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08 August 2022  Microorganisms (also called microbes) make up a large portion (1 trillion
(10%?) species or 60%) of the Earth’s living as they are abundant and
Keywords: diversified in nature. Though they are vital for ecosystems and human
welfare, their roles are often ignored or underrated. While most studies are
Microbes, underway in the global north to figure out how to utilise microbes in
agriculture, industries, medical, space mission, and many other sectors, this
kind of research is limited in the global south, particularly in Sub—Saharan
Africa. Also, there has been scarce knowledge regarding the importance of
Ecosystem Wellbeing, microorganisms. The present paper aims to highlight and discuss current
knowledge on the roles and/ or applications of microorganisms and their
Global South. o . .

contribution toward sustainable development and human welfare in the
global south. It also aims to help the scientists and/ or researchers in sub—
Saharan Africa comprehends the use of microbial communities. We
reviewed 84 published original research and review articles to explore
microbial roles and their applications. We establish that many microbes play
critical roles, which include but are not limited to ecological,
pharmaceuticals, food source, biofuel or energy production, drugs or
medicine development, nitrogen and carbon fixation, biocontrol agents,
bioremediation, decomposition of organic matters, and soil formation. Since
microbes potentially ensure the functioning of the Earth’s ecosystem and
support human welfare, research on this subject should be prioritised in the

global south to improve human development and well-being.
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INTRODUCTION

Microorganisms such as bacteria, fungus,
protozoa, viruses, algae, cyanobacteria, or blue-
green algae make up the microbial community
(Reed & Martiny, 2007; Schulz et al., 2013; Yang
et al., 2017). They make up a large portion (60%)
of the Earth’s living stuff (Pajares et al., 2016) as
they are abundant (ca. 5 x 10°°) and diversified in
nature worldwide, possibly more so than any other
organism (Fuhrman, 2009; Liu et al., 2018; Doug,
2015). They are useful to life on our planet as they
support the Earth’s ecosystem processes and
functions (Afzal et al., 2019; Bardgett et al., 2008;
Falkenmark, 2013; Juretschko et al., 2002; Kumar
& Verma, 2018; Vurukonda et al., 2016).
Microbial communities control many critical
environmental processes (Gouda et al., 2018;
Shade et al., 2012; Soldan et al., 2019; Tyc et al.,
2017). Their wide range of benefits in the
ecosystem are facilitated by their metabolic
activity (Afzal et al., 2019; Bargaz et al., 2021),
interactions with plants and animals (Ahemad &
Khan, 2012; Mastan et al., 2019; Santoyo et al.,
2016), and utilisation in food production and
biotechnological processes (Kumar & Verma,
2018; Loreau, 2000; Rashid et al., 2016; Sahu,
2019). Most of these processes rely on microbes
breaking down substrates into smaller chemicals
that they use for growth and metabolism (Loreau,
2000; Shade et al., 2012, 2012).

Some of them are important in mitigating climate
change (Philippot et al., 2013), developing green
production technologies, and increasing crop
growth, health, and productivity (Akinsemolu,
2018; Ali et al., 2018; Schulz et al., 2013). They
aid in the mineralisation of nutrients,
decomposition, and the elimination of natural and
manmade pollutants (Albert et al., 2014; Allison,

2005; Juretschko et al., 2002; Pajares et al., 2016).
Furthermore, some microbes support the
production of oxygen and decomposition of
organic matter (Allison, 2005) and human health
through the development of drugs (Hussain et al.,
2017) and supplying nutrients to plants (Bardgett
et al., 2008; Loreau, 2000). Soil bacteria, for
instance, are  entailed in biological
transformations and enhancement of carbon,
nitrogen, and other nutrient pools, which aid plant
community establishment (Rashid et al., 2016;
Schulz et al.,, 2013). Microbes that lessen
chemical fertiliser application rate by improving
soil fertility and, thus, plant nutrition are known
as plant growth-promoting rhizobacteria (PGPR)
(Adesemoye et al., 2009; Sturz & Nowak, 2000).
The PGPR or combinations of PGPR and
arbuscular mycorrhiza fungus (AMF) are claimed
to improve the efficient use of nutrient fertilisers
(Adesemoye et al., 2009).

Furthermore, some microbes are food for small
organisms; for instance, ants and beetles consume
fungi in tropical forests (Albert et al., 2014;
Cunha et al., 2017; Strickland et al., 2009).
Furthermore, several microbes in animals’ guts
break down indigestible food sources making
food available for the animal’s absorption (Albert
et al.,, 2014; Strickland et al., 2009). This is
because certain bacteria can digest sugar polymers
into simple glucose, making it available to
animals that otherwise could have been
unavailable for most herbivores (Cunha et al.,
2017; Strickland et al., 2009). Furthermore,
bacteria and fungi can improve soil structure by
promoting the formation of soil aggregates and
pores (Rashid et al., 2016). Because of this,
microbes are referred to as critical for the survival
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of plants and animals (Akinsemolu, 2018; Pajares
et al., 2016) and can be referred to as a chief life
controller on the planet. Besides, microorganisms
can help achieve sustainable agriculture,
environmental conservation, and the creation of
bioenergy crops (Philippot et al., 2013). Modern
agriculture has effectively utilised the capability
of microbes in transferring the gene of interest
(nutrients) from one species to plants or crops of
human value (such as the production of crops with
increased nutrients or increased defensive
mechanisms) through the use of Ti plasmids from
bacteria, the important microbes used in modern
agriculture include Agrobacterium tumefaciens
and Bacillus thuringensis which has been
involved in the production of crop plants with
increased nutrients (golded rice, sunflower and
canola) and increased defensive mechanism (Bt
corn, Bt cotton), respectively. Table 1 summarises
some of the roles and/ or applications of
microorganisms. However, some of these roles
and their contribution to the sustainable
development and human wellbeing are discussed
in the succeeding sections.
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Table 1: The roles and applications of microorganisms towards sustainable development and human wellbeing

S/N  Role/application of microbe Reference

1 Environmental  clean—up, treatment of wastewater, bioremediation, Afzal et al. (2019), Mendoza-Hernandez et al. (2019), Sahu
phytoremediation (2019), Santoyo et al. (2016), Wagner et al. (2002)

2 Enhance plant growth, health, and yield Afzal et al. (2019), Park et al. (2015), Soldan et al. (2019), Sturz

& Nowak (2000)

3 Restore the fertility of degraded land and soils, e.g., bacterial and fungal inocula Adesemoye et al. (2009), Lobo et al. (2019), Rashid et al. (2016)
increase the nutrient bioavailability

4 Enhance drought and salinity stress tolerance in crops, e.g., using microbial Ahmad et al. (2011), Bharti et al. (2014), Chatterjee et al. (2017),
communities to develop drought-tolerant varieties, shifting the crop calendars and Kumar & Verma (2018), Liu et al. (2018), Marasco et al. (2013),
resource management practices and allowing utilisation of marginal lands Masmoudi et al. (2019), Miliute et al. (2015), Vurukonda et al.

