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Abstract: Herbicides are widely used in agriculture to control weeds and enhance crop productivity. 
However, their application can have significant impacts on soil health and nutrient dynamics. This 
paper reviews the effects of herbicides on soil properties, microbial communities, and nutrient 
availability, with a particular focus on calcium deficiency. The review synthesizes findings from 
peer-reviewed journals and reports, including research conducted in Australia. The correlation 
between herbicide application and calcium deficiency is explored, highlighting both positive and 
negative impacts. The paper concludes with recommendations for sustainable herbicide use and 
alternative weed management strategies. 
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Introduction 

Herbicides are integral to modern agricultural practices, primarily due to their efficacy in 
controlling weeds and enhancing crop yields (Rose et al., 2016). Despite their benefits, the extensive 
use of herbicides has raised significant concerns regarding their potential impacts on soil health and 
nutrient dynamics (Mishra et al., 2017). Soil, a complex and dynamic ecosystem, supports plant 
growth, regulates water and nutrient cycles, and hosts a diverse array of microbial communities 
(Yáñez et al., 2012). The application of herbicides can disrupt these critical functions, leading to soil 
degradation and nutrient imbalances (Meena et al., 2016). One of the essential nutrients affected by 
herbicide use is calcium, which plays a crucial role in plant growth by contributing to cell wall 
structure and stability (Marfo et al., 2019). Calcium deficiency can have severe consequences for crop 
productivity, as it impairs cell division and elongation, leading to stunted growth and poor yield 
(Norton, 2013). 

This paper aims to review the effects of herbicides on soil properties, particularly focusing on 
their impact on microbial communities and nutrient availability. Additionally, it explores the 
correlation between herbicide application and calcium deficiency, with a specific emphasis on 
research conducted in Australia. By synthesizing findings from peer-reviewed journals and reports, 
this review seeks to provide a comprehensive understanding of the implications of herbicide use on 
soil health and offer recommendations for sustainable agricultural practices. 

Effects of Herbicides on Soil Properties 

Herbicides can significantly influence soil properties through both direct and indirect 
mechanisms. Direct effects include alterations in soil pH, organic matter content, and nutrient 
availability. For instance, glyphosate, a commonly used herbicide, has been shown to increase soil 
acidity, thereby reducing the availability of essential nutrients such as calcium and magnesium 
(Yáñez et al., 2012). This acidification can lead to nutrient imbalances that adversely affect plant 
growth and soil health (Mishra et al., 2017). Organic matter content in soil is another critical factor 
influenced by herbicide application. Herbicides can reduce soil organic matter by inhibiting the 
growth of cover crops and other vegetation that contribute to organic matter accumulation (Rose et 
al., 2016). This reduction in organic matter can degrade soil structure and decrease its water-holding 
capacity, leading to increased soil erosion and reduced fertility (Meena et al., 2016). 
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Indirect effects of herbicides involve changes in soil microbial communities and enzyme 
activities. Soil microorganisms play a vital role in nutrient cycling and organic matter decomposition. 
Herbicides can disrupt these microbial communities, leading to reduced microbial biomass and 
diversity (Marfo et al., 2019). For example, glyphosate has been found to inhibit the activity of soil 
enzymes involved in nitrogen and phosphorus cycling, which are crucial for maintaining soil fertility 
(Norton, 2013). Several studies have reported mixed results regarding the impact of herbicides on 
soil health. While some studies suggest that the effects are minor and temporary, others indicate 
substantial changes in soil function that can have long-term implications for soil health and crop 
productivity (Ogidi & Akpan, 2023). Therefore, understanding the complex interactions between 
herbicides and soil properties is essential for developing sustainable agricultural practices. 

