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Abstract

In the modern day, agrochemicals are regarded as a crucial component of agriculture. On the
basis of their intended uses, agrochemicals are broadly divided into pesticides (chemicals that
protect plants), plant growth regulators (PGRs, plant hormones, stimulants, retardants, and
additives), fertilizer (chemicals that promote plant growth), soil conditioners (antibiotics and
hormones), and acidifying agents (chemicals that maintain the pH of the soil). These
compounds are used by our farmers to defend against pre- and post-harvest losses and to
improve crop yield. A major source of pollution that persists and biomagnifies in nature and
affects the sustainability and soil properties is the extended and intensive use of
agrochemicals. The role of soil microorganisms in the agricultural ecosystem is essential for
preserving soil fertility and health as well as increasing crop productivity. Agrochemicals,
either directly or indirectly, change the diversity, richness, and evenness of non-targeted
beneficial microorganisms, systematically reducing the nutrition available to plants and
accelerating the spread of disease in agricultural crops. The classification of agrochemicals

and their effects on the soil are mainly emphasized in this article.
Keywords: Agrochemicals, pollution, agricultural yield, and soil health
Introduction

Chemicals used in agriculture are referred to as agrochemicals or agrichemicals. These
substances include insecticides, fertilizers, soil improvers, liming agents, and plant growth
hormones. The current world population is 7.2 billion, but that number might rise to 9.3
billion by 2050, significantly boosting the demand for food worldwide. Boxall et al. also
stated that pathogenic microorganisms, weeds, and pests contribute to a 25% loss in
agricultural productivity globally. Weeds and insects are therefore important reducing biotic

sources in agriculture. In contrast to conventional or modern farming systems, which are
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entirely dependent on the use of agrochemicals, organic farming systems, which safeguard
the environment without the use of agrochemicals, were in use prior to the Industrial
Revolution. These agrochemicals are typically used in all parts of the world to improve crop
production. On the one hand, pesticides are used to control pests, diseases, pathogens, and
weeds. On the other hand, fertilizers are used to give nutrients to the soil [1-4]. As a result,
the majority of complex agrochemical chemicals, some of which are toxic to non-target,
beneficial soil microorganism activities. Since they are treated equally throughout the entire
field, regardless of the affected areas, more than 95% of applied herbicides and 98% of
applied insecticides reach non-target soil microorganisms than their target pest [5-6].
Therefore, only around 0.1% of the entire number of applied pesticides reach the target
species, while the remainder pollutes the soil and environment. Pesticides are being used
carelessly, which disrupts not just the biodiversity of the soil but also the ecosystem and soil
microcosms, which include the soil microfauna in field communities [7]. Pesticides used in
large quantities that reach the soil have a direct impact on the soil microbiota, a biological
indicator of soil fertility that affects plant growth and development [8-9]. Similar to this,
multiple studies have documented how different pesticides affect soil enzyme activity,
including hydrolyzes, nitrate reductase, urease, oxidoreductases, nitrogenase, and
dehydrogenase activities. Pesticide applications also have an impact on biological nitrogen
fixation (BNF) and the biotransformation’s that are linked to it (such as ammonification,
nitrification, denitrification, phosphorus solubilization, and S-oxidation). In addition, the
extensive use of pesticides in modern agriculture has a negative impact on reduced microbial
carbon biomass (MCB) and functional diversities of many non-target soil microbial species
[10-11].Through evaporation in the air, volatilization in the soil, and discharge in water,
agrochemicals absorbed by plants are dispersed into the ecosystem. Agrochemicals,
particularly pesticides, not only pollute the environment but also harm microflora and
microfauna. Additionally, they prevented plants from absorbing crucial minerals and
nutrients from the soil [12]. Various agrochemical types used in agriculture According to
their intended uses, agrochemicals are broadly categorized as pesticides (chemicals that
protect plants), plant growth regulators (PGRs, plant hormones, stimulants, retardants, and
additives), fertilizers (chemicals that promote plant growth), soil conditioners (antibiotics and
hormones), and acidifying agents (chemicals that maintain the pH of soil) [13].
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Figure-1 Classification of Agrochemicals

Pesticides

Pesticides are categorized as "plant protectors” since they shield plants from pest-caused
illnesses and diseases while also increasing agricultural yields. These are also described as
sophisticated chemicals that are used to prevent or eliminate pests. The ideal insecticide
would be biodegradable, act on the intended hazardous species, and not leach into the ground
water [13]. The majority of pesticides used in agriculture release vapors that pollute the air
and are also absorbed into the soil through surface runoff from treated plants. When these
pesticides are deposited in soil, they directly affect the soil microorganisms and have a
negative impact on the local ecosystem, plants, people's health, and water bodies [14].
Pesticides are further divided into algicides, fungicides, herbicides, insecticides,
molluscicides, nematicides, and rodenticides based on the mechanism of the target organisms
[15]. Insecticides are chemical substances that are used to kill insects at various life stages,
including eggs (ovicides), larvae (larvicides), and adults (adulticides), which interfere with
moulting and maturation stages (insect growth regulators), which interfere with pheromone-
based mating behaviors. Organic nitrogen, organic phosphorus, organic chlorine, pyrethroids,

