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Abstract  

Mushrooms are popular for their taste and flavor as a food. It is well established that they are excellent sources of 

nutrients and bioactive compounds. They are also known for their medicinal properties. Mushrooms demonstrate great 

impact on environment as well as on agriculture. They have been explored not only for their medicinal and edible 

uses, but also as sustainable materials and its applications in other fields and for their ecological importance. Many 

benefits of human welfare are associated with mushroom cultivation. An increasing number of the eco-friendly 

entrepreneurs are looking at mushroom fungi as an eco-friendly material for buildings as well as the textile industry. 

Present review highlights it’s ecological and economical importance and as an emerging sustainable material for many 

uses. 
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I. Introduction 

Mushrooms are considered as one of the most remarkable invisible organism of the Earth. They mostly expand 

underground thus creating a web connecting entire global ecosystem and considered vital for cycle of life 1, 2. No 

doubt, fungi kingdom played the critical role during evolution of life previously 3. Even today no one can ignore its 

important place in the ecosystem. They are known to degrade almost everything in the atmosphere. They consume 

some of the most hazardous pollutant and make entirely new material from it 2, 4.  They are remarkable and exceptional 

in themselves in many ways. What they are actually? They are known for their underground existence (Figure 1.). 

They are reproductive structure of fungi, taken as a food, grow on rotten veggies and very common in the forest. They 

have their own realm different from animals and plants. However, the mushroom we see on the surface is the only 

fruit of something vaster present in the underground. The real growth happens beneath the surface where mycelium 

form root like web of the fungi. It is largest grown organism on the plant. There are reports from Oregon (USA) that 

mycelium of ‘humongous fungus’ spread through the area of 9 km2 and estimated to be 8650 years old. ‘Armillaria 

ostoyae’ (Honey fungus) hold the title for world’s largest organism 5. They are considered biggest even than blue 

whale (Largest animal) 6. It contains massive underground filament. In 1998, this fungus was discovered when an 

enormous tree died in Oregon forest. They have high adaptability to any environment 4. As we know their restricted 

life over billion years ago and with evolution this group become pioneer. They excavate nutrient from the rocks and 

distribute to the plants thus assist them to grow and produce life essential gas oxygen making lives possible today. 

After million years these minute forms expand into huge forms. In Arab Peninsula (Arabia), archeologist found fossils 

that was thought to be tree initially. Later, it turned out an eight-meter mushroom that grew 500 million years ago 7.  

 Many benefits associated with mushrooms are- 

 

II. Role in soil conservation 

They play an important role to keep soil healthy and known for their astonishing capabilities. They maintain carbon 

stock of the soil and help to maintain carbon cycle through food web of the soil 2. As they form the association with 

plants so play role in soil carbon segregation and store them in the soil therefore, improves soil fertility. Studies on 

them indicate that they arrest almost 10 tons of CO2  per year 8. Fungi which produce mushrooms are critically 

important in different ecosystems as they provide life sustaining minerals and nutrients to plants and recycling 

throughout the biome as they grow and reproduce. Many ecologists are realizing now that mushrooms really run the 

world. We are mostly focused on things which are visible. But plants are closely associated with them and wouldn’t 

be there without them. In fact, diversity and composition in a place really reflect what happens there ecologically, both 

in terms of plant composition and productivity. Fungi below ground is actually driving force of many things that we 

actually care start off in the ground 7. 

 

III. Environmental protection 
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As we know that many forms of mushrooms help in the degradation of a living things which have more complex organic 

make up. Therefore, they are also capable to breakdown any organic pollutant present in the environment. Several studies 

on different species like Pleurotus tuber-regium (PTR), Pleurotus pulmonarius, Lentinus squarrosulus have shown that 

they are capable of clearing the land of oil pollution 9. Almost 44000 oil fields are known to be contaminated due to 

leakage and illegal extraction worldwide 10. Wide range of pollutants are found in fuel and crude oils. One of the most 

vicious pollutant is PAH (Polycyclic aromatic hydrocarbon). It is known to be harmful for flora and fauna and known for 

its cancerous activities in humans and animals. All the organic pollutants like fuel oils derives from the dead organic 

matter. So these fungal species degrade them with the same enzyme which are known to degrade the wood and leaves. So 

it is helpful to degrade the contaminants and convert them into less harmful compounds so that they can enter back into 

nutrient cycle. Sometime, degradation may result into CO2 and water. Addition of mushroom to degrade the pollutants in 

contaminated area is a very promising route 10, 11. But it doesn’t end with organic matter. As mushroom species are known 

to reduce the metal toxicity they can be used to treat the soil contaminated with metals like Arsenic, Lead and Mercury 

from mining 12, 13 14. 

