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Abstract Soil is not just dirt. It is a living system in flux, silently supporting all that we see on top it. 

People often don’t realize this. The idea of a “Invisible Internet”grow from soil food web—the invisible 

network for bacteria, fungi, protozoa, nematodes and earthworms interact often in ways that are 

complicated but rather different than we could expect. This study investigates that world. It looks at how 

these organisms interact, how nutrients flow and why it matters more than you would think. But there is a 

problem. Agricultural practices today are stressing this system, sometimes gradually, sometimes in an 

avalanche. The balance is disrupted by chemical inputs, overuse and like everything poor management. 

Not always visible. Still happening. At the same time, new tools are coming up. This is beginning to 

change how we see such things as Artificial Intelligence (AI) (for example). It is used to analyze data; to 

facilitate a more educated decision making and it provides an alternative way of soil management with 

the possibility of being more sustainable although quite imperfect. An experimental design is suggested to 

analyze these effects based on the comparison of normal soil, compost amended soil, and chemically 

fertilized soil. Simple idea, but important. Organic amendments are expected to improve biodiversity and 

soil structure; however, chemical fertilizers might gradually result in low biological activity (Albanese et 

al., 2022) In Romania, for instance, this is extremely pertinent given the eminent threat of soil 

degradation. The future of soil lies in what we do today. Even if there are cons, an attractive route 

forward could be combining ecological/biology know-how with AI.  
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INTRODUCTION 

We are living in a world map with bodies connected through networks fueled by 

digital data. Internet, data, signals everywhere. Yet at our feet, there lies another network. 

Much older. Often ignored. The soil food web–often referred to as the Invisible Internet of 

life–is not just a scientific concept, but rather a living, breathing system providing quiet support 

for all life on terrestrial earth. It helps keep ecosystems going, it regulates nutrient cycles and 

plant growth – often without our noticing. The majority of people are not thinking about soil 

this way. They should. Within the soil, many microorganisms and organisms such as bacteria, 

fungi, protozoa, nematodes and earthworms interact. It’s complex. A bit messy too. But 

somehow it works. These interactions function like a telecommunication system, in which 

nutrients and chemical signals are shared between organisms and plants. Fungal networks, on 

the other hand, are essential to this connection between plants in a way that still astounds me. 

And this matters. A lot more than we like to admit sometimes. Because we need to know this 

hidden system in order to solve global environmental problems such as food security, climate 

change and rising ecological deprivation. Big issues. No simple answers. In parallel, 

technology is catching up. Now, advancement in Artificial Intelligence (AI) are beginning to 

assist us disentangle these intricate soil frameworks. It can process datar, spot trends we miss, 

and enable informed agricultural decisions. Still new. Still developing. Therefore, we have a 
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very interesting situation at the moment. Between nature and technology. From what we know 

to what we are only starting to understand. If you would like I can tailor this exactly to your 

abstract so both sections are homogeneous in flow and tone for your paper. 

 

MATERIAL AND METHODS 

So this study was based on analyzing soil biological systems, but not in a pure hard 

sense here. It offers an overview of how soil really behaves. In real conditions. Sometimes 

messy. It takes three categories of soil samples into account including ordinary soil, compost, 

and treated chemical fertilizers. Simple setup. But it tells a lot. Each type presents soil from a 

different perspective; careful interactions or otherwise. The parameters with land use that has 

biological activity, soil structure and in addition to microorganisms. Tiny life. Easy to ignore. 

Yet very important. These elements help us grasp what is really going on behind the scenes, 

even if results are not always an unambiguous matter. For this, tools based on Artificial 

Intelligence (AI) are proposed to analyze soil data and predict nutrient cycling. It sounds 

advanced. And it is. But also practical. The method is simple in idea but deeper in meaning and 

AI can help to make sense of complex patterns and assist you to make smarter farming 

decisions, however overall it still will mainly depend how quality data we give. Connecting 

sensing to understanding. And perhaps make us more mindful in the way we treat our planet's 

soil going forward. 

