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Biological Control of Fire Blight Disease on Pear Caused 

by Erwinia amylovora in Erbil Province/Iraq   

ABSTRACT 

              Two bacterial strains, Pseudomonas fluorescens L18 and  

Bacillus subtilis K3 and also five plant extracts Garlic (Allium sativum), 

Clove (Syzygium aromaticum), Black cumin (Nigella sativa), Thyme 

(Thymus vulgaris) and Sour pomegranate (Punica granatum) were tested 

for their efficacy against the fire blight disease of pear caused by the 

bacterium Erwinia amylovora. The results showed that both bacterial 

strains had good effect on infected shoots, but the P. fluorescens strain had 

much better and significant effect than the B. subtilis. This strain protected 

the shoots by 40% and reduced the disease severity index by 44.2 %, while 

B. subtilis protected the shoots by 20 % and reduced disease severity by 26 

%. The pathogen was affected by all plant extracts but the Garlic extract 

showed the best effect with (34 mm) inhibition zone and Black cumin that 

showed the least inhibition zone (10.1 mm). It can be concluded that the 

investigation of different bacterial strains and herbal extracts can be 

concerned for control of this disease in future.   
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INTRODUCTION 

            The pear (Pyrus communis L.) is the fifth most widely produced fruit in the world, being 

produced mainly in China, Europe, and the United States (Silva et al., 2014). The total world pear 

production was more than 22 million tone based on Food and Agriculture Organization of the United 

Nation (FAO) statistics (2012). Fire blight caused by the bacterium E. amylovora (Burrill) (Winslow 

et al., 1920) was the first bacterium illustrated as a causal agent of a plant disease by Burrill in 1883. 

It has been known as one of the most important plant bacterial diseases worldwide and is a devastating 

necrotic disease affecting apples Malus domestica, pears Pyrus communis, and other rosaceous plants 

(Norelli et al., 2003). There is no any control measure for the disease that will totally eradicate it, 

provide an absolute cure, or fully protect an orchard (Mafruanescu et al., 2009). Many researchers 

have been trying to find alternative controlling pathway of the pathogen since 1980s (Vanneste, 

2011). The bacterial strains belonging to the species Bacillus subtilis and Pseudomonas fluorescens 

have been extensively studied as potential biological control agents (Johnson and Stockwell, 2000). 

Also plant extract have been used complementary of chemical (Mosch et al., 1996). Moreover, using 

of plant extracts is eco-friendly and may reduce cost of cultivation.  . This study was aimed to (i) 
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study the effect of inoculation pear shoots with strains of P. fluorescens and B. subtilis (in vivo) for 

control of the disease and to (ii) estimate the ability of some plant extracts to inhibit the growth of E. 

amylovora isolates using well diffusion assay technique (in vitro).    

MATERIALS AND METHODS 

Microorganism 

a- Culture of Erwinia amylovora 

Diseased samples of pears showing typical symptoms were collected from different locations 

in Erbil Province during the years (2015/ 2016). Four isolates were identified as E. amylovora (Ea1, 

Ea2, Ea3, and Ea4) by standard bacteriological technique (API20E) (BioMerieux/France), molecular 

method (Polymerase chain reaction) and pathogenicity test on pear shoots and fruits. Pure cultures of 

E. amylovora isolated from diseased samples were maintained by subculture on King’s medium (KB) 

agar (King et al., 1954). 

b- Culture of the antagonistic bacteria, Pseudomonas fluorescens L18 and   

     Bacillus subtilis K3  

            Pseudomonas fluorescens L18 and B. subtilis K3 used in this study were obtained from Dr. 

Tahsein A.M. Amein  which are isolated from a golf grass and oil- seed rape respectively in Sweden 

(Amein and Weber, 2002; Tinivella, et al., 2008).   

c- Preparation of Plant Extracts 

The plants extracts were prepared according to the methods described by Valarmathy et al., 

(2010), with slight modification. Briefly, the fresh plant materials were dried in the oven at 60 ᴼC then 

powdered. Extract of each plant part used was prepared by mixing 50g of powdered material with 

500 ml of 96% ethanol in Soxhlet extractor for 24 h. at 60 ᴼC. The solution was evaporated to 

concentrate under reduced pressure and controlled temperature by using rotary evaporator, then dried 

by using oven at 70 ᴼC. The extracts were weighed and dissolved in dimethyl sulfoxide (DMSO) in 

order to prepare 100 mg/ml solution of each extract (table 1). 

Table 1: The scientific, common name, plant parts and volume of the extracts used in current study 
 

Scientific Name Common Name Plant Parts Used 
Volume    

(µl) 

Allium sativum Garlic Bulbs 50 

Thymus vulgaris Thyme Leaves 50 

Punica granatum Sour Pomegranate Peels 50 

Syzygium aromaticum Clove Buds 50 

Nigella sativa Black cumin Seeds 50 

 

In vivo bacterial experiment 

The procedure of Leah, (1993) with few modifications was used. Freshly pear shoots (20 cm 

in length) were inoculated by injection the pathogen and the antagonism through the stem mid-way 

between the apex and the first fully emerged leaf. Each treatment included 5 shoots (replicate). 

