Journal of Iranian Plant Protection Research

https://jpp.um.ac.ir R

Research Article
Vol. 37, No. 4, 2024, p. 381-398

Evaluation The Sub-Inhibitory Concentrations of Some Plant Essential Oils on
Investigating Factors of Pseudomonas syringae pv. syringae

S. Ghorbanpour-Yadakil!, S. Baghaee-Ravari“=%*, M. Moghaddam?, P. Khodaygan*

1 and 2- MS.C. Graduated and Associate Professor in Plant Pathology, Department of Plant Protection, Ferdowsi University of
Mashhad, Mashhad, Iran, respectively.

(*- Corresponding Author Email: s.baghaece@um.ac.ir)

3- Associate Professor, Department of Horticultural Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
4- Associate Professor, Department of Crop Protection, Faculty of Agriculture, Vali-Asr University, Rafsanjan, Iran

How to cite this article:
Received: 04-04-2023 Ghorbanpour-Yadaki, S., Baghaee-Ravari, S., Moghaddam, M. & Khodaygan, P.
Revised: 26-09-2023 (2024). Evaluation the sub-inhibitory concentrations of some plant essential oils on
Accepted: 30-09-2023 virulence factors of Pseudomonas syringae pv. syringae. Journal of Iranian Plant
Available Online: 30-09-2023 Protection Research, 37(4), 381-398. (In Persian with English abstract).
https://doi.org/10.22067/jpp.2023.81813.1141

Introduction

One of the important bacterial diseases of stone-fruit trees is canker caused by Pseudomonas syringae pv. syringae
(Pss). This pathogen employs a vast range of pathogenic and virulence factors during its interaction with its host in
order to induce disease symptoms. To control the bacterial canker disease, various methods such as sanitary measures,
selection of resistant cultivars and certified seedlings and chemical component based on copper are used. Application pf
plant derivatives such as essential oils and extracts, is one of the compatible management methods in line with
environmental goals. Essential oils include a wide range of antimicrobial components and have high efficacy, multiple
mechanisms of action, and low toxicity on non-target organisms. The current study aimed to assess the inhibitory and
sub-inhibitory effects of six indigenous medicinal essential oils against the causative agent of canker disease in stone
fruits. The research evaluated the efficacy of these essential oils in reducing the virulence factors of the disease while
identifying the active compounds within the oils.

Material and Methods

The antimicrobial properties of six native plant EOs, namely Thymus transcaspicus, Satureja khuzistanica, Mentha
longifolia, Ziziphora clinopodioides, Perorkia abrotanoides, and Artemisia persica were evaluated against Pss bacteria
based on disc diffusion assay test and measurement of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC). Moreover, the effect of essential oils on some virulence factors of pathogen
including motility, biofilm, and syringomycine production was investigated in sub-inhibitory concentrations. The effect
of selected EOs on the reduction of bacterial pathogenicity on immature cherry fruitlets was also investigated. Finally,
the chemical composition of EOs was determined using gas chromatography—mass spectrometry (GC-Ms).

Results and Discussion
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All studied essential oils have different antibacterial effects in interaction with Pss bacteria. EOs of T. transcaspicus
and S. khuzistanica showed a significant inhibitory effect with minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) value of 1.16 and 2.32 g L™, respectively against Pss compared with other essential
oils and streptomycin antibiotic. Sub-inhibitory concentrations test of EOs showed no significant effect on the growth
pathogen. The swarming motility of bacterial cells treated with essential oil decreased by 25-55% and the swimming
motility decreased by 18.42 to 35.71% compared with the control. T. transcaspicus and S. khuzistanica within the range
of 70-75% showed the strongest inhibitory effect on biofilm formation. Also, in the toxin production test, T.
transcaspicus and S.khuzistanica EOs are effective in reducing syringomycin production and increasing the growth of
Geotrichum candidum by 1.5 to 1.76 times compared with control (not treatment with EOs). The EOs treatment at
MICs reduced the symptoms of the disease. In immature cherries inoculated with Pss bacterium and treated with EO of
T. transcaspicus was not observed necrosis symptom. The four selected essential oils tested all had a role in reducing
the virulence factors in Pss, and the degree of effectiveness is different depending on the components of the essential
oil. The higher the phenolic content in the essential oil, the greater its antimicrobial properties against plant pathogenic
bacteria. According to the EOs analysis, thymol in T. transcaspicus, carvacrol in S. khuzistanica, piperitone in M.
longifolia, and pulegone in Ziziphora clinopodioides were the major constituent compound. It seems that the highest
amounts of compounds in essential oils have a higher antibacterial power. The EOs of T. transcaspicus and S.
khuzistanica effectively reduce the pathogenic activity of bacterial cankers agent in stone fruits.

