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Chapter

Excessive and Disproportionate 
Use of Chemicals Cause Soil 
Contamination and Nutritional 
Stress
Nikita Bisht and Puneet Singh Chauhan

Abstract

Incredible achievements have been made in agricultural production worldwide, 
but many daunting challenges remain unresolved to ensure food security and 
environmental sustainability. Chemical fertilisers are used in excessive and dispro-
portionate quantities to raise crop yields in order to combat certain circumstances. 
However, apart from being processed in crop plants, chemical fertilisers above the 
threshold level pollute the atmosphere. As the availability of nutrients becomes a 
constraint of plant growth and production, sustained crop productivity relies on 
constant renewal. To increase agriculture production and maintain soil fertility, 
the application of chemical fertilisers is indispensable. However, insufficient or 
unnecessary application of fertiliser does not guarantee consistently growing yields, 
which can result in low efficiency of nutrient usage. Today, the key goals are the 
study of the effective use of chemicals, the reduction of production costs and the 
efficient use of fertilisation.
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1. Introduction

Soil is a very important and sensitive resource of a nation. In order to meet 
increasing public needs and to promote crop products, the use of high inputs of 
chemicals in the soil in the form of fertilisers, pesticides, fungicides, insecticides, 
nematicides and weedicides, along with intensive irrigation practises, helped to 
achieve the target to a certain stage. However, the decrease in crop yield took place 
despite the application of fertiliser. The toxic chemicals influence the life of benefi-
cial soil microorganisms, which are indeed responsible for maintaining soil fertility. 
Moreover, groundwater, air, and human and animal health have also been adversely 
affected by these chemicals directly and indirectly. Therefore, preserving the health 
of the soil is very essential. The avoidance of chemical fertilisers and the use of 
natural fertilisers such as biofertilizers, vermicompost, green manure and biopesti-
cides, as well as the nourishing of the soil and the environment, can be a sustainable 
approach to crop productivity.

In order to boost crop quality and satisfy the global demand for food, chemical 
formulations being introduced as fertilisers and pesticides in appropriate amount are 
important for food management resources in agriculture. On the other hand, if used 
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in excessive and disproportionate amount, there are harmful aspects of inorganic 
fertilisers and pesticides that can not be ignored. They persist for a long time in the 
soil and atmosphere and influence various biotic and abiotic factors. They negatively 
influence soil, microflora, other organisms, human health and the environment. The 
excessive quantities of agrochemicals, industrial chemicals, trace metals and urban 
waste enter the soil through atmospheric deposition, disposal of waste, industrial 
effluents and direct application¸ and pollute it [1–3]. Soil contamination is responsi-
ble for decreasing the soil biodiversity and fertility and hence, decrease soil health by 
obstructing the breakdown of soil organic matter and altering nutrient cycling. The 
contamination of soil, therefore reduces crop yield and affects food safety, especially 
when bioconcentrated pollutants enter organisms within food chains [4].

Through their roots, plants can also take up soil pollutants or absorb them 
through their leaves. The prolonged intake of infected foods, including human 
beings, can cause disease and lead to animal deaths [5]. In particular, urbanisation 
causes soil contamination in peri-urban areas, which have to deal with urban air 
pollution deposition and municipal solid waste disposal [1, 6]. Acid rain decreases 
soil aggregate stability, affects soil microorganisms and enzyme activities, 
increases soil erosion and mobility of nutrients, and in turn contribute to loss of 
nutrients [1, 7–9]. Soil pollution is also linked to the water quality used for irriga-
tion purposes and to flooding events. Industrial and urban sewage is rapidly being 
adopted for irrigation to meet the rising demand for drinking water. This is partic-
ularly common in countries facing rapid urbanisation rates, such as China, where 
contaminated water and sewage have irrigated 3.62 million ha of agricultural land 
[1]. Due to atmospheric accumulation, industrial waste and the use of waste water 
for irrigation, soil contamination from trace metals is prevalent in peri-urban areas 
[1, 10, 11]. Trace metal supply is directly influenced by plant root exudates and by 
the activities of soil microorganisms. Owing to the high sensitivity of soil microor-
ganisms to excessive trace metal concentrations, they are responsible for reducing 
soil biodiversity and fertility [12, 13]. Moreover, due to their close affinity with 
organic matter, trace metals accumulate in surface organic deposits, and passively 
taken up by plants by water flow [14]. Studies have documented the accumulation 
of trace metals in agricultural foods with high concentrations in stems and leaves 
rather than in fruits and seeds [15].