Soil pH and Organic Matter 

Herbicides can significantly alter soil pH, which in turn affects nutrient availability and 
microbial activity. Glyphosate, one of the most widely used herbicides, has been shown to increase 
soil acidity, thereby reducing the availability of essential nutrients such as calcium and magnesium 
(Yáñez et al., 2012). This acidification process can lead to nutrient imbalances that adversely affect 
plant growth and soil health (Mishra et al., 2017). For instance, a study by Yáñez et al. (2012) found 
that herbicide application led to soil acidification, which decreased calcium availability to plants, 
highlighting the potential for long-term soil degradation (Yáñez et al., 2012). 

In addition to altering soil pH, herbicides can also impact soil organic matter content. Organic 
matter is crucial for maintaining soil structure, fertility, and water-holding capacity. Herbicides can 
reduce soil organic matter by inhibiting the growth of cover crops and other vegetation that 
contribute to organic matter accumulation (Rose et al., 2016). This reduction in organic matter can 
degrade soil structure, making it more susceptible to erosion and reducing its fertility (Meena et al., 
2016). Research conducted in Australia has shown that herbicides can significantly reduce soil 
organic matter content, affecting soil structure and fertility (Rose et al., 2019). Furthermore, the impact 
of herbicides on soil organic matter can have cascading effects on soil microbial communities. Soil 
microorganisms play a vital role in nutrient cycling and organic matter decomposition. Herbicides 
can disrupt these microbial communities, leading to reduced microbial biomass and diversity (Marfo 
et al., 2019). For example, glyphosate has been found to inhibit the activity of soil enzymes involved 
in nitrogen and phosphorus cycling, which are crucial for maintaining soil fertility (Norton, 2013). 

Overall, the alteration of soil pH and reduction in organic matter due to herbicide application 
can have significant implications for soil health and crop productivity. Understanding these impacts 
is essential for developing sustainable agricultural practices that minimize the negative effects of 
herbicides on soil ecosystems. 

Soil Microbial Communities 

Soil microbial communities are essential for nutrient cycling and organic matter decomposition, 
playing a critical role in maintaining soil health and fertility. Herbicides can disrupt these 
communities, leading to reduced microbial biomass and diversity. For instance, glyphosate, a widely 
used herbicide, has been shown to interfere with the shikimate pathway in plants and 
microorganisms, impeding the production of aromatic amino acids and leading to shifts in microbial 
community composition (van Bruggen et al., 2021). This disruption can result in decreased soil 
heterotrophic respiration and the activity of organic matter-degrading microorganisms (Rose et al., 
2016). In Australia, studies have demonstrated that herbicide residues can persist in the soil, affecting 
microbial functions and overall soil health. Rose et al. (2019) found that herbicide residues were 
detected in more than 30% of paddocks surveyed, with potential impacts on soil microbial functions 
(Rose et al., 2019). These residues can lead to long-term changes in microbial community structure, 
reducing the abundance of beneficial microorganisms such as mycorrhizal fungi and nitrogen-fixing 
bacteria (Singh et al., 2020). 

The impact of herbicides on soil microbial communities can also vary depending on the type of 
herbicide and soil conditions. Some herbicides have been shown to reduce the population of soil 
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microorganisms with transient inhibition lasting up to 7-10 days, while others may have no effect or 
even increase microbial populations (Sebiomo et al., 2011). However, the overall trend indicates that 
herbicides have a negative impact on soil microbial diversity and function. Understanding the effects 
of herbicides on soil microbial communities is crucial for developing sustainable agricultural 
practices. By minimizing the use of herbicides and adopting alternative weed management strategies, 
it is possible to preserve soil health and maintain the ecological balance of soil microbial communities. 

