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Blackleg and soft rot are among the most damag-
ing bacterial diseases of potato. Their occurrence is 
observed worldwide and can cause a 10–25% loss of 
potato yield. Additional losses occur in storage, low-
ering the market value of tubers. The etiology of these 
diseases is complex, as potato tuber soft rot can be 
spread during both cultivation and storage by several 
species of pectolytic bacteria in the genera Pectobac-
terium and Dickeya. The dominant pathogen species 
in this storage rot complex is often determined by ther-

mal conditions and the availability of oxygen [Goto 
1992, Gardanet et al. 2003, Duarte et al. 2004, Samson 
et al. 2005, Sławiak et al. 2009, Toth et al. 2011]. 

In Poland, a major percentage of potato infections 
during cultivation and storage are caused by Pecto-
bacterium atrosepticum, Pectobacterium carotovorum 
subsp. carotovorum [Sledz et al. 1998], Pectobacte-
rium carotovorum subsp. brasiliense, Dickeya dian-
thicola and Dickeya solani [Sławiak et al. 2009] as 
well as Pectobacterium parmentieri [Lebecka 2017]. 
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ABSTRACT

The activity of essential oils from Eucalyptus globulus, Pinus silvestris, Lavandula angustifolia, Juniperus 
virginiana, Rosmarinus officinalis and Citrus paradise against the soft-rot pathogens Pectobacterium caro-
tovorum subsp. carotovorum, Pectobacterium atrosepticum, Pectobacterium parmentieri and Dickeya solani 
was determined in vitro. The antibacterial activity of the essential oils will be evaluated using the disk-dif-
fusion method by Kirby-Bauer [Bauer et al. 1966]. It was found that all the presented essential oils varied 
in antimicrobial activity against the four bacterial strains. No differences in the influence of streptomycin on 
inhibition of growth of the four bacterial strains were observed. Among six tested plants, essential oils from 
P. sylvestris had the strongest inhibitory effect on the growth of soft rot bacteria from Pectobacterium genus. 
This paper constitute the first report on the activity of the essential oils obtained from J. virginiana against 
soft rot bacteria. They are also the first report on the activity of the essential oils obtained from E. globulus,  
P. silvestris, L. angustifolia and C. paradisi against P. atrosepticum, P. parmentieri and D. solani as well as 
on the activity of the R. officinalis essential oils against P. atrosepticum and P. parmentieri.
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In addition to yield losses in the field and during stor-
age, significant costs are incurred due to degradation 
of seed plantings. Currently the use of healthy prop-
agating material is a key factor in the protection of 
potatoes against bacterial diseases. In addition, seed 
potatoes should be planted in warm, moderately hu-
mid, well-drained soil, and fertilised properly with 
N and Ca. It is also important to remove and destroy 
diseased plants in seed plantations. Cutting seed pota-
toes is advised against. The potato harvest should be 
performed during dry weather and the tubers collected 
should be stored in conditions that decrease the inci-
dence of tuber soft rot [Wójtowicz and Mrówczyński 
2017]. Because there are no chemical options to pro-
tect against pectolytic bacteria of potato, the search for 
alternative protection methods is of great significance. 
For example, development of new potato cultivars 
with increased tuber resistance to pectolytic bacte-
ria has provided partial suppression of these diseases 
[Zimnoch-Guzowska et al 2000, Barzic et al. 2012, 
Lebecka 2017]. 

Recently, many research centres in Europe, Asia 
and Africa have conducted intensive studies on the 
use of natural substances in plant protection against 
bacterial diseases [İşcan et al. 2002, Papadopoulos 
et al. 2006, Vasinauskiene et al. 2006, Bouhdid et al. 
2008, Kokoskova et al. 2011, Mikiciński et al. 2012, 
Yanmis et al. 2012, Gakuubi et al. 2016]. Among nat-
ural substances with antimicrobial properties, oil ex-
tracts constitute a group with chemical structures and 
properties. These essential oils are obtained through 
steam distillation. Chemical groups in essential oils 
include monoterpenes (acyclic, monocyclic, dicyclic), 
sesquiterpenes, phenols (simple, phenol alcohol), and 
polyacetylene. They possess many valuable biological 
properties, including antibacterial activity [Kędzia and 
Kędzia 2009, Hołderna-Kędzia 2010, Adaszyńska and 
Swarcewicz 2014]. 

