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ABSTRACT

Agriculture is the backbone of Indian economy. But agricultural today is not restricted to planting seeds and harvesting crops.

The major challenges the agriculture faces today are due to climate variability, soil degradation, inefficient use of existing

resources and lack of access to relevant scientific information amongst farmers. This research work proposes and implements a

Data-Driven Smart Crop Advisory System, a web-based application designed to assist farmers in making informed decisions at

the right time with the help of real-time data. The system utilizes modern web technologies like MongoDB, Express, React and

NodeJS (MERN stack) and connects to external APIs like weather APIs and geolocation services and provides relevant crop

information using soil and environmental conditions. The study goes beyond the technology component of the system and

examines its relevance to Home Science and Social Science disciplines. From the Home Science perspective, the system facilitates

sustainable farming, improves food security and promotes rational utilization of household resources. From the Social Science

perspective, the system examines issues pertaining to digital inclusion, rural empowerment and accessibility of information.

Experimental results show the potential of this system to support farmers’ decisions, reducing risks due to unpredictable weather

phenomena, and resulting in increased crop production. Combining technology with socio-economic and environmental

considerations has great potential to support sustainable agricultural development.

Keywords: Smart Agriculture, Crop Recommendation System, Sustainable Farming, Precision Agriculture, MERN Stack, ICT in

Agriculture, Rural Development, Digital Inclusion

INTRODUCTION

Agriculture is a highly lucrative sector for a country

like India, especially for many developing countries.

Agriculture forms a backbone of economy and for millions

of people across the globe it is means of livelihood. But

agriculture is beset by many problems. As climate change

threatens to upend ways of life, variability in rainfall,

degradation of soils, and unsustainable use of resources

are all increasingly serious issues. For the most part,

farming has been conducted on the basis of experience

and local knowledge, passed down through generations.

But this is not enough to address many of the problems
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that modern agriculture is facing.

Information or knowledge in agriculture is a huge

problem to tackle. Scientific innovation has given us great

potential in terms of new practices, varieties and

technology to more efficiently use resources but the

barrier is distributing this information to the farmers in an

accessible and useful format. Many digital agricultural

technology platforms lack simplicity, are not localized to

the region or language of the farmers who are using them

and provide information that is generic and not relevant

to a specific farmer’s circumstances.

To address these needs, this research develops a

Data-Driven Smart Crop Advisory System that utilizes
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real-time environmental data, incorporates farmers’

inputs, and leverages computational models to support

crop-related decision making. The system is intended to

be easy to use, bilingual, and accessible across multiple

platforms to support the use by farmers of diverse skill

levels.

The study is interdisciplinary by nature. It is

approached from a technological perspective employing

web development tools and Application Programming

Interfaces currently available in the market. From a home

science viewpoint, it looks into sustainable food production

and harnessing of resources at the household level. At

the social science level, it aims for rural empowerment

through the dissemination of information to remove

knowledge gap and promote inclusive development.

Literature Review

Digital technologies have been transforming the field

of farming over the last decade. Farmers are adopting

digital tools to improve crop production and managing

the variables of weather. Digital technologies help farmers

better manage their land and water resources to achieve

greater agricultural productivity, and are enabling a shift

towards an easier and ‘smarter’ agriculture that is

sustainable over time.

ICT-based agricultural platforms have gone a long

way in enabling farmers access information which can

be utilised to improve on their crop yields. Through such

platforms, farmers receive weather updates, market

prices, know-how on irrigation, pest control and

information on government schemes that are relevant to

them. However, our analysis of the project has revealed

that most ICT platforms fail to deliver relevant information,

and instead dispense generic advice that is of little use to

farmers. The advice is not soil specific, climate specific,

location specific or crop specific. It is essentially one-

size-fits-all.

