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S5 4w § Lo

3ol &S sl oals OlES ou ol Slalllae
(SSE (il ol wle Olelin oslgls OLLE
Boj gyl e gl (sHles) (s s skl
Lles gy oL, SL Ao Cools lyls Gy 5 )
o315 oS (Kim et al., 2008; Ahmadi et al., 2016)
S Gl s ey 0Lz el el o)
(Fazly Bazzac & Harirzadeh, sl o o5 Seds
Jot il GLS 5 sl 0blE ol ejlas 2003)
ol el g el S WSk
s eS| 5T 5 o5, Seds Sl s LS 5
Sl JRS S OLLE ol ojlae 5 Ll
(Goudarzi et al., 2006) ol 0l o3lizul LS
3 el Glaoslas S Us osls Ol ol s s
58 B a9 SKn ds S Glils @5l T oS
ong 5 sl oslas g9 S b Tl el 03

b i 53, Sl 0 i1 8 0T oL ST A Sl

S S 6568 g ob o 0 slae 3 )08

(5 50 JS8) Ll

Pectobacterium ¢ S ¢Kasd yu &S > —0 o

carotovorum
Figure 5. Swimming motion of Pectobacterium
carotovorum

Pectobacterium ¢ S'L Soi 5 oS =% JSs

carotovorum
Figure 6. Twitching motality of Pectobacterium
carotovorum

33
313 0L ol 035 5 5T osbae 33 S0k 4yl

dowo s Q‘J.;.A BE) Jals \a' L;)‘JLS:;‘A Q)w °L.'.§ 932 <

VS8 sl ol 5 KT
120
a a
- 100 o
i.
.
3
£ 40
£ 20
/]
Control Thyme Black cumin

eﬂ;,o_:.iﬂ@gfrtu Sl oslas bV o
Pectobacterium s ;S'U 65 KT Comols ol
carotovorum

Figure 7. The effect of ethanolic extract of Thyme

and Black cumin on the hydrophobic properties
Pectobacterium carotovorum



g Cri gl LS (J9ilT o )kas (ol pS LS 11 20l g o)

ywy

Glojlas 5 ulel g6 S5y 5l S Lsls ol
ol 4l 180T (65 KT U a5 ool alS
el ] bl Hble 5o 5l o )36 1) 5l
It b 5 S 558 gLy S e 5 (0B L L ST
lalee i g 6 pdy 3000 Cob sl oS Sl s
Gd S se 05,28 s (Burt, 2004) k5 s clis
O o el 5 gL SL gasl Sl oy 5 Sl
LOT 0 g 0L 53 (s S S e g
e Df sl S (Akhlagi et al., 2014) 45
glad Olbl o Sl b oY sy Clew
bamlie )3 o)las 4 Cond (6 20 Caglan pondly s
cnl s o Ol 35 it 0 8 slas ST 5 e G
sld @ olas KT LS 5,5, gl «Y
o S35 s U5 W 3 b 5 ST Sl
Pectobacterium s xSk wiy 5l ogd cpl b ulal g5
.(Mogana et al., 2020) Lles S wiles Caratovorum
s 0,55 5 Sl cphsl sl Ol alesT ol o
« P. caratovorum g SL S S el
bS5 3 Cmiles b sy sjlas Llodd e ja
S A 8IS el Streptococcus mutans ok .
lads sislas s osliwl Sy Conl 0l OIS 4 6 STL
(Kimet Cul ods s g Sls Cigae ials ) shis 4
Erwinia ¢ SL 5, & e 5> al., 2008)
b aaols QLS o s osls Olis 4 el amylovora
5 IS gl SL Gl ol el sy U
Llods 0T g5 oo 8l OT JLiy 5 Sy
ge 05 0l Cales 5 .(Akhlagi et al., 2020)
Syl 2l b 1 S 6 STL ool Jelss o
Wil b LS buy LSL gl
(Gharibeh et al., 2020)

ol RIS ol 53 8 ol 615 5 (531 T olS
4 Sl (S a8 5 55 KT Cools el
doyd AVFE ol hasT Js Bl sjoawm olb
02548 o 55 s i odb Gus » Golen IS

