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Survival of Klebsiella pneumoniae strain borkar in
pomegranate orchard soil and its tolerance to

temperature and pH

Abstract

The plant pathogenic Klebsiella pneumoniae survived in pomegranate orchard soil for
more than two years in an infectious stage. The pomegranate seedlings/grafts planted at
a site which had the wilt disease plant earlier and left fallow for a season also succumb to
Klebsiella infection causing wilt. The bacterium also survives in root bark necrosis lesions
for more than two years under laboratory storage condition.

The plant pathogenic Klebsiella pneumoniae survived at a temperature up to 45°C from a
low temperature of 5°C, indicating its surviving ability in temperate and tropical temperature
condition. The survival of the bacterium at 7 to 10 pH levels indicates its tolerance to
neutral and alkaline condition; however no growth of the bacterium at 2 to 6 pH indicates
its intolerance to acidic condition.
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Introduction

Survival of plant pathogenic bacteria in soil depends on several
factors like soil environmental condition, soil’s physical and chemical
properties, soil’s texture and structure, the infected crop residues in
soil and the ability of bacteria to survive all these external factors.
Perpetuation of the bacteria in soil over a long period makes the soil
uncultivable for that crop, helps in spread of disease and its intensities
year after year and a cause for substantial yield losses.'

The root bark necrosis and wilt of pomegranate, a new bacterial
disease in this crop, caused by soil borne enterobacteria Klebsiella
pneumoniae is assuming significance as the infected plant die and
does not revive. The infected plants in the orchard has to be uprooted
and destroyed as a remedial measures; however the new plantation of
pomegranate done in such orchards also succumbed to the infection of
the same bacteria surviving in the orchard. What is the survival period
of this bacterial pathogen in the soil is not yet known. Therefore
survival of Klebsiella pneumoniae strain Borkar in pomegranate
orchard soil and its tolerance to temperature and pH was studied so as
to formulate the management strategies.

Materials and methods

Detection of Kilebsiella pneumoniae from infected
orchard soil

The soil samples were collected from fallow soil which previously
had the root bark necrosis and wilt disease of pomegranate where the
diseased plants were uprooted and destroyed. The soil samples were
collected from a 30-45cm soil depth and brought to laboratories.

10g soil sample was dissolved in 25ml sterile water and shaken
vigorously. This was centrifuged in table top centrifuge at 5000rpm to
settle the soil particles. The supernatant was filtered through Whitman
filter paper-24 to remove the eukaryotic microbes. The filtrate was

used for detection of Klebsiella pneumoniae. A loopful of filtrate
was streaked on nutrient media in triplicate plates and incubated at
30°C temperature for 5 days. Colonies obtained in the isolation plates
were further purified to obtain the pure culture of the bacterium.
Observation for the frothing bacterial culture (Figure 1) characteristic
of Klebsiella pneumoniae was taken.

Figure | Frothing of Klebsiella pneumoniae in pure culture NAS slant.

The soil samples were taken from the fallow pomegranate orchard
at a monthly interval for more than 2 years and used for the detection
of Klebsiella pneumoniae as described above.

Detection of Klebsiella pneumoniae from infected root
bark necrosis lesions

The root samples infected with root bark necrosis lesions were
collected from wilted pomegranate plant. The samples were stored at
ambient temperature in laboratory and used for detection of Klebsiella
pneumoniae bacteria at an interval of a month.
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The root bark necrosis sample was surface sterilized with mercurial
chloride (0.1%), washed thrice in distilled water and macerated in
pestle and mortar in 5 ml distilled sterile water and left as such for
5 minutes. An aliquot of the supernatant (0.2ml) was plated on the
nutrient agar plates and incubated at 30+2°C temperature for 5 days.
Observations for the frothing bacterial colonies characteristic of
Klebsiella pneumoniae were taken.

The experimentation for detection of Klebsiella pneumoniae from
the infected root sample was carried out for more than 2 years.

Tolerance of Klebsiella pneumoniae to different
temperatures

The Klebsiella pneumoniae bacterial suspension was prepared
aseptically and added to sterile glass vial at 5 ml quantities. The
individual vial was marked with respective temperature. These
vials containing Klebsiella suspension were immersed in water of a
particular temperature maintained in hot water bath (the variation in
temperature of water in hot water bath and inside the glass vial was
calculated and adjusted accordingly, the water temperature below the
ambient was adjusted by adding ice-cold/cold water). The bacterial
suspension was exposed to the respective temperature for 10minutes
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and loopful of suspension from this was streaked on nutrient
agar media. The plates were incubated in BOD incubator at 30°C
temperature for 5 days to observe the frothing colonies characteristic
to Klebsiella pneumoniae. The temperature range tested was from 5°C
to 45°C temperature.

