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ABSTRACT 
 

This review explores the impact of herbicides on soil functions, offering a detailed analysis of how 
these chemicals influence soil health. Herbicides, commonly used for controlling unwanted plants, 
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often disturb the balance of soil ecosystems by altering microbial diversity, disrupting nutrient 
cycling, and affecting organic matter breakdown. The findings show that herbicides can either 
inhibit or stimulate soil microbial activities, depending on their type, concentration, and 
environmental conditions. While some herbicides have minimal short-term effects on soil respiration 
and microbial activity, others significantly reduce soil enzyme activities, slow down nitrogen 
mineralization, and disrupt beneficial microbial relationships, such as those involving mycorrhizal 
fungi. The persistence of herbicide residues in soil presents further challenges, with potential risks 
of contaminating soil and groundwater. It highlights the importance of using herbicides carefully, 
considering both their effectiveness in weed control and their long-term effects on soil health. 
However, the paper concludes with an evaluation of the ecological and evolutionary impacts of 
herbicides on soil microbial communities, calling for further research to fully understand these 
complex interactions. 

 

 
Keywords: Herbicides; soil microbial communities; nutrient cycling; soil contamination; organic matter 

decomposition; environmental impact. 
 

1. INTRODUCTION 
 

Herbicides, though effective in controlling 
unwanted plants, can significantly impact soil 
functions and processes. They often reduce the 
diversity and abundance of crucial soil 
microorganisms like bacteria, fungi, and 
protozoa, which play essential roles in nutrient 
cycling and organic matter decomposition. 
However, in recent years, the agrochemical 
industry has seen a surge in the production of 
various herbicides designed to target and 
eliminate specific weeds at different stages of 
their growth [1]. By 2016, over 2,000 herbicides, 
categorized into 15 different modes of action, 
had been introduced to the global market [2]. The 
effectiveness of these herbicides in controlling 
weeds has led to their widespread adoption 
among farmers. However, excessive use of 
these chemicals can disrupt natural processes 
and harm non-target organisms [3]. Soil, which 
serves as a repository for agricultural 
contaminants, is a major habitat for microbial 
communities like bacteria, fungi, and 
actinomycetes. These microorganisms play 
crucial roles in maintaining soil fertility through 
the degradation of organic material, 
decomposition, and nutrient cycling [4]. In 
modern agriculture, the microbial population in 
soil is considered a key indicator of agricultural 
health and productivity. Soil microorganisms are 
essential in linking the soil, plant, herbicide, 
fauna and human relationships, particularly 
through their role in herbicide degradation [5]. 
The application of herbicides can lead to 
significant changes in the soil microbial 
population, both quantitatively and qualitatively, 
potentially affecting plant growth. The impact of 
herbicides on microbial growth whether 
stimulating or inhibiting depends on the type and 

concentration of the chemicals, the species of 
microorganisms present, and environmental 
conditions. This review aims to assess the 
effects of herbicide use on soil function and 
processes and how it affects soil microbes. 
 

2. DATA SOURCING 
 
The data and information presented in this 
manuscript were gathered from secondary 
sources, including reputable scientific 
publications and research institutions such as 
Google Scholar, ResearchGate, Scopus, and 
Web of Science. Key search terms and phrases 
used to identify relevant resources included 
“herbicides effects on soil function and 
processes,” “herbicide effects on soil 
microorganisms,” and “impacts of herbicides 
residue.” The selected materials were thoroughly 
reviewed, downloaded, and cited to ensure they 
were relevant and aligned with the focus of the 
manuscript. 

