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against the diseases caused by some phytopathogenic bacteria in vitro and in vivo conditions. The essen-
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tial oil and the extracts of O. onites, and its pure compounds isolated from the acetone extract were
individually tested against a total of 14 phytopathogenic bacterial strains. The essential oil and hexane
Keywords: . extract contained mainly carvacrol (70.50% and 80.50%), p-cymene (13.97% and 0.96%), thymol (2.19%
Origanum onites and 7.53%, respectively). The oil showed potent antibacterial effect against all tested phytopathogenic

Carvacrol . R -
Clavibacter bacteria, with inhibition zones of 22-40 mm. The hexane, chloroform and acetone extracts also inhibited

Xanthomonas the growth of the tested plant pathogenic bacteria exhibiting 12-24 mm inhibition zones, except Xan-
Phytopathogen thomonas campestris pv. zinniae. MIC values for the oil and effective extracts were determined between
Seed disinfectant 7.81 and 31.25 pl/ml and 40 and 100 mg/ml, respectively. However, methanol extract did not show

any antibacterial effects against the pathogenic bacteria. Seven compounds were isolated from acetone
extract by column and thin layer chromatography and their chemical structures were characterized by
UV, IR, 'H-NMR, 3C-NMR and 1D and 2D NMR spectroscopic methods as caryophyllene oxide, carvacrol,
n-tetracosanol, 3-sitosterol, betulinic acid, ursolic acid, naringenin and aromadendrin. Among these com-
pounds, carvacrol inhibited the growth of all the bacteria tested, whereas aromadendrin and naringenin
inhibited only a few bacterial species. In the Petri plate assays, disease severity on the tomato and lettuce
was reduced by the extracts as compared to control, whereas the high concentrations of the extracts
showed a negative effect on seed germinations of the tomato and lettuce. The effects of the extracts
on the germination, disease severity and seedling growth of tomato coated with Clavibacter michiga-
nensis ssp. michiganensis, Xanthomonos axonopodies pv. vesicatoria and lettuce coated with Xanthomonas
campestris pv. vitians were also studied on pots. The results showed that the extract applications signif-
icantly reduced the disease symptoms and they did not affect the germination and seedling growth of
tomato and lettuce as compared to control. Furthermore, some applications increased the germination of
tomato and lettuce. The current results showed that the extracts can be used in inhibiting some bacterial
plant disease.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Plant diseases caused by plant pathogenic bacteria are one of
the major problems of crop loss (Kotan et al., 2005, 2010). Avoiding
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consideration in plant production. Rapid and effective control of
the plant disease is generally achieved by use of synthetic pes-
ticides and antibiotics. However, these chemicals are associated
with undesirable effects on the environment due to their slow
biodegradation in the environment and some toxic residues in the
products for mammalian health (Barnard et al., 1997; [sman, 2000).
The risk of developing resistance by microorganisms and the high
cost-benefit ratio are also other disadvantages of synthetic pesti-
cide uses (Brent and Hollomon, 1998; Roy and Dureja, 1998).

Bacterial diseases caused Clavibacter michiganensis subsp. michi-
ganensis (Smith) Davis et al., Xanthomonas axonopodis pv. (syn.
campestris) vesicatoria (Doidge) Dye and Xanthomonas campestris
pv. vitians (Brown) Dyes have devastated various host plants, lead-
ing to considerable losses in productivity and quality of harvests.
They are seed-borne diseases and characterized by necrotic lesions
on leaves, steams, and/or fruits. In warm and rainy weather, bac-
terial spot may cause severe defoliation of the plants that results
in reduced yield, and diseased fruits may not be suitable for fresh-
market sale.

Management strategies of the phytopathogenic bacterial
pathogens include the use of disease-free seed and seedlings,
resistant cultivars, antibiotics and copper sprays. However, these
strategies are not always effective, especially when environmen-
tal conditions are optimal for disease or inoculums levels are high.
Spraying with the antibiotics and copper compounds have never
been satisfactory. Furthermore, antibiotics are forbidden in many
countries because of their general toxicity and exert a negative
impact on both yield and the environment. Only the United States
and a few other countries allow the use of oxytetracycline and
streptomycin for the control of the bacterial diseases on important
crops (McManus et al., 2002).

Seed-borne diseases can be spread with seed trade and con-
trol of them using commercial disease management methods is
extremely difficult (Bradbury, 1986). Therefore, the use of healthy
seeds is the most important manner for controlling the above dis-
eases. Of course this matter is an important problem in organic
agriculture. New awareness to reduce the usage of the chemical
pesticides by developing alternative strategies or technologies in
order to improve plant disease resistance and control of pathogens
are being promoted. Therefore, there has been a growing interest
in research concerning the alternative pesticides and antimicrobial
active compounds, including the plant extracts and essential oils of
aromatic plants (Bajpai et al., 2010, 2011; Pradhanang et al., 2003;
Kotan et al., 2010). Among the aromatic plant species, the genus
Origanum L. has received great attention because of the fact that
essential oil and extracts of members of this genus showed a very
strong antimicrobial activity against various species of bacteria and
fungi (Mosch et al., 1990; Lambert et al., 2001; Baydar et al., 2004;
Arfa et al., 2006; Cavalcanti et al., 2006; Vasinauskiene et al., 2006;
Sarac and Ugur, 2008; Wogiatzi et al., 2009; Copur et al., 2010;
Bajpai et al., 2011; Arslan et al., 2012).

The genus Origanum (oregano) is an important genus of the
Lamiaceae family and is represented in Turkey by about 23 species
and 32 taxa (Baser, 2002; Skoula and Harborne, 2002; Gurbuz et al.,
2011). Origanum species known “kekik” in Anatolia are aromatic
and are used as condiment or herbal tea (Baser et al., 1993; Baser,
2002; Chan et al.,, 2010; Bagci et al., 2013). Origanum onites L. is
the dominant species in the northwest of Turkey (Coskun et al.,
2008). Recently, this spice plant has drawn more attention of con-
sumers due to its antibacterial (Mosch et al., 1990, 1996; Baydar
et al., 2004), antifungal (Reddy et al., 1998; Daferera et al., 2003;
Dervis and Arslan, 2010), insecticidal (Isman, 2000; Aslan et al.,
2005; Kordali et al., 2008; Ayvaz et al., 2010), acaricidal (Coskun
et al., 2008) and antioxidative effects on human healthy (Kulisic
et al., 2004; Bakkali et al., 2008). These activities have been mainly
attributed to carvacrol, the major constituent of these oils. To our

knowledge, there is a lack of information on the antibacterial prop-
erty of the extracts and/or essential oil obtained from O. onites
against plant pathogenic bacteria under in vivo assays. Therefore,
this study was undertaken to assess the in vitro and in vivo antibac-
terial efficacy of the essential oil, n-hexane, chloroform, acetone
and methanol extracts of the aerial parts of O. onites against plant
pathogenic bacteria on the petri plate and pot assays.

2. Materials and methods
2.1. General experimental procedures

NMR spectra were recorded on a Varian Mercury 400 MHz
spectrometer, operating at 400 MHz and 100 MHz for 'H and 3¢,
respectively, using chloroform-d (CDCl3) and dimethyl sulfoxide-
dg (DMSO-dg). Chemical shifts were expressed in & (ppm)
downfield from TMS as an internal standard and coupling constants
reported in Hz. The IR spectra were determined on a FT-IR
PerkinElmer Model 1600 spectrophotometer. Column chromatog-
raphy (CC) was carried out using silica gel 60 (70-230 and 200-400
mesh), thin layer chromatography (TLC) and preparative TLC on
silica gel 60 precoated plates, F-254 (Merck) (Cakir et al., 2003;
Kotan et al., 2010). The spots on TLC were visualized by UV;s4,
UV366 and spraying with 1% vanillin-H,SO,4 followed by heating
(105°C). Melting points were determined with a Thermo Scientific
9200 apparatus.

