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Three different biomaterials viz., boiled cow milk, compost manure and tomato rhizospheric soil were
found as habitats of the thermophilic antagonistic bacteria. The isolated bacteria were able to grow
satisfactorily at thermophilic temperature range (>55°C). Based on morphological, biochemical and
physiological characters, the bacterial isolates were identified as Bacillus licheniformis (boiled cow
milk), and Bacillus stearothermophilus (compost manure and tomato rhizospheric soil). All the three
thermophilic bacterial isolates exhibited strong antagonism against tested soil-borne fungal plant
pathogens in order of B. lechaniformis (inhibition zone of 67.67 mm against R. bataticola) > B.
stearothermophilus from compost manure (51.67 mm against R. solani) > B. stearothermophilus from
tomato rhizospheric soil (38.33 mm against P. aphanidermatum). The ability to tolerate high temperature
(>550C), pH (6-8) and salt concentrations (up to 8%), and antibiotic resistance properties of the
antagonistic thermophilic Bacillus isolates may hold them as potential biocontrol candidates, especially
under stressed rhizosphere environments where other biocontrol agents fail. However, the results
need further confirmation under field conditions where these bioagents will be applied in a formulated
form.

Key words: Antagonism, antibiotic sensitivity, biocontrol activity, soil borne pathogens, thermophilic bacteria.

INTRODUCTION

Plant diseases caused by fungi, bacteria and viruses are
the major factors limiting the agricultural productivity,
reducing the crop yields to the tune of 16% globally
(Oerke, 2006). The soil-borne disease complex
consisting mainly of damping off, root rot, collar rot and
wilts causes more than 50% losses in crop production
(Biswas and Das, 1999). Globally, the chemical
fungicides like metalaxyl, captan, benomyl, chlorothalonil,

*Corresponding author. E-mail: helloshree.10@gmail.com.

copper oxychloride and many more are being used
desperately for the control of soil-borne crop diseases
caused by pathogenic genera viz., Pythium, Fusarium,
Phytophthora, Rhizoctonia and Sclerotium (Rao et al.,
2007; Wightwick et al., 2010). However, risk of ground
water pollution affecting the quality of life, destruction of
non-target beneficial soil microflora, deleterious effects
on mycorrhizal associations, depletion of soil nutrient
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dynamics, especially of nitrogen are some of the
deleterious effects associated with excess chemical use
for the control of soil-borne plant pathogens (Georgieva
et al, 2002; Van-Zwieten, 2004; Rao et al., 2007,
Wightwick et al., 2010). Under such circumstances,
biological control assumes critical importance in crop
disease management, especially for soil-borne fungal
diseases.

Antagonistic bacteria are the ideal candidates for
biocontrol of plant diseases of economically important
crops; for example Bacillus subtilis GB-03 against F.
oxysporum f. sp. vasinfectum and R. solani in cotton
(Brannen and Backman, 1994), Bacillus cereus against
Phytopthora sojae in soybean (Osburn et al.,, 1995).
However, failure of bacterial antagonists to survive and
accord long term disease control under environmental
stress conditions is a major hindrance to the adoption of
biocontrol strategies for management of soil borne plant
diseases (Hoitink and Boehm, 1999). The antagonistic
bacteria that could tolerate extreme environmental
conditions and offer efficient control of fungal plant
pathogens are supposed to be good alternative for plant
disease management. Being endospore formers,
thermophilic bacteria can tolerate heat and resist
themselves from desiccation under high temperature
stress, a feature makes them an attractive candidate for
biocontrol of plant diseases (Rao et al., 2007; Wightwick
et al., 2010). They exhibit excellent seed and root
colonising ability, thereby suppressing the growth of
fungal pathogens effectively (Kim et al., 1997). Besides,
they are abundantly present in rhizospheric soils as
saprophytes which make them as ideal biological control
agents for soil-borne plant diseases.

The occurrence of thermophilic bacteria has been
reported from various biomaterials like milk and milk
products (Ruckert et al., 2004; Ronimus et al., 2006),
compost manure (Miyatake and Iwabuchi, 2005), and
crop rhizospheric soils (Sao Paulo, 2007; Santana et al.
2013). However, their use as potential bioagents for the
control of soil-borne fungal plant pathogens has been
less explored. The basic aim of the present study was to
isolate and characterize the thermophilic bacteria from
three different biomaterials viz., boiled cow milk, compost
manure and tomato rhizospheric soil and to evaluate their
antagonistic potential against important soil borne fungal
pathogens for possible introduction as biocontrol agents
in plant disease management. Our study helped in
identifying the promising candidate isolates of
thermophiic bacteria which can further be up scaled for
commercial bioformulation for control of destructive soil
borne crop diseases.

MATERIALS AND METHODS
Sample collection

The samples of boiled cow milk and compost manure were
obtained from the Cattle Improvement Scheme, Department of
Animal Science and Dairy Science, Mahatma Phule Krishi
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Vidyapeeth (MPKYV), Rahuri. The rhizospheric soil of tomato crop
was collected from experimental field of the Vegetable
Improvement Scheme of Department of Horticulture, MPKV, Rahuri,
Maharashtra, India. The temperatures of the sources at the time of
the sampling were recorded as 81, 69 and 40°C for boiled cow milk,
compost heap and tomato rhizospheric soil, respectively. The
samples were collected in sterile polybags and immediately brought
into the laboratory for isolation.

Isolation of thermophilic bacteria and determination of thermal
death points

The bacteria from collected samples were isolated on Nutrient Agar
(NA) medium (Himedia, Mumbai, India) following enrichment culture
technique (Allen, 1953). The 250 ml conical flasks containing 10 g
of sample and 90 ml sterile nutrient broth were homogenised in
orbital shaker at 150 rpm and were heat shocked by placing in
water bath at 80°C for 10 min. The suspensions thus obtained were
serially diluted. The sterilie NA plates were inoculated with 1ml of
solution from serial dilution of 107 using spread plate technique (),
and were incubated at 55°C for 24 h. The distinct single colonies
were subcultured onto freshly prepared manganese agar slants to
facilitate further growth. The pure cultures of bacterial isolates were
subjected to different temperatures ranging from 5 — 800C for
determination of thermal death points and survival at higher
temperatures. For temperatures between 5 — 65°C, the bacterial
isolates were tested using nutrient agar whereas for hyper
thermophilic range (70 - 80°C) nutrient broth was used (Seeley and
Vandemark, 1970). After incubation for 24 h, the NA plates were
observed for growth pattern of bacterial isolates at respective
temperatures while test tubes with NB were observed for turbidity.

Identification of thermophilic bacterial isolates

Overnight grown cultures of the isolated microorganisms were
examined under microscope for colony morphology, cell shape,
size, arrangement and motility. The gram staining and endospore
staining were performed as per the standard procedures mentioned
in Bergey’s manual of determinative bacteriology (Snaeth, 1986).
The isolates were subjected to biochemical tests viz., catalase test,
oxidase test, acid and gas production, casein hydrolysis, gelatin
liquefaction, starch hydrolysis, citrate utilization, nitrate reduction,
hydrogen sulfide production, indole production, urease activity and
methyl Red-Voges Proskeur (MR-VP) tests by following the
standard procedures given by Seeley and Vandemark (1970) and
Cappuccino and Sherman (1987).

Sensitivity to the concentrations of pH, NaCl and antibiotics in
growth media

The effects of various concentrations of pH (2-10), NaCl (1-10%)
and antibiotics on growth and sporulation of thermophilic bacterial
isolates were determined by inoculating the NA slants with
overnight cultures of thermophilic Bacilli and incubating at 500C for
48 h (Gulati et al., 2007; Singh et al., 2010). Sensitivity to antibiotics
viz., streptocyclin, streptomycin sulphate, bacterianashak and
cyclohexamide with different concentrations (ppm) was evaluated
(Imanaka et al., 1981). Growth pattern of bacterial isolates on
different concentrations of pH, NaCl and antibiotics were
characterised as no growth (-), slow growth (+), moderate growth
(++), profused growth (+++) and very profused growth (++++).

In vitro screening for antagonism against soil borne fungal
pathogens

The thermophilic bacterial isolates were screened for antagonistic
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Table 1. Screening of bacterial isolates for thermotolerance.

