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Abstract: 

Agriculture is at a crossroads, with the simultaneous challenge of supplying increasing global food demand while 

protecting soil quality and minimizing environmental repercussions. Using the transformative power of Artificial 

Intelligence (AI), this review article dives into the complicated interaction between soil characteristics and their 

tremendous influence on farming methods in the context of modern agriculture.The paper opens by emphasizing the 

importance of continual and sustainable productivity increases in agriculture, emphasizing the appropriate use of 

resources such as water, energy, and fertilizers to protect soil quality and environmental health. It emphasizes AI's 

role in changing agriculture by providing precision farming, optimum resource utilization, and a lower 

environmental imprint. AI, in conjunction with precision agriculture, has the ability to update farming processes, 

reduce chemical use, improve yield fertility, and boost productivity.The review delves into twelve scientific 

publications that investigate different aspects of soil characteristics and their ramifications. These papers cover a 

wide range of issues, including the impact of farming practices on soil physicochemical qualities, the assessment of 

ecosystem services, the impact of organic farming on soil biological quality, and the economic ramifications of soil 

pollution.Furthermore, the study delves into AI's application in agriculture, revealing how it may help improve soil 

health, support sustainable practices, and boost crop yields. The ability of AI to evaluate large datasets and give 

actionable insights provides farmers with the tools they need to make informed decisions, avoid resource waste, and 

ensure a reliable food supply. 

In conclusion, this comprehensive analysis highlights AI's critical role in transforming agriculture by optimizing soil 

parameters, supporting sustainable practices, and contributing to the worldwide objective of building a resilient and 

productive agricultural system. 

Keywords: Agriculture, Soil Parameters, Artificial Intelligence, Precision Farming, Sustainable Agriculture, 

Environmental Impact, Soil Quality, Resource Management, Ecosystem Services, Organic Farming, Soil Pollution, 

Crop Yield. 
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1. Introduction: 

Agriculture, the foundation of human civilization, has seen amazing change over the years. It is 

now not only responsible for feeding the world's growing population but also for doing it 

sustainably and responsibly. The agriculture sector is confronted with several issues, ranging 

from meeting rising food demand to maintaining worldwide competitiveness and providing high-

quality agricultural goods. This complex terrain needs a constant and sustainable rise in 

productivity, all while managing vital resources such as water, energy, and fertilizers wisely to 

protect soil quality and the environment. 

The incorporation of cutting-edge technologies has ushered in a new era in agriculture in recent 

years, giving unique answers to these complicated difficulties. One technology stands out in 

particular: artificial intelligence (AI). AI has shown the ability to revolutionize not only industry 

but also our relationship with the earth. AI provides the promise of increasing productivity, 

minimizing negative environmental impacts, and transforming farming practices in agriculture. 

Precision agriculture (PA) is an example of this shift, as it uses AI to optimize resource 

utilization and crop management, ultimately leading to more sustainable and efficient farming 

systems. 

When considering the tremendous reductions in emissions and resource consumption achieved in 

the sector, the crucial role of AI in modernizing agriculture becomes clear. Farmers may use AI 

tools and machine learning to not only enhance yields but also protect crops, cut chemical inputs, 

and ensure a more stable source of food. The merging of AI with precision agriculture represents 

a gradual transformation in how we farm the land, allowing us to better handle the agricultural 

domain's complexity, uncertainties, and ambiguities. The purpose of this review article is to 

delve into the vast body of research on soil characteristics and their profound impact on 

agriculture, as well as to investigate the revolutionary potential of AI in optimizing soil-related 

practices for sustainable and productive farming. 

2. Objectives: 

1. Thorough Literature Assessment: The major goal of this research is to undertake a thorough 

and systematic assessment of the available literature on the relationship between soil parameters 

and their impact on agricultural farming techniques. The publication seeks to provide a thorough 

knowledge of the delicate interplay between soil qualities and agricultural outcomes by 

combining ideas from a varied variety of research investigations. 

2. Emphasizing the function of Artificial Intelligence (AI): The purpose of this study is to 

highlight the transformative function of Artificial Intelligence (AI) in agricultural modernization. 

It intends to demonstrate how AI technologies, such as machine learning and data analytics, are 

transforming farming practices by optimizing soil-related factors, improving resource 

management, and contributing to agricultural system sustainability. 