2.2. Plant material

Plant material was provided from the aerial parts of O. onites
grown under field conditions at Hatay, Turkey in July 2009. The
plant was collected at the flowering stage and dried in shade.

2.3. Extraction procedures

To obtain the essential oil, the dried plant samples (500 g) were
powdered and subjected to hydro-distillation using a Clevenger-
type apparatus for 4 h. The oil was extracted with CHCl; and then
were dried over anhydrous sodium sulfate (Na;SO4) and stored
under N, atmosphere at 20 °C in a sealed vial until use. The yield of
the oil was 3.67%.

Furthermore, to obtain plant extracts, the dried plant samples
were powdered in a blender and then samples of 50g extracted
individually with n-hexane, chloroform, acetone and methanol at
room temperature. After filtration, the organic solvents were evap-
orated under reduced pressure and temperature. For the methanol
extract of the plant sample, the concentrated methanol extract was
individually dissolved in distilled water (60°C) and then filtered.
Thus, chlorophyll was removed from the solution. Then, this solu-
tion was lyophilized in a Labconco 117 freeze-dryer at 5 m-Hg and
—50°C.The extractyields (w/w) of hexane, chloroform, acetone and
methanol were 3.92, 7.04, 5.62 and 8.04, respectively.

2.4. Isolation procedures of pure compounds

To isolate compounds in the acetone extract responsible for
antibacterial activity, the powdered plant sample (1125g) was
extracted with acetone (3L x 5). After filtration, acetone was evap-
orated under reduced pressure and temperature and a brown crude
extract (72.64 g) was obtained.

The concentrated extract (35 g) was fractioned on silica gel CC
(350 g, 200-400 mesh) using CHCl3-hexane (8:2, 9:1 and 1:0) and
CHCls-ethyl acetate (8:2, 7:3, 6:4, 1:1, 4:6, 2:8 and 0:1) as eluents.
The fractions (50 ml each) were compared by TLC (silica gel) using
CHCl3-hexane (8:2) and CHCI5-ethyl acetate (8:2, 6:4, 4:6, 2:8 and
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0:1) solvent systems and the eluents giving similar spots on TLC
were combined. Thus, eight fractions (A-H) were finally obtained.

Fraction A (2.51 g) was subjected to silica gel CC (70 g, 230-400
mesh) using hexane- CHCl3 (1:1) and thus compound 1 (820 mg)
was isolated. Fraction C (29.90 g) was rechromatographed over sil-
ica gel (230-400 mesh, 160 g) eluting with CHCl3_hexane (1:1 and
0:1) and compound 2 (25.05g) was isolated from the fractions
20-40. Fraction D (14.57 g) was solved using hot CHCl3-hexane
(9:1) (60°C). After one day, white crystals occurred. The crys-
tals were removed and controlled on TLC using CHCl3-hexane
(9:1). TLC showed that the crystals were pure compounds and
thus compound 3 was isolated (1.25g). Fraction E (5.92g) was
further chromatographed on silica gel CC (230-400 mesh) and
CHCl3-hexane (9:1) and CHCl3, Compounds 4(1.85g)and 5 (1.50¢g)
isolated from the fractions 32-43 and 52-60, respectively. Frac-
tion F (3.94¢g) was further fractioned on silica gel CC (Silica gel
60, 230-400 mesh, 170 g) eluting with CHCl3: methanol (98:2 and
96:4, v/v). Compound 6 precipitated during the elution of fractions
18-40. This precipitate was repeatedly washed over CHCl3 and
compound 6 (1.50g) was isolated. Fraction G (4.07 g) submitted
to a silica gel CC (Silica gel 60, 180 g, 230-400 mesh) using CHCl5:
methanol: acetone (95:5, v/v) as eluent and compounds 7 (1.25g)
and 8 (1.50g) from fractions 24-31 and 56-75, respectively.

2.5. Phytopathogenic bacterial strains

The essential oil and the extracts of O. onites plant, and pure
compounds isolated from the acetone extract were individually
tested against a total of 14 phytopathogenic bacterial strains. All
bacterial strains tested in the present study were obtained from
Dr. Recep Kotan (Atatiirk University, Faculty of Agriculture, Depart-
ment of Plant Protection, Erzurum, Turkey). The used bacterial
strains in this study were Clavibacter michiganensis ssp. michi-
ganensis RK-Cmm, Erwinia amylovora RK-228, Erwinia carotovora
ssp. atroseptica RK-462, Erwinia chrysanthemi RK-421, Pseudomonas
cichorii RK-166, Pseudomonas syringae pv. syringae RK-204, Pseu-
domonas syringae pv. tomato RK-Ps-tom, Xanthomonas axonopodis
pv. malvacearum RK-Xa-mal, Xanthomonas axonopodis pv. vesicato-
ria Xcv-761, Xanthomonas axonopodies pv. campestris RK-Xa-cam,
Xanthomonas axonopodis pv. vitians Xa-vit, Xanthomonas hortorum
pv. pelargonii RK-Xa-pel, Xanthomonas campestris pv. raphani RK-
Xc-rap and Xanthomonas campestris pv. zinniae Xc-zin. The bacterial
strains were stored at —80°C in 15% glycerol and Luria Broth (LB)
until use.

2.6. Lettuce and tomato seeds

Lettuce (Lactuca sativa L. cv. Yedikule) and tomato (Lycopersicon
esculentum L. cv. H2274) seeds were purchased from a local mar-
ket, and then stored in refrigerator (5°C) and dry conditions. The
minimum germination and purity rates of the lettuce and tomato
seeds were 85-99% and 80-99%, respectively.

2.7. Antibacterial activity tests

Antibacterial activity assays were carried out by disk diffusion
method on tryptic soy agar (TSA, Merck, Germany) medium (Kotan
et al., 2005, 2010). The oil, extracts and pure compounds were
prepared by dissolving using 10% DMSO-distilled water, and then
were sterilized by filtration by 0.45 wm Millipore filters. Bacterial
cultures were grown in tryptic soy broth (TSB, Merck, Germany)
and their suspension (100 1) containing 1 x 108 cfu/ml of bacte-
ria spread by a sterile swab on TSA medium. The disks (6 mm in
diameter) were impregnated with 12.5 ul of the oil and 1.25mg
of the extracts solutions. Then, they were put in the middle of the
inoculated plates. The bacterial cultures were incubated at 27 & 2 °C

for 48 h, and then inhibition zones were measured in diameter
(mm) around the discs. Streptomycin sulfate (5 pg/disk) and 10%
DMSO-distilled water were used as positive and negative controls,
respectively. All the tests were made in triplicate.

