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Abstract : The Smart Farming Assistant is an Artificial 

Intelligence (AI)-driven platform designed to empower small 

and marginal farmers by offering intelligent crop advisory, 

contract farming opportunities, and real-time farm 

management support. The system utilizes soil testing reports 

and AI-based analysis, handled by the Crop Prediction 

Module, to recommend the most suitable crops and generate 

personalized farm schedules covering all stages from sowing 

to harvesting. A crucial element is the Contract Farming 

Module, which enables farmers to view and apply for 

contracts published by agro-based companies, ensuring 

assured markets and fair pricing. The platform also integrates 

the Government Scheme Information Module, real-time 

market intelligence, and provides an offline mode for users in 

low-connectivity rural areas. By focusing on digital 

intelligence, market access, and structured financial 

mechanisms, the Smart Farming Assistant bridges the gap 

between traditional farming and modern digital agriculture, 

enhancing profitability, efficiency, and sustainability for 

farmers 

Key Words:  AI, Contract Farming, Crop Advisory, Smart 

Farming, Small Farmers; Sustainability; Broiler Chicken; 

Agent-based simulation; Agricultural supply chain; 

Household income; Rice cultivation; High ecological value 

standard. 

1. INTRODUCTION  

 

Agriculture is one of the most important sectors contributing 

to the economic development of many countries and serves as 

the primary source of livelihood for a large population. 

Farmers often face challenges in selecting suitable crops due 

to variations in soil conditions, climate changes, rainfall 

patterns, and market uncertainties. Improper crop selection 

can lead to reduced productivity, financial losses, and 

inefficient utilization of agricultural resources. 

With the advancement of Artificial Intelligence (AI) and 

Machine Learning (ML), data-driven solutions have emerged 

as effective tools for improving agricultural decision-making. 

Machine learning algorithms can analyze agricultural 

parameters such as soil nutrients, temperature, humidity, pH 

value, and rainfall to predict the most suitable crops for 

cultivation. Such intelligent systems help farmers make 

informed decisions and improve overall farm productivity. 

In addition to crop selection challenges, farmers often 

encounter difficulties in accessing reliable markets and 

obtaining fair prices for their produce. Contract farming has 

emerged as a promising approach that establishes agreements 

between farmers and companies, ensuring market access, 

price stability, and reduced financial risk. However, the lack 

of a centralized digital platform often limits effective 

communication and coordination between stakeholders. 

To address these challenges, this paper proposes SmartCrop 

Advisor: AI-Based Crop Prediction and Contract Farming 

Platform, an integrated solution that combines machine 

learning-based crop prediction with a contract farming 

management system. The platform enables farmers to receive 

crop recommendations based on environmental and soil 

conditions while also connecting them with companies 

offering contract farming opportunities. 

The proposed system is developed using modern web 

technologies including React.js, Node.js, Express.js, 

MongoDB, and Python-based machine learning models. By 

integrating intelligent crop prediction and contract farming 

services into a single platform, SmartCrop Advisor aims to 

improve agricultural productivity, support sustainable farming 

practices, and enhance the economic well-being of farmers. 

 

2. LITERATURE SURVEY 

 

The application of Artificial Intelligence (AI) and Machine 

Learning (ML) in agriculture has gained significant attention 

in recent years. Researchers have developed various 

intelligent systems to assist farmers in crop selection, yield 

prediction, disease detection, and resource management. 

These technologies help improve agricultural productivity by 

enabling data-driven decision-making and reducing 

uncertainty in farming operations. 

Several studies have explored the use of machine learning 

algorithms such as Random Forest, Decision Tree, Support 

Vector Machine (SVM), and Artificial Neural Networks for 

crop prediction. These models analyze agricultural parameters 

including soil nutrients, temperature, humidity, rainfall, and 

pH levels to recommend suitable crops for cultivation. Among 

these techniques, Random Forest has demonstrated high 

prediction accuracy and robustness due to its ensemble 

learning approach. 

Contract farming has also emerged as an important 

agricultural practice that establishes agreements between 

farmers and companies. Research studies indicate that 

contract farming helps farmers secure market access, reduce 

price fluctuations, and receive technical support from 

agribusiness organizations. It also enables companies to 

ensure a stable supply of agricultural produce while 

maintaining quality standards. However, traditional contract 

farming processes often suffer from limited transparency, 

inefficient communication, and lack of digital management 

systems. 

