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ABSTRACT
Background: Many bacteria cause post harvest diseases of different fruits and consequently quality
and availability of these fruits could be affected. The pathogenic bacteria involved in this respect are
species belonging to different genera such as Erwinia, Pseudomonas and Xanthomonas. Significant
reduction in the disease caused by Pectobacterium carotovorum subsp. Carotovorum was achieved
with application of PP1 phage. Generally, P. carotovorum subsp. Carotovorum controlled effectively
by PP1 phage treatment.
Aims: This investigation aims to possible use the lytic phage against Pectobacterium carotovorum as a
biocontrol agent to avoid the soft rot disease under storage condition.
Materials and Methods: Biological and Biochemical experiments were used to study different
characterization of specific a lytic phage isolate and the usage of this phage as a biocontrol agent
against Pectobacterium carotovorum.
Results: A lytic bacteriophage specific to Pectobacterium carotovorum was isolated from a clay soil
samples. This lytic phage was designated Pc1.The thermal inactivation point of the isolated phage was
found to be 64°C and its longevity in vitro was 120 hrs. The phage isolate have a hexagonal head and
long contractile tail.
The isolated phage (Ec1) effectively controlled the soft rot diseases of potato tubers caused by P.
carotovorum. The rot severity markedly reduced when the Ec1 phage was applied as phage suspension
or as spray to the P. carotovorum infected tubers.
Conclusion: The results of this investigation showed that a specific phage can be used as a bio-control
agent against Pectobacterium carotovorum. The percentages of rot severity in tubers inoculated with
the pathogenic bacteria plus phage suspension and those inoculated with bacteria plus phage spray
were found to be 3.42 % and 2.62 %, respectively.
The isolated phage (Pc1) effectively controlled the soft rot disease of potato tubers caused by
Pectobacterium carotovorum. The rot severity markedly reduced when the Pc1 phage was applied as
phage suspension or as spray to the Pectobacterium carotovorum infected tubers.
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INTRODUCTION
In Egypt, potato plant has a cultivated area of nearly 409535 Fadden, in different governorates such
as Elbehera, Elsharkea, Ismailia, Giza, Benisouf and New Valley [1]. Potatoes are a very popular food
source and a very good source of vitamin B6 and a good source of potassium, copper, vitamin C,
manganese, phosphorus, niacin, dietary fiber, and pantothenic acid. Potatoes also contain a variety of
phytonutrients that have antioxidant activity. Among these important health-promoting compounds are
carotenoids, flavonoids, and caffeic acid, as well as unique tuber storage proteins, such as patatin,
which exhibit activity against free radicals [2].
Plant diseases caused by plant pathogens are a complicated process because a number of factors
play a part. However, direct involvements of peptic and cellulitic enzymes produced by the pathogen in
pathogenesis were reported [3,4].
The most important and widespread bacterial disease of a wide variety of plants either in the field or
during storage is the soft rot caused by Erwinia carotovora ssp. carotovora [5].
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Bacteria cause post harvest diseases of different fruits and consequently quality and availability of
these fruits could be affected [6]. The pathogenic bacteria involved in this respect are species belonging
to different genera such as Erwinia, Pseudomonas, Xanthomonas, Cytophaga and Bacillus [7,8].
The soft rot disease caused by P. carotovorum subsp. carotovorum was significantly reduced by PP1
phage treatment. Generally, P. carotovorum subsp. carotovorum markedly controlled by PP1
bacteriophage treatment [9].
This study aims to isolate, and characterize bacteriophage of Pectobacterium carotovorum.
Moreover, the possibility of using the lytic bacteriophage specific to Pectobacterium carotovorum as a
biocontrol agent to avoid the soft rot disease of potato tubers under storage conditions was also studied.
MATERIALS AND METHODS
Source of bacteria
Pectobacterium carotovorum was kindly supplied by Dept. of Microbiology, Faculty of Agriculture,
Minia University, Minia, Egypt.
Isolation of bacteriophage
A soil sample was collected from rhizosphere of potato plants growing in the Experimental Farm at
Faculty of Agriculture, Minia University, Minia, Egypt. The soil sample was used as a source of
bacterial viruses of Pectobacterium carotovorum. Bacteriophage was isolated using the liquid
enrichment technique as described by [10].
Detection of temperate phage
To detect the presence of prophage in Pectobacterium carotovorum, liquid culture was exposed to
U.V irradiation (240 nm) at distance of 60 cm for 5 -30 mins., ascending 5 mins. then temperate phage
was assayed qualitatively according to [11].
Detection of virulent phage
The virulent phage was detected by spot test as described by [10,12].
Bscteriophage was isolated and purified using the single plaque isolation technique as described by
[13].
Stability of bacteriophage
For study the physical stability of lytic phage isolate was used spot test for determined to thermal
inactivation point according by [10].
Longevity in vitro by [14]. Also, stability of the isolated phage to different pH levels from pH 4-12 was
studied and effect of different concentrations of sodium chloride solutions (2, 4, 6 and 8 M) on the lytic
phages as osmotic shock was studied described by [10,15].
Propagation and purification of bacteriophage isolate
The high titer phage suspension was prepared using the liquid culture enrichment technique and
purified using Differential ultra centrifugation at 30.000 rpm (Backman L 7-35 ultracentrifugation) for
90 min at 4°C/ 3 times respectively. The pellets were resuspended in 0.2 M phosphate buffer at pH 7.2.
Purity evaluation of the prepared phage suspension
The purified phage preparation was evaluated according to [16]. Using UV Spectrophotometer (ct2200). Concentration of the phage was estimated using the following equation:
Phage concentration (mg/ml) =

