were artificially wounded usiaglized scalpel. Fruits were dipped in chitosatutions
previous concentrations for 3 min, then air driéaoculation of treated fruits was carried out pyaying fruits with
spore suspension (18pores/ml) oB. cinereaand Penicillium sp. then air dried . All treated or un-treatedtfru
were placed into carton boxes at the rate of liflsfhiox. Each particular concentration as well astiol treatment
was represented by three carton box. All boxes wayeed at 20+2C° for 20 days. Percentage of infedtuits
(disease incidence) and rotted parts of fruitse@he severity) were recorded after 20 days.

Rattpart weight
% of rotted part of fruit = x 100
ifrweight

In vivo: Evaluation of acetic acid vapours and chitosan solutions alone or in combination on gray and blue
mould diseases of applefruits.

Acetic acid vapours at 8.0 pl/L and chitosan sohgiat 5.0 or 6.0 g/ L were applied alone or imbmation for
controlling gray and blue mould diseases of afipliés. . Fresh apple fruits apparently free frphysical damage
and diseases were artificially wounded using szedl scalpel. Fruits were fumigated with acetida@pours at
8.0 ul/L for 30 min in fumigation chamber then welipped in chitosan solutions 5.0 or 6.0 g/ L fanB, then air
dried . Inoculation of treated fruits was carriadt by spraying fruits with spore suspension®(&pores/ml) oB.
cinereaandPenicilliumsp. then air dried . All treated or un-treatedtfrwere placed into carton boxes at the rate of
10 fruits/box. Each particular concentration aslwsl control treatment was represented by thre@rcdoox. All
boxes were stored at 20+2C° for 20 days. Percerthgdected fruits (disease incidence) and roftads of fruits
(disease severity) were recorded after 20 days.

Statistical analysis:
Tukey test for multiple comparison among means wtidiged [31].

RESULTS

Invitro: Effect of acetic acid vapourson linear growth and spore germination of pathogenic fungi

Four concentration of acetic acid vapoues 00, 2.0, 4.0 ,6.0 and 8.0 pl/L were tested agjdinear growth and
spore germination dBotrytis cinereaandPenicillium sp. Results in Table (1and 2) reveal that all cotre¢ions
significantly reduced the linear growth and spagengination ofB. cinereaandPenicilliumsp. Complete reduction
in linear growth and spore germination&fcinereaandPenicilliumsp. was obtained with acetic acid vapours at
8.0 and 6.0 ul/L respectively. The highest reducti@s obtained with acetic acid vapour at 6.0 afd4l/L which
reduced the linear growth and spore germinatidmotti fungi more than 76.7 and 74.8 % respectivdsanwhile,
other concentrations were less effective.
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Table (1) Linear growth (mm) of B. cinereaand Penicillium sp. asaffected with different concentrations of acetic acid vapours

Acetic acid vapours— B. cinerea _ _ Penicilliumsp. _
() Linear growth| Reduction| Linear growth| Reduction
( mm) % ( mm) %
0.C 90.0¢ 00.C 90.0¢ 00.C
0.2 44.0k 51.1 46.0k 48.¢
0.4 315¢c 65.0 320c 64.4
0.6 18.0d 80.0 21.0d 76.7
0.8 00.0e 100.0 00.0 e 100.0

Figures with the same litter are not significardifferent (P =0.05)

Table (2) Average percent of spore germination of pathogenic fungi as affected with different concentrations of acetic acid vapours

Acetic acid vapour B. cinerei _ Penicilliurr sp _
() Sp_ore_ Reduction Sp_ore_ Reduction
germination % germination %

0.0 94.0 a 00.0 93.0a 00.0
0.2 42.0b 53.3 44.0b 52.7
0.4 220c 76.6 234c 74.8
0.6 00.0d 100.0 00.0d 100.0
0.8 00.0d 100.0 00.0d 100.0

Figures with the same litter are not sigrdfitly different (P =0.05)

In vitro: Evaluation of the inhibitory effect of chitosan on the linear growth and spore germination of
pathogenic fungi

The inhibition by chitosan toward the linear myaéljrowth and spore germination &. cinereaandPenicillium

sp. were determined. Results in Table (3 and 4dicate that all concentrations significantly regdiche linear
growth and spore germination 8f cinereaand Penicillium sp. Complete reduction in linear growth and spore
germination ofB. cinereaandPenicilliumsp. was obtained with chitosan solution at 6.0 &0dg / L respectively.
The highest reduction was obtained with chitosdatem at 5.0 and 4.0 g / L which reduced the lingewth and
spore germination of both fungi more than 77.8 a4@ % respectively. Meanwhile, other concentretiovere less

effective.

