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ABSTRACT

The main objective of the current research work was to investigate the physicochemical properties of ice samples collected from the
snout of three important glaciers located in the Garhwal Himalaya along with the psychrophilic microbial diversity. This study was
carried out for two years from 2015 to 2016 with two sampling attempts each year. Ice samples were collected from all the pre-identified
sampling sites at a depth of 5cm to observe and record the characteristics and to isolate and identify the psychrophilic diversity of
microorganisms. Overall fourteen physical and chemical properties of ice samples were recorded. The psychrophilic microbial diversity
was identified through the morphological, biochemical and MALDI-TOF-MS techniques. The o—diversity of microbes in the ice of
Satopanth glacier was 17 with 08 bacterial species, 04 actinomycetes species and 05 fungal species. However, the a—diversity of
microbes in the ice of Bhagirathi-Kharak glacier was also 17 with 06 bacterial species, 05 actinomycetes species and 06 fungal species.
The a—diversity of microbes in the ice of Gangotri glacier was 19 with 09 bacterial species, 05 actinomycetes species and 05 fungal
species. The present research work can be a decent reference for additional investigations in a similar discipline. The available data will
also help the researchers to study the psychrophiles, their existence in glaciers and their importance to society.
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INTRODUCTION

The Garhwal Himalaya is very rich in terms of the presence of glaciers including
one of the biggest, the Gangotri glacier. A total of 13% of the area of
Uttarakhand is permanently covered with snow. More than 15,000 glaciers are
present in the Himalaya. A glacier is a large and slow-moving layer of hard ice;
this hard ice is formed due to the compacting of snow layers for thousands of
years. The glaciers of Garhwal Himalaya are the major source for some of the
most important rivers of India including the Ganga and the Yamuna. The Ganga
River has its origin from the Gangotri glacier while Yamuna River has its origin
from the Yamunotri glacier. Some of the most important and widely known
glaciers in the Garhwal Himalaya are Satopanth glacier, Bhagirathi-Kharak
glacier, Gangotri glacier, Kirti glacier, Banderpunch glacier, Chorabari glacier,
Dokriani glacier, Doonagiri glacier, Chaukhamba glacier and Nanda Devi glacier.
Such glacial habitats have extreme environments in terms of very low
temperatures. These glaciers support a cold-loving group of microorganisms or
psychrophiles. These microbes are playing a key role in the proper functioning of
the ecosystem of glaciers. In an ecosystem of a glacier, the algae or cyanobacteria
act as primary producers that sustain heterotrophic groups of organisms including
insects, ice worms, bacteria, actinomycetes and fungi of the glaciers (Aitchison,
2001; Hoham and Duval, 2001; Segawa et al., 2005). The microbial diversity can
sustain nearly in all environments available on the planet Earth. Microbes can
take nutrition even from the extreme environmental circumstances for their
existence. Extremophiles are the group of microbes that can exist and grow in
one of a kind and outrageous conditions including temperature, and pH (Oarga,
2009). Among these extremophilic microorganisms, the psychrophiles or the
cold-loving microbes can sustain at extreme low temperature. Glaciers ice
contains extremely low temperatures in comparison to the surroundings.

Only a very few amounts of literature is available in the public domain on the
microbial diversity of glaciers. Zhang et al., (2007) have contributed to
cultivable bacterial diversity of ice of Himalayan glaciers; Steven et al., (2007)
have contributed on the microbial diversity characterization from permafrost ice
of the Canadian high Arctic using cultivable and non-cultivable methods; Zhang
et al., (2008) have worked on the presence of bacterial diversity in glacial ice of
Himalaya; Xiang et al., (2009) contributed on leading bacterial diversity from

