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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.

G 39, Te b S 050 (T T Cadled e 2 ()5S o 5 skl 6 ST ¢ Sig po il (iSam Y IS
bl lo gme @gles caumslis i e slod e ao 0 A0 1A aed Cogby g ugeedis a0 o EY gles o
Db oo b yles 1 Sleo w50 20,0 O Jledtsl mhans 50 SSls (g0

Yy



OhKan 5 (i

Cunglie iul38l g (So5edgnud o 58 rals cel gilons i rals g o] sla JSGol, Bis b lalognsT sl
Bl b g 53l el ol Gl JBGol, 4y 9 x5S ols b balasnST ol . aigd oo (29,500 (So9dl g o s ply jo 28l
ST ke bawg Lol SSelSgisn ) (a8 5 LOaue)S dagetiyy dovgd atile () slosSse (gralams]
Sy 1l A ) 9 Gl adg g it 1alS Zel o5 oo Lo (V) Wigd oo (slopumij sla STy (gemlinnS]
bl 031,57 .000 5 o oS T B pae (0l 4z o g ol (sla JIS0a]) adgi e s 18l i go g g0 (5
Ol 1) Sganns aenST g o SYBL laaTyy UsSolS ¥o) Lo LS lllisel (VT s (sl 351 odlad ¢ Jgacs
Cadyb tal8l el do o2 g Jamil ol Salins < J5,ST5,5" aiile Sagzmispe uilsl )0 9250 slocaS 5 00
5o S o s29,5em abor il o S8l Cuaglie Ghalidl g (6ym S pu (OIS 4 7o oS Wigd o0 05ee 5o (ST T
Ol 4 4 gl Fge hgy o Shst lagidn 4 Cusl (Vb Jses o 45 gl (el (05380 <,
S ol plis ol agh Slaasst (F) 998 oo ogae CuheS gy Sacl it Hobods (izren 5 Sl ogie E3) 500
cdale 5o laenST 8l Ol (YL &S wbioe Gl JS lannST 8T Gliae () Gloy (Rl L Lo les aen o
bl GlaraST Bl collad 6,500 (hgh 50 wb eaaliv )lo paiges 21 Gloy g 2 4o g S VO il
ool 45wl addllae s (geslognSThy 2 5030 5 05T a0y 5le i (g bl 2 Olmey 5 gl (e e
Sl 5 03,5 Jos 5l Glgiear 29,80 (locunisTLST (V) 951 Sgmis o (il s Bogapo il (5558 e
skl (581 o Nighi oo Gliee ) gilarnST conl GRalS 2l of) cnl 5l g aiiS (0 So 20 | (GlanST K
5 JeSgy0e IG5 barSTnom ooty asile (ROS) (y5enST Jld slacsss 51 Vb mhaw Joos oUlys
S5 b oo slags Ol @ i 9,500 oS 0 )5 5l 1) wigd o 05 (s oS 2L 4 o5 (S|
roze 38 4 Gl 55 (S 8axsT 5 S sleosee ;o o) Ol dalie g d oo (lie Cueglie j3 ks slagnty
oSt Ay G 0gpe Cuwglie g (SlownST SOl Cudlad 4 by e slayy ol (ildl causs Las (Cyptococcus laurentii
ol yors uilol 2 jo 12 )Sa VO cllale jlas jo S oS (3T 5 5 Gral38l (e (0 3L (VA) ool 009y )5 Loy
ol g L el eSS ploy Do LG B oad ol Jles cond S Gal 4 iws S cselin ol Yo 55, 50 6 5SL L
oSl Clled i 4y jzmie 2l @ puilel 0,5l cuizmen ad ShenS| ST cllad 5 (Jgid slaeeS 5
Olos p oadjlert slrogee po (FlanuSTl colled L ()b 5l 0gr S 5 slaslerd 4 S 5 0mb g 5
eialST slo STy 5 ST st Ly oo 5T Cellad LaalS s Lo il 5 sl S ysSiol Laim Lo 4y Wl o (5, lg S
bl ST 5T 2l a5 g
Crlonw g