2.8. Determination of minimum inhibition concentration (MIC)

Minimum inhibition concentrations (MICs) of the oil, extracts
and pure compounds solutions were tested by a two-fold serial
dilution method (Bajpai et al., 2010; Kotan et al., 2005, 2010).
Two-fold serial dilutions of the oil and carvacrol (500 wl/ml) were
prepared by diluting 10% DMSO to achieve a decreasing concen-
tration ranging from 5001/ml to 3.1251/ml. However, solutions of
the extracts, and pure compounds isolated were prepared at con-
centrations ranging from 10 mg/ml to 100 mg/ml. Using 1001 of
suspension containing 1 x 108 cfu/ml was measured spectropho-
tometrically at 600 nm of bacteria spread on TSA plates. The disks
were impregnated with 12.51 of the solutions tested. Then, they
were put in the middle of inoculated TSA agar plates. The bacterial
cultures were incubated at 27 2 °C for 48 h. The least concentra-
tion of each the solution showing a clear zone of inhibition was
taken as the MIC value. All the tests were made in triplicate.

2.9. Seed surface disinfection with sodium hypochlorite

The seeds were surface disinfected to avoid the presence of any
saprophytic and/or pathogenic microorganisms on the seed sur-
face. Seed disinfection was performed by dipping the seeds for
3min in 3% (v/v) sodium hypochlorite and by washing four times
in sterilized and distilled water (sd. H,O). Seeds were left to dry on
sterile Whatman filter paper sheets.

2.10. Coating procedure of pathogenic bacteria on the seeds

Pathogen bacteria were grown in 50 ml flasks containing 20 ml
of TSB medium on a rotary shaker at 27 °C for 24 h. Absorbance
of the bacterial suspensions was measured spectrophotometrically
at 600 nm and appropriately diluted to 1 x 108 cfu/ml in sd. H,O.
Approximately, 0.2g of sucrose (10mg/ml) was added to each
Erlenmeyer flasks, and 90g of the surface-sterilized seeds were
soaked separately in this suspension. The seeds were incubated in
the flasks by shaking at 80 rpm for two days at 28°C to coat the
seeds with the pathogens. After shaking, the seeds were taken out
and air-dried on sterile Whatman filter paper sheets.

2.11. Determination of the germination percentage of tomato
seeds treated with the extracts on pot assays

As stated above, the seeds were surface disinfected and coated
with the pathogens (Clavibacter michiganensis ssp. michiganensis
and Xanthomonas campestris pv. vesicatoria). Then, the seeds were
treated with the extracts at two different ways. The concentrations
of hexane, chloroform and acetone extracts (5,10, 15 and 20 mg/ml)
were prepared by dissolving in 10% DMSO: distilled-water in 10 ml
flasks.

In one of the applications, the seeds were directly soaked in
the extracts suspensions for 1, 2 and 4h at 28°C until the seeds
uniformly coated with extract suspensions. Sterile Whatman no.
1 filter papers were placed on bottom of each of petri dishes
(9 x 1.5cm deep). The seeds surface disinfected and coated with
the pathogen put on this filter paper sheets in the Petri plate. What-
man no. 1 paper was then stuck onto the top of petri dishes from
inside and then impregnated with the extracts suspensions using
an automatic pipette. Thus, there was no direct contact between
thee extracts and the seeds.
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In both applications, the seeds were left to dry on sterile What-
man filter paper sheets overnight in the laminar flow hood. The
seeds were sown in plastic pots (ten seeds per pots) (6.5 x 6.5 cm)
containing garden soil and sand (1:1). The experiment was con-
ducted in a growth chamber with an average temperature of
2342°C, relatively humidity of about 60% and photoperiod of
approximately 12-14 h day light. The seedlings were watered once
every two days. The percentage of germinated seeds per treat-
ment was determined by counting the number of germinated seeds
after 20 days. Streptomycin sulfate (0.5 mg/ml) by adding 0.5 mg
of streptomycin to 1ml sd. H,O, disinfected seed infected with
pathogen and sterilized seed not disinfected with pathogen were
used as controls.

2.12. Determination of the germination percentage and number
of infected seedlings of tomato seeds treated with the extracts on
petri plate assays

The extracts suspensions (5, 10, 15 and 20 mg/ml) were pre-
pared by dissolving in 10% DMSO:distilled water in 10 ml flasks. The
seeds surface disinfected and coated with the pathogens separately
(C. michiganensis ssp. michiganensis, X. axonopodies pv. vesicatoria
and X. axonopodies pv. vitians) soaked in the suspensions, and then
incubated by shaking at 80 rpm for 3 h at 28 °C until the seeds were
uniformly coated with the suspensions. Seeds were left to dry on
sterile Whatman filter paper sheets overnight in the laminar flow
hood. Two sterile Whatman filter papers were placed on the bottom
of each petri dish (9-1.5cm deep) and 10 seeds were transferred
on the filter papers. Then, 10 ml of sd. H,O was added to each Petri
plate. The Petri dishes were sealed with parafilm to prevent evap-
oration of water were incubated in growth chamber on supplied
with 12 h of fluorescent light and humidity of 80% at 23 +£2°C. The
treated seeds were allowed to germinate in Petri dishes. The assays
were arranged in a completely randomized design with three repli-
cations including controls. The percentage of germinated seeds per
treatment was determined by counting the number of germinated
seeds after 7 days. If at least 2 mm of radicle had emerged, the seeds
were considered germinated. If no, a few water-soaked lesions
on the cotyledons in the seedling stage were observed after 10
days, these seedlings were considered as infected with pathogenic
bacteria and vice versa. As stated above, streptomycin sulfate, the
disinfected seed infected with pathogen and sterilized seed not
disinfected with pathogen were used as controls.

2.13. Determination of the effect of the extracts on seed
germination, disease severity and growth promotion on pot assays

The extracts (5, 10 and 20 mg/ml) were prepared by dissolving
in 10% DMSO: distilled-water in 10 ml flasks. Lettuce and tomato
seeds were coated with pathogens (C. michiganensis ssp. michiga-
nensis, X. axonopodies pv. vesicatoria and X. axonopodies pv. vitians),
and treated with different concentrations of the extracts (5, 10, 15
and 20 mg/ml) and streptomycin (0.5 mg/ml) as described above.
Ten seeds were planted on each plastic pot (6.5 x 6.5cm) con-
taining garden soil and sand (1:1), and the experiments were
conducted in a growth chamber as described above. The seedlings
were watered once every two days. Pots were arranged in a ran-
domized block design with three replications. Three pots of each
treatment comprised a replicate. The percentage of germinated
seeds per treatment was determined by counting the number of
germinated seeds twenty days after planting. Disease severity was
evaluated 40 days after planting using a 1 to 5 scale, in which 1 =no
disease, 2 =a few water-soaked lesions, 3 = many spots with coales-
cence and slight plant wilting, 4 = severe wilting and defoliation,
and 5=plants dead (Sahin and Miller, 1997). Forty five days after
planting, the seedlings were evaluated and data shoot fresh weight

and root fresh weight recorded as average milligrams of biomass
per plant. Values were reported as mean =+ standard error (SE) of
three replicates. The assays were repeated three times with 10 let-
tuce and tomato seeds per pots for each treatment. Streptomycin
sulfate, disinfected seed infected with pathogen and sterilized seed
not disinfected with pathogen were used as controls.

2.14. Statistical analysis

SPSS for Windows, version 10.0, was used for statistical analysis.
Analysis of variance (ANOVA) was used to determine the effects of
treatment on disease incidence and growth measurements. Means
were compared using Duncan’s multiple range tests. Results were
expressed as mean =+ SE.