With the introduction of crop recommendation

systems using AI and machine learning techniques, a new

era has begun. By applying these approaches to multi-

dimensional agricultural data, it is possible to design

systems that generate accurate crop suggestions based

on inputs such as weather, soil, geographical location,

and agricultural characteristics. Yet, the key issue at hand

is that these systems are dependent on historical datasets,

a volatile commodity as climate patterns are becoming

more erratic and increasingly difficult to predict. This

makes it more difficult for the systems to generate

relevant crop suggestions under present and future climate

scenarios.

At the same time weather-based advisory systems

are becoming crucial for guiding farmers on their

scheduling of critical agricultural practices. Such systems

provide real-time and forecasts of temperature, rainfall,

humidity, wind speed etc. However, most of these systems

only provide static numeric or text value to the end users

and fail to translate this into relevant decision support.

As a result the weather data has to be interpreted by

farmers themselves and then be linked to various farming

decisions.

Existing agricultural information platforms in India

suffer from functional fragmentation. Although platforms

like Kisan Suvidha, Plantix and eNAM enable information

exchange for specific agricultural functions, they make

it tedious for farmers to access all relevant information

through a single interface. As a result, farmers end up

relying on multiple platforms. An integrated approach

would facilitate streamlined agricultural information

exchange, enhancing the overall effectiveness of

information systems for farmers.

In addition to the issues highlighted above, there are

also concerns about the usability and accessibility of

current mobile applications and platforms. Many current

platforms assume a particular level of digital literacy

amongst rural users, which is often not the case.

Consequently, user interfaces tend to be poor, overly text-

based, and often primarily in English.

Social and economic restrictions have been limiting

the ability to address information asymmetry in

agriculture. Farmers use informal networks of contacts

to source information, and techniques such as crop

observation to gather intelligence on weather. Although

digital technologies exist, they are not currently used to

address information gaps.

While prior research has identified limitations in

accessibility, usability, and current practices of

accessibility evaluation, this research seeks to address

these needs by proposing a unified system that brings

evaluation, predictive modeling, accessibility features,

accessibility evaluations, and user requirements tracking

in a single real-time web-based and user-centric interface.

Table 1 shows a comparative analysis of the

currently available state of the art systems. The vast

majority of these currently available systems either are

overly specialized and provide predictions or disease

detection or offer strong data analytics capabilities but
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have a lack of integration in terms of providing overall

decision support to the farmers; only a few are designed

to handle comprehensive decision support.

Historical datasets have been widely used in related

research; however, in the face of quickly changing

climates, these approaches have limitations. Moreover,

much of current research using AI methods require

relatively high computational resources, and are not easily

deployable in more rural locations.

Current ICT platforms and government applications

provide static, generic information, but no real-time,

customised advice. There is no integration with experts,

and no multilingual support.

Unlike existing solutions, the proposed Smart Crop

Advisory System employs a comprehensive methodology

for crop advice by integrating a holistic platform that

leverages real-time data, computational algorithms and

human intelligent, to cater to the requirements of diverse

farmers. The lightweight scoring algorithm is designed

to handle large input data and several system modules

facilitate comprehensive advice from sowing to

harvesting.

Our proposed system has potential in bridging the

gaps between current theoretical agriculture models and

feasible practices, facilitating sustainable agriculture and

employing big data for the betterment of the agricultural

domain.

Problem Analysis

Problem Context and Background

Agriculture in India continues to evolve in the wake

of environmental, economic and social factors. While

considerable progress has been made towards enhancing

agricultural sciences and adoption of digital technologies,

Table 1 : Comparative Analysis of Existing Research and Identified Research Gap 

Research Work / Author Approach Used Key Contribution Identified Gap Proposed System Novelty 

Pattnaik and Rao (ICT in 

Agriculture) 

ICT-based 

systems 

Information 

dissemination via 

digital tools 

Generic, non-

personalized advisory 

Provides personalized, real-

time recommendations 

Kshetri and Voas (Agricultural 

Informatics) 

Digital 

agriculture 

frameworks 

Integration of IT in 

agriculture 

Lack of 

implementation-level 

systems 

Implements practical, 

working platform 

Kamilaris and Prenafeta-Boldú 

(Deep Learning in Agriculture) 

