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Abstract       Looking for curative powers in plants is an old idea dating back 
to prehistory but presently more and more reasoned, as in the case of 
bactericides. Starting with quinine, isolated around 1820, against malaria and 
continuing with the discovery of penicillin by Alexander Fleming in 1929, only 
around 1960 problems of bacterial resistance have been made aware. 
Therefore in the past decades the dynamic of searching new anti-infection 
agents and compounds has increased and occupied many research groups in 
the field of ethnopharmacology and bio sciences. In the present study we 
propose testing extracts from 14 plant genera to check their ability in vitro to 
inhibit growth of 6 bacteria isolates: Pseudomonas syringae pv. tomato Van 
Hall (Gram -), Erwinia amylovora (Burill) Winslaw et al.(Gram -),  Escherichia 
coli Migula (Gram-), Pseudomonas aeruginosa Schröter (Gram -), 

Streptomyces griseus Waksman  and Henrici (Gram +), and  Bacillus cereus 

Frankland & Frankland  (Gram +). Results have been analyzed using criteria 

of interpretation, developed for accuracy. The study revealed the probable 
influence of extracts composition over normal development of the pathogens.   
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Control of bacterial diseases is a considerable problem 

regarding the limited area of antibiotics and the ability 

of a great number of phytopatogenic bacteria to spread. 

More, the variability of pathogens, the probability of 

mutations or gene transfer in the case of a pathogen 

confronting with genes resistance or antibiotics, 

enlarged multiplication factor in optimal conditions 

and the lack of chemical synthetic treatments in 

control, make bacterial disease management difficult. 

Culture losses may be major, although comparative 

with fungal diseases, the impact of phytopathogenic 

bacteria is smaller due to the reduced dimensions of 

bacterial cells, the absence of resistance structures or 

the inoculation type [14]. Besides antibiotics and 

copper compounds which present unwished 

characteristics for human and animal health, including 

the environment, there are only a few other active 

substances to control bacterial diseases in plants (eg. 

acibenzolar-S-methyl, ASM). Moreover, antibiotics 

like oxitetracyclin and streptomycin are banned in 

agriculture practices in various countries. Although this 

issue is discussible, as the selection of resistant strains 

to oxytetraciclin is apparently rare, on the other hand 

populations of Erwinia amylovora and Pseudomonas 

spp., as well as Xanthomonas campestris, have been 

found frequently resistant to streptomycin [10]. The 

resistance is achieved as consequence of the result 

between selection pressure and wide distribution of 

streptomycin resistant codified genes in plasmids [3]. 

Nevertheless copper resistance genes among 

saprophytic and plant pathogenic bacteria have been 

also found [15] The demand of reducing pesticides is 

according to necessary development of alternative 

active compounds, innocuous to consumer and 

environment. In the last years, after the first studies of 

Maruzzella [9], dynamic investigations have proceeded 

and the results suggested the potential use of plant 

extracts in phytopathogenic bacterial diseases [7, 4, 5]. 

Organic agriculture has also gained importance in the 

countries in development and recently entered in the 

UE, as a consequence of the market demands and 

financial benefits of the organic products [3]. More, 

European Parliament has approved this year, in March 

a reform project of CAP (common agriculture 

practices) in which prevails the transformation of 

European system for subventions in an ecological and 

equitable one. As the organic production grows, bio 

pesticides will be needed more and more. Having as a 

fact that the political part is supporting the alternatives 

with minor risks to pesticides along with the nowadays 

social concept of bio/organic agriculture, it is a simple 

conclusion to make, that of new findings in plant 

extracts which will permit bio control. Rustico in 2003 

emphasizes that at the end of 2001, there were 



 89 

approximately 195 ingredients registered as active 

biopesticides and 780 products [13]. Lang and all in 

2003 have been conducted studies comparing bio 

pesticides with synthetic products and demonstrated 

the economic benefits of the organic compounds: 

production cost reduction, environment deterioration 

avoidance by eliminating potential danger of synthetic 

pesticides in soil and water, as well as health problems 

caused by agrochemical residues in aliments [6].  In 

2003 has been stated that bio pesticides market 

represented between 1 and 2 % and in 2008 reaches  

3% from the global pesticides market , expecting to 

reach at 6% by 2014 [8,  16, 13, 1]   

Being a controverted issue, various groups of scientists 

marched on new findings of antimicrobial compounds.  

