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1 Introduction

ABSTRACT

Increasing human population, war, climate change, herdsmen-
farmers clashes, banditry, terrorism, political unrest affected crop
production negatively. These factors widen the gap between food
production supply and its demand. In an attempt to fill this gap,
agrochemicals were used to increase crop yield to meet the food
demand of the ever-increasing population. Agrochemical’s
introduction was accepted initially due to their quick and
nonspecific actions. Decades later, these agrochemicals begin to
pose threats to human and livestock health, causing land
degradation, ecosystem imbalance, reduction in soil fertility and
productivity. To avert the negative effects of agrochemicals on
food and feed products, soil, water quality, and the environment.
The use of a safe and eco-friendly alternative was developed.
Microbial inoculants serve to be the best substitute for
agrochemicals with substantial benefits in sustainable crop
production and environmental sustainability. This review aims at
updating available information on the benefits of using microbial
inoculants in boosting crop production and the strategies to adopt
for its effectiveness.

Keywords: Agrochemicals, crop yield, microbial inoculants.

The present human population of about 7.6 billion is expected to reach 9.8 billion or more by the year 2050

[1]. The rapid growth in the global human population gives rise to many problems such as food insecurity,

hunger, and malnutrition [2]. As the world population keeps rising, the demand for food and feed products

keeps rising while the productive agricultural land area available for food production continues to decrease

due to industrialization, urbanization and development, destructive environmental human activities such as

deforestation, unregulated mining [3] and natural disaster like flood. These problems posed a threat to

global food security and malnutrition. To avert the looming problems of global food insecurity, hunger,

and malnutrition, concerned bodies implemented and adopted the technology of green revolution all over

the world. The green revolution rested on three principles; biochemical, mechanical, and social principles

propetly cited.
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[4]. The principles involved the use of hybrid seeds, chemical fertilizers, pesticides, fungicides, herbicides,
use of types of machinery, sophisticated irrigation facilities, and land reformation. These agricultural inputs
and some other services were made available to encourage the farmers [5] in order to increase agricultural
productivity.

The green revolution technology increased yield per unit area but posed some negative threat on man and
the ecosystem as a result of excessive use of chemical fertilizers, herbicides and pesticides [6]. Land
degradation, reduction of water quality and soil fertility, and loss of biodiversity in crops were major
limitations of the Green Revolution. According to [7], most of these herbicides, pesticides, and synthetic
fertilizers have carcinogenicity potential. The application of pesticides and herbicides results in the
accumulation of toxic compounds in the soils [8], which also affects water quality and soil fertility. In order
to fill the gap between food demand and supply to an ever-increasing population, more of the conventional
agricultural inputs (chemical fertilizer, pesticides, herbicides) were being used excessively and the problems
imposed by these inputs will be compounding. The problems that evolved as a result of the conventional
agricultural inputs (chemical fertilizer, pesticides, herbicides, fungicides) could be resolved if the basic
information and awareness concerning the utilization of soil microbes for sustainable crop production are
well provided.

Soil is the major medium of growing crops. Good soil contains a large number of beneficial microbes such
as fungi, bacteria, protozoa, and many more. These microbes can be found to be free-living or in a symbiotic
with other organisms (s) in the soil [9]. The roles of soil microbes play in influencing soil biological
management, fertility functions, and productivity cannot be overemphasized [10]. When the prevailing
environmental factors are favourable, these microbes exhibit a lot of beneficial functions in the soil such as
homeostasis of nutrients cycles, fixation and solubilisation of some nutrients, inhibition of the growth and
development of pathogens, reduction of toxins produced by pathogen, and also help in soil amendment,
supply of nitrogen, phosphorus, potassium and other nutrients and water retention especially those
inhabiting the rhizosphere in their culture or natural state. All these directly or indirectly help in increasing
crop yield and its sustainable productivity [11].The use of the microbiome in crop production will proffer
solutions to the current issues associated with poor crop yield, food security, malnutrition, and land
degradation [12-13]. Plant microbiomes are microorganisms that are found in the plant's internal tissues
(endophytes) or its external surfaces (thizosphere/rhizoplane and phyllosphere) [14]. According to [15],
there are communication mechanisms and mutual recognition between the plants and microbiome-based
on complex molecule exchange. These host-microbiome communications are very essential for plant health
as they defend plants against biotic and abiotic stresses [16-17].

Considering the benefits of microbiomes to the crop performances and yield, environmental sustainability,
and the effects of synthetic chemicals such as fertilizers, herbicides, fungicides, pesticides, etc used in
agriculture to boost productivity, these microorganisms could be an alternative tool in proffering solutions
to crop productivity constraints and environmental problems imposed by these synthetic inputs thereby
achieving increased productivity and sustainable ecosystem. This review aims at updating the information
available on the benefits of using microbial inoculants in crop production sustainability over synthetic
agricultural inputs and the ways to effectively use these biological resources called microbial inoculants for
sustainable crop production.