Essential oils are present in over 2000 plant spe-
cies from about 60 families [Gakuubi et al. 2016].  
In recent years, a wide range of plant essential oils 
and their constituents have been investigated for their 
antibacterial properties against such plant pathogenic 
bacteria as Xanthomonas vesicatoria, Pseudomonas 
marginalis pv. marginalis, P. syringae pv. syringae,  
P. syringae pv. tomato [Vasinauskiene et al. 2006], 
Pseudomonas savastanoi pv. phaseolicola, Xan-

thomonas axonopodis pv. phaseoli and Xanthomonas 
axonopodis pv. manitobis [Gakuubi et al. 2016].

The antibacterial activity of the different essen-
tial oils against soft rot bacteria has been reported by 
many authors [Vasinauskiene et al. 2006, Almashahi 
et al. 2010, Neshad et al. 2012, Badawy and Abdel-
galeil 2014, Fernández et al. 2014, Mehrosorosh et 
al. 2014, Jamshidi and Adargani 2016, Elansary et al. 
2018, Popović et al. 2018,  Salem et al. 2018, Okla et 
al. 2019]. Given the fact that soft rot disease is one of 
the limiting factors in global potato crop production 
and the fact that current control measures are insuffi-
cient, the aim of this work is to evaluate the inhibitory 
potential of some essential oils on the growth of the 
following soft rot bacteria: Pectobacterium carotov-
orum subsp. carotovorum, Pectobacterium atrosepti-
cum, Pectobacterium parmentieri and Dickeya solani.

MATERIALS AND METHODS

The four strains of bacteria that were used in as-
says: Pectobacterium carotovorum subsp. carotovo-
rum (strain Pcc2 M15), Pectobacterium atrosepticum 
(strain Pba3M14), Pectobacterium parmentieri (strain 
Pw1M13) and Dickeya solani (strain IFB0099) – were 
obtained from the Laboratory of Phytopathology  
of the Department of Potato Genetics and Parental 
Lines in Mlochów Research Center, Plant Breeding 
and Acclimatization Institute-National Research Insti-
tute, Poland. 

Composition of essential oils was determined by 
An Agilent Technology 6890N gas chromatograph 
equipped with a 30 m non-polar HP 1MS column  
(0.25 mm diameter and 0.25 μm steady state film thick-
ness). The carrier gas flow (helium) was 1 mL /min. 
chamber temperature was 250°C, furnace – 100°C 
(increase 10°C/min). The chromatograph was coupled 
with an MS 5973 Network mass spectrometer from 
Agilent Technology with a quadrupole mass analyzer.

The antibacterial activity of the essential oils will 
be evaluated using the disk-diffusion method by Kir-
by-Bauer [Bauer et al. 1966]. Six commercial essen-
tial oils – from Eucalyptus globulus, Pinus silvestris, 
Lavandula angustifolia (produced by Etja, Elbląg, 
Poland), Juniperus virginiana, Rosmarinus officina-
lis product of (Sabana Optima Sp. z. o.o., Płosnica, 
Poland) and Citrus paradise (produced by Zakład 



https://czasopisma.up.lublin.pl/index.php/asphc 21

 Schollenberger, M. , Gadomska-Gajadhur, A., Mirzwa-Mróz, E., Kret, D., Skutnik, E., Paduch-Cichal, E., Gleason, M. (2021). The influence 
of plant essential oils on in vitro growth of Pectobacterium and Dickeya spp. bacteria. Acta Sci. Pol. Hortorum Cultus, 20(6), 19–28.  
https://doi.org/10.24326/asphc.2021.6.3