*Growth pattern of bacterial isolates from

Test temperature (°C)

Boiled cow milk Compost manure

Tomato rhizospehric soil

Thermophilic range

++ ++
++ ++
++ +++
+++ ++++
+H++ +H++

Mesophilic range

80 +

75 ++

70 +++
65 ++++
60 ++++
55 ++++
50 ++++
45 ++++
40 ++++
35 ++++
30 ++++
25 ++++

++++ ++++
++++ ++++
+++ +++
+++ +++
++ +++

Psychrophilic range

20 ++

15 +

10 -
5 -

+ +
+ +

*Growth patterns: -, no; +, slow; ++, moderate; +++, profuse; ++++, very profuse.

activity against major soil borne fungal pathogens viz., Pythium
aphanidermatum, Fusarium oxysporum F. sp. ciceri, Rhizoctonia
bataticola, Sclerotium rolfsi, Fusarium oxysporum F. sp lycopersici
and Rhizoctonia solani. The test fungal plant pathogens used in
present study were freshly isolated from the disease samples
collected from experimental fields of Mahatma Phule Krishi
Vidyapeeth, Rahuri. A dual culture technique (Morton and Stroube,
1955) was used for P. aphanidermatum and S. rolfsi, whereas
seeding and disc assay method (Besson et al., 1978) was used of
the rest of the pathogens. The thermophilic bacterial isolates
exhibiting zone of inhibition against test pathogen were screened as
potential antagonist. Morphological characters of approaching
hyphae were observed every day under light microscope (400 IX70-
S1F2, Olympus Optical Co. Ltd., Tokyo, Japan) and images were
recorded with a digital camera (CAMEDIA C-3040 Zoom, Olympus
Optical Co. Ltd.).

RESULTS AND DISCUSSION

Occurrence of thermophilic bacteria in various
biomaterials

The profuse growth of bacterial colonies after incubation
at 55°C for 48 h confirmed the occurrence of the
thermophilic bacteria in all the three biomaterials that is
boiled cow milk, compost manure and tomato
rhizospheric soil. All the three isolates were able to
sustain highly thermophilic temperature range (70°C)
thereby indicating their thermophilic nature. The thermal
minima and maxima for all three thermophilic bacterial

isolates were 10 and 80°C, respectively. The highest
thermal death point (TDP) was observed in bacterial
isolate from boiled cow milk (80°C), whereas the TDPs
for bacterial isolates from compost manure and tomto
rhizospheric soil were both at 75°C. The bacterial isolates
could grow moderately at temperatures between 15-
20°C. The favourable temperature range for bacterial
isolate from boiled cow milk was broad (25-65°C)
compared to bacterial isolate from compost manure and
tomato rhizosperic soil (40-55°C) (Table 1). Our results
are in line with the work of earlier researchers who also
reported boiled cow milk, compost manure and crop
rhizospheric soils as habitats for the thermophilic
bacteria. Nakanishi (1963) isolated B. licheniformis from
milk samples heat treated at 120°C. Janstova and
Lukasova (2001) isolated the Bacillus strains from raw
milk and farm environment for thermo resistance which
grew at the temperature range of 95-135°C. Fujio and
Kume (1991) found that thermophilic strains of bacteria
B. stearothermophilus and Thermus sp. isolated from
compost were able to grow at optimum temperature
range 60-65°C. Miyatake and Iwabuchi ((2005)
investigated the enzymatic activity and species diversity
of thermophilic bacteria in cattle manure compost at 54,
60, 63, 66 and 70°C, which were dependent on
composting temperature. They observed the highest level
of thermophilic bacterial activity at 54°C. Xiao et al.
(2011) observed an increased biomass of thermophilic



bacteria due to continuous thermophilic composting
(CTC) with incubation at 30, 40 and 50°C and concluded
that CTC might have increased biomass of thermophilic
bacteria, especially Bacillus spp. Nunes de Souza and
Martin  (2001) reported that the optimum growth
temperature of a thermophilic bacterium isolated from a
soil sample in Rio de Janeiro, Brazil was 55°C whereas
upper temperature threshold for growth was around 70°C
after which no growth was observed. Gulati et al. (2007)
reported that thermophilic strain of Bacillus laevolacticus
isolated from the rhizospheric soil of fenugreek plant
(Medicago falacata) was optimally active at 70°C.

Characterization and identification of thermophilic
bacteria

The microscopic observations of thermophilic bacteria
revealed that, all the three isolates were gram +ve, motile
rods and capsule formers with endospores produced
terminally (Figure 1). On nutrient agar (NA) medium,
bacterial isolate from boiled cow milk produced creamy
yellow, circular colonies with smooth glistening surface,
raised elevation and smooth edges. Similarly, the
colonies of bacterial isolates from compost manure and
tomato rhizospheric soil were creamy white, flat with no
elevation, rough and dry surface and with wavy edges.
The characters observed were typical of the family
Bacillaceae and were similar to those reported in
literature (Nunes de Souza and Martin, 2001; Esikova et
al., 2002; Pathak and Rekadwad, 2013).

The biochemical tests indicated that all the three
thermophilic bacterial isolates were strict aerobes,
catalase positive, oxidase positive, and were able to
produce the acid from glucose, fructose, lactose and
sucrose, except bacterial isolate from tomato rhizospheric
soil which did not produce acid from lactose (Figure 2).
None of the isolates could produce gas from glucose.
The tests of casein hydrolysis and starch hydrolysis
(Figure 3), and gelatin liquefaction were positive for all
three isolates. The test of citrate utilization was positive
only for the bacterial isolate from boiled cow milk (Figure
4). The other biochemical tests like H,S production, indol
formation and urease activity were negative for all three
thermophilic isolates. The test of methyl red was positive
for all the three bacterial isolates whereas the Voges-
Proskaer test was positive only when pH of the growth
medium was less than 6.0. The biochemical
characterization revealed that all the three thermophilic
isolates are distinctly different from each other (Table 2).
Our results are in larger agreement with literature reports.
Nunes de Souza and Martin (2001) reported that
thermophilic bacterium isolated from a soil sample in Rio
de Janeiro, Brazil was strictly aerobic and catalase +ve.
Fujio and Kume (1991), Akanbi et al. (2010) and Panda
et al. (2013) also identified the thermophilic strains of
bacteria as Bacillus sp. based on conventional gram
straining technique, physiological and biochemical
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b

Figure 1. Gram +ve rods of thermophilic bacteria isolated from
tomato rhizospheric soil (a) and rods showing endospores
terminally (b).

characterizations. Singh et al. (2010) reported that
thermophilic Bacillus cereus SIU1 strain isolated from
slightly alkaline soils of Uttar Pradesh was strict aerobe
with positive catalase and oxidase activity and was able
to hydrolyze casein and gelatin. All these reports are
closely in agreement with present findings indicating that
our thermophilic antagonistic bacterial isolates were of
Bacillus sp.

All the three thermophilic bacterial isolates preferred a
pH range between 6.0-8.0, at which profuse growth was
observed, even though they could grow at a wider pH
range between 4-10. None of the isolates preferred highly
acidic (2.0) and highly alkaline (12.0) pH range
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Gl. Fr. Lc. Sr.

Control

Figure 2. Acid production test in phenol red carbohydrate broth for thermophilic bacterial isolate from tomato
rhizospheric soil. Gl = Glucose; Fr = Fructose; Lc = Lactose; Sr = Sucrose.

Figure 3. Starch hydrolysis test for isolate from compost
manure. Formation of clear hollow zone around bacteria
upon smearing with Gram’s lodine on starch agar plates
indicates that bacteria are starch hydrolysis +ve.

