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he unseen wonders, microbes are tiny creatures that are 

not visible to the naked eye. Microorganisms are 

ubiquitous in nature and known to exist everywhere 

from the equator to poles, deserts to the deep sea, rocks, 

geysers, and even in extreme hot and cold conditions. Microbes 

are unicellular or multicellular organisms and belong to three 

domains, i.e. archaea, bacteria, and eukarya. These tiny 

creatures are truly a gift from God as they play several roles for 

the environment and every creature of the earth, such as 

humans, plants, and animals, without (gnotobiotic condition) 

which the quality and quantity of life will drastically reduce. 

Microbes maintain the biogeological cycles in the environment 

and on the other hand, they maintain the soil fertility. In plants, 

beneficial microbes help in growth promotion as well as 

protecting them from pathogens and fulfilling nutritional 

requirements, whereas in humans and animals, they maintain 

cognitive functions. Their important role played in nature has 

attracted the attention of scientists over the past many decades. 

Microorganisms have been studied via culturable and 

unculturable (metagenomics) techniques.  

The beneficial microbes are the gift from God. They play a 

diverse and important role for bioeconomy, environment and 

human systems. (Fig. 1). Humans have evolved together with 

the beneficial microbes that inhabit animal bodies and create 

complex, niche–habitat- specific, ecosystems . relentlessly           
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adapted to changing host physiology. Oral sites harbor a 

particular diversity of microbial communities, similar in 

complexity to the microbial communities of the gut, and tend to 

be pre-dominated by different species of Streptococcus. 

Microbiomes colonizing the skin depend on the skin properties 

and are predominantly Staphylococcus, Propionibacterium, and 

Corynebacterium [3]. Another important niche for bacteria is 

human milk. Human milk is known to consist of a diversity of 

microbial communities. Most of the microorganisms isolated 

from milk belong to Staphylococcus sp., Streptococcus sp., 

Lactobacillus sp., and Bifidobacterium sp., where the latter two 

genera have a long history of their use as probiotics [4]. Studies 

have shown the role of microbes presents in human milk in the 

infant's gut. The bacterial communities are known to reduce the 

incidence and severity of infections in the breastfed infant by 

diverse mechanisms, including the production of antimicrobial 

compounds, competitive exclusion and increasing production 

of mucine, and reducing, intestinal permeability thereby 

improving the intestinal barrier functions [5]. 

Plants have a plethora of microbes, which they recruit from 

their surrounding environment, especially from the soil. They 

are known to harbor microbes in the diverse parts of the plant, 

including the surface of above-ground (phyllosphere/ 

epiphytic), below-ground parts (rhizosphere), and interior 

tissues (endophytic). The root microbiome is generally derived 

from the surrounding, which may transfer from one part to 

another via a vertical route (Fig. 2). Generally, microbes 

interact with plants, because of nutrients and shelter as plant, 

secretes an extensive variety of useful organic compounds such 

as sugars, natural acids, & vitamins. These organic compounds 

are utilized by microbes as supplements. In return, microbes 

also benefit the plants by releasing miniature molecules, phyto-

hormones, and volatile compounds that straightforwardly or in 

a roundabout way immunize the plant and enhance plant 

growth and development. Diverse microbial communities 

belonging to all three domains (archaea, bacteria, and eukarya) 
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have been reported from the diverse parts of plants [6, 7] (Fig. 

1).  

 

 

 
 

Fig. 1: The potential impacts of a unified microbiomes initiative to understand 

and responsibly harness the activities of microbial communities (Credit: Diana 

Swantek, Berkeley Lab). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The phyllosphere or the aerial plant surface is one of the 

compartments of the plants in which diverse groups of 

microbes reside. The phyllosphere or epiphytic microbiomes 

are known to harbor different microbes such as bacteria, 

viruses, filamentous fungi, yeast, algae, and occasionally 

nematodes and protozoa. At phylum level bacterial 

communities mainly belong to the Actinomycetota, Bacillota, 

Bacteroidetes, and Pseudomonadota. The members of 

Alphaproteo bacteria and Gammaproteo bacteria are the most 

dominant. At the genus level, the studies have suggested that 

the most dominant genera are Arthrobacter bacillus, 

Methylobacterium, Massilia, Pseudomonas, and Pantoea [9]. 

Talking about another compartment of the plants, the 

endosphere also harbors a diverse group of microbes. In this 

compartment, the microbes reside inside the host plant 

including internal tissues of the roots, stem, leaves, and seeds. 