Produkcji Farmaceutyczno-Kosmetycznej Pharma 
Tech, Zukowo, Poland) – and a streptomycin sulphate 
solution (200 ppm) were prepared. Sterile Petri dish-
es (10 cm diameter) were filled with a Nutrient Agar 
(NA) medium. A 0.1 ml suspension of the bacteria 
tested (24-hour-old cultures; 107 CFU/ml) was placed 
on each Petri dish. A cork borer was used to cut three 
wells (7 mm diameter) in the medium. Two wells were 
filled with eucalyptus, pine, true lavender, juniper, 
rosemary or grapefruit essential oils (200 µl each), and 
the third well was filled with 200 µl of streptomycin 
sulphate solution. After the plates were then incubated 
at room temperature for 24 h, the diameter of the in-
hibition zones was measured. The measurements were 
performed for four strains of bacteria: P. carotovorum 
subsp. carotovorum, P. atrosepticum, Pectobacterium 
parmentieri, Dickeya solani), six essential oils (euca-
lyptus, pine, true lavender, juniper, rosemary, grape-
fruit) and a streptomycin sulphate solution in three 
replications for each combination which constituted  
a factorial design.

One-way analysis of variance (ANOVA) was per-
formed to compare the influence of each of the six es-
sential oils and a streptomycin sulphate control on the 
inhibition of growth of each of the four tested bacteria 
strains. The homogeneous groups were identified for 
each combination using the Newman-Keuls test at the 
significance level of p = 0.05. All calculations were 
made using Statistica 13.

RESULTS AND DISCUSSION

The substances identified in the essential oils iso-
lated from Eucalyptus globulus, Pinus silvestris, La-
vandula angustifolia, Juniperus virginiana, Rosmari-
nus officinalis and Citrus paradisi by using GC-MS 
analyses are presented in Table 1. 

The components identified in the six essential 
oils constituted from 79.20% to 95.50% of the peak 
surface in ion current of chromatogram. Some sub-
stances were present in more than one essential oil 
(α- and β-pinene, camphene, ecalyptol, limonene, 
carene, linalool, borneol, terpinen 4-ol, α-terpineol, 
carvone, linalyl anthranilate, bornyl acetate, bornylene 
and geranyl acetate and caryophyllene), while others 
were specific to one plant essential oil. The majori-
ty of the aforementioned components belong to the 

terpene group, with linalyl anthranilate and borneol 
being esters. In the essential oil isolated from Euca-
lyptus globulus, three substances were detected. The 
major component was eucalyptol (66.21%); α-pinene 
accounted for 27.42% and α-terpineol for 1.82%. 
In the essential oil obtained from Citrus paradise,  
14 different  substances were identified, the main 
components being limonene (32.46%) and borneol 
(10.94%). In the essential oil isolated from Rosmarinus 
officinalis 10 substances were detected, the major com-
ponents being eucalyptol and camphor representing 
34% and 23%, respectively. The sample of essential oil 
obtained from Lavandula angustifolia EO contained  
18 substances. The main components were linalyl an-
thranilate (23.71%), linalool (15.22%) and borneol 
(15.04%). The sample of essential oil isolated from 
Juniperus virginiana showed the presence of 7 sub-
stances, among which the main component was beta 
himachalene (48.02%), with the percentage of cedrol 
and cuparene being two and four times lower, respec-
tively. The sample of the Pinus silvestris essential oil 
contained 16 substances. The major components were 
carene (23.51%) and bornyl acetate (20.31%) (Tab. 1). 
The number of the substances identified in the six es-
sential oils was lower than the number detected in the 
research conducted by Smigielski et al. [2009], Verma 
et al. [2009], Damjanović-Vratnica et al. [2011], Ka-
mal et. al [2011], Tarakemeh et al. [2012], Okunowo 
et al. [2013], Adaszyńska-Skwirzyńska and Swarce-
wicz [2014], Badawy et al. [2014], Mehrsororosh et 
al. [2014], Prusinowska and Smigielski [2014], Bach-
heti [2015], or Tomescu et al. [2015]. Some of the 
major components of the essential oils obtained from 
Eucalyptus globulus, Citrus paradise, Rosmarinus 
officinalis, Lavandula angustifolia and Pinus silves-
tris were similar to those reported for plants grow-
ing in Algeria [Fekih et al. 2014], Egypt [Badawy et 
al. 2014] Ethiopia [Kamal et al. 2011] Montenegro 
[Damjanović-Vratnica et al. 2011], India [Verma et al. 
2009], Iran [Tarakemeh et al. 2012, Mehrsororosh et 
al. 2014], Romania [Tomescu et al. 2015], as well as 
in Poland [Smigielski et al. 2009]. However, the com-
position percentages differed. The main substances of 
the essential oil obtained from Juniperus virginiana 
tested in this paper were different from those reported 
by Hǎdǎrugǎ et al. [2011] and Stewart et al. [2014].  
On the other hand, the major components of the Juni-
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 Table 1. Chemical composition of eucalyptus, pine, true lavender, juniper, rosemary and grapefruit essential oils 