(Table 3). Our results are closely in agreement with
earlier reports on pH tolerance of thermophilic
antagonistic bacteria. Nunes de Souza and Martin (2001)
observed the optimum growth of a thermophilic bacterium
from a soil sample in Rio de Janeiro, Brazil at pH 7.0.
Gulati et al. (2007) reported that thermophilic strain of
Bacillus laevolacticus isolated from the rhizospheric soll
of fenugreek plant (Medicago falacata) was optimally
active at pH between 7.0-8.0. Singh et al. (2010)

Figure 4. Citrate utilization test for
thermophilic bacterial isolate from
boiled cow milk. T = treatment; C =
control. Change in colour from green
to purple in Simmons’s citrate slant
indicates citrate +ve reaction.

reported that thermophilic Bacillus cereus SIU1 strain
isolated from slightly alkaline soils of Uttar Pradesh grew
over a wide range of pH between 5.0 -12.0.

All the three thermophilic bacterial isolates from



Table 2. Identification of antagonistic thermophilic bacterial isolates based on morphological and biochemical characterization.
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Morphological

Biochemical characters

characters
c Carbohydrate . -
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Boiled cow Bacillus
- + - + + + + + - + + + + + - - - + + - - . .
milk * * * licheniformis
Compost + + + + + + + + + - + + + + - + - - - + + - Bacillus .
manure stearothermophilus
Tomato .
. . Bacillus
rhiz hri + + + + - + - + + + - + - - - + + - .
soilOSIOe ‘ ' ' : " stearothermophilus
Table 3. Effect of pH of nutrient medium on growth of thermophilic bacterial
isolates.
H *Growth pattern of bacterial isolates from
P Boiled cow milk Compost manure Tomato rhizospehric soil
2 - - -
4 +++ +++ +++
6 ++++ ++++ +H++
8 +++ ++++ ++++
10 ++ ++ ++
12 - - -
*Growth patterns: -, No; +, slow; ++, moderate; +++, profuse; ++++, very profuse.
present study were able to tolerate salt comparatively more  sensitive to  NacCl the bacterial isolates from compost and tomato

concentration as high as 8.0%; however the
sensitivity to NaCl concentrations  differ
significantly among the three isolates (Table 4).
The bacterial isolate from boiled cow milk was

concentration which grew profusely only up to 3.0
% salt concentration, whereas the other two
isolates grew very profusely up to 5% salt
concentration. Very slow growth was observed in

rhizospwhric soil at 9.0% NaCl concentration,
whereas the isolate from boiled cow milk failed to
grow at this concentration. None of the three
thermophilic  bacterial isolates were able
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Table 4. Effect of different NaCl concentrations on growth of thermophilic bacterial isolates.

Growth pattern of bacterial isolates*

NaCl concentration (%)

Boiled cow milk Compost manure

Tomato rhizospehric soil

+4++
++++
+4++
+++
+++
++
++
++

© 00N O~ WN P

[Eny
o

++++ ++++
++++ ++++
++++ ++++
++++ ++++
++++ ++++
+++ +++
+++ ++
++ ++
+ +

*Growth patterns: -, No; +, slow; ++, moderate; +++, profuse; ++++, very profuse.

to grow at 10.0% NaCl concentration. Our results on high
salt tolerance in antagonistic thermophiles suggest
possible utilization of these bacteria as effective
biocontrol agents for soil borne fungal pathogens,
especially in saline and alkaline conditions. The literature
reports exist on NaCl tolerance of thermophilic
antagonistic bacteria. Elnasser et al. (2007) reported that
thermophilic bacterial strain Bacillus justea | isolated from
hot springs of Jordan grew optimally at NacCl
concentration of 0.5%. The range of NaCl tolerance
observed in our study is comparatively much higher than
reported by Elnasser et al. (2007), which may be due to
dissimilar strains. Singh et al. (2010) reported that
thermophilic B. cereus SIU1 strain isolated from slightly
alkaline soils of Uttar Pradesh was highly halotolerant,
which was able to grow in the presence of 0.0-10% NacCl.
These reports are in line with present findings with
respect to salt tolerance of thermophilic Bacillus sp.

The antibiotic sensitivity of three thermophilic isolates
varied for each of the antibiotic group tested. The isolate
from boiled cow milk could tolerate concentrations of
streptocyclin and streptomycin sulphate as high as 500
ppm, whereas the other two isolates could tolerate only
up to 50 ppm. The isolate from tomato rhizospheric soil
was more resistant to Bacterianashak (a bactericide) and
could tolerate up to 1000 ppm, whereas the remaining
two were able to tolerate only up to 500 and 250 ppm,
respectively. The isolate from boiled cow milk (B.
licheniformis) was less sensitive to cyclohexamide and
could grow at concentration as high as 7000 ppm. On the
other hand, rest of the two bacterial antagonists could
grow only up to 4000 ppm concentration cyclohexamide
(Table 5). Very few literature reports exist on antibiotic
sensitivity of thermophilic bacteria for comparison with
our results. Imanaka et al. (1981) tested the thermophilic
Bacillus subtilis strains isolated from hot springs and
compost for resistance to antibiotics. They reported that
bacteria were resistant to antibiotics like tetracycline (250

ppm) and streptomycin sulfate (1000 ppm). The antibiotic
resistance of the thermophilic bacterial antagonists from
present study indicates them as potential biocontrol
candidates for safe integration with bactericides
(antibiotics) commonly used in disease management.

Based on the morphological, biochemical and
physiological characters, the bacterial isolates were
identified upto species level as B. licheniformis (boiled
cow milk), B. stearothermophilus (compost manure) and
B. stearothermophilus (tomato rhizospheric  soil).
However, isolates from compost manure and tomato
rhizospheric soil were different from each other in respect
of their antagonistic potential (zone of inhibition
produced) against test soil-borne fungal pathogens and
therefore seems to be two different strains of same
species B. stearothermophilus. The isolated bacterial
strains were given names as BLbcm for B. licheniformis
strain  from boiled cow milk, BScm for B.
stearothermophilus strain from compost manure and
BStrs for B. stearothermophilus strain from tomato
rhizosperhic soil.

In vitro screening for antagonism against soil borne
fungal plant pathogens

All the three thermophilic isolates produced strong
inhibition zones against test pathogens in dual culture
assay (Table 6, Figure 5). B. licheniformis has shown
highest antagonism against four test soil borne fungal
pathogens viz., P. aphanidermatum, F. oxysporum F. sp.
ciceri, R. bataticola and F. lycopersici compared to B.
stearothermophilus ~ (compost manure) and B.
stearothermophilus (tomato rhizospheric soil). However,
the isolates of B. stearothermophilus were comparatively
more effective against R. solani and S. rolfsii respectively
than B. licheniformis. In S. rolfsii colour of mycelia/
hyphae approaching to antagonistic bacteria was



Table 5. Antibiotic sensitivity of thermophilic Bacilli.

Pawar and Borkar 563

Antibiotic concentration (ppm)

Bacterial isolates from

Boiled cow milk Compost manure

Tomato rhizospehric soil

Streptocyclin
50

100

250

500

1000

Streptomycin sulphate

50
100
250
500
1000
Bacterianash
50
100
250
500
1000

ak

Cyclohexamide

100

500

1000
3000
4000
6000
7000

++++
+++
++
+

++++
++++
++++
+++
++

++++
++++
+++
+++
+++
++
++

++++
+H++
++++
+++
++

++++

+ + + +

++++
+H++
++++
+++
++

Table 6. In vitro efficacy of three thermophilic antagonistic Bacilli against six major soil borne fungal pathogens.

Inhibition zone (mm)

Inhibition (%)

B. B.
Test pathogen Elc;?]tt B. B. stearothermophilus Stearothermophilus B. B. stearothermophilus stearothermophilus
licheniformis (compost manure) (tomato rhizospheric licheniformis (compost manure) (tomato rhizospheric
soil) soil)
P. aphanidermatum _ Brinjal 63.00+1.80" 41.33+1.80° 38.33£1.80° 70.00 45.93 42.59




564 Afr. J. Microbiol. Res.

Table 6. Contd.

F. ciceri Chick pea 34.17+0.29° 26.33+0.29° 28.67+0.29° 37.97 29.26 31.86
R. bataticola Chick pea 67.67+2.25° 43.00+2.25" 34.83+2.25" 75.19 47.78 38.7
S. rolfsi Chick pea 18.50+ 0.25' 19.25+2.25° 23.00+0.25° 20.56 46.67 25.56
F. lycopersici Tomato 30.83+1.15° 19.67+1.15° 23.33+1.15° 34.26 21.86 25.93
R. solani Tomato 40.50+0.50° 51.67+0.50% 36.33+0.50% 45.00 57.42 40.37
SE (mean) 0.75 0.48 0.96

CD (@0.05%) 2.30 1.48 2.94

The different superscript letters a-f within the column indicates the treatment is significantly different from each other.