3. Results

3.1. Chemical compositions and antibacterial effects of the
essential oil and n-hexane extract

According to GC and GC-MS analyses, the chemical composi-
tions of the essential oil and n-hexane extract of O. onites are
shown in Table 1. As seen in this table, the essential oil and hexane
extract contained carvacrol (70.50% and 80.50%, respectively), p-
cymene (13.97% and 0.96%, respectively), thymol (2.19% and 7.53%,
respectively). In general, the oil and hexane extract had quali-
tatively and quantitatively similar chemical composition. The oil
and hexane extract were rich in aromatic monoterpenes. However,
the oil was found to be qualitatively rich in oxygenated monoter-
penes. As shown in Table 1, many oxygenated monoterpenes were
not detected in the oil as compared with hexane extract. On the
other hand, hexane extract also contains non-volatile compounds
such as n-hexadecanoic acid, ethyl linoleate, n-heneicosane and
n-tetracosanal.

As can be seen from Table 2, the oil and hexane extract of O.
onites showed potent antibacterial effect against all tested phy-
topathogenic bacteria and exhibited inhibition zones of 36-8 mm.
However, the hexane extract did not show any inhibition effect on
the growth of X. campestris pv. zinniae, its growth inhibited by the
oil with 33 mm inhibition. In particular, the oil was very effective
against all tested bacteria. As shown in Table 2, the inhibition zones
and MIC values of the oils against the pathogenic bacterial species
were higher than those of the hexane extract.

3.2. Antibacterial activity of the extracts

Antibacterial effects of the chloroform, acetone and methanol
extracts of O. onites against 14 bacterial plant pathogens were
tested and the results are shown in Table 2. This table shows that
chloroform and acetone extract inhibited the growth of all tested
plant pathogens with inhibition zones of 12-24 mm. MIC values for
chloroform and acetone extracts were determined between 40 and
100 mg/ml. However, methanol extract did not show any antibac-
terial effect against the plant pathogens.

3.3. Chemical composition of the acetone extract and
antibacterial activities of its constituents

As can be seen from Table 2, acetone extract of O. onites showed
potent antibacterial effect against all tested plant pathogens.
Hence, the acetone extract was subjected to silica gel col-
umn chromatography to isolate the constituent(s) responsible for
antibacterial activity. Thus, seven compounds isolated and their
chemical structures were characterized by UV, IR, 'H-NMR, '3C-
NMR and 1D and 2D NMR spectroscopic methods as caryophyllene
oxide (1), carvacrol (2), tetracosanol (3), B-sitosterol (5), betulinic
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Table 1
Chemical composition of the essential oil and n-hexane extract of aerial parts of O.
onites.

RI? Components The oil (%) Extract (%) Identification
methods
930  «-Thujene 0.26 - GC, MS, RI
938  «-Pinene 0.61 - GC, MS, RI
957 Camphene 0.23 - GC, MS, RI
994 Myrcene 0.74 tr GC, MS, RI
1023 «-Terpinene 0.15 tr GC, MS, RI
1034 p-Cymene 13.97 0.96 GC, MS, RI
1067 +y-Terpinene tr 0.81 GC, MS, RI
1079 cis-Sabinene hydrate 0.48 tr GC, MS, RI
1099 2,5-Dimethyl styrene 0.06 - GC, MS, RI
1117  trans-Sabinene hydrate 0.37 tr GC, MS, RI
1130 cis-p-Menth-2-en-1-ol 0.07 - GC, MS, RI
1147 cis-Verbenol 0.11 - GC, MS, RI
1172 Borneol 0.89 2.42 GC, MS, RI
1178 Terpinen-4-ol 0.96 tr GC, MS, RI
1185 p-Cymen-8-ol 0.25 - GC, MS, RI
1190 «-Terpineol 0.30 - GC, MS, RI
1197  trans-Dihydrocarvone 0.08 - GC, MS, RI
1219 Thymol methyl ether 0.14 - GC, MS, RI
1243 Carvone 0.18 - GC, MS, RI
1251 Thymoquinone 0.23 tr GC, MS, RI
1278 Bornyl acetate tr - GC, MS, RI
1285 Thymol 2.19 7.53 GC, MS, RI
1296 Carvacrol 70.50 80.50 GC, MS, RI
1346 Thymol acetate 0.56 0.53 GC, MS, RI
1380 Carvacrol acetate tr tr GC, MS, RI
1409 4aa,7a,7aB-Nepetalactone - tr MS, RI
1419 B-Caryophyllene 1.06 1.09 GC, MS, RI
1460 o-Humulene 0.16 - GC, MS, RI
1461 Methyl vanillin - 1.34 MS, RI
1478 y-Muurolene tr - GC, MS, RI
1494 Viridiflorene - tr GC, MS, RI
1508 [3-Bisabolene 0.20 0.45 GC, MS, RI
1513 +y-Cadinene 0.10 tr GC, MS, RI
1562 Thymohydroquinone - tr MS, RI
1574 Spathulenol 0.13 tr GC, MS, RI
1579 Caryophyllene epoxide 2.10 0.58 GC, MS, RI
1609 Humulene epoxide 0.19 - MS, RI
1636 d-Cadinol 0.19 0.37 GC, MS, RI
1651 [-Eudesmol 0.30 tr MS, RI
1671 Bulnesol 0.22 - MS, RI
1844 (ZZ)-Farnesyl acetone - tr MS, RI
1923 n-Hexadecanoic acid - tr GC, MS, RI
1969 Ethyl linoleate - 133 GC, MS, RI
2100 n-Heneicosane - tr GC, MS, RI
2624 n-Tetracosanol - 0.87 GC, MS, RI
Grouped components (%)
Aromatic monoterpenes 87.90 90.86
Monoterpene hydrocarbons 1.99 0.81
Oxygenated monoterpenes 3.44 242
Sesquiterpene hydrocarbons 1.52 1.54
Oxygenated sesquiterpenes 3.13 0.95
Others - 2.20
Total identified 97.98 98.78

tr, traces (less than 0.07%).

2 Retention index relative to n-alkanes on SGE-BPX5 capillary column; GC, iden-
tification was based on retention times of authentic compounds on SGE-BPX5
capillary column; MS, identification was based on computer matching of the mass
spectra of peaks with Wiley 7N and TRLIB libraries and published data (Adams,
2007). RI, tentatively identified based on comparison of retention index of the com-
pounds compared with published data (Adams, 2007).

acid (4), ursolic acid (6), naringenin (7) and aromadendrin (8)
(Fig. 1).

These compounds were tested for antibacterial activity against
the plant pathogens and carvacrol showed potent antibacterial
activity ranging from 15.63 p.l/ml to 31.25 pl/ml MIC values against
all tested bacteria (Table 3). On the other hand, as can be seen from
Table 3, naringenin and aromadendrin showed antibacterial activ-
ity against only a few pathogens. Other compounds did not show
any antibacterial effect against the tested pathogens. Among the

isolated compounds, only carvacrol showed potent antibacterial
activity (Table 3) at a broad spectrum. Therefore, the antibacterial
activity at a broad spectrum of the acetone extract can be attributed
to high content of carvacrol in the acetone extract.

3.4. Effects of the essential oils and extracts on germination and
disease severity of the tomato and lettuce seeds on petri plates

In the petri plate assays, especially the higher concentrations
of the extracts showed a negative effect on seed germinations of
the tomato. Generally, the number of the infected seedlings was
reduced as compared to control (Tables 4 and 5

). As can be seen from Table 4, the germination of tomato seeds
was reduced by about 50%. On the other hand, some applications
of the extracts significantly reduced disease severity as compared
to pathogen application. The higher concentrations of the extracts
strongly reduced the disease severity (Table 4). Nevertheless, in the
petri plate assays, the extracts did not exhibit any inhibition effects
on seed germination of lettuce (Table 5). In particular, 20 mg/ml
concentration of acetone extract completely inhibited bacterial dis-
ease symptoms on the lettuce seedling.

