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ABSTRACT 

Pesticides are substances or chemicals employed in the control of pests. The rate of food losses in the world especially in third 

world countries continues to be on an upward scale. These losses are often caused by the damaging and destructive activities 
of pests during cultivation, harvest and post-harvest activities including drying and storage. To curtail the huge problems 

these pests, pose to farmers and other players in the agricultural food chain, researchers have over the years developed 
different types and forms of pesticides and more efforts are still ongoing in the quest to develop more pesticides especially of 

natural origin. There is a general belief that pesticides of natural origin are safer to non-target species than the synthetic 
pesticides. While this may be expected given the fact that many synthetic pesticides are made from unhealthy chemicals and 

heavy metals and are non-biodegradable resulting in accumulation of residues in food and water, it is still a subject of serious 
debate among researchers. Also, lack of government support, incentives and poor regulatory policies especially for 

biopesticides, are part of the challenges facing the development of natural pesticides. This review is aimed at unravelling the 
characteristics of the two major classes of pesticides: synthetic and natural pesticides with a view to advising on which is 

safer for human health and the environment and the way forward for farmers and other stakeholders in the agricultural sector.  
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1.0 Introduction 

One of the major challenges faced by farmers and 

other players in the agricultural value chain is the 

destruction caused by pests during cultivation, after 

harvest and during storage of agricultural produces. 

Every year, pests destroy a marked percentage of 

the world’s food production and in Africa alone about 

a couple of dozen pests’ especially arthropods are 

responsible for the steep decline in food availability 

as well as agricultural productivity [1]. To curtail the 

deleterious effects of these pests, pesticides are 

utilised at various stages of the agricultural chain. 

In general, a pesticide is a synthetic or biological 

agent that deters, incapacitates, kills, or otherwise 

discourages the activities of pests. Apart from their 

use in agriculture, pesticides are used to kill or deter 

insect vectors of malaria, trypanosomiasis and 

dengue fever. In this way, they also help to prevent 

the transmission of these diseases from one person 

to another. Pesticides include all of the following: 

herbicides, insecticides (which may include insect 

growth regulators, termiticides,etc.) nematicide, 

molluscicide, piscicide, avicide, rodenticide, 

bactericide, insect repellent, animal repellent, 

antimicrobial, fungicide, disinfectant 

(antimicrobial), and sanitizers. Most pesticides are 

intended to serve as plant protection products, 

which in general protect plants from weeds, fungi, 

or insects [2]. Targets of pesticides include insects, 

plant pathogens, weeds, nematodes (roundworms), 

and microbes that destroy properties, cause 
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nuisance, or spread diseases. Although conventional 

pesticides have benefits, some also have 

drawbacks, such as potential toxicity to humans and 

other species [3]. Most pesticides are intended to 

serve as plant protection products, which in general 

protect plants from weeds, fungi, or insects [2].  

The use of pesticides in agriculture is quite old and 

became more pronounced with time due to 

increased pest population coupled with decreasing 

soil fertility as well as increased resistance of pests 

to older pesticides. The use of modern pesticides in 

agriculture and public health is dated back to the 

19th century [4].  

The first important synthetic organic pesticide was 

Dichlorodiphenyltrichloroethane (DDT), first 

synthesized by a German scientist Ziedler in 1873 

[2]. Its insecticidal effect was discovered by a Swiss 

chemist Paul Muller in 1939. In its early days, DDT 

was hailed as a miracle because of its broad-

spectrum activity, persistence, insolubility, 

affordability and ease of application [5]. Though the 

ban on the agricultural use of DDT was proposed 

under the Stockholm Convention on Persistent 

Organic Pollutants [6] its manufacture and 

application was however permitted for the purpose 

of controlling disease vectors in accordance with 

strict recommendations and guidelines of the World 

Health Organization (WHO) and only in the absence 

of locally safe, effective, and affordable alternatives 

[7]. Consequently, DDT is still used in some 

developing nations to prevent malaria and other 

tropical diseases by spraying on the interior of walls 

to kill or repel disease vectors. [8]. This review aims 

to discuss in details the new green muscle; 

biological pesticides, their advantages, mechanism 

of action, current challenges and future prospects 

relative to the synthetic pesticides. 

2.0 Classification of pesticides  

Pesticides are classified based on several 

parameters, including their source and the type of 

pests they either kill or destroy. The two major 

classes based on source are synthetic and natural 

pesticides.  

2.1 Natural/biopesticides 

Natural pesticides are derived from natural sources 

including living organisms such as animals, plants 

and microorganisms and have the capability to 

control plants damaging pests through their non-

toxic and eco-friendly mode of action [9]. Because 

natural pesticides are wholly sourced from natural 

sources, they are adjudged to be generally safer and 

less toxic when compared to the synthetic 

pesticides. Natural pesticides have some distinct 

advantages including non-generation of harmful 

residues in food [9].  

Farmers and gardeners do not have to worry about 

poisoning themselves, their families, or pets when 

treating their crops or plants. Biopesticides are 

highly specific and exhibit selective toxicity due to 

their ability to target specific pests and leave the 

beneficial ones intact [9]. Another advantage of 

biopesticides is that they are often effective in low 

quantity therefore leading to lower exposure which 

could prevent pollution to the environment [9]. 

 Biopesticides do not give off dangerous vapours, 

accumulate in the soil, or collect in water. They can 

be cheaper than chemical pesticides when locally 

produced especially for small scale agricultural use 

or for domestic pest manangement and can be more 

effective than synthetic pesticides in the long-term 

[10]. The rationale for the development and 

deployment of biopesticides or pest controls for pest 

management is their environmental safety, 

specificity, and biodegradability. Commercially 

available microbial pathogens are target specific 

and have not been shown to infect vertebrates or 

plants. [11]. 