These types of microbes residue inside the plant without 

causing any harm. The microbial community inside the plants 

is predominantly composed of the bacterial phyla Proteo-

bacteria, Actinobacteria, Bacteriodetes, and Firmicutes 

followed by the fungal phyla Ascomycota and Basidiomycota 

[7]. On the other hand, rhizospheric microbes, i.e. microbes 

living in the soil associated with roots, enclose the microbial 

world. Phyla Actinobacteria, Bacteroidetes, Firmicutes, and 

Proteobacteria are the major phyla of the rhizospheric 

microbiomes [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Fig. 2: Summary of integrated approaches to explore and exploit plant microbiomes for new agricultural strategies. Adapted from Song et al. [8]. 
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All these diverse microbial communities associated with the 

plants have been recognized to have various applications in the 

different sectors including agriculture, environment, as well as 

industries. In the agriculture sector, plant microbiomes could be 

used as bioinoculants, biofertilizers and biopesticides, which 

are among the best applications of these microbes as there is an 

urgent need for a sustainable approach. Phytomicrobiome 

promotes plant growth through various mechanisms (direct and 

indirect). The microbes promoting plant growth via direct 

mechanisms such as biological N2-fixation, minerals (P, K, Zn, 

and Se) solubilization, production of Fe-chelators. Plant growth 

regulators (auxin, gibberellins, and cytokinin) are often known 

as biofertilizers [11]. On the other hand, microbes indirectly 

promote plant growth through mechanisms like the production 

of ammonia, hydrogen cyanide, siderophores, and 1-

aminocyclopropane-1-carboxylic acid (ACC) that act as 

biopesticides. Microbes also help in alleviating biotic and 

abiotic stress [12]. 

Apart from the agricultural and environmental applications of 

plant microbiomes, they also has industrial applications. 

Phytomicrobiomes, especially endophytic microbes, are known 

to produce several bioactive secondary metabolites and 

enzymes with have a wide range of applications in the 

industries like food, pharmaceuticals, detergents, and 

biorefineries [13]. In a study, Huperzia serrata fungal 

endophyte Penicillium spinulosum was reported to release anti-

acetylcholinesterase secondary metabolites, which could be 

used as a drug for the treatment of Alzheimer's disease [14]. In 

another report, PGP rhizobacterium, Paenibacillus polymyxa is 

reported for degradation of lignocellulose biomass as well as 

production of biofuel [15].  

 Soil is a dynamic, living matrix that forms an essential 

part of the diverse terrestrial ecosystems. It is a critical resource 

for agricultural production, food security, and maintenance of 

most life processes. Soil is considered a storehouse of 

microbial activity [16]. There is an estimation that one gram of 

typical soil contains around 90–100 million bacteria and about 

2×10
5
 fungi, with the majority of these organisms being located 

around the roots of plants [17]. These microbes either have a 

beneficial, neutral, or harmful relationship with the plants. 

Beneficial microbes that promote the growth and development 

of plants are plant growth-promoting (PGP) microbes. 

Microbes drive numerous processes needed for robust plant 

growth and health. Harnessing microbial functions is the key to 

productive and sustainable food production. Soil microbiomes 

are among the most important components of the ecosystem 

with the potential to enhance soil efficiency and plant growth. 

Plants require at least 16 macro- and micro-nutrients for their 

growth and yield.  

The deficiency of any of the nutrients in soil adversely affects 

plant performance and leads to the high demand for chemical 

fertilizers, which are undoubtedly necessary for the healthy 

growth of plants but at the same time harmful to the 

environment as well as, living beings. The use of beneficial soil 

microbes to increase the bioavailability of nutrients is an 

effectual, cost-effective, and economical approach for reducing 

the use of chemical fertilizers and a healthy environment. Soil 

microbiomes play a key role in stimulating the growth of plants 

through the production of phytohormones, inhibiting the 

activity of the plant pathogens, improving the soil structure, 

and bioaccumulation or microbial leaching of inorganics. 

Further, microbial communities are known to be effective in 

bioremediation of polluted soils [18]. Soil microbiomes are 

thus an effective alternative for a clean and green environment. 

Air microbiomes are the microbial flora of aerosols. They 

consists of a combination of viable and non-viable microbes 

including archaea, bacteria, fungi, and viruses. The microbes 

present in the air resemble the soil microbes, especially, 

bacteria and fungi. The microbiome of air is dominated by the 

Bacillus and Micrococcus genera especially from the 

stratosphere. The air microbiome plays a significant role in the 

meteorological processes including atmospheric chemistry, air 

quality, cloud formation, and precipitation [19]. Microbial 

communities dominate all inland water habitats and the 

appropriate functioning of an aquatic ecosystem is supported 

by the rich microbial diversity depending upon the nutrients 

and prevailing environmental conditions. Microbial diversity in 

freshwaters is known to comprise the culturable bacterial 

group, viz., Actinobacteria, Bacteroidetes, Firmicutes, α, β, and 

γ-Proteobacteria as well as archaea [20]. Fungi also form an 

important component of aquatic microbial communities 

through their diversity and functional roles remain poorly 

characterized. Currently, 3000–4000 fungal species have been 

classified as aquatic fungi even though global fungal diversity 

ranges from 0.5 to 10
6
 species [21]. Most aquatic fungi have 

been known to belong to Ascomycetes and Chytridiomycetes, 

while Basidiomycetes have been reported comparatively less 

from this ecosystem [22]. The microbial communities in the 

marine environment have received growing attention as the 

sources of bioactive compounds and have great potential to 

increase the number of marine natural products in clinical trials 

[23].  

In conclusion, the tiny and ubiquitous creatures as gifts from 

God, are playing a diverse and important role in nature, without 

which the life quality and quantity will be reduced. Beneficial 

microbes have been well recognized for their applications in 

agriculture, industry, and environment sectors, which sustain 

life.  After a long period of research on microbes to date not       
.  
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even 2% of microbial diversity and their roles have been 

explored, so, the study on microbial species should be 

continued for diversity and applications.       
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