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The Impact of Agrochemicals on Soil Biodiversity: A Comprehensive Review
Abstract

Globally, several agrochemicals were used to increase agricultural production by minimizing the infestation of insects, pests, diseases and weeds. However, the use of agrochemicals in agriculture or horticulture has its pros and cons. At present, several threats are arising that may pose a serious threat to food security, human health, the environment and soil biodiversity. Continuous utilization of agrochemicals may pose grim results for beneficial microorganisms, particularly resistance to antibiotics. The use of agrochemicals during the cultivation of crops may also have a gruesome effect on the microorganisms responsible for the conversion of unavailable forms of nutrients to their available forms, viz., nitrogen fixers, phosphorus solubilizers, decomposers, etc. Moreover, the application of agrochemicals interferes with the normal activities of soil enzymes and other biochemical reactions. Therefore this article is focused on the impact of agrochemicals on bacteria, actinomycetes, Arbuscular Mycorrhizal Fungi, algae and soil health.
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Introduction

Nowadays, the utilization of agrochemicals by farmers has been a very common practice to boost crop yield and soil fertility. Now it is a common practice to apply fertilizers and pesticides in agricultural crops to achieve maximum yield and to protect plants from disease, insects and pests. Currently, persistent utilization of agrochemicals and other harmful chemicals, which are released from various sources may not only lead to environmental pollution and may cause serious health problems, but also increase the mortality rate in the population. Nowadays, in developed countries, many regulations in respect to utilization and purchase have come into forcerelating to the utilization and purchase of certain agrochemicals. However, in developing countries, there are no such regulations to control the utilization and purchase of certain agrochemicals. As aresult of prolonged utilization of highly toxic, non-patented, environmental pollutants and agrochemicals of inferior quality have caused a deleterious effect on human health and also exacerbated environmental pollution.
Despite the pernicious effect of many agrochemicals which are known to be carcinogenic, mutagenic, unsafe for reproduction and disruptions in the endocrine in many living organisms, it is still being produced massively and utilized widely in many developing countries.
The word pesticides encompasses an extensive variety of insecticides, fungicides, herbicides, molluscicides, nematicides plant growth regulators, etc. In developed countries, the use of organochlorine was banned after the 1960s, but this insecticide was successful in the past to control different diseases like typhus and malaria. Furthermore, other synthetically produced insecticides were also introduced: (i) organophosphate (the 1960s), (ii) Carbamates (the 1970s), (iii) Pyrethroids (the 1980s) and (iv) herbicides and fungicides between the 1970s; and the 1980s and these pesticides play a significant role in controlling pest and boosting crop yield. On the other hand, these contaminants may cause severe gene-associated disorders in posterity.
Application of heavy doses of pesticide in soil may decline/ reduce the soil microbial population which is beneficial to the plant. Dr Elaine Ingham, a renowned Soil scientist has opined that “If we lose both bacteria and fungi, then the soil degrades”. The application of excessive doses of pesticides and fertilizers in soil may be harmful to soil microorganisms likewise the indiscriminate use of antibiotics may cause serious health problems in humanstoo. Profligate/ excessive utilization of agrochemicals may work satisfactorily at the initial stage but with time the residual effect of these chemicals may quash the population of soil beneficial microorganisms in the soilto a great extent which is responsible for the conversion of unavailable forms of nutrients to their available forms (Savonen, 1997). For instance, the performance of a plant is dependent on the soil microorganisms as they are responsible for the conversion of the organic form of N to inorganic NO3- which is readily available to plants.
Status of Pesticide Consumption in the World as well as in India

Between 2000 and 2019, the total pesticide consumption was 3.08 MT and 4.2 MT respectively with an increment of 36% in the above given decade. The pesticide consumption rate was highest in Asia followed by Africa, America, Europe and Oceania. Globally, the percent consumption of pesticides in America rose from 29% to 33% and for Europe, the percent consumption of pesticides plummeted from 14% to 11%. Over the years, pesticide consumption of Ocenians skyrocketed which is about 85%. In the Indian scenario, the total pesticide consumption was 61.70 tonnes with an increment of about 37.24% between 2000 and 2019 (FAOSTAT, 2020).
Insecticides and Fungicides
The incorporation of insecticides such as alphacypermethrin and malathion reduces the count of actinomycetes at 1st and 7th week of application (Ani et al., 2019). In the case of bacteria, applying malathion at varying doses reduces the count of bacteria. Application fungicide captan or oxytetracycline (bactericide) have negative effects on bacterial counts but they have no ill effect on the total biomass of bacteria (Piotrowska-Seget et al., 2008). Nitrobacter, Nitrosomonas and Thiobacillus are more susceptible to lindane and dieldrin application as compared to malathion or pirimphos methyl (Odukuma and Osuagwu, 2004). Application of malathion, phosphamidon, parathion, fenthion, methylphosphorothioate etc. have adverse on azotobacter. The application of chloropyriphos mainly destroys the count of rhizobacteria (Pandey and Singh, 2004). Contrastingly, some insecticides like thiorex, monocrotophos, cypermethrin when applied in minimal doses have a positive effect on microbial growth but its lethargic in case applied at elevated doses (Wesley et al., 2017; Filimon et al., 2015).