(2016)

5 Soil humus formation, biomineralisation Logue et al. (2015), Loreau (2000)

6 Enhance plant growth by preventing or alleviating biotic (diseases/pathogens) and Berg (2009), Bharti et al. (2014), Chatterjee et al. (2017), de
abiotic stresses (sanity or drought), e.g., plant growth-promoting microbes and Andrade et al. (2019), Kumar & Verma (2018), Masmoudi et al.
mycorrhizal fungi (2019), Vurukonda et al. (2016)

7 Regulate plant hormones, improve nutrition acquisition and siderophore Kumar & Verma (2018), Loreau (2000), Rashid et al. (2016),
production, enhance the antioxidant system, enhance the supply of nutrients and Sahu (2019)
water during stress

8 Mineralisation of nutrients, decomposition, and the elimination of natural and Albert et al. (2014), Allison (2005), Juretschko et al. (2002),
manmade pollutants Pajares et al. (2016)

9 Nutrient fixation, nitrogen fixation, phosphate solubilisation, and potassium Adesemoye et al (2009), Gouda et al. (2018), Liu et al. (2018)
solubilisation towards increased land productivity

10  Improve soil structure, fertility, and stability and promote soil aggregate formation Adesemoye et al. (2009), Rashid et al. (2016)

11 Drug development/formulation towards the improvement of animal and human Hussain et al. (2017), Kumar et al. (2019)
wellbeing

12  Potential for antimicrobial, antifungal potential (e.g., plant disease management), Dalmasso et al. (2014), Hussain et al. (2017), Lee et al. (2015),
drugs and vaccines development Marijani (2022), Masmoudi et al. (2019), Xu et al. (2019)

13 Regulate climate by absorbing CO, and releasing O e.g., cyanobacteria Barantal etal. (2012), Logue et al. (2015)

(Synechococcus) and algae
14 Aid in nature conservation and the mitigation of climate change Philippot et al. (2013)
15  Biological control agents, i.e., bacteria targeting pests and pathogens with Agrillo et al. (2019), Chithrashree et al. (2011), EI-Borollosy &

antibiotics, hydrolytic enzymes, nutrient limitation, and priming plant defences,
control invasive species, etc.

Oraby (2012), Ghazalibiglar et al. (2016), Harada et al. (2018),
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S/IN Role/application of microbe Reference
Lee et al. (2015), Masmoudi et al. (2019), Méndez-Bravo et al.
(2018)
16  Digestive and fermentation in animals enable the utilisation of dry plant feedstuffs Burgos et al. (2018), Cunha et al. (2017), Curtis et al. (2006),
for herbivores Dalmasso et al. (2014), Konopka (2009)
17 Enhance crop acquisition of phosphorus, e.g., phosphate solubilising bacteria, thus Bargaz et al. (2021), Lobo et al. (2019)
increasing P-fertilizer use efficiency
18  Biogas or biofuel production, development of bioenergy crops Heeg et al. (2014), Javed et al. (2019), Philippot et al. (2013)
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Role of Microbial Communities towards
Sustainable Development and Human
Wellbeing

Carbon and Nitrogen Fixation

The most important role of the microbes on Earth
is their ability to recycle the major elements (i.e.,
carbon (C), oxygen (O), and nitrogen (N)) that
make up the living systems (Fuhrman, 2009). The
pathway by which these elements, chemical
compounds, and other forms of matter or nutrients
flow through the living and non-living
components of an ecosystem is called the
biogeochemical cycle (Pajares et al., 2016). They
routinely pass from one organism to another and
from one part of the biosphere to another through
biogeochemical cycles (Juretschko et al., 2002).
Neither chemical elements nor organic matter is
lost when they move through components of an
ecosystem; instead, they are recycled or
accumulated in reservoirs (Schulz et al., 2013). In
addition, microbes regulate biogeochemical
cycles, i.e., the nitrogen, phosphorus, and sulphur
cycle (Barantal et al., 2012; Konopka, 2009),
which depend on their metabolic processes
through physical involvement or production of
chemical enzymes involved in respective
processes (Falkowski et al., 2008). Even though
microbes are involved in many biogeochemical
cycles of many important elements in the Earth, in
this review, only the nitrogen and carbon cycles
have been discussed in detail due to their vital role

and importance in the ecosystem and global
sustainability.

The Nitrogen Fixation

Nitrogen is an essential element for all life forms
on Earth (Tang et al., 2019). However, in the
Earth’s atmosphere, nitrogen gas (Ny) is usually
available in an unusable form for biological
organisms. Therefore, N, is transformed by
microorganisms into either nitrates (NOs) or
nitrites (NO2) which are the most important
nitrogen compounds utilised by plants (Rashid et
al., 2016; Schulz et al., 2013), as also shown in
figure one. The chemical process of converting N
into a usable form for living organisms is called
nitrogen fixation (Figure 1) (Rashid et al., 2016).
The microorganism, i.e., Rhizobium bacteria,
capable of converting N2 from the air into fixed
nitrogen, a form that plants can use are called
nitrogen-fixing bacteria (Méndez-Bravo et al.,
2018). The process has been intensively utilised in
modern agriculture as a strategy to reduce the
utilisation of mineral fertiliser to create safe and
more profitable farming while conserving
ecosystem quality. Recently studies and efforts
have been made towards the utilisation of
microbes with the capability of fixing nitrogen as
biofertiliser as a step towards replacement of
chemical mineral fertiliser used in farming areas
which have been observed to have negative
environmental impacts despite its importance in
conventional agriculture.
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Figure 1: The Schematic representation of the nitrogen cycle shows four roles of bacteria as

indicated by red arrows in the cycle
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Nitrogen-fixing microbes use nitrogenase
enzymes and mechanisms to fix nitrogen (Gouda
et al.,, 2018). These bacteria convert tons of
nitrogen to ammonium (NH."), nitrite (NO>’), and
nitrates (NO3*) and add it to the soil, allowing
plants to survive even in nutrient-poor soils
(Schulz et al., 2013). This means that the soil
would be deprived of nitrogen if there were no
nitrogen-fixing bacteria. These bacteria are
divided into two groups: free-living bacteria
(non-symbiotic) and symbiotic (mutualistic)
bacteria. The free-living bacteria include
Cyanobacteria (blue-green algae), Azotobacter,
Azolla, Azospirillum, Agrobacterium,
Clostridium, Gluconobacter, Flavobacterium,
and Herbaspirillum (Rashid et al., 2016). They
are habitually associated with non-legumes
(Berg, 2009; Gouda et al., 2018). Azospirillum
species and Frankia are associated with cereal
grasses and certain dicotyledonous species
(actinorhizal plants), respectively. Rhizobium and