However, natural pesticides especially the ones 

sourced from plants are largely dependent on the 

availability of plants. Some of these plants also have 

other uses including food, medicinal and aesthetic 

uses and this may hamper the commercialisation of 

these pesticides [12]. Again the cultivation of plants 

for the production of pesticides will require vast 

amounts of land and this will lead to competition of 

arable lands for food production [12].  

Another challenge that comes with the production of 

natural pesticides is that a single plant could have 

many active substances therefore leading to a 

challenge in the formulation of these pesticides, 

additionally for pesticides to be produced from a 

plant; there is a need to extract the active 

ingredient from the plant using organic solvents 

which may pollute the environment. Though the 

biodegradability of biopesticides is an advantage to 

the environment, it also entails a short shelf life 

[12]. Due to their high specificity, microbial 

pesticides may only have effect on a portion of pests 

on the field thereby excluding others. The efficacy 

of microbial pesticides may also be affected by 
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environmental factors such as UV light and 

desiccation [12]. 

Natural pesticides are classified into three major 

groups namely, Biochemical pesticides, Microbial 

pesticides and Botanicals/Plant-incorporated 

pesticides (PIP) [13]. 

a) Biochemical pesticides 

These are naturally occurring substances or 

compounds with the ability to control pests via non-

toxic mechanisms, their mode of action is quite 

different from that of chemical pesticides which 

contain molecules that are synthesised in the 

laboratory and designed in such a way that they can 

kill the pests directly. Biochemical pesticides can be 

further divided into different biologically functional 

classes, including pheromones, semiochemicals, 

plant extracts, and natural insect growth regulators 

[14]. 

i) Pheromones: These are chemicals or 

substances produced by insects which they use 

to stimulate certain behavioural patterns in 

other organisms or individuals. These 

pheromones have a wide range of effects and 

their naming is according to the responses they 

elicit. For example aggregation pheromones, 

alarm pheromones and sex pheromones. 

Pheromones are important in the control and 

monitoring of agricultural pests, consequently 

more than 1600 pheromones and sex 

attractants have been reported [15]. At present, 

pests on vast hectares of farmlands can be 

monitored and controlled via the application of 

pheromones and semiochemicals and this 

particular mode of pest control has several 

advantages including lower costs, specificity, 

ease of use and high sensitivity [16, 17].  

ii) Insect Growth Regulators (IGRs): This 

group of natural pesticides control pests 

through the inhibition of certain fundamental 

processes neccessary for the survival of the 

insects thereby eliminating them, these 

compounds are highly selective and less toxic to 

non-target organisms [18]. Different groups of 

IGRs include the chitin synthesis inhibitors 

(CSIs) and substances that interfere with the 

action of insect hormones such as; juvenile 

hormone analogues and ecdysteroids [19]. IGRs 

are useful in the control of various types of 

insects including fleas, cockroaches, and 

mosquitoes, but they also have reduced fatality 

against adult insects [19]. Although low in 

toxicity to humans, they prevent reproduction, 

egg-hatch, and molting from one stage to the 

next in young insects but can act in synergy with 

other insecticides to kill adult insects [19]. 

b) Microbial pesticides and entomopathogens 

    These consist of microorganisms, like bacteria, 

fungi, or virus, which attack specific pest 

species, or entomopathogenic nematodes. 

These organisms target specific pest, and 

prevent the mortality of beneficial insects. [14]. 

Specific examples of microbial pesticides include 

bacteria, virus and fungi. 

i) Bacteria: The bacteria based pesticide; Bacillus 

thuringiensis has been in commercial use for 

over four decades [20]. Other bacteria 

pesticides later developed include; Bacillus 

thuringiensis var israelensis (Bti) and Bacillus 

sphaericus  (Bs). These were found particularly 

effective against mosquito [21] and other 

dipteran larvae. A number of bacterial species 

and subspecies especially Bacillus pseudomonas 

have also been used to produce biopesticides 

which are effective against insects. Other 

bacteria-based pesticides include; B. 

thuringiensis tenebrionis, with activity against 

coleopteran adults and larvae, most notably the 

Colorado potato beetle (Leptinotarsa decemlin-

eata); and B. thuringiensis japonensis with 

activity against soil-inhabiting beetles [22;23].  

Bacillus thuringiensis produces crystalline 

proteins and kills few target insect pest species 

like lepidopteran species. Bti exhibits some level 

of toxicity through the production of endotoxins 

during sporulation, these endotoxins must 

however be ingested by the larvae for the 

intended toxicity to be achieved, the ingestion 

of these endotoxins leads to the destruction of 

the gut tissues which in turns lead to gut 

paralysis. After the gut of the larvae becomes 

paralyzed, the larva is unable to feed again and 

this leads to starvation and eventual death [24; 

25:26.).  

Bt can be found in markets worldwide and are 

useful for the control of various important plant 

pests including mosquito larvae and black flies. 

Commercial Bt -based products include powders 

containing a combination of dried spores and 

crystal toxins. They are applied on leaves or 

other environments where the insect larvae 
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feed. Advances in science have allowed scientist 

to genetically incorporate genes from Bt into 

several crops [27]. Asides producing endotoxins 

that cause the destruction of the gut tissues of 

larvae, microbial pesticides also compete with 

pathogens at the site of infection; this is 

achieved by the utilisation of nutrients and 

better colonization than the pathogens. This 

particular mode of action is used by microbial 

agents in the prevention of spoilage or decay 

that occur after harvest in pome fruits [28].  

