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Abstract: Soil microbiology is highly linked with the microorganisms and their particular activities regarding the growth of plants and 

yield while taking a part of the nitrogen cycle which is an important component in the providing of nutrients for the growth of plants.  In the 

case of atmospheric nitrogen fixation, organic matter decomposition and releasing of some bio-chemical enzymes are the important factors 

regarding the growth of plants and roots.  In generally, the microorganisms are categorized into a few of specific groups while considering 

their biological features and behaviors such as bacteria, viruses, fungus and algae. When considering the main role of microorganisms can 

do in the soil is the increasing of soil fertility while improving the soil structure, increasing the plant tolerance and providing of a self 

protection against the diseases of plants. According to the agricultural practices, the great diversity of microorganisms plays a few of 

important roles in the maintaining of the equilibrium of the soil and plant including the top soil which provides habitations for a large 

number of microbial communities.  
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1. Introduction 

 Soil microbiology is the scientific study of all biological 

features of microorganisms that reside in the soil environment as 

mentioned in the below.  

 Bacteria 

 Archaea 

 Viruses 

 Fungus 

 Parasites 

 Protozoa 

 

This is a branch of environmental microbiology. Soil 

microbiology is an interdisciplinary field that is intertwined with 

soil biochemistry and microbial ecology. It necessitates an 

understanding of soil science, microbiology, and the chemistry of 

biological systems. Soil microbiology can be divided into two 

categories. The first approach examines organisms' physiology and 

taxonomy, whereas the second focuses on microbial activities, or 

the behaviors and tasks of microorganisms in soil [1-5]. 

Soil is a diverse ecosystem with ever-changing environmental 

conditions for microbial growth. Soil microorganisms are abundant 

and have a diverse set of metabolic activities and physiological 

features that are critical to the cycling of nutrients within the soil 

and the removal of contaminants from the soil. 

The soil contains a diverse spectrum of microorganism 

substrates, ranging from simple sugars to the most complex 

compounds, such as humus. Soil also has several micro sites with 

variable nutrient, moisture, pH, and Eh levels across relatively short 

distances and over time. Soil has the greatest diversity of life as a 

result of its chemical and physical heterogeneity [3-9]. 

Microorganisms are extremely small forms of life that can exist 

as single cells or in colonies of cells. Individual cells of these 

organisms are normally visible only through a microscope. Topsoil 

has far more microorganisms than subsurface because food supplies 

are numerous. They are especially common in the rhizosphere, 

where sloughed-off cells and substances generated by roots provide 

easy food sources. These organisms are major decomposers of 

organic debris, but they also feed nitrogen to growing plants 

through fixation, detoxify dangerous compounds (toxins), suppress 

disease organisms, and generate products that may stimulate plant 

growth. Soil microorganisms have another direct impact on humans. 

They are the source of the majority of antibiotics used to treat 

diseases. Bacteria can live in almost any environment. They can be 

found in animals' digestive systems, the ocean and fresh water, 

compost piles and soils. Although certain bacteria may survive in 

waterlogged soils without oxygen, the majority prefer well-aerated 

soils. Bacteria do better in neutral pH soils than in acidic soils [4-

14]. 

Bacteria aid plants by boosting nutrient availability, in addition 

to being among the first organisms to begin degrading leftovers in 

the soil. Many bacteria, for example, dissolve phosphorus, making 

it more available to plants. Bacteria are also particularly useful in 

delivering nitrogen to plants, which they require in vast quantities 

but which is frequently low in agricultural soils. You may be 

wondering how soils can be nitrogen deficient while we are 

surrounded by it nitrogen gas makes up 78% of the air we breathe. 

Plants and animals, however, suffer a conundrum akin to that of the 

ancient mariner, who was stranded at sea without fresh water, 

water, everywhere, and not a drop to drink. Unfortunately, neither 

animals nor plants can consume nitrogen gas (N2). Some bacteria, 

on the other hand, can take nitrogen gas from the environment and 

transform it into a form that plants can use to build amino acids and 

proteins. Nitrogen fixation is the name given to this conversion 

process [3-8]. 

Plants and animals, on the other hand, face a dilemma similar to 

that of the Ancient Mariner, who was stranded at sea without fresh 

water: "Water, water, everywhere, and not a drop to drink." 

Unfortunately, neither animals nor plants have the ability to ingest 

nitrogen gas (N2). However, some bacteria can convert nitrogen gas 

from the environment into a form that plants can use to build amino 

acids and proteins. This conversion process is known as nitrogen 

fixation. 