Soil Enzyme Activities 

Soil enzymes play a crucial role in nutrient cycling and organic matter decomposition, acting as 
catalysts for biochemical reactions that sustain soil fertility and plant growth. Herbicides can inhibit 
the activities of these enzymes, leading to reduced nutrient availability and soil fertility. For instance, 
Meena et al. (2016) found that herbicides decreased the activity of soil enzymes involved in nitrogen 
and phosphorus cycling, such as urease and phosphatase, which are essential for the mineralization 
of organic nitrogen and phosphorus into forms that plants can absorb (Meena et al., 2016). In 
Australia, research has shown that herbicides can significantly affect soil enzyme activities, with 
potential implications for soil health and crop productivity. A study by Rose et al. (2019) indicated 
that herbicide residues in Australian soils were associated with reduced activities of key soil 
enzymes, including dehydrogenase and β-glucosidase, which are critical for organic matter 
decomposition and soil respiration (Rose et al., 2019). These reductions in enzyme activities can lead 
to decreased soil microbial activity and nutrient cycling efficiency, impacting plant growth and yield. 

The impact of herbicides on soil enzyme activities can vary depending on the type of herbicide, 
application rate, and soil conditions. For example, glyphosate has been shown to inhibit the activity 
of several soil enzymes, leading to reduced nitrogen and phosphorus availability (Haney et al., 2000). 
Additionally, the persistence of herbicide residues in the soil can prolong their inhibitory effects on 
enzyme activities, exacerbating nutrient deficiencies and soil degradation over time (Sebiomo et al., 
2011). Understanding the effects of herbicides on soil enzyme activities is essential for developing 
sustainable agricultural practices. By minimizing herbicide use and adopting alternative weed 
management strategies, it is possible to preserve soil enzyme functions and maintain soil health and 
fertility. 

Correlation between Herbicide Application and Calcium Deficiency 

Calcium is a vital nutrient for plant growth, contributing significantly to cell wall structure and 
stability, and playing a crucial role in various physiological processes. The correlation between 
herbicide application and calcium deficiency has been a subject of extensive research. Herbicides can 
indirectly affect calcium availability by altering soil pH and microbial activity, which in turn 
influences nutrient cycling. Herbicides such as glyphosate have been shown to increase soil acidity, 
which can reduce the availability of calcium and other essential nutrients (Yáñez et al., 2012). Soil 
acidification can lead to the solubilization of toxic elements like aluminium, which competes with 
calcium for uptake by plant roots, thereby exacerbating calcium deficiency (Mishra et al., 2017). This 
competition can impair plant growth and development, leading to symptoms such as stunted growth, 
poor root development, and leaf chlorosis. 

Moreover, herbicides can disrupt soil microbial communities, which play a crucial role in 
nutrient cycling and organic matter decomposition (Rose et al., 2016). For instance, mycorrhizal fungi, 
which form symbiotic associations with plant roots, enhance nutrient uptake, including calcium. 
Herbicides can inhibit these associations, reducing calcium uptake by plants (Marfo et al., 2019). This 
disruption can lead to a decrease in soil enzyme activities involved in nutrient cycling, further 
limiting calcium availability (Meena et al., 2016). Research conducted in Australia has highlighted 
the persistence of herbicide residues in soils, which can have long-term impacts on soil health and 
nutrient dynamics (Rose et al., 2019). These residues can affect microbial functions and soil enzyme 
activities, leading to reduced nutrient availability and soil fertility. The correlation between herbicide 
application and calcium deficiency is complex and influenced by various factors, including soil type, 
herbicide type, and environmental conditions. 
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Soil Acidification and Calcium Availability 

Herbicides can significantly contribute to soil acidification, which in turn reduces calcium 
availability to plants. Soil acidification is a process where the pH of the soil decreases, making it more 
acidic. This change in pH can have profound effects on nutrient availability and plant health. One of 
the primary consequences of soil acidification is the increased solubility of toxic elements such as 
aluminium. In acidic soils, aluminium becomes more soluble and can compete with calcium for 
uptake by plant roots, thereby exacerbating calcium deficiency (Yáñez et al., 2012). Calcium is an 
essential nutrient for plant growth, playing a crucial role in cell wall structure and stability. When 
calcium availability is reduced, plants can exhibit symptoms such as stunted growth, poor root 
development, and leaf chlorosis. The competition between aluminium and calcium in acidic soils can 
severely impair plant growth and productivity (Mishra et al., 2017). This is particularly concerning 
in agricultural systems where maintaining optimal nutrient levels is critical for crop yields. 