Recent advancements in web technologies have enabled the 

development of digital agriculture platforms that connect 

farmers with various stakeholders. These platforms provide 
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services such as weather forecasting, market price 

information, crop advisory, and farm management. However, 

many existing systems focus on a single functionality and do 

not provide an integrated solution combining crop prediction 

and contract farming services. 

The review of existing literature reveals a gap in developing a 

unified platform that offers both intelligent crop 

recommendation and contract farming management. The 

proposed SmartCrop Advisor system addresses this limitation 

by integrating machine learning-based crop prediction with a 

contract farming platform. This approach enables farmers to 

make informed cultivation decisions while simultaneously 

accessing reliable market opportunities through a single 

digital ecosystem. 

 

Trust, Breach, and Risk 

Trust plays a crucial role in agricultural and contract farming 

systems. Farmers and companies must rely on each other to 

fulfill contractual obligations, maintain product quality, and 

ensure timely payments. However, breaches of contract, 

market uncertainties, and information asymmetry often create 

risks for both parties. Research studies indicate that 

transparent communication, digital record management, and 

monitoring systems can significantly reduce disputes and 

improve trust among stakeholders. Integrating digital 

technologies into contract farming platforms helps enhance 

accountability, minimize risks, and strengthen long-term 

business relationships. 

 

Technology Adoption and Sustainability 

The adoption of modern technologies such as Artificial 

Intelligence, Machine Learning, Internet of Things (IoT), and 

digital farming platforms has transformed the agricultural 

sector. These technologies enable farmers to make informed 

decisions regarding crop selection, resource utilization, and 

market opportunities. Sustainable agriculture requires efficient 

use of natural resources while maintaining long-term 

productivity and environmental balance. Studies have shown 

that technology-driven agricultural solutions improve crop 

yield, reduce resource wastage, and support sustainable 

farming practices. Therefore, integrating intelligent 

technologies with agricultural management systems can 

contribute significantly to sustainable agricultural 

development and farmer welfare. 

 

3. SYSTEM ARCHITECTURE AND DESIGN 

 
 

Figure 3.1: System Architecture Diagram 

 

The proposed SmartCrop Advisor: AI-Based Crop 

Prediction and Contract Farming Platform is designed 

using a multi-tier architecture that ensures scalability, 

reliability, and efficient data management. The system 

consists of four major layers: the Presentation Layer, 

Application Layer, Machine Learning Layer, and Database 

Layer. Each layer is responsible for specific functionalities 

and collectively enables seamless interaction among farmers, 

companies, and administrators. 

 

The Presentation Layer is developed using React.js and 

provides a responsive and user-friendly interface. It serves as 

the interaction point for farmers, companies, and 

administrators. Farmers can access crop prediction services, 

weather information, and contract farming opportunities, 

while companies can create and manage contracts. 

Administrators are provided with tools for user management, 

company verification, and system monitoring. 

 

The Application Layer is implemented using Node.js and 

Express.js. This layer handles business logic, user 

authentication, authorization, request processing, and 

communication between the frontend and backend services. 

Secure login and role-based access control mechanisms ensure 

that users can access only the functionalities relevant to their 

roles. 

 

The Machine Learning Layer is developed using Python and 

Scikit-learn. This component processes agricultural data such 

as Nitrogen (N), Phosphorus (P), Potassium (K), temperature, 

humidity, pH value, and rainfall. The trained Random Forest 

model analyzes these parameters and predicts the most 

suitable crop for cultivation. The prediction results are 

returned to the application layer through REST APIs. 

 

The Database Layer uses MongoDB to store user 

information, crop datasets, contract farming records, company 

details, and system logs. The database ensures efficient data 

retrieval and management while supporting future scalability 

requirements. 

 

The contract farming module acts as a bridge between farmers 

and companies. Companies can publish farming contracts 

with crop requirements, pricing details, and terms of 

agreement. Farmers can browse available contracts and apply 

directly through the platform. This digital process improves 

transparency, reduces communication barriers, and enhances 

market accessibility. From a design perspective, the system 

follows a modular approach that allows independent 

development and maintenance of individual components. The 

architecture supports future enhancements such as real-time 

weather forecasting, crop disease detection, fertilizer 

recommendation, and mobile application integration without 

significant structural modifications. 