Some legumes or their derivatives, such as peas, dry beans, and 

soybean tofu, are consumed. Animal feed is made from soybeans, 

alfalfa, and clover. Clovers and hairy vetch are produced as cover 

crops to improve the soil with organic matter and nitrogen in 

preparation for the next harvest. Each year, microorganisms in an 

alfalfa field can repair hundreds of pounds of nitrogen per acre. The 

amount of nitrogen fixed by peas is substantially smaller, ranging 

from 30 to 50 pounds per acre. Another type of bacteria, 

actinomycetes, breaks down giant lignin molecules into smaller 

ones. Lignin is a big and complex chemical found in plant tissue, 

particularly stems, that most organisms find difficult to break down. 

Lignin also typically protects other molecules from breakdown, 

such as cellulose. Actinomycetes have some traits with fungus, 

however they are occasionally classified separately and given equal 

billing with bacteria and fungi [1-8]. 

A few of sketches of some well recognized microorganisms are 

shown in the following figures.  
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Fig. 1.  A general side view of bacteria 

 

 

Fig. 2.  A general side view of a virus 

 

 

Fig. 3.  A general side view of euglena 

 

 

Fig. 4.  A general side view of a fungus 

 

 

Fig. 5 A general side view of a nematode   

 

Importance of soil microorganisms has been defined as follows.  

 Decomposition of resistant components of plant and animal 

tissue 

 Role in microbial antagonism 

 Participate in humus formation 

 Predator of nematodes 
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 Surface blooming reduces erosion losses 

 Improve soil structure 

 Involved soil structure 

 Maintenance of biological equilibrium 

 

2. Types and Categories of Micrograms in Soil 

 2.1. Bacteria  

Bacteria are the most abundant and tiniest cellular creatures in 

soil. They are prokaryotic organisms that range in size from 0.5mm 

to 1mm in width and 1mm to 2mm in length. The ultra micro-

bacteria can be as small as 0.3mm in diameter and have cell 

contents of less than 0.1 mm3 [1-6]. 

Although bacteria have a variety of cell shapes, including rod, 

spherical, spiral, and filamentous, the most common cell shape 

found in soil is a short rod. Bacteria are one of the most abundant 

groups of microorganisms in soil, with the majority of them found 

in the rhizosphere. Bacteria in the rhizosphere are larger and contain 

more Gram-negative and denitrifying bacteria than bacteria in the 

bulk soil. 

2.2. Fungi 

Soil funguses are eukaryotic organisms that can be unicellular 

but are usually multi cellular. Fungi have more complex 

morphologies and life cycles than bacteria. Yeasts are fungi that 

reproduce asexually by budding. Most other fungi have filaments 

that are highly branched, with strands that are 2 to 30 mm in 

diameter and several centimeters long. Except for yeasts, which can 

survive in anaerobic environments by fermenting sugars into 

alcohol, most fungi are aerobic [1-7]. 

2.3. Actinomycetes 

Actinomycetes are filamentous bacteria, the majority of which 

are Gram-positive bacteria that thrive in neutral to alkaline soils. 

Actinomycetes are primarily anaerobic organisms that develop 

colonies or vast mycelia. However, the mycelia may break off in 

some cases, resulting in rod- or coccid-shaped forms. Despite the 

fact that they are bacteria, their biomass and distinguishing 

characteristics have resulted in a distinct classification. 

Actinomycetes range in size from 0.5 to 1.5 m depending on the 

species [3-9]. 

2.4. Protozoa 

Protozoa are single-celled eukaryotic microorganisms with no 

cell walls. They are motile heterotrophs that consume bacteria, 

yeasts, algae, tiny protozoa, and organic debris for nourishment. 

Flagellates, amoebae, and ciliates are the three types of free-living 

soil protozoa. 

The shape, size, and distribution of these single-celled animals 

differ from that of some protozoan species found in land habitats 

such as soil [2-8]. 

2.5. Algae (blue-green algae) 

Cyanobacteria are phototrophic bacteria that thrive in soils with 

access to light and water. Cyanobacteria are autotrophic eukaryotes 

that include free-living photosynthetic bacteria as well as 

endosymbiotic organisms. Blue-green algae exist as motile 

filaments of cells that spread out to form new colonies. Blue-green 

algae can be colonial or filamentous, and the filamentous forms can 

be heterocystous or non-heterocystous. The heterocysts are 

enormous, thick-walled cells that fix nitrogen under anaerobic 

conditions. 