In Australia, soil acidification has been identified as a significant issue in agricultural soils. 
Research has shown that the extensive use of herbicides can contribute to this problem, affecting 
nutrient availability and crop productivity (Rose et al., 2019). For instance, a study by Rose et al. 
(2019) found that herbicide residues in Australian soils were associated with increased soil acidity, 
which in turn reduced calcium availability to plants. This reduction in calcium availability can lead 
to nutrient imbalances and decreased soil fertility, impacting crop yields and agricultural 
sustainability. Addressing soil acidification requires a comprehensive approach that includes 
monitoring soil pH, applying lime to neutralize soil acidity, and adopting sustainable agricultural 
practices. By understanding the relationship between herbicide use and soil acidification, farmers can 
make informed decisions to mitigate the negative impacts on soil health and ensure long-term 
agricultural productivity. 

Disruption of Mycorrhizal Associations 

Mycorrhizal fungi form symbiotic associations with plant roots, significantly enhancing nutrient 
uptake, including essential nutrients like calcium. These fungi extend the root system’s reach, 
allowing plants to access nutrients and water from a larger soil volume. The disruption of these 
associations by herbicides can have profound implications for plant health and soil fertility. 
Herbicides can negatively impact mycorrhizal fungi by inhibiting their colonization of plant roots. 
This disruption can lead to reduced calcium uptake by plants, as mycorrhizal fungi play a crucial role 
in mobilizing and transporting calcium from the soil to the plant (Marfo et al., 2019). The inhibition 
of mycorrhizal colonization can result in calcium deficiency, which affects plant growth and 
development. Symptoms of calcium deficiency include stunted growth, poor root development, and 
leaf chlorosis, which can severely impact crop yields and quality (Norton, 2013). 

In Australia, research has shown that herbicides can significantly affect mycorrhizal 
associations, with potential implications for nutrient uptake and soil health. A study by Rose et al. 
(2019) found that herbicide residues in Australian soils were associated with reduced mycorrhizal 
colonization, leading to decreased nutrient uptake by plants. This reduction in mycorrhizal activity 
can also affect soil structure and fertility, as mycorrhizal fungi contribute to soil aggregation and 
organic matter decomposition (Singh et al., 2020). The impact of herbicides on mycorrhizal 
associations can vary depending on the type of herbicide, application rate, and soil conditions. For 
example, glyphosate has been shown to inhibit the growth of mycorrhizal fungi, reducing their ability 
to colonize plant roots and enhance nutrient uptake (van Bruggen et al., 2021). This inhibition can 
lead to long-term changes in soil microbial communities and nutrient dynamics, affecting overall soil 
health and crop productivity. 

Understanding the effects of herbicides on mycorrhizal associations is essential for developing 
sustainable agricultural practices. By minimizing herbicide use and adopting alternative weed 
management strategies, it is possible to preserve mycorrhizal functions and maintain soil health and 
fertility. 
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Positive and Negative Correlations 

The correlation between herbicide application and calcium deficiency can be both positive and 
negative, depending on the type of herbicide and soil conditions. Glyphosate, a widely used 
herbicide, has been shown to chelate calcium, making it less available to plants. This chelation process 
binds calcium ions, reducing their availability for plant uptake and leading to calcium deficiency 
(Yáñez et al., 2012). Calcium is essential for plant growth, playing a crucial role in cell wall structure 
and stability. When calcium is chelated by glyphosate, plants may exhibit symptoms such as stunted 
growth, poor root development, and leaf chlorosis (Mishra et al., 2017). On the other hand, some 
studies suggest that certain herbicides can enhance calcium availability by reducing competition from 
weeds, thereby improving nutrient uptake by crops. For instance, herbicides that effectively control 
weed populations can reduce the competition for soil nutrients, allowing crops to access more 
calcium and other essential nutrients (Rose et al., 2019). This can lead to improved plant growth and 
productivity in some cases. 