 

Overall, the proposed architecture provides a secure, scalable, 

and intelligent platform that combines machine learning-based 

crop prediction with contract farming services, enabling data-

driven agricultural decision-making and improved farmer-

company collaboration. 

 

4. METHODOLOGY 

 

The proposed SmartCrop Advisor: AI-Based Crop 

Prediction and Contract Farming Platform is developed to 

provide farmers with intelligent crop recommendations and 
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direct access to contract farming opportunities through a 

single digital platform. The methodology adopted in this work 

integrates machine learning techniques, web technologies, and 

database management systems to create an efficient decision-

support system for modern agriculture. The system is 

designed to assist farmers in selecting suitable crops based on 

environmental and soil conditions while simultaneously 

connecting them with companies seeking agricultural produce 

through contract farming agreements. 

 

The first stage of the methodology involves the collection of 

agricultural data from publicly available and verified datasets. 

The dataset consists of several important parameters that 

directly influence crop growth and productivity, including 

Nitrogen (N), Phosphorus (P), Potassium (K), temperature, 

humidity, pH value, and rainfall. These parameters are widely 

recognized as critical factors in determining the suitability of 

crops for a particular agricultural environment. The collected 

dataset serves as the foundation for training and evaluating the 

machine learning model used in the crop prediction process. 

 

After data collection, the dataset undergoes a preprocessing 

phase to improve its quality and reliability. Raw agricultural 

datasets often contain missing values, duplicate records, 

inconsistencies, or irrelevant information that may negatively 

affect model performance. Therefore, data cleaning 

techniques are applied to remove errors and ensure 

consistency. The preprocessing stage also includes data 

validation and feature selection, which help identify the most 

relevant attributes for crop prediction. By preparing the data 

carefully, the system improves the accuracy and reliability of 

the generated recommendations. 

 

Once the dataset is prepared, the machine learning model is 

developed and trained. The Random Forest algorithm is 

selected for crop prediction because of its high classification 

accuracy, robustness, and ability to handle large agricultural 

datasets effectively. Random Forest works by constructing 

multiple decision trees and combining their outputs to 

generate a final prediction. This ensemble learning approach 

reduces overfitting and improves predictive performance. 

During the training process, the dataset is divided into training 

and testing subsets. The training data is used to build the 

model, while the testing data is used to evaluate its accuracy 

and effectiveness. The trained model is then saved and 

integrated into the application for real-time crop prediction. 

 

The crop prediction process begins when a farmer enters 

agricultural parameters through the user interface. The system 

collects information such as soil nutrient values, temperature, 

humidity, rainfall, and pH level. These inputs are validated 

and forwarded to the machine learning prediction module. The 

trained Random Forest model analyzes the input parameters 

and predicts the most suitable crop that can be cultivated 

under the given environmental conditions. The prediction 

result is then displayed to the farmer through the application 

interface. This functionality helps farmers make informed 

cultivation decisions and reduces the risk associated with 

inappropriate crop selection. 

 

In addition to crop prediction, the system incorporates a 

contract farming module that bridges the gap between farmers 

and agricultural companies. The contract farming component 

allows registered companies to publish farming contracts that 

specify crop requirements, pricing details, quality standards, 

and contract duration. Farmers can browse available contracts, 

review their details, and apply for opportunities that match 

their agricultural capabilities. This digital approach simplifies 

the contract farming process and provides greater 

transparency, efficiency, and accessibility for all stakeholders 

involved. 

 

 
Figure 5.1 Farmer Dashboard 

 

Farmer dashboard provides quick access to crop prediction, 

contract farming opportunities, weather updates, mandi prices, 

and farm analytics. 

 

Figure 5.2 Crop Prediction Output 

 

The Crop Prediction page allows farmers to enter soil 

parameters such as Nitrogen, Phosphorus, Potassium, 

temperature, humidity, and rainfall. recommends the most 

suitable crop for cultivation. 
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Figure 5.3 Contract Farming Page 

The Contract Page displays available contract farming 

opportunities offered by companies. Farmers can view 

contract details, eligibility criteria, and apply directly through 

the platform. This feature helps improve market connectivity 

and income stability. 