 

IV. Degradation of radiation 

They are also used to treat radioactive elements 15. In 1986, a nuclear reactor in Chernobyl was lapse and resulted 

spread of radioactive contamination due to explosion. Therefore, making surrounding areas uninhabitable till now. 

Mushrooms were first discovered on the wall of reactor in 1991 (five years after Chernobyl disaster). They were named 

as radiation fed mushrooms [Cryptococcus neoformans] with high amount of melanin pigment 16. Melanin pigment is 

known for absorbing light and distributing UV rays. This radio trophic fungi use radiation as an energy source. In 

another trial near the nuclear reactor, mycelium with host sunflower plants were used. Studies have shown that 

sunflower have capability to take radioactive substance. Therefore taken up half of the radioactive substances like 

Strontium were taken up in the 12 weeks of growth 17. Later contaminated plants were burned and ashes containing 

Strontium was stored safely. The significant radioactivity free soil was observed. Mycelium actually assist in mobility 

of the elements either by fixing them in the soil by absorbing itself or helping plants to take them up. In another study 

it was shown that mushrooms accumulate 40 times more Nickel and Cobalt than the soil in the sample taken from 

Russian Industrial site 18. So it might be solution to treat heavily polluted soil. Treating soil with fungus could be one 

of the promising alternative. It is convenient to treat the soil of small area as it is environment friendly and economical 

even better than conventional methods like removing and burning. But for large area like entire forest or mining 

regions, it is not feasible. Moreover, every ecosystem have its own characteristics. It’s not necessary that external 

fungi grow in them. Encouraging local species can be alternative of it. 

 

V. Mushroom in plastic degradation 

A recent study has shown that human have produced 8300 million metric tons of plastic till date. It does not 

decompose, therefore all plastic produced accumulated in environment and present there in different forms. It is 25000 

times more than the weight of Empire building 19. 79% of that plastic ended up in landfill or in ocean. Plastic 

contaminant are showing up in the drinking water worldwide wiping out and causing illness including in human 20, 53. 

Even now for the first time, plastic traces reported in human blood 21.  According to one study published in Journal of 

Environment International in 22 anonymous samples 80% people had plastic particle in their blood. Source to enter 

the plastic in a blood could be air, food and drink 22. In 2011, a group of research students of Yale University under 

the guidance of Professor Scott Strobel discovered the mushroom variety Pestalotiopsis microspore in Amazon 

rainforest. They found fungi is capable of surviving just eating the plastic (Table 1). It can convert polyurethane into 

organic matter 23. They can survive without oxygen and are found to be perfect creation to degrade the plastic. Later 

many other species like Oyster were discovered for their plastic degrading capabilities 24,54,55,56. Another variety of 

mushroom i.e. Asperigillus tubingenesis was identified in 2017 that eat plastic and break them into small pieces 25,57. 

It is grown on the surface of plastic where it secretes enzymes that break the chemical bond between plastic molecules.   

 

VI. Sustainable materials to make the bricks 

No doubt mushroom fungi can degrade any organic material from agriculture and food industry. This power to degrade 

can be used to build the blocks of our future buildings i.e. homemade up of mushroom. It’s not about the mouldy 

walls. It may sound odd but, it’s true. In 2014, twelve meter tower by height was made by architectural team ‘The 

Living’ 27. Instead of using stone, bricks or concrete they used special type of 10000 mycelium bricks. These bricks 

were inexpensive and can be grown and created in almost any conditions. To prepare them, no specialized equipment 

is needed. David Benjamin (Associate Professor in Architecture department) from Columbia University headed the 

project on it. Studies have shown that production of concrete and steel for construction are responsible for carbon 

dioxide emission worldwide which is almost 10% [27]. Apart from it, construction industry is facing sand shortage 28. 

On the other hand, crop remains are often burned all around the world. In Delhi for example crop residue is burned 

which result increase in pollution 29. Using crop residue in useful construction can be an alternative to it. Instead of 

wasting, it can be used to create solid organic brick from creating a new and low priced carbon building construction 

material 30. It is non-fireproof and its cushioning properties are exceptionally good. Quality wise it is equivalent to 
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concrete material as well as those of polystyrene and plastic, In case of project headed by Professor Benjamin, bricks 

later destroyed after destruction of the house. The bricks were not as firm concrete 31. However, when mycelium was 

mixed with replaceable material like bamboo and constructing a skeleton to spread pressure uniformly scientists from 

University of Karlsruhe appeared that concrete’s superiority can be reduced 32. One of the drawback with mycelium 

brick is its ability to last for long as it have capability to absorb moisture in case it is damaged 31. That mean to make 

it practical approach for housing, new techniques are needed to protect it from the moisture. The idea of fungus to 

make a house, is still in early stage, but the potential is huge. Apart from architectural structure, mycelium can be also 

used for thermal and auditory insulation 33, 34. We know that mushroom contain long thread like material in them. 