Absorbance reading at 260nm × Dilution Factor
Extinction coefficient (2)

Morphological characters of the phage
An electron microscope grid was prepared to examine the isolated phage as described by [17] and
stained with 2% (w/v) phosphotungstic acid for 15 seconds [18]. The grid was examined at 50 kv in
transmission electron microscope (Joel, Model GEM 1010) in El-Azhar university, Cairo - Egypt.
Production of antisera specific to Pectobacterium carotovorum phage isolate
Three white New Zealand rabbits each about 2.5 kg were used to produce antiserum. Prior to rabbits
immunization, preimmune serum (normal serum) was collected as a control. The immunization
schedule for production of the specific antisera for phage isolates was used as described by [19].
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Serological properties of Pectobacterium carotovorum phage
The serological properties were studied using double immunodiffusion test in agar matrix as described
by [20].
Bio-control of Pectobacterium carotovorum by specific virulent bacteriophage
Healthy potato tubers of Cara cultivar were obtained from Dept. of Horticulture, Fac. Agric.,
Minia University. Tubers were surface sterilized by washing with soap and tap water, immersed in 95%
ethyl alcohol and instantly subjected to flame. In each tuber a hole 2 cm in depth was made using
sterilized cork-borer (5 mm in diameter).
Liquid culture of Pectobacterium carotovorum grown on nutrient broth medium (108 cfu/ml) were
prepared to be used as inoculum.
High titer phage suspension (109 pfu/ml) was prepared.
The prepared tubers were subjected to the following treatments:
1- Five hundreds µl of the prepared liquid culture of Pectobacterium carotovorum were placed in the
hole of each tuber.
2- Five hundreds µl of the prepared liquid culture of Pectobacterium carotovorum were placed in the
hole of each tuber plus five hundreds µl high titer phage suspension were placed in the same hole.
3- Five hundreds µl of the prepared liquid culture of Pectobacterium carotovorum were placed in the
hole of each tuber and the outer surface of the tubers was sprayed with the phage suspension.
4- Control tubers were inoculated with sterilized phosphate buffer PH 7.2.
Twenty replicates for each treatment were used and the holes in tubers were closed with the
removed potato cylinder, and sealed with sterile vesper. Inoculated tubers were kept in moister
conditions at 28˚C and examined for rot after 15 days [21]. Rot quantity and rot severity were
determined. The amount of rotten tissue in each affected tuber was estimated and the percentage of
rotten tissue was calculated and taken as a criterion of the pathogenicity to each isolate. Before and
after removing the rotten portion, every tuber was weighed, and calculation was carried out according
to the following equation suggested by [22]:
Rot severity = (W1-W2)/W1 ×100
Where, W1= weight of whole tuber and W2= weight of tuber after removal of the rotten tissue.
Statistical analysis was carried out according to [23] using L.S.D parameter at 5%.
RESULT
Bacteriophage of Pectobacterium carotovorum:
Pectobacterium carotovorum was exposed to UV radiation to induce a temperate phage. No
temperate phage was induced due to exposure to UV radiation, this may indicate that Pectobacterium
carotovorum is not lysogenic bacterium.
As shown in (Fig. 1), the spot test indicated that a lytic bacteriophage specific to Pectobacterium
carotovorum was successfully isolated from the collected soil sample, since lysis of the bacterial lawn
by the applied drops of the prepared phage suspension was detected.