Bradyrhizobium are associated with leguminous
plants (Fabaceae) or members of the pea family
(Gouda et al., 2018). The symbiotic nitrogen-
fixing bacteria live in the root hairs of the host
plants (Rashid et al., 2016). Apart from nitrogen-
fixing bacteria, there are also amonifying,
nitrifying, and denitrifying bacteria (Figure 1).
Amonifying bacteria release ammonia from
organic compounds, i.e., dead plants and animals
(Gouda et al., 2018). This process is known as
ammonification (Rashid et al., 2016, Figure 1),
and this is important to ensure the release of NHs-
N from organic materials to be available for other
nitrogen cycle chemical reactions or plant
uptakes; however, very few plant species have the
ability to utilise direct NH4-N for its biological
processes.

The bacteria involved in the ammonification
process are called saprobiotic bacteria or
ammonia-oxidising bacteria and include the
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genera Bacillus, Clostridium, Proteus,
Pseudomonas, and Streptomyces (Liu et al.,
2018). Nitrifying bacteria oxidise ammonia or
ammonium into nitrites (NO) or nitrates (NOs?)
(Rashid et al., 2016, Figure 1), the N forms which
are highly utilised by plants in their biochemical
processes. This process is called nitrification (Liu
et al., 2018; Rashid et al., 2016). The bacteria
which convert ammonia into nitrite and nitrate are
Nitrosomonas and Nitrobacter, respectively. They
are collectively known as denitrifiers. Other
denitrifying bacteria include Achromobacter,
Micrococcus denitrificans, Thiobacillus
denitrificans, and most species of Pseudomonas
and Serratia (Rashid et al., 2016). Denitrification
is a process in which nitrogen dioxide is converted
back to atmospheric nitrogen (Equation 1).

2NO; + 10e™ + 12 H* - N, + 6H,0
)

The Carbon Fixation

Carbon is used by plants and animals to synthesise
organic substances, i.e., carbohydrates, lipids, and

proteins, which are then used to build internal
structures or as a source of energy. The carbon is
discharged into the environment as these
organisms die (Figure 2). It occurs during
putrefaction or the breakdown of organic matter
of living organisms (Barantal et al., 2012).
Microorganisms keep the carbon cycle going from
the atmosphere to the soil and back again (Allison,
2005). The biological carbon cycle is simply the
natural recycling of nutrients stored in organic
matter into an inorganic form (Figure 2.). The
source of carbon is atmospheric carbon dioxide
(COy2), which prior to its incorporation into living
organisms, is transformed into a usable organic
form (Barantal et al., 2012; Fierer et al., 2003,
Figure 2). The process of transforming CO. into a
usable organic substance is known as carbon
fixation (Cleveland et al., 2006, Figure 2). A
familiar example of this process is photosynthesis
(Equation 2), which is carried out by autotrophs,
i.e., green plants and cyanobacteria (Figure 2).

6C0, + 12H,0 + Sunlight — CcH;,04 +
60, + 6H,0 )

Figure 2: The schematic carbon cycle showing the production and utilisation of carbon in the

form of carbon dioxides (CO)
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Some microorganisms (e.g., bacteria: B. subtilis
and P. fluorescens) are responsible for the
biodegradation or decomposition of organic

matter (Bardgett et al., 2008). This results in the
breakdown of organic matter into carbon forms,
which are utilised by other organisms. It also
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releases other mineral nutrients (nitrogen,
phosphorus, potassium) bound up in dead organic
matter into the soil (Rashid et al., 2016).
Researchers argue that if destruents stopped
recycling inorganic nutrients, primary
productivity on Earth would cease (Fierer et al.,
2003; Juretschko et al., 2002). For instance,
organic matter on the tropical forest floor and in
the soil would never decay without microbes
(Reed & Martiny, 2007). Therefore, they are the
decomposers that make mineral nutrients
available to primary producers (Equation 3) and
are soil microbes that enable the recycling of plant
nutrients from dead animals and plant materials.
However, it should be noted that organic matter
degradation and the development of biological
cycles are the results of the interaction of
microbial communities rather than a single
organism.

Organic matter (CqH;,04) +
Decomposer (Destruents) = CO, +
Plant nutrients 3)

During decomposition, methane (CH.) is also
released into the atmosphere (Heeg et al., 2014,
Figure 2). This is facilitated by the
microorganisms called chemoorganotrophs and
methanogens that decompose the organic matter
of dead organisms. Since methanogens are unable
to break down complex organic matter directly,
they use waste products of the organotrophs, CO.,
and acetate to produce CH4. The CH, is then

oxidised by microorganisms called
methanotrophs into CO, (Equation 4).
. Decomposition by
Organic matter = ~Mothanogens = CH, =
Oxidation by N C02 (4)

Methanotrophs

Moreover, in tropical forest ecosystems, fungi are
the primary decomposers of litter (Barantal et al.,
2012; Rashid et al., 2016). They are unable to
make their own carbohydrates because they lack
chlorophyll. Due to this, they are classified as
saprophytes as they live and depend on the dead
materials of animals and plants while
decomposing these materials to obtain energy.
The fungi are able to decompose litter, which has

a great amount of cellulose and lignin. This is
because they have more lignin—digesting enzymes
compared to other microorganisms, e.g., wood-
decaying fungi (Koranda et al., 2014). The
decomposition by fungi proceeds faster in the
presence of oxygen than in anoxic environments.
Unlike bacteria, fungi use their hyphae to
penetrate larger pieces of organic matter because
they have enzymes to decompose lignin (Barantal
et al.,, 2012; Fuhrman, 2009). Because of this,
fungi are considered the main decomposers in
many tropical forests. Therefore, decomposer
microbes are so critical not only to sustainable
agriculture through nutrient supply for crops and
ensuring high productivity, but also in making the
environment clean for humans to live in.