These thread like white filament develop and for complex web. Mycelium have capacity to for glue and cement the 

material, when it is installed in a suitable place with the substrate. Different substrates composed of straw, sawdust, 

ground wood and agricultural waste can be used which otherwise get wasted. So using different mycelium strain and 

substrate, we can use them to make many things like insulating panels, furniture, accessories, thermal and acoustic 

material. Many studies have shown that mycelium made material resemble with polystyrene in terms of physical and 

mechanical characteristics but with biodegradable properties 35, 36. Evocative Design Biomaterial Company 

headquartered in New York focused on the development of innovative material that provides, sustainable alternative 

to plastic for packaging and building materials by using mushroom technology 37. Evocative used these unconventional 

materials to produce objects used in wrapping.  During this process substrate is mixed with mushroom mycelium in a 

solution than added in the container. Within five days material get modified if supplemented with suitable temperature, 

moisture and light. High temperature treatment to it, demilitarize the microbes completely if existing therefore 

permitting it to be used as good quality wrapping material 36. 

 

VII. Architectural structure made up of mushrooms 

One of the architectural structure made up of mushrooms was developed by the Carlo Ratti Association in partnership 

with the energy company Eni and demonstrated in exhibition at Milan Design Week, 2019 38. This circular garden was 

consist of series of dome shaped structure composed of almost one kilometer in the length. They added the mushroom 

spores of mycelium into organic material and allowed it to grow further. This was an experiment with a sustainable 

structure that allowed to increase in size organically and then get back to nature in a ring shaped structure. However now 

some of the mushroom based mycelium products are available commercially in the market, still it is a new production 

method. Lot of research is needed to improve it and make stronger 39. The main reason for switching to it is: 1. It can be 

produced anywhere with organic waste. 2. Grows fast.   3. It doesn’t need soil to prepare it.. Ecovative has also created 

Mycoflex foam which is 100 % compostable and can be used in anything from makeup sponge to single-use slippers and 

masks 40. Researchers are still figuring out new ways to use the mycelium. 

 

VIII. Mushroom in textile industry 

Mycelium used in textiles is known as Mycelium textile or MycoTEX [41]. Mushrooms obtained from mushrooms 

and mycelium has a leather-like texture. The transition from growing them to producing a fabric has involved a lot of 

trial and error. This fabric is biodegradable by nature. Although mushroom textile for clothing is in its initial stage, 

the future of it is bright. It is already used in clothing, bags and even durable furniture. First mushroom made clothing 

was started by Stella McCartney using mylo in 2016, but she did not make her debut. Mycelium can be dyed into any 

color it is Carbon negative. Fabric made by mushroom mycelium is harmless, nonflammable with soft texture. Both 

thin sheets as well as thick forms are used 42.  Both forms are flexible and strong. The process of making mushroom 

leather has an advantage over animal leather as less water is needed. The mushroom leather was made by different 

methods but still there are lot of scope to improve it 41. Leather made by mushroom is natural and free from any 

chemical and colored by velvety exterior. It has high absorbing, antibacterial and antiseptic properties. It is better than 

animal leather as less pollution is created, no killing of animals is required, mushroom leather needs less resources, it 

can be used again and again, less time is needed to grow it, and leather is good in quality. This eco-friendly mushroom 

fiber has some unique properties that are not found in sustainable fiber. Clothing made from this fiber is very thin, 

flexible and comfortable. The fabric is strong, breathable and durable 41. It is possible to make various things like caps, 

dresses, bags and jackets by processing the fibre ingredient of mushrooms. However, due to low production, the price 

remains high. The possibilities of mushroom leather are unlimited. Still, mushroom leather is perhaps quite a new 

material. It will take time to gain acceptance and fame. 

 

IX. The unexploited potential of Mushrooms 

They can be used as herbicides 43. Growing little known entophytic fungi inside the plants protects them against disease 

and does not damage the plants. The mycorhizal fungi play a significant role in restoration of degraded lands 8, 44. 

Degrade toxic pesticides [48]. Mushroom mycelium is capable of filtering wastewater 45. Because of these beneficial 

attributes, conversion of wasteland into green plantations is possible in some cases. Species like Aleurodiscus, 

Clitocybe, Maraminus, Polyporus, Tricholoma and contain poly acetylene are known for their antibacterial effect. 