2  Contribution of Microbial Inoculant in Crop Production Sustainability
2.1  Microbial inoculant as bio-fertilizer

Improving soil fertility is one of the key strategies adopted to boost agricultural productivity. The pressure
mounted by the world increasing population for food has led the farmers to continually attempt to increase
the crop yield by application of expensive chemical fertilizer which increases cost of production and also
has detrimental effects on the human’s health and the environment. Biofertilizers are made up of active or
latent cells of beneficial microbes that could either be mixed or monoculture. It is one of the most promising
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strategy to increase crop productivity without jeopardizing the environment [18]. When applied to the
plant seeds, plant patts, ot the soil, it has the capability to colonize the plant rhizosphere or its tissue thereby
promoting its growth and development thus increasing yield by increasing the quantity of nutrients available
to the host plant. Biofertilizers contributes to the growth and development of plant through
biomineralization, biofixation, biosolubilization, immobilization, production of phytohormones,
siderophore, ammonia production, and inhibition of some plant pathogens growth and reduction of the
toxic substance released to the host plant through the production of antibiotics, induced systemic resistance,
synthesizing hydrogen cyanide (HCN) and producing lytic enzymes with the help of specific enzymes [19].
Some specific bacterial microbial inoculants that increase various plant species yield are shown in Table 1.

Table 1: Some specific bacterial microbial inoculants that increase various plant species yield [34], [37].

Crop Microorganism Reference

Soybean Bradyrhizobium japonicum [26].
Bradyrhizobium japonicum [27].
Azospirillum brasilense and [28].

Bradyrhizobium japonicum

Tomato Azospirillum brasilense [29].
Pseudomonas fluorescens [30].
Chryseobacteriumspp. (C138) [31].

Cowpea Bradyrhizobium yuanmingense [32].

Maize Pseudomonas fluorescens [33].
Rhizobium trifolii

Rice Rhizobium leguminosarum [34].
Bradyrhizobium sp. IRBG271 [34].

Common beans  Rhizobium tropici [35].
Rhizobium leguminosarum sv. [36].
Phaseoli

The use of biofertilizer is environmentally friendly and centre on a renewable energy source which makes
it cost-effective with high investment return in crop production compared to chemical fertilizer that its
production is an energy-intensive process which is costlier and unaffordable to farmers thereby resulting in
the high cost of production [20]. It has been reported that the application of biofertilizers increases some
secondary metabolites like phenol, carotenoids content, flavonoid, etc. in the host plant [19]. [21] reported
a 58.72 and 51.43% increase in total phenolic content in spinach inoculated than in the uninoculated
control. These secondary metabolites have been proved to be beneficial to people living with or at risk of
cancer, cardiovascular disorders, and some other diseases [22]. The biofertilizers not only make nutrients
available to plants for better yield but also increase crop quality.

2.2 Microbial Inoculant as bio-control agents

The use of microbial inoculant as a biocontrol agent is gaining more popularity over its chemical which its
abusive use have contributed to poor soil fertility and productivity, land and environmental degradation
that have constituted adverse effects on human health and the ecosystem at large. Many microorganisms
exhibit some herbicidal, antifungal, and antibacterial properties which qualify them as biocontrol agent
suitable as biopesticides, bioherbicides, and biofungicides when properly prepared and applied.

Biopesticides are those microbes that are capable of promoting the growth and development of host plant
by inhibiting the growth and multiplication of phytopathogenic agents using different mechanisms such as
the production of antibiotics, extracellular hydrolytic enzymes, siderophores, and induction of systemic
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resistance [23]- [24]. The roles biopesticides are playing in reducing the quantity of harmful residual contents
left in food, fodder, and feeds caused by the use of chemical pesticides and in controlling environmental
pollution cannot be quantified [25].

Herbicides are phytotoxic chemical pesticides designed to inhibit the germination of plant or weed seeds
or to control or destroy weeds and plants with varied specifications. Apart from the high cost of chemical
herbicides, it posed a lot of negative effects on the ecosystem and threatened human and livestock health
due to its residual contents on the plant parts [38]. Moreover, the abuse of chemical herbicides by some
farmers rapidly reduces soil fertility and productivity.

The use of microorganisms that exhibit herbicidal properties in inhibiting the weed seeds germination and
destroying weeds offer a sustainable, cost-effective, and ecosystem-friendly approach to controlling weeds
for better agricultural productivity. When live or latent microorganisms that exhibit herbicidal properties
are formulated either in mixed or monoculture to control weeds is called bioherbicides. When these
bioherbicides are applied to the soil, roots, seeds, or seedlings, the growth of the emerging roots and the

shoots are suppressed. Table 2 shows some microbes used as biocontrol agents.

