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ABSTRACT 

Soil is a vital ecosystem that sustains biological nutrient cycling and promotes crop 

productivity. Soil is not merely a physical medium that supports plants, it is a dynamic 

ecosystem with billions of microorganisms that regulate the processes essential for plant 

survival. Bacteria, fungi, actinomycetes, algae, protozoa and other microscopic organisms 

work together as biological workforce, maintaining soil fertility, recycling nutrients, 

protecting plants and supporting agricultural productivity. For decades, modern agriculture 

has relied on chemical fertilizers and pesticides to maximize crop production. However, 

excessive use of these chemical inputs has resulted in soil degradation, nutrient imbalance, 

environmental pollution and depletion in microbial diversity. Many native soil 

microorganisms play essential roles in supporting plant growth and maintaining ecosystem 

balance. This article highlights the beneficial interactions between plants and 

microorganisms including the symbiotic association of nitrogen fixing microbes. Additionally, 

plant growth promoting rhizobacteria (PGPR) enhance plant development by producing 

phytohormones and releasing organic compounds that improve the availability of essential 

minerals. Beneficial microorganisms such as Trichoderma, and Bacillus also contribute to 

plant protection by activating Induced Systemic Resistance (ISR) and suppressing soil borne 
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pathogens through the production of antimicrobial compounds. 

 

INTRODUCTION:  
 

eneath every healthy crop field lies an 

invisible world of life i.e. 

microorganisms which provide an 

eco-friendly alternative to chemical fertilizers. 

They act as natural engineers by decomposing 

the organic matter, improving soil structure, 

increasing aeration, enhancing water retention 

and converting unavailable nutrients into the 

forms that plants can absorb. Although these 

microorganisms remain hidden from our eyes, 

their activities determine whether the plants 

receive adequate nutrients, resist diseases and 

withstand environmental stresses. The 

integration of microbial technologies into 

farming systems is therefore becoming an 

essential component of sustainable agriculture 

and climate-smart crop production. Recent 

advances in agricultural microbiology have 

highlighted microbial inoculants, biofertilizers, 

and microbial consortia as promising tools for 

increasing productivity while reducing 

dependence on synthetic fertilizers (Adedayo 

et al., 2023). 

The Underground Partnerships That Feed 

Plants 

Plants do not grow alone. Their roots form 

complex relationships with microorganisms 

living around and within the soil. These 

interactions occur in different regions, 

including the rhizosphere (soil surrounding 

roots), endorhizosphere (inside root tissues), 

and ectorhizosphere (root surface). Among the 

various relationships, mutualistic associations 

provide many benefits to plants. In this 

interaction, microorganisms receive nutrients 

and shelter from plants, while the plants gain 

nutrition and protection from pathogens. One 

of the best-known example is the relationship 

between legumes and Rhizobium. In this 

association, Rhizobium infect the roots of 

leguminous plants and stimulate the formation 

of specialized structures called as root nodules. 

Inside the nodules, the bacteria convert 

atmospheric nitrogen into ammonia through 

biological nitrogen fixation, a process 

catalysed by the enzyme nitrogenase. The 

ammonia is then assimilated by the plant. In 

return, the plant supplies the bacteria with 

carbohydrates and other nutrients produced 

through photosynthesis. Thus, both the 

partners get benefitted from the relationship. 

Another important mutualistic symbiotic 

interaction is the association between 

arbuscular mycorrhizal fungi (AMF) and plant 

roots that benefits both the fungus as well as 

host plant. The fungal hyphae penetrate the 

root cortex and form highly branched 

structures called arbuscules that serve as the 

primary sites for exchange of nutrients.  They 

are particularly effective in enhancing the 

uptake of phosphorus, as well as other 

essential nutrients such as nitrogen, zinc and 

potassium. AMF also improves water 

absorption, increasing plant tolerance to 

drought and salinity stress (Vincze et al., 

2024). AMF also improves soil structure by 

promoting formation of stable soil aggregates 

through fungal hyphae and production of 

glomalin. Figure 1 summarizes the major 

mechanisms through which beneficial soil 

microorganisms enhance plant growth and 

maintain soil fertility. These mechanisms are 

broadly categorized into bio-eliciation & 

pathogen control, nutrient immobilization and 

phytohormone regulation. Under bio-

elicitation and pathogen control, beneficial 

microorganisms such as Bacillus, 

Pseudomonas activate Induced Systemic 

Resistence (ISR), which stimulates the 

expression of defense-related genes. These 

microorganisms also function as microbial 

biocontrol agents by suppressing soil-borne 

B 

http://www.vigyanvarta.in/


 

       
 

   
 
 

 
 

147 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Ruchika et al. (2026) Vol. 7, Issue 8 

August 2026 

pathogens through competition for nutrients 

and space as well as by producing 

antimicrobial compounds. In addition, the 

microorganisms support nutrient acquisition 

by maintaining a healthy rhizosphere. Many 

microorganisms synthesize phytohormones 

such as auxins, cytokinins and gibberellins that 

stimulate root elongation, cell division and 

overall plant development. 

