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ABSTRACT 
 

Two isolated Pseudomonas fluorescens (DQ201414) and Pantoea agglomerans strain KB64, were obtained 
and used for bioassays and field applications against Erwinia amylovora, these isolates showed high activity 
against the pathogenic bacteria. Intergeneric mixtures of the two antagonists could reduce variation in control by 
establishing a robust community on plant surfaces and greater competition to the pathogen during its critical 
epiphytic growth stage. So, Pseudomonas fluorescens (DQ201414), whose nucleotide sequence data were 
reported in the NCBI nucleotide sequence database (GenBank) under the accession number GU168575 and 
Pantoea agglomerans strain KB64, could be used as bacterial antagonists for the management of fire blight of 
pome fruit trees, and represented examples of field trials bacterial antagonists. DQ201414 suppressed 
colonization caused by E. amylovora through competitive exclusion. The strain Pantoea agglomerans KB64 
suppressed pathogen growth by competition and production of an important small peptide antibiotic.  Results of 
field trial proved that the highest number of fruits per tree, fruit weight, yield, fruit diameter, fruit firmness, 
TSS%, TSS/acid ratio and Total Sugar % resulted from Pantoea agglomerans strain KB64 treatment at the third 
concentration in both seasons followed by the third concentration of the mixture (Pantoea agglomerans strain 
KB64 (B1) + (Pseudomonas fluorescens DQ201414) (B2)) and the second concentration of Pantoea 
agglomerans strain KB64 (B1) in both 2011 and 2012 seasons of the study. The highest average of leaf area, 
chlorophyll (A) and chlorophyll (B) was achieved by Pantoea agglomerans strain KB64 at the third 
concentration in both seasons followed by the third concentration of the mixture (Pantoea agglomerans KB64 
(B1) + (Pseudomonas fluorescens DQ201414) (B2) and the second concentration of Pantoea agglomerans 
KB64 in both seasons of the study compared to the control. There was no constant trend for shoot length in both 
seasons. The highest significant amount of Fe, Zn, Mn, N, P and K resulted from Pantoea agglomerans KB64 at 
the third concentration in both seasons followed by the second concentration of Pantoea agglomerans KB64 and 
the third concentration of the mixture in both seasons of the study. In conclusion, the use of some strains of 
bacteria as a biological control of fire blight proved to be a useful, cheap and safe method to reduce shoot, 
blossom and immature fruit infection in addition to improving fruit quality. 
 
Key words: “Le Conte” Pear, Physical and chemical characteristics, Biological control, Pseudomonas 

fluorescens DQ201414, Pantoea agglomerans strain KB64, Field experiments, integrated control, 
fire blight disease. 

 
Introduction 
 

Pear is considered an economically important fruit among other deciduous fruit trees and the fourth among 
all fruits in its global distribution (Gavrilović et al., 2005 and Vanneste et al., 2002). In Egypt, productivity of 
“Le Conte”, the main pear cultivar resulted as a hybrid between Pyrus communis x Pyrus seratonia, 
significantly varies from one year/location to another and this might be due to fire blight disease caused by 
Erwinia amylovora, a Gram-negative bacterium in the family Enterobacteriaceae (Zeller,2005 and Gavrilović et 
al., 2005). This bacterium is a major constraint to pome fruit production in many areas of the world as well 
(Zeller, 2005 and Gavrilović et al., 2005). The current epidemic of the disease especially with suitable 
environmental factors has pushed many Egyptian growers to uproot and replace pear trees with other crops. 
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Under relatively dry climatic conditions, E. amylovora colonizes flower stigma, and subsequent rain or heavy 
dew facilitates movement to the floral cup (hypanthium), where infection generally occurs (Thomson, 1986), 
and less often through succulent shoots (Van der Zwet and Keil, 1979).  Chemical control of fire blight is mostly 
limited to the use of heavy metals or antibiotics; both types of compounds have disadvantages (Psallidas and 
Tsiantos, 2000). Copper derivatives are phytotoxic and have been found to accumulate in the soil leading to 
toxicity problems. Furthermore, copper-resistant and antibiotic strains of plant pathogenic bacteria of E. 
amylovora, have been isolated (Vanneste and Voyle, 2002; Vanneste and Voyle, 2003; Laux and Zeller, 2005). 
Control of bacterial pathogens using selected non-pathogenic bacteria has shown some promise for a number of 
diseases, in particular fire blight (Johnson et al., 2009). The strain Pantoea agglomerans (formerly Erwinia 
herbicola) isolated from blossoms, called P10c, reduced fire blight incidence on immature pear fruit in the 
laboratory, and on apple and pear flowers when applied prior to inoculation with E. amylovora (Vanneste et al., 
2002). Immature pear fruits treated with P10c were significantly less affected by fire blight than non-treated 
fruits. Significantly fewer flowers treated with P10c showed fire blight symptoms than those treated with water 
(Vanneste et al., 2002). The number of healthy and diseased clusters of flowers treated with P10c was similar to 
that obtained with streptomycin (Vanneste et al., 2002).  El-Masry et al., (1997) found that using E. herbicola 
Eh252, which produce an antibiotic-like compound, inhibited the growth of E. amylovora, and reduced fire 
blight incidence when sprayed onto apple blossoms before inoculation.  The Pantoea sp. 48b/90 is interesting as 
a suitable candidate for biocontrol (Grondona et al., 2005 and  Heissenberger et al., 2005). Two antibiotics, 
named  pantocin A and B produced by Pantoea agglomerans  strain Eh318 inhibited growth of Erwinia  
amylovora in planta trials at 20- 30% and 70-80% bloom. Using a genomic library of Eh318, two cosmids, 

