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Abstract: Erwinia amylovora, the fire blight bacterium, causes high economic losses essentially in 

pome fruit, namely apple, pear, and quince crops. In addition to yield reduction, growers are forced 

to adopt costly eradication and control programmes. Presently, no effective control methods for this 

disease are known and control strategy is being focused mainly on prevention and inoculum 

reduction. Thus, this study aims to evaluate the biocidal potential of several Medicinal and 

Aromatic Plants in relation to E. amylovora. The antibacterial effect of water extracts, obtained by 

maceration of 5 g of plant in 30 mL of water, of Acacia dealbata, Allium sativum, 

Cinnamomum camphora, Eucalyptus globulus, Laurus nobilis, Origanum vulgare, 

Rosmarinus officinalis, Thymus mastichina, and T. vulgaris was assessed using antibiograms 

through the disk diffusion method in solid medium, with streptomycin (0.02%) and water as positive 

and negative control, respectively. Biocidal effects of C. camphora, E. globulus, O. vulgare, 

Ricinus communis, Rosmarinus officinalis, T. mastichina, and T. vulgaris essential oils were also 

evaluated. Results showed that the water extracts did not inhibited E. amylovora growth. 

Nevertheless, apart from Ricinus communis, all oils inhibited the bacterium growth, inducing a 

larger zone of inhibition than streptomycin. The plant oil with the largest zone of inhibition of 

3.3 cm, was O. vulgare, followed by T. vulgaris and Rosmarinus officinalis, with 3.2 and 2.4 cm, 

respectively. These results suggest that further studies with these plants should be conducted to 

achieve valuable alternatives to synthetic chemicals, in accordance with the European and national 

guidelines for sustainable development.  
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1. INTRODUCTION 

Fire blight is a plant disease that causes significant economic impact in the world. It threatens the global 

production of Rosaceae species, ornamental and fruit trees, with major commercial interest, such as apple, 

pear, and quince. The fire blight pathogen, the bacterium Erwinia amylovora (Burr) Winslow et al., is 

regulated by the Directive 2000/29/EC (Annexes II-A-II), as it is considered a quarantine organism in the 

European Union and in the Mediterranean region by the European and Mediterranean Plant Protection 

Organization (EPPO, https://www.eppo.int/). This pathogen is able to destroy trees and even whole orchards 

in a single growing season, hampering international trade. Despite being highly and rapidly spreadable, there 

are no effective control methods for this disease. Then, in addition to the economic losses caused directly in 

crop productivity, fire blight requires eradication and quarantine programmes that also entail high costs 

(Braun-Kiewnick et al., 2011, DGADR, 2011 and 2012, Buhlmann et al., 2013, Luz, 2013a and 2013b). 
Considering that there is no effective means of control for this disease, it is necessary to develop an 

integrated strategy aimed at reducing the inoculum, preventing the establishment of the bacteria in the host 

and at reducing the host susceptibility to infection. This strategy should include risk prediction systems and 

control measures based on both prevention and coexistence with the disease (Amaro and Luz, 2012).  
In fact, different authors point out that the combination of cultural practices, techniques aiming at 

minimizing the inoculum in the orchard, the use of resistant varieties in resistant rootstocks and well-

synchronized applications of bactericides will lead to a more efficient fire blight control (Wilcox, 1994; 

Milcevicová et al., 2010; Ozrenk et al., 2011; Cruz and Sousa, 2013; Franco, 2013).  

Currently, several chemical methods can be used in fire blight control. Bacteriostatic or bactericidal 

products, such as copper, antibiotics, or products that stimulate the defence mechanisms of plants may be 

applied (Ordax et al., 2006). The use of biostimulating products, which increase the thickness of the cell 

wall, activates plant natural defence mechanisms, adding new growth (Franco, 2013). The application of 

derivative products from the fungus Aureobasidium pullulans (de Bary) G. Arnaud and from the bacterium 

Bacillus subtilis (Ehrenberg) Cohn, act preventively by colonizing the open flowers, and competing directly 

for nutrients and space with fire blight (DGAV, 2013; Franco, 2013; Prates and Cavaco, 2013). 
Among the tested antibiotics, streptomycin has shown the best results against fire blight. Although its use is 

allowed in the USA, it already presents resistance problems. On the other hand, in the European Union, its 

use was banned, due to the possibility of resistance transfer to pathogenic bacteria that infect man and other 

animals. Therefore, the above-mentioned problems justify the carried-out studies seeking for alternative 

antibiotics (Amaro et al., 2012).  