Intensive cultivation and mono-cropping have contributed to a large increase 
in the usage and reliance on agrochemicals. Fertiliser and pesticide soil contamina-
tion is due to inadequate management of nutrients in combination with pest and 
weed mismanagement, respectively [4]. In addition, because their behaviour in the 
environment and especially in the food chain is not comprehensively understood, 
the fate of pesticide metabolites is of concern [16]. The growth of the population 
raises the risk of pollution of the soil. Food protection is thus threatened by the 
presence of toxins and by the associated risks of bioaccumulation. Soil contamina-
tion is responsible for reducing crop yields and for turning productive agricultural 
land into unproductive areas by decreasing soil fertility and biodiversity. As a result, 
the food availability and stability dimensions of food security are affected by this. 
Food accessibility is challenged by the extent and spatial distribution of soil pollu-
tion, which, in particular in urban and peri-urban areas, restricts food access. Soil 
pollution is, therefore, a hazard to all dimensions of food safety.

2. Healthy soils: a prerequisite for sustainable food security

Soil health is defined as a living soil’s ability to function within natural or 
regulated ecosystem boundaries, to preserve productivity of plants and animals, to 
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conserve and enhance the quality of water and air, and to promote plant and animal 
health [17, 18]. Therefore, soil health is a multi-dimensional and holistically vital 
soil characteristic, and forms the basis for healthy food production, thereby con-
tributing to local and global food security. By 2050, a 60 percent rise in global food 
production and related ecosystem services need to be accomplished. But, through 
soil erosion, nutrient loss, salinity, sealing and pollution, one-third of global soils 
are currently facing moderate to extreme degradation.To achieve sustainable soil 
management, evidence-based decisions and soil information are essential [19]. 
Soils impoverished by nutrients lead to systemic food and nutritional problems. 
Micronutrient deficiencies are significant cause of morbidity and mortality, and 
affect over two billion people [20–23]. Protein-energy malnutrition is due to food 
scarcity and ingestion of trace elements (i.e. iron, lithium, magnesium, zinc, cop-
per, iodine) from crops with low tissue concentrations, which are directly attribut-
able to nutrient-poor soils [24].

3. Impact of chemicals used in agriculture on environment

Since the chemical fertiliser increases the growth and vigour of the plant, it thus 
meets the world’s food security, but the plants grown in this way do not develop 
good plant characteristics such as good root system, shoot system, nutritional char-
acteristics and will not have time to grow and mature properly [25]. The deleterious 
effect of chemical fertilisers itself begins with the processing of chemicals whose 
products and by-products are certain harmful chemicals or gases that cause air pol-
lution, such as NH4, CO2, CH4, etc. And it will cause water pollution when the waste 
from industries is disposed of untreated in nearby water bodies. It also involves 
the most damaging impact of the accumulation of chemical waste in the bodies 
of water, i.e. water eutrophication. And its constant use, when applied to the soil, 
degrades the health and quality of the soil, thereby causing soil contamination. It is 
therefore high time to realise that our climate and biodiversity are depleted by this 
crop production input. Therefore, its continuous use without taking any remedial 
action to reduce or judicious use will one day deplete all natural resources and 
threaten the entire life of the earth. The adverse effects of these synthetic chemicals 
on human health and the environment can be reduced or eliminated by adopting 
new agricultural technological practises, including the use of organic inputs such 
as manure, biofertilizers, biopesticides, slow-release fertilisers and nanofertilizers, 
etc., and moving away from chemical intensive cultivation.

4. Influence on soil compaction and degradation

Soil compaction is an important component of the syndrome of land degradation 
and is a major problem for advanced agriculture, affecting soil resources adversely 
[26]. As the soil is compacted, its composition changes by crushing aggregate units, 
decreasing the size of pore spaces between the soil particles, decreasing compaction 
due to the use of heavy equipment, reducing the use of organic fertiliser, repeated 
use of chemical fertilisers, and ploughing for several years at the same depth [27]. 
One of the principal causes of compaction is the usage of fertilisers more than 
the recommended amount for long periods and intensive cropping. Soil compac-
tion causes problems such as excessive soil strength, root growth restriction, poor 
aeration, poor drainage, runoff, erosion and deterioration of the soil, etc. [28]. 
Such modifications lead to permeability, hydraulic conductivity and groundwater 
recharge reductions [29]. Excessive soil compaction impedes root growth and this 
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decreases the capacity of plants to absorb nutrients and total porosity, leading to an 
increase in the density of soil bulk and resistance to penetration. It is reported that 
compaction decreases both root growth and yield by more than 80 percent [30]. 
Nitrification decreases by 50 percent as the density of soil bulk increases and plants 
consume less N, P and Zn from soil [31]. A great concern is the reduction of biologi-
cal activities in soil due to compaction [32]. The most significant element in soil 
structure stability is organic matter. Soil that has high organic matter content and 
thrives with soil species is more compaction-resistant and can recover much better 
from mild damage to compaction [33, 34]. Over-use of fertilisers has led the develop-
ment of continuous monoculture cropping, accumulation of fertiliser mineral salts 
in soil that forms compaction layers in soil, and cause long-term soil degradation.