pCPP702 and pCPP704, were identified that conferred on Escherichia  coli  the ability to inhibit growth of E. 
amylovora. Three biocontrol products for fire blight, approved by US-Environmental Protection Agency (EPA), 
and The Organic Materials Review Institute (OMRI), are: Blight Ban A506 (Pseudomonas fluorescens), 
Bloomtime Biological (Pantoea agglomerans), and Serenade Max (preparations of Bacillus subtilis QST 713) 
Edgecomb  and Manker (2007). The organisms as well as their products are used as antibiotic producers (Sundin 
et al., 2009a and b; Smith, 2011; Zeller, 2011). The antimicrobial activity of siderophores of fluorescent 
Pseudomonads are responsible for antagonism toward various strains of fungi and some Pseudomonas spp. are 
pathogenic to plants.  In addition, microbial siderophores can serve as iron sources for plants, and the production 

of a siderophore by Pseudomonas putida has been shown to enhance the yield of potato tubers (Palanche et al., 
2004; Oliveira et al., 2006). Kabeil et al., (2012) reported that the isolates Bacillus mycoida (B1), B. cereus (B2) 
and P. agglomerans (WX112) had high biocontrol activity. Moreover, the ability of these isolates to produce the 
inhibitory substance extra-cellular in a liquid culture was examined and the three were resistible to heat, 
protease sensitive and producers of the active protein. The molecular weights of the active protein were 52,000, 
45,000 and 30,000 Daltons respectively. They expected that these are bacteriocin producers. The three isolates 
were chosen for their superior activity against E. amylovora. 

The purpose of this study was to develop environmentally sound and effective methods of management and 
control of fire blight disease including biological control agents based on new approaches. Also, the effect of 
Pantoea agglomerans strain KB64, (B1) + Pseudomonas fluorescens DQ201414, (B2) on vegetative growth, 
fruit composition, and yield and fruit quality of "Le Conte" pear trees was investigated. 
 
Materials and Methods 
 
Laboratory studies: 
 
Culturing media:  
 

The BPYG medium (Peptone (5g/L); Beef extract (3g/L); Yeast extract (5g/L); Glucose 40%   (20 ml/L) 
and Distilled water (1 L); pH 7.2) was used in this study, as enriched medium (reference). The media were 
autoclaved at 121 ºC for 20 minutes, and used for reactivation and growing the bacterial biocontrol agents. 

 
Isolation of bacteriocin-producing bacteria: 
 

Bacteriocin-producing bacteria were isolated from soil samples collected from different pear trees infected 
with fire blight in the Delta region of Egypt. A serial dilution of 1 g soil sample in 100 ml (0.85% NaCl) sterile 
saline was carried out. A volume of 100 l from the last dilutions (10-4, 10-5, 10-6, and 10-7) was separately 
transferred under aseptic condition onto the surface of sterile beef-peptone –glucose agar (BPGA) plates. The 
inoculum was then spread using sterile glass spreader, where the plates were allowed to dry at room temperature 
for 10 min, then inverted, and incubated at 30oC for 24-48 hrs. Single separated colonies appeared on BPGA 
plates were individually tested against the indicator strain (Erwinia amylovora) for their ability to produce the 
antagonistic substance using the toothpick technique (Kekessy and Piguest, 1970). 
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Maintaining the bacteriocin producing bacterium: 
 
Beef peptone glucose (BPG) medium was used for growing the bacteriocin-producing bacteria or to 

maintain them for short and long term purpose. It contains per liter of distilled water:  3 g beef powder (Oxoide), 
5g peptone (Oxoide) and supplemented with 2 % glucose.  BPGA medium contains the previous ingredients in 
addition to 2% (v/v) agar. The medium was adjusted to pH 7.2, then autoclaved at 121oC for 20 min without 
glucose, which was separately autoclaved at 110oC for 10 min. The sterilized glucose at 40% concentration was 
then added to the medium at 2 % (v/v). 

 
Indicator strain:  

 
The indicator strain Erwinia amylovora used in this study was kindly provided by professor Sayed El-

Kazaz, professor of Bacterial plant pathology, Department of Plant Pathology, Faculty of Agriculture, 
Alexandria University. Specific media for indicator strain growth:  Erwinia amylovora was grown on nutrient 
agar of composition (g/l distilled water): beef extract, 1.0; yeast extract, 2.0; peptone, 5.0; NaCl, 5.0; agar, 15.0; 
pH 7.4 and 1.5% (v/v) glycerol. The medium was autoclaved at 121oC for 20 min and grown aerobically on 
nutrient agar slants at 28°C for 36 to 48h. 
 
Identification of bacteriocin-producing isolate: 

 
Bacterial isolate (Pantoea agglomerans strain KB64) proved to have the ability to inhibit the indicator 

strain Erwinia amylovora was preliminary identified according to morphological examination of bacterial 
colony and cell shape using light and electron microscopic examination, in addition to Gram and acid fast 
staining (Holt and Krieg 1984). Utilization of citrate, catalase, oxidase, and nitrate (Kabeil, 2005 and 
Heissenberger et al., 2005). Confirmation for identification  using api 20 Kit (Barefoot et al., 1994) and 16s 
rRNA gene amplification  forward and reverse primers (350bp), corresponding to the polymorphic region of E. 
coli 16S rRNA assay (Sambrook et al., 1989) conserved gene sequence (Table 1) were used to amplify 
approximately the 350bp of the 16s rRNA gene. Hot start Taq DNA polymerase was supplied by Qiagen 
(Germany), PCR nucleotide mix was supplied by Boehringer Mannheim, Germany. The PCR program was 
applied as described by Sambrock and Russel (2001). And also the (Pseudomonas fluorescens DQ201414) 
isolation and identification b Kabeil et al., (2012). The nucleotide sequence data reported in the NCBI 
nucleotide sequence database (GenBank) under the accession number of GU168575. 

 
Using api kit:  
 

The bacterial strain (Pantoea agglomerans strain KB64), proved to have the ability to inhibit the indicator 
strain Erwinia amylovora, was identified according to standard international methods. Morphological 
examination included colony and cell characterization, gram test, spore, and acid fast staining were performed. 
Biochemical test and confirmatory tests using api kits (20E) was carried out for identification (Barefoot et al., 
1994). 
 
