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Abstract

Rhizospheric bacteria are one of the microorganisms found in rhizosphere of plant. These bacteria have demonstrated
their ability to promote plant growth either directly or indirectly. Over the years, the use of chemical fertilizers has been
widely employed to increase the yield of plants. Nevertheless, it negative impact on plants cannot be overlooked as it
continues to pose several health risk. There is a need to shift from this culture into a more suitable means, of achieving
the same goal on a healthier note. Rhizospheric bacteria have shown their ability to formulate biofertilizers by providing
plants with the nutrients needed for their growth. This could be through nitrogen fixation, phosphate solubilization,
among others. This paper aims to support the use of rhizospheric bacteria in promoting the growth of plants; hence, it
will review rhizospheric bacteria as a potential source of biofertilizer.

Keywords: Rhizospheric bacteria; Nitrogen fixation; Enzymatic activity; Farmer; Human health; Environment;
Biofertilizer; Plant growth promotion

1. Introduction

The rhizosphere is a source of various microorganisms that play a role in the growth and development of plants.
Rhizospheric bacteria are one of the major microorganisms found in the plant Rhizosphere. These bacteria have
demonstrated their ability in the formulation of biofertilizers in the agricultural sector, providing plants with the
nutrients required to enhance their growth, increase yield, manage abiotic and biotic stress, and prevent phytopathogen
attacks [1]. In addition, rhizospheric bacteria promote plant growth and its development by certain processes [2]. These
include phosphate solubilization, siderophore production, ammonia production, hydrogen cyanide production,
biological nitrogen fixation, among others [3, 1, 4]. They can also increase plant growth indirectly by suppressing known
diseases or by reducing the deleterious effects of minor pathogens and developing systemic resistance [4, 5, 2].

The use of biofertilizers is reportedly growing in countries such as Canada, Argentina, China, India, Europe, and the
United States of America [6, 7]. Nigeria should not be an exception.

Examples of plant growth promoting rhizospheric bacteria (PGPR) that can be used for the production of biofertilizers
may include; Azotobacter sp, Azospirillum sp, Rhizobium sp, Bacillus sp, Pseudomomas sp, Enterobacter sp, Aerobacter
sp, Bradyrhizobium, Azotobacter, Streptomyces sp, Arthobacter, Alkaligens, Azospirillum, Pseudomonas, Serratia,
Acinetobacter among others [8, 1,9, 10, 11, 12, 7], among several others.

However, chemical fertilizer is the most common agricultural method used to increase crop yield [13, 14]. Several health
risk / harmful effects has been associated with the use of Chemical fertilizers [15]. These chemicals can cause a change
in the natural components of the soil, it can cause environmental degradation, pollution, among others [16, 17, 12].
Owning to the deleterious effects that may arise from chemical fertilizers, there is need to device a more suitable and
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cost effective means to satisfy the needs of farmers for more crop yield or increase but on a healthier note, for the
betterment of the plants, human and environmental health.

Therefore, this paper will review Rhizospheric Bacteria as a Potential source of Biofertilizer.

1.1. Rhizosphere

The rhizosphere is the region of the soil that includes the area immediately around plant roots and large number of
microorganisms [18, 12] with high microbial activity and high turnover of nutrients where essential macro- and
micronutrients are gotten [19, 20, 12].

1.2. Microorganisms in the Rhizosphere

The Rhizosphere is composed of several microorganisms. The kind of microorganisms present in the rhizosphere is
determined by the kind and amount of organic nutrients released, root system architecture, root branching order and
the root chemistry. Some example of microorganisms present in the Rhizosphere includes; Bacteria, Fungi,
Acticomycetes, Protozoa, and Algae [19, 21, 22, 23, 12].