Recio in 1989 reviewed the most relevant articles on 

this subject published between 1978 and 1988, 

compiling a list of 75 species in which the authors had 

established the activity of the extracts along with 

both the spectrum of pathogens and the principles 

responsible for this activity [11].  In general, the 

review showed that phenols are the predominant active 

chemical in these plants. Focusing the search 

specifically on the antimicrobial activity of essential 

oils, 187 references appeared in PubMed between 1971 

and 2005; however, in a search processed by the ISI 

web of knowledge, the number of references for 

essential oils was much higher (323 between 1986 and 

2005), demonstrating the increased interest for 

discovering active compounds in medicinal plants. In 

the studies themselves one finds a wide range of 

criteria. Many focus on determining the antimicrobial 

activity of plant extracts found in folk 

medicine, essential oils or isolated compounds such as 

alkaloids, flavonoids, sesquiterpene lactones, 

diterpenes, triterpenes or naphtoquinones, among 

others [12]. To avoid the use of random criteria, our 

selection of plants was made from an 

ethnopharmacological perspective.  

 

Material and Method 

 
Our study has proposed the analysis of bactericidal 

potential of 36 extracts (essential oil, hydrolate, dry 

ethanol extract, glycerol hydroalcoholic extract ) from 

various species of Artemisia, Laurus, Argyranthemum, 

Persea, Euphorbia, Melia, Melaleuca, Rosmarinus, 

Pinus, Prunus, Buxus, Campelopsis, Calluna, Betula.. 

Elaborated plant extracts and the commercial products 

used are presented in Table 1. These have been tested 

in vitro with pathogenic isolates for horticulture crops 

as Pseudomonas syringae pv. tomato and Erwinia 

amylovora  and with 4 other bacteria chosen as model 

for preliminary tests.: Escherichia coli (Gram-), 

Pseudomonas aeruginosa (Gram -), Streptomyces 

griseus (Gram +), and  Bacillus cereus (Gram +).  

 
Preparation of plant extracts 

Recollection of samples of A. thuscula, A. absinthium 

and A. gorgonum, L. azorica, A. frutescens, P. indica, 

E. azorica, L. novocanariensis and M. azedarach was 

made in different locations as it can be observed in 

Table 1. Once the plants collected, we have separated 

the organs (root, stem, leaves and seeds). Afterwards, 

plants were dried at room temperature in order to 

prepare the extracts. At the same time, we prepared 

plants vouchers for authentication and conservation. 

 

Disc diffusion assay 

We used extracts in liquid and solid form. In the case 

of solid extracts, after 48 hours of soaking in ethanol, 

we proceeded to remove the solvent by low-pressure 

distillation on a rotary vacuum evaporator. Ultimately 

the extracts are introduced in the stove to be dried at 

60
0 

C. As for the liquid extracts distillation process has 

been used to obtain essential oils. Initial screening of 

potential antibacterial compounds has been performed 

with the most common method of disc diffusion 

‘Kirky-Bauer’. Artificial media used was: Luria 

Bertani Agar (LBA) and Mueller Hinton (MH), 

maintaining pH 7. Bacterial cultures have been 

prepared at 1*10
6
 and a volume of 100ul of bacterial 

suspension has been applied uniformly with a glass 

spreader on media in Petri plates. Sterilized paper 

filters (Whatman, 6mm diameter) were previously 

treated with different concentrations of extract, let to 

evaporate and then placed on the media surface. In the 

case of dry ethanol extracts, stock solutions have been 

prepared at 100mg/ml. Essential oils, hydrolates and 

glycerol hydroalcohols have been used as such. To be 

noted that in the case of essential oils, Tween20 has 

been used to solubilize the compounds (40% Tween20 

in ethanol) and controls were maintained with same 

concentration. On each disc the following volumes of 

extract were pipetted: 1-5-10-20-30-40-50ul. The 

inoculated plates were stored at 25
0
 C for S. griseus, P. 

aeruginosa, B. cereus, E. amylovora and P. syringae 

and 28
0
C for E. coli, in inverted position for 24 hours.  

Results have been compared with 2 types of controls: 

chloramphenicol (Clph, 1mg/disc) and 

Tween20+Ethanol (50ul/disc, in the case of the 

solubilized extracts). Observations have been made 

counting the diameter of the inhibition zone, using 

image processing software, ImageJ -Wayne Rasband 

(NIH). Results are the average of 3 measurements and 

are presented here under a qualitative aspect using the 

following classification criteria published for the first 

time in this study.  

 

+ = 6 mm < Diameter < minV +z  

++ = minV+z < Diameter < minV+2z  

+++ = Diameter > minV +2z   

 

Where:   

Min V = the minimum value as response of the 

pathogen in front of the extract  
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Max V = the maximum value as response of the 

pathogen in front of the extract 

 Z = (maxV- minV) / 3  

(3= a constant value originated in the 3 types 

of qualitative interpretation (+, ++, +++), it is used to 

keep the same range of limits for a pathogen response 

qualitative interpretation). For each pathogen, 

calculated values of ‘z’ are pointed out in Table 2.

