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Abstract

The concerns on the use of insecticides have been in areas of agriculture and human health. Insect pests populating the farms 
damage crops leading to food insecurity. The use of chemical insecticides to treat insect infestation is quite popular in Nigeria 
in area of food crop production and in animal and human health management. These chemical insecticides often pose some 
health challenges to man and animals hence the need for safer bio-pesticides. Microbial insecticides consist of living cells 
of microorganisms Research method employed was by collection of secondary data from literatures on previous research 
works done. These include reports, journal articles, seminars, symposia, and conference papers. Literatures were collected 
online using the Dennis Osadebay University e-library. These organisms are reared using basic microbiological techniques. 
Mode of action of microbial pesticides is by contact, which is by entering the host through the outer protective covering or the 
intestine of the insect. These microbes act on the host (insects) either by elimination or by altering some of their physiological 
functions. They may act directly on the insects or by the action of their toxins. The toxins can be used independently as 
bioactive substances in place of the microbial species. Microbial insecticides can be applied as sprays, dusts, liquid drenches, 
liquid concentrates, wet-table powders or granules. The bio-insecticides have the capacity to ensure the safety of humans and 
other non-target organisms. They leave less or no residue deposits in food and are ecologically friendly.
 
Keywords: Agriculture; Environment; Health; Insecticides; Microorganisms; Sustainability

Abbreviations: IPM: Integrated Pest Management; WFP: 
World Food Programme; FCT: Federal Capital Territory.

Contribution/Originality

Increase in global food shortage arising from damage 
done to crops by insect pests has increase the use of chemical 
pesticides. Consequently, there is increase in chemical 
pollution of the environment and its associated health 
hazards to man and farm animals. Microbial pesticides help 
mitigate the effect of the use of chemical insecticides, improve 
crop production and enhance reduction in the spread of 

insect vectors and environmental chemical pollution. The 
authors accept responsibility for the originality of this work 
and declare their consents on its publication.

Introduction

The need for insecticides stems from the desire to reduce 
insect population essentially those that have impacted 
negatively on our environment. These concerns have been 
in areas of agriculture and human health. Insect pests 
populating the farms damage crop production leading to food 
insecurity. These insects feed on leaves of crops. In so doing, 
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reduces photosynthesis thereby reducing productivity of the 
affected crop plants. Some inflict injury on parts of the plant 
predisposing them to disease attacks. Incriminated insects 
in crops and human diseases include Aphids, Caterpillars, 
Grasshoppers, Crickets, Weevils, Locusts, Beetles, Fruit flies, 
Mosquitoes, Tsetse fly, Sand fly, and so on. The use of chemical 
insecticides to treat insect infestation is quite popular 
in Nigeria and has been so much beneficial in food crop 
production and in animal and human health management. 
This is because of their use as pests’ control agents and 
also in seeds and fruits preservation. These chemical 
insecticides often pose some challenges to man and animals’ 
health hence the need for safer bio-pesticides [1]. Microbial 
insecticides, as an alternative to their synthetic counterparts, 
consist of living cells of microorganisms such as bacteria, 
fungi, protozoa and nematods; although, viral particles have 
been rarely use as bio-pesticides. These microbes act on the 
host (insects) either by elimination or by altering some of 
their physiological functions. They may act directly on the 
insects or by the action of their toxins. The toxins can be 
used independently as bioactive substances in place of the 
microbial species. The virulent effect of the microorganisms 
is usually specific on their target host species. Also, microbial 
insect-pathogens enter the host through the outer protective 
covering or the intestine of the insect. This leads to increase 
in the population of the invasive microbes within the host’s 
gut. Colonization by the microbes and attack on the intestinal 
wall kills the host insects. These virulent microorganisms 
are capable of producing insecticidal toxins which play 
role in pathogenesis. These toxins are peptides in nature 
and vary greatly in specificity, structure and toxicity [2]. 
The integrated pest management (IPM) developed by 
Flint and van den Bosch [2] contributed immensely to this 
practice. It is an environmental based pest control method 
and relies mainly on natural processes of death enhanced 
factors which control system that coordinately and gradually 
disrupts these pests. An IPM uses all possible pest control 
methods [2,3] and evaluates the possible synergy among the 
various pest control practices, target pests, erosion impact 
on the host and the crop involve [4]. Microbial pesticides 
key appropriately into the IPM programme in that it is a 
natural process and helps to check the likely contamination 
and pollution of the environ. These bio-insecticides have 
the capacity to ensure the safety of humans and other 
non-target organisms [2,5,6]. They leave less or no residue 
deposits in food and are ecologically friendly [1,7]. It is 
expedient to note that its non pathogenic effect on some non 
targeted species may be disadvantageous since some natural 
enemies can be preserved within the ecological niche hence 
increasing biodiversity in the managed ecosystem [8]. Also, 

