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Abstract - Microbes play a critical role in maintaining a healthy global ecology. Understanding the complex interactions 
of microbial biomes with higher creatures (particularly plants) and how climate change affects these microbe communities 
is therefore crucial. Microbial-based applications for climate-mitigation technology are likewise becoming increasingly 
popular. In these ecosystems, fungi play a crucial role as decomposers and recyclers, ensuring that members of other 
kingdoms have access to nutrients and can thrive. These fungi are climate change fighters, helping trees absorb CO2, delay 
the effects of global warming, and protect our planet. Forests are losing these fungal carbon guardians as a result of 
human activity and pollution, and the loss of these fungi may be hastening climate change. 
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I. INTRODUCTION 

Climate change is true and affects all living species, and it will be a tragedy for our planet if it is not treated 
appropriately. Seasonal changes, rising sea levels, and temperature differences have already begun to manifest 
themselves over the world. 

The melting of the polar ice sheets, as well as milder winters and more extreme weather, such as heavy rain and 
flooding, are evidence of climate change on a global scale. A thick layer of gases surrounds the Earth, keeping it 
warm and allowing plants, animals, and bacteria to thrive [1]. These gases act as if they were a blanket. The Earth 
would be 20–30°C cooler and significantly less appropriate for life without this blanket. Climate change is 
occurring as a result of rising global temperatures. This is producing global warming, which is the warming of the 
Earth. Agriculture, infectious disease, and human and animal health could all suffer as a result of these changes. 
Climate change has an impact on harmful microorganisms' survival and virulence [2,3]. 

 

II. THE ROLE OF SOIL MICROBES IN CLIMATE CHANGE 

Soil supports a diverse range of life from moles to bacteria, making it a very active substance, and hence it isn't a 
sterile medium. The activity of bacteria responsible for the decomposition of carbon-based compounds in the soil 
is expected to increase as the climate warms.  

Additional carbon dioxide will be released into the atmosphere, if this happens. More carbon dioxide is created 
as a waste product as a result of greater microbial activity, which leads to higher respiration. In lab tests, it has 
been discovered that every 5-10°C increase in temperature doubles soil respiration and carbon dioxide release [4].  

As more carbon dioxide is released into the atmosphere, global warming occurs, speeding up the activity of soil 
bacteria once more. Researchers are investigating if this notion is right, and whether bacteria in their natural 
habitat will increase their activity with rise in temperatures, contributing to global warming [5,6]. 
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Figure 1. Role of soil microbes in climate change 

 

III. WHY ARE FUNGI SO IMPORTANT? 

From microscopic yeast to mushrooms and mycorrhizal association, fungi form a whole kingdom of life on Earth. 
Fungi can be found practically everywhere, in a vast variety of shapes, sizes, and colours, performing a wide range 
of functions. Fungi exist in their own realm of war and peace, and their competitors are unwittingly contributing 
to global climate change. Fungi have a much bigger impact on our life than we might believe. Fungi play a critical 
function in ecosystem equilibrium. They populate almost every habitat on the planet, favouring dark, moist 
circumstances and growing at their strongest on the forest floor, where the gloomy, damp environment is rich in 
rotting plant and animal waste [7]. As a result, any decline in fungal populations can have a significant impact on 
ecosystem health [8]. 

 Fungi are crucial to human life on many levels, despite the fact that we often think of them as disease-
causing organisms that degrade food. Fungi, as animal pathogens, aid in the management of pest 
populations. These fungi only infect insects and do not infect animals or plants. They have the potential 
to be used as biological control agents and microbial pesticides [9]. 
  

 Fungi play a function in human nutrition as mushrooms, as well as agents of fermentation in the 
manufacture of bread, cheeses, alcoholic beverages, and a variety of other foods. 

 Antibiotics and anticoagulants are examples of secondary metabolites of fungi that are employed in 
medicine [10].  

 Fungi serve as model organisms for eukaryotic genetics and metabolic research [11]. 
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 Many ecosystems have trace elements that are necessary for growth, but they would be trapped in rotting 
organic debris if fungus and bacteria didn't restore them to the environment through their metabolic 
activity [13]. 