1.3. Rhizospheric Bacteria

Bacteria are microscopic organism, which exist as one of the natural component of the soil. They are the most abundant
organism present in the rhizosphere [24, 19]. Bacteria living in the rhizosphere of plant can be called Rhizospheric
bacteria. These bacteria develop specific communication pathways with the plant and may influence plant physiology
[25, 12]. Some Rhizospheric bacteria are known for promoting plant growth. Some example of the plant growth
promoting Rhizospheric bacteria includes the genera of Azospirillum, Pseudomonas, Azotobacter, Rhizobium, Bacillus,
Serratia, Enterobacter, Klebsiella and Acinetobacter [12].

1.4. Chemical fertilizers

Fertilizers are substances, either synthetic or natural, that are added to soils to provide vital nutrients for plant growth
[15].

Chemical fertilizers are the most common agricultural measure used to increase crop yield [13, 14]. Some examples of
chemical fertilizers used on plants are; Urea, NPK fertilizers, liquid fertilizers, etc.

Although, chemical fertilizers as been employed for increasing crop yield/production, attention has not been paid on
the adverse effect it has on the soil, crop, environment and the consumers.

The use of chemical fertilizers for more yield/crop production as led to some harmful effects on human health and the
environment. The components of chemical fertilizers may include heavy metals like Mercury (Hg), Cadmium (Cd),
Arsenic (As), Lead (Pb), Copper (Cu), Nickel (Ni), and Chloride, Cobalt etc, which has deleterious effects on the
environment and human health [15].

Problems like high cost, environmental degradation, destruction of soil quality, groundwater pollution, deterioration
of soil microbial community and several others have been associated with the use of Chemical fertilizers [15, 17, 26, 27,
14] which in turn affects human health.

Some health challenges associated with the use of Chemical fertilizer includes; eye and skin irritation, nausea, vomiting,
Irritation of the nose, throat, and lungs through inhalation. Excess nitrogen in plants causes an infant disease, amines
produced from the nitrogenous fertilizer can cause cancer in humans, among others [15].

1.5. Disadvantages of Chemical fertilizers

The excessive use of chemical fertilizers may lead to the following;

Environmental deterioration

Reduced plant quality

Destruction of soil structure /quality.
Disruption of soil microbial community
Ground water pollution

Can lead to the loss of plant
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e Health challenges in human and other consumers.

2. The need for Biofertilizer

Biofertilizers are microbial formulants used to enhance the growth of plant. Just as chemical fertilizers, biofertilizers
are employed for the purpose of more crop yield but on a healthy note, to improve soil and plant quality. Biofertilizers
are needed as a replacement to chemical fertilizers to address the effects of chemical fertilizers on the soil, plant, the
consumers and the ecosystem.

There are various types of biofertilizers depending on their functions in plant rhizospheres. A biofertilizer can have one
single strain of plant growth promoting rhizospheric bacteria with single or multiple plant growth promoting traits
while another may have more than one rhizospheric bacteria with various promoting traits. The different types of
biofertilizers normally work together to give an effective and environmentally-friendly solution to ensure food security
and minimize environmental impacts [7].

3. Rhizospheric bacteria as Biofertilizers

Plant growth promoting organisms can be considered as biofertilizers because of their positive influences to stimulate
the growth of plant [7]. Rhizospheric bacteria such as Rhizobium sp, Bradyrhizobium, Bacillus sp, Azospirillum,
Azotobacter, Acinetobacter, Pseudomonas, Streptomyces sp, Arthobacter, Alkaligens, Azospirillum sp among others have
been identified as plant growth promoters [8, 1, 9, 7]. Some have been successfully formulated into commercial
biofertilizers [10, 7] due to their ability to fix atmospheric nitrogen, solubilize Phosphate, Zinc and other compound
which stimulates plant growth. Plant growth promoting bacteria modulate the level of phytohormones in plant tissues
and increase plant biotic or abiotic stress tolerance [21, 12].

Moreso, the application of some microbial strains in the formulation of biofertilizer to enhance plant yeild can protect
plant against diseases directly by proliferation of plants Pathogens or indirectly by competition for nutrients.

The major components of biofertilizers are the plant growth promoting Rhizospheric bacteria whose activities
positively contributes to the enhancement of plant growth and are able access plant nutrients in the rhizosphere.