3.5. Effects of the essential oils and extracts on germination and
disease severity of the tomato and lettuce seeds on pots

The results showed the effects of the extracts isolated from
0. onites on the germination, disease severity, plant height, root
fresh weight and shoot fresh weight of tomato seeds coated with
C. michiganensis ssp. michiganensis, X. axonopodies pv. vesicatoria
and lettuce seeds coated with X. campestris pv. vitians are pre-
sented in Tables 5-7. The present results show that the extract
applications reduced the disease severity significantly and also
they did not affect the germination and seedling growth of tomato
and lettuce as compared to control (Tables 5-7). Furthermore,
some applications increased the germination of tomato and lettuce
(Table 6). The current results also indicated that some concen-
trations of the extracts caused a positive effect on the plant
growth parameters (Tables 5-7). For instance, 15 mg/ml concen-
trations of the hexane extract of O. onites increased the plant
height, root fresh weight and shoot fresh weight of tomato coated
with X. axonopodies pv. vesicatoria and reduced the bacterial dis-
ease symptoms (57.74%) on pots (Table 7) as compared with
control groups (streptomycin sulfate, only pathogen and no
pathogen groups). However, appropriate dose of the extracts is dis-
similar for different seed or pathogen on account of disease severity
and plant growth parameters.

4. Discussion

The use of synthetic pesticides in plant disease protection pro-
grams around the world have resulted in disturbances of the
environment, pest resurgences, and pest resistance to pesticides
and lethal effect to non-target organisms in the agro-ecosystems
in addition to direct toxicity to users (Prakash et al., 2008; Asogwa
et al., 2010; Bajpai et al., 2010). It is also known that many plant
pathogenic bacteria have acquired resistance to synthetic pesti-
cides (White et al., 2002). Therefore, considering the deleterious
effects of synthetic pesticides on life supporting systems, there is
an urgent need to search for alternative approaches for the manage-
ment of plant pathogenic microorganisms. One of the alternative
control methods of the disease is use of effective plant oils and
extracts in conventional and organic agriculture.

There are numerous reports on the chemical composition of the
essential oil of O. onites growing in Turkish flora and different flora
of the world (Baydar et al., 2004; Ozel and Kaymaz, 2004; Figueredo
et al., 2006; Kizil and Uyar, 2006; Sarac and Ugur, 2008; Kizil et al.,



R. Kotan et al. / Scientia Horticulturae 172 (2014) 210-220 215
Table 2
Antibacterial activities of the essential oil and extracts from O. onites against plant pathogenic bacteria.

Bacteria Strains Extracts Antibiotic

Essential oil Hexane Chloroform Acetone Methanol STS

1ZD MIC 1ZD MIC 1ZD MIC 1ZD MIC 1ZD MIC 1ZD
Clavibacter michiganensis ssp. michiganensis RK-Cmm 33 15.62 19 40 19 60 24 40 - - 18
Erwinia amylovora RK-228 28 31.25 15 40 16 60 21 40 - - 24
Erwinia carotovora ssp. atroceptica RK-462 33 15.62 15 40 14 50 11 60 - - 21
Erwinia chrysanthemi RK-421 22 15.62 12 60 11 60 13 60 - - 25
Pseudomonas cichorii RK-166 33 15.62 8 100 8 100 8 100 - - 24
Pseudomonas syringae pv. syringae RK-204 32 31.25 18 40 15 60 19 50 - - 12
Pseudomonas syringae pv. tomato RK-Ps-tom 25 31.25 15 50 16 60 21 50 - - 13
Xanthomonas axonopodis pv. malvacearum RK-Xa-mal 37 15.62 18 40 13 60 18 50 - - 17
Xanthomonas axonopodis pv. vesicatoria Xcv-761 34 15.62 15 40 14 60 20 40 - - 23
Xanthomonas axonopodis pv. campestris RK-Xa-cam 36" 15.62 15 40 14 60 15 50 - - 21
Xanthomonas axonopodis pv. vitians Xa-vit 34 15.62 12 70 12 60 13 60 - - 16
Xanthomonas axonopodis pv. pelargonii RK-Xa-pel 34 31.25 12 60 12 60 13 50 - - 22
Xanthomonas campestris pv. raphani RK-Xc-rap 40 7.81 16 50 14 60 20 50 - - 16
Xanthomonas campestris pv. zinniae Xc-zin 33 31.25 - - - - - - - - 24

1ZD: inhibition zone in diameter (mm) around the disks (6 mm) impregnated with 1.25 mg of the extracts and 12.5 pl of the essential oil; MIC, minimal inhibitory concentration
as wl/ml for the essential oil and in mg/ml for the extracts; *bactericidal effect was observed; -: not active. STS: streptomycin sulfate (5 pg/disk).

Table 3

Antibacterial effects of the pure compounds isolated from acetone extracts of O. onites.

Bacteria Caryophyllene Carvacrol Tetracosanol {3-Sitosterol Ursolic acid Naringenin Aromadendrin

oxide (1) (2) (3) (5) (6) (7) (8)

1Z MIC 1z MIC 1z MIC 1z MIC 1z MIC 1z MIC 1z MIC
C. michiganensis subsp. michiganensis Cmm - - 23* 31.25 - - - - - - - - - -
E. amylovora RK-228 - - 28* 31.25 - - - - - - - - - _
E. carotovora subsp. atroceptica RK-462 - - 15 15.63 - - - - - - - - - _
E. chrysanthemi RK-421 - - 16 15.63 - - - - - - - - - -
P. cichorii RK-166 - - 12 31.25 - - - - - - - - - _
P.syringae pv. syringae RK-204 - - 26 15.63 - - - - - - - - _ _
P. syringae pv. tomato RK-Ps-tom - - 25* 15.63 - - - - - - - - 8* 100
X. axonopodies pv. malvacearum RK-Xa-mal - - 38* 15.63 - - - - - - - - 8* 100
X. axonopodies pv. vesicatoria Xcv110c - - 28* 15.63 - - - - - - - - 8* 100
X. axonopodies pv. campestris RK-Xa-cam - - 25* 15.63 - - - - - - - - - _
X. axonopodies pv. vitians Xa-vit - - 32 15.63 - - - - - - 9 100 12* 90
X. axonopodies pv. pelargonii RK-Xa-pel - - 20 31.25 - - - - - - - - - _
X. campestris pv. raphani RK-Xc-rap - - 30" 15.63 - - - - - - - - - -
X. campestris pv. zinniae Xc-zin - - 28* 15.63 - - - - - - - - - -

IZD, inhibition zone in diameter (mm) around the disks (6 mm); MIC, minimal inhibitory concentration as pl/ml; —, not active; *Bactericidal effect was observed.

Table 4

Percentage of the germinated seed and the number of infected seedling of the tomato seeds coated with C. m. ssp. michiganensis, X. axonopodies pv. vesicatoria and X. campestris
pv. vitians, and than treated with O. onites extracts (hexane, acetone and chloroform) on petri plate assays.