Soil Formation, Nutrient Availability, and
Aggregation

The interactions of soil microbial communities,
e.g., bacteria and fungi, play a key role as actors
in mineral weathering and biomineralisation
(Loreau, 2000). Their role in soil humus formation
is due to their ability to decompose organic matter
(Barantal et al.,, 2012; Koranda et al., 2014).
When the leaves or plants and animals die, they
are decomposed by microorganisms, allowing the
humus to mix with the soil (Logue et al., 2015).
Mineral weathering via chemicals and forces
exerted by fungi and other microbial communities
contributes to soil formation. Because of this, such
microorganisms are considered as architects of
soils (Schulz et al., 2013). The exudates from
bacteria, fungi, and decomposed cells in soils are
also responsible for enhancing the soil organic
matter, which in turn improves the soil structure,
function, and quality (Rashid et al., 2016; Schulz
et al., 2013). Previous works claim that fungal
inocula, together with organic fertiliser, could be
a very valuable tool for improving soil fertility
and aggregation (Gouda et al., 2018; Kumar &
Verma, 2018; Rashid et al., 2016). However, it is
important to note the soil structure is not solely
influenced by the mineral constituents of the soil
but also by the microbes present in pores.

Furthermore, microbes such as fungi give tropical
plant roots access to nutrients in the soil by
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forming close associations with tree roots. For
example, most vascular tropical plants’ roots and
small root hairs form an association with
mycorrhizal fungi whose hyphae provide an
efficient absorptive structure (Strickland et al.,
2009). It is estimated that nearly 90% of all tree
roots are in these associations (Schulz et al.,
2013). These symbiotic associations are called
mycorrhizae. Mycorrhizal fungi include those that
live either on the plant surface (ectotrophic or
sheathing) or in the host (endotrophic or
vesicular—arbuscular). Mycorrhizal associations
are involved in nutrients, e.g. nitrogen and
phosphorus uptake, and transfer from the soil to
the roots (Lobo et al., 2019). In addition to the role
of nutrient uptake, the hyphae also secrete
enzymes capable of breaking down organic
molecules and making inorganic nutrients
available to plants (Konopka, 2009). In addition,
mycorrhizal associations support nutrient cycling,
growth, and primary productivity in tropical
rainforests and the plant community structure. It
facilitates water uptake by the roots and enhances
the roots’ resistance to pathogens. It also enables
tropical trees to exchange carbon between
themselves through a fungal mat. Overall, this
association is valuable to both parties; the plants
gain nutrients, whereas the fungi obtain
carbohydrates from the plant.

Furthermore, the microbes have the potential to
restore the fertility of degraded habitats and
improve soil organic matter, remediate soil
structure and stability, nutrient availability, and
aggregation through various processes (Kumar &
Verma, 2018; Rashid et al., 2016; Tang et al.,
2019). The fungal cells can release mucilaginous
exudates, which are composed of extracellular
surface polysaccharides. These exudates are
responsible for the formation of aggregates, which

are useful for improving soil aeration and porosity
(Rashid et al., 2016). Bacteria, on the other hand,
release exopolysaccharides that form organo-—
mineral complexes, which help to bind soil
particles into aggregates (Rashid et al., 2016).
Bacterial and fungal inocula can increase the
nutrient bioavailability through nitrogen fixation
and mobilisation of phosphorus (Lobo et al.,
2019), potassium, and iron in the crop plants
(Gouda et al., 2018; Rashid et al., 2016). This
inoculation is vital for the restoration of degraded
soils (Rashid et al., 2016). Compared to single
inoculum, co-inoculation of bacteria and fungi are
advantageous for restoring fertility and the
organic matter content of the soil (Rashid et al.,
2016).

For instance, arbuscular mycorrhizal fungi and
biological N-fixing bacteria contribute 5-20% to
the total N demand of grassland and savannah
annually (Rashid et al., 2016). It has been shown
that the contribution of arbuscular mycorrhizal
fungi to temperate and boreal forests is 80%,
while the total P acquired by plants through
bacteria and fungi is 75% (Rashid et al., 2016).
Furthermore, Phomopsis liquidambari, an
endophytic fungus, was also reported to play a
crucial role in rice (Oryza sativa) habitat
adaptation by enhancing N and P acquisition and
utilisation (Tang et al., 2019). In general, the basic
mechanisms through which bacteria and fungi
promote  soil aggregation and nutrient
bioavailability include N fixation, P, K and Fe
mobilisation through the production of organic
acids and siderophores (Figure 3). In addition to
this, these  microbes produce organo—
polysaccharides and  proteins  (golmalin,
mucilages and hydrophobins) to promote soil
aggregate stability (Figure 3).
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Figure 3: The schematic portrays showing basic mechanisms used by bacteria and fungi to
improve soil organic matter, nutrient availability, and aggregation
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Promote Plant Growth and Health

Some plants develop associations with members
of their ecosystem in order to survive (Kumar &
Verma, 2018; Marasco et al., 2013; Miliute et al.,
2015). Plant-associated microbes play a crucial
role in the growth and health of plants (Berg,
2009). Bacillus, Pseudomonas, Serratia,
Stenotrophomonas, and Streptomyces, as well as
the fungal genera Ampelomyces, Coniothyrium,
and Trichoderma, are examples of organisms that
influence plant health, while members of the
bacterial genera Azospirillum and Rhizobium are
model microbes for plant growth promotion
(Berg, 2009). During growth and development,
plants form a symbiotic interaction with soil
microbes, i.e., bacteria and fungus (Gouda et al.,
2018; Santoyo et al., 2016). One of the most
beneficial relations between plants and
microorganisms is that of endophytic bacteria
(Afzal et al., 2019; Miliute et al., 2015). Non-

pathogenic bacteria and fungi that live in the
living tissue of healthy plants without harming
them are known as endophytes (Mastan et al.,
2019; Xu et al., 2019). These bacteria can offer
numerous benefits to the host plant, i.e.,
promoting the growth and protection of plants
from pathogens (Gouda et al., 2018; Santoyo et
al., 2016).

They are able to communicate and interact with
the host plant more efficiently compared to
rhizospheric bacteria (Santoyo et al., 2016).
Endophytic bacteria, a subclass of rhizospheric
bacteria (Philippot et al., 2013), is commonly
known as plant growth-promoting rhizobacteria
(PGPR) (Afzal et al., 2019; Gouda et al., 2018).
In these associations, bacteria provide several
benefits to their host plants (Santoyo et al., 2016),
i.e., helping them to withstand biotic and abiotic
stresses that can challenge their growth and health
(Afzal et al., 2019; Hallmann et al., 1997; Miliute
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et al., 2015). In addition, endophytic bacteria that
thrive inside plants help to improve plant nutrient
uptake (Adesemoye et al., 2009) and growth
under challenging environment conditions
(Hallmann et al., 1997; Rosenblueth & Martinez-
Romero, 2006; Sturz & Nowak, 2000). Some
microbes, e.g., PGPR Bacillus amyloliguefaciens,
Bacillus pumilus, Pseudomonas fluorescens, and
the arbuscular mycorrhiza fungus (AMF), Glomus
intraradices promote plant growth via novel
volatile organic compounds (Adesemoye et al.,
2009; Park et al., 2015). While PGPR or
combinations of PGPR and AMF has the potential
to improve the efficient use of nutrient fertilisers
(Adesemoye et al., 2009), phosphate solubilising
bacteria can enhance crop performance by
improving crop phosphorus acquisition via root
system (Bargaz et al., 2021; Lobo et al., 2019).