and carbamates are typical examples. Molluscicides, such as metaldehyde, niclosamide, Slug-
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Tox, and limatox, are substances used to suppress gastropod pests (snails and slugs), which
harm plants by eating on them. Nematicides are substances that are used to eradicate plant
parasitic nematodes. Typical examples include Aldicarb, Nimitz, Velum Prime, and Mocap
[16]. Rodenticides are substances that are either used to prevent the growth of rodents like
rats, mice, and domestic pests including chipmunks, woodchucks, and squirrels or to kill
them. Difenacoum, bromadiolone, warfarin, and zinc phosphide are a few examples of

rodenticides.
Herbicides

Depending on the type of herbicidal chemicals used, herbicides cause a drop in the overall
microbial population between 7 to 30 days of application. They also have a negative impact
on microbial biodiversity indirectly by changing their physiology or metabolic processes.
This in turn impacts the amount of plant growth regulators (gibberellins production,
transportation of Indoleacetic Acid (IAA), ethylene concentration, etc.) as well as soil
enzymatic activity, cellular membrane composition, protein biosynthesis, and others [17-18].
Numerous delicate bacteria have been documented to perish as a result of the administration

of excessively high dosages of herbicides.
Fungicides

Numerous studies have documented their detrimental impact on soil microbial activity,
growth, and survival [19]. Bavistin, a fungicide, inhibits a number of soil microbial
communities, however the effect is negligible. Not all fungicide compounds can cause AMF
to become sensitive [20]. Carbendazim, a benzimidazole fungicide and a metabolite of
benomyl, and emisan, which contains 6% 2-methoxyethylmercury chloride, both negatively
affect AMF in groundnut. However, groundnut mycorrhizae may be stimulated by Cu
treatments. Metalaxyl applications encourage AM colonization in the roots of soybean and

maize [21].
Insecticides

Insecticides are chemical substances that are used to kill insects at various life stages,
including eggs (ovicides), larvae (larvicides), and adults (adulticides), which interfere with

moulting and maturation stages (insect growth regulators), which interfere with pheromone-
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based mating behaviors.When used at field-recommended amounts, pesticide residues have
no negative effects on nitrification [22]. But what raises questions are the quantities and
prolonged use of such insecticides. However, at greater rates, it prevents the nitrification
process and the bacteria that are engaged in it [23]. For instance, when sprayed at
concentrations between 0.02 and 10 times the field recommended dose, the biochemical
processes of nitrification and denitrification in soils polluted with monocrotophos, lindane,
dichlorvos, endosulfan, malathion, and chlorpyrifos are reduced [24]. The extent and degree
of toxicity of insecticides can vary depending on the kind and group of insecticides used, and
they have a negative effect on soil bacteria that are crucial to the transformation of nitrogen in
soils [25]. Pesticide pollution has a big impact on the ecosystem of the soil [26]. Repeated use
of these sophisticated chemicals (fertilizers, weedicides, insecticides, etc.) invariably results
in the microbial life that is essential to a healthy soil ecosystem being destroyed [27].
Through the use of insecticides, soil-dwelling microorganisms can be genetically altered in a
way that is detrimental to the soil ecology and may eventually develop a resistance to the

chemicals used to eradicate them.
Rodenticides

Pesticides formulated to kill rodents are known as rodenticides. There are specific products
for pocket gophers and voles, but they mostly target commensal mice and rats. Rodenticides
can poison animals other than rodents as well, though. Anticoagulants and non-anticoagulants
are the two basic groups into which rodenticides can be placed. Because an anticoagulant
stops or lowers blood coagulation, which lengthens the clotting time in affected animals, it is
frequently referred to as a blood thinner. The first-generation anticoagulants are those that
were created as rodenticides prior to 1970. When feeding takes place over multiple days
instead of just one, these chemicals are substantially more harmful. The first-generation
anticoagulants chlorophacinone, diphacinone, and warfarin are approved in the US for the
management of rats and mice. Beginning in the 1970s, second-generation anticoagulants
were created to treat rodents resistant to first-generation anticoagulants. Additionally, second-
generation anticoagulants have a higher likelihood of being able to kill with just one feeding

than first-generation anticoagulants.