Kuytun 51 glaciers; Wu et al., (2012) reported on bacterial diversity from the
foreland of the Tibetan No. 1 glacier in China; Gupta et al., (2015) have worked
on bacterial diversity in the western cold dessert Himalaya ‘Drass’; Zumsteg
(2013) has worked on microbial diversity of Damma glacier’s forefield; Zeng et
al., (2013) contributed on bacterial diversity of Austre Lovenbreen glacier in
Svalbard; Choudhari et al., (2013) reported the microbial diversity of Byron
glacier in Alaska through metagenomic approach; Hauptmann et al., (2014)
reported diversity of bacteria from the North Pole; Chattopadhyay et al., (2014)
have contributed on psychrophilic group of bacteria and their applications; Lutz
et al., (2015) have contributed on diversity of microbes in glaciers of Iceland;
Boetius et al., (2015) worked on the comparison of microbial ecology in two
different habitats; Lutz et al., (2016) tried to link the microbial diversity and
their functions to sustain the ecosystem of Arctic; Rondon et al., (2016) reported
on the cultivable bacterial diversity of Pico Bolivar’s glaciers in Venezuelan
tropical Andes; Hotaling et al., (2017) contributed on microbial diversity present
in mountain glaciers; Margesin and Collins, (2019) reported on the microbial
diversity of the cryosphere; Kumar et al., (2019) contributed to microbial
diversity of high altitude; Sherpa et al., (2019) reported on bacterial diversity of
glaciers located in Sikkim. However, no important research work has been done
as such far on the variety of microorganisms found in the ice of glaciers located
in the Garhwal Himalaya. Therefore, the contribution on the microbial diversity
of the glaciers of the Garhwal Himalaya is very important for academic as well as
applied values.

MATERIALS AND METHODS
Study Area

Garhwal Himalaya is blessed with several glaciers including one of the largest in
the Indian Himalaya. The three important glaciers (Satopanth, Bhagirathi-Kharak
and Gangotri) located in the Garhwal Himalayan region of Uttarakhand had been
selected as the study area (Figure 1). The Satopanth Glacier is located in the
Chamoli district of Uttarakhand. It sprawls over an area of about 20 Km? (Figure
2). This glacier is one of the most famous and important glaciers of Garhwal
Himalaya; as it is one of the significant wellsprings of water in the Alaknanda
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River. The snout of Satopanth glacier is placed at an elevation of 3,810 m above
m.s.l. between latitude 30°44.694° N and longitude 79°29.594° E. Bhagirathi-
Kharak Glacier is located at the head of Alaknanda valley in Chamoli district of
Uttarakhand. It sprawls over an area of about 30 Km? (Figure 2). Bhagirathi-
Kharak glacier also contributes to the origin of the Alaknanda River along with
Satopanth glacier. The snout of Bhagirathi-Kharak glacier is situated at an
elevation of 3,635 m above m.s.l. The snout is located between latitude
30°46.955° N and longitude 79°24.915” E. Gangotri Glacier is one among the
largest glaciers available in the Himalayan region of India with the easiest trek to
reach. It is situated in Uttarakashi district of Uttarakhand between latitude
30°43°22” to 30°55°49” N and longitude 79°04°41” to 79°16°34” E. This glacier
is considered to be the primary and important source of water for River Ganga.
The Gangotri glacier is about 30.2 Km? in length and 1.5 to 3.0 Km? in width
(Figure 2). Mt. Shivling, Meru Peak and Bhagirathi 111 peak are visible en route
to the glacier. The snout of this glacier is a grey-blue wall with a tunnel-like
structure of a horseshoe shape.

(S| SIOR
K’; UTTARKASHI "‘,
TRt
CHAMOLI
gg,";m gt RUDRAPRAYAG
W Dehmdmo TEHRI
INDIA NCoL
mm e BAGESHWAR
ALMORA
Rl

HHaT
NAINITAL  CHAMPAWAT

1. SATOPANTH GLACIER I i TR
2. BHAGIRATHI-KHARAK GLACIER UDHAM SINGH NAGAR

N 3. GANGOTRI GLACIER

Figure 1 Location of sampling sites of glaciers in the Garhwal Himalaya
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Figure 2 Site images of glaciers located in the Garhwal Himalaya