Fig. 1: Soil microbial mechanisms that improve 

plant growth and soil health (Wu et al., 2025) 

PGPR (plant growth-promoting rhizobacteria): 

Among the most valuable soil microorganisms 

are plant growth promoting rhizobacteria 

(PGPR). These beneficial bacteria colonize 

plant roots and stimulate growth through 

multiple mechanisms. PGPR improves seed 

germination, root development, nutrient 

availability, and resistance against 

environmental stresses. PGPR also help plants 

withstand biotic stress (disease-causing 

microbes, pests, and insects) and abiotic stress 

(heavy metals, other toxic elements, high 

salinity, and drought) (Yadav et al., 2018).  

PGPR promote uptake of iron by synthesis of 

siderophores (carboxylates) (Waseem et al., 

2014). They also contribute to the production 

of phytohormones (auxins, gibberellins, and 

cytokinins) and regulate plant growth (Hussain 

et al., 2023; Vincze et al., 2024). These 

regulate the important plant processes such as 

seed germination, root formation, cell division 

and stem development. Genera including 

Rhizobium, Bacillus, Azospirillum, 

Pseudomonas, Bradyrhizobium, Paenibacillus 

and Sinorhizobium are known to produce plant 

growth regulators (Geller and Levy, 2023). 

PGPRs also produce various enzymes such as 

phosphatases, and phytases that can solubilize 

organic phosphorus in the soil making it 

accessible for plant uptake (Mathur et al., 

2019).  

Potassium (K) is a crucial macronutrient for 

the growth of plants and agricultural 

productivity. The concentration of soluble K is 

very low in soil. However, more than 95% of 

the soil potassium exists in insoluble mineral 

forms that plants cannot use directly. 

Potassium solubilizing microorganisms 

(KSMs) release organic acids such as citric 

acid, gluconic acids and oxalic acid, which 

break down mineral structures and release 

potassium ions into the soil. Important 

potassium solubilizing microorganisms 

include Bacillus mucilaginosus, Bacillus 

circulans, Pseudomonas sp., Burkholderia sp., 

and Paenibacillus sp (Vincze et al., 2024) 

Iron is another essential nutrient required for 

chlorophyll production, photosynthesis and 

respiration. Although soil contains large 

amounts of iron, much of it is chemically 

unavailable to plants. Microorganisms solve 

this problem by producing siderophores. 

Siderophores are low-molecular-weight iron-

chelating compounds secreted by 

microorganisms under iron-deficient 

conditions. Siderophore producing 

microorganisms include Pseudomonas 

fluorescens, Bacillus subtilis, Azotobacter, 

Rhizobium and Streptomyces sp (Vincze et al., 

2024). Siderophores bind ferric ion (Fe3+), the 

iron-siderophore complex is then transported 

into the microbial or plant cells and the iron 

becomes available for plant metabolism. 

Siderophores including compounds, including 

carboxylates, hydroxamate, and catecholates 

protect plants against pathogens (Matilla et al., 

2018).  
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Plant Growth-Promoting Rhizobacteria 

(PGPR) convert inert atmospheric nitrogen 

(N₂) into ammonia (NH₃), using the 

nitrogenase enzyme complex. Nitrogen exists 

as diatomic molecule in the earth’s 

atmosphere, which is about 78%, and cannot 

used directly by plants; it can only be utilized 

when it is converted into a usable form like 

ammonium (NH4
+) or nitrate (NO3

-).  

Specialized microorganisms called diazotrophs 

convert atmospheric nitrogen into ammonia 

through a process known as biological 

nitrogen fixation and the process is controlled 

by the nif gene cluster including genes such as 

nifK, nifD, nifH, nifA etc. (Vincze et al., 

2024). Bacteria capable of fixing nitrogen are 

symbiotic (Rhizobium, Bradyrhizobium, 

Sinorhizobium), associative (Azospirillum) as 

well as free living (Azotobacter, Clostridium) 

(Ladha et al., 2022). 