 

Figure 1: Mode of action of Bacillus thuringiensis in Lepidoptera (Modified from: 29] 

 

ii) Fungi: One of the most important fungal 

pesticides is the Metarhizium anisopliae an 

essential entomopathogenic fungus which 

propagates worldwide in the soil demonstrating 

a wide range of insect host species. M. 

anisopliae have been reported to be extensively 

used in countries like Brazil for the treatment of 

sugarcane [30] . There are different strains and 

isolates of M. anisopliae which are of different 

geographical origins [31]. Under natural 

conditions, Metarhizium anisopliae are found in 

the soil where the moist conditions allow 

filamentous growth and production of infectious 

spores, called conidia, it is this infectious spore 

that the fungi uses to infect soil-dwelling insects 

upon contact [32]. M.anisopliae has been 

reported as safe both to the crops they are 

meant to protect and to the environment when 

compared to synthetic pesticides [33; 34].  

These entomopathogenic fungi have been 

registered as microbial agent and many are also 

under consideration to be commercially 

developed into biological controls of several 

pests [35]. Asides M..anisopliae, other known 

fungal based pesticide include Aschersonia 

aleyrodis and Lecanicillium. lecanii which are 

widely used in the control and management of 

the Wooly Whitefly (Aleurothrixus floccosus), a 

pest of several cultivars including citrus and 

coffee in the Americas [36].  

iii) Virus: The third major group of microbial 

pesticides is the Virus-based pesticides. 

Prominent members of this group are the 

baculoviruses, which are double-stranded DNA 

viruses found in arthropods especially insects. 

Baculoviruses have high pathogenicity and in 

their natural form, are highly effective against 

several insect pests [37]. Despite their 

pathogenicity, researchers have recently 

observed that these viruses have high 

specificity as they have been demonstrated to 

be non-infectious to both vertebrates and plants 

[38]. Lepidoptera is the major pest against 

which baculoviruses are isolated and mortality 

has only been observed at the larval stage [39]. 

For baculoviruses to cause infection in the 

larvae they are ingested, and enter the insects’ 

body through the midgut from where they 

spread throughout the body. Although in some 

insects, infection can be limited to the insect 

midgut or the fat body [38]. Baculoviruses are 

of two groups; nucleopolyhedroviruses (NPVs) 

and granuloviruses (GVs). A common 

characteristic of baculoviruses is that they are 

occluded, i.e., the virus particles are embedded 

in a protein matrix. In NPVs, occlusion bodies 

comprise of numerous virus particles, but in 

GVs, occlusion bodies ordinarily contain just one 
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virus particle. The occlusion of their bodies 

allows these viruses to survive outside the host 

[39]. Some baculoviruses have multispectral 

activities while others are known to be effective 

only against a particular specie hence are 

unlikely to pose any danger when genetically 

modified [40, 41]. Most newly developed 

baculoviruses recombinants are incorporated 

with insect-selective toxins. There are a number 

of viral formulations basically for the control of 

caterpillar pests. For example, Certis has 

recently registered Madex™, an increased-

potency codling moth granulosis virus (GV) that 

also affects oriental fruit moth (OFM). Certis 

also deals Cyd-X™, which also contains the 

codling moth GV and which can be an efficient 

tool for codling moth management [42, 43]. 

Gemstar is registered for the control of 

lepidopteran pests, like the cotton bollworm and 

budworm, caterpillars which are majorly 

dangerous insect pests of corn, soybean, and 

other vegetables [43]. 

 

Table1: Species of virus and the products derived from them [30] 

Species Number of Products Percent 

Beauveria bassiana 45 37.2% 
B. brongniartii 5 4.1% 

Metarhizium anisopliae s l. 44 36.4% 

M. acridum 3 2.5% 
Isaria fumosorosea 7 5.8% 

I. farinosa 1 0.8% 
Lecanicillium longisporium 2 1.7% 

Lecanicillium muscarium 3 2.5% 

Lecanicillium sp. 10 8.3% 
Hirsutella thompsonii 1 0.8% 

 

 

Figure 2: Mode of action of baculoviruses against lepidopteron insects [38]. 
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c) Botanicals/plant incorporated pesticides 

(PIP) 

By far, the most commonly researched group of 

natural pesticides are the plant-based biopesticides. 

Researchers in Africa and across the world have 

developed massive interest in plant based extracts 

including essential oils and they are widely regarded 

as suitable alternatives to synthetic insecticides. 

These pesticides are naturally occurring and have a 

range of bioactive chemicals inherent [44]. Essential 

oils and other extracts from plants exhibit a wide 

range of actions against insects, these actions are 

however dependent on a number of factors 

including the physiological characteristics of insect 

species as well as the type of plant. While some of 

these extracts can act as repellents, attractants, or 

antifeedants; some others may inhibit respiration, 

hamper the identification of host plants by insects, 

inhibit oviposition and decrease adult emergence 

through ovicidal and larvicidal effects [45, 46, 47].  

Essential oils extracted from Neem and lemon grass 

is very common in the global pesticides markets 

[48]. Studies have shown that neem oil in 

combination with entomopathogenic 

microorganisms like Beauveria bassiana is highly 

effective against vegetable sucking pests [46]. 

However, further studies are required in order to 

determine the dose of azadirachtin content in neem 

oil in order to avoid killing the non-target organisms 

[49].  