Sampling of Ice

Samples of ice at the depth of 5¢cm of the snouts from all the three glaciers were
collected and analyzed for a period of two years (2015; 2016) in two sampling
attempts each year. Sampling operations were made during the June and August
months only, due to the locations in the high reaches. Ice samples were collected
from the glaciers either in an insulated ice box or thermosteel flask. These
collected ice samples were evaluated at the Department within 24 hours of
sample collection. Air temperature, Ice temperature and pH were observed and
recorded at the site. However, the left over attributes were evaluated in the
Laboratory following the standard protocols mentioned in APHA, (2012);
Microbail diversity were analyzed by following the approved protocols
mentioned in Morello et al., (2003).

Physical and chemical parameters

Ice samples were collected from every one of the three icy masses or glaciers for
the evaluation of a predefined set of fourteen physicochemical attributes. The air
and ice temperatures were observed by a digital thermometer having temperature
range between -50 to +300°C. pH was recorded at the study area by using handy
pH meter of Electronics India (Model No. 7011) and in the laboratory by using a
laboratory pH Multiparameter Analyzer of Toshcon company (Model No. TPC-
17). Electrical conductivity, the concentration of salinity and the amount of TDS
were estimated by the utilizing the Multiparameter Analyzer (Toshcon, Model
No. TPC-17). However, the concentration of total alkalinity, chlorides, the
concentration of total hardness, Calcium and Magnesium were observed by using
the methodology mentioned in APHA, (2012). Estimation of Nitrates, Sulphates
and Phosphates concentrations in the ice samples were performed by utilizing the
UV-VIS Spectrophotometer (Systronic, Model No. 117) at the Department
(Kumar and Sharma, (2019 & 2020a; 2020b).

Microbial isolation and enumeration

The Nutrient Agar Media (HiMedia) was used to isolate the viable cells of
bacteria. However, the Sabaroud Dextrose Agar (HiMedia) commonly known as
SDA Media was used to isolate the viable fungal cells. To evade any kind of
bacterial undesirable contamination during the isolation of viable fungal cells, the
Sabaroud Dextrose Agar media was enriched with 50 mg.I* of Ampicillin and 50
mg.I" of Streptomycin. The Actinomycetes Isolation Agar media (HiMedia)
commonly known as AIA Media was used to isolate the viable actinomycetes
cells. The pH of growth media (N.A.; S.D.A. and A.I.A.) used for the isolation of
microbes was adjusted similar to the pH observed at the study area. After the
isolation of microbial colonies, the viable cells were streaked on different plates
having desirable media to get the pure culture of each microbial strain (Clesceri
etal., 1998).

Morphological and biochemical features

An aggregate of 27 morphological and biochemical attributes were investigated
during the examination time frame. During the investigation, pure microbial cells
were deliberately analyzed by naked eyes and under a phase-contrast microscope
fitted with the MIPS (Microscopic Image projection System) unit (Nikon, Eclipse
TS100) to depict the morphology of the bacterial strains. The morphological
appraisal included shape, size, edge, height, colour, cell shape, motility, spore
formation, flagellation pattern, and gram staining (Kumar et al., 2020). Different
biochemical tests were performed to distinguish a microbial strain up to the most
reduced conceivable taxon (Rohomania et al., (2015); Ayitso and Onyango,
(2016). The tests incorporated the evaluation of catalase, citrate, urease, fructose,
methyl red and Voges-Proskauer, indole test, maltose, and so on.