Many microorganisms produce natural plant 

hormones such as auxins, cytokinins, 

gibberellins, abscisic acid and ethylene. These 

compounds regulate important plant processes 

such a seed germination, root formation, cell 

division and stem development. Genera 

including Rhizobium, Bacillus, Azospirillum, 

Pseudomonas, Bradyrhizobium, Paenibacillus 

and Sinorhizobium are known to produce plant 

growth regulators (Geller and Levy, 2023). 

Microbial Guardians: Protecting plants from 

diseases 

Plants constantly face attacks from soil-borne 

pathogens. Instead of relying only on 

pesticides, beneficial microorganisms provide 

a natural defense system. One major 

mechanism of defense is Induced Systemic 

Resistance (ISR). Unlike chemical pesticides 

that directly kill pathogens, ISR prepares 

plants to respond faster and more effectively 

when attacked. Beneficial microorganisms 

activate plant defense pathways, strengthening 

the plant’s natural immunity. Microorganisms 

involved in ISR include Bacillus subtilis, 

Bacillus amyloliquefaciens, Bacillus pumilus, 

Pseudomonas fluorescens and Trichoderma 

sp. (Kannojia et al., 2019). These organisms 

protect crops by producing antimicrobial 

compounds, competing with pathogens for 

nutrients and space, and stimulating plant 

defense responses. 

Microbial Biocontrol: A natural alternative 

to chemical pesticides 

The extensive use of pesticides, herbicides and 

other agrochemicals has raised concerns due to 

their effects on human health, environmental 

contamination and accumulation within food 

chains (Saxena et al., 2019). Microbial 

biocontrol agents provide an environmentally 

friendly alternative as these suppress the 

harmful pathogens through several 

mechanisms such as production of antibiotics 

and antimicrobial compounds, release of cell 

wall degrading enzymes, production of volatile 

compounds and biosurfactants, competition for 

nutrients and space, activation of plant 

immune responses (Bonaterra et al., 2022). 

Microorganisms such as Bacillus, 

Pseudomonas, Trichoderma and Penicillium 

are increasingly being explored as biological 

solutions for crop protection.  

 Healthy soil, Healthy future 

Soil health depends on the continuous activity 

of microbial communities. These organisms 

regulate nutrient cycles, including carbon, 

nitrogen, phosphorus and sulphur cycles. They 

improve soil fertility by breaking down 

organic matter, recycling nutrients, improving 

soil structure, increasing water retention, 

reducing erosion and suppressing soil-borne 

diseases (Wang et al., 2024). Table 1 describes 

the role of microorganisms in improving soil 

health and crop productivity.   
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Table 1: Integrated role of beneficial 

microorganisms in soil health and crop 

productivity 

 

CONCLUSION 

Soil microorganisms are essential components 

of sustainable agricultural ecosystems, serving 

as natural drivers of nutrient cycling, soil 

fertility and plant health. Through diverse 

mechanisms such as biological nitrogen 

fixation, nutrient mobilization, phytohormone 

production, siderophore production, beneficial 

microorganisms enhance plant growth while 

reducing dependence on synthetic fertilizers 

and pesticides.  Plant growth promoting 

rhizobacteria and microbial biocontrol agents 

provide environmentally friendly solutions for 

enhancing crop productivity and suppressing 

plant pathogens. As concerns over soil 

degradation, environmental pollution, and 

climate change continue to grow, integrating 

microbial inoculants, biofertilizers, and 

microbial consortia into modern farming 

systems offers a promising approach towards 

resilient and sustainable agriculture.  
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Major 

microorganisms 

Function  Benefit  

Rhizobium, 

Azotobacter, 

Azospirillum  

Nitrogen 

fixation 

Nitrogen 

supply 

Bacillus, 

Paenibacillus, 

Pseudomonas 

Potassium 

solubilization 

Potassium 

availability 

Bacillus, 

Pseudomonas, 

Aspergillus 

Phosphorus 

solubilization 

Phosphorus 

uptake 

Bacillus, 

Pseudomonas 

Siderophore 

production 

Iron 

acquisition 

and disease 
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PGPR Phytohormone 
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Enhanced 

root and 

shoot growth 

Bacillus, 

Pseudomonas, 

Trichoderma 

Biocontrol Disease 

management 
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