C. michiganensis ssp. michiganensis

X. axonopodies pv. vesicatoria

X. campestris pv. vitians

Infected seedling (%)

Germination (%)

Infected seedling (%)

Germination (%)

Infected seedling (%)

Treatments Dose (mg/ml) Germination (%)
Hexane Extract 20 533a
15 70.0 b
10 533a
5 533a
Streptomycin sulfate 0.5 833 ¢c
Surfaces disinfected - 56.6 ab
No pathogen (Control) - 90.0d
Acetone extract 20 70.0b
15 70.0 b
10 73.3 bc
5 76.6 bc
Streptomycin sulfate 0.5 83.3cd
Surfaces disinfected - 56.6 a
No pathogen (Control) - 90.0d
Chloroform extract 20 56.6 a
15 76.6 b
10 60.0 a
5 733b
Streptomycin sulfate 0.5 83.3 bc
Surfaces disinfected - 56.6 ab
No pathogen (Control) - 90.0 ¢

40.0 b
63.3 ¢
40.0 b
36.6 ab
80.0d
100.0d
0.0a
428 b
47.6b
63.8 ¢
95.6d
96.0d
100.0d
0.0a
234a
47.7b
77.6b
63.5b
96.0.0 ¢
100.0 c
0.0a

46.6 a
63.3 bc
76.6 ¢
63.3 bc
56.6 ab
63.3 bc
90.0d
83.3ab
86.6 abc
76.6 a
80.0a
93.3 bc
80.0 a
96.6 ¢
56.6 a
80.0b
86.6 bc
90.0cd
93.3cd
80.0b
96.6d

100.0d
789 ¢
86.9d
63.1b
64.6 b
100.0d
0.0a
79.9 de
65.3cd
65.2 ¢
25.0b
100 f
95.7 e
0.0a
94.1c¢
95.7d
46.1b
51.7 bc
100 e
95.7d
0.0a

100.0 a 90.0c
100.0 a 100.0d
100.0a 100.0d
100.0 a 100.0d
100.0 a 833D
100.0 a 100.0d
100.0 a 0.0a
100.0 a 0.0a
100.0 a 9.0b
100.0a 40.0 c
100.0 a 100.0d
100.0 a 83.3cd
100.0 a 100.0d
100.0 a 0.0a
10.0a 100.0 ¢
100.0 b 86.6 b
100.0 b 96.6 ¢
100.0 b 96.6 ¢
10.00 b 833D
10.00 b 100.0 ¢
100.0 b 0.0a

Values followed by different letters in the same column are significantly different (P <0.05) based on Duncan’s multiple range test.
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Fig. 1. Chemical structures of the compounds isolated from the aerial parts of O. onites.

2009; Korukluoglu et al., 2009; Kutlular and Ozel, 2009; Toncer
et al., 2009; Wogiatzi et al., 2009; Sertkaya et al., 2010; Economou
et al.,, 2011; Ozkan and Erdogan, 2011; Arslan et al., 2012; Orhan
et al., 2012). In accordance with our results, many reports show
that O. onites essential oil contain mainly aromatic monoterpenes,

carvacrol and thymol (Skoula and Harborne, 2002; Baydar et al.,
2004; Ozel and Kaymaz, 2004; Figueredo et al., 2006; Kizil and
Uyar, 2006; Sarac and Ugur, 2008; Kizil et al., 2009; Korukluoglu
et al., 2009; Kutlular and Ozel, 2009; Toncer et al., 2009; Wogiatzi
etal., 2009; Sertkaya et al.,2010; Economou et al., 2011; Ozkan and
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Table 5
Effects of the extracts from O. onites on the germination of tomato seeds and disease severity caused by C. michiganensis ssp. michiganensis on pots.
Treatments Dose (mg/ml) GS (%) DS IDS (%) Plant height Root fresh Shoot fresh
(mm) weight (g/plant) weight (g/plant)
Hexane Extract 20 50.0 a 1.33 £ 0.50b 68.03 1225+ 1.33¢c 023+031b 0.59 £+ 0.20 ab
15 46.6 a 1.00 + 0.00 b 75.96 1220 +£1.30¢ 0.05 + 0.02 a 0.64 + 0.23 ¢
10 433 a 2.00 + 0.63 ¢ 51.92 1135+ 2.17b 0.07 £ 0.02a 0.76 £ 0.18d
5 50.0a 333+ 051e 19.95 11.84 £ 0.50b 0.06 + 0.01a 0.76 +£0.20d
Streptomycin sulfate 0.5 40.0 a 2.66 +0.81d - 1245 +3.12¢ 0.07 +£ 0.04 a 091 £ 0.55e
Control (only pathogen) - 40.0 a 416 £0.75f - 10.08 £ 1.37 a 0.05 +0.01a 0.49 + 0.07 a
Control (no pathogen) - 333a 1.00 £ 0.00 a - 11.80 £ 043 b 0.05 +0.01a 0.56 + 0.07 ab
Chloroform extract 20 300a 233+121c 43.72 9.62 + 0.40 abc 0.04 + 0.00 ab 0.46 + 0.04 a
15 26.6a 133 +£0.51b 67.87 10.73 £ 0.88 bc 0.05 + 0.01 ab 0.60 + 0.12 ab
10 40.0a 133 +£0.51b 67.87 8.59 £1.39b 0.04 £+ 0.01 ab 042 +0.12a
5 50.0a 2.66 + 0.51 ¢ 35.75 7.66 £ 131a 0.03 £ 0.00a 030 + 0.06 a
Streptomycin sulfate 0.5 40.0 a 2.66 £ 0.81c¢ - 12.46 £ 3.11¢ 0.07 £ 0.04 b 0.92 £ 0.55b
Control (only pathogen) - 40.0 a 414 +£0.75d - 10.16 + 1.46 abc 0.05 + 0.01 ab 0.48 + 0.06 a
Control (no pathogen) - 333a 0.00 + 0.00 a - 11.80 £ 043 ¢ 0.05 + 0.00 ab 0.55 £+ 0.07 ab
Acetone extract 20 30.0ab 283 £098c 31.64 12.66 + 0.35 ¢ 022 +030a 0.86 + 0.04d
15 26.6a 2.16 + 0.98 bc 47.83 13.00 + 1.00 ¢ 0.16 + 0.21a 0.80 + 0.14d
10 40.0 ab 2.33 £ 0.81 bc 43.72 10.33 + 2.08 ab 0.03 +001a 0.59 £ 0.20 abc
5 533b 1.50 £ 0.54b 63.77 9.03 +1.81a 0.02 £ 0.01a 038 £ 0.13a
Streptomycin sulfate 0.5 40.0 ab 2.66 £ 0.81c¢ - 12.46 £ 3.11¢ 0.07 £ 0.04 a 0.60 + 0.14 abc
Control (only pathogen) - 40.0 ab 414 +£0.75d - 10.08 + 1.37 ab 0.05+0.01a 0.49 + 0.06 ab
Control (no pathogen) - 33.3ab 1.00 + 0.00 a - 11.80 £ 0.43 ab 0.05 + 0.00 a 0.67 £+ 0.14 bc

GS: Germinated tomato seeds; DS: disease severity, IDS: inhibition of disease severity according to only pathogen control (surfaces disinfected); —: Not evaluated.
Values followed by different letters in the same column are significantly different (P <0.05) based on Duncan’s multiple range test.