PCR and Electrophoresis:  
 

DNA extraction and PCR amplification of 156srDNA region were done. DNA was isolated from the 
selected isolates coded orange and yellow according to Sambrok et al., (1989). The 16srDNA was amplified by 
polymerase chain reaction (PCR) using primers designed to amplify 1500 bp fragment of the 16srDNA region. 
The forward primer was 5’AGAGTTTGATCMTGGCTCAG3’ and the reverse primer was 
5’TACGGYTACCTTGTTACGACTT3’ (Table 1). The PCR mixture consists of 30 picomoles of each primer, 
10ng of chromosomal DNA, 200 µM dNTPs and 2.5 Units of Taq polymerase in 50 µl of polymerase buffer. 
The PCR was carried out for 30 cycles in 94◦C for 1 min, 55◦C for 1 min and 72 ◦C for 2 minutes. After 
completion, a fraction of the PCR mixture was examined using agarose gel electrophoresis (Ausuble et al., 1999 
Fig.1) and the remnant was purified using QIAquick PCR purification reagents (Qiagen). DNA sequences were 
obtained using a 3130 X DNA Sequencer (Genetic Analyzer, Applied Biosystems and Hitachi, Japan). The PCR 
product was sequenced using the same PCR primers. Blast program was used to assess the DNA similarities and 
multiple sequence alignment and molecular phylogeny were performed using BioEdit software (Hall, 1999). 
The phylogenetic tree was displayed using the TREEVIEW program (Page, 1996). 
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Table 1: 16S rRNA gene primers sequences (Atkins et al., 2005): 
Primer Sequence Supplied by 
350 F 5’AGAGTTTGATCMTGGCTCAG3’ Boehringer Mannheim, 

Germany 350 R 5’TACGGYTACCTTGTTACGACTT3’ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Agarose gel Electrophoresis 
 

DNA Sequencing: 
 
Automated DNA sequencing based on enzymatic chain terminator technique, developed by Sanger et al., 

1977, was done using 3130 X  DNA Sequencer (Genetic Analyzer, Applied Biosystems, Hitachi, Japan). The 
sequencing reaction was performed with four different fluorescent labels identifying the ddNTPs, instead of the 
radioactive labels. These flurophores were excited with two argon lasers at 488 and 514 nm, respectively when 
the respective bands passed the lasers during the electrophoresis. The specific emissions were detected and the 
data were collected for analysis (Freeman et al., 1990). The thermal cycling mixture was as follows: 8µl of Big 
Dye terminator mix, 6 µl of the sequencing primer (10 pmol) and 6 µl of the sample (PCR product or plasmid), 
then the reaction was run in the thermal cycler. The cyclic reaction composed of 1 min at 95◦C, then 49 cycles 
of 30 sec at 95 ◦C, 10 sec at 52◦C and 4min at 60◦C. The products were purified using special column according 
to the instruction of the manufacturer. The elute was taken, added high dye formamide with (1:1)/volume ratio, 
run at 95 ºC for 5 min for denaturation, shocked on  ice, then the sample become ready for sequencing in 3130 X 
DNA sequencer and analysis. 
 
Large-scale production of bacteriocin: 

 
Large-scale production (fermentation batch culture) was carried out in 14-liter bench-top bioreactor 

(BIOFLO III, New Brunswick Scientific, USA). The fermentor contains 8200 ml of fresh (PBG) medium. 
Bacterial inoculum was freshly prepared by seeding 200 ml of BPG broth with two pure 24 hrs old colonies of 
Pantoea agglomerans which was then incubated at 30o C for 24 h. One hundred milliliters of the growing 
culture were then transferred into 900 ml BPG broth to prepare the initial inoculum for the fermentor.  Inoculum 
of 800 ml and 2% glucose concentration was then added to the fermentor to start the batch cultivation under 
sterile condition. The air flow rate was sparged from the bioreactor bottom through air sparger. At first, air was 
pumped from air compressor and passed through a sterilized filter unit followed by an air flow meter to control 
the amount of airflow rate manually ( Kabeil, 2005; Kabeil et al., 2009). Measuring bacterial optical density 
(OD); Mass dry weight (MDW); Optical density-dry mass weight (OD-MDW) correlation and  the calibration 
curve OD and MDW was plotted for the isolate Pantoea agglomerans strain (coded B1). The correlation factor 
(a) of OD-MDW was determined from the following linear relation a = 0.94 (OD) (Kabeil, 2005; Kabeil et al., 
2009). Bacterial cell concentration was measured during the fermentation process to monitor the bacterial 
growth curve.  The optical density (turbidity) of bacterial culture was determined at 550 nm using Pharmacia 
Biotech spectrophotometer (Nova spec II). Mass dry weight was determined in 5 ml aliquot of the bacterial 
culture.  Balanced glass tubes, each filled with 5 ml sample, were centrifuged at 4,000 rpm for 10 minutes in 
Beckman Avanti J-25 centrifuge. The supernatant was decanted and the pellet was suspended in ml 0.9% NaCl 
solution.  Tubes were re-centrifuged, NaCl solution was decanted, and the pellet was then dried under vacuum at 
110 oC in a Heraeus oven until constant weight was obtained.  The samples were cooled in a desiccator prior to 
weighing.  Mass dry weight (MDW) was then calculated in gm per liter of bacterial culture (Kabeil, 2005; 
Kabeil et al., 2009). 
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Bioreactor experiments: 
 
Shaking 14 L bench – top bioreactor (Bioflo 111, Batch / continuius, New Brunswick Scintific. EDISON, 

N. J, U.S.A) was used for growing Pantoea sp. The bioreactor initially contained 8000 ml medium and 
inoculated with 200 ml of shake flask seed culture prepared previously. During all tests, compressed air was 
supplied at 4 /min and Antifom-A (Sigma) was used.  It was adjusted with agitation speed to keep the dissolved 
oxygen level remaining above 40 % throughout relative to saturation (Kabeil, 2005; Kabeil et al., 2009). 
 