advantageous in that some microbial agents with high level 
of specificity against target pests can facilitate the survival 
of beneficial insects in treated crop farms. For this reason, 
interest in the development of microbial insecticides as 
biological control agents has increased in the last three 
decades [8]. According to Onianwah, et al. [7], microorganisms 
as active insect mitigating ingredient can control different 
pests, even though each microbe is relatively specific for its 
target host. For instance, while Bacillus thuringiensis may be 
more effective on Aedes aegypti, Bacillus sphaericus strain is 
more effective on Culex quinquefasciatus [9]. These microbial 
insecticides can be applied as sprays, dusts, liquid drenches, 
liquid concentrates, wet-table powders or granules.

Research Methods

Research method was by collection of secondary data 
from literature on previous research works done. These 
include review of reports, journal articles, seminars, 
symposia, and conference papers. Articles were also 
downloaded from reputable journals online. Most literatures 
were collected online using the Dennis Osadebay University 
e-library in Anwai, Asaba Delta State of Nigeria. 

Insect Pests and Challenges in Health and 
Food Crop Production

The global increase in food insecurity and the increase in 
insect mediated health challenges necessitate this paradigm 
shift in demand for alternative means of curbing the menace of 
insects’ infestations in farms and as agents of disease spread 
in humans (zoonosis) [9]. Insect are known agent of disease 
spread serving as vectors for transmission of most human 
diseases such malaria (Mosquito), trypanosomiasis (Tsetse 
fly), cholera (House fly) and so on [9]. Pests also reduce the 
quality of crops. They eat up leaves of crops hence reducing 
the photosynthetic activity of the plants and crop yield [10]. 
They also inflict injuries on the plants thereby disposing 
them to disease attacks [9]. Besides; insecurity, poverty, 
harsh weather, flooding and drought impact negatively on 
agricultural productivity in Nigeria and the world over. 
Food, Drug and Agricultural Organization has projected an 
increase of 25.3 million people facing acute food shortage 
in Nigeria between June and August, 2023 against 19.45 
million in 2022. World food programme (WFP) posted in her 
November, 2022 data showed that 26 states in Nigeria and 
Federal Capital Territory (FCT) have share in stressed food 
security situation. This has put Nigeria at 103rd position out 
of 121 countries evaluated of Global Hunger Index ranking 
[10] (Figures 1-4).
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Figure 1: Caterpillar infested maize farm.

Figure 1 is a maize farm invaded by Caterpillars while

Figure 2: Locust infested vegetable farm.

Figure 2 is an example of a devastated farmland by locust infestation in Igbuzo in Delta State, Nigeria.

Figure 3: Healthy maize farm in Delta State, Nigeria.
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Figure 3 is a healthy maize farm subjected to pesticide treatment at different location within the same community

Figure 4: Malaria patients being treated in a hospital in Delta State.

Types of Microbial Insecticides

There are five types of microbial insecticides, thus; viral, 
bacterial, fungal, protozoan and nematode insecticides. Of 
these five types, emphasis is being placed on bacterial and 
fungal based bio-pesticides due to their efficiency and ease 
of production. The mode of action and efficacy of these 
microbial insecticides depends on the type of interaction 
existing between these microorganisms and their target host 
insects [11]. Microbial pesticides can be formulated for acute 
and/or chronic use. Those for acute uses serve for immediate 
and short term and are associated with short shelf-life. 
However, those with chronic activities have long term effect 
and can be incorporated within adjuvant.

Bacteria Insecticides

Several bacteria species serve as pathogens to many 
insects. These bacterial species are vital in the development 
of microbial insecticides. Studies have shown that these 
bacteria are highly specific on their insect host and it makes 
it efficient for the development of alternatives to chemical 
insecticides. Species like Bacillus thuringiensis has been in 
use commercially for the past four decades [12]. Bacillus 
species like B. thuringiensis and B. sphaericus were found 
to be effective against mosquito [13] and other members of 
dipteran larvae. B. thuringiensis was discovered over four 
decades ago with associated increase in toxicity against 
mosquito larvae [14]. The same is also found in some bacteria 
genera especially members of Bacillus and Pseudomonas 
which have been established as microbial pesticides and are 
used in the control of insect pests and plant diseases. The 
most salient among these are insecticides based on several 
subspecies of B. thuringiensis which include B. thuringiensis 