5. Disproportionate usage of chemicals and soil nutrients

The soil is a home for soil organisms which are a mechanism for nutrient 
recovery, and offers many other environmental services. Chemical fertiliser overuse 
can contribute to soil acidification and soil crust, thereby reducing the content of 
organic matter, humus content, beneficial species, stunting plant growth, altering 
the pH of the soil, growing pests, and even leading to the release of greenhouse 
gases. The acidity of the soil reduces crop phosphate intake, raises the concentration 
of harmful ions in the soil and inhibits crop growth [35]. The soil’s loss of humus 
decreases its capacity to store nutrients. The atmosphere is polluted by green-
house emissions resulting from the excess use of nitrogen fertiliser. Over the time 
nitrogen fertilisers added in large quantities to fields kills the balance between the 
three macronutrients, N, P and K, resulting in decreased crop yields. Sandy soils 
are much more vulnerable to soil acidification than clay soils. Clay soils have the 
potential to buffer excess chemical fertilisation effects. Repeated chemical fertiliser 
applications may lead to a toxic build-up in the soil of heavy metals such as arsenic, 
cadmium, and uranium. Not only do these toxic heavy metals pollute the ground, 
but they also accumulate in food grains, fruits and vegetables. Fertilisers such as 
triple superphosphate, have trace elements such as cadmium and arsenic that accu-
mulate in plants and enter humans via food chains that can cause health problems 
[36]. Application of fertilisers without the recommendation of soil testing can lead 
to implications such as soil degradation, nutrient imbalance, soil structure destruc-
tion, bulk density increase [37].

When crop plants are harvested, soil nutrient levels are reduced over time, and 
these nutrients are replenished either by natural decomposition or by adding fertil-
isers. Therefore, the basic component of modern agriculture thesedays is fertiliser. 
However, while chemical fertilisers are the main cause of adequate crop production 
for the world’s population, their overuse presents serious challenges for present and 
future generations, such as contaminated air, water and soil, degraded land, soils 
and increased greenhouse gas emissions. Not only are these synthetic fertilisers 
being harmful to our climate, but also to humans, livestock, and microbial forms 
of life. It is high time that everyone realises the detrimental effects of using excess 
chemical fertilisers and take steps to minimise the usage of chemical fertilisers and 
pesticides by substituting other organic modifications such as organic manures that 
not only provide plants with essential nutrients, but also preserve soil quality for 
subsequent crops. There are so many other technologies that are being developed, 
such as slow or controlled released fertilisers, prilled or granulated fertilisers, 
inhibitors of nitrification, nano-fertilisers, etc., all of which are the promising 
alternatives that can be used to solve these serious challenges and save both our 
environment and the ecosystem [35].
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6. Microbial community structure

Soil microorganisms play an important role in the conservation of soil fertility 
and ecosystem work [38, 39]. The plant roots secrete carbon-containing organic 
material in the rhizosphere which is the source of carbon, nitrogen and energy 
needed for the growth and reproduction of soil microorganisms. A large number of 
microbes gather around plant roots, which results in a distinction between the state 
of soil nutrients and the composition of the soil microbial population [40]. The 
region with the greatest contact between plant roots, soil and microorganisms is 
the rhizosphere. Microbes of the rhizosphere play an important role in the cycling 
of soil material and the transfer of energy. Fertiliser application is an important 
management measure in agricultural production that not only promote crop 
growth and yield but negatively influence the soil microorganisms as well [41]. The 
widespread use of chemical fertilisers currently leads to a decline in soil fertility 
and a number of environmental problems, while bioorganic fertiliser not only 
improves soil fertility through the contribution of beneficial microorganisms and 
organic materials, but also eliminates many of the environmental problems caused 
by chemical fertilisers. Studies have shown that various fertilisation treatments have 
a significant effect on the structure of soil microbial biomass and the community. 
Different applications of fertilisers change the physical and chemical properties 
of the soil, which in turn affects the structure of the soil bacterial community. 
Previous studies have found that pH, nitrate, and available phosphate and potas-
sium are significant soil factors that influence the structure of the microbial com-
munity [9, 42]. By direct effects on the quality of soil nutrients, fertilisation affects 
soil microbial diversity. In conjunction with other mineral fertilisers, the long-term 
application of nitrogen fertiliser influences the nitrogen cycle and associated bacte-
rial populations. Repeated overuse of chemical fertiliser may have a detrimental 
impact on the quality of soil and the composition of the soil microbial population. 
Long-term use of chemical fertilisers can dramatically decrease soil pH, which is 
closely related to reduced bacterial diversity and major changes in the composition 
of the bacterial population [43].

