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Abstract

Alkaline environments are rare habitats on Earth that result from a combination of geologic, geographic, and
climatic conditions. Therefore, their way of life is often unique. This study investigated the effects of different
growth conditions on the cultivable sediment microorganisms of Lake Van. Aerobic, alkaliphilic microorganisms
were cultivated from sediment samples collected in the autumn season, November 2018 from alkaline Lake Van,
Turkey, with a pH 9.7. The total number of microorganisms in the sediment samples was found to be 10° cfu g-1.
Different pH and salinity conditions were designed to examine the effects of stress. As a result, it has been shown
that the number of microorganisms decreases in the presence of high salt concentrations and high or neutral pH

values.
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1. Introduction

Soda lakes are special salt lakes in which sodium
carbonate/bicarbonate ions are concentrated as salt.
Salinity rates vary according to the location of the lakes
[1, 2]. Lake Van is the world’s largest soda lake [3].
The water of Lake Van is quite alkaline (9.7 pH), and
its salinity is as low as 2.17%, unlike other soda lakes.
This is mostly due to calcium, sodium, chlorine, and
carbonate ions and a small amount of sulfate,
potassium, and magnesium ions [4, 5]. As a result, Lake
Van has a special place among other soda lakes with its
geological location and unique water chemistry.

Alkaliphiles are organisms that show optimum
growth at high pH values (usually >9 pH values). This
group includes members of the three domains Bacteria,
Archaea, and Eukaryota. Soda lakes are rare natural
environments that provide suitable conditions for
obligate alkaliphiles and alkali-tolerant
microorganisms [ 1, 2]. Microbial communities play an
important role in alkaline-saline ecosystems, especially
in organic matter cycles [6]. Therefore, these
environments are ecosystems rich in microbial
diversity [7, 8]. Lake Van not only has the largest
known microbial diversity in the world [4, 5] but is also
an important ecosystem for the Van fish, an endemic
species of pearl mullet.
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Microbial communities form the basis of food web
dynamics. Therefore, it is important to determine the
population density changes of microbial communities,
under different stress conditions. In the present study,
environmental stress factors such as pH and salinity
were applied to determine the quantitative response of
aerobic, cultivable microbial populations in Lake Van.

2. Materials and Methods

2.1. Sampling

Sediment samples were collected from the shore of
Lake Van (38°55°30.9”N 43°37°53.4”E) in November
2018. All samples were immediately placed on ice and
stored at 4 °C until analysis.

2.2. Cultivation and Enumeration

Determination of total viable count of microorganisms
was carried out using nutrient agar (NA) media of
various pH (7, 9, 10, 11, and 12) by the spread plate
technique. The pH of the medium was adjusted using
IN NaOH solution. The effect of different salt
concentrations (0, 5, 10, 15, 18 and 20%) was also
studied in the medium by addition of NaCl at constant
pH (9). Sediment samples were diluted with phosphate
buffer saline (PBS) and 0.1 mL aliquots were spread on
agar plates in triplicate. Cultures were incubated at 28
°C for 7 days. Colony forming units (cfu) were counted
as cfu g-.
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2.3. Statistical Analysis

All statistics were conducted in GraphPad Prism
(Version 6). Tukey’s multiple comparisons test was
performed on sediment sample CFUs at a 95%
confidence interval to determine which pH and salt
values differed significantly from each other and the
control group.

3. Results and Discussion

The aerobic total number of microorganisms from the
sediment samples was found to be 105 cfu g-I.
Regarding microbial population density in soda lakes,
our result was similar to previous studies [1, 6]. This
result was obtained using NA media with a pH of 9 and
no added salt. This group was considered as the control
group for the salt and pH stress experiments to evaluate
how the increased NaCl concentration and pH changes
affect the cultivable lake sediment community (Figures
1 & 2).

To determine the effect of salt, the sediment
bacteria were inoculated into NA containing 0, 5, 10,
15, 18, and 20% NaCl. The data presented in Figure 1
depict the numbers of bacteria presented as cfu g- after
7 days of incubation at 28 °C. There were significant
decreases in all salt concentrations compared to the
control group. These reductions were small (p<0.05)
only at of 5% NaCl, but at the other concentrations (10,
15, 18, and 20% NaCl) it was quite large (p<0.0001)
compared to the control group. At the same time, the
numbers in the presence of 5% NaCl were significantly
higher than in all other NaCl groups. These differences
were p<0.05 between the 5% NaCl and the 10% NaCl
groups while they were p<0.01 between the 5% NaCl
and the other groups (15, 18, and 20% NaCl). The
other groups (10, 15, 18, and 20% NaCl) were
statistically similar to each other. Halophiles have
members in all domains: Bacteria, Archaea, and
Eukaryota [9]. They have two strategies to live in saline
environments: the uptake of chloride ions and the
pumping of neutrally charged ions from the cell [10,
11]. As a result of this study, Lake Van harbors
different ranked halophiles such as slight (<10% NaCl)
and moderate (<30% NaCl) groups [9, 12]. In addition,
since values higher than 20% NaCl were not studied in
this study, there is a potential for extreme groups
(>30% NaCl) to be found [9, 12]. However, as shown
in Figure 1 (control group and 5% NaCl group), slight
halophiles or facultative ones are more common in
Lake Van than other halophilic groups.
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Figure 1. Salt tolerance of cultivable sediment
microorganisms of Lake Van (different letters in
superscripts indicate a statistical difference (p<0.05)).

Inoculations were made in NA at different pHs (7,
9,10, 11, and 12) to determine the pH tolerance of the
sediment microorganisms of Lake Van. The results are
shown in Figure 2 after 7 days of incubation at 28 °C.
There was a significant (p<0.001) decrease with respect
to the control group (pH 9), especially the very alkaline
pHs (11 and 12). However, while there was no
significant difference between pH 9 and pH 7, pH 9 and
pH 10, the differences between pH 7 and pH 11
(p<0.05) and pH 7 and pH 12 (p<0.01) were
statistically significant. Similar situations were also
shown for pH 10. The decreases between pH 10 and pH
11 and 12 (p<0.01) were closer between pH 9 and them.
Additionally, there was no statistically significant
difference between pH 11 and pH 12. In most studies,
it has been noted that isolates from extremely alkaline
environments (higher than 11) were only able to grow
at more moderate pH values [7, 13, 14], in this study
growth occurred even at pH 11 and 12, although the pH
of Lake Van is not very high (9.7).
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Figure 2. pH tolerance of cultivable sediment
microorganisms of Lake Van (different letters in
superscripts indicate a statistical difference (p<0.05)).
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4. Conclusion

This study showed that growth conditions affect the
cultivable microbial load of Lake Van differently. The
greatest microbial CFUs were obtained at pH 9 and no
salt addition media. The CFUs of pH 10 and 7 also gave
statistically similar results to pH 9. However, growth
occurred at high salt concentrations and pH values.
Therefore, we can say that Lake Van harbors true
halophiles and alkaliphiles. Alkaliphilic enzymes are
commonly used in the detergent industry, so tolerance
to high alkaline pH and salt is important for
biotechnological applications. Therefore, further
studies are needed for more accurate determinations of
the pH and salt tolerance of microorganisms from Lake
Van.
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