18 Juml gy ole aw o Jlite J1 Ll gl Jlosime JS uilomsl lyims 5 skl 250 Lol il
S bajless 55 Al (ul a8 08 oy Graldl puilad cldale g Glej (AalBI L Guilowgisl jlade wl (asiie .ol I3 e
oyl el bl s a4 Jlis! a4 vals 4 bawe glbaiges o uilawgsl e zals (FUSE) 0g calis
oo Dl s 4y Guill b oads jlad slooges b aslie )0 0uid i (sbroges Cul (ol 0l oo SlanST 528k
5 4,55 8 ST 58y aiile plam 3l LS po (ool T azmess po g ailai lsa b (55 gladols iy
(B°) sl 0 3T ol Ceallsd 51 e
g oo dlgi! aSgigdE —agilysy Jeid - SlarSied s (b 50 L iriliwgil 5 Lol Jgid Jols (J528 (slaeeS 5
lodzests sl SIS 36 agen ,alls 5 S5y 45 o] oljee 450 9bods thitad Cared] Pl s ogme CoriaS o Layliagi]
oy Jloiol 4y a8 el ooy ads YL o 1o vald led 4 Casnd puliwsil e 00l [lend (sloogae jo aS ol ol
el bl Lis 55 gPAL 5l cudlad (l 31 s @ 55 g slaanST o3 9 5lonnTy w3l codlad (palS o &

345wl oo Wliea, -~ pawiliw WOLS )0 39250 Slailwsil £55 (o Pt Sl o (6 S (RIS Lo 4

Shikimate-phenylpropanoid-flavonoid -1

84



e sloguly Sl 5 55 S (sl S

(FA) oo 5 Tian «glaalline ) (%) wbl g 3l Laaisis)l5 5 bacyilisnil cotlil Ldg IS 55 b (poems, Job
ey Gl 5lanaST Jgib o 3T codlad (liae )leSS oy (il 33 b oIS sloogae cudls pr ylej 5o a5 0is S Lo
5l 51528y T dasgs iyl a3 Wl oo o] e oS 08 o oy GRS S ilomssT 5 5 05 0
O35 S oo 65 5l (5SS 090 Jsb )0 Creilemgil o ST I GlaeanST T Sy Jds 4 (aLS sla il
rizen (YY) Wlodgy g 651055 o) 45 9l 050 40 Crailwgi] Gliae Lai> o oalS slajmilal (5 a5 sl o
ood Jld el cpiugl Guilol aisdly cans polive sloazs 4y oo ogie (53, criugl puilal S gy p b o) Kiag
Sl sl 0¥ Gl S5l PR) (olis)lonm b b o sloeii n 09d o0 )5 Lo 4y Cnglite Jole (slagyetiy n b
4 5,5 0 Lal LSSy 5 oSl LS 4 ole oo bt onl ez 5l S so @l | Sstiorns | Cooglia
Dg5 a5 W0 S 515 OF) o, Sen s WaNg «oiagh 5o (FV) winie o 5l gl s e slag B 4 alex b
) F5d SloeS 5 5 apuilmsssl Jolis (GlapST 5T (slgiome 5 63V zshan Jsisl 5 Jsosd b ouds Jlad sla 553
adg Jele lags (ol Jlad 4 i (99,500 SlacedSLSl ()15 0 )5 il said jled laoge 4

Sy B e Jlie )0 ol Cuglia iol38l g ol g sloguiiy

#Day 0 #Day 15 = Day 30
120 - a a
bc -

100 A
ghl
60 o

40 A

Cilbawg! (glgxxo

TAC (nm/gFW cyanidin-3-0 rotinoside)

20 4 &

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

Bacteria No bacteria

sASL SASL s
&Lw‘ .- rl I3
EO concentration (ul/I)

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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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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Fig. 7. Interaction effect of oreganom essential oil and Bacillus subtilis on the PPO 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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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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