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Management of post-harvest bacterial soft rot of potato 

caused by Pectobacterium carotovorum using bacterial 

bio-agents. 
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Abstract 
Bacterial soft rot is one of the most destructive diseases worldwide causing heavy losses in field, storage 
and transit. Chemical control of this disease was not successful even in developed countries besides use 
of antibiotics to control this disease on stored produce causes severe health complications by inducing 
resistance to other human pathogenic bacteria. In present study, four different bacterial species viz., 
Bacillus subtilis, Pseudomona fluorescens, Bacillus tequilensis and Bacillus spp. were evaluated against 

Pectobacterium carotovorum, soft rot causing pathogen in-vitro. Best results were obtained by Bacillus 
subtilis with a mean diameter zone of inhibition of 14.33mm followed by Pseudomonas fluorescens with 
a zone 0f 14mm. Least zone of inhibition of 2.16mm was observed in case of Bacillus sp., whereas no 
zone of inhibition was observed in case of both control (sterile water) and Bacillus tequilensis. The two 
effective antagonists in vitro viz., Bacillus subtilis and Pseudomonas fluorescens were also evaluated 
against post-harvest soft rot disease on potato tubers at different times viz., 12 hours prior to the 
inoculation, simultaneously with the inoculation of the pathogen and 12 hours after the inoculation of the 
pathogen. Among the bio-agents evaluated, Bacillus subtilis exhibited highest control with the disease 

incidence of 84% and severity of 16.8% followed by Pseudomonas fluorescens with the incidence of 
88% and severity of 17.6% when applied 12 hours prior to the inoculation of the pathogen even after 6 
days of storage. 
 
Keywords: Bacillus subtilis, Pectobacterium carotovorum, post-harvest bacterial soft rot, Pseudomonas 
fluorescens. 

 

Introduction 

Potato (Solanum tuberosum L.) is the one of the most important food crops worldwide and 

represents a valuable source of nutrients in a balanced diet. It is the third most important staple 

food source after rice (Oryza sativa) and wheat (Triticum aestivum) (Czajkowski et al., 2011) 
[9]. Potato is also one of the important food crops in India. India stands second in world’s 

potato production where it is cultivated over an area of 2.13 million hectares with a production 

of 43.77 million metric tonnes (Anonymous, 2015) [4]. 
Post-harvest soft rot is one of the destructive diseases of vegetables including potato. It occurs 

worldwide wherever vegetables and ornamentals having fleshy storage tissues are found. The 

disease can be found on crops in the field, in transit and in storage or during marketing. Soft 

rot causes greater total loss of produce than any other bacterial disease. Post-harvest bacterial 

soft rot losses have been estimated to vary between 15-30% of the harvested crop (Agrios, 

2007) [1]. Approximately 22% of potatoes are lost per year due to viral, bacterial, fungal 

diseases and pest attack to potato tubers and plants, incurring an annual loss of over 65 million 

tonnes and bacterial soft rot alone accounts for 30–50% of this huge loss (Czajkowski et al., 

2011) [9]. Various causal organisms responsible for causing soft rot in potato but economically 

Pectobacterium carotovorum subsp. carotovorum is a very important pathogen in terms of 

postharvest losses and is a common cause of decay in stored fruits and vegetables 

(Perombelon, 2002) [12]. 
Several methods of the disease control such as hot water treatment (Shirsat et al., 1991) [15], air 

drying of tubers (Bartz and Kelman, 1985) [6] have been tried with the varying scale of success. 

Chemical control of the disease has not been successful even in the developed countries, 

besides the use of antibiotics is not considered safe in view of human health considerations. 

Indiscriminate use of chemical pesticides to control various pests and pathogenic 

microorganisms of crop plants is causing health hazard both in terrestrial as well as aquatic 

lives through their residual toxicity (Ambridge and Haines, 1987; Anonymous, 1998) [2, 3].  

http://www.thepharmajournal.com/
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Biological control using antagonistic microorganisms is an 

alternative strategy for the management of this disease. So, in 

this study four different antagonistic bacterial species were 

evaluated and tested for their ability to manage this disease. 
 

Material and methods 

Isolation of the causal pathogen: Diseased vegetables and 

potato tubers showing typical soft rot symptoms were 

collected from the local markets from Kashmir valley. 