 
Figure 5.4 Admin Dashboard 

 

The Admin Management Page includes modules for Company 

Verification, User Management, and Contract Management. It 

enables administrators to approve registrations, manage user 

accounts, and oversee contract-related activities to maintain 

platform integrity. 

 
Figure 5.5 Company Dashboard 

 

The Company Dashboard enables companies to manage 

farming contracts and interact with registered farmers. It 

provides tools for posting new contracts, reviewing 

applications, and monitoring ongoing agreements efficiently. 

The platform follows a role-based architecture consisting of 

three major user categories: Farmers, Companies, and 

Administrators. Farmers can access crop prediction services, 

explore contract opportunities, and manage their profiles. 

Companies can create and manage contracts, review farmer 

applications, and monitor contractual activities. 

Administrators are responsible for verifying company 

registrations, managing users, overseeing contract activities, 

and maintaining the overall integrity of the system. Role-

based authentication and authorization mechanisms ensure 

that users can only access functionalities relevant to their 

responsibilities. 

The frontend of the application is developed using React.js, 

HTML5, CSS3, and Tailwind CSS. These technologies 

provide a responsive and interactive user interface that can be 

accessed through modern web browsers. The backend is 

implemented using Node.js and Express.js, which handle user 

requests, authentication, business logic, and communication 

with the machine learning module. MongoDB serves as the 

primary database management system, storing user 

information, crop prediction records, contract details, and 

administrative data. The machine learning module is 

developed using Python and Scikit-learn and is integrated 

with the backend through RESTful APIs. 

 

To ensure smooth communication among different system 

components, the application follows a client-server 

architecture. The frontend sends requests to the backend 

server whenever users interact with the system. The backend 

processes these requests, retrieves or updates information in 

the database, communicates with the machine learning 

module when necessary, and returns the appropriate response 

to the user. This architecture provides scalability, 

maintainability, and efficient resource utilization. 

 

Security and data integrity are also important considerations 

in the proposed methodology. User authentication 

mechanisms are implemented to protect sensitive information 

and prevent unauthorized access. Company verification 

procedures are included to ensure that only legitimate 

organizations can participate in contract farming activities. 

Furthermore, the system maintains records of user interactions 

and contract transactions to support transparency and 

accountability within the platform. 

 

The overall workflow of the SmartCrop Advisor system 

begins with user registration and authentication. Farmers can 

then access the crop prediction module by entering 

agricultural parameters and receiving crop recommendations. 

Simultaneously, companies can publish contract opportunities, 

which become available to eligible farmers through the 

platform. Administrators continuously monitor platform 

activities, manage users, and ensure the smooth operation of 

all services. The integration of crop prediction and contract 

farming into a unified platform enables data-driven 

agricultural decision-making and improves collaboration 

among stakeholders. 

 

The proposed methodology provides an effective solution for 

addressing agricultural challenges related to crop selection 

and market accessibility. By leveraging machine learning 
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algorithms, modern web technologies, and digital contract 

farming mechanisms, the system contributes to improved 

productivity, reduced farming risks, enhanced transparency, 

and sustainable agricultural development. The methodology 

serves as the foundation for implementing an intelligent 

agricultural ecosystem that benefits farmers, companies, and 

administrators alike. 

 

6. RESULTS AND EVALUATION 

 

The SmartCrop Advisor system was successfully developed 

and tested to evaluate its effectiveness in crop prediction and 

contract farming management. The platform integrates 

machine learning techniques with a web-based application to 

provide intelligent agricultural recommendations and improve 

communication between farmers and companies. The 

evaluation of the system was carried out by testing its major 

functional modules, including user authentication, crop 

prediction, contract farming, company management, and 

administrative operations. 

 

The crop prediction module serves as the core component of 

the system. Farmers are required to enter agricultural 

parameters such as Nitrogen (N), Phosphorus (P), Potassium 

(K), temperature, humidity, pH value, and rainfall. These 

inputs are processed by the trained Random Forest machine 

learning model, which analyzes the data and predicts the most 

suitable crop for cultivation. The generated recommendations 

assist farmers in selecting crops that are compatible with their 

environmental and soil conditions, thereby improving 

productivity and reducing the risk of crop failure. 