3. Identifying and Explaining Key Agricultural Difficulties: Another goal is to identify and 

explain the pressing agricultural difficulties, such as the need for enhanced production, 

responsible resource utilization, soil quality preservation, and environmental sustainability. The 
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paper will discuss how these difficulties need novel solutions and the incorporation of artificial 

intelligence into agriculture. 

4. Practical Implications: The report intends to provide practical insights and recommendations 

for agricultural stakeholders such as farmers, policymakers, and academics. Readers will be 

empowered with practical knowledge to make educated decisions, prevent resource waste, and 

promote sustainable agriculture by understanding the intricate interaction between soil factors 

and AI-enhanced farming practices. 

Overall, the purpose of this study is to add to the current body of knowledge by providing light 

on the critical role of AI in tackling agriculture's complex and changing difficulties. Its goal is to 

encourage further study and practical application of AI-driven solutions to optimize soil 

parameters, improve soil quality, and promote sustainable agriculture practices for a food-secure 

future. 

3. Specific Outcomes of the Paper: 

1. Improved grasp of the Soil-Agriculture Nexus: The study will give readers a better grasp of the 

intricate relationship between soil properties and their impact on agricultural farming techniques. 

It will explain how changes in soil physicochemical qualities affect crop yield, resource 

management, and environmental sustainability. 

2. Recognition of AI's Transformative Potential: This paper will emphasize AI's transformative 

potential in modern agriculture. Readers will learn how AI technologies, such as machine 

learning and data analytics, may optimize soil-related parameters, resulting in higher crop yields, 

lower environmental impact, and increased resource efficiency. 

3. Identification of Key Agricultural difficulties: The report will identify and highlight the 

critical difficulties confronting the agricultural sector through a thorough analysis of relevant 

literature. These difficulties include the requirement for sustainable productivity increase, 

responsible resource consumption, soil health maintenance, and environmental degradation 

mitigation. 

4. Practical Insights for Stakeholders: The report will provide practical insights and 

recommendations to various agricultural stakeholders. Farmers will learn how to use AI tools 

and techniques to make educated decisions, enhance soil management, and sustainably increase 

agricultural yields. Policymakers will learn about the possible advantages of encouraging AI 

adoption in agriculture for national food security and environmental conservation. Researchers 

will be motivated to pursue new directions for AI applications in soil science and agronomy. 

5. Contributing to Sustainable Agriculture: In the end, the paper's findings will help to develop 

sustainable agriculture. The article intends to motivate action that supports responsible and 

efficient farming methods while guaranteeing food security for a growing global population by 

highlighting AI's role in tackling agricultural concerns linked to soil quality and resource 

management. 
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In summary, the specific results of the paper will include a better knowledge of the soil-

agricultural interaction, awareness of AI's revolutionary potential, identification of important 

difficulties, practical recommendations, and contributions to sustainable agriculture practices. 

4. Literature Review: 

Agriculture is one of humanity's most important activities, feeding a growing global population 

while facing multiple challenges in the twenty-first century. Meeting rising food demand, 

conserving soil quality, and mitigating environmental repercussions are among the major 

challenges confronting the agricultural sector [1]. To overcome these issues, a combination of 

conventional agricultural knowledge and cutting-edge technology is required. This review of the 

literature looks into the important relationship between soil characteristics and their profound 

influence on farming practices in the context of modern agriculture, emphasizing the critical role 

of Artificial Intelligence (AI) in optimizing these parameters. 

Agricultural techniques have changed to meet the demands for improved productivity, 

international competitiveness, and the delivery of high-quality agricultural goods [1]. These 

goals must be met while guaranteeing the proper use of resources such as water, energy, and 

fertilizers in order to safeguard and improve soil quality and the environment [1]. Achieving this 

equilibrium is difficult, necessitating the use of modern technology such as AI. AI, as a 

transformational force, has enabled precision agriculture (PA), a discipline that uses AI to 

maximize resource efficiency and crop management [1]. This collaboration between AI and 

agriculture is a ground-breaking strategy for updating farming operations. 

According to the literature, the incorporation of AI in agriculture has resulted in major 

breakthroughs. It has reduced chemical use, lowered the environmental impact, and increased 

soil health. Furthermore, AI's data-driven approach has provided farmers with actionable 

insights, allowing them to make informed decisions and optimize resource allocation, leading to 

improved crop yields [1]. 