Table-1 Examples of Some Rodenticides
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Rodenticides Example
Alkaloid Rodenticides strychnine
Botanical Rodenticides scilliroside

Calciferol

cholecalciferol

ergocalciferol

Coumarin

brodifacoum
bromadiolone

alpha-bromadiolone

coumachlor

coumafuryl

coumatetralyl
dicoumarol

difenacoum
difethialone
flocoumafen

warfarin

Fumigant

calciumcyanide

hydrogencyanide
phosphine

sodium cyanide

Halogenated Alkanoic Acid

fluoroacetamide
fluoroaceticacid

sodium fluoroacetate

Indandione

chlorophacinone

diphacinone
naphthylindane-1,3-diones

pindone
valone
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Inorganic aluminiumphosphide

magnesiumphosphide

phosphorus
thalliumsulfate

zinc phosphide

Fertilizers

In general, compounds that encourage plant development are referred to as fertilizers. Any
organic or inorganic mixture that gives crops soluble versions of key nutrients is called
fertilizers. Fertilizers that are organic or natural include animal dung, compost, Human dung,
recyclable materials, and industrial byproducts are preferred to synthetic fertilizers are
phosphate fertilizers, nitrogen fertilizers (urea and ammonium sulphate), Potash fertilizers

and potash sulphate (K2SO4) are examples [28].
Agrochemicals Used and Their Impact on Soil Quality

The Natural Resource Conservation Service of the (USDA) states that "Soil quality is how
well soil does what we want it to do.” One aspect of soil quality is soil fertility. Plant growth
requires nutrients, which fertile soils may supply. These are the chemical elements that make
up soil. The presence of synthetic chemicals or other changes to the natural soil environment
are the main causes of soil contamination or soil pollution. It is generally brought on by
industrial activity, agricultural chemicals, or inappropriate waste disposal. Agrochemicals
are applied in agricultural settings to help assure a plentiful supply of food. Agrochemicals
are used to achieve a number of significant benefits. These are mostly linked to higher plant
and animal crop yields and reduced storage spoilage. These advantages are significant.
Agrochemicals have significantly aided the success of the "green revolution,” especially
when used in conjunction with crop species that have undergone genetic improvement.
Because of this, there is now more food available for Earth's rapidly growing human
population. However, the usage of some agrochemicals has also been linked to some
significant ecological and environmental harms. Degradation of soil quality results from the

extensive use of outside agricultural inputs in agricultural production systems. Pesticides are
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an example of organic (carbon-based) contaminants that affect soil quality. Due to their high
persistence in soil, pesticides progressively degrade and become a source of contamination
[29]. With the aid of soil organic carbon, soil functions as a filter, buffer, and a potential site
for pollutant degradation [30]. However, it is also known that soil is a potential route for
pesticide transport that could contaminate water, air, plants, food, and ultimately humans
through runoff and sub-surface drainage, interflow, and leaching, as well as the transfer of
mineral nutrients and pesticides into the plants and animals that make up the human food
chain [31].

Pesticides have the potential to enter the environment when they are used on a target plant or
when they are discarded. Pesticides can go through processes including transfer (or mobility)
and degradation after being released into the environment [32-34]. New compounds are
created by the breakdown of pesticides in the environment [35]. Adsorption, leaching,
volatilization, spray drift, and runoff are just a few of the transfer processes that allow
pesticides to move from the target site to other environmental media or non-target plants [36].
The many chemical kinds reveal their disparities in environmental behavior. For instance,
whereas organochlorine substances like DDT have minimal acute toxicity, they exhibit a
substantial capacity to accumulate in tissues and continue to harm organisms over the long
term. Most nations have outlawed their sale, but because to their nature, their leftovers linger
in the environment for a very long time. Organophosphate insecticides exhibit a noticeable

acute toxicity in mammals despite having a low persistence [37].

The water solubility, soil sorption constant, octanol/water partition coefficient, and half-life
in soil (DT50) of pesticides all have a strong correlation with the persistence of pesticide
residues in the soil [38]. Strongly bound pesticides have high K, values that lead to high Ko
values, and both of these characteristics lead to strong sorption to the organic matter in the
soil. As a result, it would be reasonable to anticipate that pesticides that are hydrophobic,

persistent, and bio-accumulable would persist in soil [39].

Conclusion
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Long-term use of agrochemicals in agriculture may have a fatal impact on soil microbial
activities that affect nutrient cycle and crop productivity. As a result, it's critical to use
agrochemicals at the right concentration to sustain soil health and the environmental balance.
It is essential to use pesticides wisely and selectively because the majority of negative effects
are brought on by application levels that are higher than what is advised. Reducing the
negative impacts on people and the environment requires education of farmers, distributors,
industry, legislators, and other stakeholders in the selective use of pesticides. The long-term
impact of pesticides on microbial populations and their long-term eco-toxicological effects
requires well-designed trials. It would be appropriate to use current techniques for better
pesticide use to reduce lethal assets and prevent threats to human safety. Additionally, to
avoid the careless use of agrochemicals, the application of biopesticides, nano fertilizers,
nano biofertilizers, and nano pesticides should be emphasized in order to conserve the
beneficial natural microflora that is crucial for sustaining soil fertility. Many of the most
recent eco-friendly strategies to combat the threat of chemical pollution have placed

biological pest control at the forefront.
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