The efficacy of Moringa oleifera seed oil and Anona 

muricata seed oil on the second and fourth larval 

instar of Aedes aegypti was investigated [50], 

results showed that both oils were effective against 

the aedis aegypti larvae. Studies have also shown 

that C. Occidentalis may belong to the 

neuromuscular cum organo-chlorine class of 

pesticides capable of inhibiting acetyl cholinesterase 

activity of target pests and also causing the 

disruption of ionic composition in insects. [51]. A 

study on the insecticidal activity of Piper guineense 

seed oil has shown that they have protectant 

potential against insect pest damage during storage 

and can serve as viable alternatives to synthetic 

insecticides in the control of insect pest of stored 

products [52]. Similarly, a study to investigate the 

efficacy of Xylopia aethiopica in the control of 

sitophlius oryzae was carried out by some 

researchers [53] and they concluded that the 

ethanolic extract of this plant was effective in the 

control of Sitophlus oryzae. Azadiracta indica leaf 

powder is another plant that has been reported to 

possess biopesticide potential, and recent research 

has shown that they can cause the mortality of adult 

Periplanta americana under laboratory conditions 

[54]. 

Currently, essential oils constitue a significant share 

of the pesticide market and the current market 

value is estimated at USD 700.00 million and a total 

world production of 45,000 tons, due to advanced 

technology. Industries in the US are able to bring 

essential oil-based pesticides to market in less time, 

as compared to the time taken in conventional 

pesticide launch [55]. Asides extract of plants, there 

are various plant-based biopesticides that are 

produced through genetically modified organisms 

[48], this is achieved through the incorporation of 

genetic materials into plants which are then used as 

a source to produce pesticidal compounds referred 

to as plant-incorporated protectants (PIPs) [48]. 

Cry proteins are the first-generation of insecticidal 

PIPs that were introduced into the GM crops [55]. 

2.2 Conventional/Synthetic pesticides 

Synthetic pesticides are artificial chemicals 

produced specifically for the control and elimination 

of pests. These chemicals are mainly used in 

agriculture for the protection of plants from pests, 

weeds or diseases; they are also applied in public 

health protection programs to protect humans from 

vector-borne diseases, such as malaria, dengue 

fever, and schistosomiasis [56]. Asides agricultural 

and public health applications, these products are 

also used for the improvement and maintenance of 

non-agricultural areas like public urban green areas 

and sport fields [57].  

The use of synthetic pesticides have helped farmers 

and people in the agribusiness to achieve higher 

crop yield and quality, as they help to eliminate or 

control pests that destroy these crops, for example, 

the use of chemical pesticides has helped in killing 

caterpillars known to cause massive destruction of 

cabbage, this in turn has led to higher yield and 

better quality of cabbage produced by farmers [58]. 

Synthetic pesticides have been employed in the 

process of reducing food loss caused by the 

damaging effects of weeds, diseases and insect 

pests that can markedly reduce the amount of 

harvestable produce [58]. 

Synthetic pesticides are known to eliminate 

beneficial species of interest. Following the 

application of synthetic pesticides to food crops, 
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residues of pesticides may remain in food and may 

be hazardous to the body if available at elevated 

levels. Synthetic pesticides have also been known to 

eliminate natural enemies of pests such as 

predators and parasites, leading to increase in 

population of pests [54]. The use of the same 

synthetic pesticides for many years has led to the 

development of immunity to the pesticides among 

targeted species. Most synthetic pesticides are 

hazardous and poisonous and may have toxic 

effects on infants, children and adults if they come 

in contact with the body. Synthetic pesticides can 

easily enter the soil, rivers, and lakes and 

contaminate the ground water [60].  

These pesticides can break out from the field where 

they are applied and trickle into aquatic 

environments or may also be carried off by wind to 

other fields, grazing areas, human settlements and 

undeveloped areas, potentially affecting other 

species [61]. Other problems associated with 

synthetic pesticides may arise from poor production, 

transport and storage practices. The global spread 

of chemical pesticide including the use of 

older/obsolete chemical pesticides that have been 

banned in some jurisdictions. However, they are still 

in use in some other areas, despite several laws and 

promulgations to control their application. [62]. 

There are four major classes of synthetic pesticides, 

they include: organochlorine pesticides, 

organophosphorus, carbamates and pyrethroids 

a)  Organochlorines 

Organochlorine pesticides are organic compounds 

attached to five or more atoms of chlorine [63]. 

They belong to the class of chemicals known as 

persistent organic pollutants (POPs) due to their 

high persistence in the environment [64]. 

Organochlorines have been widely used for the 

control of malaria and typhus [58] and are mostly 

used in developing countries due to their low cost 

[65, 66, 67]. Available statistics shows that over 

40% of all pesticides belong to the organochlorines 

class of chemicals [66, 65]. The most widely known 

organochlorine pesticide is 

dichlorodiphenyltrichloroethane (DDT), and they 

have wide application as insecticides. Asides their 

use as pesticides, DDT is also used as a solution in 

certain solvents [68]. Other common examples of 

organochlorine pesticides include lindane, 

endosulfan, aldrin, dieldrin, heptachlor, 

methoxychlor, toxaphene, and chlordaneother [63]. 

The organochlorine pesticide methoxychlor is 

commonly applied on fruits, vegetables, 

trees, home gardens, forage crops, and livestock, 

with the highest use occurring in the northwest and 

eastern seaboard states of the USA [69, 70]. 