Figure 5. In vitro antagonism of thermophilic bacterial isolates against Rhizoctonia solani
by inhibition zone technique. a. B. licheniformis; b. B. stearothermophilus from compost
manure; ¢, B. stearothermophilus from tomato rhizospheric soil; d, control.

changed from white to brown which may due to antagonists. Similar results have been reported by that approximately 32% of 74 bacterial isolates
antifungal compounds secreted by the bacterial earlier researchers. Landa et al. (2004) reported from the chickpea rhizosphere inhibited growth of



F. oxysporum f. sp. ciceri in dual cultures under in vitro
studies. Foldes et al. (2000) reported that B. subtilis,
strain IFS-01 isolated from rhizosphere of cereals
produced clear inhibition zone against major
phytopathogens viz., F. oxysporum, Alternaria alternata,
Botrytis cineria and Aspergillus niger. Montealegre et al.
(2003) reported that B. subtilis strain 639 and B.
lentimorbus strain 640 isolated from rhizoplane and
rhizosphere of healthy and diseased tomato plants
produced halo zone against R. solani in dual culture
assay. Garima et al, (2005) reported that the
rhizobacteria, Bacillus sp. (GF23 and A555) significantly
inhibited radial growth of soil borne fungal pathogens viz,
R. solani, S rolfsi, A. niger, A. flavus, Fusarium
semitectum, F. udum, F. oxysporum f. sp. ciceri., F.
moniliforme and F. oxysporum f. sp. lycopersici by dual
culture plate assay, thus showing a broad spectrum
antagonism. Nakkeeran et al. (2006) reported that
rhizobacteria B. subtilis strain BSCBE4 isolated from
vegetable crops (tomato, brinjal and hot paper) showed
the highest inhibitory effect on mycelial growth of P.
aphanidermatum on PDA medium. Mehetre and Kale
(2011) reported in vitro antagonism of thermophilic
bacterium B. licheniformis against P. aphanidermatum
causing chilli damping off. Sabet et al. (2013) reported
that Bacillus sp. isolated from five commercial composts
had antagonistic effects on soil borne fungal pathogens
of cucumber in vitro. The treatment of antagonistic
Bacillus strains B3, B5, B7, B9, and B11 suppressed the
radial mycelial growth (24.4 to 57.8%) of F. solani, P.
ultimum, R. solani, and S. rolfsi causing root rot in
cucumber. Sharma et al. (2013) reported that B.
amyloliquefaciens strain sks_bnj_1 isolated from
diseased roots of soybean showed antagonism against
S. rolfsi, Sclerotinia sp and F. nivale.

Conclusions

The present study revealed strong antagonistic potential
of three thermophilic bacteria against major soil-borne
fungal plant pathogens. The biochemical and
physiological characterisation of thermophilic bacterial
isolates indicated their ability to tolerate high
temperature, pH, salt and antibiotic concentrations. We
propose the thermophilic bacterial isolates as the
potential biocontrol candidates for management of soil-
borne fungal plant pathogens, especially under stressed
environments where other biocontrol agents fail. Further
studies in relation to efficacy of thermophilic bacterial
antagonists for control of soil borne plant pathogens
under field conditions and development of suitable
bioformulations for their efficient filed delivery are
required before recommending them for biocontrol.
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The most common and wide spread health risk associated with drinking water is microbial
contamination. The aim of this study is to assess microbial contamination of drinking water, starting
from source to distribution systems. Water samples from the Arba Minch town of Southern Ethiopia
were collected randomly from the main source before chlorination, reservoir after chlorination and from
different points of distribution lines. Total coliforms, fecal coliforms and heterotrophic plate count (HPC)
were determined from collected water samples. Coliforms were analyzed by using the most probable
number (MPN) method. About 93.3% of collected water samples were contaminated with total coliforms
and 16.7% of distributed tap water was contaminated with fecal coliforms. Most of the analyzed water
samples had high number of viable bacteria or HPC (>5 log), and total coliforms. The HPC ranged from
1.9 log of bacteria in the chlorinated water in reservoir tank to 8.44 log in the source water before
chlorination. Overall, the quality of drinking water suggests that the distribution lines are the most likely
point of microbial contamination. Therefore, regular bacteriological monitoring and maintaining residual
chlorine in distribution system is mandatory.

Key words: Coliforms, drinking water, heterotrophic plate count, microbiological point of contamination.

INTRODUCTION

Water contamination is the most common and widespread people in the world lacked contaminants-free drinking
health risk in developing countries. About 663 million water sources according to UNICEF and WHO (2015)
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reports. According to the report, Ethiopia is one of the
countries that have met the millennium development goal
drinking water target (UNICEF and WHO, 2015). In the
protection of drinking water, identification of the point of
contamination is very important. The health and well-
being of a population is directly affected by the coverage
of water supply and sanitation.

The impact of poor water quality on the transmission of
communicable diseases is well established (Usman et al.,
2016; Schlipkoter and flahault, 2010). The main problem
associated with ingestion of water is microbial risk due to
water contamination by human and animal feces. Some
of the microorganisms found in water may cause
diseases, thereby questioning its safety. Drinking such
contaminated water or using it in food preparation may
lead to new cases of infection. Many common and wide
spread health risks have been found to be in association
with drinking water in developing countries (Suthar et al.,
2009). Furthermore, in developing countries, unsafe
water, poor sanitation and hygiene problem have been
reported to rank third among twenty leading risk factors
for health burden (WHO, 2003).

Most of the population of Ethiopia does not have
access to safe and reliable sanitation facilities. On top of
these, majority of the households do not have sufficient
understanding of hygienic practices regarding water and
personal hygiene. As a result, over 75% of the health
problems in Ethiopia are communicable diseases which
resulted from having unsafe and inadequate water
supply, and unhygienic waste management, particularly
human excreta (WWAP, 2004). About three-quarter of
health problems in children in the country is
communicable disease arising from poor water supply
and sanitation, most of which is associated with microbial
contamination of drinking water (Kumie and Ali, 2005). In
a study conducted in northern part of Ethiopia, about 46%
of mortality in children of less than five year was due to
diarrhea mainly related to unsafe drinking water (Asmassu
et al., 2004).

The microbial quality of drinking water attracted great
attention worldwide because of implied public health
effects (Abdelrahman and Eltahir, 2011). The effective
way of assessing water safety is by using water quality
indicators microbes. The fecal indicator bacterium has
been considered as biological indicators of drinking water
for a long period of time (Enriquez et al., 2001). Detection
of bacterial indictors in drinking water shows the
presence of pathogenic organisms that are the source of
water borne diseases which could be fatal. The point of
contamination can vary depending on the water treatment
condition and residual chlorine concentration in
distribution lines (Amenu et al., 2013). Thus, water quality
problem can be assessed by identifying indicator
organism that shows existence of water contamination.
Limited studies have been carried out to assess the point
of microbial contamination of drinking water in southern
part of Ethiopia. Therefore, this study was conducted to

assess the microbial contamination of drinking water,
starting from point source to distribution systems.

MATERIALS AND METHODS
Study design and setting

A cross sectional study was conducted to assess bacteriological
quality of drinking water obtained from main sources, reservoirs and
consumers’ tap in Arba Minch town, Southern Ethiopia. Arba Minch
is the capital town of the Gamo Gofa zone, located 500 km south of
Addis Ababa in southern Ethiopia. It is situated in the great African
rift valley with an elevation of 1285 m above sea level. The total
area of the town is estimated to be about 1095 hectares. Its
temperature is about 29°C and the average rain fall is 900 mm. The
drinking water source of the Arba Minch town is from forty spring
sources. The drinking water in the study area is treated by
chlorination.