 

Table 1 

Details of plants provenience and type of extracts 

 

 
Table 2 

‘z’ values used for qualitative interpretation of results 

Ps. aeruginosa Z= 4 

Streptomyces griseus Z=5 

Escherichia coli Z=5 

Bacillus cereus Z=7 

Ps. syringae  Z= impossible to calculate, final result ‘+’ 

Erwinia amylovora Z= 5 

 
 

Results and Discussions 

 
Tests have shown that Ps. aeruginosa was highly 

inhibited in the presence of extracts 718 and 719 (A. 

absinthium) in a volume of 10ul/disc which presents a 

raised potential of the compounds existent in these 2 

extracts. More, extracts 776 (A. thuscula) and 760 

(Artemisia gorgonum) have registered similar 

responses as the chloramphenicol control did. Reduced 

inhibitory action we measured in extracts: 181 (A. 

thuscula), 792 (M. azedarach), 775, 777 (A. thuscula) 

and 444 (E. azorica). We may form an opinion about 

extract 181 as it was produced in 2000 and it might 

have occurred that the inner composition transformed 

as neither 182 nor 183 have given any positive results 

regarding this pathogen. To straighten the idea, extracts 

from the same species made in 2012 (776, 777, 778) 

show inhibition activity (Table 3).

  

Plant species Extract code Plant organ Date and recollection place  Extract type 

Artemisia absinthium 718 Aerial part Spain, 2010 Essential oil 

Artemisia absinthium 719 Aerial part Spain, 2010 Essential oil 

Artemisia gorgonum 759 Leaves CapoVerde, 2011  

 

 

 

 

 

 

Dry ethanol extract  

 

 

Artemisia gorgonum 760 Leaves CapoVerde, 2011 

Laurus azorica 766 Leaves Terceira, Azore, 2011 

Artemisia thuscula  775 Leaves Las Aguas, Tenerife; 2012 

Artemisia thuscula 776 Seminte Las Aguas, Tenerife; 2012 

Artemisia thuscula 777 Leaves Taganana, Tenerife; 2012 

Artemisia thuscula 181 Radacini Matanza, Tenerife; 2000 

Artemisia thuscula 182 Stems La Matanza, Tenerife; 2000 

Artemisia thuscula 183 Leaves La Matanza, Tenerife; 2000 

Argyranthemum frutescens 359 Roots  La Matanza, Tenerife; 2002 

Persea indica 406 Leaves Las Mercedes, Tenerife; 2002 

Euphorbia azorica 444 Aerial part Azores; Terceira; 2011 

Laurus novocanariensis 492 Aerial part Funchal, Tenerife, 2004 

Persea indica  508 Aerial part La Laguna, Tenerife, 2011 

Melia azedarach 792 Seeds  La Matanza, Tenerife, 2011 

Laurus azorica 774 Stem and leaves Terceira, Azore, 2010 Dry ethanol extract  

Melaleuca alternifolia TT - CMD, Australia Lab. Essential oil 

Rosmarinus officinalis RO Leaves Sanoflore, Lab. Bio Essential oil 

Pinus montana 1  Plant Extrakt Glycerol hydroalcoholic extract 

Prunus persica 2 

Buxus sempervirens 3 

Ampelopsis weitchii 4 

Calluna vulgaris 5 

Betula verrucosa 6 



 91 

Table 3 

Qualitative interpretation of Pseudomonas aeruginosa response 
  Volume of extract/disc 

Extract code 1u

l 

5u

l 

10ul 20ul 30ul 40ul 50ul 

182 0 0 0 0 0 0 0 

183 0 0 0 0 0 0 0 

181 nt nt 0 0 0 + + 

492 nt nt nt 0 Nt nt nt 

508 nt nt nt 0 Nt nt nt 

718 nt ++ +++ nt Nt nt nt 

719 nt ++ +++ nt Nt nt nt 

792 nt nt nt + Nt nt nt 

759 0 0 0 0 0 0 0 

760 nt nt + + + + ++ 

774 nt nt nt 0 Nt nt nt 

775 0 0 0 0 0 0 + 

776 nt nt + + ++ + ++ 

777 nt nt 0 + + + + 

TT nt nt nt 0 Nt nt nt 

RO nt nt nt 0 Nt nt nt 

359 nt nt nt nt Nt 0 nt 

406 nt nt nt nt Nt 0 nt 

444 nt nt nt nt Nt + nt 

766 nt nt nt 0 Nt nt nt 

1 nt nt nt nt Nt 0 nt 

2 nt nt nt nt Nt 0 nt 

3 nt nt nt nt Nt 0 nt 

4 nt nt nt nt Nt 0 nt 

5 nt nt nt nt Nt 0 nt 

6 nt nt nt nt Nt 0 nt 

 