Lantinus edodes, Cortenellin, Coprinus comatus, Oudemansiella mucida show anti-fungal effects. Omphalotus 

olearius active against Plasmodium gallinaeum has anti-protozoal an effect. 
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X. Importance of Mushroom as fire starter (Tinder fungi) 

Archaeological evidence reveals that at least 7000 years ago humans were using several dried tree fungi, for their fire 

starting properties. Fire was an essential element of early human evolution. Not only for cooking and heating, but also in 

various social rituals. Tinder fungus is a polypore and decaying fungus living on deciduous and dead trees. It has a hoof 

like a hard perennial fruit body. Its upper surface looks zone like grey or brown in colour. The lower surface called the 

pore layer, is dirty white or purple in colour. The spores are released when the outer shell is damaged. They attach 

themselves to the host tree. It grows commonly on Betula (Birch) or Alnus (Alders) spp. Tinder fungus has been used for 

thousands of years as kindling for fire 46. In folk medicine, it has been used to treat various pains 47. It forms white rot and 

decays wood quite quickly. They are also known as serious tree pathogens. 

 

XI. Importance of mushrooms as a natural dye and writing material 

There are a large number of mushrooms that produce dye and how you actually get them to produce the dye is different 

from mushroom to mushroom. Gomphus floccosus (scaly vase) is a mushroom that appears not to produce any dye, even 

after soaking the fiber in the mushrooms overnight. In the presence of iron (mordant), fibre turns into a purple color 48. 

Phaeolus schweinitzii a fungal pathogen known to cause butt rot in conifers. One of the best mushrooms for color is also 

known as "the dyer’s polypore"49. It is used to get different color of the dye like green, gold and brown with mordant. 

From ancient time humans were interested in writing. For that purpose they tried various materials like mushrooms, plants, 

minerals even squid. Shaggy ink cap [Coprinus comatus] is known to cover with fluffy scales, resembling a lawyer’s wig. 

Commonly it is eaten but if kept for long time they turn black and start secretions. Actually by this process it releases its 

spores and starts a new round of life cycle 50. 

 

XII. Conclusion 

Mushrooms are known for various nutrients as well as medicinal properties. Bioactive compounds in them are reported to 

exhibit immunomodulation properties 51. Mushroom cultivation is economical as it is grown on inexpensive agricultural 

or forest waste 52. Mushrooms are a tremendous boon to the idea of using several processes as a real world solution. They 

are discovered over a long time, but they are still not explored well. Mushroom cultivation is one of the best alternative 

for environmental remediation with lost cost investment. In-depth studies are needed to explore the prospective and 

ecology of large number of edible mushrooms. The research related to its biotechnological application is still in its infancy 

stage. Production of new cultivars with modified traits will provide a boost for many industries, like textiles and their 

antipollution activities. Many limitations which need to work out to take the benefit of its applications in several fields. 

Mycoremediation through mushroom cultivation will alleviate major problems like waste accumulation and oil spoilage. 

Thus, there is a need for further research towards the exploitation of the potential of mushrooms in several fields. Another 

field is mushroom fiber and it’s potential for textile performance. However, it is in the initial challenging stage. As fiber 

is made of completely organic ingredients without using any chemicals. With proper research and studies, the expected 

results of this fiber can be achieved. According to studies in the United States, even fashion industry is known to emit the 

carbon which contribute 10% of it and 20% of global wastewater 46. So studies are needed to find sustainable and eco-

friendly alternative functions. There are few reports on its plastic degrading capabilities. As known for its plastic degrading 

capabilities still many things are needed to explore. Detailed research should be done to utilize its biotechnological 

applications for plastic waste decomposition.  
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Table 1. Various mushroom species known for plastic degradation properties. 

S. No. Form of mushroom Role References 

1. Pestalotiopsis microspora Break down plastic in anaerobic condition 53 

2. Aspergillus tubingensis Effective degradation of plastic 54 

3. Pleurotus ostreatus Effective degradation of plastic 55 

4. Schizophyllum commune Effective degradation of plastic 55,56 

5. Aspergillus nidulans Effective degradation of plastic 57 

6. Aspergillus oeyzae Effective degradation of plastic 57 
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7. Aspergillus nomius Effective degradation of plastic 57 

8. Pleurotus abalones Degradation of plastic 57 

9. Pleurotus ostreatus Degradation of plastic 57 

10. Agaricus bisporous Degradation of plastic 57 

11.  Pleurotus eryngii Degradation of plastic 57 

 
Figure 1. Different biotechnological role of the mushrooms. 

    