Studies on the impact of farming practices on soil qualities have yielded important insights. For 

example, a study by Kaur et al. [2] highlights the impact of agricultural methods on soil 

physicochemical characteristics, emphasizing the relevance of organic farming in improving soil 

fertility. Furthermore, Tang et al. [3] conducted research into the evaluation of ecosystem 

services related to land use, emphasizing the need to integrate different elements and utilize 

novel methodologies in measuring the impact of management strategies. 

The literature also emphasizes the importance of organic farming in terms of soil biological 

quality, implying that biological indicators can be useful tools for organic farmers [4]. 

Furthermore, the effects of soil contamination on agricultural economics have been investigated, 

exposing the deep link between soil health and agricultural productivity economic outcomes [5].  

In summary, the literature review emphasizes the complex interplay between soil parameters and 

agricultural practices, demonstrating that in the modern era, AI has emerged as a key enabler in 

optimizing soil-related parameters to increase productivity, reduce environmental impacts, and 

promote sustainable agriculture. [1]. 
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The study of past land-use practices, as demonstrated by Lisetskii et al. [6], provides useful 

insights into old agricultural systems and their impact on soil and landscape. This study 

demonstrates how ancient societies used innovative soil management techniques to control 

surface runoff and erosion, such as dividing catchment areas into narrow plots, highlighting the 

relevance of past agricultural knowledge in addressing contemporary soil conservation 

challenges. 

As highlighted by Singh et al. [7], the transition to regenerative agriculture represents a 

promising paradigm change. No-till, crop rotation, and organic inputs are examples of 

regenerative methods that promote holistic soil health. This method has been shown to increase 

soil bacterial diversity and improve nutrient profiles, hence improving sustainable agriculture. 

Furthermore, Asitok et al. [8] found that soil health is crucial in the face of environmental 

difficulties, particularly in dirty agricultural soils. Their findings show that cement-dust pollution 

has a major influence on soil fertility, emphasizing the importance of keeping healthy soils for 

profitable agriculture. 

Smaling and Braun [9] investigate the peculiar agricultural terrain of Sub-Saharan Africa. They 

underline the need to know soil nutrient dynamics at different geographical and temporal 

dimensions. This viewpoint emphasizes the significance of microvariability and advocates for an 

integrated approach to soil fertility management. Furthermore, Badenko et al. [10] investigate the 

use of integrated crop simulation systems to examine agricultural land use planning. The 

research shows how dynamic crop models and crop rotation systems can be used to optimize 

agricultural land utilization and environmental sustainability. 

The paper concludes with a focus on the impact of certain soil microbes, as studied by Jurys and 

Feizien [11]. Their findings show that bio-products including Trichoderma reesei, Acinetobacter 

calcoaceticus, and Bacillus megaterium have the potential to improve soil organic carbon 

content, soil respiration, and microbial biodiversity. These findings highlight the need to take 

microbial contributions to soil health into account in modern agriculture. 

In conclusion, the literature review gives a comprehensive picture of the complex interaction 

between soil characteristics and agriculture. It demonstrates AI's transformational potential in 

optimizing soil-related practices and encouraging sustainable agriculture. The review also 

underlines the importance of historical agricultural knowledge, the move to regenerative 

techniques, and the role of microbes in influencing modern soil management systems. 

Table 1:Representation of literature 

Sr. 

No 
Paper Title Key Point Discussed Significance of This 

1 

"The prospect of artificial 

intelligence (AI) in precision 

agriculture for farming systems 

productivity in sub-tropical 

India: a review" [1] 

AI's disruptive impact on 

agricultural modernization, 

precision farming, and 

resource optimization. 

The potential of AI to 

increase production, reduce 

environmental impact, and 

promote sustainable 

agriculture is highlighted. 

2 
"Agricultural soil 

physicochemical parameters and 

microbial abundance and 

Farming techniques' effects 

on soil physicochemical 

characteristics and 

The importance of organic 

farming in improving soil 

fertility is emphasized, and 
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diversity under long-run farming 

practices: a greenhouse study" 

[2] 

microbiological abundance. the impact of agricultural 

methods on soil attributes is 

demonstrated. 