The mechanisms of endophytic bacteria to
promote plant growth occurs either direct or
indirect (Santoyo et al., 2016; Sturz & Nowak,
2000). Host plants benefit directly by improving
their nutrient uptake and growth and stress (Afzal
et al., 2019; Mei & Flinn, 2010; Santoyo et al.,
2016). Indirectly, endophytic bacteria improve
plant health by targeting pests and pathogens with
antibiotics,  hydrolytic  enzymes, nutrient

limitation, and by priming plant defences (Afzal
et al.,, 2019; Sturz & Nowak, 2000). Direct
promotion of plant growth occurs when
endophytic bacteria facilitate the acquisition of
essential nutrients (i.e., nitrogen, phosphorus and
iron) or modulate hormones (i.e., phytohormones
auxin, cytokinin and gibberellin) levels in a plant
(Santoyo et al., 2016). When endophytic bacteria
decreases, limits, or prevents plant damage that
might be caused by phytopathogen (i.e., soil
bacteria, fungi and nematodes), this is known as
indirect promotion of plant growth (Santoyo et al.,
2016). Previous studies, e.g., Gouda et al. (2018),
Hallmann et al. (1997), Mei & Flinn (2010),
Miliute et al. (2015), Rosenblueth and Martinez-
Romero (2006), and Sturz and Nowak (2000)
reported several plants including wheat, potato,
tomato, rice, and canola that endophytic bacteria
can promote their growth (Table 2). The PGPR’s
activity as a plant growth promoter is described in
detail by Gouda et al. (2018) and Santoyo et al.
(2016). Table 2 shows some of the plants from
which common endophytic bacterial genera were
isolated as reported in various literature (Gouda et
al., 2018; Hallmann et al., 1997; Mastan et al.,
2019; Mei & Flinn, 2010; Miliute et al., 2015;
Rosenblueth & Martinez-Romero, 2006; Sturz &
Nowak, 2000).

Table 2: Examples of plants from which common endophytic bacterial genera were isolated

Plant Endophytic bacterial genera

Rice (wild and Agrobacterium, Azoarcus, Azorhizobium, Azospirillum, Bacillus,

cultivated) Bradyrhizobium, Burkholderia, Chromobacterium, Enterobacter,
Herbaspirillum, Ideonella, Klebsiella, Micrococcus, Pantoea,
Pseudomonas, Rhizobium, Serratia, Stenotrophomonas

Alfalfa Bacillus, Erwinia, Microbacterium, Pseudomonas, Salmonella

Soybean Erwinia, Agrobacterium, Pseudomonas, Klebsiella, Enterobacter,
Pantoea, Bacillus

Banana Azospirillum, Burkholderia, Citrobacter, Herbaspirillum, Klebsiella

Sugar cane Acetobacter, Gluconacetobacter, Herbaspirillum, Klebsiella

Black pepper Arthrobacter, Bacillus, Curtobacterium, Micrococcus, Pseudomonas,
Serratia

Tomato Brevibacillus, Escherichia, Pseudomonas, Salmonella

Canola Acidovorax, Agrobacterium, Aureobacterium, Bacillus,

Chryseobacterium,

Cytophaga,

Flavobacterium, Micrococcus,

Pseudomonas, Rathayibacter,
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Plant Endophytic bacterial genera

Wheat Bacillus, Burkholderia, Flavobacterium, Klebsiella, Microbispora,
Micrococcus, Micromonospora,  Mycobacterium,  Nacardiodes,
Rathayibacter, Streptomyces

Carrot Agrobacterium, Bacillus, Klebsiella, Pseudomonas, Rhizobium,
Salmonella, Staphylococcus

Red clover Acidovorax, Agrobacterium, Arthobacter, Bacillus, Bordetella,
Cellulomonas, Comamonas, Curtobacterium, Escherichia, Klebsiella,
Methylobacterium, Micrococcus, Pantoea, Pasteurella, Phyllobacterium,
Pseudomonas, Psychrobacter, Rhizobium, Serratia, Sphingomonas,
Variovorax, Xanthomonas

Clover Agrobacterium, Bacillus, Methylobacterium, Pseudomonas, Rhizobium

Radish Proteobacteria, Salmonella

Cotton Bacillus, Burkholderia, Clavibacter, Erwinia, Phyllobacterium,
Pseudomonas

Potato Acidovorax, Acinetobacter, Actinomyces, Agrobacterium, Alcaligenes,
Arthrobacter, Bacillus, Capnocytophaga, Chryseobacterium,
Comamonas,
Corynebacterium, Curtobacterium, Enterobacter, Erwinia, Klebsiella,
Leuconostoc, Methylobacterium, Micrococcus, Paenibacillus, Pantoea,
Pseudomonas, Psychrobacter, Serratia, Shewanella, Sphinogomonas,
Stenotrophomonas, Streptomyces, Vibrio, Xanthomonas

Pineapple Azospirillum, Burkholderia

Maise Achromobacter, Agrobacterium, Arthrobacter, Bacillus, Burkholderia,
Corynebacterium, Curtobacterium, Enterobacter, Erwinia,
Herbaspirillum,
Microbacterium,  Micrococcus, Paenibacillus,  Phyllobacterium,
Pseudomonas, Rhizobium, Serratia

Grapevine Comamonas, Enterobacter, Klebsiella, Moraxella, Pantoea,
Pseudomonas, Rahnella, Rhodococcus, Staphylococcus, Xanthomonas

Cucumber Agrobacterium, Bacillus, Burkholderia, Chryseobacterium, Clavibacter,

Curtobacterium,

Enterobacter,

Micrococcus, Paenibacillus,

Phyllobacterium, Pseudomonas, Serratia, Stenotrophomonas

In addition, since plants are constantly challenged
by various phytopathogens (i.e., Pseudomonas
syringae, Agrobacterium tumefaciens, and other
bacteria, fungi, oomycetes, and viruses), their
survival and fitness are compromised (Ali et al.,
2018). To respond to this, pathogenesis-related
proteins against phytopathogens have been used
to develop bacterial-resistant plants (Ali et al.,
2018; de Andrade et al., 2019). For instance, some
endophytic bacteria isolated from mulberry
demonstrated potential to manage plant diseases
based because of their antimicrobial activities (Xu

et al., 2019). Overall, plant growth and health can
be improved by PGPR as a biofertiliser as it
increases the accessibility (Adesemoye et al.,
2009) or uptake of nutrients from a restricted soil
nutrient pool and reduces plant biotic and abiotic
stress (Hussain et al., 2017; Santoyo et al., 2016;
Xu et al., 2019). Thus, plant-microbe interaction
is vital for sustainable agriculture (Mei & Flinn,
2010), particularly in sub—Saharan Africa, where
the agricultural sector faces many challenges such
as limited access to chemical mineral agro-inputs
such as fertiliser and, whenever available are at
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very high prices which can be afforded by
smallholder farmers.

