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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.
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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.

SIS 5y T b LS o5ee PAL 5l cdld (e 5 6 )5 0lej 5 oslemsly (5535 g o il (23Sam -0 S5
ookl Sl pme glas saums lis il slold > oo, A0 1A ed Cogby g g a0 o EY Gles o
Qb o byl pSle G 50 0,0 B Jleis] mhans j0 4SSl g5

St clacens )3 ofs ssbar s ol onds lulid aisilsy b s 53 Gl (o1 Olsie 4 PAL 351

Ceoglin lie Jiomiw Sy cali ol M}ﬂ ol adlad 5l g co eoplply o)ls Sl alS slacdl jo clis
Caoglie o paiows bLI ) saias i (sounin aardllas .o S soliiul 55 e Jolge alom a5 el jo 2LS slacél
S350 5 S5 Sl Jolse 31 35 g 5 noses 45 oloj ol 035 PAL o351 lled Gial331 b (5 ows 4 oL
el el b enSIT528 5 5 J5ib sloaS 5 il oo 3,5 b PAL 5T cisdh o 538 ol s
oSmn 25 s 38,y 55 5 Uy iS5 ST 5l 5T 355 e oSl 3 el8
PAL 51 collad s cpisl il o3l a5 ol oy (3155 (F+) oS oo sloms] a5 o%yg 4y 300 Lo Jelse blio yo
Slow 9oLl (sloogun ;o pizmed (TA) Canl 004y Sl gmo ol b annlin jo ) jo dg S PRIV cldale o alogus o
Iy il aals (slaogae (rizod g bojlos plod ;0 (5,165 0590 Jgb ;0 PAL 351 sl ()5 )l crigl (milil L oo
5 i s )losine jsbas 4 uilal boads jlas slooge 13 PAL 35l slags olo liee 55165 59, YY) 5l am 058
ot Sadled 055 o o) oo 45 PAL 3T cedlsd tal3l sy Loglol (6,55 a5 wis i o sty 4o (V) 55 sl
(sl 39y o 33T Codlad sy 090 59, 50 Lol 0,8 o 1alS (6510485 gl 9, 50 6L Lo Lo slaogae yo oo 3]
GSL A auy o Ll 4 (OF) o saslive pgd G5, 40 LS el Cudld aoli8l vals sleoge jo a5 Jl> o cuils
Slmogen 5o Jyid sloeS 5 bl i 13 PAL o5 cullab S, o5 el PAL 31 (slass olor Gial3dl b sl
Cawsd 45 glo 0900 (59, pgabiw o 7,6 ade Saccharide cussSLT s 5,515 & b (olive 4z .ail oo WS
5 Pichia membranaefaciens joswe aygw 99 ciws; Hlae Sl (F+) o) Kea 3 Zhang glaalllas ;o .(03) Cuwl ool
bl g jloaiis slrogs sloged (Sawwg s Lo Jole Monilinia fructicola )5 )le z,18 e Kloeckera apiculate
Sl )t ekl o) gl s (2 yBal collad b jasie wiged ey ) 91T oge 50 Sisilis s Sy o lag)]
G015 4 5 s b e 5 40385 e o (8l s TUT 0l a5 530 gl 0l Ll oo o

iz


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

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

[ DOR: 20.1001.1.16807154.1400.22.4.3.0 ]

e slogul Sl 5 5 S S (sl S

sl Salioms GLILgeloi¥T i aiile (elbs (slam 3T slacolled oo slodgm (nl » 953 WS oo S8 (Sl
laws 35T cnl clled ondipla (loghy 5o wizman iols l3l ez ss BB Gliee ) Sl 5 58 DS 000 F
Sl Sl 3T Colled sl Sdganlar o g yoseo b sl jlars S0 (tmghy 50 00,5 Sl s (i Jled s,
D5 YL 2l @ sl Sgenlz e b yese 9, b aslie 5o slaenSTyy g 5Ldbsgeln¥ s LIS - B-1
Sl Bl codled iolidl ey cpl aS ail co eS 0uls jlewd slrosas (59, M. fructicola 5 P. expansum laz 8 i, )l
oS5 Glie 5 PAL o351 codlad fy Cole (Koo 0925 (BA) 00,5 o Soas Cunglie g9, 5 oyl
bige (b SeaS 3t lacuny; 0 638 0l S LLSgl VT @il 45 08 oo w81 5T 5 Jgi
Fl g 53 b IS I slaceS 5 b (ST bl (e BLI)IHO0) o) Sen s WaNG g3 53
Lo 55 cnl o 5 92 olyes © paling 5 oilowsl o J3od oS 5 a2t L Gl il ooyl (381 5
0,5 odalin (gl S g Cude  Sen
(C (ol g) sl S 95!

Vbl mha ys Jele dw cnl (iSenp Grizres 5 65055 lej 5 Ghe e el gl 65T esles 3]
Says8sl e 3 5,25 5 lo el GEiSam s 00ims yLis £ USE ol 038y o cine dyos] Sty 55l 50 53 oy
58 P pmilol e el oalds alS sl SajaSial Gl 5l ey GRlEIL Jloged b (bl 2 457 a8l 0w
29l & Lgsye o] lime (e 5 0018 0L eIV 55,59 1y el Sty Sl o s ) 53 5ils Sn 00+ il
FgSan 00 puilal (oS 5 Lo 4 bgre Gliae G i 5 (9o e (eilsl g (ashenl (6581 Sl 50 Eal 03
A o Ve 55 50 uiliol yod j0 19 See YO« clale oS5 Jled jo Ll OS5y 5 ol oo o1 59, 50 ) yo
cel clale cnl 10 6L Codled w0 Slas 4y ol LA 1) sl SoyeSal (e (2 VL oy e 5o 500 slacdale

WA PV VW] P WERV OV I |
80 - = Day 0 # Day 15 = Day 30
70 -
60 -
50 -
40 ~
30 A
20 -
10 ~
0 m

bc

0 | 250 | 500 | 750 | 1000 0 | 250 | 500 | 750| 1000

Bacteria No bacteria

Vitamin C (mg ascorbic acid/100 g FW)

©xSL ] Sk o
EO concentration (ul/1)
Fig. 6. Interaction effect of oreganom essential oil and Bacillus subtilis on the ascorbic acid 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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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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