Identification of microbial isolates

Pure culture of each isolate was sent to the National Centre for Microbial
Resources (NCMR), Pune for final confirmation by using the MALDI-TOF Mass
Spectrometry. Few of the isolates have been shown in figure 3. Matrix-assisted
laser desorption/ionization-time of flight (MALDI-TOF) mass spectrometer is
one of the most mainstream MS instruments utilized in the field of science,
because of its quick and accurate identification of the genus and species of Gram-
negative and Gram-positive bacteria. The identification of microbes by using
Mass spectrometry depends on the characteristic spectrum of every species and
afterward coordinated with a huge database inside the instrument (Tsung-Yun et
al., 2019).
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Figure 3 Isolated cultures from the glaciers ice of the Garhwal Himalaya; 1:
Bacillus licheniformis; 2: Arthrobacter sulfonivorans; 3: Arthrobacter oryzae; 4:
Microbacterium  phyllosphaerae; 5: Arthrobacter polychromogenes; 6:
Arthrobacter oxydans

Statistical analysis
Statistical treatments of data (minimum; maximum; mean; standard deviation) of
the physical and chemical attributes of ice of all the three glaciers (Satopanth,

Bhagirathi-Kharak and Gangotri Glaciers) were also performed by using
Microsoft Office 2013.

Table 1 Physico-chemical characteristics of ice

RESULTS AND DISCUSSION
Physicochemical characteristics of glacial ice

Evaluated data of fourteen physicochemical characteristics of ice samples were
recorded under two sampling actions each year during 2015 and 2016 from the
Satopanth glacier, Bhagirathi-Kharak glacier and Gangotri glacier of Garhwal
Himalaya (Table 1). As the samples were collected during the day time, the range
of air temperature was between 11.4°C to 14.5°C for Satopanth glacier and 12°C
to 18°C for Bhagirathi-Kharak glacier. However, at Gangotri glacier, the samples
were collected during the late evening time the range of air temperature was
between 2.5°C to 3.4°C. During the study period, the temperature of ice was
recorded between -0.3°C to -0.1°C for Satopanth glaciers; -0.7°C to -0.3°C for
Bhagirathi-Kharak glacier and -0.4°C to -0.2°C for Gangotri glacier. TDS
represents minerals, salts, metals, ions and biological material suspended in
water. The minimum and maximum concentration of TDS was 70 mg.I* and 75
mg.I"* for Satopanth glacier; 50.3 mg.I"* and 52.9 mg.I* for Bhagirathi-Kharak
glacier and 37 mg.I"* to 41 mg.I" for Gangotri glacier. The range of electrical
conductivity in the ice samples was reported from 141 pS/cm to 146 pS/cm in
case of Satopanth glacier; 102 pS/cm to 106 uS/cm in case of Bhagirathi-Kharak
glacier and 70 pS/cm to 73 pS/cm in case of Gangotri glacier. The total alkalinity
concentration was reported from 95 mg.I" to 115 mg.I"* for Satopanth glacier; 80
mg.I"* to 90 mg.I"* for Bhagirathi-Kharak glacier and 30 mg.I* to 45 mg.I"* for
Gangotri glacier. Alkalinity represents the entire substances available in ice that
have “acid-neutralizing” ability. The alkalinity of water/ice is mainly due to the
existence of carbonates, bicarbonates and hydroxyl ions. The glacier ice of
Satopanth and Bhagirathi-Kharak was almost neutral having pH range between
6.9 to 7.1 whereas, slightly alkaline in case of Gangotri glacier having pH range
between 7.1 to 7.4. Concentration of chlorides for Satopanth glacier was between
25.56 mg.I™" to 29.82 mg.I™; for Bhagirathi-Kharak glacier between 22.72 mg.I"*
to 28.40 mg.I"* and for Gangotri glacier from 8.52 mg.I"* to 12.78 mg.I". Total
hardness in the sample of ice of Satopanth glacier ranged from 32 mg.I* to 38
mg.I"; in case of Bhagirathi-Kharak glacier it was ranged from 32 mg.I"* to 36
mg.I" and in case of Gangotri glacier it was recorded between 24 mg.I" to 26
mag.I. Calcium concentration in Satopanth glacier was recorded between 11.22
mg.I" to 12.8 mg.I™"; 18.4 mg.I"* to 22.4 mg.I"* in Bhagirathi-Kharak glacier and
6.41 mg.I" to 8.80 mg.I* in Gangotri glacier. Magnesium concentration was
observed from 1.0 mg.I" to 2.44 mg.I"* in Satopanth glacier; 2.92 mg.I™ to 5.35
mg.I" in Bhagirathi-Kharak glacier and 1.0 mg.I* to 1.96 mg.I" in Gangotri
glacier. Salinity in all the samples was recorded between 0.05*" to 0.1%*" during
the study period. The concentration of nitrates was recorded from 0.924 mg.I" to
0.935 mg.I" in Satopanth glacier; 1.789 mg.I* to 1.815 mg.I" in Bhagirathi-
Kharak glacier and 0.587 mg.I"* to 0.603 mg.I* in Gangotri glacier. Sulphates
concentration was recorded from 1.689 mg.I* to 1.761 mg.I" for Satopanth
glacier; 1.503 mg.I" to 1.515 mg.I™ for Bhagirathi-Kharak glacier and 0.424 mg.I"
! to 0.453 mg.I" for Gangotri glacier. Phosphates concentration was observed
from 0.181 mg.I"* to 0.187 mg.Iin the ice sample of Satopanth glacier; 0.957
mg.I" and 0.985 mg.I™ in Bhagirathi-Kharak glacier and 0.063 mg.I"* and 0.069
mg.I" in Gangotri glacier.