Deep learning 

models 

AI-based agricultural 

insights 

Requires large datasets, 

high computation 

Uses lightweight scoring 

algorithm (no heavy ML) 

Farooq et al. (Wireless Sensor 

Networks) 

IoT-based 

monitoring 

Real-time data 

collection 

Expensive and 

hardware-dependent 

Uses API-based real-time 

data (low cost) 

Wolfert et al. (Big Data in 
Farming) 

Big data 
analytics 

Data-driven 
agriculture 

Complex infrastructure 
required 

Provides simple, scalable 
web solution 

Nath et al. (Crop 

Recommendation System) 

Machine learning 

models 

Crop prediction using 

datasets 

Based on historical data 

only 

Uses real-time weather + 

location data 

Pudumalar et al. (Precision 

Agriculture System) 

Decision tree-

based model 

Crop selection 

automation 

Static model, limited 

adaptability 

Dynamic multi-parameter 

scoring system 

Mariappan and Madhumitha ML-based crop 

selection 

Smart crop prediction No integration with 

weather APIs 

Integrates live weather + 

geolocation APIs 

Ramesh and Vardhan (Data 

Mining for Yield) 

Data mining 

techniques 

Yield prediction Focus only on 

prediction, not advisory 

Provides complete advisory 

system (end-to-end) 

Veenadhari et al. (Climate-

based prediction) 

ML + climate 

data 

Crop forecasting No user interface or 

accessibility focus 

Provides user-friendly web 

platform 

Mohanty et al. (Plant Disease 

Detection) 

CNN-based 

image 

recognition 

Pest/disease detection Limited to post-disease 

stage 

Focuses on prevention via 

crop selection 

Kamilaris et al. (Big Data in 

Agriculture) 

Data analytics Data-driven insights No direct farmer 

interaction 

Includes Ask-an-Expert 

interaction system 

Kisan Suvidha, mKisan ICT-based 

portals 

Weather & scheme 

info 

Static, fragmented, poor 

UX 

Unified all-in-one platform 

Plantix AI image-based 
detection 

Disease identification No crop planning or 
advisory 

Crop planning + lifecycle 
support 

ENAM Digital trading Market price 

discovery 

No pre-harvest support Covers full farming 

lifecycle 
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the vast majority of farmers including smallholder/marginal

farmers are driven by traditional methods of decision

making. There is a huge need for access to reliable real

time and location specific information for the farmers.

Project Report: The big issue- farmers don’t have

access to the best practices for their field!

There is a significant gap between available

knowledge and practices that are actually implemented

in the field. Although research institutions, universities

and agricultural projects and programs are producing

copious amounts of quality research and scientific data,

this is not reaching the farmer in an accessible, easily

understandable and implementable format. This in turn

leads to sub optimal farming practice and resulting low

productivity, which puts both farm and farmer at risk.

Although this is a technological problem it is deeply

rooted in accessibility, usability and integration issues

within our system and therefore requires a thorough

analysis in order to create a meaningful solution.

Uniformed Crop Selection

Crop selection decision by farmers is affected by a

number of factors. Primarily farmers make crop selection

decisions based on their past experiences, and current

trends in the region. Little evidence exists that farmers

in developing countries incorporate scientific information

into their crop selection decisions.

Rather than examining these pivotal factors, some

models fall back on simplistic comparisons.

(i) Current temperature patterns

(ii) Rainfall availability

(iii) Soil compatibility

(iv) Seasonal suitability

So crops are often grown under less than ideal

conditions which leads to weak or failed crops. What’s

worse is that this bad practice wastes valuable resources

like water, fertilizers, and manual labor that small farmers

could be using for more profitable work.

There is currently a lack of systems able to

dynamically evaluate soil parameters (water, organic

matter, temperature, etc.) and provide users with

personalized suggestions based on such information.