Bioassays:  
 

Four different agar diffusion tests were compared for their applicability to screen for antagonistic effects of 
bacteria against E. amylovora under laboratory conditions. The agar well-cut diffusion technique depended on 
the diffusion of bacteriocin randomly through the agar layer from circular cup cut out from the agar layer.  Four 
wells were punched out from the deep agar medium using clean sterile cork borer (5 mm in diameter) (Kekessy 
and Piguest,1970). The base of each well was sealed with a drop of melted sterile water agar (15g/L). A certain 
volume (100 l) of cell free supernatant that was filtered through a sterile micro-filter membrane (0.22 m), was 
pipetted into each well (El-Masry et al., 1997; Zeller, 2005  and  Vanneste, 2011). The plates were left at room 
temperature for one hour, and then incubated at 30 oC for 48 h. After the incubation period, clear zone around 
each well (y) was measured. The square radius of the clear zone around each well (y2) was divided over the 
square well radii (x2) to obtain an arbitrary unit (AU) for the clear zone. In this method, sterile Petri-dishes were 
poured with a deep BPYG agar medium inoculated with 1% (v/v) of E. amylovora (48hr broth culture grown in 
medium). 

Arbitrary Unit (AU)  =π r2h (clear zone) / π r2h (well)    = r2 (clear zone) / r2 (well) (Kekessy and Piguest, 
1970).  
 
Field Studies: 

 
The present study was carried out during two successive seasons 2011 and 2012 on 6-year-old pear “Le 

Conte” trees budded on Pyrus communis rootstock. The trees were grown in a farm at El- Bagoor region, El-
menofya governorate. The experimental trees were grown in clay soil, spaced at 5x5 meters apart and received 
the normal culture practices commonly adopted for this region (Westwood, 1978). The present study was 
initiated to investigate the effect of spraying the trees with two types of bacteria P. agglomerans strain KB64, 
(B1) and P. fluorescens DQ201414 (B2) alone and in combination at three concentrations (1*104 , 1*106   and 
1*108 ml/lit)  and the mixture was (1*104 +1*108 ) on vegetative growth and fruit quality. Trees were sprayed 
every 15 days during March, April and May, Each treatment was replicated five times with one tree for each 
replicate.  fifty trees were arranged in a completely randomized block design. 

 
Measurements and studied parameters: 

 
Final fruit set:  

 
The final fruit set was calculated six weeks after full bloom stage as a number of persisted fruits per 

hundred spur and lateral buds (Westwood, 1978). 
 
Physical and chemical properties:  

 
 Fruit size (cm³), fruit weight (gm), fruit length (mm), fruit diameter (mm), L/D ratio was determined. Fruit 
firmness (kg/inch²) was determined on two opposite sides of each fruit using fruit pressure tester mod. Ham-
Held magness-pressure tester of (5-15) inch plunger according to A.O.A.C (1981). Total soluble solids (%) of 
the juice were determined by hand refractometer. Titrable acidity (%) was determined by the titration against 
(0.1N) NaOH (A.O.A.C, 1981). TSS/acidity ratio was also estimated. 

Chlorophyll was determined by N, N-Dimethylformamide according Rami, 1982 using the following 
equation: Chl a = 12.92 A664 -2.12 A647 -3.85 A603, 

Chl b = -4.93 A664 + 26.09 A647 -12.79 A603 (Rami, 1982). 
 
Leaf Analysis: 

 
Standard analytical procedures were used for plant samples (Chapman and Pratt, 1961). Leaf analysis 

included N, P, K, Zn, Fe and Mn contents. 
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Vegetative Growth: 
 

Vegetative growth parameters as leaf area (cm2) and shoot length were recorded at the beginning of the 
growing seasons. 
 
Statistical Analysis:  
 

The treatments were analyzed a according to Snedecor and Cochran (1980). Least significant differences 
were used to compare between treatment means according to Walter and Duncan (1969) 
 
Results and Discussions 
 
Identification of the bacteriocin producing bacteria: 

 
The preliminary identification through morphological, biochemical and physiological tests according to 

Holt and Krieg (1984) of the bacteriocin producer isolate (B1) indicated that it is classified as member of 
Enterobacteriaceae. Using the methodology of Collee et al. (1996), only one bacterial isolate designated as B1 
was promising as bio-control agent against E. amylovora. The identification tests revealed that B1 was motile, 
Short rod (1.1x0.8m), gram negative, positive for catalase, while it was negative for oxidase, indole, urease, 
nitrate, citrate VP and MR (Cheesbrough, 1985).  It was non-fermenting for glucose, sucrose, lactose and 
glycerol (Abbas et al., 1998) Table (1).  The previous results indicate that B1 can be identified as a species of 
Pantoea sp., and the  biochemical test and confirmatory tests using api kits (using api 20E kit), were carried out 
for identification of  Enterobacteriaceae  (Barefoot et al.,1994)Table (2). 
 
Confirmatory identification using 16s rRNA method: 

 
Confirmatory test based on 16S rRNA phylogeny and the sequencing of 890 bp fragment assigned the B1 

isolate as Pantoea agglomerans strain KB64., Figure (2). 
 
Table 2: Identification of bacterial isolates using conventional and biochemical tests using api (20 kit) according to Barefoot et al., (1994). 