2.6. Viruses 

Viruses are genetic elements that can reproduce independently 

of chromosomes but not independently of cells. Viruses are smaller 

than bacteria, with diameters ranging from 20 to 30 nm. Viruses are 

obligate parasites of soil bacteria, fungi, insects, plants, and 

animals. Viruses can exist as dormant structures or particles for 

extended periods of time in a variety of environments. Because 

viruses are obligate parasites, they can be found anywhere there is 

life.    

3. Impacts of Microorganisms in Soil 

3.1. Positive Effects of Bacteria in Soil 

 
Bacteria are an important part of the soil's biotic component 

since they are responsible for many physiological activities that 

occur in the soil. Soil bacterial communities provide a plethora of 

ecosystem services that have an impact on the entire functioning of 

the soil environment, both directly and indirectly. Many bacteria in 

the soil create polysaccharides or glycoprotein, which form a 

coating on the soil particle's surface. As a result, these chemicals 

function as cementing agents and strengthen soil structure. 

Bacteria are engaged in the generation of many nutrients for the 

soil and plants as part of many biogeochemical cycles such as the 

nitrogen cycle and the carbon cycle. Bacteria improve soil quality, 

allowing new plant communities to thrive. Furthermore, bacteria are 

important for the enzymatic degradation of complex organic and 

soil substances to nutrients, as well as the release of nutrients and 

trace Enzymes elements from the mineral soil fraction. Bacterial 

populations in soil serve as markers of soil condition [2-8]. 

 

3.2. Negative Effects of Bacteria in Soil 

 
Pathogenic bacteria in the soil may have negative impacts on 

crops, resulting in poor crop health, low yields, and crop loss. Some 

bacteria are known to disrupt the soil's biological balance, resulting 

in soil infertility and poor soil health. Furthermore, pathogenic 

bacteria found in soil can cause a variety of plant illnesses. The 

release of various by-products may alter soil chemical properties 

such as pH, cation exchange capacity, and nutrient content. 

3.3.  Positive Effects of Fungi in Soil 
 

Fungi have critical roles in the soil, where they aid in nutrient 

cycling, water dynamics, and disease suppression, all of which 

contribute to soil health and crop output. Soil aggregates are 

stabilized by fungal hyphens, which bind soil particles together. 

Almost all terrestrial plants generate advantageous mycorrhizal 

symbioses with fungi. Mycorrhizal fungi improve plant uptake of 

mineral nutrients (such as phosphorus and zinc) in return for carbon 

molecules fixed by photosynthesis. Fungi are important organic 

matter decomposers in the soil, where they use nitrogen from the 

soil to decompose woody carbon residues. Fungi's huge size 

protects plants from pests, illnesses, and drought. Antibiotic 

substances such as penicillin and cyclosporine are also produced by 

fungi. Lichens are symbiotic relationships between a fungus and an 

alga or cyanobacterium. They are important soil colonizers with 

important roles in soil formation and stabilization [3-11]. 

3.4.  Negative Effects of Fungi in Soil 
 

Pathogenic fungi in soil cause a variety of plant diseases by 

penetrating plant tissue and cause a weakened, nutrient-deficient 

plant. Fungi, in addition to their direct effects on plants, influence 

plant interactions, altering the competitive balance between two 

species. Mycorrhiza and fungal pathogens also affect seedlings, 

which has a negative impact on plant population dynamics [2-10]. 
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3.5.  Positive Effects of Actinomycetes in Soil 
 

Actinomycetes degrade the most refractory and indecomposable 

organic compounds, resulting in the production of various dark 

black to brown pigments that contribute to the dark hue of soil 

humus. These organisms are also in charge of the degradation of 

humus (resistant substance) in soil. Actinomycetes play an 

important role in agricultural soils because they fix carbon (via 

photosynthesis) and decompose it. Actinomycetes form associations 

with non-leguminous plants and fix N2, which is then available to 

both the host and nearby plants. 

Actinomycetes are the most important group of soil 

microorganisms that recycle organic matter in the environment by 

producing hydrolytic enzymes. They have direct or indirect 

methods that promote plant development while enhancing nutrient 

and mineral availability, synthesizing plant growth regulators, and 

phytopathogen suppression. Many actinomycete features have the 

potential to be used as biocontrol agents [4-12]. 

3.6.  Negative Effects of Actinomycetes in Soil 
 

Actinomycetes' products may have an impact on soil microbes, 

resulting in decreased diversity. Plant diseases caused by 

pathogenic actinomycetes impair plant health and crop loss. 