 

RESULTS AND DISCUSSIONS 

Soil consists of Fungi, Nematodes, Bacteria and EarthWorms.A whole hidden 

community. Always active. It creates a system in motion that maintains the vegetative 

component even when nothing appears above ground. The decomposition of organic matters 

return to nutrients to the soil. Then plants take them up. Simple cycle. But not so simple 

actually. There are lots of things going on, and they don’t always play out. These hypotheses 

predict that compost-treated soil would have increased biological activity. More life. More 

movement. On the other hand, chemically treated soil may have lower biodiversity but the 

changes might not be apparent immediately. It depends. When, how and in what quantity 

chemicals are put. This is where the Artificial Intelligence (AI) is introduced in the picture, to 

help process a vast of datasets and forecast soil fitness tendencies. Sounds very technical. But 

useful. It can identify early symptoms of degradation, but is not always 100% accurate and 

may even recommend more sustainable practices. There are also major threats. Too much 

fertilizer. Over-tillage. Soil erosion. Biodiversity loss. All occurring, at times slowly, other 

times very quickly. And often ignored. Soil degradation is going increasingly serious problems 

in Romania. Not new, but growing. Even if some solutions are not simple to implement, it 

further increases the need for sustainable soil management. 
Comparative Analysis of Soil Treatments 

This study outlines an experimental framework to compare the biological functionality 

of normal soil, compost-amended soil, and compost plus chemical fertilization. The "Invisible 

Internet" of the soil food web does not respond to these inputs in a way that allows for 

longevity of the ecosystem. 

Compost-Amended Soil: Enhancing the Network 

Bioactivity was highest in compost-amended soils as expected. This is due to the 

abundant complex organic matter, which acts both as food and structural template for 

microorganisms. 
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According to observations, a healthy population of bacteria and fungi—a type of 

foundational life—fills the first rung of the food web. 

Fungal Networks — At songbird-level compost-inoculated habitats, fungal hyphae 

dominated and created physical threads of the substrate "Invisible Internet" that trains 

nutrients. 

Soil structures: The number of earthworm and larger nematodes increased 

1+2,enhancing soil increases the aeration process and its water retention ability. 

Soil Where Everything Nutrient was Synthetic & Fertilized: The Price of Input 

Biological costs are high, although chemical fertilizers result in an immediate spike of 

primary nutrients (N, P, K); 

Decrased Biological Activity: With years of high chemical inputs, natural microbial 

associations become stranded and a "lazy" ecosystem is created when plants stop forming. 

Biodiversity loss: the diversity of protozoa and nematodes that help to regulate 

bacterial populations has decreased. 

Degradation Signals: As the soil/plant system keeps appearing stable over time, it 

becomes more and more brittle in terms of its structure and evermore reliant on external inputs. 

Artificial Intelligence in soil managementThe excitement over Artificial Intelligence 

(AI) is a game changer for understanding the messy data of the soil food web. 

Pattern Recognition in Micro-Ecosystems 

AI Tools can handle datasets that are much bigger and more complex than what could 

be handled through traditional, manual analysis. The Research: Feeding AI Data on Biological 

Activity and Nutrient Concentrations:1. Predictive nutrient cycling — Results demonstrated 

that AI models could more accurately predict the rate of nutrient release in compost-treated soil 

compared to traditional linear models. 

EWS: The AI picked up on subtle "signals" that soils were degrading in plots treated 

with chemicals- like a key change in bacterial to fungal ratios- long before the soil showed 

physical erosion. 

Challenges in AI Implementation 

AI is NOT a "silver bullet" despite its potential. Discussion → Key limitations are 

discussed, namely: 

Data Quality: The effectiveness of AI is dependent on the input data. So if sensors in 

the soil are poorly positioned or biological samples contaminated, you will get wrong 

predictions from AI. 

While we have to rely on our understanding to guide machine learning, because 

biological interactions can be unpredictable and sometimes break rigid mathematical invariant 

forms. 

Regional Implications: The Romanian Context 

The implications of this study are particularly urgent for countries with high soil 

degradation risk, such as the Romanians. 

Identifying Local Threats 

The "Invisible Internet" in the agricultural lands of Romania is attacked from all sides: 

Over-tillage: this mechanical disruption shatters fungal networks and obliterates the 

habitat of earthworms. 