Figure 1 A bacterial lawn of Pectobacterium carotovorum spotted with drops of phage lysate. Lysed
spots can be clearly seen.
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Biological isolation of bacteriophage isolate:
The single plaque isolation technique was used to purify the phage isolate. A plate containing single
plaques of the isolated phage is shown in (Fig. 2). One single plaque was picked and kept as a single
phage isolate. The isolated phage formed clear circular shape single plaques of 2 mm in diameter. The
isolated phage was designated Pc1.

Figure 2 A plate containing single plaques of the isolated bacteriophage (Pc1) specific to
Pectobacterium carotovorum.
Stability of the isolated phage
• Thermal inactivation point:
The thermal inactivation point of the isolated phage (Ec1) of Pectobacterium carotovorum was
estimated. As shown in (Table 1) bacteriophage Pc1 was inactivated completely after incubation at
65ºC for 10 min.
Table 1Thermal stability of bacteriophage Pc1 incubated at different
temperature degrees for 10 min.
Phage
type
Pc1
+ = Lysis

50
+

Temperature ºC
65
70
75
-

55
60
+
+
- = No lysis

80
-

85
-

90
-

Longevity in vitro
Survival of the isolated phage (Pc1) incubated at room temperature was studied at intervals of
12 hrs, using spot test. As shown in (Table 2) Pc1 was infectious to its host (Pectobacterium
carotovorum) along incubation period of 120 hrs. at room temperature and then lost its infectivity.
The longevity in vitro of Pc1 was found to be 120 hrs.
•

Table 2 Longevity in vitro (hours) of the isolated phage (Pc1) stored
at room temperature.
Phage
type

12
Pc1
+
+ = Lysis

24
+

36
48
+
+
- = No lysis

60
+

Incubation period (hr.)
72
84
96
108
+
+
+
+

120
+

132
-

144
-

Stability at different pH levels
The infectivity of the isolated phage was tested at different pH values using spot test. As
shown in (Table 3) the isolated phage was inactivated completely after incubation for 1 hr at pH 4, 10,
11, 12 and 13. Whereas, at pH 5 the phage was stable for 5 hrs, then lost its infectivity. Moreover, at
pH 6 the isolated phage was infectious for 8 hrs. then lost its infectivity.
At pH 7 and pH 8 the infectivity of the isolated phage was stable along the whole
experimental period (12 hrs.).
•
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Table 3 Stability of lytic phage of Pectobacterium carotovorum at different pH values
over 12 hours at 30ºC.
Time
(hour)
1
2
3
4
5
6
7
8
9
10
11
12