Herridge etal., [28] reported that rhizobial inoculants can reduce the cost of annual Nitrogen fertilizer by approximately
USD 29 ha-1, signifying the importance of nitrogen fixing rhizospheric bacteria as biofertilizers [7]. Another study
reported the use of Rhizospheric bacteria to significantly enhance the uptake of zinc in wheat among several others [29,
7]. The consumption of biofertilizers is reportedly growing in countries like Canada, Argentina, China, India, Europe,
and the United States of America, due to tax exemptions, and input subsidies [6, 7]. There are more success stories of
legume inoculants in different parts of the world [30, 31, 32, 7].

Examples of Rhizospheric bacteria used for the production of biofertilizers include; Bacillus sp, Pseudomomas sp,
Azotobacter sp, Azospirillum sp, Rhizobium sp, Enterobacter sp, Aerobacter sp, [10, 11, 12, 7], among several others still
in discovery or yet to be discovered.

4. Mechanism of Rhizospheric bacteria in promoting plant growth

The Mechanism of Rhizospheric bacteria in promoting plant growth includes those factors responsible for the
stilmuation of plant growth. Rhizospheric bacteria promotes plant growth and development by exhibiting the following
trait; ammonia production, hydrogen cyanide production, indole acetic acid production, phosphate solubilization,
biological nitrogen fixation, siderophore production among others either directly or indirectly;

The mechanisms of Plant growth promoting bacteria can be separated into two which includes; direct and indirect
mechanism.
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Figure 1 Mechanism of plant growth promotion by Rhizospheric bacteria [33]

4.1. Direct Mechanism

This involves the direct production of substances needed for plant growth by the specific microorganisms. This
microorganisms enhance soil fertility by bringing out essential nutrients or minerals [34, 35] needed in the soil for the
plant growth.

The direct mechanisms in plant growth may include; phytohormone production, biological nitrogen fixation,
phosphorus solubilization, biofertilization, stimulation of root growth, rhizoremediation, Hydrogen Cyanide
production, plant stress control among others [36, 35].

5. Phytohormone Production

Phytohormones allows the growth of plant and its development by tolerating different stress conditions [37, 35]. Some
rhizospheric bacteria plays a role in several plant growth processes through its ability to produce phytohormones like
auxins, gibberellins, cytokinins, ethylene among others [33, 38, 39, 35].

5.1. Auxins

Auxins are hormones produced by different microorganisms. This hormone is essential for the cell division, fruit
development and leaves of plants [40].

Indole acetic acid (IAA) is one of the most essential auxins that stimulates the development of plants; the leaves, flowers
and the roots development [41, 42]. Some bacteria like Bacillus subtilis, Aeromonas punctate, Burkholderia phytofirmans
and Azospirillum brasilense have shown the ability to efficiently produce Indole acetic acid [43, 44, 45, 46, 47, 48, 49,
35].

Indole acetic acid (IAA) is a responsible part of the communication and signaling system between rhizospheric bacteria

and plants [50, 35]. A plant inoculated with isolates capable of producing IAA will significantly increase the plant yield
[51, 36]. Most rhizospheric bacteria can produce indole acetic acid.
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Biosynthesis pathways of IAA have been identified using several biochemical and genetic methods. However, a small
set of genes and enzymes involved in these pathways have been characterized [52, 35]. The main precursor for the
synthesis of IAA is the tryptophan [50]. The biosynthesis of tryptophan starts in a five step reaction encoded by trp
genes from the metabolic nodes [53]. The pathways of tryptophan-dependent include indole-3- acetamide, indole-3-
pyruvate, indole-3-acetonitrile pathways and tryptamine [50], though some intermediaries may differ as mentioned by
Patten and Glick, [43]; Woodward and Bartel, [54], most pathways show similarity to those described in plant. The
amount of IAA produced by rhizobacteria is quantified by Salkowski method [55, 56]. Many bacteria, both beneficial
and harmful have the ability to produce IAA. This can affect plant growth in both favourable and unfavorable way. Too
much amounts of IAA produced can be deleterious to plant growth. Therefore, IAA must be carefully regulated to avoid
inhibitory effects caused by overdosing [47, 35].