T
es

t 

C
el

l s
ha

pe
 

G
ra

m
st

ai
n

S
po

re
 

fo
rm

in
g M
ot

il
ity

 

G
ro

w
th

 
a t

pH
 6

-8
 

G
ro

w
th

 
at

7.
5%

   
N

aC
l 

G
ro

w
th

 
at

50
°

C

S
ta

rc
h 

hy
dr

ol
ys

is

C
it

ra
te

 
ut

ili
za

ti
on

N
it

ra
te

 
re

du
ct

io
n 

C
at

al
as

e 

In
do

le
 

O
xi

da
se

 

V
og

ue
s 

-
P

ro
sk

au
er

 

M
R

 

L
ac

to
se

 
(F

/G
) S

uc
ro

se
 

(F
/G

) G
ly

ce
ro

l 
(F

/G
) A

rg
en

in
e 

ut
ili

za
ti

on

C
on

fi
rm

at
or

y
ki

ts

N
om

en
cl

at
u

re
 

B
ac

te
ri

oc
in

 
pr

od
uc

er
 

S
ho

rt
 

ro
d

(1
.1

x0
.8
m

)

+ - - -
/- /- /- 

(a
pi

 
 

20
)

ki
ts

P
an

to
ea

 
ag

gl
om

er
an

s 
 

 gi|341617239|gb|JN082730.1| Pantoea s...

Pantoea  agglomerans KB64 Pantoea agglomerans KB64

 gi|325660499|gb|HQ242739.1| Pantoea a...

 gi|323690147|gb|HQ849996.1| Pantoea s...

 gi|374343065|dbj|AB695342.1| Pantoea ...

 gi|333449241|gb|JF753447.1| Pantoea s...

 gi|377551189|gb|JN872530.1| Pantoea s...

 gi|37359625|emb|AJ583836.1| Pantoea a...

 gi|327391618|gb|HQ667327.1| Pantoea a...

 gi|334303066|gb|JF802201.1| Pantoea a...

 gi|323363054|emb|FN178362.1| Pantoea ...

 gi|316997523|dbj|AB533770.1| Bacillus...

0.000.020.040.060.080.100.12  
 
Fig. 2: Phylogenetic tree showing the relationships among the selected isolate (in boldface) and published 16S  
             rDNA sequences. The microorganism Bacillus spp. was used as an out-group. 
 
Bacteriocin optimizing  production from Pantoea agglomerans strain KB64: 
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Effect of different incubation periods: 
 
Results of the effect of different incubation periods on bacteriocin production/activity are presented in 

Table (3).  The production/activity of bacteriocin increased gradually by extending the incubation time of the 
producer. Maximum bacteriocin production (AU= 36.2  2.4) was observed after 48 h. growth, where 
incubation for 72 h did not improve the bacteriocin production/activity. The bacterial isolate producing larger 
and clear inhibition zone was tested (producing positive inhibitory effect against the indicator strain E. 
amylovora at two types of media was used in this experiment); BPG (enriched medium) and M9 (minimal 
medium). Results showed that the BPG was better than minimal medium M9, for producing the bacteriocin 
substance, where the activity of BPG culture supernatant was greater (AU=13) than M9 culture supernatant 
(AU=7). The effect of glucose concentration on bacteriocin production and growth of the producer isolate was 
studied using well-cut diffusion technique. Results presented in Table (2), showed that the maximum 
production/activity occurred at 2% glucose where it recorded on AU (32.52.2) while increasing glucose 
concentration led to repressing bacteriocin production (Table 3).  A range of pH levels was tested to investigate 
the influence of medium pH on the bacteriocin production. Results presented in Table (3), showed that pH 7 in 
medium BPG media was the optimum pH for bacteriocin production/activity, where it recorded on AU =38.0 
4.6 (Table 3). The bacteriocin producer B1 was incubated at 23, 25, 28, 30, 32 and 35 oC in BPG broth medium 
to determine the optimum temperature for maximum bacteriocin production. Results indicated that maximum 
inhibition zone (AU= 33.03.5) was obtained when the producer Pantoea agglomerans strain KB64, (B1) 
bacterium was incubated at 30 oC (Table 3) and (Figure, 3). Results indicated that maximum inhibition zone 
(AU= 2.8  0.2) was obtained when the producer bacterium Pontoae agglomerans was used as a biocontrol 
agent against E. amylovora according to (Wenneker et al., 2005).  From characterization of the antagonistic 
substance produced by the three isolates, we found that the three isolates are resistible to heat and protease 
sensitive. These two criteria indicated that the previous isolates could be bacteriocin producers as mentioned by 
Helmy and Pieroni, (2000).  Yet, the isolate KB64, (B1) was chosen for study due to its superior activity against 
E amylovora and these results are generally in agreement with Heissenberger et al., (2005). 
 
Table 3: Optimized bacteriocin production/activity conditions from Pantoea agglomerans strain   KB64 (B1) against E. amylovora 

Condition Inhibition Activity (AU )
Incubation period (hours) 12 24 48 

5.0  0.4 .1  1.36 36.2  2.4 
Glucose concentration (%) Nil 1 2 3 4 

7.62.6 .24. 29 32. 52.2 20.54.4 4.32.2 
pH values 6.0 6.5 7 7.5 8.0 

3.50.3 21.75.7 38  4.6 31.14.0 6.50.2 
Temperature (oC) 25 28 30 32 35 

Nil 31.75.4 33.03.5 23.62.1 Nil 

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: The inhibitory effect of antimicrobial substance from (Pantoea agglomerans strain KB64 (B1) and  
            Pseudomonas   fluorescens DQ201414 (B2) against Erwinia amylovora 
 
Production of the antibacterial agent in liquid culture: 

 
Four different agar diffusion tests were compared for their applicability to screen for antagonistic effects of 

Pantoea agglomerans strain KB64 (B1) against E. amylovora under laboratory conditions and Well-cut 
diffusion technique was used (Gross and Vidaver, 1990) to detect and to determine the induction of the 
antagonistic agent in the liquid culture (Julien Mercier and Lindow, 2001).  Zeller and Wolf (1996) indicated 
that the  Pantoea agglomeran was also capable of protecting blossoms of Cotoneaster salicifolius from fire 
blight (Grondona et al., 2005), and was also able to significantly reduce the level of fire blight on apple flowers. 
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The data presented herein also indicated that the economic importanance of Pantoea agglomerans strain KB64 
(B1) in the biological control for fire blight disease in Pear and Apple. On the other hand the use of antibiotic 
production by Erwinia herbicola Eh252 in biocontrol of Erwinia amylovora was successful, where E. herbicola 
Eh252 is a non-pathogenic epiphytic bacterium that reduces fire blight incidence when sprayed onto apple 
blossoms before inoculation with E. amylovora the causal agent of fire blight. It was found that E. herbicola 
Eh252 produces on minimal medium an antibiotic-like compound that inhibits the growth of E. amylovora (El-
Masry et al., 1997 and  Vanneste, 2011). 