Furthermore, some microbes promote plant
growth by preventing or alleviating drought and
salinity stress in plants (Afzal et al., 2019; Kumar
& Verma, 2018; Mapelli et al., 2013; Vurukonda
et al., 2016). Drought is one of the main
limitations on agricultural productivity worldwide
as it affects the physiological and morphological
traits of plants (Kumar & Verma, 2018; Mapelli et
al., 2013). Previous research has demonstrated
various strategies, e.g. using bacteria to cope with
drought stress through the development of
drought-tolerant varieties (Kumar & Verma,
2018; Marasco et al., 2013; Masmoudi et al.,
2019; Vurukonda et al., 2016). They showed that
microorganisms have the potential to help plants
cope with drought (Kumar & Verma, 2018;
Vurukonda et al., 2016) and saline and heavy
metals stress (Masmoudi et al., 2019). Plant
growth-promoting rhizobacteria showed the
ability to impart drought tolerance in plants by
producing exopolysaccharides, phytohormones,
1-aminocyclopropane-1-carboxylate deaminase,
volatile compounds, inducing accumulation of
osmolytes, antioxidants, upregulation or down-
regulation of stress-responsive genes and
alteration in root morphology in the acquisition of
drought tolerance (Vurukonda et al.,, 2016).
Pepper plants inoculated with bacterial isolates
from desert plant species unveiled improved plant
water uptake ability, enhanced drought tolerance
and root system (Marasco et al., 2013).

Also, some bacteria exhibited the potential to
promote plant growth under salinity conditions
(Ahmad et al., 2011; Bharti et al., 2014; Mapelli
et al., 2013). A study revealed that Salicornia
plants grown under hypersaline ecosystems
revealed resistance to a wide set of abiotic stresses
due presence of the halophilic/halotolerant
bacteria (Halomonas) (Mapelli et al., 2013). The
Halomonas usually inhabit salty and arid
ecosystems (Mapelli et al., 2013; Vurukonda et
al., 2016). Salinity—induced detrimental effects on
growth, oil content, and physiological state in
Mentha arvensis were also mitigated by plant
growth-promoting rhizobacteria (Bharti et al.,
2014). Pseudomonas frederiksbergensis, a soil
bacterium also confirmed to improve salt
tolerance and boost red pepper plant growth
(Chatterjee et al., 2017). Examples of plant
growth-promoting bacteria that enhance drought
tolerance in some plants are shown in Table 3. For
a detailed effect or mechanism of phytohormonal
activity in imparting drought tolerance in plants,
the reader is referred to Gouda et al. (2018),
Kumar & Verma (2018), and Vurukonda et al.,
2016). Hence, using soil microbe—plant
coevolution is critical because it can assist plants
in responding to harsh abiotic settings, resulting in
better economic viability, soil fertility, and
environmental sustainability.

Table 3 shows Plant growth promoting bacteria
and plants benefiting from drought tolerance.
Source: (de Andrade et al., 2019; Gouda et al.,
2018; Kumar & Verma, 2018; Masmoudi et al.,
2019; Vurukonda et al., 2016)

Table 3: Plant growth promoting bacteria and plants benefiting from drought tolerance

Bacteria Plant
Sinorhizobium medicae Medicago truncatula
Azospirilum Brasilense Tomato

Azospirillum lipoferum and Bacillus Spp.

Maize (Zea mays)

Pseudomonas libanensis
Pseudomonas reactans Ph3R3

TR1

and Brassica oxyrrhina

Azospirillum brasilense  NO40, Bacillus amyloliquefaciens 5113, Wheat (Triticum
Azospirillum brasilense NO40, Rhizobium leguminosarum (LR-30), aestivum)
Mesorhizobium ciceri (CR-30 and CR-39), and Rhizobium phaseoli

(MR-2)

Phyllobacterium  brassicacearum strain  STM196, Azospirilum Arabidopsis

Brasilense Sp 245
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Bacillus subtilis

Platycladus orientalis

Pseudomonas putida H-2—3

Soybean

Bacillus thuringiensis

Lavandula dentate

Pseudomonas putida MTCC5279 (RA)

Cicer arietinum L.

Rhizobium leguminosarum (LR-30), Mesorhizobium ciceri (CR-30 and

CR-39), and Rhizobium phaseoli (MR-2)

Wheat

Trichoderma harzianum

Rice (Oryza sativa L.)

Azospirillum sp.

Lettuce

Biological Control Agent and Suppressors of
Diseases or Pathogens

Pathogenic microbes harm the majority of plants
and animals, affecting food production and
ecosystem stability (Agrillo et al., 2019;
Ghazalibiglar et al.,, 2016). However,
microorganisms from different environments can
be used for biocontrol purposes through the
identification of their bioactive molecules
(Agrillo et al., 2019; Masmoudi et al., 2019).
Microbes with potential impacts against
phytopathogenic fungi and/or insects, such as
Pseudomonas sp., Cellulosimicrobium sp., and
Bacillus sp., have been studied extensively
(Agrillo et al., 2019; Ghazalibiglar et al., 2016).
Compounds isolated from diverse
microorganisms have shown to be effective
against a variety of phytopathogenic fungi
(Agrillo et al., 2019; Lee et al., 2015).

For example, a novel antifungal compound
derived from Pseudomonas protegens was found
to have fungicidal activity against Alternaria sp.
and greatly reduced fungal infection on tomato
fruits in a prior investigation (Agrillo et al., 2019).
Further, an experiment carried out by Masmoudi
et al. (2019) showed that Bacillus velezensis and
B. subtilis subsp. spizizenii are effective biological
agents in protecting tomato fruits from fungal
pathogens attacks. Endophytic bacteria, i.e.
Bacillus sp, Curtobacterium sp, Pantoea sp, and
Pseudomonas sp are also considered biological
control agents for plant disease management
based on the study by Xu et al. (2019). Through
their volatiles emissions, some rhizobacteria
isolates belonging to the genera Bacillus spp,
Pseudomonas spp, and Arthrobacter spp are
advised as biological control of soil-borne
oomycetes as they inhibited Phytophthora

cinnamomi growth (Méndez-Bravo et al., 2018).
These examples from various studies indicate that
some microbes constitute vital antimicrobial
activities against phytopathogens as they possess
bioactive molecules. Thus, they could be utilised
as a biological control agent (Lee et al., 2015).

