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Fig 1. Interaction effects of Bacillus subtilis and oregano essential oil on the growth inhibition of Botrytis cinerea.
Non identical letters indicates a significant difference at 5% probability level among means based on
Duncan test.

alin,.l slocd,> Botrytis cinerea z,6 ok, 5| S05,l05b e p (B850 50 (bl 5 ualewl 6,585L (aiSan s - IS
Wl oo yles oy 0o ;0 0 Jleixl e o SSls Qs.a)’] ool g ls pme Sglay saums L

adgr s aeluwl Lyl i 5o jgewgail adgy alax 5l alize glasl sl Shs )l wakesl 655U sloassS

lrosls dacyl oo 5lacil co (wolewl 6551 Jos slo ) Sg5l 5 Lm_iuy)‘:ﬂ 3 )l;é GIT S 5 oS e s M}ﬂ
2L il Jalse J5uS 50 (cage G 5 428,518 425 000 yidin gl (6,55 bawgi ouds a8 ]
30 i el wolewl (655L awg oo oy 3 JT slacaS 5 as ailesls ylis o9Kwg ,See slmodnliv .ol
5 wle s & okl slaaiss 15 JT slacuS 5 uien .(VF) 2igd oo Penicillium crustosum z,6 wliscsy,
Fusarium oxyxporum 4 Penicillium spp. B. cinerea slaz ,B joul ol hob g (oo 10 aSl 048 o0 7,8 dug ) 0,
9y Olgieds Olcn mskenl 655l 8 T slacaS 5 5l 45 aas oo i loaalis ol ((VF) ail oo 38555 5
Cenilgs B subtilis g 2SL as” wols lis glasllas ;o (VA) ), Sen g (comsld 0,5 ooliin] (2,8 slo 5 lay S (sl
(et WS (6 5 gl Penisilium spp. 4 Alternaria alternata slaz 8 o, 5l oo ,o AVIY 5 FAIN Glis 4 ol ey

fv.


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.3.0
http://journal-irshs.ir/article-1-491-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-12 ]

[ DOR: 20.1001.1.16807154.1400.22.4.3.0 ]

e slogul Sl 5 5 S S (sl S

Penisilium 4 A.alternata slaz 8 i, )l 3l oo 0 YEIV o #Y/Y 15 4y o3 5 4 Pseudomonas fluorescens ¢ 254
(Plite 2usS 05l 5l 0ol b S le @B 59y 6L g 03 b ctmgh 1 wnl 2 9l 25 525 sl SPP.
conlesl 050 slas xSL aS ols lias baases .ol plodil oliolosl Lasl s jo glaisl 5l )5 mle adgi g 1,8 slac gl
33 2l il (V) oy Sglite alites sladguw ,o 2alS e Ll wisls zals 1) 5 lew 7,8 o, (yg0)] dw ,o 40
Cryptococeus CewssStsl yosue aed ge LiS aS 3 ls ey (K8 axsS (59, e @ ade Sl S 050
OF) Cenlond ety Fgr @58 Codlad Jlos ar sl g (52 4295 (Sorwgy 25 el 5550 55ba laurent

B9 3 o P @8 @lhgeel 9 08 (655 e el (Slaik S Sl ol g Sl el slaaxss
ot ST ko ply )0 ladad (g g 0950 Luld 50 sedd 5 sl (e e alez Sl LS o ilul I (S
5 sod ez lo bl a3l i ptaghy o (FY) wlools (i (Bl Collad e g 5 parbisiy 7een
A5 W8 asuie g Al o, Penicilium sp. g Botrytis sp. Pilidiella granati 3 ,leu z,8 aw ade » Jieo0) e
L lows ol 31 i o e oilisl 5 dalllan 350 slag 8 0 51 (S )Io3l 5l 5l 29, Smid (S milod s
03,5 ap il SlocasS 5 50 JsSTo)lS lie 4 Ghozmipe bl 3B o9 S 5 (ed ez o< 295550) 05
Jol> licds Joid slacaS 5 (YO) cenl ool Ol3I gobj sbvardllas (o 55, Shods oS 5 Glais 4 Jg,8 15,15 s
B 55 ol 55 o Jl 5 oes bl 51l 0 i 5 ol JUiS 5 edlysi Js a0 (2 5 oy
Serd Sl S0y o (lewdgion SLid Cungd ol Ceond )5 (LS Slaguilal (o Cesgaol lacS 5 plgrea
Ol (ATP) Slawdis icnjsinl 4 Comd 1) 5 Lo sloaisly Wi (633358 5 00,5 a5 | (Jgym slid oy >
(YY) 058 o o] 5 pe 4 yomie ol s a5 aias o
S50 578 SR yg05 (SLadoe
S g