Table (3) Linear growth (mm) of B. cinereaand Penicillium sp. asaffected with different concentrations of chitosan solutions

Chitosan — B. cinerea _ _ Penicilliumsp. _

(/L) Linear growth | Reduction| Linear growth| Reduction
(mm) % ( mm) %

0.0 90.0a 00.0 90.0 a 00.0
1.0 55.0 b 38.9 56.0 b 37.8
2.0 410c 54.4 470¢c 47.8
3.0 33.0d 63.3 35.4d 60.6
4.0 22.0e 75.6 234¢e 73.9

5.C 17.0¢ 81.1 20.0 ¢ 77.€

6.C 00.0 f 100.( 00.0 1 100.(

Figures with the same litter are not significardifferent (P =0.05)

Table (4) Average percent of spore germination of pathogenic fungi as affected with different concentrations of chitosan solutions

Chitosan B. cinerea _ Penicilliumsp. _
(/L) Sp_ore' Reduction Sp_ore' Reduction
germinatiol % germinatiol %
0.0 94.0 a 00.0 93.0a 00.0
1.0 51.0b 45.7 53.0b 43.0
2.0 41.0c 56.4 42.3c 54.5
3.0 32.0d 66.0 33.0d 64.6
4.0 220e 76.6 24.0d 74.2
5.0 00.0 f 100.0 00.0e 100.0
6.0 00.0 f 100.0 00.0e 100.0

Figures with the same litter
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In vivo: Effect of different concentrations of acetic acid vapours on gray and blue mould diseases of apple

fruits.

Different concentrations of acetic acid vapours 0, 2, 4, 6 and 8 pl/L were tested to stubigir effect

against gray and blue mould diseases of appitsfiResults in Table ( 5 and 6 ) indicate thatcalhcentrations of
acetic acid vapours significantly reduced the gaayg blue moulds as disease incidence or rottedtisartes of
apple fruits. The highest reduction was obtainetth &cetic acid vapour at 6.0 and 8.0 pl/L whiatiueed the both
diseases and rotted part tissues more than 84.8&0d% respectively. Acid vapour at 6.0 pl/L reed the both
diseases and rotted part tissues more than 75.8@0d% respectively. Meanwhile, AA at concentmataf 6.0

pl/L showed moderate effect.

Table (5) Percent of gray and blue moulds incidence on apple fruitsasaffected with different concentrationsof acetic acid

vapours

Acetic acid vapour: Disea§e incidence % -
() Gray | Reduction| Blue Reduction

moulc % moulc %

0.C 100.0 00.C 100.0 00.C
0.2 42.0b 58.0 44.0 b 66.0
04 34.7¢c 65.3 37.5¢ 62.5
0.6 23.0d 77.0 25.09 75.0
0.8 144 e 85.6 16.0 g 84.0

Figures with the same litter are not significardifferent (P =0.05)

Table (6) Percent of rotted part tissuescaused by gray and blue mouldson apple fruits as affected with different concentrations of of
acetic acid vapours

Acetic acid vapour Rotted_ parttissues % -
(i) Gray | Reduction| Blue | Reduction
mould % mould %
0.0 100.0 a 00.0 100.0fa 00.0
0.2 39.0b 61.0 41.0h 59.0
0.4 310¢c 69.0 31.0 69.0
0.6 19.0d 81.0 20.09 80.0
0.8 12.0 ¢ 88.C 14.0 ¢ 86.C

Figures with the same litter are not significardifferent (P =0.05)

In vivo: Effect of different concentrations of chitosan solutions on gray and blue mould diseases of apple
fruits.

Chitosan solutions at different concentratioes 0.0,1.0, 2.0 3.0 ,4.0, 5.0 and 6.0 g / L wersted to study their
effect against gray and blue moulds incidenceapple fruits. Results in Table ( 7 and 8 ) rewvbal that all
concentrations of chitosan solutions significamtdguced the gray and blue moulds as disease irog@danrotted
part tissues of apple fruits. The highest reducti@s obtained with chitosan solutions at 5.0 afdgs/L which
reduced the both diseases and rotted part tissaestiman 84.0 % . Chitosan solutions at 4.0 glélduced the both
diseases and rotted part tissues more than 74.076rid % respectively. Meanwhile, chitosan solutiats
concentration of 3.0 g/ L showed moderate effect.