Sample collection and sampling point

Samples were collected from fifteen different locations grouped into
three types of water sources. Twelve tap water samples were
collected from different sites of distribution system (customer taps),
one from reservoir just after chlorination, two water samples from
spring water as initial source before chlorination. The method of
sample collection was according to WHO (2008) guidelines for
sample collection for drinking water quality assessment. Samples
were collected aseptically from each sampling site in sterile bottles
with capacity of 250 mL and transported to the laboratory in ice box
and the samples were analyzed within two hours of collection. For
the chlorinated water samples, about 2.5 mL of 10 mg/mL sodium
thiosulphate was added into each sampling bottle to stop the
chlorination process during transportation. Microbiological analysis
of water sample was done as soon as possible after collection to
avoid unpredictable changes in the microbial population (WHO,
2008).

Microbial analysis

Water samples were analyzed for heterotrophic plate count (HPC),
total coliforms and fecal coliforms. The HPC which aims to count all
microorganisms that is capable of growing on nutrient agar was
performed by using serial diluted water sample from 10" to 10°
dilution level. Then, 1 mL of each diluted water sample was
inoculated on nutrient agar using pour plate method and incubated
at 37°C for 24 h. The bacterial count was done and expressed as
colony forming units (CFU) per mL (APHA, 1992).

Coliforms were enumerated by the most probable number (MPN)
techniques using sets of three tubes inoculated with 10 mL of
MacConkey broth (Oxoid®) with 1 mL of serial diluted at 1, 0.1 and
0.01 mL. The water analyses were carried out in two stages. The
first test is presumptive test and it is performed by inoculating the
three level diluted samples in tubes which contain the MacConkey
broth and incubated at 37°C for 48h. After the period of incubation,
the inoculums were examined for gas formation by inspecting
displacement of liquid media by air in Durham’s tubes. The first
reading was taken after 24 h to record positive tubes, and negative
tubes were incubated for another 24 h. Then, the formation of gas
in the incubated culture media was considered as positive
presumptive test.

A positive presumptive sample was further confirmed by
confirmatory tests. In confirmatory test, 1 mL of inoculums in
positive presumptive tubes were transferred to the three different
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Table 1. Risk indicator microorganisms in different samples of pre and post chlorinated drinking water.

Source of water sample

HPC CFU/mL (log/ml)

Total coli form MPN/100 mL (95% ClI)

Fecal coli form MPN/100 mL

Sample from Ss;
Sample from Ss;
Sample from Rs
Sample from Ds;
Sample from Ds;
Sample from Ds3
Sample from Ds4
Sample from Dss
Sample from Dsg
Sample from Dsy
Sample from Dsg
Sample from Dsg

2.8 x 10’ (7.45 log)
2.8 x 10° (8.45 log)
8.0 x 10" (1.9 log)
2.6 x 10’ (7.4 log)
1.9 x 10° (8.29 log)
1.2 x 10° (8.1 log)
1.0 x 10° (8 log)
1.2 x 10° (5.1 log)
8.0 x 10° (6.9 log)
7.0 x 10° (5.8 log)
1.6 x10* (4.2 log)
6.0 x 10" (4.77 log)

1.2 x 10’ (7.1 log)
2.7 x 10° (8.4 log)
2.1 x 10° (8.3 log)

Sample from Dsig
Sample from Dsi11
Sample from Dsi»

>2,400 -
1,100 (150, 4800) -
460 (71, 2,400) 3
240 (36, 1,300) -
150 (30, 440) -
460 (71, 2,400) 15
240 (36, 1,300) -
20 (7, 89) -

9 (1, 36) -
7(1,23) -

14 (3, 37) -

93 (15, 380) -
460 (71, 2,400) -
240 (36, 1,300) -

Ss = Source of water sample; Rs = reservoir water sample 1; Ds = water sample taken after distribution. CFU: colony forming units; MPN: most

probable number; Cl: confidence interval.

dilution tubes of MacConkey broth and inoculated at 44.5°C for 48
h. Then gas produced samples inoculums in the respective tubes
were recorded. Finally, the value obtained was interpreted using
MPN table and expressed as MPN of coliform per 100 mL of the
water sample.

The positive confirmatory test was further checked to complete
the tests. In this case, the suspected organisms were inoculated on
nutrient agar slant and tube of lactose broth. After 24 h at 37°C, the
lactose broth was checked for the production of gas, and a Gram
stain was performed from organisms grown on the nutrient agar
(APHA, 1992). After the analysis which indicates the quality status
of drinking water, the results were compared with the Ethiopia and
WHO guideline values (WHO, 2004).

Quality control

Bacteriological quality of drinking water was processed according to
standard operating procedures and laboratory safety rule was
followed. Sample collecting bottles was sterilized before sample
collection. To check sterility of prepared media, 5% of prepared
batch of media were incubated overnight and checked for microbial
growth in the media. Both positive and negative controls were
inoculated together with test water sample.

Data analysis

Descriptive statistical methods were used to summarize data and
the result of bacteriological analyses was compared with national
and WHO guidelines for drinking water during interpretation.

RESULTS

The HPC of collected water samples ranged from 8 x 10"
to 2.80 x 10° CFU/mL water. The lowest HPC 8 x 10"
CFU/mL was observed in the sample which was collected
from the reservoir immediately after chlorination before

entering distribution line, while the high number of HPC
was detected from the spring water source before
chlorination. Total coliforms and fecal coliforms
determined for all the water samples are presented in
Table 1.

Microbial analysis of source spring water sample taken
from different points before chlorination showed
heterotrophic plate count of 2.85 x 10" and 2.8 x 10°
CFU/mL in both samples. The highest values (>2,400
MPN/100 mL) were detected for total coli forms in the
spring water before chlorination and no fecal coliforms
were detected after chlorination.

In order to assess the effectiveness of treatment,

microbial properties of the drinking water was also
assessed after chlorination before entering distribution
lines. The number of cultivable microorganisms after
chlorination was determined by heterotrophic plate count
and about 2.9 log/mL organisms were detected. Unlike
other water samples, the MPNs showed no total coliform
and fecal coliform bacteria (Table 2). Microbial analysis
was also performed on distributed tap water (chlorinated)
taken from 12 different parts of the town (Figure 1). The
heterotrophic plate count of tap water ranged from 1.6 X
10* to 2.8 x 10° CFU/mL with a mean of 7.8 x 10’
CFU/mL. The total coliform counts ranged from 7.4 to
460 MPN/100 mL, while the fecal coliform counts were
detected in two water samples which accounts 3 and 15
MPN/100 mL (Table 1).
All the spring source water and distributed tap water were
positive for total coliforms. About 16.7% of distributed tap
water samples also had fecal coliforms by most probable
number analysis method. The reservoir water sample
was free of both total coliforms and fecal coliforms (Table
2).
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Table 2. Occurrence of indicator bacteria at source, from reservoir and tap water.

Type of indicator microorganisms

Type of water sample
yp P Total coli form

Fecal coli form

Total number of collected samples

Source (spring water) 2
Reservoir after chlorination -
Distributed tap water 12
Total 14

- 2

1
2 12
2 15

Keys

[> Distnibuted tab water coliected area

B Resenvois 20

® Source (Spring water) area

Figure 1. Map of the study sites, Arba Minch, Ethiopia.

Based on World Health Organization (1997) guidelines
for drinking-water level of risk category for total coliform
and fecal coliform, 16.7% of tap water sample fell within
the low risk category, about 25% of tap water sample was
classified as medium risk, and 58.3% of tap water was
classified under high risk. The same as for total coliform
level of risk for fecal coliform was determined. For fecal
coliform indicator, about 83.4% of tap water samples had
no risk, 8.3% was classified under low risk and similarly,
8.3% fell within the medium risk category (Figure 2).

DISCUSSION

Heterotrophic plate count of non-chlorinated source water
(spring water) was higher (>7 log) when compared with
chlorinated reservoir water. This indicates that the action
of chlorine in reducing high bacteria load of source water
was very important. Although, the bacteria load of
reservoir water was low, there were about 8 x 10'
CFU/mL microorganisms. This may be due to the use of
insufficient concentration of chlorine or due to the
resistance organisms to effective concentration of chlorine

disinfectant. According to a study conducted by Chouhan
(2015), the number of HPC bacteria in drinking water
ranged from <0.02 to 1 x 10* CFU/mL. Reductions of
HPC levels from the raw source water to the finished
water after treatment ranged from <1 log to 2 log for
upland catchment water, and 1 log to 4 log for river
derived water (WHO, 2003). Bacteriological quality
changes may cause aesthetic problems involving taste
and odor development, slime growths and colored water.