Content of peak surface in ion current of chromatogram 
(%) 

Essential oils 
Chemical compound Retention time 

(min) 

1 2 3 4 5 6 
santene 1.94 0 0 0 0 0 0.58 
α-pinene 2.17 1.17 7.19 2.81 27.42 0 9.25 
camphene 2.23 0 2.51 1.22 0 0 5.04 
β -pinene 2.37 0 8.85 0.36 0 0 7.07 
eucalyptol 2.81 0 28.40 8.05 66.21 0 0 
limonene 2.64 32.46 0 0 0 0 8.43 
carene 3.00 1.50 1.07 5.85 0 0 23.51 
linalool 3.07 3.25 0 15.22 0 0 0 
thujone 3.18 0 0 0 0 0 1.00 
menthone 3.46 0 0 0 0 0 0.71 
camphor 3.49 0 19.18 0 0 0 0 
isoborneol 3.60 0 2.83 0 0 0 0 
borneol 3.70 10.94 0 15.04 0 0 0 
terpinen-4-ol 3.75 7.68 0 0 0 0 8.72 
α-terpineol 3.84 1.86 2.34 4.35 1.82 0 2.35 
cis-carveol 4.08 5.40 0 0 0 0 0 
fenchyl acetate 4.10 0 0 2.38 0 0 0 
carvone 4.28 8.13 0 0 0 0 6.38 
linalyl anthranilate 4.36 0.76 0 23.71 0 0 0 
citral 4.45 1.82 0 0 0 0 0 
limonene dioxide 4.56 1.17 0 0 0 0 0 
bornyl acetate 4.83 0 8.81 0.52 0 0 20.31 
bornylene 5.36 0 1.88 5.392 0 0 0.70 
geranyl acetate 5.62 0.80 0 5.654 0 0 0 
coumarin 6.04 0 0 0.67 0 0 0 
α-urjunene 6.26 0 0 1.64 0 0 0 
caryophyllene 6.35 2.26 0 0.84 0 0 0.74 
β-himachalene 6.58 0 0 0 0 48.02 0 
α-caryophyllene 6.68 0 0 0 0 0 0.41 
curcumene 7.02 0 0 0 0 1.05 0 
β-chamigrene 7.10 0 0 0 0 1.87 0 
delta-cadinene 7.36 0 0 0 0 0 0.30 
cuparene 7.40 0 0 0 0 12.73 0 
cedrol 8.55 0 0 0 0 22.55 0 
α-longipinene 8.66 0 0 0 0 0.64 0 
bisabolol 9.14 0 0 0 0 1.25 0 
benzyl benzoate 9.70 0 0 1.60 0 0 0 
elaidyl alcohol 12.83 0 0 4.67 0 0 0 
Total (%) 79.20 83.06 99.98 95.45 88.11 95.50 