 

The user authentication module was tested to verify the 

registration and login functionalities for different user roles. 

The system successfully authenticated Farmers, Companies, 

and Administrators using role-based access control 

mechanisms. Authorized users were able to access their 

respective dashboards and functionalities without any security 

issues. The login process ensured secure access to sensitive 

information and prevented unauthorized system usage. 

 

The Farmer Dashboard was evaluated for usability and 

accessibility. Farmers were able to view crop prediction 

services, explore contract farming opportunities, and manage 

their profile information efficiently. The dashboard provided a 

user-friendly interface that simplified navigation and reduced 

the complexity of accessing agricultural services. The system 

responded effectively to user inputs and displayed prediction 

results within a short period. 

 

The contract farming module was tested by creating multiple 

farming contracts through company accounts and submitting 

applications through farmer accounts. Companies were able to 

publish contract details such as crop requirements, pricing 

information, contract duration, and terms of agreement. 

Farmers successfully viewed available contracts and applied 

for opportunities that matched their agricultural capabilities. 

The module demonstrated smooth interaction between 

stakeholders and improved transparency throughout the 

contract farming process. 

 

The Company Dashboard was evaluated to ensure efficient 

contract management. Companies were able to create new 

contracts, monitor farmer applications, and manage existing 

agreements through a centralized interface. The dashboard 

streamlined contract administration and reduced the effort 

required for manual coordination between companies and 

farmers. 

 

The administrative module was tested to evaluate its ability to 

manage platform activities. Administrators successfully 

verified company registrations, monitored user activities, and 

managed contracts within the system. The Company 

Verification module ensured that only authorized 

organizations could participate in contract farming activities. 

The User Management and Contract Management modules 

provided complete control over platform operations and 

contributed to maintaining system integrity and security. 

 

The performance of the crop prediction model was evaluated 

using testing data that was not included during the training 

phase. The Random Forest algorithm demonstrated reliable 

prediction performance and generated accurate crop 

recommendations based on the provided agricultural 

parameters. The model effectively handled different 

combinations of input values and consistently produced 

meaningful results. This confirms the suitability of machine 

learning techniques for agricultural decision support systems. 

The overall system performance was assessed in terms of 

functionality, responsiveness, usability, and reliability. The 

web application operated smoothly across modern browsers 

and provided consistent results during testing. Database 

operations such as user registration, contract creation, data 

retrieval, and prediction history management were executed 

efficiently through MongoDB. The integration between the 

frontend, backend, and machine learning modules functioned 

without significant delays or errors. 

 

The output screens generated during testing further validate 

the successful implementation of the system. Screens such as 

the Login Page, Farmer Dashboard, Crop Prediction Page, 

Contract Farming Page, Company Dashboard, Admin 

Dashboard, Company Verification Page, User Management 

Page, and Contract Management Page demonstrate the 

practical functionality of the proposed solution. These outputs 

confirm that the system successfully achieves its objectives of 

intelligent crop prediction and digital contract farming 

management. 

 

The evaluation results indicate that SmartCrop Advisor 

provides an effective and user-friendly platform for modern 

agricultural support. By combining machine learning-based 

crop prediction with contract farming services, the system 

enhances agricultural decision-making, improves market 

accessibility, and promotes sustainable farming practices. The 

successful implementation and testing of all modules 

demonstrate the feasibility and practical applicability of the 

proposed solution in real-world agricultural environments. 

 

7. CONCLUSION 

 

Agriculture continues to play a vital role in economic growth 

and food security, making it essential to adopt modern 

technologies that support farmers in making informed 

decisions. The proposed SmartCrop Advisor: AI-Based 

Crop Prediction and Contract Farming Platform 

successfully integrates machine learning techniques with web-
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based technologies to address two major agricultural 

challenges: crop selection and market accessibility. 

 

The developed system utilizes a Random Forest machine 

learning model to analyze important agricultural parameters 

such as soil nutrients, temperature, humidity, rainfall, and pH 

values, and provides accurate crop recommendations to 

farmers. This helps reduce uncertainty in crop selection and 

enables farmers to improve productivity through data-driven 

decision-making. The contract farming module further 

enhances the platform by creating a digital bridge between 

farmers and companies, allowing transparent communication, 

efficient contract management, and better market 

opportunities. 