Since ancient times, it is known, most of times empirically, the potential of plants as agents for 

microorganisms and other biological control.  
The resistance that most plants present nowadays to different pathogens may be related to the natural 

synthesis of antimicrobial chemical compounds (Lemos et al., 1990; Pandey et al., 2017; Upadhyay et al., 

2018). One of the most important effects of essential oils is the antiseptic action on pathogenic bacteria and 

fungi. In addition to thyme, camphor, lavender, cinnamon, clove, and eucalyptus are endowed with this 

action (Cunha et al., 2009). Several plant essential oils with antimicrobial action against a large number of 

bacteria, including to species resistant to synthetic antibiotics, have been identified (Knaak and Fiuza, 2010; 

Nabavi et al., 2015). Another important feature of the essential oils is that their constitutive compounds 

degrade faster than the synthetic products, while still showing, in some essential oils, properties that favour 

beneficial insects (Pillmoor et al., 1993; Tripathi et al., 2009; Knaak and Fiuza et al., 2010).  
Regarding Erwinia amylovora, it was found that, among five Lamiaceae species, the essential oils of 

Origanum compactum Benth., O. vulgare, and Thymus vulgaris effectively controlled this pathogen, being 

the latter the most effective, exhibiting an antimicrobial activity greater than 50% when compared to 

streptomycin (Kokoskoval et al., 2011). 

Thus, considering the lack of completely effective control methods for fire blight, including in organic 

farming, the main goal of this study was to assess the biocidal potential of various Medicinal and Aromatic 

Plants (MAP) in relation to Erwinia amylovora. More specifically, it was evaluated the in vitro effect of 

aqueous extracts and essential oils from various MAP on E. amylovora. 

2. MATERIAL AND METHODS 

The effect of MAP species aqueous extracts, obtained by maceration of nine plant species and essential oils 

of seven species, on a Portuguese strain of E. amylovora was evaluated through in vitro assays, antibiograms 

(Table 1).  
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Table 1. Plants used in the study of the potential antibacterial effect on Erwinia amylovora. 

Species Common name Family Extract 
Essential 

oil 

Acacia delbata (L.) 
Mimosa/Silver wattle 

/Blue wattle 
Fabaceae X  

Allium sativum (L.) Garlic Amaryllidaceae X  

Cinnamomum camphora (L.) 
Camphor tree/ 

Camphorwood 
Lauraceae X X 

Eucalyptus globulus (L.) Eucalyptus Myrtaceae X X 

Laurus nobilis (L.) Laurel Lauraceae X  

Origanum vulgare (L.) Oregano Lamiaceae X X 

Ricinus communis (L.) Castor bean Euphorbiaceae  X 

Rosmarinus officinalis (L.) Rosemary Lamiaceae X X 

Thymus mastichina (L.) Mastic thyme Lamiaceae X X 

Thymus vulgaris (L.) Common thyme Lamiaceae X X 

Aqueous extracts were prepared using an adaptation of the methodologies referred by Martins et al. (2014) 

and in the Portuguese Pharmacopeia (2009).  
The plant material, branches/leaves, collected in Viseu region, after its phytosanitary health has been 

confirmed through cautiously visual analysis, was dried for seven days under controlled environment 

conditions, at 25°C and relative humidity below 60%. Dried plant material was ground, using an electric 

grinder, for 3 minutes. To prepare the extracts, 5 g of the ground plant material was soaked in 30 mL of 

water, which was stored in the dark in an amber glass bottle at 19°C. After 24 hours, the mixture was 

centrifuged at 4800 rpm, for 5 minutes and the supernatant filtered through a Whatman
®
 filter paper nº 1. 

The supernatant, considered the extract, was sterilized using an ultrafiltration membrane 0.2 µm pore, into 

Eppendorf tubes and stored at 4°C until further use. Similar to the extracts, the essential oils were sterilized 

using filter membranes into Eppendorf tubes and also stored at 4°C until use. The same procedure was 

followed for the 0.02% streptomycin solution (positive control) and for distilled water (negative control). 

The Portuguese strain of E. amylovora used in this particular study, kindly provided by João Pedro Luz from 

the Polytechnic Institute of Castelo Branco, was peaked and kept in Petri dishes with King B medium 

refrigerated at 4°C. In order to obtain the culture in the lag phase of growth, when necessary, the bacterium 

was peaked to a new medium. 
Based on the research of Kokoskoval et al. (2011) and EPPO (2013), a mother suspension was prepared with 

a concentration of 10
8
 CFU.mL

-1
. Under aseptic conditions, Petri dishes with the King B medium were 

flooded with the suspension, and the excess withdrawn with a Pasteur pipette. After the suspension sowing, 

four discs of filter paper obtained using a paper punch, previously sterilized, were placed in each Petri dish. 