var kurstaki and B. thuringiensis var aizawai and are highly 
toxic to larval of lepidopteran species. B. thuringiensis 
israelensis has pesticidal activity against mosquito larvae, 
black fly (simuliid) and fungus gnats. Other examples are B. 
thuringiensis tenebrionis with toxicity against different stages 
of coleoptera e.g. potato beetle (Leptinotarsa decemlineata). B. 
thuringiensis japonensis strain has insecticide activity against 
soil-inhabiting beetles [15,16]. B. thuringiensis produces 
toxic crystalline protein that kills specific target insect pests 
like lepidopteran species. The crystalline proteins produce 
by B. thuringiensis binds with the gut receptor of the target 
insect pest [17]. 

Several Pseudomonas species have virulent effect on 
some insects with P.aeruginosa as the mostly widely reported 
bacterial insecticide. In addition to this, P. taiwanensis was 
also reported for its insecticidal activity against some crop 
pests like Plutellaxylo stella, Spodoptera exigua, Spodoptera 
litura, and so on. The bacterial cells habour toxin-complex 
genes that have specificity for host insects. The species P. 
fluorescence is known for its plant growth-promoting activity. 
Studies also supported the fact that P. fluorescence involves 
bacterial antagonists to control fungal pathogens [15-17]. 
Moreover, P. cepacia was also reported for its activity towards 
suppression of plant-pathogen by secretion of siderophores 
[17].

Fungi as Insecticides

According to Khachatourians [18], fungi constitute 
important group of microbial pest used in the management 
of insect pests in both terrestrial and aquatic habitats. This 
group of fungi is called the entomo-pathogenic fungi. The 
entomo-pathogenic fungi, in association with the insects, form 
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obligate or facultative parasites, commensals or symbionts. 
These organisms are promising microbial pesticides that 
have so many mechanisms of pathogenesis. The fungal 
pesticides include members of the groups Hyphomycetes, 
Laboulbeniales, Pyrenomycetes and Zygomycetes containing 
the following species;- Verticillium lecanii, Beauveria 
bassiana, Paecilomyces farinosus, Metarhizium anisopliae, 
and Nomuraea rileyi. The commonest encountered insect 
pathogenic fungi are Metarhizium anisopliae and Beauveria 
bassiana and have been extensively studied for establishment 
of pathogenic processes and the manipulation of its genes to 
improve bio-control performance [19]. Additional copies of 
the gene encoding the regulating cuticle-degrading protease 
Pr1 were incorporated into the genome of M. anisopliae and 
are over-expressed. The mutant developed from the process 
dropped the life span of tobacco hornworm (M. sexta) by 
25% when compared with the wild-type strain [20]. The 
genus Trichoderma was also found to be effective against 
soil-borne root rot diseases of dry land crops such as those 
of groundnut, black gram and chickpea. Trichogramma 
species are known to attack the eggs of many lepidoptera of 
sugarcane inter node borer, spotted bollworm in cotton, pink 
boll worm, and stem borer in rice. They are also used against 
vegetable and fruit pests.

Production of Microbial Pesticides

The production of microbial pesticides involves 
fermentation processes as earlier stated. The mass-
production of bacteria or fungi species is done using a 
submerged liquid or solid-state fermentation or both. These 
processes could be targeted at a specific microbial pesticide 
and can be developed in a well-designed culture medium 
[21,22]. In the process, some environmental conditions are 
critical and must be monitored to enhance the achievement of 
the end product. These conditions include dissolved oxygen, 
pH and reproductive spore cells production. End products 
are created by incorporating the microbial component with 
carriers or adjuvant that facilitates better protection [22] 
of the microbial pesticides from adverse environmental 
conditions. This ensures survival of the microbial agent, 
controlled rates of release, enhanced bioactivity, improved 
shelf life, and stability

Mode of Action of Microbial Pesticides

Most microbial insecticides are contact poison. This 
implies that they must be attached or consumed before they 
could act on the host. Sometimes, these organisms are not 
ingested but the toxin which poisons the insects [21]. For 
instance, Bacillius thurigiensis attacks caterpillar of most 
butterfly. The toxins produced bind to the specific receptors 
on the gut wall [22]. Consequently, the caterpillar stops 
feeding and the outer wall breaks down resulting to death. 

Some subspecies of B. thurigiensis attacks mosquito, black 
fly, fungus gnat larvae and beetles.