Collected samples were surface sterilized with 0.1% sodium 

hypochlorite solution and the infected tissue was macerated in 

sterile water to make a bacterial suspension. A drop of 

resultant suspension was spread on Crystal violet pectate, a 

semi selective medium (CVP). The type of colonies which 

upon flooding with 1% hexadecyl trimethyl ammonium 
bromide (precipitant solution) formed halo zones around them 

on Crystal violet pectate medium (CVP) were selected for 

subculturing on nutrient agar and were tested for 

pathogenicity. 

 

Pathogenicity test by Potato slice assay: Potato tubers were 

first surface sterilized with sodium hypochlorite solution 

(0.5%) and cut into slices (1.0 cm in thickness) with sterile 

blade. These Slices were inoculated by smearing a loop full of 

bacteria at the center, on the surface of healthy tuber slice. 

The inoculated tuber slices were incubated for 24-48 h at 28 ± 

2oC in Petri plates having sterile filter paper at the bottom of 
petri plate soaked in 5ml of sterile water, kept in such a way 

that the tuber slices should not come in direct contact with the 

water by placing a glass slide at the bottom of the slice. Tuber 

slice inoculated with sterile water in one petri plate was kept 

as control. Softening of the inoculated tuber slices was taken 

as a positive reaction. From the softened/macerated slice 

tissue, bacteria was re-isolated and compared with the original 

isolate of inoculated pathogen (Shashirekha et al., 1987) [14]. 

The pathogen showing typical soft rot symptoms was 

reisolated from the infected slice and was further 

characterized by biochemical and other morphological tests to 
ascertain identity.  

 

Identification of four different bacterial species and 

screening them against soft rot causing Pectobacterium 

carotovorum 

Bacterial species screened against Pectobacterium 

carotovorum. 

Two out of four antagonistic bacterial species viz. 

Pseudomonas fluorescens, and Bacillus subtilis were obtained 

from the division of plant pathology, Faculty of Agriculture, 

Sher-e-Kashmir university of agricultural sciences and 
technology, kashmir and another two viz. Bacillus tequilensis 

and Bacillus sp. were obtained from Advanced Mycology and 

Plant pathology Laboratory, Jai Narain Vyas University, 

Jodhpur, Rajasthan. 

 

In-vitro screening of antibacterial activity by bio-agents 

Four Known and identified bacterial species viz. Bacillus 

subtilis, Pseudomonas fluorescens, Bacillus tequilensis, 

Bacillus sp. were screened against the growth of 

Pectobacterium carotovorum subsp. carotovorum by dual 

culture technique (Agar well diffusion method) measuring the 

diameter zone of inhibition. In this method, Suspensions 
containing approximately 108 cells/ml of bacterial bio-agents 

were dropped into the 6mm wells, punched by the cork borer 

on the agar plate which were equidistant to each other of the 

previously swabbed/seeded plate with the pathogenic bacteria 

(Pectobacterium carotovorum). In case of control, only sterile 

water was used instead of suspension. One treatment with 

Streptomycin 150 ppm was kept as positive control (15 μ g in 
100μl). The plates were then incubated at 30±1ºC. Diameter 

Zone of inhibition around the wells were measured and 

recorded after 24 hours (Rashid et al., 2013) [13]. 

 

Screening of effective Bio-agents against the disease on 

stored potato tubers 

Bio-agents which proved best in vitro were used for the 

treatment on stored potato tubers and applied at different 

times viz. 12 hours prior to the inoculation of the pathogen, 

simultaneously with the inoculation of the pathogen and 12 

hours after the inoculation of the pathogen. Fresh potato 
tubers were surface sterilized by dipping in 0.1% solution of 

sodium hypochlorite followed by serial washings with sterile 

water and then dried under the hood of laminar air flow. One 

set of potato tubers was given 30 pinpricks and dipped in 

uniform suspensions of different bio-agents for 10 minutes 

and 12 hours afterwards inoculated with the pathogen by 

swabbing the bacterial suspension on them. In the second set 

of tubers, after giving the pinpricks, application of bio-agents 

was done simultaneously. In third case, the pinpricked tubers 

were first inoculated by the pathogen by swabbing bacterial 

suspension on them and 12 hours afterwards they were treated 

with bio-agents for 10 minutes.  
 One set of potato tubers which were inoculated with only 

pathogen (no treatment) served as inoculated control. Other 

set of tubers inoculated and treated with antibiotic 

(streptomycin@150ppm) were kept as positive control. Five 

potato tubers constituted 1 replication and total of 5 

replications were maintained in each treatment. The tubers 

were kept in sterile air tight plastic bags and were stored at 

30±1oC. Observations on soft rot incidence and severity were 

recorded on 2nd, 4th and 6th day of incubation. 