Erdogan, 2011; Arslan et al., 2012; Orhan et al., 2012). It has also
been reported that the wild populations of the O. onites contain two
different chemotypes, carvacrol and linalool. For instance, Ozkan
and Erdogan (2011) documented the essential oil of O. onites grow-
ing in Turkish flora contained linalool (50.53%) as main components
besides carvacrol (24.52%) and thymol (15.66%). As can be seen
from Table 2, the oil and hexane extract of O. onites showed potent
antibacterial effect against all tested phytopathogenic bacteria and
exhibited inhibition zones of 36-8 mm. However, the inhibition
zones and MIC values of the oil against the pathogenic bacterial
species were higher than those of the hexane extract (Table 2).
This potent antibacterial activity of the oil and hexane extract of
0. onites can be attributed to their high carvacrol contents. On the
other hand, synergistic and/or antagonistic interactions of the com-
ponents in the oil and the extracts could be taken into account. In

literature, it is well known that the essential oil of the plants rich
in this compounds have strong antimicrobial effects (Baydar et al.,
2004; Kizil and Uyar, 2006; Vasinauskiene et al., 2006; Kordali et al.,
2008; Sarac and Ugur, 2008; Korukluoglu et al., 2009; Wogiatzi
et al., 2009; Copur et al., 2010; Karami-Osboo et al., 2010; Kotan
etal.,2010; Dadasogluetal.,2011; Keskin and Toroglu,2011; Orhan
et al, 2011, 2012). Hence, our results are in agreement with the
previous literature reports on O. onites essential oil.

Our results showed that the strong antibacterial effect of the
essential oil and hexane extract of O. onites is probably related to
its carvacrol and thymol constituents. Some investigations suggest
that these compounds penetrate inside the cell, where they inter-
fere with cellular metabolism (Lambert et al., 2001; Marino et al.,
2001; Karami-Osboo et al., 2010). It has also been documented that
these compounds disturb the structure of the cellular membrane

Table 6
Effects of O onites the extracts on the germination of tomato seeds and disease severity caused by X. axonopodies pv. vesicatoria on pots.
Treatments Dose (mg/ml) PGS (%) DS IDS (%) Plant height Root fresh Shoot fresh
(mm) weight (g/plant) weight (g/plant)
Hexane Extract 20 30.0a 1.66 £ 0.51a 61.66 12.25 + 1.56 ab 0.09 + 0.07 a 0.97 £ 0.18b
15 333a 1.83 £040a 57.74 13.58 £ 1.18 b 0.10 £ 0.05a 0.68 + 0.27 a
10 36.6a 2.50 £ 0.54b 42.26 10.86 £ 1.25a 0.05+0.02a 0.58 £ 0.07 a
5 43.3 ab 3.16 £ 0.75b 27.02 12.03 £ 1.25ab 0.05 + 0.01a 0.59 + 0.09 a
Streptomycin sulfate 0.5 50.0 a 2.83+£0.75b - 10.60 + 0.52 a 0.04 £ 0.00 a 0.46 + 0.06 a
Control (only pathogen) - 633 ¢ 433 +0.51c¢ - 12.06 + 0.55 ab 0.05 +0.00 a 0.63 + 0.06 a
Control (no pathogen) - 333a 1.00 + 0.00 a - 11.80 £ 043 ab 0.05 +£ 0.01a 0.57 £ 0.05a
Chloroform Extract 20 833b 1.00 + 0.00 a 76.91 9.08 +£ 1.12a 0.06 + 0.02 bc 0.37 £021a
15 76.6 b 1.50 £ 0.54a 65.36 10.16 + 0.43 ab 0.04 + 0.01 ab 0.74 +£ 0.05 ¢
10 733Db 1.50 £ 0.54a 65.36 10.72 £ 0.38 ab 0.09 £ 0.03¢c 0.76 = 0.14 c
5 76.6 b 3.00 + 0.63 b 30.72 911+ 0.78a 0.02 +£ 0.00 a 0.47 + 0.13 ab
Streptomycin sulfate 0.5 56.6 a 283 +£0.75b - 10.60 + 0.52 bc 0.04 + 0.00 ab 0.46 + 0.06 ab
Control (only pathogen) - 83.3b 433 +£051¢c¢ - 12.06 + 0.55d 0.05 + 0.00 ab 0.63 + 0.06 bc
Control (no pathogen) - 76.6 b 1.00 + 0.00 a - 11.80 +£ 043 ¢ 0.05 + 0.00 ab 0.57 + 0.05 abc
Acetone extract 20 70.0 abc 2.00 + 0.63 bc 53.81 10.03 + 2.83 ab 030+ 0.21b 0.63 +£0.11b
15 76.6 bed 2.33 £ 0.50cd 46.19 929 £ 0.80a 0.04 £ 0.01a 0.51 £ 0.02 ab
10 63.3 ab 1.50 + 0.54b 65.36 933 +094a 0.03 +£0.00a 0.56 + 0.03 ab
5 90.0d 1.66 + 0.81 bc 61.66 9.73 + 1.55 ab 0.04 + 0.01a 0.55 + 0.10 ab
Streptomycin sulfate 0.5 56.6 a 283 +£0.75¢ - 10.60 + 0.52 ab 0.04 £ 0.00 a 0.46 + 0.06 a
Control (only pathogen) - 83.3cd 433 +051d - 12.06 £ 0.55b 0.05 + 0.00 a 0.62 + 0.06 b
Control (no pathogen) - 76.6 bed 1.00 + 0.00 a - 11.80 + 0.43 ab 0.05 + 0.00 a 0.57 £ 0.05 ab

PGS: Percentage of germinated tomato seeds; DS: disease severity; IDS: inhibition of disease severity according to only pathogen control (surfaces disinfected); -: not

evaluated.

Values followed by different letters in the same column are significantly different (P < 0.05) based on Duncan’s multiple range test.
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Table 7
Effects of O onites the extracts on the germination of lettuce seeds and disease severity caused by X. campestris pv. vitians on pots.
Treatments Dose (mg/mL) PGS (%) DS IDS (%) Plant height Root fresh Shoot fresh
(mm)* weight (g/plant) weight (g/plant)
Hexane Extract 20 60.0 a 133 £ 0.51b 70.44 - 0.01 +£0.00a 0.20 + 0.03 ab
15 83.3b 1.83 £ 0.75 bc 59.33 - 0.02 +0.01a 0.27 + 0.03 bc
10 833b 233 +£0.51cd 48.22 - 0.02 +0.01a 0.27 + 0.08 bc
5 833b 2.66 £ 0.51d 40.89 - 0.03+0.01a 0.39 +£0.05¢c
Streptomycin sulfate 0.5 83.3b 233 +£0.81cd - - 0.03 +£ 0.03 a 0.21 + 0.04 ab
Control (only pathogen) - 96.6 b 450 + 0.83 e - - 0.01 £ 0.00 a 0.12 £ 0.05a
Control (no pathogen) - 933 b 1.00 +£ 0.00 a - - 0.02 £ 0.01a 0.32 £ 0.11 bc
Chloroform Extract 20 33a 5.00 + 0.00 ¢ -11.1 - 0.01 + 0.00 a 0.01 +£ 0.02 a
15 933 ¢ 2.16 + 1.47b 52.00 - 0.02 =+ 0.00 bc 0.28 + 0.07 cd
10 83.3b 1.50 + 0.54b 66.67 - 0.03 £+ 0.00 ¢ 038 £0.10d
5 96.6 1.83 £ 0.75b 59.33 - 0.03 + 0.00 c 0.40 + 0.02d
Streptomycin sulfate 0.5 833b 233+081b - - 0.02 £ 0.00 bc 0.22 + 0.03 bc
Control (only pathogen) - 96.6 ¢ 4.50 +£ 0.83 ¢ - - 0.01 + 0.00 ab 0.12 £ 0.05 ab
Control (no pathogen) - 933 ¢ 1.00 +£ 0.00 a - - 0.03 £ 0.00 ¢ 032 +0.12¢
Acetone extract 20 90.0 bc 133 £ 0.51a 70.44 - 0.02 + 0.00 ab 0.29 + 0.06 bc
15 76.6 a 1.16 £ 040 a 74.22 - 0.03 + 0.00 b 0.45 + 0.14 ¢
10 96.6 d 1.50 £ 0.54a 66.67 - 0.02 £ 0.00 ab 0.28 £ 0.09 ab
5 93.3 bc 2.50 + 0.54b 44.44 - 0.02 + 0.00 ab 0.23 + 0.03 ab
Streptomycin sulfate 0.5 83.3ab 233+081b - - 0.02 £ 0.00 ab 0.21 £ 0.03 ab
Control (only pathogen) - 96.6d 4.50 £ 0.83 ¢ - - 0.01 £ 0.00 a 0.12 £ 0.05a
Control (no pathogen) - 93.3 bc 1.00 + 0.00 a - - 0.03 £ 0.01b 0.31 £ 0.12 bc