Physico-chemical Satopanth glacier

Bhagirathi-Kharak glacier

Gangotri glacier

Parameters Min. Max. Mean + SD Min. Max. Mean + SD Min Max Mean + SD
Air Temperature (°C) 114 145 12.88+1.39 25 34 3.0+0.40 12.0 18.0 15.0+2.58
Ice Temperature (°C) -0.3 -0.1 -0.2+0.10 -0.4 -0.2 -0.3+0.10 -0.7 -0.3 -0.5+0.17
pH 6.9 7.1 7.0+0.1 7.1 74 7.3+0.13 6.7 7.1 6.9+0.17
Conductivity (uS/cm) 141 146 143.54+2.38 70.0 73.0 71.3+1.26 102 106 104.5+1.73
Salinity (**%) 0.1 0.1 0.10.0 0 0.1 0.1£0.06 0.1 0.1 0.1£0.0
TDS (mg.I") 70.0 75.0 72.25+2.22 37 41 39.25+1.71 50.3 52.9 51.3+1.14
Chlorides (mg.I™) 25.56 29.82 27.69+2.46 8.52 12.78 10.65+1.83 22.72 28.40 26.27+2.72
Total Alkalinity (mg.I™) 95 115 10549.13 30.0 45.0 40.0+7.07 80.0 90.0 85.0+4.08
Nitrates (mg.I"%) 0.924 0.935 0.929+0.00 0.587 0.603 0.596+0.01 1.789 1.815 1.801+0.01
Sulphates (mg.I™) 1.689 1.761 1.726+0.03 0.424 0.453 0.435+0.01 1.503 1515 1.510+0.01
Phosphates (mg.I™) 0.181 0.187 0.184+0.00 0.063 0.069 0.0660.00 0.957 0.985 0.970+0.01
Total Hardness (mg.1™) 32 38 35.5+3.0 24.0 26.0 25.5+1.0 32.0 36.0 33.5+1.91
Calcium (mg.I") 11.22 12.8 11.81+0.76 6.41 8.80 7.80+1.20 18.4 224 20.41+1.90
Magnesium (mg.I™) 1.0 244 1.48+0.68 1.0 1.96 1.48+0.55 2.92 5.35 4.26+1.07