 
Incidence of soft rot disease = Number of tubers infected × 100 

Total number of tubers assessed 
 

Tuber rot severity 

Severity of the disease was calculated using 0-5 scale (Bdliya 

and Langerfeld, 2005b) 
0  No symptoms of rot 

1  1-15% tuber rot 

2  16-30% tuber rot 

3  31-45% tuber rot 

4  46-60% tuber rot 

5  ≥61% tuber rot 

 

The severity was calculated using formula 

 

Tuber rot severity = ∑nv x100 

N×G  
 

Where,  

∑ = Summation 

v = Disease score 

n = Number of tubers showing a particular score. 

N = Number of tubers examined. 

G = Highest score. 

 

Data analysis 

The collected data was subjected to the analysis of variance 
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using CRD (Complete Randomised Design) and transformed 

values of the data compared using critical difference (CD) at 

5% level of significance using Statistical Package for 

Agricultural Research workers (OPSTAT). 
 

Results and discussion 

The causal Pathogen: The bacterium isolated from potato 

tubers was a short rod measuring 0.7-1.0μm in width, 1- 

2.5μm in length, Gram negative, facultative anaerobic, 

produced acid from D lactose, trehalose and maltose, did not 

hydrolyze the starch, reduced nitrates, liquefied gelatin, 

degraded pectin, produced H2S from cysteine, was catalase 

positive, oxidase negative, urease negative, not sensitive to 

erythromycin and showed positive growth at 37oC. Based on 

Morpho-cultural, biochemical and pathogenic characters, the 
pathogen was identified as Pectobacterium carotovorum. It 

was also identified as Pectobacterium carotovorum by ITCC, 

IARI, New delhi. 

 
 

Fig 1: Evaluation of bacterial species against the growth of 
Pectobacterium carotovorum in vitro by agar well diffusion assay 

 

  
 

i)       ii) 
 

Fig 2: Effect of Bacillus subtilis against soft rot causing bacterium Pectobacterium carotovorum 

 

i) Bacillus subtilis forming zone of inhibition against Pectobacterium carotovorum in-vitro. 

ii) Effect of Bacillus subtilis on potato tubers against soft rot disease after 2 days of storage 

 

Laboratory evaluation of different bacterial species 

against the growth of Pectobacterium carotovorum 

Among the four bacterial bio-agents tested, best control was 

exhibited by Bacillus subtilis with highest diameter zone of 

inhibition of 14.3mm, immediately followed by Pseudomonas 

fluorescens with 14mm. Another strain of Bacillus sp. showed 
less diameter zone of inhibition, whereas both Bacillus 

tequilensis and control (sterile water) did not gave any zone of 

inhibition. Standard check streptomycin showed 18.3mm zone 

of inhibition (Fig:1). These results were similar to the findings 

of Backman et al. (1997) [5] who reported that Bacillus subtilis 

shows biological activity against phyto-pathogenic bacteria 

including P. carotovorum. Soil fluorescent and non-

fluorescent Pseudomonas spp. have shown biological control 

of soft rot disease of potato by producing a variety of 

secondary antibacterial metabolites including siderophores, 

antibiotics and surfactants was previously reported by 
(Compant et al., 2005) [8]. Rashid et al. (2013) [13] also 

reported that among the evaluated bio-agents against 

Pectobacterium carotovorumin-vitro, Bacillus subtilis showed 

best results against the causal bacterium. All these previous 

findings, more or less, confirmed the present studies. 