 
3. SOIL AS A REPOSITORY FOR 

HERBICIDES 
 
The soil acts as a repository for agricultural 
contaminants such as herbicides and serves as a 
major habitat for microbial communities, 
including bacteria, fungi, and actinomycetes. 
These microorganisms play a critical role in soil 
fertility through organic material degradation, 
organic matter decomposition, and nutrient 
cycling [6,7,8]. However, excessive application of 
herbicides can inhibit these natural processes 
and decrease the performance of non-target 
organisms [3]. Some soil organisms, however, 
utilize these herbicides as a carbon energy 
source for their metabolic activities. The extent of 
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soil contamination with herbicides depends on 
several factors, including the persistence of the 
herbicides in the soil environment, the quantity 
and frequency of application, and the toxicity of 
the chemicals. Herbicides are often designed to 
persist long enough to effectively control weeds 
[9,10,11]. The fate of herbicides in the soil is 
influenced by two major processes: transfer and 
degradation. The transfer process includes 
percolation, runoff, uptake by flora and fauna, 
and sorption and desorption, which allows the 
chemicals to remain physically intact in the soil. 
The degradation processes encompass microbial 
decomposition, plant detoxification, rhizosphere 
chemical breakdown, and photodecomposition, 
which are chemically engineered. These 
processes determine the persistence of 
herbicides, their efficacy against weeds, and their 
potential for soil and groundwater contamination 
[3]. 
 

4. EFFECT OF HERBICIDES ON SOIL 
FUNCTIONS 

 
Herbicide application impacts not only target 
organisms but also soil microorganisms, often 
adversely affecting key soil functions. A 
significant side effect of herbicides is their 
disruption of soil biochemical processes. These 
chemicals can hinder biochemical reactions by 
interfering with soil enzymatic activity and 
microbial growth [12]. Herbicides can be toxic to 
microbial populations, leading to reduced 
microbial biomass, soil heterotrophic respiration, 
and the activity of organic matter-decomposing 
and nutrient-cycling microbes [13]. However, 

microbial populations and enzyme activities may 
recover after an initial period of inhibition, 
potentially due to microbial adaptation to the 
herbicides or the degradation of the chemicals. 
Additionally, plant debris from herbicide-killed 
plants can increase nutrient availability, 
supporting microbial growth and activity [14]. For 
example, an increase in soil dehydrogenase 
(DH) activity from the 7th to the 28th day after 
herbicide application may be attributed to a rise 
in microbial communities that utilize herbicides 
as a carbon source [11], whereas protease 
activity is influenced by proteolytic bacteria 
distribution [15].  
 
Specific herbicides have varied effects on 
soil functions: 
 
• Glyphosate, applied at recommended rates, 

does not significantly affect soil respiration 
[13]. 

• Pretilachlor enhances respiration activity and 
microbial biomass [16]. 

• Conventional rates of alachlor, metolachlor, 
and butachlor do not affect soil 
dehydrogenase activity [17]. However, 
butachlor (5 to 100 mg/kg) significantly 
reduces methane production in alluvial-rich 
soil [18]. 

• Sulfonylurea herbicides, applied at 
recommended rates, do not significantly 
impact respiration [13]. 

• A mixture of nicosulfuron, atrazine, and 
dimethenamide does not significantly alter 
soil methane oxidation rate or the abundance 
of methane oxidizers [19]. 

 

 
 

Fig. 1. Fate of herbicide after field application 
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• Imazaquin (0.14 kg/ha) applied to field-grown 
soybean has no effect on soil microbial 
biomass, dehydrogenase, or hydrolase 
activity [20]. 

• Atrazine application at rates greater than 100 
mg/kg increases soil microbial activity, such 
as respiration and dehydrogenase activity 
[21], whereas application at recommended 
rates (5 mg/kg) shows no significant effect 
on β-glucosidase activity [22]. 

 