5.2. Cytokinins

Cytokinins are phytohormone responsible for the formation of shoots, improvement of cell division, root development
and inhibition of root elongation [57, 58, 35].

Several types of cytokines like zeatin and kinetin can be produced by rhizospheric bacteria [59]. Rhizospheric bacteria
are able to produce zeatin in two seperate ways either directly and indirectly. The synthesis of dimethylalyl diphosphate
and isopentenyl adenosine monophosphate involves the direct pathway while cis-zeatin that contains tRNA go through
the indirect pathway to release cytokinins [60, 35].

Examples of rhizobateria capable of producing cytokinin includes; Azotobacter sp, Rhizobium sp, Pseudomonas
fluorescens, B. subtilis, Pantoea agglomerans, Rhodospirillum rubrum etc [61, 62, 35].

5.3. Gibberellins

Gibberellin is another example of phytohormones that acts throughout the life cycle of plant. It produces many physical
effects like; stem elongation, seed germination, flower induction, etc [63, 64]. Gibberellins are released by rhizospheric
bacteria, they regulate cell division and elongation, stimulating the growth of the hypocotyl and stem, having a good
effect on leaf meristem size and the plant root [65]. Gibberellin are also good at promoting xylem increase and shoot
growth [66, 67].

Some studies have shown some plants with gibberellin producing rhizobacteria to exhibits better growth rates [68, 69,
35]. The first report of gibberellin characterization in bacteria was reported using physico-chemical methods by Atzorn
et al, [70], he demonstrated the presence of GA1, GA3, GA4 and GA20 in gnotobiotic cultures of Rhizobium meliloti.
Production of gibberellins by rhizospheric bacteria has been confirmed in several studies [35]. They include examples
like Acetobacter diazotrophicus, Sphingomonas sp, Enterococcus faecium, Herbaspirillum seropedicae, and Bacillus sp,
among others [71, 35].

5.4. Ethylene

Ethylene is another phytohormones proven to be very active promoting many growth parameters like seed
germination, leaf maturation, flower initiation, fruit maturation, root elongation and branching, nodule formation,
among others [72, 35]. Though, overproduction of this hormone can cause inhibitory effects on root development of the
plant which may lead to abnormal growth of the plant. Therefore, ethylene level in plant should be controlled for healthy
plants growth and root development [73, 63]. Some bacteria; Bacillus, Azotobacter and Pseudomonas [74,75 76,77, 78,
35] as been identified to be able to synthesize ‘1-aminocyclopropane -1-carboxylate deaminase (ACCD), an enzyme that
bind to ACC (ethylene precursors in plant), able to reduce or control levels of ethylene produced in plant to level
considered to be nontoxic [35, 63].

6. Biological Nitrogen Fixation

Nitrogen is used by plants to produce vitamins, amino acids, nucleic acids, and other nitrogenous compounds [12]. The
most limiting nutrient for plant development is nitrogen but can be taken in from the soil in the form of ammonia, nitrate
and nitrite [79, 35]. Nitrogen forms (ammonia, nitrate and nitrite) are not abundant in most soils [80]. Nitrogen -fixing
microorganisms are capable of fixing nitrogen from the atmosphere into the soil making it available for plant to use.

The Nitrogen -fixing microorganisms are classified into two groups: symbiotic microorganisms and free-living

microorganisms [79]. Bacteria that perform symbiosis act by forming nodules on the roots of a plant converting
atmospheric nitrogen into ammonia, which can be used by the plant as a source of Nitrogen [81, 35]. Examples of
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symbiotic nitrogen fixing bacteria are the family of Rhizobiaceae which includes; Rhizobium, Bradyrhizobium,
Sinorhizobium among others. Rhizobium helps fixes atmospheric nitrogen in leguminous plants which makes the use of
chemical nitrogen fertilizers not necessary [12].