 
Figure 2. Role of Fungi in different ecosystems 

 Nutrient cycling by decomposition is one of the most important functions of scavenging fungi in 
sustaining a healthy ecosystem. Fungi deliver nutrients into the ecosystem by breaking down organic 
compounds that would otherwise be unavailable to other creatures. Because they are the primary 
decomposers of complex components of plant detritus, such as cellulose and lignin, they are critical to 
the recycling of nutrients in all terrestrial ecosystems. Fungi release various elements from decomposing 
matter, such as nitrogen and phosphorus, making them available to other living species [12].  

 They have evolved hyphae to penetrate solid substrates and spores for long-range dissemination as 
opportunistic heterotrophs. They've formed mutualistic symbioses with a variety of species, including 
cyanobacteria and green algae (in lichens) [14]. Lichens can withstand long periods of drought. Once 
water is accessible again, they become totally dehydrated and quickly become active. Because of their 
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sensitivity to air pollution, lichens provide a variety of ecological functions, including serving as 
indicator species, allowing scientists to track the health of a habitat. 

 The ecological contact between two creatures that live together is known as symbiosis. The symbiotic 
relationship is called mutualistic when both parties of the association benefit. Many species of creatures, 
including cyanobacteria, plants, and animals, have mutualistic relationships with fungi.  

 Forests have a microbiome, which is made up of a variety of microorganisms that coexist with trees, such 
as mycorrhizal fungi. While every forest can absorb CO2 and hence help to mitigate climate change, 
some are far more effective than others. In mycorrhizae, fungi create symbiotic relationships with the 
roots of plants (bryophytes, pteridophytes, gymnosperms, and angiosperms). The fungal mycelia in a 
mycorrhizal association use their broad network of hyphae and large surface area in contact with the soil 
to route water and minerals from the earth into the plant, enhancing nutrient intake. In exchange, the 
plant provides the fungus with photosynthetic products to power its metabolism [15].  Some fungi coexist 
alongside coleoptera, diptera, homoptera, and hymenoptera as symbionts. 
 

IV. HOW CAN FUNGI CONTROL CLIMATE CHANGE? 

A. Forests of ectomycorrhizal fungi are being restored 

 Restoration of ectomycorrhizal forests could help to extract more CO2 from the atmosphere and halt 
climate change. However, as additional fossil fuel–burning power plants come online, there must be a 
halt to the rise in nitrogen pollution in emerging parts of the world [16].  

B. Wind, solar, and other alternative energy technologies are being developed 

 Technology exists to remove nitrous oxide from fossil fuel emissions, and it should be used not only to 
save the fungi and protect the environment, but also to reduce the proven cancer risks of nitrous oxide 
pollution. Wind, solar, and other alternative energy technologies, which are better than scrubbers, will 
allow us to shift away from fossil fuels, halting both nitrous oxide and CO2 emissions [17]. 

C. Putting an end to nitrogen pollution 

 Ending nitrogen pollution will aid in the conservation and preservation of these carbon-sequestering 
fungi, and so aid in the saving of the planet [12]. 

D. Fungi consume oxygen and exhale carbon dioxide (CO2), a significant greenhouse gas 

 Forest soils around the world are home to a huge variety of fungus that dwell on the roots of trees. 
Organic trash that falls to the forest floor is likewise decomposed by the fungi. Understanding how fungi 
handle carbon is crucial as we calculate forests' ability to absorb CO2 from the atmosphere as human-
caused greenhouse gas emissions rise. The difference between the quantity of CO2 fungus use to promote 
their growth and the amount of CO2 they emit back into the atmosphere can have a significant impact 
on how forests affect the climate. "Carbon use efficiency" refers to the ratio of carbon input to output. 
Temperature, water, and fertiliser availability are all elements that influence fungi's carbon usage 
efficiency. Surprisingly, complicated territorial contests and alliances between fungal groups are a crucial 
component [13]. 
 

 The quantity of CO2 stored and released by these communities is influenced by inter-fungal connections. 
The consequences of competition between the fungi can be noticed by providing lots of carbon and 
nitrogen for food. 
 