Organochlorine pesticides have the ability to enter 

tissues of organisms through a process called 

bioaccumulation [71]. When assimilated, 

organochlorine pesticides could be found in varying 

concentrations in different tissues, for example 

higher level of Organochlorine pesticides are 

accumulated in tissues of the liver and kidney than 

they are in the muscles due to the lipophiic nature 

of the muscles [71]. The concentrations of the 

compounds become higher at elevated trophic 

levels. For example, concentrations of DDT, DDE, or 

other organochlorine pesticides may be as minute 

as parts per billion in water; however, upon contact 

with animals such as zooplanktons, these 

organochlorine pesticides become magnified. The 

zooplanktons are ingested by insects which are in 

turn consumed by small fish that are ingested by 

bigger fish, and the cycle goes on. At each step, the 

concentrations of OCPs increase through 

biomagnifications. Usually, no harmful effects are 

noticed initially because of the minute 

concentrations of OCPs at the lowest trophic level. 

However, the concentration peaks at the highest 

trophic levels at which point concentrations may be 

10 million times those in water. This process of 

biomagnifications was quite important in the decline 

in population observed in many fish-eating raptors 

in the 1980s and 1990s [71]. The residues from 

OCPs are widely found in fatty foods of animal 

origin, such as meat, fish, eggs, and milk, and those 

of plant origin, such as sesame, corn, rice, oat, 

olives, vegetable oil, nuts, grapes and lettuce [72]. 

b) Organophosphorus pesticides  

These are esters of phosphoric acid widely used as 

insecticides to control pests that cause damage to 

crops and food items [64]. They are amongst the 

most commonly applied pesticides in the world; with 

about 80 million pounds of organophosphorous 

pesticides applied in United States alone both for 

agricultural and residential use [74]. The earliest 

developed organophosphorous pesticides such as 

parathion and Tetraethyl pyrophosphate (TEPP) 

were highly toxic to both humans and animals 

leading to accidental poisoning in the process of 

spraying; this led to the subsequent development of 

less toxic organophosphorous pesticides. However, 

after repeated use, insects developed resistance to 

them and this resulted in loss of efficacy. With 
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advanced technologies, about forty 

organophosphorous pesticides with moderate 

toxicity have been developed [74]. This group of 

chemicals are known to be neurotoxic to mature 

laboratory animals, humans and also neonates in 

the developmental stages of their nervous system 

[75].  

They carry out their actions through inactivation of 

the enzyme acetylcholinesterase, which is an 

essential enzyme that helps in breaking down 

acetylcholine, a chemical released by certain insects 

into the intracellular space i.e synapse where nerve 

and muscle cells are interconnected. The primary 

function of the acetycholine is the stimulation of the 

muscle cells which causes it to contract, it is this 

contraction that is halted by acetylcholinesterase 

enzymes thereby leading to the destruction of 

acetylcholine signal molecules and inhibiting nerve 

function in humans, insects and many other animals 

[64].  

A long term exposure to some organophosphorous 

insecticides could lead to extended neurological 

consequences as well as numbness and pain from 

nerve damage [75]. On exposure to light, air and 

soil, organophosphorous pesticides chemically 

deteriorate by hydrolysis at a high rate [75], and 

are found in surface and groundwater [76] and 

minute quantities could also be detected in food and 

drinking water [75]. The most efficient routes of 

absorption for organophosphates are ingestion and 

inhalation [74], Phosalone, an organophosphate 

agent is far less toxic through the dermal route than 

the oral route with an LD50 of 1500mg/kg and 120 

mg/kg respectively. Organophosphates are largely 

believed to be safer and more environmental-

friendly than the Organochlorines [77], due to their 

chemically reactive nature especially under alkaline 

conditions which makes them persist in the 

environment only for a short period.  

 Other pesticides in the organophosphate group 

include Malathion, parathion and dimethoate [56].  

c) Carbamates  

These are esters of carbamic acid [78] that are 

similar in structure and mechanisms with the 

organophosphate insecticides [79]. They are 

generally refered to as N-methylcarbamates and 

when properly applied, they significantly help in the 

control and management of pests that destroy 

agricultural produces and disease vectors [78]. 

They are well known for their broad spectrum 

activity, low persistence and their relatively less 

toxic effects to mammals when compared to 

organochlorine [80]. In the drug industry, 

carbamates have been used in certain medicines for 

myasthenia gravis; an autoimmune disease that 

affects postsynaptic elements of the neuromuscular 

junction, carbamate drugs like physotigmine and 

pyridostigmine are listed as human drugs, also it is 

used as a pre-exposure protection in military circles 

against chemical warfare nerve agents such as sarin 

and tabun [81]. Residues from carbamates can be 

found in food (legumes, fruits, contaminated meat, 

and dairy products), or water as a result of improper 

handling [81]. Like organophosphates, the 

mechanism of action of carbamates is also related 

to the acetylcholine signal molecule in insects and 

animals. Carbamates cause the inhibition of the 

enzyme acetylcholinesterase by carbamylation at 

the neuronal synapses and neuromuscular junctions 

[79].  