 
Conditions for siderophore production from Pseudomonas   fluorescens (DQ201414): 
     This isolate showed a positive inhibitory effect when their supernatants were tested against the indicator 

bacterium E. amylovora (Table 4 &Figure, 4). The Results presented in Table (4) showed that pH 7 in medium 
BPG media was the optimum pH for siderophore production/activity, where it recorded on AU (26.2  1.8). The 
siderophore producer B2 was incubated at 23, 25, 28, 30, 32 and 35 oC in BPG broth medium to determine the 
optimum temperature for maximum siderophore production. Results indicated that maximum inhibition zone 
(AU= 20.0  1.1) was obtained when the producer bacterium was incubated at 30 oC (Table 4). The 
production/activity of siderophore increased gradually by extending the incubation time of the producer. 
Maximum siderophore production (AU= 23.0  0.1) was observed after 48 hr growth, where incubation for 72 
hr (AU= 15.0  2.0) Table (4). The present results are in agreement with results of (Marta et al., 2005; 
Bonaterra, et al., 2003; Sundin et al., 2009a and b; Smith, 2011 and  Zeller, 2011).  

    
Table 4: Optimizing conditions of siderophore production from Pseudomonas fluorescens DQ201414) (B2) and its biological use in  
              controlling Erwinia amylovora  

Conditions Inhibition Activity (AU) 

Media type 
(BPYG) (M9) 
19.8  0.7 5.5  0.5 

Glucose concentration 
( %) 

Nil 1 2 3 4 
6.6 1.1 23.1  1.6 28.0 1.2 14.1  0.6 3.3  0.7 

pH 
6 6.5 7 7.5 8 
17  0.9 21.2  1.5 26.2  1.8 22.0  0.1 16.7  1.2 

Temperature (°C) 
25 28 30 32 37 
_ 11.0 0.8 20.0  1.1 11.9  1.3 2.3  0.5 

Incubation period 
(hours) 

24 48 72 

9.9  0.9 23.0  0.1 15.0  2.0 

 
From the present data we can confirm the strains Erwinia  herbicola, Pseudomonas fluorescen, P. syringe  

and  Panteao spp. have the ability to produce antimicrobial substances against Erwinia amylovora.  The ideal 
trend for strain study as bioactive materials was reported by several authors. For a particular disease, the 
development of a successful biological control agent involves initial selection of a suitable antagonist by 
laboratory and small-scale field testing. This is followed by the formulation of an effective strategy of 
application. Given the diversity of the rhizosphere and philosopher microflora, it is probable that the full 
spectrum of potentially effective strains has barely been explored (De la Barrera and Nobel, 2004). Bacteria 
shown to have potential biocontrol action occur in many genera, i.e  Erwinia  herbicola, (Cabrefiga, 2004), 
Pseudomonas fluorescen (Marta et al., 2005), P. syringe (Lavermicocca et al., 2002), Panteao spp. (Bonaterra et 
al. 2003)  and other biocontrol agents are not limited to a specific bacterial group. This effect was proved for 
different bacteriocin and siderophore against different plant pathogenic bacteria (El-Masry, et al., 1997 and 
Bonaterra, et al., 2003). 

 

 
Fig. 4: Growth curve of siderophore producer strain Pseudomonas fluorescens DQ201414) (B2) in BPYG broth  
            and its relative inhibitory substance production measured as an absolute activity unit. 
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Fermentation process: 
 
In batch cultivation, the optimization condition was controlled in the logarithmic phase in which the 

biomass concentration  X and  X0 at measuring times t and initial time t0,  respectively was increased 
exponentially and the specific growth rate µ (h-1) became independent of nutrient concentration. According to 
Shuler and Kargi (1992), this case can be described as an exponential growth rate first order and can be 
expressed as follows: 

ln (X / X0) = µ, the exponential growth is then characterized by a straight line on a semilogarithm plot of ln 
X versus time (Kabeil, 2005 and   Kabeil et al., 2009). 
 
Field study: 
 
Fruit Number, Weight and Yield per tree: 

 
Results presented in Table (5) revealed that Pantoea agglomerans strain KB64, (B1) or Pseudomonas 

fluorescens DQ201414) (B2) alone or in combination at different concentrations differed significantly compared 
with control in both seasons, except EH and the mixture Pantoea agglomerans strain KB64, (B1) + 
Pseudomonas fluorescens DQ201414) (B2) at the first concentration in the second seasons. The highest number 
of fruit per tree resulted from Pseudomonas fluorescens DQ201414 at the third concentration in both seasons 
followed by the third concentration of the mixture and the second concentration of Pseudomonas fluorescens 
DQ201414) (B2) in both seasons of study.  Average of fruit weight and yield per tree of Pantoea agglomerans 
strain KB64, (B1) or Pseudomonas fluorescens DQ201414) (B2) alone or in combination at different 
concentrations differed significantly compared with control in both seasons. The highest average of fruit weight 
and yield per tree resulted from Pseudomonas fluorescens DQ201414) (B2) was at the third concentration in 
both seasons followed by the second concentration of Pseudomonas fluorescens DQ201414) (B2) and the third 
concentration of the mixture in both seasons of study. 