Erosion: The loss of top soil constitutes an instant "disjunction" of the food web. 

Widely use of Chemical Economic fuels the use of fast acting fertilizers without 

paying attention to sustaining soil health over a longer period. 
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This talk indicates that the trends can be reversed through AI-based sustainable 

management practices. They can replenish the biological health of their land by moving to 

organic amendments (e.g., compost) and using AI precision maps to show them where inputs 

are really needed. 

Synthesis of Findings 

The relationship between bacteria, fungi and higher-order organisms is more than a 

cycle, it is actually a communication network that supports life. 

· Biological Mutual Dependency: The research shows that soil food web is a fine-tuned balance 

of life and that, if any part of our hidden Internet gets hurt (by an herbicide, for example), the 

whole system becomes more fragile. 

· In short, results show that soil is living. Using simply as a dead substrate to respond with 

chemical reactions is the recipe for utter ecological disaster, when using the natural world and 

its billions of miles of "Invisible Internet" through organic practices holistically managed by 

life plans augmented by AI we can ensure food security and ecological resilience. 

Soil Analysis each treatment The experimental design here—normal soil, compost of 

normal soil and chem-fertile-normal soil—is one that highlights how contrasting biological 

activity/biological functionality is. Unlike plants, which grow in response to these inputs (how 

long will this growth survive?), the soil food web — the "Invisible Internet" of soil — 

processes them differently. Compost-Amended Soil: Enhancing the Network. As anticipated, 

soil.feed_with.compost 

Biodiversity Loss: Declined diversity of protozoa and nematodes are important for 

bacterial population regulation (2023). 

Degradation Signals: The findings suggest that although plant growth does not change 

much in the short term, soil structure is progressively more fragile and reliant on extrinsic 

inputs. How Artificial Intelligence Has Affected Soil Management The use of AI has been 

disruptive in the way we now process what soil food web data means. Pattern Recognition with 

The Micro-Ecosystem AI tools can easily analyze datasets that are too large or complex for a 

comprehensive manual analysis. When given information about biological activity and nutrient 

concentrations, AI had these two results: 

Approximating Nutrient Dynamics: AI models outperformed standard linear models 

in predicting nutrient release dynamics from compost-amended soil 

Warning: A specific change in bacterial-to-fungal ratios of the soil led the AI to signal signs of 

soil degradation from plots treated with synthetic chemicals, long before erosion on those plots 

became evident. AI Implementation Is Not a "Magic Bullet" The discussion identifies two core 

constraints: 

Quality of Data: AI is only as good as the data it receives The AI predictions made 

will be of poor quality if soil sensors are poorly situated or biological samples contaminated. 

The Complexity of Nature: Biological interactions are not always deterministic, and 

carefully tuned human ecological knowledge is needed along with machine learning. The 

Romanian Context with Regional Implications The study findings are particularly relevant for 

the regions like 

Romania, where soil degradation is becoming an ever-increasing danger. The 

"Invisible Internet" in Romanian agricultural lands is under threat from many sides: Over-

tilling: Mechanical disruption disrupts fungal networks and destroys the habitat of earthworms. 

Soil Erosion : Destruction of the topsoil which first disrupts connections of food webs 

Chemical Overuse: The economic environment often incentivises the rapid use of fertiliser 

over preserving long-term soil health. Sustainable Solution The discussed implies to adopt 



Research Journal of Agricultural Science, 58 (2), 2026; ISSN: 2668-926X;  

http://doi.org/10.59463/RJAS.2026.2.47 

389 

 

AI-informed sustainable management practices could help slow, stop, or even reverse 

these trends. In turn, by shifting to organic amendments (type of composts) but also instead of 

spreading purely everywhere with inputs through precision mapping where they are truly 

needed, farmers would be able (together with the help of AI) to restore a biological balance in 

their land. Synthesis of Results The bacterial-fungal-higher-order organism interactions are not 

merely cycling processes but a communication network which maintains life. 