Of these four paper disks, one contained 20 μl of sterile distilled water, as a negative control, a second one 

contained a 0.02% streptomycin solution, as a positive control, the third paper disk contained 20 μl of extract 

and the forth one 20 μl of essential oil.  
Thirty-eight hours after incubation at 25°C, the diameters of the inhibition were measured and recorded. The 

effectiveness of each treatment was determined by comparing their inhibition zone with that of the positive 

control. Six replicates were performed for each plant, as well as, for the respective controls: streptomycin, at 

0.02%, as positive control, and distilled water as negative control. 

The results obtained in the antibiograms were also evaluated according to a formula proposed by Vancheva 

et al. (2015). Thus, the index of antimicrobial activity (IAA) was calculated using the following expression 

(1): 

IAA (%) = {-1x [(C-T) / (C + T)]} x100  (1) 

where C is the average inhibitory zone (cm) of streptomycin and T the average inhibitory zone (cm) of the 

tested essential oil. 
A descriptive statistical analysis was performed with respect to zones of inhibition of each plant in 

comparison with the antibiotic streptomycin (positive control). The results were subsequently submitted to a 
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variance analysis, using the Student's t-test, related or paired, in order to verify if the variables presented 

were statistically significant different (p < 0.05). For the analysis of the data, the SPSS
®
, version 23 

programme was used (SPSS, Inc. Chicago, Illinois, USA). 

3. RESULTS AND DISCUSSION 

In this study, all the tested essential oils had an inhibitory effect on the bacterium Erwinia amylovora growth. 

As expected, the same was observed in the positive control, the antibiotic streptomycin (0.02%) (Table 2, 

Figure 1). Conversely, the aqueous extracts of the plants studied, in the concentration of 5 g of dry 

plant/30 mL, had no antibacterial effect, with a similar behaviour to the negative control.  

Table 2. Inhibition growth zone of Erwinia amylovora (cm) due to the plants under study (aqueous extract and essential 

oils), compared to the positive control, streptomycin, and to the negative control, sterilized distilled water. [(n.d. – 

non-detectable inhibition halo value. Results are presented as mean ± standard deviation of six replicates. Different 

letters indicate statistically significant differences (p < 0.05)]. 

Species 
Essential oil 

(cm) 

Extract 

(cm) 

Positive 

Control (cm) 

Negative 

Control (cm) 

Acacia dealbata Not tested n.d. 1.60±0.580 n.d. 

Allium sativum Not tested n.d. 1.60±0.580 n.d. 

Cinnamomum 

camphora 
0.92±0.360

a
 n.d. 1.55±0.745

b
 n.d. 

Eucalyptus globulus 1.07±0.266
a
 n.d. 1.42±0.279

a
 n.d. 

Laurus nobilis Not tested n.d. 2.08±0.264 n.d. 

Origanum vulgare 3.33±1.633
a
 n.d. 1.77±1.294

b
 n.d. 

Ricinus communis n.d Not tested 1.00±1.112 n.d. 

Rosmarinus 

officinalis 
2.37±1.227

a
 n.d. 1.40±0.518

a
 n.d. 

Thymus mastichina 2.58±0.736
a
 n.d. 2.18±0.204

a
 n.d. 

Thymus vulgaris 3.17±2.562
a
 n.d. 1.13±0.920

b
 n.d. 

The oils exhibiting a more relevant bactericidal effect were those of Origanum vulgare with a 3.33 cm 

inhibition zone, followed by Thymus vulgaris with a 3.17 cm inhibition zone and T. mastichina and 

Rosmarinus officinalis with 2.58 and 2.37 cm, respectively. It should be noted that the inhibition zones 

referred above were greater than those observed for streptomycin, (1.77, 1.13, 2.18, and 1.4 cm, respectively) 

allowing a more rigorous comparison with the positive control. The essential oils of Eucalyptus globulus, 

R. officinalis and T. mastichina may be considered to have an effect comparable to that of streptomycin; on 

the other hand, the essential oils of Cinnamomum camphora, O. vulgare and T. vulgaris showed a 

significantly different behaviour than streptomycin: the first plant had a lower bactericidal effect than 

streptomycin, and the other two plants had a bactericidal effect higher than that of streptomycin. 