 
Fruit length, Fruit diameter and Shape index: 

 
Results shown in Table (5) stated that both fruit length and shape index did not differ significantly among 

all treatments in both seasons. However, the highest average fruit diameter resulted from Pseudomonas 
fluorescens DQ201414) (B2) at the third concentration in both seasons followed by the second concentration of 
Pseudomonas fluorescens DQ201414) (B2) and the third concentration of the mixture in both seasons of study. 

 
Fruit Firmness, Total soluble solids (TSS %), Acidity and TSS/ acid ratio: 

 
Data presented in Table (5) revealed that only fruit firmness of the (Pantoea agglomerans strain KB64, 

(B1) at second and third concentrations and the third concentration of the mixture (Pantoea agglomerans strain 
KB64, (B1) + Pseudomonas fluorescens DQ201414) (B2) in the first season and the second concentration of SF 
and the third one of the mixtures differed significantly compared to the control. However, the other treatments 
did not differ significantly compared to the control in both seasons. 
 
Table 5: Effect of spraying of some bacteria on” Le Conte” pear trees as a biological control of fire blight disease on fruit physical  
              characteristics 

Treatment 
No., of fruit / tree 

Fruit weight 
(gm) 

Yield / tree 

2011 2012 2011 2012 2011 2012 
Control 63.16 113.15 118.62 113.4 7.49 12.8 
P.agglomerans strain KB64, 
(B1)  

1 78.20 128.60 141.46 138.25 11.06 17.78 
2 86.26 140.53 151.08 146.11 13.03 20.5 
3 93.10 198.34 159.41 157.30 14.82 23.34 

P. fluorescens DQ201414 
(B2) 

1 68.52 116.11 126.90 125.16 8.7 14.5 
2 71.13 123.05 136.56 123.18 9.71 15.15 
3 74.66 129.51 139.17 132.24 10.4 17.12 

 (B1) + (B2) 1 73.41 120.10 133.20 129.67 9.78 15.57 
2 78.08 138.50 140.12 136.08 10.49 18.8 
3 88.24 141.62 148.06 144.82 12.17 20.5 

L.S.D at 5%  3.41 8.12 5.08 7.30 0.62 0.58 

 
Continue 

Fruit length (Cm) Fruit diameter(Cm) Shape index Fruit firmness / B inch2 

2011 2012 2011 2012 2011 2012 2011 2012 
8.16 8.19 6.92 7.18 1.18 1.14 12.24 12.30 
8.28 8.26 6.99 7.29 1.18 1.13 12.31 12.34 
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8.39 8.29 7.20 7.43 1.16 1.12 12.68 12.83 
8.51 8.46 7.41 7.51 1.15 1.13 12.81 12.49 
8.18 8.20 6.91 7.20 1.18 1.14 12.36 12.39 
8.22 8.28 7.08 7.28 1.16 1.14 12.26 12.45 
8.26 8.31 7.19 7.36 1.15 1.13 12.31 12.49 
8.23 8.23 7.00 7.22 1.17 1.14 12.33 12.31 
8.29 8.38 7.13 7.31 1.16 1.15 12.48 12.52 
8.39 8.36 7.28 7.42 1.14 1.13 12.57 12.69 
NS NS 0.29 0.33 NS NS 0.18 0.32 

 
Data presented in Table (6) revealed that the highest significant TSS, TSS/acid ratio and total sugars 

resulted from the SF at and third concentrations ??? and followed by the third concentration of the mixture 
(Pantoea agglomerans strain KB64, (B1) + Pseudomonas fluorescens DQ201414) (B2) in both seasons. 
Moreover, all treatments significantly reduced acidity percentage compared to control trees in the first season; 
however, there is no significant difference among treatments in the second one.  The present results are in 
agreement with results of Vanneste et al., (2002) who reported that immature pear fruits treated with P10c were 
significantly less affected by fire blight than non-treated fruits. In addition, Flowers treated with P10c showed 
significantly fewer symptoms than those treated with water. The number of healthy and diseased clusters of 
flowers treated with P10c was similar to that obtained with streptomycin (Vanneste et al., 2002; Sundin et al., 
2009, 2010 and Smith, 2011). These results mean that yield was increased due to fewer numbers of diseased 
flowers and immature fruits and the improvement of both physical and chemical fruit characteristics were 
achieved according to the healthy vegetative growth in response to biological control agents.  
 
Table 6: Effect of spraying of some bacteria on” Le Conte” pear trees as a biological control of fire blight disease on  fruit chemical  
              characteristics during 2011 and 2012 seasons 

Treatment T.S.S% Acidity% T.S.S/ Acidity ratio Total Sugar% 
2011 2012 2011 2012 2011 2012 2011 2012 

Control 10.72 10.81 0.60 0.57 17.86 18.96 5.89 6.12 
P. agglomerans 
strain KB64, (B1)  

1 11.08 11.29 0.51 0.52 21.72 21.72 6.34 6.60 
2 11.29 11.61 0.47 0.49 24.02 23.69 6.56 6.93 
3 11.68 11.89 0.42 0.40 27.81 29.72 6.97 7.45 

P. fluorescens 
DQ201414 (B2) 

1 11.00 11.09 0.58 0.57 18.96 19.45 6.11 6.20 
2 11.18 11.27 0.51 0.57 21.92 19.77 6.28 6.32 
3 11.26 11.44 0.56 0.53 20.11 21.58 6.56 6.29 

(B1 ) + (B2) 1 10.93 11.18 0.57 0.54 19.17 20.70 6.38 6.29 
2 11.20 11.55 0.55 0.52 20.36 21.82 7.13 6.81 
3 11.58 11.50 0.50 0.50 23.16 23.00 6.80 6.99 

L.S.D at 5% 0.61 0.48 0.04 NS 3.06 2.49 0.51 0.45 
 

Shoot Length, Leaf area and Leaf Chlorophyll Content: 
 