Toxicity of B. thurigiensis strains is due to the presence of 
parasporal inclusion bodies (δ-endotoxins) produced during 
sporulation [22,23]. These endotoxins upon consumption by 
the larvae of insects result in high toxicity. B. thurigiensis and 
their subspecies have the potential to produce other forms 
of crystal proteins (δ-endotoxins) which, when ingested by 
the larvae, damage the gut tissues leading to paralysis of gut 
[23,24]. At this stage of paralysis, the infected larva stops 
feeding and eventually dies [25-27]. Gray, et al. [28] reported 
that B. thurigiensis toxins (bacteriocin) produced by plant 
growth-promoting Rhizobacteria, also have insecticidal 
property. 

The pathogenic action of these microbes is based on 
contact with the insect host. They infect and/or kill sucking 
insect pests [21,29,30]. Fungi attack insects by contact with 
their sexual spores which attaches to the insects cuticle and 
germinates on it under favourable environment conditions 
[31]. They do not have to be ingested like bacteria and viruses. 
Fungi attack different stages of the insect. On germination of 
the spores on the body of the insects, toxins are released on 
them which eventually kill the insects. There is specificity 
in pathogenicity of some fungal species [32]. Fungi used as 
insecticides includes Beauveria bassiana of many beetles and 
fire ants, Nomuraca rileyi of foliage caterpillars, Verillium 
lecanii of aphids and white flies, Lagenidium gigantuan of 
most mosquito larvae and Hirsutella thompsonii of citrus rust 
mite. These fungi attack the host through the integument or 
gut epithelium and form their conidia in integuments of the 
host [33]. Some species such as B. bassiana and M. anisopliae 
cause fungal insect disease, and after killing the host, the 
dead body become overgrown with fungal mycelia [34]. Some 
fungi such as Streptomycetes act by the action of its toxins 
against insect hosts [35]. According to Cole and Robinson 
[36], there are over fifty (50) compounds produce by fungi 
that are reported to have activity against insects of the groups 
Orthoptera Lepidoptera, Mites, Homoptera and Coleoptera. 
The most effective compounds of fungal origin against insect 
pests are actinomycin a cycloheximide and novobiocin. Also, 
spinosyns are bio-insecticidal substances isolated from the 
Saccharopolyspora spinosa, an actinomycetes [37]. The insect 
pathogenic fungi have a wide range of host susceptibility and 
are quite easy to mass produce [38].

Method of Application

Microbial insecticides are usually applied at site of 
feeding of the host, on leaves or other environments. Besides, 
some toxin genes can be engineered into several crops. 
Seed colonization with bio-pesticides can be done using 
Pseudomonas maltophilia. This microorganism controls root 
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rot up to 40.8% as mixed culture with Rhizoctonia bataticola, 
R. solani, Fusarium oxysporum and Sclerotinia sclerotiorum 
[39] at room temperature. Microbial pesticides should 
be continuously checked to prevent injury to non-target 
organisms, including humans [40]. Biopesticides can be 
pressurized and applied as sprays in the form of aerosols on 
crop plants [1].

Biochemistry of Microbial Biopesticides

As previously stated, some of these biopesticides 
produce proteinaceous toxins which antagonize their insect 
host. Besides, they are known to produce anti-pest chemical 
compounds arising from fermentation processes. According 
to Gaur and Sharma [41], the fermentation processes provide 
readily source of bioactivity against target organisms 
of human and agricultural interest. Anti-insecticides’ 
compounds derived from non-filamentous bacteria (e.g. 
aminolevulinic acid, thuringiensin, xenorhabdins and 
thiolutin), actinomycetes (actinomycin A) and some fungi 
(e.g. cyclic peptides, aplasmomycin, citromycin, milbemycins, 
avermectins, piericidins, nikkomycin, spinosyns, etc.) are 
known antagonists to insect pests. These compounds are 
known growth inhibitors and physiological disrupters and 
toxins to many pests [35,42,43]. 

