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Abstract

AgriSmart is a technology-driven solution designed to empower small farmers by providing them with
personalized and data-driven crop advisory services. Small and marginal farmers often struggle with low
productivity due to limited access to timely agricultural knowledge, unpredictable weather, poor soil
health, and inadequate resource management. To address these challenges, a Smart Crop advisory System
is proposed that integrates Internet of Things (I0T) sensors, machine learning (ML) algorithm, and cloud-
based decision to generate localized, real-time recommendations. And analyze crop image for early
disease detection. While predictive models provide insights on crop selection, yield estimation, and
resource optimization. External APIs deliver real-time weather, soil and Market data. Which are processed
in the backend using Python frameworks such as Flask or Fast APIs, with MY SQL serving as the database.
Offering advisory ser-vices in local language and through voice-based interaction to ensure inclusivity.
Agri-culture remains the primary livelihood for a majority of small and marginal Farmers, yet they often
face Challenges due to limited access to expert guidance, unpredictable climatic conditions, inefficient
crop selections, and lack of timely information. AgriSmart is a smart crop advisory system designed to
support farmers by providing data-driven recommendations for crop selection and farm management. The
system integrates soil parameters, weather data, and historical crop performances to generate personalized
suggestions using machine learning techniques. Built using Html, CSS, Python, Flask, and MYSQL,
AgriSmart delivers a user-friendly interface that allows farmers to input soil characteristics and receive
immediate crop recommendations tailored to their region and resources. By bridging the information gap
and promoting information decision-making. AgriSmart aims to improve productivity, reduce risk, and
support agricultural practices for small and marginal Farmers.

Introduction

Agriculture is the main source of income for millions of small and marginal farmers, especially in
developing countries. Where a majority of rural household depend on farming as their primary source of
income. However, small and marginal farmers often struggle to achieve optimum productivity due to
limited access to sci-entific farming knowledge, unpredictable weather conditions, improper crop
selection, and low awareness soil health. These challenges frequently lead to reduced yield, financial
losses, and unsustainable farming practices. With the rapid growth of digital technologies, there is
increasing potential to support farmers through data-driven tools and intelligent advisory systems. Modern
technologies such as machine learning, online databases, and web platforms can analyze soil parameters,
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climatic patterns, and historical crop data to generate actionable insights for farmers. AgriSmart is
designed within this context as a smart crop advisory solution that provides personalized crop
recommendations based on soil characteristics and environmental factors. By integrating a user- friendly
interface with backend machine learning algorithms, AgriSmart aims to empower farmers with accurate,
timely, and easy to understand guidance. The system helps bridge the gap between traditional farming
practices and modern technological advancements, thereby promoting improved productivity, reduced
risks, and sustainable agriculture.

Literature Review

Digital agriculture has gained significant attention in recent years, with numerous studies attempting to
enhance farm productivity through data-driven technologies. A major research area focuses on I0T-enable
monitoring systems, which collect real-time information on soil and environment conditions. Kumar et al.
[1] demonstrated an 10T-based soil monitoring unit that measures moisture and temperature to support
irrigation decisions. However, the system primarily provides raw data and lacks an integrated decision-
support mechanism. Similarly, Bhosale et al. [2] designed a cloud connected irrigation system that offers
automated water management, but the setup relies on costly sensors and network infrastructure, limiting
its applications for small and marginal farmers.

Another active field of research involves machine learning (ML) based crop and input recommendation
models, Patel and Gupta [3] utilized ML Classifiers to recommend suitable crop based on soil nutrient
profiles, rainfall, and previous yield patterns. While the results improved crop selection accuracy, the
model’s static nature and limited training dataset reduced its adaptability across diverse agro climatic
zones. Deshmukh et al. [4] proposed a fertilizer recommendation engine on nutrient balance principle, yet
it lacked real-time soil update, resulting in generalized recommendations rather than field-specific
advisories. In the context of irrigation optimization, Singh et al. [5] introduced an 10T assisted precision
irrigation system using evapotranspiration models to estimate crop water requirement. Although effective
in reducing water consumption, the system required periodic calibration and technical expertise, posing
challenges for farmers with minimal technical literacy. Other studies have investigated pest and disease
prediction through weather-based modelling and image analytics. Thomas et al. [6] used image
classification techniques for early pest detection, but the approach depended on high resolution images
and stable network connectivity, which may not be feasible in rural contexts.