When the index of antimicrobial activity (IAA) is analysed (Table 3), it can be observed that the bactericidal 

effect of C. camphora (-25.8%) and E. globulus (-14.1%) oils on E. amylovora was lower than that of 

streptomycin. However, the remaining oils had a higher effect than streptomycin, with the IAA for 

T. vulgaris being greater than 47%, whereas the IAA for T. mastichina was only 8.4%. 

Previous studies have shown antibacterial effect of essential oils, particularly in relation to E. amylovora. 

Kokoskova et al. (2011) found that the inhibitory halos of this bacterium obtained for the essential oils of 

T. vulgaris and O. vulgare were respectively 2.8 ± 1.1 cm and 2.1 ± 0.5 cm higher than 0.02% streptomycin, 

0.8 ± 0.4 cm. In the present study, the values found for these plants were higher. In another study using 

T. vulgaris, Karami-Osboo et al. (2010) obtained an inhibition zone of 2.5 cm, proving the antibacterial 

effect of this plant on the fire blight bacterium, probably due to carvacrol and thymol commonly present in 

the essential oil of this plant. Thus, these results are consistent with those obtained in the study presented 

here, where the inhibition zone of T. vulgaris was higher than that of streptomycin. The IAA achieved in this 

study for T. vulgaris is similar to the one described by Kokoskova et al. (2011), who also found that the 
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essential oil of this plant was one of the most effective in controlling bacteria, presenting an antimicrobial 

activity higher than 50% when compared to streptomycin in the control of E. amylovora. Hence, despite the 

chemical differences in the plants, due to different edaphoclimatic conditions, there is a great similarity in 

the results in both studies, which contribute to the fact that nowadays several authors consider that species of 

the genus Thymus are among the plants with higher antimicrobial potential, mainly due to their activity 

against resistant pathogenic micro-organisms. Its antibacterial action comes from thymol and carvacrol’s 

ability to permeabilize and depolarize the cytoplasmic membrane of bacteria (Bouzidi et al., 2013). 

Pesavento et al. (2015), in addition to T. vulgaris, studied the antibacterial effect of O. vulgare and 

R. officinalis on gram-negative bacteria and found that the three essential oils inhibited bacterial growth, with 

the greatest inhibition zone being presented by T. vulgaris, followed by O. vulgare and R. officinalis. In the 

present study, considering the values of the observed inhibition zones it was verified that the one with the 

highest value was O. vulgare, followed by T. vulgaris and R. officinalis. However, considering the IAA 

values, they were higher for T. vulgaris, followed by O. vulgare and R. officinalis. 

 

Figure 1. Antibiograms with the inhibition zone, of the essential oils of (a) Cinnamomum camphora; (b) Eucalyptus 

globulus; (c) Origanum vulgare; (d) Rosmarinus officinalis; (e) Thymus mastichina; and (f) T. vulgaris. Extracts from 

the same plants, the antibiotic streptomycin (0.02%) (positive control), and sterilized distilled water (negative control). 

Table 3. Index of antimicrobial activity (IAA) of the tested essential oils in relation to Erwinia amylovora. Results are 

calculated based on means of six replicates. 

Essential Oil  IAA (%) 

Cinnamomum camphora -25.8 

Eucalyptus globulus -14.1 

Origanum vulgare   30.7 

Rosmarinus officinalis   25.7 

Thymus mastichina     8.4 

Thymus vulgaris   47.3 

4. CONCLUSIONS  

Considering that the study of antibacterial effect of plants on Erwinia amylovora is still scarce, this work 

added relevant information about the biocidal potential of some MAP aqueous extracts and essential oils in 

relation to this bacterium. It was verified that the extracts of the studied plants, in the concentration of 5 g of 

plant/30 mL of water, did not inhibit the bacterium growth; however, except castor oil, all the essential oils 

considered inhibited the growth of E. amylovora, being the essential oil of Origanum vulgare which 

a b

 

c 

d e f 
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presented the highest inhibition zone and Cinnamomum camphora the lowest value. The IAA showed that 

the essential oils of O. vulgare, Rosmarinus officinalis, Thymus mastichina and T. vulgaris had a higher 

effect than streptomycin. 

In a context characterised by unprecedented evidences of climatic change it is indisputable that farmers are 

facing serious plant protection issues and phytosanitary risks which seriously affect economic dynamism. 

The high vulnerability of modern agrosystems to crop damage by pests and diseases leads to the crucial 

development of innovative management systems which inevitably foster the search for sustainable and 

healthier alternatives to synthetic chemicals. As evidenced by this work, O. vulgare, R. officinalis and 

Thymus spp. essential oils have shown promising results in this challenging fight and further in vitro and in 

vivo bioassays will certainly be required to fully evaluate their potential to control Erwinia amylovora. 
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