Table 2: Some used as Microbial Inoculants as Biocontrol Agents

S/IN  Microbes Pathogens References
1. Aspergillus fumigatus Phytophthora infestans [23]
Aspergillus niger
Penicillium funiculosum
Penicillium aurantiogriseum
Penicillium citrinum
Trichoderma koningii
2. Bacillus amyloliquefaciens, fungi pathogens [39]
Amphibacillus xylanus, [40]
Microbacterium oleovorans
Sporolactobacillus inulinus

3. Bacillus subtilis Aspergillus flavus and aflatoxin [41]

production [40]
4, Mitsuaria sp. bacterial leaf spot [42]
5. Pseudomonads Fusarium wilts [42]
6. Bacillus spp microbial diseases [42]
8. Colletotrichum coccodes Fusarium spp. [43]
9. Trichoderma harzianum wood rots [44]

2.3 The use of microbial inoculants in the food processing industry

Microbial inoculants are used for food fermentation [45], an improvement on the food, feed, and fodder
properties such as texture, shelf-life, aroma, etc., and its nutritional properties like vitamins and minerals
[46]. Lactic acid bacteria is a microorganism that is used in the maintenance of food and feed products by
inhibiting food spoilage as it has been documented to be safe for consumption [47]. It also serves as
probiotics for the digestive systems [25]. The use of these microbial inoculants lowers the cost of
production and does not have residual effects on the human and livestock’s body system.

3  Challenges and way forward in using microbial inoculant

The use of microbial inoculants in crop production is promising and highly profitable. Adoption of
microbial inoculants on large scale will not be easily feasible especially in developing nations where the
farmers are not fully aware or have complete information about the proper usage of it. However, storage
and distribution seem to be difficult before getting to the end-user farmers. The use of microbial inoculants
in crop production and farm produce processing and storage may not give a maximum response as expected
if the prevailing environmental conditions such as soil conditions, climatic variables, moisture regime are
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not favourable. Proper timing and strict procedures of application are very essential as excessive heat or
desiccation may reduce the inoculant efficiency.

The producer recommended storage conditions should be strictly followed [48]. Poor agronomic practices,
the presence of pollutants, and numerous exudates from the plant roots may hinder the effectiveness of
microbial inoculant on the soil. The end-users of these microbial inoculants should be aware of the ways
these inoculants act, storage conditions, time, mode, and methods of application for an effective response
of the microbial inoculants. The user instructions should always come with the products to them to be
more acceptable.

Competition between inoculated microbes and soil natural flora in the soil could reduce inoculant
efficiency. Some of the inoculants are host specific, application of microbial inoculant to a specific host
plant is highly essential, imperfect host-plant specificity can reduce inoculant efficiency or total failure.
Perfect inoculant-host plant-specific should be well spelled out by the producers. Farmers should be
educated on the implications of using imperfect inoculants on the host plant.

The compatibility of microbial inoculant with agrochemicals is a great limitation as the survival of the
inoculant may be reduced [49]. It becomes imperative to find out the agrochemicals that are compatible
with the cell protectors in the inoculants through studies and trials to avoid inoculant failure due to
agrochemical application [28]. There is a need to investigate the agrochemical active ingredients that can
inhibit the performance of microbial inoculants for them to be more acceptable.

The benefits of using microorganisms to boost crop yield with reduced cost are leading some farmers with
little knowledge in microbial inoculants production to produce their inoculant. With this practice, the threat
of abuse of microbial inoculant is looming in agriculture as its benefits may be jeopardized and also cause
problems to the plant and soil. The availability of the efficient microorganism strains to develop into
inoculants [50] and the development of genetic variability among strains over time is a challenge [37].
Unqualified scientists and farmers should not be allowed to produce microbial inoculants [51]. The selection
of wrong microbial strains for inoculant production is risky, because the selected microbial strain selected
may be pathogenic to plants and non-target organisms [52].

4  Conclusions

Considering the great benefits of using microbial inoculant in crop productivity and produce processing,
ranging from high crop yield to environmental sustainability. It serves as an alternative to putting an end to
the negative effects of agrochemicals. The elimination of hitches in commercializing microbial inoculants
should be speedily working towards. If all these constraints are taken care of through proper studies and
field trials, the use of agrochemicals will lose its popularity. Hence our environment will be safe. Good and
healthy food, feed, and fodder that is free of chemical residual contents that have various health implications
on man and livestock will be available. Identification, molecular characterization, and screening of
indigenous microbes for the production of inoculants should be a continuous effort. Improvement on these
microbial inoculants should be done using genetically modifying technologies. The efficiency of different
microbial inoculants across different agro-climatic conditions, soil types and conditions, farming routine
operations, and efficient mode of application to improve survival of the inoculant should be studied both
in the greenhouse and in the field to have precise recommendations. Proper studies and trials are needed
on how microbial inoculants interact with other agrochemicals and the understanding of inoculation
mechanisms should be continuous. There should be a policy and regulatory body to ensure that the
inoculants that will be prepared and released to the market by a licensed and registered scientific laboratory
or company under specialized conditions are of international standard. International bodies, government
tiers, non-governmental organizations, and other concerned individuals should put resources together to
fill the knowledge gaps and improve research in the area of microbial inoculants in order achieve success
in sustainable crop production and food security. Suitable mechanisms of preserving, transportation, and
marketing of the inoculant should be properly working on. Moreover, an accessible global database for all
the plant microbiomes should be created. The researchers and agricultural extension agents should
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collaborate to ensure that the end-user farmers are properly educated on the proper use and handling of
the inoculants. The misconceptions that all microorganisms are disease causative agents should be erased
from the end-user’s mindset.
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