Literature Survey

S. | Author/ Title / Technologies /| Key Findings Limitations /
No | Year Study Methodologies Gap
1. | Kumaretel. |1OT-Based IOT sensors(soil | Real-time soil | Only  monitoring:
(2020) Smart moisture, and lacks ML-based
Agriculture temperature), environmental: recommendations:
Monitoring Cloud platform Support basic | high sensor cost for
System irrigation small farmer.
2. | Bhosale et el. | Precision IOT + Cloud based | Optimized water | Complex setup:
(2021) Irrigation using | Automated usage: reduced | requires stable
IOT and cloud irrigation wastage connectivity:  not
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feasible for
marginal farmers
3. | Patel & Crop prediction | ML models Accurate  crop | Region-specific
Gupta Using Machine | Random  Forest, | recommendation | dataset no real
(2021) Learning SVM: soil nutrient | on based on soil | time updates;
& climate data & weather limited scalability
4. | Deshmukh h | Fertilizer Nutrient  balance | Provides fertilizer | Static
et al. recommendation | algorithm guidance recommendation:
(2022) on Using soil does not adapt to
data real  time  soil
conditions
5. | Singhetal. IOT-Enabled IOT sensors + | Reduced  water | Requires calibration
(2021) Irrigation evapotranspiration | use:  optimized | & technical
Optimization on models irrigation expertise
6. | Thomasetal. | Pest Prediction | Weather data + | Early Pest | High-resolution
(2022) Using Weather | image detection images & internet
& Image | classification alerting for | required; difficultin
Analytics farmers rural areas

Methodology Overview

The Methodology for AgriSmart involves a combination of data processing, machine learning, and web
development techniques to build an effective and user-friendly crop advisory system. The overall approach
includes the followings stages:

1.

Data collection and preparation: Relevant agricultural datasets containing soil parameters (pH, N,
P, K) environmental attributes, and recommended crop types are collected from reliable sources. Data
Cleaning, Normalization, and feature selection are performed to ensure the dataset is suitable for
training machine learning models.

Machine Learning Model Development: A supervised machine learning algorithm such as Random
forest, Decision Tree, or Support vector Classifier is used to build a crop recommendation model. The
model is trained on historical soil crop data to learn patterns and predict the most suitable crops based
on the input soil characteristics.

Model Evaluation and Optimization: Performance metrics like accuracy, precision, and confusion
matrix are used to evaluate the model. Hyper parameters may be tuned to improve prediction quality
and reduce errors.

Web Development Application: A user-friendly interface is developed using HTML, CSS, and Flask
(Python) to al-low farmers to input soil parameters easily. The backend integrates the trained machine
learning model to process inputs and generate real-time recommendation.

Database Integration: A MySQL database is used to store user inputs, crop information, and
predictions history. This ensures smooth data retrieval and supports scalability of the platform
Output Generation: The System display the list of suitable crops along with brief insight, helping
farmers make data driven decisions.

Testing and Development: The full system is tested for accuracy, usability, and performance. Once
validated, it is deployed as a web —based platform accessible via any device.
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Result

The proposed Smart Crop Advisory System (SCAS) was evaluated using a comprehensive set of data
sources, including simulated 10T sensor data. Historical crop dataset, and real-time weather information.
These data inputs enables the system to generate accurate and context aware recommendation accuracy,
which measures the system’s ability to suggest suitable crops based on soil and environment conditions;
fertilizer optimization, which ensure the efficient use of nutrients to improve productivity while reducing
cost and environmental impact; irrigation efficiency, which helps in determining optimal water usage to
avoid over-irrigation or water scarcity; And overall resource management, which integrates all these
factors to maximize farm output. The system is specifically designed to support small and marginal
farmers by providing data-driven insight that enhance decision-making, improve crop yield, reduce input
wastage, and promote sustainable agricultural practices.