 

Effect of bioagents on incidence and severity of soft rot 

disease caused by Pectobacterium carotovorum on stored 

potato tubers 

Among 4 bacterial bio-agents tested in-vitro against the 

growth of Pectobacterium carotovorum, twobioagents 

Bacillus subtilis and Pseudomonas fluorescens showing 
highest efficacy with respect to growth inhibition are selected 

for this experiment. Best results were obtained when 

treatments were given 12 hours prior to inoculation or 

simultaneously with the inoculation of the pathogen than 

when treatments were given 12 hours after the inoculation of 

the pathogen 

 Results obtained after 2 days of storage exhibited that among 

bioagents, Bacillus subtilis gave least soft rot incidence of 

36% and 40%and severity of 4.8% and 5.6% when applied 12 

hours prior to and simultaneously with the inoculation of the 

pathogen respectively, followed by Pseudomonas fluorescens 
with disease incidence of 40% and 44% and severity of 5.6% 

and 6.4% respectively. Disease Incidence and severity 

recorded in case of these extracts was significantly less than 

that of the inoculated control (pathogen only and no 

treatment), which showed 100% soft rot incidence and 84.8% 

disease severity. Results are in Fig-3 (i, ii). 
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After 4 days of storage, there was a rapid progression of 

disease in case of inoculated control. Disease progression was 

less in case of treatments. Least disease incidence of 64% and 

68% and severity of 9.6% and 10.4% respectively, were 
recorded in case of treatment with Bacillus subtilis, when 

applied 12 hours prior to and simultaneously with the 

inoculation of the pathogen, followed by Pseudomonas 

fluorescens with incidence of 68% and 72% and severity of 

11.2% and 12.8% when applied 12 hours prior to pathogen 

inoculation or simultaneously with it, respectively, whereas in 

standard check streptomycin, incidence of 56% and severity 

of 7.2% were recorded in both casesi.e when applied 12 hours 

prior to and simultaneously with the inoculation of the 

pathogen. Whereas in the inoculated control disease severity 

of 100% was recorded Fig-4 (i, ii). 
Results obtained after 6 days of storage almost revealed the 

same trend. Positive check streptomycin showed a similar 

incidence of 76% in both cases i. e when applied 12 hours 

prior to or simultaneously with the inoculation of the 

pathogen even after 6 days of storage. There was no hike in 

the severity of the disease in case of tubers treated with bio-

agents. Treatments with bioagents protected the tubers from 

speedy spoilage thereby significantly reducing the severity of 

disease even after 6 days of storage. Bacillus subtilis stands 

best in preventing the severity of disease by exhibiting least 

severity of 16.8% when applied 12 hours before inoculation 

and 17.6% when applied simultaneously with the inoculation 

of the pathogen, followed by Pseudomonas fluorescenswith 
severities of 17.6% and 20.8% respectively, when applied 12 

hours prior to and simultaneously with the inoculation of the 

pathogen. Streptomycin recorded 12.8% disease severity in 

both cases i.e prior and simultaneous treatment. All these 

bioagents were highly significant and superior to the 

inoculated control (only pathogen and no treatment Fig-5 (i, 

ii). Although as far as in vitro evaluation studies of bacterial 

bioagents against E carotovorum is concerned there are many 

previous reports but we have not been able to find many 

reports of their use on potato tubers to manage storage rot 

except that of Hajhamed et al. (2007) [10] who reported similar 
findings where they evaluated Pseudomonas fluorescens and 

Bacillus subtilis as bio-agents against postharvest bacterial 

soft rot at different inoculation times viz., 24 hours before 

inoculation, simultaneously and 24 hours after inoculation 

under artificial inoculation condition. They reported that all 

tested agents decreased the disease compared to the control, 

when P. fluorescens and B. subtilis were applied after or 

before or at the same time of inoculation with the pathogen, 

significantly reducing the disease. 

 

  
 

i)      ii) 
 

Fig 3: Effect of bio-agents on post-harvest tuber soft rot after 2 days of storage 

 
i) Disease incidence after 2 days of storage on stored potato tubers. 

ii) Disease severity after 2 days of storage on stored potato tubers. 

 

  
 

i)      ii) 
 

Fig 4: Effect of bio-agents on post-harvest tuber soft rot after 4 days of storage 
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i) Disease incidence after 4 days of storage on stored potato tubers. 

ii) Disease severity after 4 days of storage on stored potato tubers. 

 

  
i)       ii) 

 

Fig 5: Effect of bio-agents on post-harvest tuber soft rot after 6 days of storage 

 

i) Disease incidence after 6 days of storage on stored potato tubers. 

ii) Disease severity after 6 days of storage on stored potato tubers. 
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