Genetic Improvement of Insecticides

The genetic modification of bacterial and fungal 
pesticides has resulted to more effective biopesticides 
by accelerating their rate of reproduction, increase rate 
of transmission and infective ability or by increase in the 
amount of toxin produced [44]. According to Lereclus, et 
al. [45] and, Kalra and Khanuja [32], genetic manipulation 
of B. thuringiensis produced strain with insecticidal action 
against Coleoptera and Lepidoptera species of insects 
thereby enhancing the activity of B. thuringiensis on crops or 
soil. The B. thuringiensis proteins of Cry34 and Cry35 classes 
have binary toxins which act against western corn rootworm 
(Diabrotica virgifera virgifera). Schnepf, et al. [46] established 
that a combination of Cry34A/Cry35A is more active than 
the Cry34B/Cry35B pairs. They added that the binary 
Cry34/Cry35 B. thuringiensis crystal proteins are closely 
related to each other and are environmentally widespread. 
Their sequence similarities are consistent with their activity 
and are by membrane disruption in target host. Genetically 
transformed Cry35 proteins (whose segments, domains and 
motifs), have been incorporated to other proteins to boast 
insecticidal activity against the test pests [46]. Similarly, a 
polypeptide (Cry8Bb1) from B. thuringiensis has equally 
been manipulated to contain a proteolytic protection site, 
making it resistant to plant protease, facilitating protection 
to toxin from any proteolytic inactivation. Modified Cry8Bb1 
is widely used to control Alfalfa weevils, corn rootworms, 

boll weevils, and potato beetles [47,48]. Fang, et al. [48] 
postulated that B. cereus group genomes have a Bacillus 
enhancin-like (bel) gene, which promotes the insecticidal 
action of B. thuringiensis-based biopesticides [48,49]. The 
synergy of Bel and Cry1Ac increases the mortality rate by 2.2-
fold [48]. Bacillus thuringiensis is widely used as biopesticide 
globally. For instance, the cabbage head caterpillar is quite 
susceptible to most of the Cry1A toxins such as Cry1Aa, 
Cry1Ab and Cry1Ac [50-52].

Commercial Products

The common commercial products of bacteria bio-
insecticides include members of the genus Bacillus which 
are Gram positive rod shaped spore formers. They include 
B, thurigiensis, B. papillae, B. sphaericus and B. lentimorbus. 
Some common bacteria formation of B. thurigiensis are 
marketed as Dispel®, Javelin®, Thuricide®, Worm Attack®, 
Caterpillar Killer®, Bactospein® and SOK-Bt®. It is used 
worldwide for the control of many important plant and animal 
pests. According to Huang, et al. [53], Bacillus thurigiensis is 
the most common bacteria insecticides and has subspecies 
B. thurigiensis var kurstaki used against the larva of butterfly, 
B. thurigiensis var aizawai used for wax moth larvae in honey 
bee hive, B. thurigiensis var san diego and B. thurigiensis var 
tenebrionis against many beetles.

Advantages of Microbial Insecticides

•	 Organisms used are nontoxic and nonpathogenic 
to organisms not closely related to the target pests. 
Therefore must be considered safe to man and farm 
animals

•	 The action of microbial insecticides is specific to a single 
group or species of insects.

•	 They are not deactivated or damaged by conventional 
insecticides so can be used in conjunction with synthetic 
chemical insecticides.

•	 Because microbial insecticides are non toxic, it could be 
applied at all times even at the point of harvest.

•	 Microbial pesticides may become established in an 
environment and provide control during subsequent 
pest generations or season.

•	 Since they are green in nature, they are easily 
biodegraded and do not leave behind residue pollutants 
that is characteristics of chemical insecticides [54].

•	 Production is not cumbersome and it is cost effective. It 
is characterized by fast rate of production.

•	 It is a very good source of revenue. In developed countries 
such as United States of America, biopesticides’ market 
has grown to an estimated value of 1.5 billion Dollars in 
2023 [55]. 

https://medwinpublishers.com/OAJMB


Open Access Journal of Microbiology & Biotechnology
7

Onianwah FI, et al. Microbial Pesticides: A Nigerian Perspective on Sustainability of Health and 
Agriculture. J Microbiol Biotechnol 2023, 8(4): 000282.

Copyright©  Onianwah FI, et al.

Conclusion

Microbial insecticides offer effective alternative to 
synthetic insecticides. The advantage of being non toxic to 
humans, farm animals and plants ranks it above their synthetic 
counterparts. Besides, the indiscriminate use of synthetic 
pesticide is detrimental to the environment and human 
health and also increases insect resistance to pesticides. 
The activities of these bio-insecticides are enhanced by 
adequate planning bearing in mind the deactivating effect of 
environmental factors such as temperature, desiccation and 
sunlight (UV-radiation). The demand for microbial pesticides 
is rising steadily in all parts of the world. When used in an 
integrated pest management systems, its efficacy can be 
equal to or better than conventional products. By combining 
performance and safety, biopesticides perform efficaciously 
with minimum application restrictions along with human 
and environmental safety benefits. Since they are specific 
in nature, users must properly identify target pests and 
plan the most effective application technology. There is 
future prospect of the use of microbial pesticides mostly in 
agriculture and horticulture.
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