The major difference in their mechanism and that of 

the organophosphates is that they reversibly bind to 

acetylcholinesterase while organophosphates do not 

[82, 79]. Animals and humans could be exposed to 

carbamate insecticides through dermal, inhalation 

or gastrointestinal routes. Cases of children being 

poisoned after playing on a field that has been 

sprayed with carbamates insecticide have been 

reported [79]. The least toxic route for carbamate 

exposure is through skin. The oral route of exposure 

is roughly 24 times more toxic than the dermal 

route. N-methyl carbamates can be broken down 

through enzymatic hydrolysis in the liver, and the 

degradation products are excreted by the kidneys 

and the liver [74]. In rural Asia there are about 

200,000 fatalities resulting from the intentional 

ingestion of carbamates and organophosphate 

insecticides while modelling data shows that an 

estimated 1-2 million cases occur annually with 

about 20-30% of these developing respiratory 

failure [83]. Examples of carbamate pesticides 

include aldicarb, carbofuran, ziram and carbaryl 

[56]. 

d) Pyrethroids  

These are pesticides that belong to a group of 

artificially synthesized chemicals that imitate the 

compound pyrethrins, a natural product of the plant 

Chrysanthemum cinerariaefolium. This group 

comprises esters of chrysanthemum acid (ethyl 2, 

2-dimethyl-3-[1-isobutenyl) cyclopropane-1-

carboxylate) and halogenated derivatives of their 
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acids and alcohols [84, 85, 86]. The WHO classified 

Pyrethroids under group four of insecticides [7]. 

Pyrethroids are divided into type I and II on the 

basis of the structure of their compounds, the 

actions or effects they elicit and the kind of 

symptoms they cause, the use of type I Pyrethroids 

may cause tremors of the whole body, aggressive 

behaviour, ataxia and hypersensitivity which are all 

symptoms of a band of tremor type syndrome (T) 

[84,85,86]. Type II Pyrethroids on the other hand 

are known to cause symptoms like salivation which 

indicates a condition known as choreoathetosis-

salivation syndrome (CS) and motor dysfunction in 

mammals [84, 85, 86].  

Generally, pyrethroids carry out their action through 

interaction with sodium channels and induction of 

prolonged depolarization in neurons, however both 

type I and Type II have specific mode through which 

they elicit their actions, while type I Pyrethroids act 

by changing the conformation of the sodium 

channels when neuronal membranes open or close 

[84,85,86], type II Pyrethroids affect chloride 

channels including the GABA- dependent ones 

[84,85,86 82, 87]. Pyrethroids are generally toxic 

to a variety of organisms including higher animals 

like Man [84], insects [84] and acquatic animals 

[88, 89]. Their toxicity in insects is far more 

pronounced (up to 2250 times) than in higher 

animals [84] and this is because insects have more 

sensitive sodium channels, a smaller structure and 

lower body temperature [84].  

Additionally, pyrethroids affect the ion channels in 

neuronal membranes and mitochondrial 

membranes of the aforementioned acquatic animals 

[88, 89]. Prominent members of the Pyrethroids 

group widely used as synthetic pesticides include 

permethrin (belonging to class I), deltamethrin 

(class II) and α-cypermethrin (class II) [90] and 

these three were recommended for domestic insect 

control as they were considered to be relatively non-

toxic to humans in all stages of life. However, new 

details have emerged that these compounds are not 

completely safe to human health. Researchers have 

also suggested that permethrin may adversely 

affect fertility by causing considerable harm to the 

reproductive system [90]. Other metabolic systems 

adversely affected by permethrin include the 

immune system, cardiovascular and hepatic 

metabolism as well as enzymatic activity. Asides 

permethrin, deltamethrin has also been reported to 

induce inflammation, nephro- and hepatotoxicity 

and influence the activity of antioxidant enzymes in 

tissues while alpha-cypermethrin may impair 

immunity and increase glucose and  

lipid levels in blood [90]. 

 

3.0 Comparative analysis of chemical and 

biopesticides use 

The uncontrolled applications of synthetic pesticides 

have had serious health implications on man [56]. 

Studies have shown that DDT and its metabolite 

p,p-dichlorodiphenyldichloroethylene (DDE) may 

have endocrine-disrupting potential and 

carcinogenic effect [91]. It has also been 

established that exposure to both DDT and DDE 

caused neuro-developmental effects in children 

[92]. Rodríguez-Alcalá et al. [93] reported that a 

link exists between exposure to DDE and hepatic 

lipid dysfunction in rats. Organochlorine pesticides 

have been associated with defects related to several 

biochemical processes thereby leading to issues 

with several processes that involve endocrine 

system [94, 95], embryonic development [96], lipid 

metabolism [97], and haematological and hepatic 

functions [98].  

Synthetic pesticides are implicated in a range of 

impacts on human health due to pollution. 

Pesticides can enter the body through inhalation of 

aerosols, dust, vapour and oral exposure by 

consuming food/water; and through skin exposure 

by direct contact. Synthetic pesticides secrete into 

soils and groundwater which can end up in water 

meant for domestic consumption, and into the 

atmosphere resulting in air pollution [91]. The 

effects of synthetic pesticides on human health 

depend on the toxicity of the chemical and the 

length and magnitude of exposure. Farm workers 

and their families experience the greatest exposure 

to agricultural synthetic pesticides through direct 

contact [99].  

Children are more susceptible and sensitive to the 

adverse effect of these pesticides, because they are 

still developing and as such have a less formidable 

immune system when compared to adults. Also, as 

a result of their proximity to the ground, Children 

especially toddlers may be more exposed due to 

their tendency to put stray objects in their mouth. 