However, the overall trend indicates that the negative impacts of herbicides on soil health and 
calcium availability outweigh the positive effects. Herbicides can disrupt soil microbial communities 
and enzyme activities, leading to reduced nutrient cycling and soil fertility (Meena et al., 2016). 
Additionally, the persistence of herbicide residues in the soil can have long-term detrimental effects 
on soil health, further exacerbating calcium deficiency and other nutrient imbalances (Singh et al., 
2020). Understanding the complex interactions between herbicide application and calcium 
availability is crucial for developing sustainable agricultural practices. By minimizing herbicide use 
and adopting alternative weed management strategies, it is possible to mitigate the negative impacts 
on soil health and ensure long-term agricultural productivity. 

Case Studies from Australia 

Several studies conducted in Australia have investigated the effects of herbicides on soil health 
and nutrient dynamics. These studies provide valuable insights into the correlation between 
herbicide application and calcium deficiency in Australian soils. 

Case Study 1: Impact of Herbicides on Wheat Farming 

In the wheat-growing regions of Australia, herbicides have played a crucial role in improving 
crop yields by controlling weed populations. However, the extensive use of herbicides has also led 
to unintended consequences on soil health. A study by Gianessi and Williams (2011) highlighted that 
the adoption of herbicides, particularly glyphosate, has been instrumental in reducing tillage and 
improving water-use efficiency in wheat farming. However, this has also resulted in increased soil 
acidity, which affects calcium availability (Gianessi & Williams, 2011). The study found that soil 
acidification due to herbicide use led to the solubilization of toxic elements like aluminium, which 
competes with calcium for uptake by plant roots, exacerbating calcium deficiency (Yáñez et al., 2012). 

Case Study 2: Herbicide Residues and Soil Microbial Communities 

Research by Rose et al. (2019) investigated the impact of herbicide residues on soil microbial 
communities in Australian agricultural soils. The study found that herbicide residues, particularly 
from glyphosate, were associated with reduced microbial diversity and activity. This reduction in 
microbial activity affected nutrient cycling, including the availability of calcium. The disruption of 
soil microbial communities led to decreased soil enzyme activities, which are essential for the 
mineralization of organic matter and the release of nutrients like calcium (Rose et al., 2019). The study 
concluded that the negative impacts of herbicides on soil microbial communities and nutrient 
dynamics outweighed the benefits of weed control. 

Case Study 3: Effects of Herbicides on Mycorrhizal Associations 

A study by Marfo et al. (2019) examined the effects of herbicides on mycorrhizal associations in 
Australian soils. Mycorrhizal fungi form symbiotic relationships with plant roots, enhancing nutrient 
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uptake, including calcium. The study found that herbicides, particularly those containing glyphosate, 
inhibited mycorrhizal colonization, leading to reduced calcium uptake by plants. This disruption of 
mycorrhizal associations resulted in calcium deficiency, which affected plant growth and 
productivity (Marfo et al., 2019). The study emphasized the importance of preserving mycorrhizal 
functions to maintain soil health and nutrient availability. 

Herbicide Residues in Australian Soils 

A comprehensive study by Rose et al. (2019) investigated the prevalence of herbicide residues 
in Australian soils and their potential impacts on soil health. The study revealed that herbicide 
residues were detected in more than 30% of the paddocks surveyed, indicating widespread 
contamination. These residues have significant implications for soil microbial functions and nutrient 
cycling. The presence of herbicide residues can disrupt soil microbial communities, leading to 
reduced microbial diversity and activity (Rose et al., 2019). This disruption affects the decomposition 
of organic matter and the cycling of essential nutrients, including nitrogen and phosphorus, which 
are crucial for maintaining soil fertility and plant growth. The authors emphasized the need for 
careful management of herbicide use to minimize their impact on soil health. They recommended 
adopting integrated weed management practices that reduce reliance on chemical herbicides and 
promote sustainable agricultural practices (Rose et al., 2019). 