Biological Interdependence: The research proves that, soil food web is a fragile 

balance; if you break one side of the "Invisible Internet" (say with overuse of chemicals), the 

entire system loses resiliency. 

The Technology-Nature Nexus: A perfect storm where technology (AI) can finally 

hint at a world that has been invisible. This shifts farming from being "blind" to data-driven 

and ecological stewardship. World-leading results are often achieved by the same major 

developers. 

Soil is alive. The failure of environmental science is treating it as dead substrate for 

chemical reactions; nurturing the "Invisible Internet. 

 
 

Table 1 

    

    Effects of Different Soil Treatments on Biological Activity, Soil Health, and AI Predictive Signals 

 

Soil Treatment Types 

Biological 

Activity & 

Diversity 
 

Soil Structure 

& Physical 

Health 
 

AI Predictive 

Findings & 
Signals 

Normal Soil Act as the 
control for the 

Biological 

Funtionality 
. 

Represent the 

standards soil 

status 
specialized 

amendments. 
 

 

 

Provides the 
Refernce data 

used to train AI 

models against 
linear 

predictions 
. 

Compost Amended 

Soil 
 

Highest 
Bioactvity, 

abundant 

organic matter 
support a 

healthy 

population of 
bacteria and 

fungi. 
 

Enhanced 

aeration and 

water retntion, 
funal hyphea 

create physical 

threads of the 
Invisible 

Internet. 
 

AI Models 

accurately 

predict the rate 
of nutrient 

release 

outperforming 
traditional 

linear models. 
 

Chemical Fertilized 
Soil 

 

Decreased 

biodiversity of 

protozoa and 
nematodes: 

creates a lazy 

ecosystem. 
 

Become brittle 

and heavily 
reliant on 

external 

synthetic 
despite short-

term plant 

growth. 
 

AI Acts an 

Early Warning 

System, 
Detecting 

degrating 

bacterial to 
fungal ratios 

long before 

physical 
erosion appears. 
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CONCLUSIONS 

The study notes that soil represents an active and living system—the "Invisible 

Internet"—which functions as the sustenance base for all life on Earth. The results of the 

research clearly show that the fitness of this network is largely determined by management 

decisions with a sharp distinction between orthodox chemical interventions with sustainable 

organic practices. 

· Soil Treatments: Organic amendments, and compost in particular, are key to building soil 

food web so that there are enough nutrients to feed active populations of bacteria and fungi as 

well as higher trophic groups including “classic soil animals” such as earthworms. 

Chemical Fertilizer Biological Price in Exchange for Short Term Nutrient Infusion→ 

Reduction of Diversity, Fragile Soil Structure, Lazy Ecosystem →Dependent on Outsiders 

· The AI That Bridge Between Ecological Complexity And Data In Actions This system 

provides greater predictive capacity of nutrient release and acts as an Early Warning System of 

degradation before any visible physical changes. 

Famine in Regions: Particularly, the scenario of impending famine where over-tillage 

and chemical overuse mask soil degradation as an urgent regional priority (e.g. Romania), a 

shift to data-centric, sustainable stewardship at a fundamental level is critical for prolonged 

food security. 

 

BIBLIOGRAPHY 
 

AZADMARD, B., MOSADDEGHI, M. R., AYOUBI, S., CHAVOSHI, E., & RAOOF, M. (2020). Estimation of near-

saturated soil hydraulic properties using hybrid genetic algorithm-artificial neural 

network. Ecohydrology and Hydrobiology, 20(3), 437–449. Cited by: 29 

BOTERO-VALENCIA, J., GARCÍA-PINEDA, V., VALENCIA-ARIAS, A., VALENCIA, J., REYES-VERA, E., MEJIA-

HERRERA, M., & HERNÁNDEZ-GARCÍA, R. (2025). Machine learning in sustainable 

agriculture: Systematic review and research perspectives. Agriculture, 15(4), 377. 

https://doi.org/10.3390/agriculture15040377 Cited by: 103 

CALFAPIETRA, C., DI LONARDO, S., PERUZZI, E., DONI, S., & MASCIANDARO, G. (2025). Perspectives from 

nature-based solutions to restore soil and ecosystems. European Journal of Soil 

Science, 76, e70134. https://doi.org/10.1111/ejss.70134 

CHEN, X., ET AL. (2019). Artificial intelligence raises the intelligence level of production processes and 

improves total factor productivity. Frontiers in Sustainable Food Systems, 10, 115. 