V Jlil e 53 (65 Ol 5 ool 655l e 97 pe il ool il aS s e (las adlllae ol slaass
5 ookl 6L (NS oy 5 ey e eilel iSen  (pizmen Sul 039 I3 (Gne JS S5 lyione p wo)s
53 el oogy o gine S Job lgime p doyo ) Lol gl 55 uolenls 655 5 (heaye ilel s InSS Olej
S50 05 3l 39, 4t o JS S35 slimo I3 el o3 0 ol o co5m (50655 oo al331 b s
s 28l il S Jsib glsime ouilul clale (530 L g wisgy (g o sime sl gl La Lot plad (il -Y
b osaline plVe 595 50 (uilul yid 5o g e Ve e Lo jo S5 o slyioe
35 58 5 65 Jlord il JS J53 Slyime 2 50455 o) 5 mslanly 555 fiSan s sammoglis o Y S
Slowd 50 plVe 55y 50 Jo8 e cppiian 9wl oo ol loj g 0uid Lt sleoge b (5l sime BT gl e
g Sea VO 2dale jo (S Joid slyime p (e pe (bl 5 skl (655 (AiSen (o) 2 50 0D oalie (65
Slossen JS Jys5 (Slyimn <o 5 slaskess 59 mizon o Y JS5) a5 oanlie Jpsb (slyime olien il 2 o
ool 5 (5L (oS 5 sland 5o gy ()lo cme BT Ghyls 0atd jle (slvogee dy Cond gl (6L b 0ol jlas
2y @le e ilul YL clale Jloxal ay a8 350 YL (675 oo sleed S8 lsioms id jo g Sea Vv e cdil
el 00l o5e (885 s ;3 (1 (6,135 23U 5 5 S
@ rian g W0 i (eab o ¢ i oS5y wiile) ogee (6,0lL 5 (glapdis CukS 50 Jsib sleeaS 5 a5 ]
5 e slbonS 5 i 4 ool sleasillas S o Jos sslaal Jelse o bassl oy unilSe Ky olgie
aiile Jgib sloosle (V) wlaisls (09,500 pmd loeawl b 09,500 slo Sogdl 4 sl by 5o clis slopuslSe
ot (0 Jlab a5 15 5ol el il o bl 5 055 T3k omt Jilse 4 oL Sl D5 5 Sifgin el (slosiso
S o s il s sbaosls 41y VT b T il w5 con 5 PAL) Jliigol ¥ Jsé sl

Nutritional quality -\

V)


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.4.3.0
http://journal-irshs.ir/article-1-491-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-12 ]

[ DOR: 20.1001.1.16807154.1400.22.4.3.0 ]

OhKan 5 (s

A wDay 0 =mDayl1l5 m=Day 30
140 - a
b
a 120 - d
S
5 100
5 80
=
SE 6
%32
g 40
o
T 20
2
0 T T
0 250 500 750 1000
ol cdale
EO concentration (ul/1)
140 - N : " :
B o *# Bacteria s zsL No bactgrla 655k eny
120 A o)

100 - ¢4

80 H :

J5Jes
Total phenol (mg GAE.ml1)
3

L L L L L]

40 A
20 - PRy Xy I .
LT e antant,nt,
iy g
0 : . TR . TR .
0 15 30
&I o
Storage (Day)
C o % Bacteria =L # No bacteria s :5U (50
g a
120 - b b i b @
Q.\ C o OC
T 100 - e
g by
< 80 - it
2 o i
=) SR
5 E 601 i
5 b
2% w0y
S i
5 20 - il
5 Ty
= ey
0 T Subat T T
500
ol cdale

EO concentration (ul/1)

Fig 2. Oreganom essential x storage day (A), Bacillus subtilis x storage day (B), and oreganom essential x Bacillus
subtilis (C) interactions on the total phenol of sweet cherry stored for 30 days at 0+1°C with 90-95% relative
humidity. Non identical letters indicate a significant difference at 5% probability level among means with
Duncan test.
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Fig. 3. Interaction effect of oreganom essential oil and Bacillus subtilis on the antioxidant activity of sweet cherry
stored for 30 days at 0£1°C with 90-95% relative humidity. Non identical letters indicate a significant
difference 5% probability level between means with Duncan test.
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Fig. 4. Interaction effect of oreganom essential oil and Bacillus subtilis on the anthocyanin of sweet cherry stored
for 30 days at 0+1°C with 90-95% relative humidity. Non identical letters indicate a significant difference
5% probability level between means with Duncan test.
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Fig. 5. Interaction effect of oreganom essential oil and Bacillus subtilis on the PAL enzyme activity of sweet
cherry stored for 30 days at 0+1°C with 90-95% relative humidity. Non identical letters indicate a
significant difference 5% probability level between means with Duncan test.
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5% probability level between means with Duncan test.
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Biological Control of Gray Mold and Induction of Defense Responses in
Sweet Cherry (Prunus avium L. cv. Takdaneh Mashhad) by Bacillus
Subtilis and Oregano Essential Oil

Ch. Hosseini'*, M. Asghari and M. Khezri'

Gray mold is one of the most important pathogens of cherry fruit. In the present study, the
ability of bioinhibition of Botrytis cinerea by antagonist bacteria and the effects of adding
marjoram essential oil on the growth of pathogenic fungi was evaluated. According to the
results, with increasing in the concentration of essential oil, the growth rate of fungi decreased.
In vivo, cherry fruits were infected with a suspension of 10° hg/ml of pathogenic fungus, then
separately treated with a suspension of 108 cells/ml of selected strains of antagonist bacteria
and marjoram essential oil at 5 levels. The qualitative parameters were examined at three times
of zero, 15 and 30 days. The results showed that the treatment of Bacillus bacterium and
marjoram essential oil at a concentration of 750 ul/l were the most effective treatment to
increase the level of antioxidant activity and phenylalanine-ammonialyase enzyme activity.
Total phenol content and anthocyanin content at the concentration of 1000 pl/1 were the highest
after 30 days. The highest amount of polyphenol oxidase enzyme was recorded after 15 days
at the concentration of 750 pl/l. According to the results of this study, the mechanism of B.
subtilis and marjoram essential oil in the control of gray mold of cherries is probably due to
the induction of resistance in cherry fruit and increased antioxidant activity.

Keywords: Antioxidant, Bio-inhibition, Defense system, Phenolic compounds, Phenylalanine
ammonia lysis.
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