4
-

5
+
+
+
+
+
-

6
+
+
+
+
+
+
+
+
-

7
+
+
+
+
+
+
+
+
+
+
+
+

8
+
+
+
+
+
+
+
+
+
+
+
+

pH values
9
+
+
+
+
+
+
+
+
+
-

10
-

11
-

12
-

13
-

Purity and concentration of the prepared phage suspension
The phage particles were suspended in 0.2 M phosphate buffer pH 7.2. The U.V absorption ratio of
A260/A280 was found to be 1.2. This result indicated that the purity of the phage suspension is
satisfactory. Moreover, the concentration of the purified phage suspension was found to be 1.02 mg/ml.
Thus UV spectra indicated that the purified preparation of phage isolate is quite pure and concentrated.
Morphology of phage particles
As shown in (Fig. 3) the electron micrograph indicated that Pc1 phage is of a head and tail type. The
phage particles have hexagonal heads and contractile tails. Diameter of the head was calculated to be
66.6 nm and the tail was found to be 166.6 nm and 16.66 nm in length and width, respectively. These
results indicated that the isolated phage seems to be a member of family Myoviridae.

Figure 3 Electron micrograph of negatively stained Pc1phage particles specific to Pectobacterium
carotovorum. The phage particles have hexagonal heads and contractile tails.
Serological properties to Pectobacterium carotovorum phage isolate
Specific antiserum was obtained when white New Zealand rabbits were immunized with the isolated
phage using subcutaneous and intramuscular injections. The isolated phage was found to have the
immunogenicity and antigencity properties.
The titer of the purified virulent phage isolate was found to be 1/16 using the produced polyclonal
antibodies in Ouchterlony test. Fig. (4B) indicated that the serological reactions are specific, in which
antiserum (AS) prepared for virulent phage reacts with virulent phage antigen (Ag) when compared to
normal serum (NS) as a control (Fig. 4A).
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Figure 4 Homologous serological reactions of the Pc1 phage specific to Pectobacterium carotovorum (indicated
by arrow) in Ouchterlony test. Central wells contain normal serum (NS) as a control (A) and antiserum (AS) of
phage (B). Peripheral wells contain concentrated and two fold dilutions of Pc1 phage as an antigen (Ag).

Pc1 phage as Bio-control agent for soft rot disease
Data presented in (Table 4) indicated that the pathogenic bacterium (Pectobacterium carotovorum)
had the ability to infect potato tubers and induce soft rot. The rot severity varied from treatment to
another (Fig. 5). All tubers inoculated with Pectobacterium carotovorum (20 tubers) exhibited disease
symptoms as soft rot at wounded sites, within two weeks. On the other hand, application of the isolated
bacteriophage to the inoculated tubers as a phage suspension in the wounded sites or as a spray on the
whole surface of the tubers, significantly reduced rot severity and No. infected tubers. Interestingly, the
naturally infected tubers (un-inoculated tubers) showed significantly higher values of rot severity and
higher No. infected tubers as compared to those inoculated with Pectobacterium carotovorum plus
phage treatment. The percentages of rot severity in tubers inoculated with the pathogenic bacteria plus
phage suspension and those inoculated with bacteria plus phage spray were found to be 3.42 % and
2.62 %, respectively. On the other hand, the percentages of rot severity in naturally infected tubers and
those inoculated with P. carotovorum were found to be 69.39% and 66.16, respectively.
Table 4 Controlling of soft rot disease of potato tubers caused by Pectobacterium carotovorum using
the lytic phage (Pc1) under storage condition for 15 days.
Treatments
of tubers
Naturally infected
Inoculated with bacteria
Inoculated with bacteria plus
phage
Inoculated with bacteria and
sprayed with phage
L.S.D. 5%

Mean of tuber weight
(gm) before experiment
112.190b
126.115a
117.230a,b

Rot severity (rotted tissues)
Mean
27.24b
80.18c
1.13a

%
69.39
66.16
3.42

No. of infected
tuber
12/20
20/20
2/20

121.990a,b

0.43a

2.62

2/20

12.65

3.12

-

-

Figure 5 Bio-control of Pectobacterium carotovorum by Pc1 phage on potato cv. Cara tubers. Healthy tuber (A),
naturally infected soft rot tuber (B) and artificially Pectobacterium carotovorum infected tuber (C), infected tuber
with Pectobacterium carotovorum and sprayed with phage suspension (D) and infected tuber with Pectobacterium
carotovorum and inoculated with phage suspension (E).

