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Abstract
Tropical soda lakes are extreme environments characterized by high salinity and alkalinity, where microbial 

communities thrive despite harsh conditions. This review explores the crucial roles played by these microbial 
communities in biogeochemical cycles and greenhouse gas emissions within such ecosystems. Microbes in tropical 
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soda lakes represent unique ecosystems characterized by high salinity, 
alkalinity, and unique microbial communities. These lakes are 
intriguing scientific environments due to their extreme conditions and 
the diverse roles played by microbial communities in biogeochemical 
cycles and greenhouse gas emissions [9,10].

Characteristics of tropical soda lakes

Tropical soda lakes, found predominantly in Africa, are 
distinguished by their high concentrations of dissolved sodium 
bicarbonate (baking soda). The alkaline pH (often above 10) and 
high salinity (sometimes exceeding seawater) create a challenging 
environment for most life forms. Despite these harsh conditions, 
tropical soda lakes harbor diverse microbial communities adapted to 
thrive in such extreme settings.

Microbial communities in tropical soda lakes

Diversity and Adaptation: Microbial communities in tropical soda 
lakes are exceptionally diverse and specialized. They include bacteria, 
archaea, and microeukaryotes that have evolved unique biochemical 
pathways to survive and thrive under high pH and saline conditions.

Role in biogeochemical cycles:

Carbon cycle: Microbes in tropical soda lakes play crucial roles 
in the carbon cycle. They are involved in primary production through 
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photosynthesis and chemosynthesis. Cyanobacteria and green sulfur 
bacteria are primary producers utilizing sunlight or chemical energy to 
fix carbon dioxide into organic compounds.

Nitrogen cycle: Nitrogen fixation and denitrification processes are 
facilitated by microbial communities, contributing to nutrient cycling 
within the lake ecosystem.

Sulfur cycle: Sulfate reduction and sulfur oxidation processes are 
significant in tropical soda lakes, mediated by sulfur-oxidizing and 
sulfate-reducing bacteria.

Greenhouse gas emissions:

Methane: Methanogenic archaea thrive in the anoxic sediments 
of tropical soda lakes, producing methane as a metabolic byproduct. 
Methane emissions from these lakes contribute to greenhouse gas 
concentrations in the atmosphere.

Carbon dioxide: The alkaline conditions in soda lakes can enhance 
the conversion of organic carbon to carbon dioxide, influencing both 
local and global carbon cycles.

Research and findings

Recent studies have shed light on the metabolic pathways and 
genetic adaptations of microbial communities in tropical soda lakes. 
Metagenomic and metatranscriptomic analyses have revealed unique 
microbial diversity and functional capabilities, providing insights into 
their roles in biogeochemical processes. Researchers have also explored 
how environmental factors such as temperature, salinity, and pH 
fluctuations affect microbial community composition and activity in 
these lakes. Understanding these dynamics is crucial for predicting how 
tropical soda lakes may respond to environmental changes, including 
anthropogenic influences and climate change.

Conservation and future directions

Conservation efforts for tropical soda lakes must consider the 
delicate balance of microbial communities and their ecological 
functions. Preserving these ecosystems is not only important for 
biodiversity but also for maintaining the biogeochemical stability of 

the region. Future research directions include further exploration of 
microbial interactions, the impact of human activities on ecosystem 
health, and the potential biotechnological applications of extremophile 
microorganisms from tropical soda lakes.

Conclusion
Microbial communities in tropical soda lakes play pivotal roles in 

biogeochemical cycles and greenhouse gas emissions. Their adaptations 
to extreme conditions highlight their resilience and importance in 
ecosystem functioning. Continued research and conservation efforts 
are essential to unraveling the complexities of these unique ecosystems 
and ensuring their preservation for future generations. By studying 
these microbial communities, scientists can gain valuable insights into 
fundamental ecological processes and their implications for global 
biogeochemical cycles and climate change mitigation strategies.
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