SSL Coy 2 2bSL e 4 g ool

ol el s sT LGl ojlas (g5l sbr 4y
OT JUs 4 .(Ordl et al., 2008) Llos ol 5,8 Ll
s sl Jske oslas sy 5 s JIF 5
Sy olas opl &S ws el Ol 0T Slo ges
e p B S S 5wl Jl it o 5 slas ST
ol (Mehrgan et al., 2008) coul o35 b
FB luis ol 0l ol oylas o plnil Sk
S OLS F ploms S en Js ST 5 dsed x5
2 g DL ple b LOT (eSS
35 45 L e il 5 e DS ) slaolas
Js (Dorman & Deans, 2000) b OalS -yl olas
4 G168 Sl S OT 26 5 fae DS 5 5 Ol
(Alrshman & b Sslize i sl o8 Ko 48
oolas 5 uilul o9 K As 1 Ol Alharbi, 2014)
LOT S5 eslo 53 JeuS o o5 oKl & aE
A S Js 51500 5 ges DS 5 5 S 238 ez
S OLS 5 5 ol ol als WOT g5 Seads
ol 0315 T OT 4 5 axdls 3405 (ALdl o oy 5T olS
.(Singh et al.,2002) &l

025 5 S5l e sT OLLE ejlas 5,08 G oyl )3
ol 4 dzmbls (Lig 28 lsgne Sb ol
L ohd s S5 oS lee OLLE ol ojlae Koo
FIF 03 Lag i 05 (S ey, Jolo ¢S
2 350 5 e sl OLLE ojlas oL ST AS
S sl 5 09 SKe Ao S gyl Calises glacbale
(Sepehri et al., wlous Saphylococcus aureus ru v
O35 i sT 0LLE ojlas (il slacbale 2014)
2 kb S oS lee LSSl ey o s A
Llodd OUT shiolew Ol 2l Eel 5 Ecoli
A& slaoylee 1 Namasivayam & Roy, 2013)
0 e B S ol S5 el L Wl
wsl @l b Sl 5L 2l ol 05 el
.(Capecka & Mareczek, 2005)

5 Sild sl AL eIl oslas 5, Gados ol

dali b g5 KT Aoy 55 @olsgne Salis ol o)



vy

1P Jlw (S 8 lowss cpiuiid als ¢ S 320L5 53 snns j L0

33 G s T o)las sl 51 e ja es r-**“‘-("
.ML:@‘};—‘J\JJ&L&)J‘,Q}A@)'?

S Rl
b s dely el ST oKails 1 08t
L S5 JLS G nl bl s Olislacsles S
e BT Ol ¢ 551 6oleT a0 31 Cpioman .5yl
G 5o Ol g LSS by Al Lol

Al o S5 G o (65T i s

c@\i&lb 5T Lul,s s Pectobacterium caratovorum
55 e Camd S jam ok 3 (oo IS (6,
Mgr 33 650 ol 05 a5yl a5 b T o oy 1
ol 5556 s 3T Ll s 6 SL S
Uls  Pectobacterium  caratovorum gl ;s by
P s sl e 5SS slen 5 IS -
Gllas T oslas o5 Sods Gl puy ol
o) 31015 h iz Lo Sladlas 5 anfllas ol (glaasily

Pectobacterium ¢ SL a5l 5,8 s g ol

BRI ;My olew J8 5 caratovorum
u;.&ﬁ db&‘b Q“,S‘sa L$:> 3 ."}A-; oalazw! w)w
Al ol adl & pias § ks gla,ll byl s sk

383 plelid o st )3 o3 78 Slidess plonil p s

References

Alrahman, |. & Alharbi, A.E. 2014. Hibiscus sabdariffa extract inhibits in vitro biofilm formation capacity of
Candida albicans isolated from recurrent urinary tract infections. Asian Pacific Journal Tropica
Biomedicine, 4: 104-108.

Arab Soleimani, N., Amini, Z. & Tgjbakhsh, E. 2014. The study of attachment factor and biofilm formation of
uropathogenic Escherichia coli isolated from patient with urinary tract infection of Semnan Province, 18:
332-336.

Ahmadi, E., Abdollahi, A., Ngjafipour, S., Meshkibaf, M.H, Fasihi Ramandi, M. & Namdar, N. 2016. Surveying
the effect of the Phenol Compounds on Antibacterial Activity of Herbal Extracts: In vitro Assessment of
Herbal Extractsin Fasa-Fars Province. Journal of Fasa Univiversity Medical Science, 6: 210-220.