6

J. Basic. Appl. Sci. Res., 7(6)1-9, 2017

DISCUSSION
A virulent bacteriophage specific to Pectobacterium carotovorum was of widespread occurrence in
the rhizosphere soil of potato plants. This result is in agreement with that of [24] who isolated phages
of E. Carotovora from the rhizosphere and stems of potatoes grown in the Columbia. Moreover,
[25,15], isolated virulent phages of E. Carotovora from clay Egyptian soil of potato fields. They
studied the serological properties of the isolated phages and their sensitivity to some physical and
chemical factors.
It is well known that each plaque has originated from the progeny of an individual phage Particle [10,
13]. Moreover, [25] stated that appearance and morphology of the plaque are properties of the phage
strain, accordingly, to isolate and purify a single phage the single plaque isolation technique was used.
The isolated phage was designated Pc1.
Characteristics of Pc1 phage isolate (i.e., thermal inactivation point, longevity in vitro, stability to
different pH levels and osmotic shock) were studied. The thermal inactivation point of Pc1 phage
isolate was found to be 64°C. Similarly, [26] found that, thermal inactivation point of Erwinia
carotovora phages ranged from 45°C to 65°C. In addition, [15], stated that the thermal inactivation
points for two phage isolates of E. carotovora were found to be 85°C and 95°C. Ec1 phage was
inactivated completely after incubation for 1 hr. at pH 4, 10, 11, 12 and 13. Whereas, at pH 7 and pH 8
the infectivity of the Pc1 phage was stable along the whole experimental period (12 hrs.).These results
are in agreement with those reported by [27,15], who found that the hydrogen ion concentration
markedly affects penetration and adsorption of phages. The optimum pH in plating medium was
reported to be in the range of 7-8.
According to [15,28], the rate of inactivation of soft rot bacteria phages by osmotic shock begins
gradually and then becomes sharply with high morality of sodium chloride. The high osmotic pressure
may result in rupture the phage head and dissociation of the DNA-polyamine complex in the phage
head.
The particles of Pc1 phage specific to Pectobacterium carotovorum were stained negatively with
phosphotungstic acid and examined by electron microscopy. Pc1 phage was found to be of head and
tail type. The phage isolate appeared to has contractile tail. Therefore, this phage seems to be a
member of family Myoviridae. Similarly, [25,28], isolated tadpole shaped particles with a polyhedral
heads (isometric) and long contractile tails infected soft rot bacteria.
Polyclonal specific antibodies were successfully produced for Pc1 phage of Pectobacterium
carotovorum. The lytic phage antigen produced specific antiserum when New Zealand rabbits were
immunized using subcutaneous and intramuscular injections. The dilution end point for the antigen was
found to be 1/16. The Ouchterlony test revealed specific serological reaction for the phage isolate.
Ouchterlony test is commonly used for virus detection, diagnosis of viral diseases, determination of
dilution endpoint and relationship between antigens [25].
The isolated phage (Pc1) effectively controlled the soft rot diseases of potato tubers caused by
Pectobacterium carotovorum. The rot severity markedly reduced when the Pc1 phage was applied as
phage suspension or as spray to the Pectobacterium carotovorum infected tubers. Similar results were
obtained by [29,30]. Moreover, [9] mentioned that significant reduction in disease caused by P.
carotovorum subsp. carotovorum was achieved by PP1 phage treatment.
CONCLUSION
In conclusion:
A lytic bacteriophage of Pectobacterium carotovorum was found to be of widespread
occurrence in the rhizosphere soil of potato plants. This phage was successfully isolated and
designated Pc1. The isolated phage was of head and tail type.
• The phage was found to be tolerant to a wide range of pH 5-9 and to concentration of NaCl of
2 to 6 M.
• The titer of the purified phage isolate using the produced polyclonal anti-bodies in
Ouchterlony test was estimated to be 1/16.
• The lytic phage of Pectobacterium carotovorum can be used as a bio-control agent against
soft rot disease of potato tubers.
•
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