Microbial Diversity

The a-diversity of microbes in the ice of Satopanth glacier was recorded to be
seventeen that included eight bacterial species, four actinomycetes species, and
five fungal species during the two years of the study period (Table 2). A
considerable high bacterial density (12,180 CFU.mI™) was estimated from the
samples of the Satopanth glacier. Zhang et al. (2007) recorded various groups of

bacteria including Branchy bacterium sp., Acinetobacter sp., Agrococcus sp.
from the East Rongbuk (ER) core of Himalayan glacial ice. Microbial diversity
of ice of glaciers from Tibetan Plateau was reported by Zhang et al. (2003); Yao
et al. (2006). A total of six bacterial species, five actinomycetes species and six
fungal species were recorded in the ice samples of Bhagirathi-Kharak glacier
where a-diversity of microbes was recorded to be seventeen (Table 2). A high
density of bacterial density (14,810 CFU.ml™) has been recorded from the
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Table 2 Microbial diversity dwelling the glaciers of the Garhwal Himalaya

S.No.  Microbial Diversity Satopanth Glacier Bhagirathi-Kharak Glacier Gangotri Glacier
A.Bacteria
1 Bacillus licheniformis + + -
2 Bacillus circulans + + +
3 Staphylococcus aureus + + +
4 Serratia marcescens + - +
5 Pseudomonas azatofixans + +
6 Pseudomonas fluorescens + - +
7 Ralstonia eutropha + - -
8 Staphylococcus cohnii + + -
9 Vibrio harveyi - + +
10 Pseudomonas putida - - +
11 Pseudomonas fragii - - +
12 Bacillus tequilensis - - +
B. Actinomycetes
1 Arthrobacter oxydans + + +
2 Arthrobacter oryzae + + -
3 Microbacterium scheliferi + - -
4 Arthrobacter sulfonivorans + - +
5 Microbacterium aurum - + -
6 Microbacterium paraoxydans - + +
7 Streptomyces rangoon - + -
8 Microbacterium phyllosphaerae - - +
9 Microbacterium avium - - +
C. Fungi
1 Aspergillus nidulans + - -
2 Aspergillus terreus + - -
3 Cladosporium cladosporioides + + -
4 Curvularia lunata + + -
5 Phanerochaete chrysosporium + - -
6 Aspergillus niger - + +
7 Verticillium nubilum - + -
8 Verticillium tricorpus - + +
9 Alternaria radicina - + -
10 Cladosporium fulvum - - +
11 Verticillium dahlia - - +
12 Penicillium lanosum - - +
a-diversity 17 17 19
Table 3 Morphological and biochemical characterization of bacterial isolates from glaciers of the Garhwal Himalaya
Bacterial Isolates
Characteristics Vibrio harveyi ~ Pseudomonas Microbacterium Microbacterium Ralstonia Serratia >aenibacillus Staphylococcus
fluorescens  paraoxydans scheliferi eutropha mnarcescens  azatofixans cohnii
Shape Round Circular Circular Circular Circular *ound Circular Circular
Size 1-3mm 2-3mm 1-3mm 2-4 mm 1-3mm 1-2 mm 1-3 mm 1mm
Margin Irregular Irregular Entire Rhizoid Wavy Regular Sntire Entire
Elevation Centrally raised Raised Convex Raised Centrally raised Convex =lat Convex
Color Yellow Cream Cream Cream Cream Red Cream Pale white
Cell shape Rod Rod Rod Rod Rod Rod Rod Coccoid
Spore formation - - - - - . v _
Motility Motile Motile Non-motile Non-motile Motile Motile Motile Non-motile
Grams staining - - + + - . + +
Flagella Peritrichous Peritrichous  Lophotrichous ~ Monotrichous  Peritrichous deritrichous  eritrichous Atrichous
Catalase + + + + + + + +
Citrate + + + + + + + -
Urease - - - - - + . +
Methyl Red (MR) + - - - - . R
Voges Proskauer - - - - - + -
Fructose - + + + - + F _
Indole Test + - - - - -
Raffinose - - - - . -
Ribose - + - - - + -
Sorbitol - - + + - + +
Sucrose \Y + - - - + + -
Xylose - + + - - R
Trehalose v + - - - + + +
Mannose Y + - - + + +
Mannitol v - + + - + + -
Lactose - - + - + +
Maltose + - - + + +
Abbreviations: +: positive; -: negative; v: variable
samples of Bhagirathi-Kharak glacier. Mayilraj et al. (2005) isolated  actinomycetes species and five fungal species (Table 2). The bacterial density of