Erwinia amylovora and antagonistic bacteria grown overnight in Luria-Bertani Broth (LB) at 28 ᴼC  

cultures were harvested by centrifugation (12000rpm) for one minute and re-suspending in sterile 

saline (NaCl 0.85% ) to 108 cfu / ml. Shoots were first inoculated with E. amylovora suspension and 

then were insert at the same place with the antagonistic agent. A gauge needle was used to deposit 50 

µl of cell suspension each time. As positive control, the pathogen-alone and sterile distilled water 

alone as negative control were included in each assay. Pear shoots were maintained in conical flasks 
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filled with water for 10 days at 26 ± 2 ᴼC and scored for infection when any of the following symptoms 

were seen:  

 1- Ooze production at/or extending from the wound site.  

 2- Leaf wilt and necrosis with heavy Ooze.  

Percent protection was measured as follows:  

(% protection = (No. uninfected pear shoots / Total no. of shoots) x 100). 

Disease severity index on the inoculated shoots was estimated using a procedure of Westwood, (1978) 

with some modifications using a six scale grades as follow: (0= healthy shoots (Non symptoms 

visible), 1= stem necrosis extending from the wound site, 2= slight necrosis and oozing, 3= necrosis 

advancing into the petiole of leaf. 4= necrosis of leaf 5= necrosis over the whole leaf and oozing). 

Percent of severity of disease (Disease severity index DSI) was calculated according to the following 

formula (Mchinney,(1923).  
 

DSI (%) = ∑ (Class x No. of shoots in class) x 100 

                 Total no. of shoots x No. of grades 

 The experiment was carried out twice.  

In vitro Screening of Plant Extracts  
The modified well diffusion assay technique was used in in vitro. 105 cfu/mL of E. amylovora 

age 24 h. was uniformly spread on Petri dishes with nutrient agar medium using sterile cotton swab. 

Five mm in diameter well was punched into each agar plate with the help of sterilized Cork borer. 

Fifty µl of the plant extracts at concentration 10% were added to the wells by using a micropipette. 

The inoculated agar plates were left for one hour for proper diffusion then were incubated at 26 - 28 
ᴼC for 24 h. Dimethyl sulfoxide (DMSO) was used as negative control for each extract. Antibacterial 

activities were evaluated by measuring the diameters of inhibition zones in mm. Each assay was 

performed in triplicate and twice. Mean values were reported (Parekh and Chanda, 2007). 

Data Analysis 

Data were analyzed using GenStat (version 12.1.0.; Genstat VSN International Ltd 2009). 

Data were subjected to analysis of variance (ANOVA) and means of the treatments were compared 

by using least significant differences (LSD) at (P ≤ 0.05). 

RESULTS AND DISCUSSION 

Effect of antagonistic bacteria  

Application of bio-agents P. fluorescens L18 and B. subtilis K3     reduced the infection of 

fire blight and disease severity on pear shoots. Significant differences were observed in shoot 

protection and disease severity.  The bacterial strain P. fluorescens protected the shoots by 40% and 

reduced disease severity by 44.2 %, while B. subtilis protected the shoots by 20 % and reduced disease 

severity by 26.5% (Figure. 1& 2), Both strains have shown good effect in controlling different crop 

diseases (Amein et al., 2011: Amein et al., 2008; Koch et al., 2010; Schmitt et al., 2009).  

The effect of P. fluorescens in reduction of disease severity was better than B. subtilis. Schoofs 

et al., (2015), applied B. subtilis QST 7013 against young pear shoots under artificial inoculations 

conditions. They observed interesting activity of the bacterial antagonist against E. amylovora: a 

reduction in the disease progression as necrosis and a limitation of the ooze formation on the infected 

tissue was observed (Schoofs et al., 2015). Palleroni, (1984) observed that P. fluorescens had great 

potentiality to produce a broad spectrum of secondary metabolites f. ex. Hydrogen cyanide antibiotic 

that could be toxic to other microorganisms. Johnson and Sockwell, (2000) reported that the 

antagonistic bacterium had good colonizing ability in apple and pear blossoms (Stigmas) during mid-

bloom. The reduction of the disease by 40–60% was obtained with applications of P. fluorescens. 

Sanna et al., (2012) mentioned that, the use of some strains of nonpathogenic bacteria as a biological 
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control against fire blight proved to be useful, cheap and safe methods to reduce shoot, blossom and 

immature fruit infection. 