7. Potential of biofertilizers to replace chemical fertilisers

As the land for agriculture is restricted and even diminished over time, the 
worldwide increase in the human population poses a major threat to the food 
security [44]. It is therefore important that agricultural productivity should 
be dramatically improved over the next few decades in order to meet the high 
demand for food from the emerging population. Furthermore, too much reliance 
for crop production on chemical fertilisers ultimately affects both environmental 
ecology and human health with great severity. A biofertilizer is a material that 
contains living microorganisms that colonise the rhizosphere or the interior 
of plants when applied to seeds, plants or soil and encourage plant growth by 
increasing the host plant’s supply of nutrients [45]. The use of microbes as biofer-
tilizers in the agricultural sector is considered an alternative to chemical fertilisers 
because of their wide potential to increase crop production and food safety [38]. 
Extensive work on biofertilizers has revealed their ability to supply the crop with 
the requisite nutrients in sufficient quantities to increase crop yield. Biofertilizers 
are widely used to accelerate certain microbial processes that increase the avail-
ability of nutrients that can be easily assimilated by plants. By fixing the atmo-
spheric nitrogen and solubilising insoluble phosphates, biofertilizers increase 
soil fertility and produce plant growth-promoting substances in the soil [45]. 
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The naturally accessible biological system of nutrient mobilisation, which 
greatly increases soil fertility and ultimately crop yield, has been encouraged by 
biofertilizers. Biofertilizers are expected to be a healthy alternative to chemical 
inputs and to a great extent mitigate ecological disruption. Biofertilizers are 
cost-effective in nature, eco-friendly, and their extended usage greatly increases 
soil fertility. It has been stated that the use of biofertilizers increase the protein 
content, essential amino acids, vitamins, and nitrogen fixation, thereby increases 
crop yield by about 10–40 percent [46]. The advantages of using biofertilizers 
include low-cost nutrient sources, excellent microchemical and micronutrient 
suppliers, organic matter suppliers, growth hormone secretion, and the counter-
action of chemical fertiliser adverse effects. Microbes are important soil compo-
nents and play a crucial role in the different biotic activities of the soil ecosystem 
that make the soil dynamic for the mobilisation of nutrients and sustainable for 
the production of crops [47].

8. Improving soil fertility

Physical fertility refers to the soil’s physical properties, its composition, 
texture, water holding properties, the way water flows to the roots of plants, and 
how the soil is penetrated by those roots. Biological fertility refers to the species 
and their capacity to play important roles that live in the soil. A soil’s composi-
tion, its acidity or alkalinity, and its ambient temperature are only a sample of the 
several variables that decide the degree to which plants have access to nutrients 
[9]. The relative value of these variables depends on the nutrients, the soil and the 
plant. Most notably, soil structure determines how well the soil holds nutrients 
and water. Organic matter-containing clays and soils retain nutrients and water 
much better than sandy soils. The microbial community of the soil would also be 
highly influenced by the soil structure. If the soil does not allow these species to 
survive, plants that rely on bacteria or fungal species for nutrient uptake will not 
grow. Until recently, the application of fertiliser was the most commonly used 
treatment for nutrient deficiency. As plant nutrient requirements vary over the 
plant life cycle, timing is also important. The effect of Liebig ‘s Law may obscure 
the identification of genuinely deficient nutrients, as the correct scarce nutrient 
may not be directly recognised by deficiency symptoms. Additional fertiliser 
would be of little to no assistance if the requisite structural and biological condi-
tions are not present. The improved vitality of plants would rely on improving 
the structural and biological fertility of the soil. Inappropriate application of 
fertiliser is a waste of time and money, but it can also have dire environmental 
implications as well [19].

9. Conclusion

All living beings in some way are vulnerable to the widespread long-term use of 
chemicals in agriculture in any form such as fertilisers, pesticides, etc. Agricultural 
soil has been disrupted by the extensive and disproportionate use of chemicals 
and putting it back into order will take time and transition. While we cannot fully 
prevent the adverse effects of chemical fertilisers at an instant of time, we can 
definitely reduce the impact by minimising their use and promoting the use of 
biofertilizers. Biofertilizers will not reduce the use chemical fertilisers but they will 
improve the soil quality in various ways such as maintaining soil nutrient cycles, soil 
microbial communities, etc.
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