As for S. griseus, extracts 718 and 719 (Artemisia 

absinthium, essential oil) and 777 (A. thuscula,) have 

received a strong inhibitive response from the pathogen 

in a 10ul/disc volume, results were similar to 

chloramphenicol control. More, a notable bactericidal 

effect (++) was registered with extracts 759 and 760 

(A. gorgonum), 776, 777, 181 (A. thuscula) and 774 (L. 

azorica). Nevertheless in higher volumes (40-50ul/disc 

same results have been achieved by extracts as 759 (A. 

gorgonum), 776 (A. thuscula) and 181 (A. thuscula). 

There were presented slight bactericidal properties in 

the following extracts:  182 (A. thuscula), 492 (L. 

novocanariensis), 792 (M. azedarach) and 766 (L. 

azorica). Results are shown in Table 4. As a 

comparison with pathogen Ps. aeruginosa apart of 

Artemisia sp. only Melia azederach is common in 

positive response of inhibition activity. 

Highest inhibition obtained in the case of isolate E. coli 

was in contact with extracts 719 (Artemisia 

absinthium), TT (Melaleluca alternifolia), RO 

(Rosmarinus officinalis) and 4 (Ampelopsis weitchii). 

Moreover with an important bactericidal activity are: 

718 (Artemisia absinthium), 777 (A. thuscula), 444 

(Euphorbia azorica), 766 (L. azorica), 6 (Betula 

verrucosa). Last but not least, a small inhibition 

activity presented the extracts from A. thuscula 183, 

775, 776 and A. gorgonum 759 and 760 as well as 359 

(A. frutescens), 406 (P. indica) and 5 (C. vulgaris). By 

far, this is the most susceptible pathogen to our tested 

extracts. Almost all plant extracts have shown 

bactericidal activity with 5 exceptions:  492, 508, 1, 2 

and 3 (Laurus novocanariensis, Pinus montana, 

Prunus persica and Buxus sempervirens). Details may 

be observed in Table 5.
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Table 4 

Qualitative interpretation of Streptomyces griseus response 
 Volume of extract/disc 

Extract code 1ul 5ul 10ul 20ul 30ul 40ul 50ul 

182 nt nt 0  +  +  +  + 

183 nt nt 0 0  +  +  + 

181 nt nt  +  +  +  +  ++ 

492 nt nt nt  + nt nt nt 

508 nt nt nt 0 nt nt nt 

718  ++  ++  +++ nt nt nt nt 

719  ++  ++  +++ nt nt nt nt 

792 nt nt nt  + nt nt nt 

759 nt nt 0  +  +  ++  ++ 

760 nt nt  +  ++  ++  ++  ++ 

774 nt nt nt  ++ nt nt nt 

775 nt nt  ++  ++  ++  ++  ++ 

776 nt nt  +  +  +  ++  ++ 

777 nt nt  ++  ++  +++  +++  +++ 

TT nt nt nt nt nt nt nt 

RO nt nt nt nt nt nt nt 

359 nt nt nt nt nt nt nt 

406 nt nt nt nt nt nt nt 

444 nt nt nt nt nt nt nt 

766 nt nt nt  + nt nt nt 

 

Table 5 

Qualitative interpretation of Escheria coli response 
 Volume of extract/disc 

Extract code 1ul 5ul 10ul 20ul 30ul 40ul 50ul 

182 0 0 0 0 0 0 0 

183 nt nt 0 0 0  +  + 

181 nt nt 0 0 0 0 0 

492 nt nt nt 0 nt nt nt 

508 nt nt nt 0 nt nt nt 

718 nt  +  ++ nt nt nt nt 

719 nt  +++  ++ nt nt nt nt 

759 nt nt  +  +  +  +  + 

760 nt nt 0  +  +  +  + 

774 nt nt nt 0 nt nt nt 

775 nt nt  +  +  ++  +  + 

776 nt nt 0 0 0  +  + 

777 nt nt  +  ++  ++  ++  ++ 

TT nt nt nt  

+++ 

nt nt nt 

RO nt nt nt  

+++ 

nt nt nt 

359 nt nt nt nt nt  + nt 

406 nt nt nt nt nt  + nt 

444 nt nt nt nt nt  ++ nt 

766 nt nt nt 0 nt  ++ nt 

1 nt nt nt nt nt 0 nt 

2 nt nt nt nt nt 0 nt 

3 nt nt nt nt nt 0 nt 

4 nt nt nt nt nt  

+++ 

nt 

5 nt nt nt nt nt  + nt 

6 nt nt nt nt nt  ++ nt 
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As for Bacillus cereus (Table 6), a strong inhibition has 