Children under the ages of six months are more 

likely to experience exposure from breast milk and 

inhalation of small particles. The chemicals can 

bioaccumulate in the body over time [100]. 
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Exposure to synthetic pesticides may lead to several 

deleterious effects which may be as mild as a light 

skin irritation or as severe as serious birth defects, 

tumors, genetic changes, blood and nerve 

disorders, endocrine disruption, coma or death 

[101]. Developmental defects have also been 

associated with pesticide exposure. Recent 

increases in childhood cancers throughout North 

America, such as leukemia, may be a result of 

somatic cell mutations induced by the inhalation of 

synthetic pesticicdes [10]. Synthetic Insecticides 

targeted to disrupt insects can have harmful effects 

on mammalian nervous systems [10]. Both chronic 

and acute alterations have been observed in 

exposés. DDT and its breakdown product DDE 

disturb estrogenic activity and could possibly lead to 

breast cancer. Foetal DDT exposure could lead to a 

marked reduction in the size of the male penis in 

animals and can produce undecided testicles in 

infants. Synthetic pesticide can also affect foetuses 

in early stages of development; in utero and in 

parents exposed before conception [10] 

Reproductive disruption has the potential to occur 

by chemical reactivity and through structural 

changes [10]. 

Synthetic pesticide residues have been detected in 

streams, rivers, rain and groundwater. Water bodies 

contaminated by chemical pesticides could have 

harmful effects on fish and other aquatic biota 

sometimes leading to the extermination of all the 

fish in a particular stream [102]. Herbicides such as 

copper sulfite that are applied to water to kill plants 

are toxic to fishes and other water animals at 

concentrations similar to those used to kill the 

plants. Several decades back, amphibian 

populations had declined across the world, for 

unexplained reasons which are thought to be varied 

but of which synthetic pesticides may have played a 

part [102]. 

Again, the extensive use of synthetic pesticides in 

agricultural production could lead to massive 

degradation that would subsequently damage the 

community of microorganisms inhabiting the soil, 

particularly when these chemicals are abused either 

through misuse or overuse. The effect of pesticides 

on soil microorganisms is determined by the 

persistence, concentration, and toxicity of the 

applied pesticide, as well as several other 

environmental factors. Many of the chemicals used 

in pesticide development are persistent soil 

contaminants, whose effect may be felt for decades 

[103]. Degradation and sorption are factors which 

influence the persistence of synthetic pesticides in 

soil. Sorption affects bioaccumulation of pesticides 

which are dependent on organic matter in the soil. 

Weak organic acids have been shown to be weakly 

sorbed by soil. Sorbed chemicals have been shown 

to be less accessible to microorganisms [104]. 

Nitrogen fixation, which is required for the growth 

of higher plants, is hindered by most synthetic 

pesticides. The insecticides DDT, methyl parathion, 

and pentachlorophenol have been shown to 

interfere with legume-rhizobium chemical signaling. 

Reduction of these symbiotic chemical signaling lead 

to a reduction in nitrogen fixation and thus reduced 

crop yields [105]. Synthetic pesticides have been 

implicated in the decline of pollinators due to their 

capability to exterminate a large population of bees 

when they are applied to crops that are in bloom 

and this can have a grave effect on the environment 

and the conservation of the ecosystem [106]. They 

also have some direct harmful effects on plants 

including poor root hair development, shoot 

yellowing and reduced plant growth [107]. 

Chemical/synthetic pesticides can contribute to air 

pollution as a result of pesticide drift which could 

occur when pesticides suspended in the air as 

particles are carried by wind to other areas, thereby 

potentially contaminating them. Pesticides that are 

applied to crops can volatilize and may be blown by 

winds into nearby areas, potentially posing a threat 

to wildlife. Weather conditions at the time of 

application as well as temperature and relative 

humidity could affect the spread of pesticide in the 

air [106].  

Reduction in bird populations has been found to be 

associated with times and areas in which chemical 

pesticides were used. DDE-induced egg shell 

thinning has especially affected European and North 

American bird populations. In another report, some 

types of fungicides used in peanut farming were 

slightly toxic to birds and mammals, this is however 

far better that the deleterious consequences of 

synthetic pesticides [91]. 

Some researchers carried out a study comparing the 

efficacy of some synthetic pesticides; Bifinthrine, 

abamectine and Lambda cahaloyhrine with a 

botanical oil and neem seed oil on cabbage white 

butterfly under field conditions, they concluded in 

their study that the Neem oil extract provided a 

better protection to the cabbage both when applied 

alone and when used as an insecticide-botanical 

combination regimen [108].  
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Fishes are common bio-indicators of pollution and 

they are usually affected by pesticides which pollute 

water bodies through accidental run off. In a study 

carried out to compare the toxicity of a synthetic 

pesticide, dichlorvos and a neem based pesticide on 

fishes, it was observed that fishes exposed to the 

synthetic pesticides showed more severe changes in 

behavioural patterns which include irregular erratic 

and darting swimming movements and loss of 

equilibrium and they gradually became lethargic, 

hyper excited, restless and secreted excess mucus 

all over their bodies prior to their mortality, Neem 

based pesticides were less toxic while dichlorvos 

were very dangerous to aquatic animals [109]. 

 In another study carried out by another researcher, 

the comparative efficacies of some botanicals (neem 

seed crude extract and eucalyptus leaves extract) 

and a synthetic pesticide; cypermethrin were 

evaluated against major insect pests of cabbage. 

The result showed that both the synthetic and 

botanical pesticides under study were effective 

against the cabbage insect pests but cypermethrin 

had higher efficacy than neem and eucalyptus 

extracts [110]. It must however be emphasized that 

this study only considered the efficacy of the 

pesticides and not the safety., According to a 

research by Kumar [111].  

Ugandan farmers believed that synthetic pesticides 

showed a greater efficacy in comparison with 

botanical pesticides. In a study to compare the 

efficacy of plant derived and synthetic insecticides 

against cabbage aphid, Brevicoryne brassicae (L.) 