Akhlagi, M., Tarighi, S. & Taheri, P. 2020. Effect of plant essential oil on growth and virulence factors of
Erwinia amylovora. Journal of Plant Pathology, 102: 409-419.

Bonyadian, M. & Karim, G. 2002. Study of the effect of some volatile oils of herbs (pennyroyal, peppermint,
tarragon, caraway seed and Thyme) against E. coli and S aureus in broth media. Journal of Veterinary
Research. 57: 81-83

Burt, S. 2004. Essential oils: their antibacterial properties and potential applications in food a review.
International Journal of Food Microbiology, 94: 223-253.

Cox, S.D., Mann, C.M., Markham, J.L., Bell, H.C., Gustafson, J.E., Warmington, J.R. & Wyllie, S.G. 2000. The
mode of antimicrobialaction of essential oil of Melaleuca alternifola (tea tree oil). Applied Microbiology,
88: 170-175.

Capecka, E., & Mareczek, A. Leja, M. 2005. Antioxidant activity of fresh and dry herbs of some Lamiaceae
species. Food Chemistry, 93:223-226.

Dorman, H.J.D. & Deans, S.G. 2000. Antimicrobial agents from plants: antibacterial activity of plant volatile
oils. Applied Microbiology, 88: 308-316.

Degebasa, A.C. 2020. Prospect and Challenges of postharvest losses of Potato (Solanum Tuberosom L.) in
Ethiopia. Global Journal of Nutrition and food science, 2: 36-45.

Ehterami, P., Nematollahi, S. & Puzeshimiab, B. 2019. Application of methanolic extracts of thyme, pecan,
cumin and mountain tea in the control of Fusarium culmorum and F. graminearum in laboratory and
greenhouse conditions. Applied research in phytomedicine, 8: 115-97.

El-Zemity, SR., Radwan, M.A., Mohamed, SA.E. & Sherby, SM. 2008. Antibacterial screening of some
essential oils, monoterpenoids and novel N methyl carbamates based on monoterpenoids against
Agrobacterium tumefaciens and Erwinia carotovora. Phytopathology and Plant Protection, 41: 451-461.

Fazly Bazzaz., B.S. & Harirzadeh, G. 2003. Screening of Iranian plants for antimicrobial activity. Pharmceutical
Biology, 41:573-583.

Goudarzi, M., Sattari, M., Ngar piraieh, S., Goudarzi, G. & Bigdeli, M. 2006. Antibacterial effects of aqueous
and alcoholic extracts of Thyme on enterohemorrhagic Escherichia coli. Y afteh, 8: 63-69.



ey (o gl GBS (Joill o )las (b sSLas P11 ulS g oo 1V

Gharaibeh, M., Khalifeh, M.S., Zattou, E.M. & Abu Qatouse, L.F. 2020. Potential antimicrobial effect of plant
essential oil and virulence genes expression in methicillin resistance Saphylococcus aureus
isolates.Veterinary Word, 13: 669-675.

Ghorbani R, Wilcockson S, Koocheki A & Leifert, C. 2009. Soil management for sustainable crop disease
control: areview. In Organic farming, pest control and remediation of soil pollutants, 4: 177-201.

Hossain, M.M. & Tsuyumu, S. 2006. Flagella-mediated motility is required for biofilm formation by Erwinia
carotovora subsp. carotovora. Journal of General Plant Pathology, 72: 34-9.

lacobellis, N., Lo Cantore, P., Capasso, F., Senatore, F. 2005. Antibacterial activity of Cuminumm cyminum L.
and Carum carvi L. essentia oils Journal Agriculture Food Chemistry. 53: 57-61.

Joe, M.M., Benson, A., Saravanan, V.S. & Sa, T. 2015. In vitro antibacterial activity of nanoemulsion
formulation on biofilm, AHL production, hydrolytic enzyme activity, and pathogenicity of Pectobacterium
carotovorum sub sp. carotovorum. Physiological and Molecular Plant Pathology.

Joseph, B., Ahmad Dar, M & Kumar, V. 2008. Bioefficacy of plant extracts to control Fusarium solani f. sp.
melongenaeincitant of Brinjal Wilt. Global Journal of Biotechnology, 3: 56-59.