1 – Citrus paradisi essential oil, 2 – Rosmarinus officinalis essential oil, 3 – Lavandula angustifolia, 4 – Eucalyptus globulus essential oil,  
5 – Juniperus virginiana essential oil, 6 – Pinus silvestris essential oil 
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perus virginiana essential oil presented in this study 
were similar to those detected in German commercial 
essential oils isolated from Juniperus virginiana and in 
Virginian cedarwood oil produced by companies in the 
United States [Adams 1991]. Moreover, differences in 
the percentage of the major substances of the Polish, 
German and American Juniperus virginiana essential 
oils were observed. The differences in the essential oil 
composition could be caused by several factors, such 
as plant genetic variations, geographical location, sea-
son, environmental conditions, nutritional status of 
the plants, age of the plants and method of isolation 
[Viturro 2003, Smigielski et al. 2009, Badaway et al. 
2014, Mehrsororosh et al. 2014]. 

The antibacterial activity of the essential oils iso-
lated from Acorus calamus, Achiollea filipendula,  
A. cartilaginea, Artemisia kermanensis, Boswellia 
serrata, Citrus spp., Echinacea purpurea, Lavendu-
la angustifolia, Origanum vulgare, Thymus vulgaris, 
Rosmarinus officinalis, Cinnaminium cassia, Cassia 
angustifolia, Coriandrum sativum, Cuminum cymi-
num, Eucalyptus globulus, E. caesia, Thuja occiden-
talis, Apium graveolens, Pinus roxburghii, Pinus syl-
vestris, and Rosmarinum officinalis against soft-rot 
bacteria was reported by many authors [Vasinauskiene 
et al. 2006, Almashahi et al. 2010, Neshad et al. 2012, 
Badawy and Abdelgaleil, 2014, Fernández et al. 2014, 
Mehrosorosh et al. 2014, Jamshidi and Adargani 2016, 

Elansary et al. 2018, Popović et al. 2018, Salem et al. 
2018, Okla et al. 2019].

No significant statistical differences were detect-
ed in the effect of the streptomycin sulphate solution 
on the inhibition of growth of the four tested bacteria 
strains (Tab. 2). The antibacterial effect of the strep-
tomycin sulphate solution against Pectobacterium 
atrosepticum, Pectobacterium carotovorum subsp. 
carotovorum and Pectobacterium parmentieri was 
weaker than that of the essential oil obtained from Pi-
nus silvestris and its activity against Pectobacterium 
parmentieri was weaker than that of the Citrus par-
adisi essential oil (Fig. 1). The effect of the essential 
oils and their components is known to sometimes be 
stronger than antibiotics, e.g. the activity of the Thy-
mus vulgaris and Coriandrum sativum essential oils 
against Pectobacterium carotovorum subsp. carotovo-
rum [Almashahi et al. 2010, Nezhad et al. 2012, Mehr-
sorosh et al. 2014, Rojas et al. 2014]. 

There are also cases of essential oils showing low-
er activity than antibiotics. According to Jamshidi and 
Adargani [2016], the inhibition zones of Pectobacte-
rium atrosepticum growth were considerably smaller 
after the use of the essential oil isolated from Echina-
cea purpurea than after the application of gentamycin. 
Salem et al. [2018] have detected weaker activity of 
the essential oils obtained from Cupressus macrocar-
pa and Corymbia citriodora against Dickeya solani 

 Table 2. Influence of the essential oils and streptomycin sulphate on the bacteria growth inhibition  

Inhibition of the growth zone (mm) 
Essential oils  

 
Dickeya solani Pectobacterium  

atrosepticum 
Pectobacterium carotovorum 

subsp. carotovorum 
Pectobacterium  

parmentieri 

Juniperus virginiana  4.3a* 12.2b 5.3a 4.9a 
Eucalyptus globulus  7.3b 7.7b 5.4a 9.5c 
Citrus paradisi  4.4a 9.8b 16.8c 16.8c 
Lavandula angustifolia  5.5a 7.2b 12.4d 10.0c 
Rosmarinus officinalis  3.0a 6.1b 10.8c 9.0c 
Pinus silvestris  8.8a 19.2b 26.6c 31.7d 
Streptomycin sulphate 14.6a 15.2a 14.8a 13.1a 

* homogenous group according to Newman–Keuls test. Values marked with the same letter in the row do not differ statistically at the 
significance level p = 0.05 
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than streptomycin. Similar observations were made 
in this paper after comparing the antibacterial activity 
against Dickeya solani of each of the six essential oils 
tested (Fig. 1).