3 

"Reconciling life cycle 

environmental impacts with 

ecosystem services: a 

management perspective on 

agricultural land use" [3] 

The influence of land use on 

ecosystem services and the 

necessity for a complete 

review. 

Underlines the significance of 

taking into account different 

elements and using new 

methodologies when 

evaluating the impact of 

agricultural management 

strategies. 

4 
"Biological indicators of soil 

quality in organic farming 

systems" [4] 

In organic farming, 

biological markers are used 

to assess soil quality. 

Suggests that separate indices 

of soil biological quality may 

be required for organic 

farming systems and 

underlines the importance of 

these indicators in guiding 

on-farm management 

decisions. 

5 

"Exploring the topics of soil 

pollution and agricultural 

economics: highlighting good 

practices" [5] 

The relationship between 

soil contamination and 

agricultural economics is 

investigated. 

In order to address the 

economic impact of soil 

pollution, it is necessary to 

consider agricultural policies, 

farmer views, and 

sustainability. 

6 

"Postantique soils as a source of 

land use information: a case 

study of an ancient Greek 

agricultural area on the northern 

Black Sea coast" [6] 

An investigation into 

historical land-use practices 

and their effects on soil and 

landscape. 

Shows the value of ancient 

agricultural expertise in 

tackling present soil 

conservation issues. 

7 

"Regenerative agriculture 

augments bacterial community 

structure for a healthier soil and 

agriculture" [7] 

The effect of regenerative 

agriculture on soil bacterial 

diversity and nutrient 

profiles is being 

investigated. 

The potential of regenerative 

methods to improve soil 

health, and microbial 

biodiversity, and promote 

sustainable agriculture is 

highlighted. 

8 

"Multivariate statistics of 

fertility parameter fluxes in 

cement-dust-polluted soils in 

Mfamosing, Nigeria: impact on 

agriculture" [8] 

The effect of cement dust 

pollution on soil fertility is 

assessed. 

The negative impact of 

pollution on maize 

productivity is emphasized, 

as is the need to preserve 

healthy soils. 

9 
"Soil fertility research in 

sub‐ Saharan Africa: new 

dimensions, new challenges" [9] 

In Sub-Saharan Africa, the 

emphasis is on geographical 

and temporal scales in soil 

nutrient dynamics. 

The importance of 

microvariability and 

integrated nutrient 

management in sustainable 

agriculture is highlighted. 

10 

"Comparative simulation of 

various agricultural land use 

practices for analysis of impacts 

on environments" [10] 

Crop simulation systems 

were used to analyze 

different agricultural land 

use planning strategies. 

Shows how dynamic crop 

models and crop rotation 

systems can be used to 

optimize agricultural land 

usage and sustainability. 
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11 

"The effect of specific soil 

microorganisms on soil quality 

parameters and organic matter 

content for cereal production" 

[11] 

The effect of soil 

microorganism-containing 

bio-products on soil quality 

indicators. 

The possibility of bio-

amendments incorporating 

specific microbes to improve 

soil health and organic matter 

content is highlighted. 
 

4.1 key important points or factors:  

1. AI and Precision Agriculture: Artificial intelligence (AI) is playing a transformational role in 

agricultural modernization. 

   - AI-enabled precision farming techniques improve resource optimization. 

   - AI helps to reduce the environmental impact of agriculture. 

2. Soil Health and Farming Methods: Organic farming methods have a considerable impact on 

soil physicochemical characteristics. 

   - Organic farming improves soil fertility and microbiological diversity. 

   - Farming techniques and microbial diversity are linked to soil health. 

3. Ecosystem Services and Land Use: It is critical to assess the influence of land use on 

ecosystem services. 

   - A comprehensive assessment of farm management practices is required. 

   - Innovative ways for assessing the impact of agricultural activities are necessary. 

4. Biological Indicators in Organic Farming: Biological indicators are used in organic farming 

for assessing soil quality. 

   - For organic farming systems, different indicators may be required. 

   - The biological condition of soil is critical in guiding on-farm management decisions. 

5. Soil Pollution and Agricultural Economics: Soil pollution and its economic consequences are 

critical concerns. 

   - Soil pollution is addressed through agricultural policies, farmer views, and sustainability. 