The microbial load of drinking water after leaving the
treatment reservoir was high (> 4.2 log) as compared to
its load before leaving the treatment reservoir (1.9 log).
This result shows recontamination of drinking water in the
distribution lines and the microbial load was higher than
the amount of organism recommended by WHO (2004)
standard. The growth of microorganisms after leaving the
treatment site at the distribution network can be
explained from different points of view. One possible
reason for this high load of HPC in the distribution line is
the insufficient residual chlorine level which is unable to
inhibit the growth of microorganism. The other possible
reason could be the distribution line damage and cross
contamination with microorganisms. Similar findings were
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Figure 2. Level of the risk indicator organisms in chlorinated water collected from distribution lines.

exhibited in Ismailia canal water with HPC ranging from
1.0 x 10° to 4.13 x 10° CFU/mL (Abdo et al., 2010). In
contrast, low HPC was observed in a study conducted on
Gezira State drinking water (Elbakri, 2015). This might be
due to lack of frequent repair of broken pipe line and less
residual chlorine in the current study.

Highest number of total coliforms was recorded at the
spring source water before treatment (>2,400 MPN/ml).
Results of total and fecal coliforms revealed that the
drinking water was unsafe according to national and
WHO drinking water standards which states less than 10
coliform/mL of drinking water (UNEP, 1996). This high
number of the coliforms may be due to soil and plant
coliforms other than fecal origin. One of the possible
reasons for these findings is contamination of water after
leaving the reservoir through the damaged water pipe
line. The other possible reason can be use of ineffective
concentration of chlorine in the treatment reservoir.
Furthermore, it can be due to low residual chlorine in the
distribution system, contamination due to transient
pressure drops leading to infiltration of ground water into
water pipes, contamination due to incorrect cross
connection with sewer lines, interconnection with toilet,
pipe corrosion, pipe breakage and entrance of
contaminants into the distribution system (Ailamaki et al.,
2003).

Similar findings were obtained in a study done in Sri
Lanka (Dissanayake, 2004), Bona District, Sidama Zone,
Southern, Ethiopia (Berhanu and Hailu, 2015) and Bahir
Dar city (Tabor et al., 2011). In this study, about 93.3% of
analyzed water samples were positive to total coliform
indicator bacteria and 16.7% of the samples were
positive to fecal coliforms. Similar findings were observed
in study conducted in Dire Dawa (Amenu et al., 2013).
Unlike this study, all samples collected were positive to

total coliforms. This difference may be due to differences
in the sanitary facilities of the studied area (Amenu et al.,
2013). In contrast to this study, a study conducted in
Adama town, Oromia regional state of Ethiopia showed
acceptable amount of coliforms according to WHO and
national standards (Eliku and Sulaiman, 2015). The
observed difference may be due to sufficient residual
chlorine in the distribution line and appropriate water
protection in Adama town.

Any coliform presence in drinking water is
unacceptable even though their level of risk indication
depend on the type of coliforms and number of coliforms
present in a water sample. In drinking water, the
presence of fecal coliforms should not be ignored as the
basic assumption that pathogens would not be presented
in drinking water, but this study shows the presence of
fecal coli form. Since they are indicators of possible
presence of waterborne pathogens, one can expect
waterborne diseases in the study area. Due to the
presence of indicator microorganism such as coliforms in
drinking water, one can infer that there could also be
water associated enteric or other pathogens such as
Salmonella species, Shigella species, Vibrio cholera, etc.
in the water. Properly constructed spring water may be
free of fecal coliform bacteria. The presence of coliforms
in spring water indicates leakage of surface water into the
spring. It could also be due to poor construction or cracks
in the spring casing.

The quality of drinking water is highly associated with
the sanitary facility of the water catchment area.
Therefore, the poor quality of drinking water observed
may be as a result of poor sanitary condition of the area
(WHO and UNICEF, 2014). On the other hand, in urban
areas of Ethiopia, the availability of improved latrine,
shared latrine, unimproved latrine and open defecation
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accounts for about 27, 42, 23, and 8%, respectively
(WHO and UNICEF, 2014). In 2015, 2.4 billion people in
the world still had no access to improved sanitation
facilities. The global population living in rural areas had
seven out of ten people without improved sanitation
facilities and nine out of ten people still practice open
defecation (UNICEF and WHO, 2015).

Conclusion

The amount of total coliforms and fecal coliforms
detected in Arba Minch town drinking water were not in
harmony with the standard set out by WHO for drinking
water. The maximum level of HPC from all analyzed
water sample at both spring water source and in
distribution systems indicates that it is unsafe for drinking.
The presence of high number of coliforms in the drinking
water showed it is unsafe for consumption. Therefore,
this should be considered by regulatory bodies as many
diseases can be spread through fecal transmission.
Regular monitoring of the distribution system for level of
chlorine residue is mandatory. By considering these
home water treatment mechanisms like granular-medium
filters, home based physical and chemical disinfection is
recommended.
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The seasonal snowpack of the temperate glaciers are sources of diverse microbial inoculi. However, the
microbial ecology of the tropical glacial surfaces is endangered, hence poses an extinction threat to
some populations of some microbes due to rapid loss of the glacier mass. The aim of this study was to
isolate and phylogenetically characterise the prokaryotes from the seasonal snow of Lewis glacier in Mt.
Kenya. Snow samples were inoculated into Difco™ R2A Agar and BG-11 medium. Genomic DNA of
seventeen representative axenic isolates was extracted using the mixture of MP FastDNA soil kit and
the 16S rDNA gene region partially sequenced. The 16S rDNA gene sequences were blastn analyzed
against the Genbank database and phylogenetic analysis was performed using MEGA 6 software.
Phylogenetic analysis grouped the isolates into three phyla: Firmicutes, Proteobacteria and
Actinobacteria. Isolates were affiliated with the genera Bacillus (53%), Stenotrophomonas (23.4%),
Cryobacterium (5.9%), Paenibacillus (5.9%), Subtercola (5.9%) and Arthrobacter (5.9%). The results
confirm that the seasonal tropical snowpack of Lewis glacier is dominated by the general terrestrial
prokaryotes and a few glacier and snow specialist species.

Key words: Seasonal snowpack, tropical glacier, prokaryotes, 16S rDNA.

INTRODUCTION

Cold-adapted regions, ice cores from Polar Regions and
glaciers from mid-latitude and high-latitude mountains are
known to harbour diverse and active microbial community
structures (Palmisano and Sullivan, 1983; Grebmeier and
Barry, 1991; Skidmore et al.,, 2005). Ice cores are
important for dating past microbiological diversity such as
the bacteria, fungi and algae that are present in ice cores
from polar ice sheets and mountain glaciers (Christner et
al., 2003; Miteva et al., 2009).

Snow algae and yeast cells can accumulate and
multiply on glacier surfaces from temperate regions, in
accumulation areas because of the availability of
meltwater, which is essential for their growth and nutrient
cycling (Uetake et al., 2011). Cold-adapted yeasts have
been isolated from supraglacial and subglacial ice in
Svalbard (Butinar et al., 2007), Austrian glacier ice
(Margesin et al.,, 2007), Italian subglacial meltwater
(Buzzini et al., 2012), supraglacial and subglacial ice and
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meltwater from the Italian Alps (Turchetti et al., 2007),
glacial and subglacial waters from northwest Patagonia
(Brizzio et al., 2007), and an Antarctic deep ice core
(Amato et al., 2009).

