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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. 

KEY WORDS: Pectobacterium carotovorum, soft rot disease, Bacteriophages, Bio-control.  

 

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 (ct-

2200). 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 

Temperature ºC 

50 55 60 65 70 75 80 85 90 

Pc1 + + + - - - - - - 

                     + = Lysis                     - = No lysis 

 

• 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 

Incubation period (hr.) 

12 24 36 48 60 72 84 96 108 120 132 144 

Pc1 + + + + + + + + + + - - 

                     + = Lysis                     - = No lysis 

 

• 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) 

pH values 

4 5 6 7 8 9 10 11 12 13 

1 - + + + + + - - - - 

2 - + + + + + - - - - 

3 - + + + + + - - - - 

4 - + + + + + - - - - 

5 - + + + + + - - - - 

6 - - + + + + - - - - 

7 - - + + + + - - - - 

8 - - + + + + - - - - 

9 - - - + + + - - - - 

10 - - - + + - - - - - 

11 - - - + + - - - - - 

12 - - - + + - - - - - 

 

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 

Mean of tuber weight 

(gm) before experiment 

Rot severity (rotted tissues) No. of infected 

tuber Mean % 

Naturally infected 112.190b 27.24b 69.39 12/20 

Inoculated with bacteria 126.115a 80.18c 66.16 20/20 

Inoculated with bacteria plus 

phage 

117.230a,b 1.13a 3.42 2/20 

Inoculated with bacteria and 

sprayed with phage 

121.990a,b 0.43a 2.62 2/20 

L.S.D. 5% 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). 
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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.  

 

 

 

 

7 



Marei et al.,2017 

REFERENCES 

 

1. Ministry of Agriculture and Land Reclamation Economic Affairs Sector, A.R.E., 2015. Bulletin 

of the agricultural statistics. Horticulture Research Institute. 

2. The World is Healthiest Foods, 2016: 

    http://www.whfoods.com/genpage.php?tname=foodspice&dbid=48. 

3.  Gaber M.R., O.I. Saleh and E. Abo El-Fotouh, 1990. Pectolytic, cellulolytic and proteolytic 

activities of two isolates of Botryodiplodia theobramae. Annals Agric. Sci., Fac. Agric., Ain 

Shams Univ., Cairo, Egypt. 35(1): 445-457. 

4. Walker D.S., P.J. Reeves and G.P. Salmond, 1994. The major secreted cellulose, CelV, of Erwinia 

carotovora sub sp. carotovora is an important soft rot virulence factor. MPMI.  7(3): 425-431. 

5. Cetinkaya-Yildiz R., M. Mirik, Y. Aysan and M. Kusek, 2004. An outbreak of bacterial stem rot 

of Dieffenbachia amoena caused by Erwinia carotovora subsp. carotovora in the Eastern 

Mediterranean region of Turkey. Plant Disease.  88: 310-311. 

6.  Wells J.E., J.E. Butterfield and L.G. Revear, 1993. Identification of bacteria associated with 

postharvest diseases of fruits and vegetables by cellular fatty acid composition: An expert system 

for personal computers. Phytopath. 83: 445-455. 

7. Liao C.B.  and J.M. Wells, 1987. Diversity of pectolytic, fluorescence pseudomonas causing soft 

rot of fresh vegetables at produce market. Phytopath. 77: 673- 677. 

8.  Lund B.M., 1983. Bacterial spoilage. In: Postharvest Pathology of Fruits and Vegetables. (C. 

Demis, ED. Academic press, London), p. 219-257. 

9.  Jeong A. L., J. Samnyu, L. Dong Hwan, R.  Eunjung, J. Kyusuk, O. Changsik and H. Sunggi, 

2013. Biocontrol of Pectobacterium carotovorum subsp. carotovorum Using Bacteriophage PP1. J. 

Microbiol. Biotechnol.  23(8): 1147–1153. 

10.  Hammad A. M. M., H. H. Zahran, M. S. Ahmad and A.l. Ragab, 2016. Isolation and 

Characterization of Bacteriophages Specific to Root Nodule Bacterium Rhizobium leguminosarum 

bv. viciae. J. Basic. Appl. Sci. Res. 6(9):17-25. 

11.  Prinsloo H.E., 1966. Bacteriocins and Phages produced by Serratia marcescens. J. gen. Microbiol.  

45: 205-212. 

12.  Maniatis T., E.F. Fritsch and J. Sambrook, 1982. Molecular Cloning: A Laboratory Manual. 

Cold Spring Harbor Laboratory, New York, Pages: 545. 