Kim, JE., Kim, H.E., Hwang, JK., Lee, H.J.,, Kwon, H.k. & Kim, B.I. 2008. Antibacterial characteristics of
Curcuma xanthorrhiza extract on Streptococcus mutans biofilm. The Journal of Microbiology, 46: 228-32.

Lucas, G.C., Alves, E., Pereira, R.B., Perina, F.J. & Magela de Souza, R. 2012. Antibacterial activity of essential
oils on Xanthomonas vesicatoria and control of bacterial spot in tomato. Agricultural Tecnology, 47: 351-
359.

Mehrgan., H., Mojabb., F., Pakdamanc, Sh. & Poursaeed, M. 2008. Antibacterial Activity of Thymus pubescens
Methanolic Extract. Iranian Journal of Pharmaceutical Research, 7: 291-295.

Mogana, R., Adhikari, A., Tzar, M.N. 2020. Antibacterial activities of the extracts, fractions and isolated

compounds from Canarium patentinervium Miqg. Against bacterial clinical isolates. BMC Complement Med
Ther 20, 55 .https://doi.org/10.1186/s12906—-020-2837-5

Moghadam, M. & Haji maleki, H. 2019. Efficiency of essential oils against Pectobacterium cartovorum subsp
cartovorum causing potato soft rot and their possible application as coating in storage.Postharvest Biology
and Technology, 152.

Namasivayam. S.K. & Roy, E.A. 2013. Antibiofilm effect of medicinal plant extracts against clinical isolate of
biofilm of Escherichia coli. International Journal of Pharmacy and Pharmaceutical Sciences, 5:486-4809.
Ord, N., Murat, G., Leyla, V. & Abamuslum, G. 2008. Application of antimicrobial ice for extending shelf life

of fish. Journal Food protection, 71: 218-222.

Schaad, N.W., Jones, J.B. & Chum, W. 2001. Laboratory Guide for Identification of Plant Pathogenic Bacteria
(3rd ed.). American Phytopathological Society, Minnesota; USA. 373 p.

Sepehri, Z., Nasiri, A.A., Hesaraki, M., Javadian, F., Kiani, Z. & Fooladvand, Z. 2014. Antimicrobia properties
of ethanolic extracts of thyme, case and garlic on the formation of Staphylococcus aureus biofilm, 2: 1027—
1019.

Sepehri, G., Khazaee, M., Khaksari, M. & Gholamhoseinian Najar, A. 2014. The effect of water extract of
Zataria multiflora on microvascular permaeability in Streptozocin induced Diabetic Rats. Annual Research
and Review in Biology, 4: 3119-3127.



Yo Biocontrol in Plant Protection. Vol. 8(1), 2020

Antibacterial effect of ethanolic extract of Zataria multiflora and Carum carvi on factors affecting
pathogenicity of Pectobacterium carotovorum subsp. caratovorum

Faranak Rahimi, Saghar K etabchi

Department of Plant Pathology, College of Science, Agriculture and Modern Technology, Islamic Azad
University, Shiraz Branch, Shiraz, Iran
Corresponding author: Saghar Ketabchi, email: ketabchis@gmail.com

Received: Oct., 20, 2020 8(1) 165-175 Accepted: June, 19, 2021

Abstract

Pectobacterium carotovorum is the causative agent of potato soft rot. The aim of this study was to find an
effective and safe solution to reduce the damage of this disease. The antibacterial effect of ethanolic extract of
two medicinal plantsi.e. thyme and black cumin on the pathogenic factors of P. carotovorum was investigated in
a completely randomized design and the factors of inhibition zone diameter, inhibition percentage, biofilm,
hydrophobic effect, adhesion on the potato tuber and motility of bacteria were measured and analyzed. The
results showed that the maximum diameter of the inhibition zone due to the use of thyme extract was 9.66 mm.
Also, thyme plant extract had a significant effect on the inhibitory percentage of P. carotovorum in the potato
tuber by 87.46% and reduced the symptoms of the disease on the potato tuber. Effects of thyme and black cumin
extracts on the other pathogenic factors were the same and both extracts showed statistically significant
differences with the control. It seems that thyme extract had more antibacterial properties and because of
inhibition of motility of bacteria caused significant control of the disease on the potato tubers. According to the
results of this study, the use of effective compounds of thyme extract to control soft rot disease of potato tuber,
especially during storage is recommended.
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