Conclusion

The studied plant compounds in sub-inhibition concentration showed acceptable potential in inhibiting pathogenic
agents in in vitro tests. Taking into account the growing trend of the general acceptance of natural control compounds in
the field of plant diseases, it seems that planning in line with how to use plant products to reduce the consumption of
pesticides can be investigated and needs complementary experiments. In order to reduce the spread of bacterial canker
symptoms and increase the life span of the tree, the main effective substances (oxygenated monoterpenes) of the
essential oils of T. transcaspicus and S. khuzistanica can be used as a model chemical structure for the synthesis of
antimicrobial substances using the experts in the field of chemistry and pharmaceuticals. It is suggested to investigate
the stability and preservation of antimicrobial properties in laboratory and field conditions.
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Figure 1- The diameter of bacterial inhibition zone of Pseudomonas syringae pv. syringae after being exposed to plant
essential oils and streptomycin. A: antibiotic; B: Thymus transcaspicus oil; C: Satureja khuzistanica;D: Mentha longifolia; E:
Ziziphora clinopodioides; F:; Perorkia abrotanoides; G: Artemisia persica
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Table 2-The results of the disc diffusion test and the diameter of the inhibitory halo after treatment with essential oil and
streptomycin (18.5 mg/disc) and the measurement of MIC, MBC and sub-MIC values in grams per liter on Pseudomonas
syringae pv. syringae of stone fruits
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Figure 2- Growth curve of Pseudomonas syringae pv. syringae in the presence of sub-MIC amounts of different essential oils
and control streptomycin during a 32-hour period
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essential oils and streptomycin
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Figure 4- Swimming motility test of Pseudomonas syringae pv. syringae on 0.3% agar medium after 32 hours.A: bacterial

strain;B: Steptomycin; C: bacterial strain undertreatment of Thymus transcaspicus; D: Satureja khuzistanica; E: Mentha
longifolia and F: Ziziphora clinopodioides
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Figure 5- Swarming and swimming motility of Pseudomonas syringae pv. syringae after exposure to plant essential oils and

streptomycin
The mobility was measured after 32 hours and the results are in millimeters.
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Figure 6- The amount of syringomycin production by Pseudomonas syringae pv. syringae in the presence of sub-MIC values
of plant essential oils (based on the comparison of the colony diameter of Geotrichum candidum)
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Table 3- Results of GC-MS analysis for Satureja khuzistanica, Thymus transcaspicus, Mentha longifolia and

Ziziphora clinopodioides essential oils
The main ingredients in the essential oil are highlighted in bold.

Satureja khuzistanica components

RI “.“2‘.5)3 M)" RI %5)3 M)"
Compound Percentage Compound Percentage
924 tricyclene t 1635 y-eudesmol C;_ryophylla—4(12),8(13)- 0.2
ien-5 p-ol
930 a-thujene 0.3 1642 ol 0.1
937 a-pinene 15 1643 hinseol 0.1
952 camphene 0.3 1650 agarospirol 0.1
964 benzaldehyde t 1660 valerianol 0.1
966 5- Methyl furfural t 1678 unknown 0.3
980 B-pinene 0.3 1686 a-bisabolol 0.5
983 1-octen-3o01 0.1 1700 heptadecane t
992 myrcene 25 1762 Benzyl benzoate t
995 3-octanol 0.1 1843d Hexahydrofarnesyl acetone 0.3
1004 a-phellandrene 0.6 Total Identified  99.6%
1011 & -3-carene 0.2
1018 a-terpinene 2.7
1028 p-cymene 9.1
1032 B- phellandrene 1.0
1033 1,8-cineol 0.2
1041 Cis-ocimene t
1052 trans- ocimene 0.1
1061 y-terpinene 5.4
1072 cis-sabinene hydrate 0.2
1073 n-octanol 0.1
1089 terpinolene 0.5
1091 p-Cymenene 0.8
1099 trans-sabinene hydrate 0.1
1103 linalool 1.7
1169 borneol 0.1
1179 terpinen-4-ol 0.8
1246 carvacrol methyl ether 11
1302 carvacrol 49.4
1362 eugenol 1.2
1375 carvacrol acetate 1.6
1476 Methyl- p-anisate t
1422 B-caryophyllene 2.2
1438 a-trans-bergamotene 0.4
1456 a- humulene 0.1
1456 Geranyl acetone 0.7
1484 y-curcumene 0.1
1483 ar- curcumene 0.2
1507 B-bisabolene 9.3
-sesquiphellandrene 2(4H)-
1525 Ber?zofu?anzne,S,6,7,7a-teg[rah)ydro 0.2
1538 4,4, 7a-trimethyl- 0.1
1534 trans- y-bisabolene 1.6
1558 elemicin t
1585 Caryophyllene oxide 1.0
1614 unknown t
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Thymus transcaspicus components