Of the six essential oils tested, the Pinus silvestris 
essential oil had the strongest effect against the four 
bacteria strains. The diameters of the growth inhibi-
tion zones of Pectobacterium parmentieri, Pectobac-
terium carotovorum subsp. carotovorum, Pectobac-
terium atrosepticum and Dickeya solani measured  
31.7 mm, 26.6 mm, 19.2 mm and 8.8 mm, respective-
ly. (Tab. 2, Fig. 1). 

Research conducted by Badway and Abdegaleil 
[2014] and Fernández et al. [2014] confirmed the sen-
sitivity of Pectobacterium carotovorum subsp. caro-
tovorum to the essential oils obtained from Citrus 
paradisi as well as other species of the Citrus genus: 
C. aurantifolia, C. lemon, and C. sinensis. Okla et al. 
[2019] have shown that the Citrus aurantium essen-

tial oil has a strong activity against D. solani. In the 
present, grapefruit essential oil exhibited the strongest 
antibacterial properties against Pectobacterium caro-
tovorum subsp. carotovorum and Pectobacterium par-
metnieri (Tab. 2, Fig. 1).

The Juniperus virginiana, Eucalyptus globulus, 
Lavandula angustifolia and Rosmarinus officina-
lis essential oils used in this research demonstrated 
weak antimicrobial activity against the tested bacte-
ria strains. The eucalyptus essential oil has exhibited 
a weak antibacterial activity against Pectobacterium 
carotovorum subsp. carotovorum [Alamshahi et al. 
2010, Nezhad et al. 2012]. Our results indicated that 
the essential oil isolated from Eucalyptus globulus 
was the most effective in inhibiting the growth of Pec-
tobacterium parmetnieri and the least effective against 
Pectobacterium carotovorum subsp. carotovorum 
(Tab. 2). Furthermore, no significant statistical differ-
ences were detected between the activities of Eucalyp-

Fig. 1. Impact of essential oils on the inhibition of the bacteria growth zone

Jv – Juniperus virginiana essential oil, Cp – Citrus paradise essential oil, La – Lavandula angustifolia essential oil, Ro – Rosmarinus  
officinalis essential oil, Eg – Eucalyptus globulus essential oil, Ps – Pinus silvestris essential oil, s – streptomycin sulphate 
**homogenous group according to Newman – Keuls test. Values marked with the same letter (capital. italic) do not differ statistically  
at the significance level p = 0.05
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tus globulus, Lavandula angustifolia and Rosmarinus 
officinalis essential oils on the inhibition of growth of 
Dickeya solani and P. parmentieri (Fig. 1).

There is no research data concerning the effect of 
the essential oil obtained from Juniperus virginiana 
against soft rot bacteria. According to Popović et al. 
[2018] the Juniperus communis and Juniperus virgin-
iana essential oils have no antimicrobial properties 
against Pseudomonas syringae pv. syringae and Xan-
thomonas campestris pv. campestris. The essential oil 
from Juniperus virginiana tested in this study showed 
weak activity against Pectobacterium carotovorum 
subsp. carotovorum, Pectobacterium parmentieri and 
Dickeya solani, while its inhibitory effect on P. atro-
septicum was considerably stronger (Tab. 2).

In the research described in this paper, the Rosmari-
num officinalis essential oil showed weak antibacterial 
activity against Dickeya solani and P. atrosepticum 
as well as stronger activity against Pectobacterium 
parmentieri and Pectobacterium carotovorum subsp. 
carotovorum, with the growth inhibition zones having 
diameters of 3 mm, 6.1 mm, 9.0 mm and 10.8 mm, 
respectively (Tab. 2.). Elasnary et al. [2018] found 
that the effect of the essential oil isolated from Ros-
marinum officinalis against Dickeya solani was weak.  
In the present study, the rosemary essential oil ex-
hibited the weakest activity against P. atrosepticum  
(Fig. 1). Other researchers have established that the 
size of the growth inhibition zones of Pectobacteri-
um carotovorum subsp. carotovorum after the use of 
the essential oil obtained from Rosmarinum officinalis 
range from 6.5 mm to 20 mm [Alamshahi et al. 2010, 
Nezhad et al. 2012, Badawy and Abdelgaleil 2014, 
Mehrosorosh et al. 2014, Popović et al. 2018]. 