 

 

 

 
 

Fig. 1:  Protection of Pear shoots infection caused by E. amylovora using two bacterial strains, P. 

fluorescens L18 and B. subtilis K3 in in-vivo experiment.  
              Column followed by different letter are significantly different at P < 0.05  

    

Fig. 2: Pear shoots disease severity suppression by P. fluorescens L18 and B. subtilis K3 under 

laboratory conditions.  
Column followed by the different letter are significantly different at P < 0.05  
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         In present research, extracts of various plants are presented in table (1) investigated 

individually for antibacterial activity by well diffusion agar method. The results showed highly 

significant antibacterial activity of garlic (34mm) inhibition zone compared with all other treatments; 

Clove, Sour pomegranate, Thyme and Black cumin with (13.93, 12.03, 10.3 and 10.1 mm) 

respectively (fig. 3 & 4). There were no significant differences between T. vulgaris and N. sativa. As 

shown clearly in figure (4) the maximum inhibition zone was by A. sativum and the minimum 

inhibition was shown by Nigella sativa. Our findings are in agreement with Islam et al., (2014) who 

observed that A. sativum extract exhibit strong activity against E. amylovora.  

  

 

Fig. 3: Effect of different plant extracts on growth (mm) of E. amylovora in NA Petri dishes 

experiment.(Column followed by the same letter are significantly not different at P 0.05.) 

 

Similar result was also found by Ali other researcher, who observed garlic and thyme water 

extracts were more effective on suppressive the growth of E. amylovora. All concentrations of thymol 

(purified from garden thyme) were appeared to inhibit growth of the pathogen . As well as, all the 

concentrations of sulfur compound from garlic were appeared to inhibit the growth of E. amylovora 

(Ali,2010). Curtis et al., (2004) concluded that antimicrobial activity of allicin from A. sativum exhibit 

great activity against E. carotovora. Although the exact active components of the extracts that showed 

these effects were not identified, but the antibacterial activity of garlic and thyme may be due to its 

contents of active component, sulfur compound in garlic, thymol in thyme (Ali, 2010), phenolic 

compound in pomegranate peel (Reddy et al., 2007), eugenol in clove and alkaloid compound in 

black cumin which may interact with cysteinyl residue of protein and other active groups leading to 

inhibiting of bacterial growth, disrupting of cell membrane and cell collapse (Saad et al., 2005). 
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Fig. 4: Antibacterial activity of some plant extracts against E. amylovora in nutrient agar media. 

CONCLUSIONS 

Applications of P. fluorescens and B. subtilis as bio-agents proved their efficacy in reducing 

fire blight disease severity and control the pathogen on young pear shoots and P. fluorescens had 

better effect than B. subtilis in disease control under laboratory conditions. A. sativum extract showed 

significant antibacterial activity against E. amylovora in vitro. 
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 العراق –في محافظة اربيل Erwinia amylovora المكافحة الحيوية لمرض اللفحة النارية على الكمثرى المتسبب عن  

 عبدالعزيز محمد امينارام نجم الدين حسين ورمضان يوسف محمد وتحسين 
 المستخلص
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 الى خمسةبالاضافة  Bacillus subtilis K3و  Pseudomonas fluorescens L18 ا وهيالبكتيريمن  لتينسلافعالية  رتاختب        
 الكمون الأسود و Clove (Syzygium aromaticum)( والقرنفل (Garlic  Allium sativum الثوم وهينباتية  من المستخلصاتانواع 

Black cumin Nigella sativa)) والزعتر Thyme ((Thymus vulgaris  الرمان و( الحامضPunica granatum ) مرض لمكافحة
لهما تأثير جيد  السلالتين كانتأن ب. أظهرت النتائج Erwinia amylovoraبكتيريا العن  متسببةال ( الكمثرى ) على العرموط اللفحة النارية

. B. subtilis على السلالة وبتفوق معنوي قد تباين تأثيرها لها تأثير أفضل و  تكان P. fluorescens البكتريا لكن سلالةو  المصابة، الافرععلى 
،  ٪ 4.البراعم بنسبة على  P. fluorescensالسلالة  على التوالي وكذلك حافظت ٪ 42و  ٪ 44..بنسبة  اذ حققت خفض في شدة المرض

 بتفوق معنوي جميع المستخلصات النباتية و المسبب المرضي كان متأثرا مع  .٪ 44البراعم بنسبة  افظت علىح B. subtilisفي حين أن 
وكانت قطر  تأثيراالكمون الأسود أظهر أقل اما مم(  .4تثبيط )المنطقة  وكانت قطر( (Garlic  Allium sativumالثوم نبات مستخلص ل

مرض  حةالاستفادة منها لمكافية يمكن نباتوالمستخلصات الالمختلفة السلالات البكتيرية التوصية بان يمكن لهذا مم(.  1441تثبيط )المنطقة 
 في المستقبل.اللفحة النارية 

  .النباتية , المكافحة الحيوية، المستخلصاتBacillus subtilisو Pseudomonas fluorescensالبكتريا العدائية  الكلمات المفتاحية:


