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ABSTRACT 

In order to get cultures of the causal organisms, large number of potato plants and tuber samples from all 

over the Khyber Pakhtunkhwa (KP) showing symptoms of blackleg/soft rot disease were analyzed and at the 

result 20 PCR-confirmed Erwinia carotovora ssp. atroseptica (Eca) isolates were tested for their 

aggressiveness. Studies indicated that Eca6 and Eca15 were the most aggressive isolates on potatoes. Eca6 

was also found to be the most aggressive one on Carrot and Chili as well. 
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INTRODUCTION 

Potato is a starchy, tuberous crop from the perennial Solanum tuberosum of the Solanaceae family (also 

known as the nightshades). Potatoes are the world's fourth largest food crop following rice, wheat, and maize. 

Potato is a temperate or cool season crop and it needs low temperature, lower humidity, less windy and bright 

sunny days. It thrives best in cool regions where there is sufficient moisture and fertile soil. The climate of 

Pakistan, especially of KP is very suitable for the production of potatoes. In Pakistan, potato is cultivated on 

an area of 143445 ha with a total production of 3141500 MT, while in KP it was grown on an area of about 

10000 ha with a total production of 189529 MT, despite this huge production, Pakistan stands on number 20
th

 

in the world (FAOSTAT, 2010) china in this raking holds 1
st
 position with 74799084 MT total production 

which is followed by India and Russian Federation (36577300MT and 21140500MT, respectively). There are 

different reasons for this low yield of potato crop and bacterial disease is one of them.  

Potato crop is affected by many bacterial diseases such as brown rot, ring rot, soft rot and blackleg. Blackleg, 

caused by Erwinia carotovora subsp atroseptica (Eca) usually occurs in potato crop in the field is an 

economically important disease and is characterized by the blackening of the stem base of potato plants, which 

originates from the rotting mother tuber (Pèrombelon, 2002; Czajkowski et al., 2011). Blackleg is 

unpredictable in the field due to the ability of the pathogen to remain latent in the seed tuber (Laurila et al., 

2008), while soft rot, caused by Erwinia carotovora subsp carotovora (Ecc) affects stored potatoes. Blackleg 

and soft rot are both one of the most important bacterial diseases of potatoes in KP. Blackleg causes 10-30% 

whereas soft rot causes 2-10% losses in KP (Turkensteen, 1986). 

Pathogenicity of Eca strains is usually restricted to potatoes grown in cool and temperate climates, while Ecc 

strains have a wider distribution in both temperate and tropical zones, showing wider host ranges than those of 

the other subspecies (Wells and Moline, 1991). The pathogen is seed-borne and frequently remains undetected 

by the common detection methods. The pathogen is found in nearly all important potato growing areas of KP. 

The traditional identification and detection of these bacterial pathogens in seed tubers is quite laborious and 

not really fool-proof. Polymerase chain reaction (PCR) that rapidly detects, identifies and characterizes 

microorganisms in a shorter time is a good alternate for the identification purpose. 

A little work has been done on management side and few yield loss reports are also available but no research 

work has been done on Pathogenicity and aggressiveness of the pathogen. Since there are conflicting reports 

regarding the variation found among various Eca isolates, diversity study is a pre-requisite in understanding 

the pathogen population structure and designing disease management strategies, various Eca isolates were 

compared for their aggressiveness in terms of causing disease. In current studies, efforts were made to test the 

aggressiveness of different isolates of the pathogen of soft rot/blackleg disease of potatoes. 

MATERIALS AND METHODS 

Isolation of Bacterial Cultural 

Tubers and plant samples showing disease symptoms were cleaned, and crushed under aseptic conditions. The 

resulting suspension was streaked on the surface of plates containing Nutrient Agar (NA: Bactoagar; 10g, 

NaCl; 5.0g, K2PHO4; 5g, KH2PO4; 2g, Bactopeptone; 1.0 g), and incubated at 28
o
C for 24h. Individual 

colonies were picked up, re-suspended in 0.85% saline and streaked on NA plates, and then incubated at 28
o
C 

for another 24h. The procedure was repeated several times to obtain pure cultures. An indirect approach to 
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weaken the growth of non-specific, that is, green pepper fruits were used as an enrichment host. First sterile 

toothpicks were stabbed in soft rotten tubers or black-legged potato stems and then inserted into healthy bell 

peppers. Which were then incubated overnight at 28
o
C and a small portion of soft rotten area was then 

removed and crushed (as described before) and streaked on NA and soft rot Erwinias were isolated on NA.  

The purified colonies were screened for pathogenicity tests and maceration of plant tissues. Colonies, which 

yielded positive results were preserved in 70% glycerol solution and stored at -80
o
C. Cultures were also 

preserved in 0.85% sterile saline solution and stored at 4
o
C.  

Identification and Characterization of Bacterial Isolates 

Identification was carried out by tests corresponding to the genus Erwinia according to Dye (1969); Schaad 

(1980); Lelliott and Dickey (1984) and Lelliott and Stead (1987). Bacterial isolates were tested for production 

of reducing substances from sucrose, acid production from α-methyl-glucoside, growth at 37°C, and 

sensitivity to erythromycin, anaerobic growth, ability to cause soft rot in potato, presence of oxidase, 

production of yellow pigment on YDC, mucoid growth, casein hydrolysis, HR test, KOH test and tolerance to 

5% NaCl. Pathogenicity of the isolates was also tested according to standard procedures (Klement et al., 1990; 

Seo et al., 2002). 

Pathogenicity Test 

Pathogenecity test was performed according to the methods of Klement et al. (1990) and Seo et al. (2002) 

with some minor modifications. Potato plants (1plant/pot) were grown for 3-4 weeks in earthen pots 

measuring 20 cm in diameter containing sterilized soil. Pots were placed in screen house and watered as 

required to keep the soil moist but not wet. Inoculation of stems were carried out by inserting (stabbing) a 

tooth pick (Fig.3) with inoculum from a fresh culture grown on LB medium. Two plants were inoculated with 

each isolate and the experiment was repeated twice. Control (Fig.2) plants were stabbed with sterile tooth 

picks. Plants were regularly observed for the development of blackleg symptoms. 

PCR Identification 

Traditional biochemical, physiological and pathological tests did identify our isolates but the results of some 

tests were overlapping which caused some confusion in identification of Eca. To confirm the identity of Eca 

isolates at molecular level, polymerase chain reaction (PCR) was used, using the sub species-specific primers, 

i.e. Eca1F (5'-CGGCATCATAAAAACACG-3') and Eca2R (5'-GCACACTTCATCCAGCGA-3') as 

described by De Boer and Ward, (1995).  

For this purpose, Eca cells were grown in LB broth at 27 °C for 18 h, were lysed using DNAzol-lysis method 

the following methods and 3 µl of the lysate was directly used in PCR reaction. The PCR master mix included 2 

mMol l
−1

MgCl2, 0.2 mMol l
−1

 dNTPs, 1 µMol l
−1 

each primer, and Taq buffer (67mM l
−1

 Tris HCl pH 8.8). To 

prolong the working life of the enzyme, 5 U (1 µl) of Taq DNA polymerase were added to each PCR tube after 

the initial (one time) denaturation (95
o
C for 5 minutes) step.  DNA amplification was performed in a MJ mini 

thermocycler (Bio-rad, USA) under the following conditions: 95
o
C for 5 minutes (once), 94

o
C for 30 sec. 

(denaturation), 47
o 
C for 30 sec. (primer annealing) and 72

o
C for 50 sec. (extension) repeated for 39 cycles, and 

a final extension of 72 °C for 8 min. (once). PCR reagents for a single reaction (final volume of 50 µl) were: 

Primer F = 1µl, Primer R = 1µl, dNTPs = 5µl, Taq polymerase= 1µl, Taq buffer = 4.5µl, MgCl2 = 4µl, 

Template = 3µl, Nuclease free H2O= 30.5 µl. Following PCR amplification, 25 µl from each reaction were 

electrophoresed through a 2% (w/v) agarose gel as described by Sambrook et al., (1989). 

Aggressiveness Test 

Aggressiveness test was performed on different vegetables i.e. carrot roots, pepper fruits, radish roots, potato 

tubers, onion bulbs, green chilies, and cucumber fruits by inoculating them with the Eca isolates (Fig 4-7). The 

surfaces were disinfected with 70 % ethyl alcohol, rinsed with sterile distilled water and air dried. The samples 

were then wounded by inserting sterilized knife 3-5 mm into the surfaces and inoculated by placing a small 

amount of inoculum (of different Eca isolates) with a sterile tooth picks. All pieces were then separately 

packed into sterilized plastic bags; a piece of wet tissue paper was also kept in each bag to maintain humidity 

inside the bag. The open ends of bags were stapled. Bags were then kept at room temperature for 

lesion/symptom development for 48 hours. All the lesions were then measured and data were recorded for 

determination of the most aggressive isolate using completely randomized Design and the means were 

compared through least significant difference test. For statistical analysis and calculations Statix-8 computer 

program was used. 
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RESULTS AND DISCUSSION 

Identification and Characterization of Soft-Rot Erwinia Spp 

Sixty two Isolates were obtained from soft rotted tubers or black-legged potato plants. Nutrient agar (NA) 

medium was used for culturing of bacteria. Regarding the morphology of the bacterial colonies on nutrient 

agar or NA, the colonies appeared to be transparent, circular, raised, shiny and creamy white after 48 h 

incubation at 28
o
C. 

Molecular Study Results 

Because of an overlap between some of the test results of same isolates, Polymerase Chain Reaction (PCR) 

was performed (using Eca-specific primers) for all isolates to confirm their identity. The Eca-specific 690 bp 

band (Fig.1) was amplified from 20 out of 44 isolates confirming that they were Eca. However, no such band 

was amplified from the remaining 24 isolates indicating they were not Eca and might be Ecc or Ech and the 

statement was supported by various biochemical tests.  

Pathogenicity Test on Plants 

All the inoculated plants showed typical black leg symptoms. Only control plants showed no symptoms as 

shown in figure 2. All of the isolates were pathogenic. 

Aggressiveness Test on Tubers 

All 20 Eca isolates were tested and compared for their aggressiveness on potato tubers, carrot roots, chili fruits 

and onion bulbs (Fig.4-7) and significant differences were found among the isolates in terms of aggressiveness 

while other vegetables like radish roots, and cucumber fruits give non significant results. The results obtained 

(Table I) show that all the isolates were able to cause varying degrees of soft rot on the above-mentioned 

vegetables. Eca 6, Eca 9, Eca 15 and Eca 16 caused maximum soft rot (4.10-4.13 cm) on potato; Eca 6, Eca 9 

and Eca 16 caused maximum soft rot (3.37- 3.87 cm) on carrot whereas Eca 6 was aggressive on chilies. Eca 

9, Eca 15 and Eca 16 produced maximum lesion (3.53-3.97 cm) on onion bulbs.  

According to biochemical tests, some of our strains slightly deviated from the standard description in some of 

their minor characteristics but they still remained the valid members of the Eca group as similar variations in 

minor characteristics have been found by Lelliot and Dicky (1984) and Perombelon and Kelman (1980). The 

occurrence of intermediate forms of Eca (sharing some of the characteristics with Ecc and Ech strains) 

indicates variability happening among these strains. This indicated that Erwinia (Eca) strains have a wider 

host range and therefore could pose threat to many vegetables. Typical Eca is considered to be specifically 

pathogenic to potatoes. However, our Eca strains do vary in some of their characteristics from the typical 

strains and this might explain why these strains are able to infect other vegetable too. Similar results were 

obtained by El-Hendawy et al. (2002) for their atypical Eca strains. They found 21 of their Eca strains to be 

able to cause soft rot to carrots, potatoes, tomatoes and pepper fruits. All pectolytic Erwinais have genes for 

pectolytic enzymes production. The differential expression of such genes in different hosts might make these 

Erwinia isolates to be more or less aggressive on those hosts. 

CONCLUSIONS AND RECOMMENDATIONS 

Studies indicated that Eca6 and Eca15 were the most aggressive isolates on potatoes. Eca6 was also found to 

be the most aggressive one on Carrot and Chili as well. It can be concluded that the pathogen for soft rot in 

potato is highly variable in terms of its aggressiveness on different hosts and on a same host as well. Due to 

the multiple hosts of the pathogen there is great chance of survival of the pathogen in alternate hosts as 

latently. Avoidance of alternate host within the propagative material can reduce the chance of infection to seed 

tubers.     

 

Fig1 Amplification of Eca-specific 690 bp band. M=marker, 1=positive control 2,3and  

4= Eca isloats, 5= negative control    
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Fig.2 Comparison of inoculated or diseased (both sides) 

plants and un-inoculated or healthy (middle) plants 

 

 

Fig.3 Toothpick inoculation of potato plants for 

pathogenicity testing. 

 

 

Fig.4 Soft rot aggressiveness of different (Eca) isolates 

on “chilies” 

 

 

Fig.5 Soft rot aggressiveness of different (Eca) isolates 

on “potato tubers” 

 

 

Fig.6 Soft rot aggressiveness of different (Eca) isolates 

on “carrot roots” 

 

 

Fig.7 Soft rot aggressiveness of different (Eca) isolates 

on “onion bulbs” 
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Table 1.  In vitro aggressiveness (cm) of Eca isolates on different vegetables.   

Strain # Potato Carrot Chili Onion 

Eca 1 2.60 cdef 1.57 gh 2.20 de 1.73 cdef 

Eca 2 3.13 bc 2.30 cdef 2.70 cd 2.07 cd 

Eca 3 2.73 cde 1.77 fgh 2.30 de 1.80 cde 

Eca 4 2.77 cde 1.90 efg 2.33 de 1.70 cde 

Eca 5 3.20 bc 2.67 bc 2.33 de 2.20 c 

Eca 6 4.13 a 3.87 a 3.83 a 2.80 b 

Eca 7 3.20 bc 2.50 cde 2.57 d 1.63 def 

Eca 8 3.63 ab 2.60 cd 3.20 bc 2.80 b 

Eca 9 4.10 a 3.87 a 2.20 de 3.90 a 

Eca 10 2.27 def 1.36 gh 1.83 ef 1.27 efg 

Eca 11 2.20 ef 1.30 gh 1.87 ef 1.23 fg 

Eca 12 2.00 f 1.17 h 1.63 f 0.93 g 

Eca 13 2.67 cdef 1.67 fgh 2.23 de 1.80 cde 

Eca 14 3.57 ab 2.50 cde 3.13 bc 2.80 b 

Eca 15 4.13 a 3.30 ab 3.33 ab 3.53 a 

Eca 16 4.10 a 3.70 a 2.27 de 3.97 a 

Eca 17 3.57 ab 2.50 cde 3.13 bc 2.80 b 

Eca 18 2.67 cdef 1.67 fgh 2.30 de 1.87 cd 

Eca 19 2.97 bcd 1.97 defg 2.53 d 2.10 cd 

Eca 20 2.23 ef 1.40 gh 1.87 ef 1.20 fg 

Check 0.07 g 0.00 i 0.06 g 0.00 h 

LSD (P≤0.05) 0.708 0.698 0.506 0.562 

Means followed by the same letter in the column do not differ significantly at α = 0.05 

Eca = Erwinia caratovora subsp. Caratovora 
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