The lavender essential oil tested in this study 
showed weak antibacterial effect against Dickeya 
solani and P. atrosepticum, but had a stronger ef-
fect against Pectobacterium parmentieri, especially 
against Pectobacterium carotovorum subsp. caroto-
vorum, the diameters of the growth inhibition zones 
being 5.5 mm, 7.2 mm, 10.0 mm and 12.4 mm, re-
spectively (Tab. 2). According to Mehrosorosh et al. 
[2014], the growth inhibition zones of Pectobacteri-
um carotovorum subsp. carotovorum after use of the 
Lavendula officinalis essential oil was 6.16 mm, while 
Popović et al. [2018] have reported that the diameter 
of the growth inhibition zone of Pectobacterium caro-

tovorum subsp. carotovorum after use of the same es-
sential oil ranges from 10 to 15 mm.

The research presented in this paper revealed dif-
ferent levels of activity against the tested bacteria of 
the essential oils applied. The essential oil from Pi-
nus silvestris had the strongest inhibitory effect on the 
growth of the four bacteria strains studied compared to 
Lavandula angustifolia, Rosmarinus officinalis, Cit-
rus paradise, and Juniperus virginiana essential oils 
(Fig.1). The essential oils isolated from Lavandula an-
gustifolia, Rosmarinus officinalis and Citrus paradisi 
showed weak antimicrobial properties against Dick-
eya solani and Pectobacterium atrosepticum, where-
as tested oilsfrom Juniperus virginiana exhibited the 
weakest activity against Dickeya solani, Pectobacte-
rium parmentieri and Pectobacterium carotovorum 
subsp. carotovorum (Tab. 2).

The therapeutic properties of essential oils are di-
verse and most commonly related to the effect of the 
dominant components. However, it should be noted 
that, depending on its origin, an essential oil may con-
tain many other compounds present in smaller con-
centrations. Consequently, the biological activity of 
essential oils results from the effect of the dominant 
component and/or a synergistic effect of a complex of 
compounds [Adaszyńska-Skwierzyńska and Swarce-
wicz 2014, Nurzyńska-Wierdak 2015]. The antimi-
crobial activity of essential oils depends not only on 
the differences in the percentage of each component 
between oils obtained from the same plant species, but 
also on many other factors, such as the place of origin 
of the plants, the soil conditions and the climate zone 
[Król et al. 2013, Fekih et al. 2014, Stewart et al. 2014, 
Czerwińska and Szparaga 2015].

The results presented in this paper constitute the 
first report on the activity of the essential oils obtained 
from Juniperus virginiana against soft rot bacteria. 
They are also the first report on the activity of the es-
sential oils obtained from Eucalyptus globulus, Pinus 
silvestris, Lavandula angustifolia and Citrus paradisi 
against Pectobacterium atrosepticum, Pectobacterium 
parmentieri and Dickeya solani as well as on the activ-
ity of the Rosmarinus officinalis essential oils against 
Pectobacterium atrosepticum and Pectobacterium 
parmentieri.

The authors of this article believe that the present 
research into antibacterial activity of the essential oils 
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isolated from six different plants against four econom-
ically significant soft-rot bacteria will provide useful 
information on the antibacterial properties of the es-
sential oils tested, in particular Pinus silvestris essen-
tial oil. Therefore, further in vivo studies are necessary 
to confirm the safety of these oils as well as their toxic-
ity towards plants. We believe that, in the future, these 
essential oils should be regarded as potential alterna-
tives to synthetic bactericides or as lead compounds 
for new classes of natural bactericides. 
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