Soil Acidification and Calcium Deficiency 

Research conducted by the Grains Research and Development Corporation (GRDC) has 
highlighted soil acidification as a significant issue in Australian agricultural soils. Soil acidification 
occurs when the pH of the soil decreases, making it more acidic. This process can have detrimental 
effects on nutrient availability and crop productivity. The GRDC study found that soil acidification 
reduces calcium availability to plants, which is essential for cell wall structure and stability (GRDC, 
2013). Calcium deficiency can lead to symptoms such as stunted growth, poor root development, and 
leaf chlorosis, affecting crop yields. The study recommended the use of lime to neutralize soil acidity 
and improve calcium availability. Lime application can increase soil pH, reducing the solubility of 
toxic elements like aluminium, which competes with calcium for uptake by plant roots (GRDC, 2013). 
By addressing soil acidification, farmers can enhance nutrient availability and improve crop 
productivity, ensuring long-term agricultural sustainability. 

Discussion 

The application of herbicides in agriculture has profound implications for soil health and 
nutrient dynamics. This review has highlighted several key areas where herbicides impact soil 
properties, microbial communities, enzyme activities, and nutrient availability, particularly calcium. 
The findings underscore the complexity of herbicide-soil interactions and the need for sustainable 
management practices. 

Summary of Findings 

1. Herbicides can alter soil pH, leading to soil acidification, which reduces the availability of 
essential nutrients such as calcium and magnesium (Yáñez et al., 2012). This acidification process 
can increase the solubility of toxic elements like aluminium, which competes with calcium for 
uptake by plant roots, exacerbating calcium deficiency (Mishra et al., 2017). The reduction in 
calcium availability can have severe consequences for plant growth and productivity, as calcium 
is crucial for cell wall structure and stability. 

2. The impact of herbicides on soil microbial communities is another critical concern. Herbicides 
can disrupt these communities, leading to reduced microbial biomass and diversity (Rose et al., 
2016). This disruption affects nutrient cycling and organic matter decomposition, further 
impacting soil health and fertility. In Australia, studies have shown that herbicide residues can 
persist in the soil, affecting microbial functions and soil enzyme activities (Rose et al., 2019). 
These residues can lead to long-term changes in soil microbial communities, reducing the 
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abundance of beneficial microorganisms such as mycorrhizal fungi and nitrogen-fixing bacteria 
(Singh et al., 2020). 

3. Herbicides also inhibit soil enzyme activities, which are essential for nutrient cycling and organic 
matter decomposition. The inhibition of enzymes involved in nitrogen and phosphorus cycling 
can lead to reduced nutrient availability and soil fertility (Meena et al., 2016). This reduction in 
enzyme activities can have cascading effects on soil health, affecting plant growth and crop 
productivity. 

4. The correlation between herbicide application and calcium deficiency is complex and influenced 
by various factors, including the type of herbicide, application rate, and soil conditions. While 
some herbicides can enhance calcium availability by reducing competition from weeds, the 
overall trend indicates that the negative impacts of herbicides on soil health and calcium 
availability outweigh the positive effects (Rose et al., 2019). 

Research Gaps and Future Directions 

Despite the extensive research on herbicides and soil health, several gaps remain that need to be 
addressed to further our understanding of this topic: 
1. Long-term Effects of Herbicide Residues: There is a need for long-term studies to assess the 

persistence of herbicide residues in soils and their cumulative impacts on soil health and nutrient 
dynamics. Understanding the long-term effects of herbicide residues will help in developing 
strategies to mitigate their negative impacts. 

2. Interactions with Soil Microbial Communities: More research is needed to understand the 
specific interactions between herbicides and soil microbial communities. This includes studying 
the effects of different herbicides on microbial diversity, biomass, and enzyme activities. Such 
studies will provide insights into how herbicides disrupt microbial functions and nutrient 
cycling. 