Temperate glaciers are characterised with the seasonal
snow cover that harbours phytoflagellates, mostly the
micro-algae (Anesio and Laybourn-Parry, 2012). Snow-
packs are good sources of microbial inoculi (Hallbeck,
2009), nutrients (Schmidt and Lipson, 2004), and water
(Barnett et al., 2005) that cascades through the drainage
tills forming the melt water at the subglacial ecosystems.
The availability of the inorganic nitrogen and phosphate
compounds (Uetake et al., 2010) on glacier environments
are controlled by the phototrophic activity of the snow
algae and the snow-pack Cyanobacteria (Hodson et al.,
2008). 16S rRNA gene sequencing has also revealed the
availability  of Proteobacteria, Firmicutes and
Actinobacteria that are able to degrade organic com-
pounds such as the propionate, acetate and formate that
are available on the Arctic snow (Hodson et al., 2008).

The diversity and ecology of the prokaryotes in the
snowpack from the rapidly disappearing tropical African
glaciers, Mt. Kilimanjaro, 5895 m, Mt. Rwenzori, 5109 m
and Mt. Kenya, 5199 m is not yet studied. In this study,
the phylogenetic diversity of prokaryotes in the snowpack
from Lewis glacier in Mt. Kenya was determined using
culture based approach. Lewis glacier on Mt. Kenya is
the smallest (0.4 km? in 1993) in Africa (Kaser, 1999) and
biggest glacier on Mt. Kenya (Lewis Glacier) that is
rapidly shrinking (Prinz et al., 2011). The study revealed
that the snowpack of the rapidly disappearing Lewis
glacier is dominated by the Firmicutes, Genus Bacillus.
This is the first report to explain the availability of the
prokaryotes from the psychrophilic ecosystems in the
African continent.

MATERIALS AND METHODS
Sample collection and processing

Snow samples were collected in September, 2016 from Lewis
glacier (latitude 0° 9" 30"S - 0° 9' 15"S, longitude 37° 18' 45"E - 37°
19" 0"E, Figure 1) in Mt. Kenya, Nyeri county. Samples were
collected from 5 sites (ST1, ST2, ST3, ST4 and ST5). At each site,
5 samples were collected at a different of 0.1 x 0.1 m areas and
stored in sterile 50 ml falcon tubes for cell counts and isolation. All
samples were collected using pre-cleaned stainless steel scoops
and spoons. In the field, samples were kept cold around 0°C in
large stainless steel vacuum flasks with glacial ice samples before
they were transported to Jomo Kenyatta University of Agriculture
and Technology Laboratory for analyses.

Isolation and purification of isolates

Sterile syringe was used to inoculate 200 pl of melt snow into plates
containing appropriate heterotrophic bacterial media, Difco™ R2A
Agar with the following composition: yeast extract (0.5 g), No. 3
proteose peptone (0.5 g), casamino acids (0.5 g), dextrose (0.5 g),
soluble starch (0.5 g), sodium pyruvate (0.3 g), dipotassium
phosphate (0.3 g), magnesium sulfate (0.05 g), and agar (15.0 g).
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While for the autotrophic prokaryotes, BG-11 was used with the
following composition: Na,MG EDTA (0.5 g), ferric ammonium
citrate (0.6 g), citric acid.1H,O (3.6 g), MgS04.7H,O (7.5 @),
K;HPO4.3H,O (4.0 g), H3sBOs; (2.86 g), MnCl,.4H,O (1.81 g),
ZnS0,4.7H,0 (0.222 g), CuS04.5H,0 (0.079 g), COCl,.6H,O (0.050
g), and NaMo00O,.2H,O (0.391 g). Each of the components were
mixed and brought up to a 1 L volume of distilled water at pH 7.2.
Inoculants were incubated at 25°C. Growth rates were monitored
daily for a week while sub-culturing until axenic cultures were
obtained.

Genomic DNA (gDNA) extraction and 16S rRNA gene
amplification

Pure isolates were used for the extraction of the gDNA. A colony
was picked from plates of fresh cultured isolates using a sterile
wire-loop and directly added to a mixture of MP FastDNA soil kit
according to the manufacturer’s protocol. Purified DNA was
guantified photometrically (NanoDrop; Thermo Fisher Scientific,
Germany) and used as a template for amplification of 16S rRNA
genes using the general bacterial primer pair 27F [5-
AGAGTTTGATCCTGGCTCAG-3'] and 1492R [5-
GGTTACCTTGTTACGACTT-3] (Lane, 1991). PCR amplification
was performed using TaKaRa Ex Taq DNA polymerase (Takara,
Shiga,Japan). For each PCR, 1 pl (25 ng/ul) of the template was
mixed with TaKaRa Ex Tag™ HS (5 units/ul) according to the
manufacturer’s protocol. The PCR conditions were as described by
Mackenzie et al. (2007) except the final extension which was at
72°C for 8 min. PCR product size was checked using a 1% agarose
gel stained with ethidium bromide. The amplicons were gel purified
using Macherey-Nagel NucleoSpin extract Il kit as per the
manufacturer’s protocol and eluted in 30 ul of TE Buffer (5 mM, pH
8.0).

DNA sequencing and phylogenetic analysis

Polymerase chain reaction (PCR) products were sequenced with a
3130xI Genetic Analyzer (Applied Biosys-tems, California) at the
National Institute of Polar Research (NIPR, Japan). Sequences of
the isolates were manually edited in chromas and checked for
presence of artifacts or chimeric structures using the Mallard
software (Ashelford et al., 2006). A search for similar sequences
using BLASTN program was performed, and sequence alignment
was performed using the CLUSTAL Omega program
(http://www.clustal.org). A neighbor-joining tree of the aligned
sequences was constructed using MEGA V6 (Tamura et al., 2011).
Evolutionary distances were computed using the Maximum
Composite Likelihood method (Tamura et al.,, 2004). To obtain
support values for the branches, bootstrapping (Felsenstein, 1985)
was conducted with 1000 replicates. All sites, including gaps in the
sequence alignment, were excluded pair-wise in the phylogenetic
analysis. Using the resultant neighbor-joining tree, each isolate was
assigned to the proper taxonomic group. The taxonomic
assignment was confirmed at a 90% confidence level using the
naive Bayesian rRNA classifier on the RDP website (Cole et al.,
2013). All sequences were deposited in GenBank nucleotide
database with the accession numbers MH329929 to MH329948.

RESULTS

Affiliation of 16S rRNA gene sequences of the
isolates

A total of 17 representative isolates from snowpack were
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Table 1. Taxonomic affiliation and percentage sequence similarities of bacterial isolates with closest relatives from the Genbank database.

Accession

Sample ID No. Closest taxonomic affiliation Isolation source ID (%)
Lewis Bac 1 MH329929  Bacillus subtilis strain NB-01 (HM214542) Forest floor 100
Lewis Bac 4 MH329932  Bacillus subtilis strain K21 (JN587510) Fermented soy food 100
Lewis Bac 18 MH329945  Bacillus tequilencis strain JO-17 (MF321840) Saline desert soll 100
Lewis Bac 2 MH329930 Cryobacterium species (AB872307) Cryoconite sediment 100
Lewis Bac 3 MH329931  Bacillus safensis strain CF4 (KY085985) Corn rhizosphere 100
Lewis Bac 7 MH329935  Bacillus pumilus ZB13 (EF491624) NA 96
Lewis Bac 16 MH329943  Bacillus safensis strain U41 (CP015610) Lake Untersee 96
Lewis Bac 5 MH329933  Stenotrophomonas maltophilia (LT906480) Mouth 100
Lewis Bac 6 MH329934  Stenotrophomonas maltophilia strain Nc 15MA-2(KP296212) Mouth 100
Lewis Bac 13 MH329940  Stenotrophomonas maltophilia strain 2681 (CP008838) NA 100
Lewis Bac 21 MH329948  Stenotrophomonas maltophilia strain 2681 (CP008838) NA 100
Lewis Bac 8 MH329936  Bacillus niabensis strain G3-1-20 (KC494318) Soil 100
Lewis Bac 10 MH329937 Paenibacillus taichungensis strain 043(JN975184) Plant root rhizosphere 100
Lewis Bac 14 MH329941  Bacillus thuringiensis strain 043 (KY323329) Baltic sea 100
Lewis Bac 15 MH329942  Bacillus horikoshii strain 20a (CP020880) Sediment 99
Lewis Bac 19 MH329946 Lysinimonas species (MG934620) Glacier 100
Lewis Bac 20 MH329947  Arthrobacter agilis strain L77 (AY131225) Psychrotolerant 100

selected from the axenic colonies for phylogenetic
analyses. The isolates (prefixed as Lewis Bac with their
accession numbers in parenthesis) in the inferred
phylogenetic tree were phylogenetically diverse and
affiliated with known members from different phyla
including Firmicutes, Proteobacteria, and Actinobacteria
(Table 1 and Figure 1).