Unpredictable Weather and Climate Variability

The weather influences the agriculture at all stages

of crop production from sowing to harvesting. Over the

years the knowledge gained by our field staff and the

understanding of the way in which weather is supposed

to behave has enabled our farming staff to plan and

manage crop production well. Recently however the

changing patterns brought about by climate change have

started to affect the way in which traditional methods of

weather forecasting provide sufficiently accurate data.

Farmers often lack access to:

(i) real-time weather data

(ii) Short-term forecasts

(iii)Actionable insights based on weather conditions

Although weather information is generally available,

it is often presented in a simplistic and generic manner

and does not sufficiently support decision making

processes in crop management. Knowing that it is

expected to rain does not help the farmer decide whether

to postpone his scheduled irrigation or pesticide

application.

Lack of usable weather information increases the

risk of crop damage and decreases efficiency.

Fragmentation of Agricultural Advisory Systems

Current digital agricultural platforms are siloed,

designed to tackle a subset of challenges affecting the

wider industry. We have identified a pressing need for

integration across agricultural data systems, which are

often fragmented within siloed technology solutions.

Some have weather, some have price, and some

have pest!

Currently, weather forecasting, soil moisture

monitoring, climate change forecasting and soil nutrient

monitoring services are being provided as separate

entities. Thus, these services are not combined as a

comprehensive system and the farmers have to rely on

different platforms for acquiring all the relevant

information.

In addition, fragmented data creates an environment

in which the information can be misinterpreted, because

it is provided in an incomplete or inconsistent manner

across different channels.

Lack of Personalization and Dynamic Decision

Support

Most current agricultural information systems

provide users with static and generic information. They

do not take into account dynamic environmental factors

like temperature, soil moisture, sun exposure, crop

development stage, and weather forecasts.

This means that although generic guidelines are

developed, these do not take into account the reality of
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farming and therefore the potential of weather forecasting

systems is not fully realised.

There is currently no dynamic decision-support

system in place that processes real-time data and offers

appropriate suggestions in this scenario.

Language Barriers and Accessibility Issues

Language is one important factor for technology

adoption in rural environments with differing levels of

literacy and language usage. Most agricultural solutions

available today are only in English and thus not addressing

the needs of a large part of the farmer population.

Even when full regional language support is available,

it is not always 100% correct, which can cause some

confusion and user distrust.

However, simple installation on individual computers

and complex user interfaces with technical terms also

obstruct adoption, mainly because not all users have

sufficient basic computer skills.

Limited Access to Agricultural Experts

Agricultural professionals and experts can play a

vital role in advising on aspects of crop management,

control of pests and other issues related to maximising

the efficient use of resources on farm. However, due to

geographical constraints or limited availability, there is

often limited access to this expertise in rural locations.

Existing digital platforms rarely provide a structured

mechanism for:

(i) Submitting queries

(ii) Receiving personalized responses

(iii)Maintaining a knowledge base of solutions

Currently there is little interaction between the

advisory systems and the specific problems facing

farmers.

Inefficient Resource Utilization

However, besides the challenge of obtaining

sufficient and quality information on market prices for

produce, another critical issue confronting agriculture

concerns the inefficient use of vital agricultural resources,

including water, fertilizers and pesticides. The lack of

guidance on appropriate use often results in the overuse

of these chemicals by farmers, which results in:

(i) Soil degradation

(ii) Environmental pollution

(iii)Increased production costs

It also has medium and long term sustainability

implications and can place pressure on the household

income.

Problem Summary and Research Motivation

When analysed in-depth, the problem proves to be

multi-faceted, drawing upon technological, environmental,

and socio-economic domains. These key issues with off-

grid electrification are:

(i) Lack of real-time, personalized agricultural

guidance

(ii) Fragmented and non-integrated systems

(iii) Limited accessibility due to language and

usability barriers

(iv) Sbsence of expert interaction

(v) Inefficient resource utilization

The challenges listed demonstrate a clear need for

a single, intelligent, user-focused system that integrates

information from multiple sources to inform numerous

agricultural decision-making processes.