Free-living bacteria are able to interact with roots; they live close to them so that the nitrogen fixed by these bacteria
can be easily taken in by plants while the bacteria feed on root exudate (amino acids, peptides, proteins, enzymes,
vitamins, and hormones [60]. Examples of free-living N-fixing bacteria may include; Azotobacter, Azospirillum,
Paenibacillus, Clostridium, Enterobacter, Burkholderia, Corynebacterium, Bacillus, Pseudomomas etc. [82, 83, 84, 36, 85,
86, 35]. Azotobacter is able to fix nitrogen under aerobic conditions and can act as control agent [12]. Azospirillum
strains promotes growth in plants through the production of phytohormones e.g auxins [12].

Biological Nitrogen Fixation is carried out by a specific gene product called nif, which, together with other structural
genes, participates in protein iron activation, electron transfer biosynthesis of the molybdenum iron cofactor and many
other regulatory processes required for enzyme synthesis and activity [87, 35]. All nitrogen fixing bacteria use the same
enzyme called Nitrogenase [88, 12].

7. Phosphorus Solubilization

Phosphorus an essential nutrient for plant growth. It plays an important role in almost all major metabolic processes
like respiration, signal transduction, energy transfer, photosynthesis, [89, 35]. Phophorus present in the soil are majorly
in form of insoluble compound which cannot be absorbed, this makes it limited for plant growth. Plants absorb
phosphate only in the form of monobasic and dibasic ions [80, 35].

Rhizobacteria can solubilize inorganic phosphate source to enhance the growth of plant in the soil [33]. Bacteria able to
solubilize phosphate are called Phosphate solubilizing bacteria. This bacteria play a key role in solubilizing and
mineralizing Phosphate in the soil [90] to enhance plant growth. Some examples of phosphate solubilizing bacteria may
include; Bacillus, Enterobacter, Arthrobacter, Burkholderia, Pseudomonas, Beijerinckia Rhizobium, Erwinia,
Microbacterium etc. [90, 12, 33].

The ability of plant growth promoting rhizospheric bacteria to solubize phosphate has been of major interest to the
agricultural microbiologist because of it's ability to enhance the availability of phosphorus in the soil for effective growth
of plant. The synthesis of organic acids by rhizosphere microorganism could be possible reason for solubilization of
inorganic phosphate in the soil [33].

8. Hydrogen Cyanide production

Hydrogen cyanide is produced by some rhizospheric bacteria in plant seedlings. The production of cyanide by
rhizospheric bacteria is an environmentally friendly mechanism used to control weeds /undesired plants biologically,
to reduce it harmful effects on the growth of desired plants [91, 71].

Hydrogen cyanide is formed during the early stationary growth phase but does not take part in growth or primary
metabolism. It is considered to be a secondary metabolite that confers a selective advantage on the producer strains
[92, 71].

Cyanide occurs as a free cyanide solution which includes cyanide anion and non -dissociated hydrogen cyanide [71].
Cyanide is a phytotoxic agent capable of inhibiting enzymes involved in major metabolic processes. It is seen as one of
the important characters of deleterious rhizobacterial isolates [93]. It's applications in areas of biocontrol is gaining
increase [94, 71].

Some cyanogenic rhizobacteria are typically host specific and associated with the roots of their host plants. Some
examples of rhizospheric bacteria with cyanogenic traits includes; Bacillus, Pseudomomas [95, 71, 2].

9, Indirect Mechanism

The indirect mechanism of plant growth promotion in rhizospheric bacteria is done majorly by acting as biocontrol
agents [62, 33]. This mechanism of biological control for rhizospheric bacteria works by reducing the impact of diseases
by means of antagonistic activity against phytopathogenic microorganisms, inducing plant systemic resistance
responses among others [35].
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9.1. Antagonism/ Biocontrol potential of Rhizospheric bacteria in plants

Antagonism also known as 'biocontrol’, is a process by which living organisms are used to mitigate the growth of plant
pathogens [96, 97].