Table (7) Percent of gray and blue moulds incidence on applefruitsasaffected with different concentrationsof chitosan solutions

Chitosan Diseas_,e incidence % _
(g/L) Gray | Reduction| Blue Reduction
mould % mould %
0.0 100.0 a| 000.0 100.0ja 00.0
1.0 51.0b 49.0 52.0 b 48.0

2.C 41.2 58.¢ 41.0¢ 59.C

3.0 33.0d 67.0 34.0d 66.0
4.0 26.0e 74.0 25.0 ¢ 75.0
5.0 15.0f 85.0 16.0f 84.0
6.0 145f 85.5 15.0f 85.0

Figures with the same litter are not sigrafitly different (P =0.05)
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Table (8) Percent of rotted part tissues caused by gray and blue mouldson apple fruits as affected with different concentrations of
chitosan solutions

Chitosan Rotted_ part tissues % _
(g/L) Gray | Reduction| Blue Reduction
mould % mould %
0.0 100.0 a 00.0 1000 00.0
1.0 48.0b 52.0 50.0 b 50.0
2.0 40.0¢c 60.0 40.09 60.0
3.0 30.0d 70.0 31.0d 69.0

4.0 220e 78.0 24.0 ¢ 76.0
5.0 14.0f 86.0 16.0 f 84.0
6.0 14.0f 86.0 16.0 f 84.0

Figures with the same litter are not sigrdfitly different (P =0.05)

In vivo: Evaluation of acetic acid vapours and chitosan solutions alone or in combination on gray and blue
mould diseases of apple fruits.

Acetic acid vapours at 8.0 pl/L and chitosan sohsiat 5.0 or 6.0 g/ L were applied alone or imlbmation for
controlling gray and blue mould diseases of agplés. Results in table ( 9 and 10 ) indicate thaétic acid
vapours and chitosan solutions alone or in comhanatignificantly reduced the gray and blue mowdsdisease
incidence or rotted part tissues of apple fruitse Thost effective treatment was combined treatretween acetic
acid vapour at 8.0 pl/L followed by chitosan smos at 5.0 or 6.0 g/ L which reduced the bottedses and rotted

part tissues more than 84.0 and 87.0 % respegtivel

Table (9) Percent of gray and blue moulds incidence on applefruitsasaffected with acetic acid vapour sand chitosan solutions
alone or in combination

Disease incidence %
Application Gray | Reduction| Blue Reduction
mould % mould %

Single treatment
AA at 8(ul/L) 13.0k 87.C 15.0k 85.C
Chitosanat5g/L 14.0 1 86.0 16.0/b 84.0
Chitosanat6g/L 14.0 b 86.0 15.0/b 85.0]
Combined treatment
AA + Chitosan at 5 g /L| 6.0c 94.0 8.0 92.0
AA + Chitosan at 6 g /L 6.0cC 94.0 7.0 ¢ 93.0
Contro 100.0 00.C 100.0 00.C

Figures with the same litter are not sigrafitly different (P =0.05)

Table ( 10) Percent of rotted part tissuescaused by gray and blue mouldson apple fruitsasaffected with acetic acid vapoursand
chitosan solutions alone or in combination

Rotted part tissues %
Application Gray | Reduction| Blue Reduction
moulc % moulc %

Single treatment
AA at 8(pl/L) 11.0b 89.0 12.0 b 88.0
Chitosanat5g/L 12.0 b 88.0 13.0/b 87.0]
Chitosanat6g/L 12.0 1 88.0 12.5|b 87.5
Combined treatment
AA + Chitosan at 5 g /L 50c 95.0 5.5 ¢ 94.5
AA + Chitosan at 6 g /L| 5.0c 95.0 6.0 94.0
Control 100.0 a 00.0 100.0ja 00.0