(Homoptera: Aphididae), it was concluded that the 

plant derived pesticides reduced the aphid 

populations equally to conventional insecticides and 

could be used as an alternative component for the 

integrated pest management (IPM) of cabbage 

aphid, Brevicoryne brassicae [112].  

Biswas [113] compared the effectiveness of neem 

extracts and synthetic organic insecticide against 

mustard aphid, he observed that Both the Neem and 

sytnthetic pesticides under study reduced the 

population of aphid, though the synthetic pesticide 

achived a greater reduction in aphid population 

[94%) when compared to the neem extracts [81%), 

he however concluded that the use of neem extract 

is an eco-friendly management tactics of aphid 

which is cheaper and safer for pollinators and 

natural enemies, especially coccinellid predators 

attacking aphids and also safe for the environment.  

 

3.1 Future perspective 

The population of the world is growing at an 

unprecedented rate and this has continued to pose 

a great challenge to people in the agricultural value 

chain as they continue to devise several methods to 

ensure food production meets up with ever growing 

population. At the heart of attaining increase in food 

production are efforts that ensure that wastages in 

food production are brought to the barest minimum, 

and this is where pest management comes in [106].  

The current review has taken an extensive look at 

the different classes of pesticides, including the pros 

and cons of each class. Going forward, the usage of 

biopesticides is highly recommended to farmers as 

studies adjudge them to be safer to the crops, 

environment and even the health of the farmers. 

Also future strategies in curbing the menace of crop 

pests should involve integrated pest management 

which involves series of techniques that can subdue 

the menace of pests while at the same time causing 

minimum disturbance to the agro-ecosystem. The 

end goal of integrated pest management is to 

ensure that chemicals which may be potential 

pollutants and farming practices like tillage 

operations which could cause soil erosion, are used 

in such a way that does not impact soil and water 

negatively [105].  

Nanotechnology is an emerging and promising field 

which has found immense application in the science 

and technology sector including the agriculture 

sector, this technology is poised to revolutionize the 

way biopesticides are employed in the nearest 

future. Currently, it is used in the development of 

nonporous zeolites which are used to deliver doses 

of water and fertiliser in a slow but efficient manner. 

Nanotechnology is also very useful in the 

development of nanocapsules for delivery of 

herbicides as well as nanosensors for pest 

detetction. One of the challenges associated with 

biopesticides is that they quickly degrade after 

being applied (partly due to environmental factors) 

sometimes before even reaching the target, 

however with the development of nanoparticles in 

the form of pesticides, biopesticides can be properly 

absorbed into target plants unlike in the case with 

larger particles. It is important that future studies 

on nanoparticles and insect control, concentrate on 

formulation and production of more rapid and eco-

friendly pesticides that could be delivered into the 

target host tissue using encapsulation.  
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Though a number of studies have been carried out 

on the formulation, efficacy and safety of different 

classes of biopesticides, there are still not enough 

comparative studies x-raying side by side the 

effects and safety of biopesticides to that of 

synthetic pesticides hence a need for more studies 

in that direction. There is a growing need to support 

(by way of funding and enactment of laws) the 

development, formulation and commercialization of 

biopesticides by government through research 

agencies and educational institutions, it is also 

important to have a public-private collaboration 

geared towards the improvement, manufacturing 

and commercialization of environmentally friendly 

alternatives to chemical pesticides [109]. Another 

challenge that must be addressed is the difficulty in 

getting needed raw materials thereby hampering 

commercialization efforts and leading to high cost of 

production. There is a need to develop strict 

regulatory mechanisms that will lead to marked 

reduction in prices of biopesticides, to make them 

affordable to rural farmers in developing countries 

[109]. There is also need to incorporate studies 

related to pesticides development, safety and 

formulation into academic curriculum of tertiary 

institutions across the globe with the aim of 

deepening the knowledge and research about 

biopesticide. 

 4.0 Conclusion  

Food stands out as one of the greatest need of man; 

however, there is a potential threat of food 

insecurity occasioned by the damaging effects of 

pests on crops. To combat this, researchers across 

the world have developed various kinds of pesticides 

from natural and synthetic sources. Synthetic 

pesticides are the most ubiquitous commercially as 

well as the most employed in the field of agriculture, 

perhaps due to the fact that they had an already 

established market prior to the introduction of 

biopesticides, also some available comparative 

studies on the efficacy of natural and synthetic 

pesticides have shown that synthetic pesticides 

have better efficacy within a shorter time when 

compared with natural pesticides. 

 These synthetic pesticides however, have grave 

consequences on the environment as revealed by 

several studies reviewed in the present review due 

to their persistence in the atmosphere, which can 

cause long lasting negative effects. Some of the 

deleterious effects of chemical pesticides are their 

ability to cause serious metabolic disorders in man, 

pollution of aquatic life which leads to contamination 

of water, indiscriminate elimination of useful 

organisms of plant, microbial and animal origin as a 

result of poor precision in targeting of pest, and loss 

of effectiveness over time due to pest resistance. 

Biopesticides on the other hand, are safe, effective 

and less damaging to the environment. They work 

effectively against dangerous pests and remain 

effective long after they have been introduced to the 

environment. Despite the growing interest in the 

development and use of biopesticides, its 

application is still limited when compared with 

synthetic pesticides, and this is because there are 

still various issues inter alia relating to high cost of 

production when manufactured on an industrial 

scale, regulatory deficiencies, poor storage stability 

and susceptibility to environmental factors. The 

good news is that these setbacks are being 

surmounted by improved and advanced 

technologies. Hopefully in the near future, more 

advanced and effective biopesticide will be 

developed and used as much as the synthetic 

pesticides. 
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