Results presented in Table (7) revealed that Pantoea agglomerans strain KB64,(B1) or (Pseudomonas 

fluorescens DQ201414) (B2) alone or in combination at different concentrations differed significantly compared 
with control in both seasons, except EH at the first concentration in the first season and at the first concentration 
of the mixture Pantoea agglomerans strain KB64,(B1)+ (Pseudomonas fluorescens DQ201414) (B2) in the 
second season. The highest average shoot length resulted from (Pseudomonas fluorescens DQ201414) (B2) at 
the second concentration in the first season and the third concentration in the second one.  Data presented in 
Table (7) proved that the leaf area of (Pseudomonas fluorescens DQ201414) (B2) at the second and third 
concentrations differed significantly compared with control in both seasons. In addition to the second and third 
concentrations of the mixture in the first season and the third concentration of the mixture in the second season 
of study which resulted in the highest values compared to the other treatments. Results shown in Table (7) stated 
that the highest significant of leaf chlorophyll (A) and chlorophyll (B) content  resulted from (Pseudomonas 
fluorescens DQ201414) (B2) at the second and third concentrations compared with control in both seasons, 
followed by the third concentrations of the mixture in both seasons. The improvement of vegetative growth may 
be attributed to   the plant growth regulator indole-3-acetic acid (IAA) produced by some strains of P. 
agglomerans ( Lindow et al., 1998; Smits et al., 2011). 

 
Leaf mineral content: 

 
Table (8) indicated that the highest significant amounts of Fe, Zn, Mn, N,P and K resulted from Pantoea 

agglomerans strain KB64,(B1) at the third concentration in both seasons followed by the second concentration 
of  Pantoea agglomerans strain KB64 (B1) and the third concentration of the mixture in both seasons of study. 

The present results are in agreement with results of Edgecomb and Manker (2007) who found that 
application of Bacillius subtilis significantly reduced percentages of infected shoots of pear and improved 
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vegetative growth. In addition to antimicrobial activity, microbial siderophores can serve as iron sources for 
plants, and the production of a siderophore by Pseudomonas putida has been shown to enhance the yield of 
potato tubers (Temple et al., 2004; Palanche et al., 2004; Oliveira et al., 2006). 

 
Table 7: Effect of spraying some bacteria, as biocontrol agents of fire blight disease of “Le Conte” pear trees, on  shoot length, leaf area,  
              chlorophyll (A) and chlorophyll (B) during 2011 and 2012 seasons. 

Treatment 
Shoot length (cm) 

Leaf 
Area 
(cm) 

Chlorophyll 
(A) 
Mg/100gfrw 

Chlorophyll 
(B) 
Mg/100gfrw 

2011 2012 2011 2012 2011 2012 2011 2012 
control 33.9 32.4 27.5 28.9 52.1 51.8 30.8 31.6 
P.agglomerans 
strain KB64, 
(B1) 

1 38.1 35.1 27.6 29.4 54.8 54.3 32.6 31.9 
2 91.4 40.1 29.8 31.3 56.9 57.6 35.4 33.8 
3 46.7 44.7 31.3 33.6 59.3 60.2 34.2 35.4 

P.fluorescens 
DQ201414 
(B2) 

1 34.8 34.6 27.6 29.3 52.9 52.9 30.9 32.0 
2 36.9 36.1 27.9 30.1 54.2 54.1 30.9 32.9 
3 40.3 38.3 28.6 20.8 55.7 55.3 31.2 33.5 

(B1) + (B2)  
 

1 36.2 33.9 28.1 28.9 53.6 53.4 31.3 32.6 
2 38.5 35.4 28.9 29.4 55.0 55.8 32.7 32.9 
3 39.9 38.1 29.8 31.3 57.1 57.5 33.9 34.1 

L.S.D at 5%  1.34 2.08 1.21 1.46 2.92 3.21 2.11 1.28 

 
Table 8: Effect of spraying some bacteria, as biocontrol agents of fire blight disease of “Le Conte” pear trees, on leaf mineral content during  
              2011 and 2012 seasons. 

Treatment Fe ppm Zn ppm Mn ppm N% P% K% 
2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

Control 132.50 141.52 41.11 43.29 52.09 50.98 2.20 2.10 0.14 0.18 1.46 1.52 
P.agglomerans 
strain 
KB64,(B1)1 

143.11 152.30 44.00 49.09 53.18 51.73 2.25 2.24 0.18 0.21 1.58 1.63 

P.agglomerans 
strain 
KB64,(B1)2 

152.60 160.18 48.32 54.12 57.30 60.27 2.3 2.43 0.21 0.24 1.80 1.84 

P.agglomerans 
strain 
KB64,(B1)3 

168.96 172.61 62.81 56.34 61.42 57.18 2.43 2.56 0.15 0.30 1.93 2.10 

P.fluorescens 
DQ201414 
(B2)-1 

139.72 136.18 43.53 38.17 51.48 50.62 2.15 2.11 0.16 0.19 1.50 1.59 

P.fluorescens 
DQ201414 
(B2)-2 

143.15 145.25 41.52 44.15 54.09 48.13 2.26 2.12 0.17 0.24 1.62 1.54 

P.fluorescens 
DQ201414 
(B2)-3 

151.30 149.16 46.12 45.73 54.63 52.8 2.28 2.23 0.16 0.24 1.58 1.68 

(B1) + (B2) -1 130.12 146.08 48.06 45.18 53.19 53.18 2.32 2.31 0.17 0.24 1.63 1.59 
 ((B1) +(B2)- 
2 

136.15 151.30 52.16 50.11 58.57 56.45 2.31 2.40 0.19 0.23 1.70 1.81 

 (B1)+ (B2)- 3 148.29 159.19 59.32 51.42 57.05 56.82 2.58 2.52 0.19 0.25 1.74 1.76 
L.S.D at5% 4.25 3.71 3.01 2.64 3.71 4.19 0.10 0.16 NS 0.04 0.15 0.06 
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