 

 Increased competition between species prompted the mushrooms to produce more carbon dioxide, 
according to the findings. As a result, fungi that spend their time fighting against competitors waste their 
resources. When compared to fungi that grew alone, the amount of CO2 generated by fungus varied 
depending on other factors such as temperature and available nitrogen, but remained higher overall [18]. 
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V. EFFECT OF CLIMATE ON FUNGI 

A. Stress priming  

 Process in which an organism's response to a stress, such as extreme cold or pathogen infection, improves 
in the future is Stress priming. If filamentous fungus can stress prime for drought, it's a good sign. Two 
common soil fungi, Penicillium chrysogenum (a source of penicillin) and Neurospora crassa (a bread 
mould), are used as models for this. Drought intensity, frequency, and duration may favour some species 
over others, resulting in a shift in fungal community composition. Filamentous fungi that stress prime 
would presumably have a competitive advantage in an environment where droughts occur more 
frequently [19,20].  

B. Response to increased CO2 levels  

 Increased CO2 levels stimulate the growth of mycorrhizae fungi, which can rise by up to 50 percent. 
This has a favourable impact on their ability to store carbon. When CO2 levels rise, plant species that 
are associated with some mycorrhizal fungus increase their biomass, allowing ecosystems to store more 
carbon overall. Scientists have discovered that elevated CO2 levels have resulted in an increase in fungal 
species richness in places where plant root development has also increased. Overall, it appears that the 
responses of both mycorrhizal fungi and plants to increased CO2 levels are closely linked and should be 
considered simultaneously. This can make it difficult to separate the impacts of mycorrhizal fungus 
alone. 

 The type of soil in which the fungus is found is one aspect that scientists have discovered determines 
their sensitivity to CO2 levels. Variable soils have different levels of water, phosphate, and nitrogen, 
which can lead to different fungal community composition and activity levels. Depending on the type of 
soil they come from, rising CO2 levels may influence fungi in different ways. Decomposition rates in 
some soils are correlated with fungal species richness or biomass, implying that CO2 levels have an 
effect on nutrient cycling in that environment [21]. 

 As a result of rising CO2 levels, fungal and plant biomass may increase, aiding carbon storage, but greater 
breakdown rates and activity may release more CO2 into the atmosphere. When you factor in all of the 
other climate change elements, such as rising temperatures and more extreme weather events, it's difficult 
to predict how the future of soil fungi will pan out without more research [22]. 
 

VI. ROLE OF OTHER SOIL MICROBES IN CLIMATE CHANGE 

Soil bacteria have a significant role in regulating greenhouse gas emissions, agricultural productivity and 
sustainability, and soil and water degradation. All of this has a direct impact on global warming. 

A. Climate-Smart Agriculture (CSA)  

 CSA strives to reduce the influence of agriculture on the climate's long-term survival. Understanding the 
mechanism of soil microbiomes to adapt to agricultural practices as well as climatic stresses like 
temperature and extreme weather events is an important element of this field. For the use of microbial 
biotechnology for climate change adaptation and mitigation, a better understanding of microbial ecology 
and the interactions between plants and bacteria in soil is required [23]. 

B. Photosynthetic cyanobacteria as Living Concrete 

 The construction industry has a significant impact on global warming. According to some studies, 
construction projects account for 40 percent of total global energy use. The usage of "living concrete," 
which uses photosynthetic cyanobacteria named Synechococcus sp. PCC, is one novel use of 
microorganisms to solve this issue. The data is stored in a biosynthetic gel. This technique also has the 
advantage of being able to absorb CO2 from the environment [24,25]. 
 

VII. CONCLUSION 

Without any doubt, the most pressing worry for humanity is climate change. It has an impact on the long-term 
viability of all lives on the planet. Fungi are critical to the prosperity and health of practically every terrestrial and 
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aquatic ecosystem on the planet, as well as the long-term viability of biodiversity. Fungi play a critical role in the 
mechanisms that keep major ecosystems running. Because they are part of the nutrient cycle in ecosystems, they 
have a huge impact on human populations' well-being. As a result, if we plant more trees with fungi and safeguard 
our forests, we may be able to remove enough carbon from the atmosphere to slow global warming. 
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