Additionally, some of the microbes suppress
disease-causing  microorganisms  or  their
competitors  (Chithrashree et al., 2011;
Ghazalibiglar et al., 2016; Harada et al., 2018,
Table 4). They achieve this by releasing antibiotic
substances or chemicals (Xu et al., 2019).
Microbes such as Bacillus megaterium, Bacillus
subtilis, and P. fluorescens are a few examples of
bacteria that play this role (EI-Borollosy & Oraby,
2012; Lee et al., 2015, Table 4). While B. subtilis
has been used to subdue or suppress seedling
blight of sunflowers, which is caused by
Alternaria helianthi, P. fluorescens bacteria
suppressed a disease-causing fungus known as
Rhizoctonia solani in crops (Masmoudi et al.,
2019).

Due to their ability to suppress disease-causing
microorganisms, some of these microbes are
commercialised for disease suppression. The
bioactivity of Paenibacillus isolates as biological
control agents have been used against a range of
plant pathogenic fungi, bacteria and nematodes
(Ghazalibiglar et al., 2016). Also, Paenibacillus
polymyxa induced systemic resistance in plants,
i.e., tomatoes, against pathogens (Ghazalibiglar et
al., 2016). Using bacterial liquid crude cultures of
B. subtilis, P. fluorescens, and Azotobacter
chroococcum species showed the ability to induce
systemic resistance within cucumber plants
(Cucumis sativus) against Cucumber mosaic
cucumovirus (El-Borollosy & Oraby, 2012).
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Table 4: Some of the microbes which have been utilised as biological agents against disease-causing pathogens in plants/crops

Plants/crops Diseases /Pathogens Biological control microbes References
Cabbage (Brassica oleracea) . I Ghazalibiglar et al.
Black rot (Xanthomonas campestris) Paenibacillus sp (2016)
Cucumber Pseudomonas Fluorescens, Pseudomonas
. . . El-Borollosy & Oraby,
Cucumber mosaic cucumovirus aeruginosa,  Azotobacter  chroococcum,
. - (2012)
Bacillus subtilis
Greengram (Vignaradiate L.) Fungicide—induced phytotoxicity Ahmad et al. (2011)
Mustard (Brassica compestris) Pseudomonas putida Ahmad et al. (2011)
Panax ginseng Root diseases (Phytophthora cactorum) Bacillus amyloliquefaciens Lee et al. (2015)
Pepper Gray I_eaﬁ spot disease  (Stemphylium Brevibacterium iodinum Son et al. (2014)
lycopersici)
Rice (Oryza sativa L) Bacterial leaf blight (Xanthomonas oryzae) Bacillus sp. ggﬂr)ashree et al
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Furthermore, some microbes, e.g.,
bacteriophages, are important in improving
human health. They have been studied for drugs
or vaccines to help in disease (i.e., cancer and
chronic  neurodegenerative) treatment and
prevention. The bacteriophages can attack and kill
a target bacterium within minutes of infection
(Dalmasso et al., 2014). The human gut contains
ca. 10™ bacteriophages (Dalmasso et al., 2014).
Bacteriophages are used to treat bacterial diseases
in humans and have recently been licensed for use
in the food chain to reduce pathogens (Dalmasso
et al., 2014). Further, microorganisms have also

been used to control invasive species, especially
plants (Table 4). The fungus Puccinia abrupta,
Puccinia xanthii, Entyloma compositarum, and
Plasmopara halstedii (Fauzi, 2009; Kumar, 2009)
were previously used to control the invasive weed
Parthenium hysterophorus (Ojija et al., 2021a,
2021b; Ojija & Ngimba, 2021). Table 5 shows
Some of the fungus species used as a biological
control against invasive plants in different parts of
the  world. Source: Capinera, (2009),
Kelaniyangoda &Ekanayake, (2010), Kowalski et
al. (2015), Kumar, (2009), Seastedt, (2015),
Shahrtash & Brown, (2021).

Table 5: Fungus species used as a biological control against invasive plants in different parts of

the world

Invasive plant or weed

Fungus

Parthenium (Parthenium hysterophorus)

Puccinia abrupta, Puccinia xanthii, Entyloma
compositarum, and Plasmopara halstedii

Soda apple (Solanum viarum)

Tobacco mild green mosaic virus

Dodder species

Alternaria destruens

Deciduous tree species, Blackberry weed (Prunus

serotina)

Chondrostereum purpureum

Hakea gummosis and H. sericea

Colletotrichum acutatum

Turf grass (Poa annua)

Cylindrobasidium leave

Yellow nutsedge (Cyperus esculentus)

Puccinia canaliculata

Persimmon (Diospyros virginiana)

Acremonium diospyri

Milkweed vine (Morrenia odorata)

Phytophthora palmivora (P. citrophthora)

Dodder (Cuscuta chinesis and C. australis)

Colletotrichum gloeosporioides

Water hyacinth (Eichhornia crassipes)

Cercospora rodmanii

Sickle-pod and coffee senna (Cassia spp.)

Alternaria cassia

Velvet leaf (Abutilon theophrastus)

Colletotrichum coccodes

Round-leaved mallow (Malva pussila)

Colletotrichum gloeosporioides

Dandelion (Tarax acum officinale)

Sclerotinia minor

Dyers woad (lsastis tinctoria)

Puccinia thlaspeos

Primary Producer, Biogas Production, and
Bioremediation

Most microorganisms (e.g. cyanobacteria,
cyanophyta, and algae) act as primary producers
(Fierer et al., 2003). These are photosynthetic
microbes that utilise CO, from the atmosphere and
convert it to organic material (Fierer et al., 2003).
They produce foods (i.e., carbohydrates) that are
used by other organisms. The process of taking up
as well as fixing CO- is called carbon fixation
(Fierer et al., 2003; Juretschko et al., 2002). These

microbes perform photosynthesis in the same way
that plants do, accounting for nearly half of all
primary production on the planet. The
photosynthetic activity ensures that there is
oxygen in the atmosphere. Among the most
significant  photosynthetic  cyanobacteria in
marine ecosystems is Synechococcus, which
accounts for 25% of the primary production that
occurs in marine environments (Fierer et al.,
2003). It is also a primary component of
freshwater plankton and microbial mats.
Cyanobacteria and algae live in water, damp soil,
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and rocks, and they are the carbon source for
marine life. They produce oxygen that supports
life on Earth (Barantal et al., 2012) and thus, help
in regulating climate by absorbing CO, from the
atmosphere (Barantal et al., 2012; Logue et al.,
2015). Earlier studies claim that O, released into
the atmosphere by photosynthetic microbes is
approximately 50% of the O, on the planet
(Loreau, 2000).