 

3.7.  Positive Effects of Protozoa in Soil 
 

Protozoans play an important role in terrestrial ecosystems by 

acting as bacterial consumers, resulting in the mineralization of 

organic soil nitrogen to create ammonium. Protozoan communities 

in soil can also be utilized to analyze and monitor changes in soil 

biotic and abiotic components, acting as soil bio indicators. Plant 

biomass can be increased by protozoa regardless of nutrient 

concentration in plant tissue. Many protozoan species feed on 

bacteria and other microbes, enhancing nutrient cycles and energy 

transfer among microorganisms, animals, and plants. 

3.8.  Negative Effects of Protozoa in Soil 
 

Because most bacterial communities in soil provide food for 

protozoa, the presence of protozoa in soil influences bacterial 

diversity. Some protozoa may be damaging to the plant, reducing 

crop health and output. 

3.9.  Positive Effects of Blue-Green Algae in Soil 
 

Cyanobacteria were among the first microorganisms to inhabit 

terrestrial habitats. These microorganisms are important in soil 

because they fix nitrogen and carbon through the synthesis of 

exopolysaccharides, which increase soil fertility and water retention 

capacity. The use of cyanobacteria as inoculants to induce bio crust 

formation on soil is a novel technology that restores barren, 

degraded areas while preventing desertification. 

Because of their filamentous structure, they play important roles 

in increasing soil physical structure, porosity, and retaining soil 

moisture. In the soil, these organisms also produce mucilaginous 

substances and release phytohormones, vitamins, amino acids, and 

secondary metabolites. Many cyanobacterial species have the 

inherent ability to fix atmospheric nitrogen with the assistance of a 

highly specialized cell known as a heterocyst. The use of N2-fixing 

cyanobacteria as a potential N2-biofertilizer source in the field can 

serve as an alternative to conventional organic and chemical 

fertilizers [1-11]. 

3.10. Negative Effects of Blue-Green Algae in Soil 

Blue-green algae may form algal blooms in some cases, 

releasing toxins into the soil and affecting vegetation directly or 

indirectly. The loss of a large cyanobacteria community in the soil 

has an impact on the bacteria communities because it causes oxygen 

depletion. 

4. Conclusions   

      Improve plant development and crop yield, and can greatly 

contribute to crop plant mineral nutrition these beneficial microbes 

have a direct impact on plant nutrition and growth via a variety of 

methods of action. These include atmospheric nitrogen fixation, 

organic matter decomposition, mineral solubility, and the release of 

chelating chemicals and physiologically active molecules such as 

phytohormones. vitamins and enzymes, as well as an increase in 

root system absorbing surface and soil-penetrating capabilities 

Beneficial soil microorganisms also boost soil fertility and plant 

growth through indirect processes such as soil structure 

improvement, increased plant tolerance to a biotic stressors, 

suppression of phytopathogenic fungi and bacteria, and induction of 

plant resistance to diseases. In many cases, combining multiple bio 

fertilizers with diverse modes of action has been shown to have 

synergistic beneficial effects on plant nutrition and growth. 

Conventional agriculture mainly relies on synthetic N 

fertilizers, although half of the N applied is wasted. This poses 

significant environmental risks. Considering the presence of nitrates 

in groundwater and implies a financial loss for the landowners, non-

symbiotic soil microorganisms capable of fixing atmospheric N2 are 

common. Spread over the soil, root surface, root interior, and plant 

aerial tissues the use of non-symbiotic N2-fixing bacteria can 

improve N management in more ways than one. "low-input" 

direction, and can be an important component of sustainable 

agriculture. Most soils have massive reserves of P that are 

unavailable to plants numerous soil and rhizosphere bacteria can be 

solved in soluble substances. Mineral phosphate complexes, mostly 

via acidification and the formation of acidic organic compounds 

they also influence the dispersion of organic phosphates.            

Phosphates from adsorbing surfaces are transferred to soil solution. 

Mycorrhizal fungi have high-affinity P absorption pathways and 

thus boost mycorrhizal P uptake plants. Furthermore, AMF 

determines root architecture alterations, such as increase in total 

root surface and volume, number of tips, and root branching degree 

and improve root soil exploring capability Under real-world 

conditions, the Use of P-solubilizing microorganisms in conjunction 

with mineral fertilizers such as The use of rock phosphate has 

frequently yielded positive results. 
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6. Abbreviations  

 

pH: Acidity  

Eh: Redox potential  
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