Planococcus stackebrandtii, a novel species from the cold desert of the Indian
Himalaya. This novel species was isolated from soil, 0.4 m depth of an ice glacier
at an elevation of 4,200 m as.l. in Spiti Valley of Himachal Pradesh, India.
However, the o-diversity of microbes in Gangotri glacier was recorded to be
nineteen during the two years of the study period with nine bacterial species, five

Gangotri glacier was estimated to be the highest (17,595 CFU.ml %) among all
these three identified glaciers. Miteva et al. (2004) isolated the microbial
diversity from the ice core of a glacier located in Greenland. Mayilraj et al.
(2006) isolated a novel species (Dietzia Kunjamensis) from the soil of a glacier
located at Himachal Pradesh in India. Zhang et al. (2008) reported B, v-
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Proteobacteria and Firmicutes group with dominant taxa of y-Proteobacteria
from the East Rongbuk (ER) core of the Himalayan glacial ice.

Morphology and Biochemical characteristics of the isolated microbes

The detailed morphological and biochemical characteristics of few selected
microbes  (Vibrio harveyi, Pseudomonas fluorescens, Microbacterium
paraoxydans, Microbacterium scheliferi, Serratia marcescens, Paenibacillus
azatofixans, Ralstonia eutropha, and Staphylococcus cohnii) have been presented
in Table 3. Most of the bacteria and actinomycetes isolated from the ice samples
of the glaciers (Satopanth, Bhagirathi-Kharak and Gangotri) were found to be
Gram positive and most of them are in the form of rods, non-spore forming, non-
pigmented and with filamentous branching. Out of the isolated strains, most of
the bacteria and actinomycetes are having flagella with the peritrichous pattern.

IMPORTANCE OF PSYCHROPHILES

Psychrophilic microbial diversity can be utilized as cell processing factories for
the production of unstable compounds as well as for bioremediation of
contaminated soils and wastewaters. Psychrophiles play important role as
environmental cleaners. They effectively degrade pollutants of petroleum
hydrocarbons at extremely cold temperatures (Morita, 1975). Cold active
enzymes used in order to avoid detrimental effects on taste, texture and
nutritional value (Feller and Gerday, 2003). Enzymes produced by psychrophiles
used in detergent formulations- lipases, proteases and a-enzymes are used to
improve the efficiency of detergent and reduce the amount of chemicals used in
order to protect the texture and color of fabrics (Hasan et al., 2010). A very few
psychrophilic microbial diversity is known to the scientific community. Hence,
the current study will help or benefit the future researchers working in the similar
aspect that can benefit the human kind.

CONCLUSION

It has been concluded, that the observations on the present study were made on
two important aspects. First aspect was the physicochemical variables of the
habitats located in the Garhwal Himalaya and the second aspect was the
assessment of diversity and density of microbes. The ice samples were collected
from the Satopanth glacier, Bhagirathi-Kharak glacier and Gangotri glacier,
which are located at a very high altitude and were accessible only for a limited
time period. The a-diversity of microbes in Satopanth glacier was found to be
seventeen, in Bhagirathi-Kharak glacier it was found to be seventeen and in
Gangotri glacier it was found to be nineteen during the study period. The
maximum bacterial density in the ice samples of Satopanth glacier was found to
be 12,180 CFU.ml™. It was found to be 14,810 CFU.mlI" in the ice samples of
Bhagirathi-Kharak glacier. However, the bacterial density of Gangotri glacier
was estimated to be the highest (17,595 CFU.mlI™) among all these three
identified glaciers. The current investigation can give gauge information to
additional investigations of the ice sheets and give valuable attributes of
indigenous psychrophilic microbial isolates that produce extremozymes which
are very useful to various industries including food industries, detergent
industries, pharmaceutical industries, etc.
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