Tolerance of Klebsiella pneumoniae to different pH

15ml nutrient broth of different pH concentrations viz. 2, 3, 4, 5,
6,7, 8,9 and 10 was prepared and sterilized in 25ml individual flask
marked with particular pH. These flasks were inoculated with 1ml of
Klebsiella suspension and incubated at 30°C temperature for 48hours.

A loopful of growth suspension from these respective pH
flasks were streaked on a nutrient agar plate marked with that pH
concentration and incubated for 5 days at 30°C to observe the frothing
colonies characteristic to Klebsiella pneumoniae.

Results

The result (Table 1) indicates that the root bark necrosis bacteria
survive in pomegranate orchard soil for more than two years. Similarly,
the bacteria survive in root bark necrosis lesions more than two years.

Table | Survival of Klebsiella pneumoniae strain Borkar in pomegranate orchard soil and infected diseased material

Sr. Infected

Survival (in months) of Klebsiella pneumoniae strain Borkar

No. material

In
infected
orchard
soil

In root
bark
necrosis
lesion

The result (Table 2) on temperature tolerance indicates that the
bacteria survives at a temperature up to 45°C from a low temperature

of 5°C, indicating its surviving ability in temperate and tropical
temperature.

Table 2 Tolerance of Klebsiella pneumoniae strain Borkar to different temperature

Z‘; Survival of Klebsiella pneumoniae strain Borkar
5°C 10°C  I5°C 20°C 25°C 30°C 35°C 40°C 45°C
| At temperature
+ + + + + + + + +
The result (Table 3) indicates that the bacteria survive to the pH Discussion

concentration of 7 to 10 pH indicating its tolerance to neutral and
alkaline condition; however no growth of the bacterium at pH 2 to 6
indicates its intolerance to acidic condition.

Table 3 Tolerance of Klebsiella pneumoniae strain Borkar to different pH.

Sr.No Survival of Klebsiella pneumoniae strain Borkar

[ At pH

The plant pathogenic soil bacteria are known to survive in the
infected soil samples for various durations. Ralstonia solanacearum
survive in soil for up to 2 years,? Erwinia caratovora survive in soil
for one and a half years® while Clavibacter michiganensis survive in
soil for 2 years.*

The plant pathogenic Klebsiella pneumoniae survive in
pomegranate orchard soil for more than two years in an infectious
stage. The pomegranate seedling/graft planted at a site which had
the wilt diseased plants earlier and were left fallow for a season
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also succumbs to Klebsiella infection causing wilt. The bacterium
also survives in root bark necrosis lesions on root for more than two
years under ambient conditions. Perpetuation of bacteria in soil and
infected root samples over a long period makes the soil uncultivable
for pomegranate crop and helps in spread of disease and its intensities
year after year and mortalities in pomegranate plants.

Broadbent et al.’reported that Pseudomonas usually did not survive
at 50°C for 10min. The effect of pH was studied by Michel & Mew®on
Ralstonia solanacearum. The population of Ralstonia solanacearum
was reduced at pH 9. The klebsiella pneumoniae survive and tolerate
up to 45°C temperatures from a low temperature of 5°C, indicating its
surviving ability in temperate and tropical temperature. The Klebsiella
pneumoniae tolerates a pH concentration from 7 to 10 pH, indicating
its tolerance to both neutral and alkaline conditions; however the
bacterium was intolerant to pH concentration of 2 to 6 pH indicating
its intolerance to acidic condition.

Conclusion

The plant pathogenic Klebsiella pneumoniae which causes root
bark necrosis and wilt in pomegranate survive in pomegranate orchard
soil for more than 2 years. It tolerates temperature up to 45°C and
both to neutral and alkaline pH conditions. However the bacterium
is intolerant to acidic condition of pH 2 to 6. Klebsiella pneumoniae
is a new soil borne plant pathogenic bacteria and its survival period
in soil, its temperature and pH tolerance will help to formulate its
management strategies.
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