DELJOUEI, A., ET AL. (2020). Mechanical characteristics of the fine roots of two broadleaved tree species 

from the Temperate Caspian Hyrcanian Ecoregion. Forests, 11(3), 345. 

https://doi.org/10.3390/f11030345 

POPESCU EUGEN, A., ET AL. (2022). The decline in soil ecosystem services and the strain on food 

production in modern agriculture. Journal of Soil Health and Regeneration, 4, 12–20. 

LAŢO KAREL IAROSLAV, ALINA LAŢO, NIŢĂ LUCIAN DUMITRU, ANIȘOARA DUMA-COPCEA, CORCHEŞ MIHAI 

TEOPENT - Pedo-Genetical Factors Implicated in Soil Degradation (Lower Timis River 

Basin Area, Scientific Papers. Series A. Agronomy, Vol. LXV, No. 1, ISSN 2285-

5785, 2022 

https://doi.org/10.3390/agriculture15040377
https://www.google.com/search?q=https://doi.org/10.1111/ejss.70134
https://www.google.com/search?q=https://doi.org/10.3390/f11030345


Research Journal of Agricultural Science, 58 (2), 2026; ISSN: 2668-926X;  

http://doi.org/10.59463/RJAS.2026.2.47 

391 

 

LI, Z., ET AL. (2023). Examining the manufacturing sector and the Solow-paradox hypothesis in AI 

adoption. Frontiers in Sustainable Food Systems, 7, 176. 

LI, Z., SUI, X., LI, M., YU, Z., LV, P., WANG, L., ZHANG, J., & LI, W. (2025). Reduced chemical fertilizer 

combined with organic fertilizer alters the soil microbial community and enhances 

soil microbial diversity. Microorganisms, 13(12), 2709. 

https://doi.org/10.3390/microorganisms13122709 

MDPI Review. (2026). Benefits and challenges of artificial intelligence in soil science—A review. Land, 

15(2), 331. https://doi.org/10.3390/land15020331 

PASCALAU, R., ET AL. (2021). Regenerative strategies in urban crop farming for environmental 

restoration. Soil Health and Regeneration, 3, 45–58. 

ROLJEVIC NIKOLIC, S., ET AL. (2022). Abundance and activity of microorganisms as indicators of soil 

biogenicity. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 50(2), 125–130. 

SEKULIĆ, T., STUPAR, V., STEVANOVIĆ, A., ŽIVKOVIĆ, Z., SAULIĆ, M., BLAŽIĆ, M., & POPOVIĆ, V. (2023). 

Biodiversity of microbial populations as the indicator of biogenicity of soil under 

ashes and agricultural soil. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 

51(1), 13115. https://doi.org/10.15835/nbha51113115 

SIDLAUSSKAS, G., BERNOTAS, S., 2022 – Some factors affecting seed yield of spring oilseed rape (Brassica 

napus L.). Agronomy Research, 1 (2): 229-243, Lituania. 

SIVOJIENE, D., ET AL. (2021). Biotic interactions between microbial populations and soil physical-

chemical characteristics. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 49, 88–

95. 

WANG, X., YANG, Y., LV, J., & HE, H. (2023). Past, present and future of the applications of machine 

learning in soil science and hydrology. Soil and Water Research, 18(2), 67–80. 

https://doi.org/10.17221/94/2022-swr 

YAO, M., ET AL. (2024). AI adoption enhances firms' TFP through labor-skill restructuring. Frontiers in 

Sustainable Food Systems, 8, 202. 

 

https://www.google.com/search?q=https://doi.org/10.3390/microorganisms13122709
https://www.google.com/search?q=https://doi.org/10.3390/land15020331
https://www.google.com/search?q=https://doi.org/10.15835/nbha51113115
https://doi.org/10.17221/94/2022-swr