 

The implementation of role-based access for Farmers, 

Companies, and Administrators ensures secure and efficient 

management of platform activities. The system successfully 

provides functionalities such as crop prediction, contract 

creation, company verification, user management, and 

administrative monitoring through an intuitive and user-

friendly interface. The integration of React.js, Node.js, 

Express.js, MongoDB, and Python-based machine learning 

technologies results in a scalable and reliable agricultural 

support platform. 

 

The evaluation of the system demonstrates that SmartCrop 

Advisor effectively assists farmers in selecting suitable crops 

and accessing contract farming opportunities. The platform 

improves transparency, enhances collaboration among 

stakeholders, and contributes to sustainable agricultural 

development. By combining intelligent crop prediction with 

digital contract farming services, the proposed solution offers 

a practical and efficient approach to modernizing agricultural 

practices. 

 

In conclusion, SmartCrop Advisor provides an innovative and 

technology-driven solution that empowers farmers, 

strengthens farmer-company relationships, and promotes 

efficient resource utilization. The successful implementation 

of the system highlights the potential of Artificial Intelligence 

and Machine Learning in transforming the agricultural sector 

and supporting the development of a smarter and more 

sustainable farming ecosystem. 

 

8. FUTURE WORK 

 

The proposed SmartCrop Advisor system provides an 

effective solution for crop prediction and contract farming 

management. However, there are several opportunities for 

future enhancements that can further improve the 

functionality, accuracy, and usability of the platform. With the 

continuous advancement of Artificial Intelligence, Machine 

Learning, and Smart Agriculture technologies, the system can 

be extended to support additional intelligent services for 

farmers and agricultural organizations. 

 

One potential enhancement is the integration of real-time 

weather forecasting services. By incorporating live weather 

data from meteorological APIs, the system can provide 

farmers with accurate weather predictions and generate crop 

recommendations that consider current and future climatic 

conditions. This feature would help farmers make better 

cultivation decisions and reduce risks associated with 

unpredictable weather patterns. 

 

Another important improvement is the implementation of crop 

disease detection using computer vision and deep learning 

techniques. Farmers could upload images of crops affected by 

pests or diseases, and the system would automatically identify 

the problem and recommend suitable preventive measures. 

Such a feature would enable early detection of diseases and 

help minimize crop losses. 

 

The platform can also be enhanced by introducing an 

intelligent fertilizer recommendation module. Based on soil 

nutrient levels and crop requirements, the system could 

suggest the appropriate type and quantity of fertilizers needed 

to improve crop growth and productivity. This would support 

precision agriculture practices and promote efficient resource 

utilization. 

 

To increase accessibility and user adoption, a dedicated 

mobile application can be developed for Android and iOS 

devices. A mobile platform would allow farmers to access 

crop predictions, contract farming opportunities, and 

agricultural information anytime and anywhere. Mobile 

notifications could also be used to provide timely updates 

regarding contracts, weather alerts, and farming 

recommendations. 

 

Future versions of the system may incorporate multilingual 

support to accommodate farmers from different linguistic 

backgrounds. Providing regional language options would 

improve user experience and make the platform more 

accessible to farmers in rural areas who may not be 

comfortable using English-based interfaces. 

 

The integration of government agricultural schemes and 

subsidy information is another promising enhancement. The 

platform could provide personalized recommendations about 

relevant government programs, financial assistance, insurance 

schemes, and agricultural subsidies based on the farmer's 

profile and farming activities. Furthermore, advanced 

analytics and data visualization tools can be implemented to 

help farmers analyze historical crop performance, market 

trends, and contract outcomes. These insights would support 

long-term agricultural planning and strategic decision-making. 

 

In the future, SmartCrop Advisor can evolve into a 

comprehensive digital agriculture ecosystem by integrating 

Artificial Intelligence, Internet of Things (IoT) devices, 

remote sensing technologies, and blockchain-based contract 

management systems. Such developments would further 

improve transparency, efficiency, and sustainability in modern 

agricultural practices. 
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