One of the major factors that affects plant productivity is the attack of on the plants by plant pathogens. The application
of essential microorganisms that produces high antimicrobial substances helps in reducing the attack from
phytopathogen. Antagonism/biocontrol potential is a method of plant growth promotion carried out by rhizospheric
bacteria to suppress the occurrence of diseases in plants [98].

Microorganisms with biocontrol potential are called Antagonist. These organisms can suppress a wide range of bacteria,
fungi and nematode diseases and provide protection against viral diseases [36]. They are eco-friendly in nature as they
do not cause harm to man, animals while consuming the crops and the environment they live in [97].

The biological control of plant pathogens may occur through the production of antimicrobial compounds, lytic enzymes,
competition for space, nutrients, among others [99, 100, 101, 102, 35].

Examples of Rhizospheric bacteria with biocontrol or antagonistic potential includes; Pseudomomas florescence, Bacillus
sp etc. Pseudomomas florescence has been characterise with the ability to colonize the rhizosphere and protect it from
wide range of important agronomic disease like black root rot, pea and wheat rot [36]. Pseudomonas florescence showed
strong antifungal activity against Pyricularia oryzae through the production of antifungal metabolites such as
antibiotics, phytohormones, siderophore, hydrogen cyanide etc [36]. These organisms can be introduced to the plants
roots during the seedling stage of plant to ensure beneficial relationship between the plant, to improve plant health and
enhance plant growth.

The mechanism of antagonism of biological agents is direct antagonism including predation and hyperparasitism,
indirect antagonism includes induction of host resistance and competition while mixed antagonism includes antibiotics
and lytic enzymes which are capable of causing chemical and physical disruption of pathogens [103, 104].

9.2. Enzymatic Activity of Plant Growth Promoting Rhizospheric Bacteria

Several bacteria found in the Rhizospheres are known to produce enzymes. The activity of rhizospheric bacteria in the
rhizosphere is mainly noticed by the production of hydrolytic enzymes such as B- glucanases, Chitinase, Protease,
Cellulase, Amylase among others. These enzymes can cause cell injuries to a fungi [105, 98] or bacteria cell wall which
may result to the death of such organism. In other words, the antagonistic potential of a rhizobacteria to a pathogen is
noticed by its ability to lyse bacteria or fungi cell wall. For example, Pseudomomas stutzeri produces extracellular
enzymes like chitinase which breaks down the mycelia of Fusarium solani [36]. The enymatic activity of the rhizospheric
bacteria is a function of it antagonistic /biocontrol potential against test organism.

10. Some Enzymatic activity of Rhizospheric bacteria

Amylase production: Amylase are catalysts enzymes of starch hydrolysis [98]. This enzymes can be produced by some
rhizospheric bacteria for their ability to hydrolyze starch into smaller sugars. The action of Amylase on soil makes
glucoside bonds of starch hydrolyze, releasing molecules of maltose and glucose at the end of the hydrolysis. This is
important for the activity of microorganisms in the soil for nutrient cycling and the maintainance of plant or soil system
[106, 98].

Protease production: Protease are enzymes responsible for protein degradation by releasing many amino acids that
can undergo deamination. The capacity of the enzyme is dependent on the microbial activity [106, 98]. Bacillus
lueiferensis was reported to reduce the phytophthora blight of pepper by protecting it from infection through enhanced
root colonization and protease production [36]. Proteolytic enzyme activity is essential for nutrient cycling and
promotes plant growth by releasing essential nutrients like nitrogen from dead organic matter. Protease producing
Rhizospheric organism act as biocontrol agents against disease causing organism. Proteases from microbial sources are
preferred over the enzymes from plant or animal sources since they possess almost all the characteristics desired for
their biotechnological applications [107].