4.1 Selected Herbicides Impacts on Soil 
Function 

 
The impacts of various herbicides on soil 
functions have been extensively studied. Zhang 
et al. [23] found that Chlorimuron-ethyl 
significantly reduces the number and diversity of 
N-fixing bacteria in soil. Zabaloy and Gomez [24], 
along with Zabaloy et al. [25], observed that 2,4-
Dichlorophenoxyacetic acid has minor and 
transient effects on microbial respiration at low 
rates [26], but at higher rates, it inhibits hydrolase 
and stimulates dehydrogenase activities. Wang 
et al. [24], Han et al. [27], Chang et al. [28], and 
Astaykina et al. [29] reported that Atrazine 
exposure leads to adaptive changes in animal-
host gut microbiomes, decreasing earthworm gut 
microbiome diversity and exerting selective 
pressure on host genomes. Perucci et al. [30] 
noted a decline in acid and alkaline phosphatase 
activity at lower concentrations of Butachlor, but 
an increase in alkaline phosphatase activity at 
higher concentrations. Damin et al. [31] showed 
that Glyphosate slows down N-mineralization 
and reduces N uptake by subsequent crops. 
Kumari et al. [32] and Angelini et al. [33] 
observed that Butachlor, Metolachlor, and 
Alachlor reduce N-fixation by cyanobacterial 
mats, decrease cyanobacterial diversity, and 
lower diazotroph numbers in aerobic soils. 
Casabe´ et al. [34], Zaller et al. [35], and Druille 
et al. [36] found that Glyphosate alters ecological 
interactions between earthworms, mycorrhizal 
fungi, and plants, reduces mycorrhizal spore 
counts, and causes E. fetida to exhibit avoidance 
behavior. Finally, Omotayo and Okoro [37] 
documented that Paraquat reduces the bacterial 
population, particularly Luteimonas and Pseudo-
propionibacterium, within 14 days. 
 

5. CONSEQUENCES OF HERBICIDE 
RESIDUES FOR SOIL PROCESSES 

 

The impact of herbicide residues on soil 
processes is influenced by the chemical 
composition of the herbicides, their mode of 

action, the susceptibility of soil microbes, and 
various edaphic and climatic factors. Predicting 
the fate and legacy of herbicides in soil is 
challenging due to the interplay of multiple 
factors: herbicides affect microbial communities, 
and microbes can degrade these herbicides. The 
interactions between these processes are 
shaped by the physical and chemical properties 
of the soil, agricultural management practices, 
and climatic conditions, leading to variable 
findings on herbicide effects on soil microbiomes 
[38,39]. For instance, glyphosate disrupts the 
shikimate pathway in most microbes, but genetic 
resistance to glyphosate varies among microbial 
communities [40]. Consequently, glyphosate-
degrading microbes that use glyphosate as a 
nutrient source may become more prevalent in 
the microbial community [41]. Similarly, while 
atrazine may not impact the overall microbial 
community in some environments, it can reduce 
soil microbial biomass or promote atrazine-
degrading bacteria in other settings, leading to 
enhanced atrazine degradation [42,43]. 
 

5.1 Effects of Herbicide Residues on Soil 
 
The presence of herbicide residues in soil raises 
significant concerns due to their potential direct 
impacts on plants and soil microorganisms. 
While herbicides applied at recommended field 
rates are generally considered to have minimal 
long-term effects on microbial populations, their 
presence can still influence soil functions and 
health. An ideal herbicide should effectively 
target pests while quickly breaking down into 
non-toxic substances [44]. Herbicides such as 
glyphosate residing in soil not only affect 
rhizosphere microbiota but also aerial plant 
endophyte functionality, which emphasizes the 
destructive effects of such herbicides on plant 
symbiotic microbes, here with cascading effects 
on plant-pest insect interactions [45]. This 
means, herbicides can either inhibit or stimulate 
microbial activities, affecting crucial processes 
such as nitrogen fixation, nitrification, and 
denitrification. This can lead to alterations in 
nutrient availability for plants. Additionally, soil 
enzymes, which are essential for organic matter 
decomposition and nutrient cycling, can be 
inhibited by herbicides, resulting in slowed 
decomposition and reduced nutrient availability 
as noted by [30,23]. The type and concentration 
of herbicides can disrupt soil enzyme profiles, 
creating imbalances in soil biochemical 
processes. Their effects on the decomposition 
rate of organic matter can either accelerate or 
decelerate, further influencing soil structure and 
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Table 1. Identified ecological and evolutionary impacts of herbicides on soil and microbial 
communities from the study 

 

Impact Category Details 

Microbial Diversity 
Reduction 

Herbicides can reduce the diversity of soil microbial communities, 
leading to a decline in beneficial microorganisms that play key roles in 
nutrient cycling, organic matter decomposition, and soil fertility 
maintenance. 