The Smart Crop Advisory System will combine real

time and legacy data, employ sophisticated analytical

models and develop a user-friendly interface to

transform agriculture from a largely reactive, experience-

based methodology to a proactive and data driven

methodology.

Fig. 1 : Data Flow Diagram of the Proposed System

METHODOLOGY

Our approach to this challenge combines the

methodology for system design, data integration, and user-

centered design. The goal of our methodology is to create

an efficient system for processing large amounts of data

and to provide users with relevant insights extracted from

the data, in an format that is accessible and meaningful

to them.
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The split of certain functions into independent

modules makes the development and maintenance of our

offers much easier.

Data Acquisition and Integration

The system uses external application programming

interfaces (APIs) in conjunction with the program’s

database to acquire most of the data on an almost real

time basis.

(i) OpenStreetMap Nominatim � converts user

location into coordinates

(ii) Open-Meteo API � provides real-time

weather data

This integration allows for real time forecasting by

utilising current market data rather than purely relying

on historical datasets.

Crop Recommendation Algorithm

The crop recommendation engine is the core of the

system. It uses a deterministic scoring approach to

System Modules Integration

The system combines several modules together into

a single platform.

(i) Crop Recommendation

(ii) Weather Insights

(iii) Crop Calendar

(iv) Fertilizer Guide

(v) Expert Consultation

This integration tackles the problem of fragmentation

and provides a holistic solution to empower farmers

throughout the whole value chain.

Interdisciplinary Analysis

Technological Perspective

The technological approach used in the developed

system is based on modern web technologies, and the

integration of real time data through various sources and

mechanisms. It also demonstrates an appropriate and

evaluate crops based on a number of variables.

(i) Temperature suitability

(ii) Water requirements

(iii) Seasonal compatibility

(iv) Soil type

Each parameter weights differently in determining

a score for crop suitability. The rule-based approach offers

some advantages in crop selection, such as the simplicity

of programming and the explicitness of decision-making

processes.

(i) Transparency (users can understand

recommendations)

(ii) Low computational complexity

(iii)Real-time processing capability

Note that in contrast to typical machine learning

methods this approach doesn’t require large amounts of

training data or learning process.

System Architecture

Our implementation follows a three-tier approach,

in which there is a clear distinction between the

Presentation, Application and Data layers.

(i) Our presentation layer is built using React.js,

through which users can interact with the

system, enter necessary information and view

generated recommendations.

(ii) This part of the application is built using Node.js

and Express.js and is used for handling business

logic, integration with various APIs and for

general request processing.

(iii) The data layer is implemented in MongoDB to

store the users, queries, and crop specific data.

Fig. 2 : Three-Tier Architecture of the Smart Crop

Advisory System

Fig. 3 : Workflow of the Crop Recommendation Algorithm
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efficient use of web development frameworks, and

utilization of RESTful APIs, a robust modular structure,

as well as secure mechanisms for authentication.

In addition to this, the system does not necessarily

require the use of deep learning methods and lightweight,

rule-based methods might even be sufficient, given the

constraints of current hardware.

Home Science Perspective

Home Science is about improving daily life by using

available resources in a more efficient way. Our system

will have following functionalities to support Home

Science:

(i) Optimized fertilizer usage

(ii) Efficient water management

(iii) Sustainable crop planning

These improvements will lead to sustainability for

rural and resource-poor farmers by reducing the costs

associated with manual labor and increasing crop

productivity allowing for greater household food security

and economic stability.

Social Science Perspective

The system has been informed by social sciences

and considers issues important to social workers such

as;

(i) Digital divide

(ii) Information asymmetry

(iii)Rural empowerment

The system includes a bilingual interface for user-

friendliness and an expert consultation component to

facilitate the knowledge sharing between the farmer and

the concerned experts. Through provision of information

to farmers, the system will endow them with the ability

to take informed decisions without relying on

intermediaries.

RESULTS AND DISCUSSION

Overview of System Evaluation

This report describes an evaluation of the Smart

Crop Advisory System. Since the system is a realisation

and not just a concept, the evaluation is focused on

assessing its performance, adaptability, usability, and

impact in practical scenarios.