Cellulose production: Cellulase is an enzyme system consisting of a mixture of several enzymes, which are primarily
classifed into into three main types: 3-glucosidase, exo-f-1,4-glucanases, and endo-[3-1,4- glucosidases [108]. Bacteria
is one of the primary organism in soil capable of degrading cellulose [109]. Cellulose enzymes are lytic enzymes that
degrade the cell walls of pathogenic fungi in plants [5, 104]. Some studies like Bhattacharyya et al., [5] has reported the
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isolation of Rhizosphere bacteria with cellulase activity. Some example of cellulose degrading bacteria include; Bacillus
sphaericus BS-5 [110], Bacillus cereus, Bacillus thuringiensis, etc [5].

Chitinase production: Chitinase is composed of structural polysaccharides -1,4-N-acetyl-D-glucosamine. Chitin is
one of the most common biodegradable polymers after cellulose [111, 112, 104]. Chitin is abundant in the shells of
crustaceans, insect exoskeletons, and some fungi. The chitinase enzyme is capable of degrading chitin in the cell walls
of fungi and insect exoskeletons. Microorganisms that produce chitinase can be used as potential agents for the
biological control of plant diseases caused by various insect pests and pathogenic fungi. They can be used instead of
chemical pesticides [113, 104]. Other antagonistic potential of rhizospheric bacteria may include; the competition of
nutrients, production of antibiotics among others [114, 98].

10.1. Induced Systemic Resistance (ISR)

The Interaction of some rhizospheric bacteria with the plant roots can result in plant resistance against some pathogenic
bacteria, fungi, and viruses through a process called the Induced systemic resistance [33]. This process describes the
defensive capability of plants in response to various pathogens induced by beneficial microorganisms present in the
rhizosphere [115, 35]. Induced systemic resistance can also be caused by specific environmental stimuli that leads to
the up regulation of plants’ innate defenses against biotic situations which allows plants to respond fast against further
attack by pathogens [116, 35]. Induced Systemic Resistance (ISR) can be stimulated by non-pathogenic microorganisms
which begins from the plant roots and extends to its shoots [117]. It initiates the defense mechanisms of plants and
protects the unexposed parts of plants from further pathogenic attacks. ISR defense response depends on the signaling
of ethylene and jasmonic acid within the plant [118, 119, 35] and these hormones are able to stimulate the host plant’s
defense responses against several plant pathogens [62, 33]. Many individual bacterial components induce systemic
resistance, such as; siderophores, cyclic lipopeptides, lipopolysaccharides (LPS), 2,4-diacetylphloroglucinol, flagella,
homoserine lactones, and volatiles such as; 2,3-butanediol and acetoin [120, 33].

10.2. Advantages of Rhizospheric bacteria as biofertilizers in plant growth.

e Rhizospheric bacteria are eco-friendly [17, 121, 12, 122].

e They increases crop yeilds and enhances plant growth.

o Rhizospheric bacteria with nitrogen fixing abilities promotes plant growth by converting atmospheric nitrogen
into the soil, making it available for plant to use.

e They help manage biotic and abiotic stress [1].

Some rhizospheric bacteria are good antagonist against plants pathogens thereby preventing the invasion of

plant pathogens and reduces the spread of diseases in the plant while promoting the plant growth.

They are cost efficient means of enhancing soil fertility, they repair and enrich the soil rhizosphere.

They address any adverse effect caused by chemicals fertilizer in the soil.

Biofertilizers has no deleterious effects on plant growth or consumers health [17].

They are reliable for agricultural development [122].

11. Conclusion

Owing to the deleterious effect of chemical fertilizers on the environment and human health, the use of Rhizospheric
bacteria to produce biofertilizers cannot be over emphasized as it has been proven to promote plant growth, prevent
plant pathogens /diseases and has no deleterious effect on human health. This review supports the study of Kumar and
Dev, (2017), who suggested the adoption of a new agricultural technology that switches from the use of chemical
fertilizers to the use of organic inputs like biofertilizers. The use of biofertilizer is a good approach to employ and safe
in promoting plant growth.
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