Comparison of the newly isolated 16S rRNA gene
sequences to known sequences in the Genbank
database using Blastn analysis indicated sequences
similarities of >96% with known sequences (Table 1).
Most of the isolates (53%) were closely affiliated with
members of the genus Bacillus with >96 sequence
identity. Four isolates (23.5%; Lewis Bac 5, 6, 13 and 21)
had 100% sequence identities with known members of
the genus Stenotrophomonas. The other four isolates
(Lewis Bac 2, 10, 19 and 20) had 100% sequence
identities with  known members of the genera
Cryobacterium, Paenibacillus, Subtercola and
Arthrobacter, respectively. Three isolates (17.6%; Lewis
Bac 2, 19 and 20) had 100% identities to known glacier
and polar zone genera Cryobacterium, Subtercola/Agreia
and Arthrobacter, respectively. 76.5% of the isolates had
>96% identity to known members of the terrestrial and
aquatic ecosystems while the other 5.9% of the isolates
had 100% identity to known members of the human
gastrointestinal tract, genus Stenotrophomonas.

The phylogenetic tree formed two major clusters
described by the possible sources of the isolates. Snow
or the psychrotolerants together formed a single sub-
cluster supported with a bootstrap value of 100% (Figure
1). The terrestrial and aquatic isolates were also

clustered together with sub-clusters describing sub-
species and strains of various genera (Figure 1). Lewis
Bac 5, 6, 13 and 21 were clustered together with the
known genus Stenotrophomonas.

DISCUSSION

Snowpack of Lewis glacier is a rich psychrophilic
ecosystem that is conducive for the microbial inoculi. The
snow cover of Lewis is, however, experiencing the
downwind bio-aerosol input from the surrounding tall
rocky points, moraine, terrestrial, human activity and
savannah forests from Laikipia county. In this study, the
isolates were partially identified to be closely related to
the human gut pathogens, terrestrial and psychrophilic
microbial ecology. The molecular analyses of 16S rRNA
gene sequences revealed three phyla, Firmucutes,
Proteobacteria, and Actinobacteria as the colonies on the
Lewis glacier snowpack. The presence of the three phyla
Firmicutes, Proteobacteria, and Actinobacteria on the
snowpack would be an indication of active degradation of
organic compounds from the glacier surface as compared
to their known features on glaciers elsewhere (Hodson et
al., 2008). The occurrence of these phyla is also
characterized with the balance of nutrient cycling
between the atmosphere and glacier surface. Elsewhere,
Jones (1999), Hodson et al. (2005) and Hodson et al.
(2008) have shown that nitrogen cycling is important to
the melting polar glaciers, but it would be much faster in
the tropical glaciers, which are actively exposed to
photosynthetic and heterotrophic processes in addition to
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Figure 1. Evolutionary relationships between partial 16S rRNA gene sequences of the isolates and some
selected known bacterial species. Methanoculleus thermophiles (AB065297) was used to root the tree.

other biogeochemical processes due to available litter

and bio-aerosols influxes. However, the biogeochemical understood.
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The succession process of the rapidly disappearing
Lewis glacier also contributes to the litter input on the
snowpack. The genus Bacillus was the most dominant
group on the glacier snowpack with a percentage of 53%.
This can be explained by the strategic location of the
glacier site to the windward and leeward sides where it
experiences the upwind predominant weather systems
from Indian ocean and downwind influxes from the
savannah zones on Nanyuki, respectively. The exposure
of the glacier surface to continuous leeward dust flow
makes it a recipient settling zone for the contaminating
terrestrial bio-aerosols. Most of the analyzed isolates (12;
53%) are soil and plant root rhizosphere symbionts, while
4 (23.5%) are closely related to human gut pathogens.
Probably, the symbionts would be easily blown by the
downwind from the savannah zones and oceanic upwind
from the glacier foreland, which is colonized by the
vascular plants (Schutte et al., 2009; Davey et al., 2015)
onto the snowpack that acts as a settling point for litters
and bio-aerosols. Moreover, soil inoculants would arise
from the glacier terminal moraine that is re-colonized by
the snow generalist phyla. The phylum Proteobacteria is
a snow generalized colony, which is known to play a
significant role in the rock mineralization at the glacier
foreland (Yoshitake et al., 2010) that extends to the
moraine ecosystem.

Isolates Lewis Bac 5, 6, 13 and 21 were identical to
known members of the human pathogen (genus
Stenotrophomonas) indicating that human activities on
the glacier and also the surrounding influxes are possible
sources. Stenotrophomonas maltophilia is ubiquitous in
agueous environments, soil, and plants (Berg et al., 1996,
1999), which are great sources to possible contaminant
on the Lewis glacier snowpack. They are also known to
be useful in wide range of biotechnology applications
(Bhattacharya et al., 2007; Ryan et al., 2008). However,
their occurrence in cryophilic environment is a rear
finding that is reported for the first time from the tropical
glacier.

In this study, only three snow specialist species
(17.6%; isolates Lewis Bac 2, 19 and 20) were partially
identified out of the 17 isolates. These three isolates were
closely related to known groups of glacier specialist
species of the genera Cryobacterium, Subtercola/Agreia
and Arthrobacter (Figure 1) that have only been
published from the mid-latitude to polar regions (Hodson
et al., 2008). The genus Cryobacterium is psychrophilic
(Suzuki et al., 1997; Zhang et al., 2007). Cryobacterium
psychrotolerans is aerobic bacterium isolated from the
China No. 1 glacier. They grow well between 4 and 27°C
with an optimum growth at 20 to 22°C (Zhang et al.,
2007). These conditions can as well be inhabited in the
tropical Lewis glacier, which seems to have a constant
temperature conditions.  Arthrobacter agilis is a
psychrotrophic bacterium, which occurs in lake water and
Antarctic sea ice (Bowman et al., 1997; Deming, 2002). It
produces  dimethylhexadecylamine, plant  growth
promoting enzymes and cold active hydrolytic enzymes

(Nadeem et al., 2013). These elements would be useful
for the species competence, degradation of bioactive
elements and cold shock stability within the tropical
glacier ecosystem. Due to the seasonal snow fall on
Lewis glacier and rapid melt of the englacial and
subglacial zones of Lewis glacier (Hastenrath, 1983,
2006; Prinz et al., 2011), these psychrophilic prokaryotes
are endangered and can be easily lost through the glacial
surface run off and melt water tillage to the glacier bed
and melting points.

Generally, the stability of microbial interactions on the
showpack is complexed with the climate change, duration
of snow melt and rainfall (Hodson et al., 2008). However,
the snowpack layer of Lewis glacier is relatively thin and
has shorter melting durations, most likely due to the
location of the glacier closer to the equator with a
constant temperature. It means that the phototrophs are
not affected by the snow flurries and their interactions
with the snow heterotrophs have impact on the glacial
interface microbial community structures, which may
facilitate the rate of biogeochemical processes leading to
rapid glacier melt. Lewis glacier snowpack is not
colonized by the phototrophic prokaryotes as usual to
other glaciers worldwide (Stanier and Bazine, 1977,
Harding et al., 2011). This might be due to the seasonal
snow fall characteristic of the Lewis snow cover, which is
coupled with the influx of the bio-aerosols. The
phototrophic prokaryotes might be colonizing the
submerged cryoconite holes on the Lewis glacier surface,
but not on the snowpack.

Conclusion

The findings in this study suggest that the snowpack of
the tropical Lewis glacier is colonized by diverse
prokaryotes, including those of clinical and
biotechnological significance. Only a few of the isolates
were cryophilic that might be endangered by the rapid
loss of the glacier. A number of isolates from the
snowpack are, however, the general colonizers that are
blown in by the downward and upward wind from the
surrounding terrestrial, moraine, savannah ecosystems
and the predominant oceanic weather system.
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