   - It is critical to balance economic reasons with soil health and pollution management. 

6. Ancient Agriculture techniques: - Ancient land-use techniques can teach us about soil and 

landscape management. 

   - Ancient agriculture is studied using integrated geoarchaeological techniques. 

   - Soil conservation practices are informed by historical knowledge. 

7. Regenerative Agriculture: Regenerative agriculture has a good impact on soil bacterial 

diversity. 
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   - Increased microbial variety and nutrient profiles are beneficial to soil health. 

   - Regenerative practices support sustainable agriculture. 

Pollution's Impact on Soil Fertility: Cement-dust pollution affects corn production and soil 

fertility dramatically. 

   - Healthy soils are essential for agricultural output. 

9. Spatial and Temporal Scales in Soil Fertility: - Spatial and temporal scales influence soil 

nutrient dynamics. 

   - Microvariability in nutrient management is critical for long-term agriculture. 

10. Agricultural Land Use Planning: Alternative agricultural land use planning methodologies 

are examined. 

    - Crop rotation techniques and dynamic crop models optimize land usage. 

    - Land use planning is used to ensure agricultural sustainability. 

11. The Role of Soil Microorganisms: Bio-products that contain certain soil microorganisms 

improve soil quality. 

    - Bio-amendments boost soil health and organic matter content. 

    - Certain microbes aid with agricultural productivity. 

These essential themes highlight important aspects of agriculture, soil management, and the 

environment. the integration of technology and practices to promote sustainability and 

productivity in farming. 

Figure 1: Key Factors Impacting Agriculture 
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Figure 2: Distribution of Key Factors 

 
Figure 3:Key Factors in Agriculture 

Existing research on agricultural soil parameters and their relationship to farming techniques 

utilizing artificial intelligence has produced useful insights for improving agricultural 

productivity and sustainability. However, there is a substantial research gap in the total 

integration of AI technologies with a holistic understanding of farming's socioeconomic and 

environmental components. Most studies have concentrated on the technical aspects of AI 

applications in agriculture, such as precision farming and soil quality assessment while ignoring 

the broader implications for socioeconomic factors, policy considerations, and agricultural 

system long-term sustainability. Future research should bridge this gap by taking a 
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multidisciplinary approach that includes not just technical breakthroughs but also their 

socioeconomic and environmental implications, with the goal of achieving a more holistic and 

sustainable agricultural transformation sector. 

5. Conclusion: 

The research discussed in this paper highlights the crucial importance of soil characteristics in 

agriculture and their interaction with farming techniques, all while leveraging Artificial 

Intelligence (AI) technologies. These findings emphasize the potential for artificial intelligence 

to improve agriculture by increasing production, sustainability, and environmental stewardship. 

However, it is critical to recognize that this transformative journey is diverse and necessitates a 

holistic approach that takes into account not only the technical components of agriculture but 

also the socioeconomic and policy dimensions of agriculture. 

The good impact of AI and precision farming on resource optimization, soil health, and crop 

yield improvement is one of the key findings from the examined research. Organic farming 

practices were found to have a considerable impact on soil physicochemical characteristics and 

microbial diversity, highlighting the importance of sustainable agricultural practices. 

Furthermore, an assessment of ecosystem services related to agricultural land use indicated the 

complexity of the agricultural environment and the need for specific management strategies. The 

importance of soil health and the necessity for realistic indicators to support decision-making 

were highlighted by the use of biological indicators in organic farming. 

Nonetheless, issues such as managing soil degradation, optimizing land use planning, and 

encouraging the use of regenerative agriculture practices persist. The identified research gaps 

highlight the importance of multidisciplinary studies that examine the socioeconomic, 

environmental, and technological elements of agriculture. Future research should seek holistic 

solutions that combine productivity, environmental sustainability, and the well-being of farming 

communities. 

Finally, AI-driven agricultural breakthroughs have enormous potential for addressing the 

complex difficulties of global food production. Realizing this promise, however, would 

necessitate a collaborative effort that combines technical innovation with legislative support, 

farmer education, and sustainable practices. By addressing these multidimensional issues, we can 

pave the path for agriculture to have a more resilient, productive, and sustainable future. 