PGS: percentage of germinated lettuce seeds; DS: disease severity; IDS: inhibition of disease severity according to only pathogen control (surfaces disinfected); -: not

evaluated.

Values followed by different letters in the same column are significantly different (P < 0.05) based on Duncan’s multiple range test.

and react with the active sites of enzymes or act as an H* carrier,
depleting adenosine triphosphate pool (Farag et al., 1989; Ultee
et al., 2002).

Many plant essential oils, extracts and their pure compounds are
considered to play a role in host defense mechanisms against plant
pathogens. It is stated that biologically active compounds present
in plant products act as elicitors and induce resistance in host plants
resulting in reduction of disease development (Mihaliak et al.,
1991; Vidhyasekaran, 1992; Pradhanang et al., 2003; Nguefack
et al., 2005; Cavalcanti et al., 2006; Vasinauskiene et al., 2006; Lo
Cantore et al., 2009; Karami-Osboo et al., 2010, yeni referanslar
eklendi). In addition, peroxidases have diverse functions in plant
life such as defense against pathogen, cross-linking of cell wall com-
ponents, formation of lignin and suberin, auxin catabolism, and
antioxidant defense (Keyhani and Keyhani, 2006). In this study,
some applications of the extracts caused a positive effect on the
plant growth parameters. For instance, all concentrations of the
hexane extract, 5 and 10 mg/ml concentrations of chloroform and
acetone extracts of O. onites increased the germination and plant
height of tomato (Table 5) as compared with control. Therefore,
this increase can be related to host defense mechanisms in plants
against plant pathogens.

Application of the plant extracts as a seed disinfectant is an inex-
pensive and effective technique, and its easy adaptability will give
additional advantages leading to acceptances of this technology
by farmers. In the current study, the extract applications reduced
the disease severity significantly and also they did not affect the
germination and seedling growth of tomato and lettuce as com-
pared to control (Tables 5-7). Some applications increased also
the germination of tomato and lettuce and resulted in a positive
effect on the plant growth parameters (Tables 5-7). In tomato
seed assays infected with C. michiganensis spp. michiganensis
and X. axonopodies pv. vesicatoria, 15 and 20 mg/ml concentra-
tions of the hexane extract inhibited the disease severity with
75.96-57.74% and these applications also increased the germina-
tions and seedling growths of tomato seeds (Tables 5 and 6). As
can be seen from Table 6, 15 mg/ml concentrations of the hexane
extract of O. onites increased the plant height (13.58 +1.18), root
fresh weight (0.1040.05) and shoot fresh weight (0.68 +-0.27) of
tomato coated with X. axonopodies pv. vesicatoria and reduced the

bacterial disease symptoms (57.74%) on pots as compared with con-
trol groups (streptomycin sulfate, only pathogen and no pathogen
groups) in the current study. The similar results were also found
for the acetone and chloroform extracts (Tables 5 and 6). Like-
wise, all application concentrations of the hexane, chloroform and
acetone extracts significantly reduced the disease severity with
74.22-40.89% inhibition (Table 7). However, 20 mg/ml doses of
hexane and chloroform extracts reduced the germination of the
lettuce seeds.

As can be seen from Table 2, acetone extract of O. onites showed
potent antibacterial effect against all tested plant pathogens.
Hence, the acetone extract was subjected to silica gel col-
umn chromatography to isolate the constituent(s) responsible for
antibacterial activity. Thus, seven compounds isolated and their
chemical structures were characterized by UV, IR, TH-NMR, 13C-
NMR and 1D and 2D NMR spectroscopic methods as caryophyllene
oxide (1), carvacrol (2), tetracosanol (3), -sitosterol (5), betulinic
acid (4), ursolic acid (6), naringenin (7) and aromadendrin (8)
(Fig. 1). The chemical structures of the known compounds were
also confirmed by comparison of their spectral data with that
reported in the literature, i.e. as 3-caryophylene oxide (1) (Yang
and Deinzer, 1994; Adams, 2007; Noma et al., 2010), carvacrol (2)
(Arfa et al., 2006; Adams, 2007; Mastelic et al., 2008), betulinic
acid (4) (Ikuta and Itokawa, 1988; Chatterjee et al., 1999; Gutierrez,
2005; Bhattachartya et al., 2009), 3-sitosterol (5) (Kovganko et al.,
2000; Cakir et al., 2003; Huang et al., 2004; Nakamura et al., 2005),
ursolic acid (6) (Moghaddam et al., 2006; Silva et al., 2008), narin-
genin (7) (Markham and Geiger, 1993; Hasan and Tahir, 2005;
Ibrahim et al., 2007) and aromadendrin (8) (Markham and Geiger,
1993; Gautam et al., 2005; Iwashina et al., 2007; Freitas et al.,
2008) and long range 'H-13C correlations from their HMBC spec-
tra.In our study, these compounds were also tested for antibacterial
activity against the plant pathogens and carvacrol showed potent
antibacterial activity against all tested bacteria with MIC values,
15.63 pl/ml and 31.25 pl/ml (Table 3). On the other hand, as can be
seen from Table 3, naringenin and aromadendrin showed antibac-
terial activity against only a few pathogens. Other compounds did
not show any antibacterial effect against the tested pathogens.
Among the compounds isolated from the acetone extract, only car-
vacrol showed the potent antibacterial activity at a broad spectrum
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(Table 2). Therefore, the antibacterial activity at a broad spectrum of
the acetone extract can be attributed to high content of carvacrol in
the acetone extract. In the current study, 25.05 g of carvacrol was
isolated from 35¢g acetone extract by chromatographic methods.
Previous study showed that carvacrol is an effective antibacterial
component on some plant pathogenic bacteria (Dadasoglu et al.,
2011; Kotan et al., 2007, 2010). Furthermore, this is the first report
for the antibacterial activities of naringenin and aromadendrin
against the plant pathogenic bacteria.

In conclusion, the hexane, chloroform and acetone extracts
applications of O. onites significantly reduced the disease symp-
toms. They also did not affect the germinations and seedling
growths of tomato and lettuce they can be used the inhibition of
some plant disease when it was used appropriate doses, 10, 15 and
20 mg/ml doses of the hexane, chloroform and acetone extracts.
The antibacterial effects of the extracts can be attributed to their
phenolic content, carvacrol. Further studies are required to under-
stand the positive effect of the essential oil and extracts on plant
growth parameters.
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