Alteration of Microbial 
Functions 

Certain herbicides inhibit critical microbial functions, such as nitrogen 
fixation, phosphorus solubilization, and organic matter decomposition, 
leading to disruptions in nutrient availability and soil health. 

Soil Enzyme Activity 
Inhibition 

Herbicides can decrease the activity of soil enzymes involved in 
essential processes like decomposition of organic matter, nitrogen 
mineralization, and carbon cycling, which can impair soil fertility and 
plant growth. 

Development of 
Herbicide-Resistant 
Microbes 

Continuous exposure to herbicides may drive the evolution of resistant 
microbial strains, leading to a shift in microbial community composition 
and potentially reducing the efficacy of herbicides over time. 

Disruption of Symbiotic 
Relationships 

Herbicides can negatively impact symbiotic relationships, such as 
those between plants and mycorrhizal fungi, reducing the ability of 
plants to uptake nutrients and affecting overall plant health and growth. 

Soil Contamination and 
Residue Persistence 

Herbicide residues can persist in the soil, leading to long-term 
contamination that affects soil structure, microbial health, and the 
overall ecosystem, with potential risks of bioaccumulation and 
groundwater contamination. 

Alteration of Soil 
Physical Properties 

Herbicides may indirectly affect soil physical properties by altering 
microbial activity, leading to changes in soil structure, porosity, and 
water retention, which can impact plant root growth and soil erosion. 

Evolutionary Pressure on 
Microbial Communities 

The selective pressure exerted by herbicides can lead to an 
evolutionary shift in microbial communities, favoring the survival of 
resistant or adaptable species, which may alter the natural balance of 
soil ecosystems. 

Source: Author’s Compilation 

 
fertility. Moreover, some herbicides negatively 
impact mycorrhizal associations, which are 
crucial for nutrient and water uptake. Certain 
microorganisms are capable of degrading 
herbicides, while others may be adversely 
affected, depending on the application rates and 
the specific herbicide used [1]. The ecological 
and evolutionary impacts of glyphosate and other 
herbicides on microbial soil communities are not 
yet fully understood [46]. Recent studies suggest 
a negative correlation between pesticide use and 
beneficial soil and root-associated microbes, as 
well as disturbances in herbicide-modulated 
nutrient cycling [47]. For example, glyphosate, 
which contains phosphorus, can contribute to 
increased phosphorus loads in the ecosystem 
[48]. 
 

6. CONCLUSION 
 
Herbicides, though vital for modern agricultural 
practices, pose significant risks to soil health and 
function. The disruption of soil microbial 

communities and the inhibition of key soil 
processes can lead to reduced soil fertility, 
impacting crop productivity and environmental 
sustainability. The persistence of herbicide 
residues in soil and their potential to contaminate 
groundwater further exacerbates these concerns. 
Therefore, while herbicides are effective in weed 
control, their long-term ecological impacts need 
to be carefully managed. 
 

7. RECOMMENDATIONS 
 
1. Integrated Weed Management: Adopt 

integrated weed management practices that 
reduce reliance on chemical herbicides by 
incorporating mechanical, cultural, and 
biological control methods. 

2. Use of Biodegradable Herbicides: 
Encourage the development and use of 
herbicides that degrade quickly in the 
environment to minimize long-term soil 
contamination. Examples of biodegradable 
herbicides include acetic acid (vinegar-based 
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herbicides), pelargonic acid, soap-based 
herbicides etc. 

3. Monitoring and Regulation: Implement 
strict monitoring and regulation of herbicide 
application rates and frequencies to prevent 
excessive buildup in soil. 

4. Soil Health Programs: Promote soil health 
programs that focus on maintaining and 
enhancing microbial diversity and activity 
through the use of organic amendments and 
conservation tillage. 

5. Research and Development: Support 
research into the ecological impacts of 
herbicides and the development of 
alternative weed control methods that are 
less harmful to soil ecosystems. 

6. Farmer Education: Educate farmers on the 
potential risks associated with herbicide use 
and the benefits of adopting sustainable 
agricultural practices.  
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