Figures with the same litter are not sigrafitly different (P =0.05)
DISCUSSION

Worldwide gray mould caused IBotrytis cinereaPers; Fr. and blue mould causedRsniciliumsp are the most
important diseases attacking apple fruit duringese [1], [2], [3]. Acetic acid ( AA ) was commonlsed by food
manufactures as antimicrobial preservative or datda in a variety of food products [9]. In presshidy acetic
acid vapour at 6.0 and 5.0 pl/L completely inhibitgrowth and spore germination Bbtrytis cinerea and
Penicillium sp. In this respect, the inhibitory effect of &eicid vapours on microorganisms is greater thantd
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pH alone and it can penetrate the microbial celexert its toxic effect [32]. The mechanisms oétar acid
inhibition to microorganisms apparently that it maffect the cell membrane interfering with the sport of
metabolites and maintenance of membrane poterjfijl Vapours of acetic acid were extremely effeetior killing
spores of postharvest fungi which cause diseasearimus fruits [10], [111].

Fumigation with acetic acid vapours prevented pstbst decay of apple , kiwifruit , pear , tomatoityus and
stone fruits [12], [13], [14], [10], [15]. In ther@gsent study results revealed that the highesticteoh of gray and
blue mould incidence was obtained with AA at 8IQ_ . In this regard, [11] reported that, acetiddagapours
cussed complete inhibition of linear growth Rydtrytis cinereaand reduced gray mould incidence of table grapes
more than 84.6 as compared with control fruits. tlscacid vapours at low concentrations, as thatlubas many
qualities that make then an excellent biocidest fit kills spores, second it does not injure theifyated fruits
surface third, it is effective at low temperaturglsich means that fruit in IGold storage could be effectively
treated with acetic acid vapours. Forth, it is fimnmable at the low concentrations that are reguto kill fungal
spores [12].

There are several advantages of using acetic agigétion to control postharvest diseases: It isatural
compound found throughout the biosphere posinig lat no residual hazard at low levels requiredkitibfungal
spores; It is also generally - regarded - as - safapound in the United States and does not regigorous
registration procedures; it is inexpensive, anchit be used to treat products in airtight storagens or containers
without requiring handling of the products, [1@hitosan is theoretically be used as a presewvdtv coating
fruit. The coating is non-toxic and safe [16], adibits antifungal activity against several fufijr], [18]. In the
present study results revealed that complete remtuad linear growth and spore germination Bf cinereaand
Penicillium sp. was obtained with chitosan solution at 6.0 &fdg / L respectively. There are several hypothese
have been postulated by which chitosan affectgtbeth of pathogenic fungi [33lirst: by its polycationic nature,
it is believed that chitosan interferes with negglf charged residues of macromolecules exposeatenfungal cell
surface. This interaction leads to the leakagentwhcellular electrolytes and proteinaceous carestits. Second the
interaction of diffused hydrolysis products withamabial DNA, which leads to the inhibition of mRNa&d protein
synthesis, third : the interaction of chitosan withgal DNA and RNA. Fourth : malformation of furigaycelial.
Moreover, chitosan coating is known to have theepti#l to prolong the storage life and control ttecay of
strawberries, tomatoes, peaches, pears, kiwifitahi, apples, longan and citrus fruits, as exasali by [22], [23],
[24], [25],[26], [27], [28].

In the present study, results indicated that tHatoacentrations of chitosan solutions signifitgmeduced the gray
and blue moulds as disease incidence or rottedtipaues of apple fruits. The highest reduction wsisined with
chitosan solutions at 5.0 and 6.0 g /L which reduttee both diseases and rotted part tissues mare 84.0
%.However, in the present study, protective effifcacetic acid vapours were evaluated alone ommlgnation
with chitosan coating. Results revealed that acatid vapours and chitosan solutions alone or imboation
significantly reduced the gray and blue moulds iasate incidence or rotted part tissues of applesfrThe most
effective treatment was combined treatment betvaseric acid vapour at 8.0 pl/L followed by chitosolutions
at 5.0 or 6.0 g/ L which reduced the both diseasekrotted part tissues more than 84.0 and 87r8siectively.
This results due to acetic acid vapour at 8.0 igimpletely inhibited linear growth and spore gemtiion of
pathogenic fungi followed by chitosan coating ast@etive material against any infection with postieat diseases.
It could be suggested from the present study thiatbination treatment between acid vapours and sduit@s fruit
coating considered as one of applicable safelgdotrolling postharvest diseases of apple fruits.
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