Herbicides
Microorganism plays a vital role in the decomposition of organic matter and enzyme activity. Herbicides have a deleterious effect on soil microbial population within a month after application of herbicides, but its effect varies on the herbicidal molecules present in the herbicides (Govedarica et al., 2001). Soil microorganism population is also affected by the quantity or doses and the herbicidal molecules present in the herbicides (Ecobichon, 1991). Herbicides also affect many other processes like cell division, photosynthesis, respiration, growth, etc. (De Lorenzo et al., 2001). Fascinating research found that the herbicide dinoterb severely affect the biomass of soil microorganism and also stimulates the conversion of NH4+ to NO3-. Long-term use of bromoxynil (60%) + prosulfuron (3%) have bad implications on the activity of dehydrogenase as well as the population of soil microorganism (Pampulha and Oliveira, 2006). The population of methanogenic bacteria is adversely affected by the application of butachlor (Iqbal et al., 2001). Similarly, application of glyphosate (48%) reduces the count of bacteria as well as actinomycetes. Owing to the persistent nature of triazines, the functions of rhizobacteria and the count of soil microbes are adversely affected by their application (Singh and Wright, 2002; Seghers et al., 2003). Application of herbicides i.e., triclopyr hinders the nitrification process by suppressing the bacteria in the soil which is responsible for the conversion of organic ammonia into nitrite (Pell et al., 1998) and in another study, the use of glyphosate curtailed the growth of free-living N2 fixing soil bacteria and resultantly, it jeopardizes their activities in soil (Santos and Flores, 1995).

In bean plants, the application of 2,4-D decreases the bacteria living on the roots that are responsible for N2 fixation (Arias and Fabra, 1993; Fabra et al., 1997). Intriguingly, the use of 2,4-D also lessens the growth of blue-green algae and in turn, it obstructs the activities of blue-green algae (Singh and Singh, 1989; Tozum-Calgan and Sivaci-Guner, 1993) and it also quashes the nitrification process carried out by soil bacteria (Frankenberger et al., 1991; Martens and Bremmer, 1993). The application of herbicides in soils has harmful impacts on the growth and activities of fungi. It is observed that the application of oryzalin and trifluralin in soils has a deleterious effect on some species of mycorrhizal fungi as it causes suppression of growth and other activities (Kelly and South, 1978). A study, which was conducted in a laboratory confirmed that the herbicide namely roundup is lethal to mycorrhizal fungi in those areas where an adequate amount of herbicides are applied. It was also observed that it has little fatality to the mycorrhizal fungi if the concentration is low as compared to those areas where an adequate amount of herbicides are applied (Chakravarty and Sindhu, 1987; Estok et al., 1989). Furthermore, it was also learned that the application of Triclopyr has a deadly effect on different mycorrhizal fungi species (Chakravarty and Sindhu, 1987) and Moorman (1989) confirmed that the number of spores of mycorrhizal fungi is reduced by the application of oxidiazon.
Fertilizers