3. Impact on Mycorrhizal Associations: Further research is required to explore the impact of 
herbicides on mycorrhizal associations and their role in nutrient uptake, particularly calcium. 
Understanding how herbicides affect mycorrhizal fungi will help in developing strategies to 
preserve these beneficial associations and maintain soil health. 

4. Alternative Weed Management Strategies: There is a need to investigate alternative weed 
management strategies that minimize the use of chemical herbicides. This includes exploring the 
use of cover crops, crop rotation, and biological control methods. Such strategies can help in 
reducing the reliance on herbicides and promoting sustainable agricultural practices. 

5. Regional Studies: More region-specific studies are needed to understand the impact of 
herbicides on different soil types and climatic conditions. This will help in developing tailored 
management practices that address the unique challenges faced by farmers in different regions. 

Conclusion 

The extensive use of herbicides in modern agriculture has significant implications for soil health 
and nutrient dynamics. This review has highlighted the multifaceted impacts of herbicides on soil 
properties, microbial communities, enzyme activities, and nutrient availability, with a particular 
focus on calcium deficiency. Herbicides can alter soil pH, leading to soil acidification, which reduces 
the availability of essential nutrients such as calcium. This acidification process can increase the 
solubility of toxic elements like aluminium, further exacerbating calcium deficiency and negatively 
affecting plant growth and productivity. 

The disruption of soil microbial communities and enzyme activities by herbicides further 
compounds these issues, leading to reduced nutrient cycling and soil fertility. The persistence of 
herbicide residues in soils, as observed in Australian studies, underscores the long-term challenges 
associated with herbicide use. These residues can disrupt microbial functions and nutrient dynamics, 
highlighting the need for careful management of herbicide application. 

While some herbicides may temporarily enhance nutrient availability by reducing weed 
competition, the overall trend indicates that the negative impacts on soil health and calcium 
availability outweigh these benefits. The disruption of mycorrhizal associations and the inhibition of 
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soil enzyme activities are particularly concerning, as they play crucial roles in nutrient uptake and 
soil health. Addressing these challenges requires a comprehensive approach that includes long-term 
studies on herbicide residues, understanding the interactions between herbicides and soil microbial 
communities, and exploring alternative weed management strategies. By minimizing herbicide use 
and adopting sustainable agricultural practices, it is possible to mitigate the negative impacts on soil 
health and ensure long-term agricultural productivity. 

Future research should focus on filling the identified gaps, such as the long-term effects of 
herbicide residues, the specific interactions with soil microbial communities, and the impact on 
mycorrhizal associations. Regional studies tailored to different soil types and climatic conditions will 
also be essential in developing effective management practices. By addressing these research gaps, 
we can develop strategies that promote sustainable agriculture and preserve soil health for future 
generations. 

Author’s Note: This work is a comprehensive desk-based research effort, synthesizing findings from peer-
reviewed papers and documented case studies primarily focused on Australia. The objective was to explore the 
impacts of herbicides on soil health, microbial communities, enzyme activities, and nutrient dynamics, with a 
particular emphasis on calcium deficiency. The research draws on a wide array of sources to provide a thorough 
understanding of the current state of knowledge in this field. The author acknowledges the limitations of desk-
based research, particularly the reliance on existing literature and the absence of primary data collection. Despite 
these limitations, the findings offer valuable insights into the complex interactions between herbicide application 
and soil health. The synthesis highlights both positive and negative impacts of herbicides, underscoring the need 
for sustainable agricultural practices. Looking forward, the author is eager to expand this research through field 
studies and experimental trials. Future research will aim to address gaps such as the long-term effects of 
herbicide residues, interactions with soil microbial communities, and impacts on mycorrhizal associations. By 
conducting primary research, the author hopes to contribute to the development of regenerative agricultural 
practices that promote soil health and productivity. 
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