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Abstract. Monitoring soil pH levels forms the backbone of precision agriculture with regard to maximizing crop health
and vyield. The paper discusses an loT-based solution, specifically designed for continuous soil pH testing in digital
farming. It has pH sensors placed strategically around the agricultural fields such that the information regarding the
acidity or alkalinity of the soil is available in real-time. The pH information will be transmitted to the central loT
gateway. Here, the information is processed, and via communication of cloud-based platforms, it is further stored and
analyzed. So, by checking variations in soil pH, the system provides actionable information to farmers. Thus, by
adjusting soil treatments like lime or fertilizers better, it enhances crop performance. The response uses mobile and web
interfaces that support automated pH testing with automatically designed data visualization. This allows farmers the
chance to decide from remote sites about imminent and proper fluctuations in soil pH by the use of historical data
analysis and models from machine learning. One part of the effectuality of this proactive approach would be that soil
quality is improved while unnecessary chemical use is avoided, therefore reducing the resulting costs of farming with
sustainability considerations. By limiting itself to pH value testing, this solution increases the farmland's productivity
with less wastage of resources.
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INTRODUCTION

The development of 10T technologies in agriculture enhances the possibility for higher precision in farming.
Among the critical factors determining crop health are the pH levels of the soil, how nutrient availability and growth
are affected due to the same, and such aspects can take considerable time with inaccurate results through traditional
testing methods. An loT-based system coupled with digital pH meters can be a real-time, accurate, and efficient
solution for checking the status of soil health. An exploratory study on how digital pH meters can be applied in
monitoring and optimizing soil condition for greater productivity and sustainability in farming.

RESEARCH METHODOLOGY

The research methodology involved deploying loT-based pH sensors across agricultural fields to collect real-
time data on soil acidity and alkalinity levels. These sensors are connected to a cloud- based platform that processes
the data and provides actionable insights to farmers. The methodology focused on:

Sensor Deployment: Strategic placement of smart pH sensors in various zones of the field to monitor the
variation in conditions of the soil.

Data collection: Real-time soil pH data were collected and then transmitted to the cloud platform at all times.
Data Analysis: The system analyzed pH data to detect trends. This system alerted when the levels departed
from ranges known to be optimum.

Intervention: the pH readings influenced irrigation and fertilization systems so that the optimal environment of
soil would be under its control.

THEORY AND CALCULATION

These are electrochemical models for pH measurement in soils. The pH meter fitted with a digital probe gives a
direct calculation of the hydrogen ion concentration in the soil and hence the pH. The following calculations are
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applied to the data obtained:
pH = —log10[H+]

where

[H+][H"+][H+] is the concentration of hydrogen ions in the soil.
Real-Time Monitoring: The system continuously monitors soil pH changes and associates it with irrigation and
fertilization inputs. This guarantees that crops will be furnished with the required requirements based on real-time
soil conditions.

Mathematical Expressions and Symbols
pH value calculations together with symbols should be added by means of the equation tool in Microsoft Word. Proper

references should be added for any formula or equation used to support their accuracy, e.g., this pH value was
calculated using the Henderson-Hasselbalch equation.

RESULTS AND DISCUSSION

A continuous soil pH monitoring system, based on the concept of 10T was proposed, developed, and evaluated under
various conditions of soil. This experiment captured real-time pH values with reasonable accuracy across different
locations in the field. The data gathered showed a consistent correlation between pH changes and environmental
factors, thus warranting timely adjustment in approaches to soil treatment.

This kind of system ensures that farmers spend minimal time before getting actionable information regarding their
fields, thus ensuring that lime and fertilizers are not used without waste. Predictive analysis on historical pH data
will also assist in making interventions more timely rather than waiting for soil degradation while future
applications reduce the risk of overuse of chemicals, bringing forward cost savings as well as environmentally
friendly farming practices. In general, the system proved to be a reliable tool for precision agriculture, improving
crop yield management and soil health.

> C @ 127.0.0.1:5500/public/home htmi * 0 @ :

Ph Soil Sensor Testing Login  Register

Test Your Sensor

The web page "pH Soil Sensor Testing" provides a user-friendly platform for testing soil sensors. Users can connect
their sensors, view real-time pH readings, and calibrate them for accurate measurements. The page's warm color
scheme enhances the user experience.
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€ C© @ 127.0.0.1:5500/public/registeration.html & % 9 O ® :

Login

It shows a login form with fields for email and password. Users can enter their credentials and click "Login" to
access the website. If they don't have an account, they can click "Register"” to create one.

€« e O 127.0.0.1:5500/public/login.htmi? o % © O @

Soil Sensor Testing - pH Meter Image Processor

Chemical values

© 2024 Soll Sensor Testing n

"Soil Sensor festing - pH Meter Image Processor" lets someone upload images of pH meters. There's a button
labeled "Upload pH Meter Image" and below it, a progress bar. Upon uploading a photo, the webpage may process
it and determine the pH value based on the color of the strip of an indicator.

€ C O 127.00.1:5500/public/login htmi? s% 00D @

Soil Sensor Testing - pH Meter Image Processor

Chemical values

Results

Extracted pH: 1.00

Interpretation: Acidic

Suggestion: Consider adding lime to increase pH.

© 2024 Soil Sensor Testing :

This is a tool to helb you calibrate your soil pH meter from images. You can upload a picture of‘your meter, and our
system will have captured the color of the indicator strip to determine the pH level for you. We will also give you an
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interpretation of your results and perhaps next steps, like application of lime to increase the pH if necessary.

“ G O 127.0.0.1:5500/public/chemical.htmi * 900 @ :

Plant and Soil Analysis

Soil pH

[ | —
pH Value: 6.8

Crop Information

Crop: Tomato

Optimal pH Range: 6.0 - 6.8
Chemical Compounds

Compound Before After
Nitrogen (N) 20 ppm 35 ppm
Phosphorus (P) 15 ppm 25 ppm
Potassium (K) 180ppm 220 ppm

Water Chemicals

Caicium: 23%  Magnesium: 12%  Sulfur: 8%

Iron:3%  Manganese: 1%

Now that is the pH level of your soil for now; you can also compare it to a chart showing the ideal pH range for your
crop. It indicates how much nitrogen, phosphorus, and potassium are present before and after treatment. You could
also read about water quality in your soil.

CONCLUSIONS

It integrates digital pH meters using an loT-based system, hence efficiently and accurately managing soil health in
agriculture. Monitoring of soil pH is made real-time, so farmers can do timely interventions to optimize crop growth
and ensure better yields. It also results in less fertilization, thereby lowering operational costs and achieving
sustainable farming practices.
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