RI 5.“'.‘;)3 a2y RI ‘?“'fos)j o3
Compound Percentage Compound Percentage
926 tricyclene t2 1498 viridiflorene 0.2
931 a-thujene 1.2 1502 a-muurolene t
939 a-pinene 1.2 1508 B-bisabolene 0.4
951 unknown t 1516 y-cadinene 0.1
954 camphene 0.8 1524 d-cadinene 0.2
963 benzaldehyde t 1533 trans-y-bisabolene 0.9
980 B-pinene 0.3 1578 spathulenol 0.2
982 1-octen-3-ol 0.3 1584 caryophyllene oxide 0.2
985 3-octanone 0.3 Total Identified 99.6
993 myrcene 14
996 3-octanol 0.1
1005 a-phellandrene 0.3
1012 8-3-carene 0.1
1019 a-terpinene 24
1029 p-Cymene 6.7
1023 B-phellandrene 0.6
1033 1,8-cineol 0.8
1052 B-E-ocimene 0.1
1061 y-terpinene 8.0
1072 cis-sabinene hydrate 0.7
1090 terpinolene 0.3
1099 trans-sabinene hydrate 0.1
1098 linalool 0.2
1124  trans-p-mentha-2,8-dien-1-ol 0.1
1147 camphor t
1169 unknown 0.2
1170 borneol 15
1180 terpinen-4-ol 1.0
1190 unknown 0.2
1184 p-cymen-8-ol 0.1
1189 a-terpineol 0.3
1192 cis-dihydrocarvone 0.1
1238 thymol methyl ether 15
1243 carvacrol methyl ether 0.2
1244 cumin aldehyde t
1246 pulegone 24
1295 thymol 39.6
1303 carvacrol 214
1345 piperitenone 11
1354 thymol acetate 0.3
1362 eugenol 0.1
1374 carvacrol acetate 0.2
1389 B-bourbonene t
1422 B-caryophyllene 0.7
1434 B-copaene t
1437 trans-a-bergamotene t
1440 aromadendrene 0.1
1455 a-humulene t
1462 allo-aromadenderene t
1482 y-murrolene 0.1
1498 viridiflorene 0.2
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Mentha longifolia components Ziziphora clinopodioides components
RI S5 w2y RI S5 2>
Compound Percentage Compound Percentage
0852 butanoic acid 1.6 926 a-Thujene 0.1
0880 ethyl2-methylbutyrate 0.4 935 a-pinene 0.3
0918 y-terpinene 0.5 970 sabinene 0.2
0936 a-pinene 55 976 B-pinene 0.6
0946 a-pipene 1.6 981 myrcene 0.2
0976 sabinene 7.5 1013 a-Terpinene tr
0980 B-pinene 3.5 1015 p-Cymene 0.3
0991 B-myrcene 0.3 1026 1,8-Cineole 2.7
oxygenated monoterpenes
1033 1,8-cineole 8.5 1053 y-terpinene 0.2
1050 B-ocimene t 1064 terpinolene 0.5
1062 thymol 0.2 1082 Trans-Sabinene hydrate 0.1
1072 p-mentha-3,8-diene 7.2 1085 Linalool tr
1088 a-terpinolene 1.36 1111 cis-verbenol 0.1
1092 butanoic acid,2-methyl,3-methyl butyl 0.7 1124 Trans-verbenol 0.1
ester
1110 pentanoic acid,3-methylbutyl ester 0.5 1140 p-menth-3-en-8-ol 12.5
1124 3-octanol acetate 0.4 1152 Menthone 1.8
1143 2,6-dimethyl-2,4,6-oc tatriene 6.5 1160 Neomenthol 2.1
1150 Cis-dihydrocarvone 10.6 1166 Menthol 0.1
1154  3-methylene-1,5,5-trimethylcyclohexene 2 1171 Terpinen-4-ol 0.4
1168 isopulegone 45 1182 Isomenthol 1.6
1180 benihinal 0.3 1186 Verbenone 0.2
1188 benzofuran,4,7-dimethyl 0.6 1202 Cuminyl aldehyde 0.8
1193 myrtenal t 1225 Pulegonee 45.8
1237 pulegone 55 1234 Piperitone 1.4
1244 piperitone 13.3 1246 Carvone 0.1
1252 Piperitone oxide 0.3 1268 Thymol 8
1268 cyclopentane,1,2-dimethyl-3-(1- 2 1280 Isomenthyl acetate 0.5
methylethenyl)
1285 borneol,acetate 0.5 1287 Eucarvone 0.2
1290 cyclohexanone,3-vinyl-3-methyl 22 1320 Piperitenone 17.4
1398 2,3-dimethylhydroquinone 11 1391 B-Bourbonene 0.1
1312 4-hydroxy-3-methylacetophenone 0.4 1484 Germacrene D 1.1
1354 pulespenone 6.4 Total Identified 95.4
1380 B-elemene 0.5
1382 durohydroquinone 0.2
1385 B-caryophyllene 2.2
1390 B-cubebene 0.4
1454 a-humulene 0.2
1468 (+)-epi-bicyclosesquiphellandrene 0.3
1482 germacrene-D 15
1524 y-cadinene 0.2
Total Identified 97.46
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