been measured at 10ul/disc for 719 (Artemisia 

absinthium) whereas for 183 and 775 (A. thuscula) at 

50ul/disc. An average bactericidal effect has been 

produced by extracts 181, 182 and 777 (A. thuscula), 

718 (Artemisia absinthium), 760 (A. gorgonum), TT 

(Melaleluca alternifolia) and RO (Rosmarinus 

officinalis). It may be observed that 718 reaches this 

result at only 10ul/disc while 182 and 183 at 50ul/disc.  

In the case of phytopatogenic isolates Ps. syringae and 

E. amylovora (Table 7), we have tested only 9 extracts 

in a volume of 20ul/discs. For each isolate only one 

extract presented bactericidal activity. For Ps. syringae 

extract 792 (Melia azedarach, dry ethanolic extract) 

and for E. amylovora, RO (Rosmarinus officinalis, 

essential oil). 

Table 6  

Qualitative interpretation of Bacillus cereus response 
 Volume of extract/disc 

Extract 

code 

1ul 5ul 10ul 20ul 30ul 40ul 50ul 

182 nt nt 0  +  +  +  ++ 

183 nt nt  +  +  +  +  +++ 

181 nt nt  +  +  +  +  ++ 

492 nt nt nt  + nt nt nt 

508 nt nt nt 0 nt nt nt 

718  +  ++  ++ nt nt nt nt 

719 nt  ++  

+++ 

nt nt nt nt 

792 nt nt nt  + nt nt nt 

751 0 0 0 0 0 0 0 

759 0 0 0 0 0  +  + 

760 nt nt  +  +  +  ++  ++ 

774 nt nt nt  + nt nt nt 

775 nt nt  +  +  +  +  +++ 

776 nt nt 0 0 0  +  + 

777 nt nt  +  ++  +  ++  ++ 

TT nt nt nt  ++ nt nt nt 

RO nt nt nt  ++ nt nt nt 

359 nt nt nt nt nt  + nt 

406 nt nt nt nt nt  + nt 

444 nt nt nt nt nt  + nt 

766 nt nt nt  + nt  + nt 

1 nt nt nt nt nt  + nt 

2 nt nt nt nt nt 0 nt 

3 nt nt nt nt nt 0 nt 

4 nt nt nt nt nt 0 nt 

5 nt nt nt nt nt 0 nt 

6 nt nt nt nt nt  + nt 

 
Table 7   

Qualitative interpretation of Pseudomonas syringae and Erwinia amylovora response 
 Erwinia amylovora Pseudomonas 

syringae Extract 20ul/disc 20ul/disc 

492 0 0 

508 0 0 

792 0  + 

774 0 0 

776 0 0 

777 0 0 

TT 0 0 

RO  +++ 0 

766 0 0 

 

Conclusions 
As a synthesis of our investigation we have developed 

a small analysis based on the sum of qualitative effects 

expressed by ‘+, ++, +++’ of the extracts assayed with 

the 6 bacteria. Therefore, we have counted the 

frequency of the results by summing each extract in 

function of its activity in front of pathogens as follows: 
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+++ = 3points 

++ = 2points 

+ = 1point 

We took into consideration the highest effect one 

extract had in front of a pathogen irrespective of the 

assayed volume and then we sum up all its effects 

along the tested pathogens. Therefore we calculated a 

maximum of 12 points and a minimum of 1. Finally, 

we resumed data in 3 levels of efficiency (Table 8). 

As a consequence we may state that the plant species 

which present a special interest for further studies are: 

Artemisia spp., Melia azederach, Melaleluca 

alternifolia, Euphorbia azorica, Laurus spp., Persea 

indica, Pinus montana, Ampelopsis weitchii and Betula 

verrucosa.  Plant extracts showing activity is a fact of 

interest, but this is only preliminary data which should 

be followed by the identification of the active 

compounds by means of bio-guided assays.

 

Table 8  

Levels of extracts efficiency 
Levels of extracts 

efficiency 
Extracts codes 

Level 1 efficiency=12-8 718 719 760 777 RO           

Level 2 efficiency =8-4  183 181 792 759 775 776 TT 444 5 6 

Level 3 efficiency =4-1 182 492 774 359 406 766 1 4     

No activity 508 2 3               
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