References: 

1. Naresh, R., Chandra, M., Charankumar, G., Chaitanya, J., Alam, M., Singh, P., … & Ahlawat, P. 

(2020). The prospect of artificial intelligence (AI) in precision agriculture for farming systems 

productivity in sub-tropical India: a review. Current Journal of Applied Science and Technology, 96-110. 

https://doi.org/10.9734/cjast/2020/v39i4831205 

3. Tang, L., Hayashi, K., Kohyama, K., & Leon, A. (2018). Reconciling life cycle environmental impacts 

with ecosystem services: a management perspective on agricultural land use. Sustainability, 10(3), 630. 

https://doi.org/10.3390/su10030630 

4. Stockdale, E., & Watson, C. (2009). Biological indicators of soil quality in organic farming systems. 

Renewable Agriculture and Food Systems, 24(4), 308-318. https://doi.org/10.1017/s1742170509990172 

https://doi.org/10.9734/cjast/2020/v39i4831205
https://doi.org/10.3390/su10030630
https://doi.org/10.1017/s1742170509990172


 

IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
                     Research paper  © 2012 IJFANS. All Rights Reserved,  UGC CARE Listed ( Group -I) Journal Volume 10,  Iss 3, 2021 

 

 268  
   
 
 

 

5. Martinho, V. (2020). Exploring the topics of soil pollution and agricultural economics: highlighting 

good practices. Agriculture, 10(1), 24. https://doi.org/10.3390/agriculture10010024 

6. Lisetskii, F., Stolba, V., Golyeva, A., Marinina, O., & Poletaev, A. (2020). Postantique soils as a source 

of land use information: a case study of an ancient Greek agricultural area on the northern Black Sea 

coast. Applied and Environmental Soil Science, 2020, 1-15. https://doi.org/10.1155/2020/8698179 

8. Asitok, A., Ekpenyong, M., & Antai, S. (2020). Multivariate statistics of fertility parameter fluxes in 

cement-dust-polluted soils in Mfamosing, Nigeria: impact on agriculture. Journal of Microbiology 

Biotechnology and Food Sciences, 9(4), 781-789. https://doi.org/10.15414/jmbfs.2020.9.4.781-789 

9. Smaling, E., & Braun, A. (1996). Soil fertility research in sub‐ Saharan Africa: new dimensions, new 

challenges. Communications in Soil Science and Plant Analysis, 27(3-4), 365-386. 

https://doi.org/10.1080/00103629609369562 

10. Badenko, V., Badenko, G., Topaj, A., Medvedev, S., Zakharova, E., & Terleev, V. (2017). 

Comparative simulation of various agricultural land use practices for analysis of impacts on 

environments. Environments, 4(4), 92. https://doi.org/10.3390/environments4040092 

12. Lynch, D., Halberg, N., Bhatta, G., & Scotia, N. (2012). Environmental impacts of organic agriculture 

in temperate regions. CAB Reviews Perspectives in Agriculture Veterinary Science Nutrition and Natural 

Resources, 2012, 1-17. https://doi.org/10.1079/pavsnnr20127010 

13. Amairullah Khan Lodhi, S. R. Madkar, Prof. A. V. Karande,”Wireless Monitoring of Soil 

Moisture & Humidity using Zigbee in Agriculture”, 2014/10, International Journal of Advanced 

Research in Computer Science and Software Engineering, Volume 10, Issue 4, Pages 817-821, 

IJARCSSE. 

14. Honrao Sachin B., Lodhi A.K., “Solar Energy Based Automated Irrigation System”, 2013/9, 

International Journal of Electronics Communication and Computer Engineering, Volume 4, Issue 

5, Publisher IJECCE. 
 

https://doi.org/10.3390/agriculture10010024
https://doi.org/10.1155/2020/8698179
https://doi.org/10.15414/jmbfs.2020.9.4.781-789
https://doi.org/10.1080/00103629609369562
https://doi.org/10.3390/environments4040092
https://doi.org/10.1079/pavsnnr20127010
https://scholar.google.com/scholar?cluster=9139954761507063144&hl=en&inst=569367360547434339&oi=scholarr
https://scholar.google.com/scholar?cluster=9139954761507063144&hl=en&inst=569367360547434339&oi=scholarr
https://scholar.google.com/scholar?cluster=9139954761507063144&hl=en&inst=569367360547434339&oi=scholarr