Furthermore, due to shortage, and increased
demand for energy worldwide, extensive studies
have been carried out to find an alternative source
of energy (Heeg et al., 2014; Lobo et al., 2019).
The use of microorganisms to produce biofuel or
biogas is presently the focus of much research
(Lobo et al., 2019). The anaerobic biomass
digestion, which is initiated by bacteria, and
biogas production technology has received
substantial attention (Heeg et al., 2014; Lobo et
al., 2019). Biogas production whose main
component is methane is advocated to be the best
approach (Heeg et al., 2014). Methane can be used
as a multipurpose and renewable energy carrier
(Heeg et al., 2014).

Apart from biogas production for energy, some
microbes can be used to remove pollutants from
the environment (Mendoza-Hernandez et al.,
2019). This technique is referred to as
phytoremediation, which uses plant growth-
promoting bacteria (Mendoza-Hernandez et al.,

2019). Bacteria from the genera Serratia,
Enterobacter, Serratia, Serratia, and
Enterobacter have shown potential for

phytoremediation (Mendoza-Hernandez et al.,
2019). These bacteria are eco—friendly as they
cause can no harm to the environment (Mendoza-
Hernandez et al., 2019; Sahu, 2019). Wastewater
treatment systems are the best examples of the
technological processes that utilise microbes
(Pajares et al., 2016). They are used to remove
pharmaceuticals during wastewater treatment and
break down complex materials, i.e., herbicides,
pesticides, and other soil pollutants (Sahu, 2019;
Wagner et al., 2002). Similarly, certain moulds
and yeast oxidise petroleum products aerobically
as they use oil as electron donors or energy
sources to change the oil into CO, (Wagner et al.,

2002). These  properties make  some
microorganisms to be used in bioremediation for
cleaning up oil spills and other contaminants and
neutralising agricultural chemicals (Sahu, 2019;
Wagner et al., 2002). Therefore, microbes can be
used to restore ecosystem health when the
environment is contaminated by oil, heavy metals,
and other forms of pollutants. This enables human
to live in healthy environment which support their
sustainable development and wellbeing.

Digestive Role in Animals, Source of Food and
Drugs

Many organisms are inhabited by a variety of
microorganisms, i.e., archaea, bacteria, and fungi
in their rumen (Burgos et al., 2018; Cunha et al.,
2017), oral cavity, intestinal, respiratory, and
urogenital tract, and skin (Curtis et al., 2006;
Konopka, 2009). Being in the human body and
other animals, microbes perform a variety of
activities that maintain each individual’s health
(Cunha et al., 2017). They coordinate the
breakdown or digestion and fermentation of
different food components ingested by the host.
Host-indigestible fibre can be digested by
bacteria and fungi, and bacteria ferment the
products to form volatile fatty acids, which are
important nutrients (Cunha et al., 2017). While
some animals, e.g., leaf and wood-eating insects,
depend on symbiotic gut microorganisms to digest
cellulose in their food supply, other insects (e.g.
ants and beetles) consume fungi directly as a food
source (Albert et al., 2014). In humans, the
metabolic reactions of intestinal microbes
produce vitamin B12 and vitamin K, and
microbial flora in the gut enhances essential
steroid absorption (Albert et al., 2014). Microbes
in ruminant animals (i.e., cows, deer, giraffes, and
wildebeest) are important for secondary
fermentation (Cunha et al., 2017). Generally,
ingested food after regurgitation passes into the
rumen, where complex carbohydrates undergo
continuous fermentation into CO-, fatty acids, and
CH4(Cunha et al., 2017).

Secondary fermentation in the rumen by bacteria,
protozoans, and fungi removes energy from the
plant food ingested by the animal (Cunha et al.,
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2017; Strickland et al., 2009). Some of the energy
is also removed when plant tissues pass from the
rumen to the caecum and large intestine. Termites,
for instance, host these bacteria and protozoans in
their guts that perform similar activities
(Strickland et al., 2009). In the gut, the protozoans
digest cellulose while bacteria generate CH4 from
the organic compound produced from the

Moreover, most of the termites’ guts also have
bacteria that fix atmospheric nitrogen, making it
usable for the termites. Thus, it can be concluded
that microorganisms play a basic role in human
and other animals’ digestion by degrading sugar
polymers into simple glucose. Because microbes
assist in digesting and fermenting food we eat and
produce chemicals that shape our metabolic rates,
they are considered to play an essential role in our
body shape. Overall, the rumen microbiota is vital
for producing the nutrients that the host requires
for reproduction, growth, and the generation of
milk and meat (Cunha et al., 2017).

Microorganisms are further considered important
assets for isolating useful drug molecule
discovery paradigms (Hussain et al., 2017). Some
have been identified or used as a source of drugs
to overcome the emergence of drug resistance
pathogens (Hussain et al., 2017; Kumar et al.,
2019). Previous studies report that actinomycetes
possess  bioactive  molecules  for  drug
development. Some of the potential bioactive
compounds found in actinomycetes have broad-
spectrum biological activities, i.e., antibacterial,
antifungal, antitumor, antihypertensive etc.
(Kumar et al., 2019). Thus, microbes with
bioactive compounds can be exploited in
pharmaceutical industries for drug development
and formulation.

CONCLUSION

From this review, the role of microbes observed
to range from different fields which can have a
direct influence in improving human livelihood by
replacing some technologies in use today which
have environmental and health concerns ranging
from medical, agriculture, and food processing
and climate change. The utilisation of microbes in

most developing countries is still low despite the
high biodiversity available because of limited
technological advances. The sustainable
development of people all over the world can be
ensured by using microorganisms in an
environmentally friendly way that does not
jeopardise the environment and existing
biodiversity on which we rely. Because our paper
is limited to the importance of microbial
biodiversity, we recommend that other research
must be done to discuss their negative impacts and
how they can be avoided since knowing the
positive and negative sides of microbes is the step
forwards toward better utilisation of the one
trillion available microbe species where less than
1% is known and utilised, and 99.99% of them
have yet to be discovered and utilised for
sustainable development and human wellbeing.
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