A. Crop Recommendation Performance

Machine Learning Model | Accuracy | Precision | Recall | F1-Score
Random Forest 0.958 0.960 0.958 | 0.958
Decision Tree 0.930 0.933 0.930 | 0.930

e The Random Forest classifier exhibited the highest performances, effectively predicting the most
suitable crops based on soil nutrient levels, pH,moisture and weather parameters.

e This ensures personalized and filed-specific crop recommendations that align with historical yield
trends.

B. Fertilizer Optimization

e SCAS calculated optimal NPK fertilizer does using real-time soil sensor readings.

e Results indicate a 16-22% reduction in fertilizer usage compared to conventional farmer practices,
without compromising crop yield, promoting cost saving and environmental sustainability.

C. Irrigation Efficiency

e By integrating soil moisture sensors and weather forecasts, SCAS generated adaptive irrigation
schedules.

e Simulated results demonstrate 19-27% water savings, preventing over-irrigation and ensuring efficient
water management for small holder farmers.

D. Key observation

SCAS provides high accuracy in crop recommendations using multi-source data

Significant improvement in fertilizer usage efficiency.

Reduction in input costs for farmers

Better irrigation management through optimized water usage

Enhances overall resource utilization

Provides reliable decision support for small and marginal farmers.

Conclusion and Discussion

The deployment of a Smart Crop Advisory System (SCAS) represents a transformative shift toward data-
driven precision agriculture for small and marginal landholders. By integrating real-time loT soil
diagnostics with predictive machine learning analytics, these systems provide a scalable solution to
optimize resource consumption and enhance crop resilience.
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Discussion of Findings

The results demonstrate that ensemble learning architecture, particularly Random Forest models, provide

the most robust balance of precision and recall for agricultural decision making.

e Operational Efficiency : The observed 16-22% reduction in fertilizer usage and 19-27%
Improvement in irrigation efficiency confirm that digital interventions can significantly lower input
costs while minimizing environmental degradation.

e Trust and Reliability: The high accuracy (up to 96%) and balanced F1-scores confirm that these
models effectively manage non-linear variables such as fluctuating rainfall and localized soil nutrient
deficits.

e Technological Accessibility: The success of these frameworks underscores the importance of
intuitive, multilingual delivery channels, which remain the primary factor in ensuring consistent
adoption among farmers with varying levels of digital literacy.

Conclusion

The proposed SCAS framework serves as a critical tool for mitigating the risks associated with modern,
climate-sensitive agriculture. By Shifting from traditional, intuition-based farming ta an approach
informed by real-time data, smallholder farmers can protect their livelihoods against market and
environmental volatility. Future research should focus on the seamless integration of these advisory
systems into government agricultural databases and supply chain networks to ensure holistic, long-term
support for the rural farming ecosystem.

Future work

Future work in the development of Smart Crop Advisory System (SCAS) in increasingly directed toward

deepening the integration of advanced technologies and expanding the ecosystem to provide

comprehensive, lifecycle-based support for farmers.

1. Real-time visual Diagnostics: Future iterations are shifting toward high-accuracy, deep learning-
based image recognition systems that allow farmers to identify pests, diseases, and nutrient
deficiencies directly from smartphone photos, enabling immediate, site-specific treatment.

2. Hyper-Local Predictive Analytics: Researchers are prioritizing the integration of satellite-based
remote sensing and hyperlocal weather APIs to improve the granularity of forecasts, helping farmers
mitigate risks related to localized extreme weather events.

3. Integration with Economic Ecosystems: Beyond cultivation advice, Future model will likely link
directly to regional market price monitoring (e.g Agmarknet) and e-commerce supply chains, allowing
for dynamic, profit-optimized crop planning.

4. Enhanced Explainable Al (XAl): To build deeper trust, developers are incorporating XAl feature
that provides “reasoning” for system recommendations, enabling farmers to understand the “why”
behind a specific advisory, which increases transparency and adoption rate.

5. Large-Scale Multi-site Validation: Current research acknowledges the need to transition from
simulated environments to rigorous, multi-season field trials across diverse agro-climatic zones,
ensuring the system’s models are adaptable to regional soil variations and crop varieties.

By addressing these frontiers, the next generation of advisory systems will transform form simple

diagnostic tools into comprehensive. Autonomous agricultural management platforms.
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