13.  Kiraly Z., Z. Klement, F. Solymosy and J. Voros, 1970. Methods in Plant Pathology with 

Special Reference to Breeding for Disease Resistance. 2nd Edn., Academia Kiado, Budapest, 

Hungary. 183-192. 

14.  Yoshida T., Y. Takashima, Y. Tomaru, Y. Shirai, Y. Takao, S. Hiroishi and K. Nagasaki, 

2006. Isolation and characterization of a cyanophage infecting the toxic cyanobacterium 

Microcystis aeruginosa. Applied Environ. Microbiol.  72:239-1247. 

15.  Othman B. A. and A. M. Shamloul, 1997. Effect of some physical and chemical agents on 

virulent phage isolates specific for Erwinia carotovora. Proceedings of the ninth conference of 

microbiology Cairo, Egypt. 158-170. 

16.  David A., J. Irwin and A. Max, 1967. Some biological and physicochemical properties of blue-

green algal virus LPP-1. Virol.  32: 601-613. 

17.  Hayat M.A. and S. E. Miller, 1990. Negative Staining. McGraw-Hill Publishing Co. 

18.  Stacey G., L. A. Pocratsky and V. Puvanesarajah, 1984. Bacteriophage that can distinguish 

between wild type rhizobium japonicum and a non-nodulating mutant.  Applied and 

Environmental Microbiol. 48: 68-72. 

19.  Marei E.M., S.I. El-Afifi and B.A. Othman, 2014. Serological and molecular relationships of 

two Egyptian cyanophage isolates. Journal of Virology Research.  3 (1): 032-038. 

20. Ouchterlony O., 1968. Handbook of Immuno Diffusion and Im-muno-Electrophoresis, Ann. 

Arbor. Sci. Pub. Inc. USA. 

21. Badr H.H., 2006. Integrated control of potato soft rot in Dakahlyia governorate, M. Sc. thesis, 

Faculty of Science, Mansoura University, Egypt. 

8 



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

 

22.  Kelman A. and R.S. Dickey, 1980. Soft rot or "carotovora" group. In: Schaad. N.W. (ed) 

Laboratory "Guide gor Identification of Plant Pathogenic Bacteria APS St" Paul Mim. USA, pp. 

31-35. 

23.  Gomez K.A.  and A.A. Gomez, 1976. Statistical procedures for Agricultural research with 

Emphasis on Rice. The International Rice Research Institute, Los-Banos, Manila, Philippines, pp. 

75-88. 

24.  Gross D.C., M.L. Powelson, K.M. Regner and G.K. Radamaker, 1991. A bacteriophage typing 

system for surveying the diversity and distribution of strains of Erwinia carotovora in potato 

fields. Phytopath.  220-226.   

25.  Othman B. A., M. A. A. El Nasr and A. M. Shamloul, 1996. Biophysical and serological 

properties of two virulent phage isolates specific for Erwinia carotovora. Annals of Agricultural 

Science Cairo.  41(1): 141-153. 

26.  Murashchik I.G., O.A. Didyk, V.G. Pilipenko and Ya.G. Kishko, 1982. Isolation and features 

of a new temperate phage EC-3 of Erwinia carotovora. Mikrobiologicheskii Zhumal.  44 (6):17. 

27. Frederick G.L. and B.J. Lioyd, 1995. Evaluation of Serratia marcesceens bacterioohage as a 

tracer DNA a model for virus removal in waste stabilization ponds. Water science and technology.  

31: 291-302. 

28. Embaby   A.A., S.I. El-Afifi, B.A. Othman and E.M. Marei, 2017. Characterization of Some 

Induced Phages Specific for Two Bacteria Isolated from Potato Naturally Infected with Soft Rot 

Disease. J. Basic. Appl. Sci. Res.  7(3):1-10. 

29. Jones, J.B., L.E. Jackson, B. Balogh, A. Obradovic, F.B. Iriarte and M.T. Momol, 2007. 

Bacteriophages for plant disease control. Annu. Rev. Phytopathol. 45: 245-62. 

30.  Jeffrey, B.J., E.V. Gary, B.I. Fanny, O.  Aleksa, H.W. Mine, E.J. Lee, B. Botond, C.H. Jason 

and M.M. Timur, 2012. Considerations for using bacteriophages for plant disease control.  

Bacteriophage.  2 (4): 208-214. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 