The application of synthetic fertilizers has a deleterious effect on microbial counts followed by a decrease in soil fertility (Suwa et al., 2023). The count of soil microbes is highest when full dose (100%) of bio-fertilizer is applied as compared to biofertilizer (70%) + chemical fertilizer (30%) treatment. It has also been documented that the use of organic manures has a positive effect on mineralization, emissions of CO2 and microbial counts. Interestingly, the trending fertilizers like ZnO (nanoparticle) dwindled the colonies of fungi and bacteria (Shah et al., 2002).
N-Fixing Microbes and Agrochemicals
Soil microbes control the availability of nutrients in the soil, as they are responsible for the conversion of unavailable forms of nutrients to their available forms. The above transformation of nutrients to their available form by N-fixing is also severely affected by the utilization of agrochemicals. The application of herbicides has an ill effect on biological nitrogen-fixing bacteria by affecting ATP synthesis, nodulation, nitrogenase activity and bacteroid formation (Govedarica et al., 2001). Herbicide application disrupts the rhizobacterial infection thereby affecting the formation of node and infection in legumes (Meena et al., 2015). Phytochemical signaling of Rhizobium is also affected by herbicide application and consequently affects BNF and cell morphology (Iqbal et al., 2001). Non-selective herbicides like Paraquat and glyphosate reduce N-fixation. The biological activity of Azotobacter and counts of bacteria in soybean are also affected by the application of prometryne (Santos et al., 2005). The growth of blue-green algae (BGA), the process of BNF and the count of Rhizobacteria in beans are severely affected by the application of 2,4-D (Fabra et al., 1997). Application of metribuzin, trifluralin, linuron and imazethapyr has a severe effect on nodule-forming bacteria by interfering with the normal nitrogenase activity (Bertholet and Clark, 1985; Sawicka and Selwe, 1998). In chickpeas, the application of herbicide results in the decrease of rhizobium count (Khan et al., 2004).
Application of Captan and apron SD have gruesome effects on bacteria which are capable of fixing nitrogen (Kyei-Boahen et al., 2001; Van Zwieten et al., 2003). The process of nitrification is severely affected by the application of chlorothalonil and mancozeb within 2 days (Kinney et al., 2005). In the case of Aspergillus species, the application of triarimol and captan affects its growth (Gupta et al., 2002). A dose of 2 to 4 mg kg-1 of thiobencarb in alluvial soil has a severe effect on the survival and growth of Azotobacter, Azospirillum and anaerobic nitrogen fixers (Jena et al., 1998).
Cyanobacteria and Agrochemicals
Utilization of elevated levels of fertilizers in conjunction with pesticides intensifies the Cyanobacteria bloom. Fungicides namely strobilurin promote Cyanobacteria growth by quashing pathogens and parasites (Lu et al., 2019). In soil and water, the most common and widespread N-fixers are algae that can fix atmospheric N and carbon dioxide (Pandher et al., 1994). The application of DDT has a negative effect on algal counts in the soil and it also negates the activities of soil enzymes. Moreover, the uptake of nitrate by anabaena and other cyanobacteria is affected by the application of trichlorfon. On top of this, trichlorfon also reduces the chlorophyll formation.

Arbuscular Mycorrhizal Fungi (AMFs) and Agrochemicals
The relationship of roots higher plants and fungi in a symbiotic manner is known as Arbuscular Mycorrhizal Fungi. Such symbiotic relationship improves the uptake of NH4+, NO3- and P by the plants and helps to form stable aggregates (Smith and Read, 2008). The application of benzoyl showed a decline in bacterial as well as mycorrhizal fungi counts (Smith et al., 2000; Cycoń et al., 2006). Contrastingly, the application of metalaxyl helps to promote the formation of Arbuscular Mycorrhizal Fungi colonies in the roots of maize and soybean.
Fungal counts are drastically reduced when glyset are applied within 1st week to 7th week. Similarly, Miraj has also grue some effect on the fungal counts. The application of oxadiazon, oryzalin and trifluralin has a negative effect on the growth and spore germination of mycorrhiza (Pasaribu et al., 2013). In protected cultivation, particularly in the greenhouse, mycorrhizal counts decrease with the application of glyphosate (Zaller et al., 2014). Fascinatingly, plots treated with BF70 have the highest fungal counts as compared to plots treated with BF100.
Conclusion
Developing countries consider that the utilization of agrochemicals is the only way to meet the needs of the ever-increasing demands of the rising population. Various agrochemicals continue to exist in the soil for a longer duration which poses a risk to human health and the environment. The use of agrochemicals disturbs the aggregate formation of the soil and fertility by wreaking havoc on soil microorganism's activities. To avert the injudicious utilization of several agrochemicals there is a need to encourage the use of organic pesticides, biopesticides and nano pesticides. Little is known about nanopesticides and their effect on the environment, so it is contentious to use them as pesticides. Therefore, to comprehend the effect of agrochemicals on soil microorganisms and the environment thoroughly, a systematic investigation or research is utterly needed.
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