The system has been tested under a variety of

scenarios with variations between simulations occurring

in terms of input parameters.

(i) Geographical location (different states and

districts)

(ii) Seasonal variations (Kharif, Rabi, and Zaid

cycles)

(iii)Environmental conditions (temperature,

humidity, rainfall)

(iv)Soil types

Performing the crop management system evaluation

under varying agricultural scenarios allowed realistic

system performance to be determined.

Performance of the Crop Recommendation Engine

The crop recommendation engine is the central

component of our system. We evaluated the performance

of the engine at generating relevant crop suggestions.

The results indicate that the algorithm effectively:

(i) Filters crops based on environmental

compatibility

(ii) Ranks crops using a weighted scoring

mechanism

(iii)Adapts recommendations based on real-time

weather data

For example, in high-temperature and low-rainfall

zones, the system will recommend drought-resistant

crops, whereas in high-rainfall areas, it will recommend

water-intensive crops such as rice.

The scoring model is designed to generate results

that are consistently logical in nature to guide users to

crops that can actually be suited to the given environment

constraints based on the multi-parameter evaluation

approach.

Impact of Real-Time Weather Integration

A prominent feature of the system is the integration

of real-time weather. In contrast to traditional time delayed

systems, current weather data is used to dynamically

update and optimize forecasts throughout the day.

The evaluation showed that:

(i) Recommendations change when weather

conditions vary

(ii) Short-term forecasts influence advisory outputs

(iii) Farmers receive context-sensitive guidance

For example, when rainfall probability is high, users

receive updated information from the system on optimal

times to water and apply pesticides, as well as advice

based on rising probability of rainfall.

This has real-time data integrated to enhance its

ability to be dynamic and relevant.

A DATA-DRIVEN SMART CROP ADVISORY SYSTEM FOR SUSTAINABLE AGRICULTURE: INTEGRATING TECHNOLOGY, HOME SCIENCE, & SOCIAL IMPACT
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Usability and User Experience Analysis

The usability of the system was assessed in relation

to the usability of the User Interface, the usability of

navigation and accessibility. The system should be suitable

for use by individuals with widely different levels of

experience and skill when using digital technology.

Key observations include:

(i) The interface is intuitive and easy to navigate

(ii) Minimal input is required from users

(iii)Visual elements and structured layouts improve

comprehension

This program contains English as well as Hindi

versions and can be used as a starting point for making

programs in both languages. However, users can also

change to their language of choice from within the

program.

The system created differs from other similar

platforms in that it has a much simpler interface, with

less use of text.

Evaluation of Integrated Modules

A notable feature of the system is its fully integrated

architecture that enables a range of functionalities from

within one system.

The evaluation of individual modules shows that:

(i) Crop Calendar is a part of the time based

organisation system for your farming activities.

(ii) Fertilizer Guide promotes balanced use of

nutrients and sustainable agriculture practices.

(iii)Weather Insights support proactive decision-

making

(iv)Ask an Expert module enables personalized

interaction

Our modules are completely integrated allowing for

full crop production support from crop selection and

seeding right through to post harvest planning and

analysis.

Comparative Analysis with Existing Systems

This paper presents a comparative assessment of

performance of the proposed system in relation to existing

agricultural information systems currently used in the

agricultural sector.

The system delivers a number of benefits to the

farmer.

(i) Provides dynamic recommendations instead of

static advice

(ii) Integrates multiple functionalities into a single

platform

(iii)Offers bilingual accessibility

(iv)These tools include expert consultation that is

generally not found in other systems.

In contrast to current offerings, there remains

significant room for improvement in platforms for youth

engagement related to science, health, and civic issues

due to existing fragmentation, lack of personalization, and

poor usability.

This section describes how our proposed system

compares with current approaches.

System Efficiency and Response Time

The performance was evaluated by measuring the

response time and the efficiency of the processing.

Observations include:

(i) Crop recommendations are generated within a

few seconds

(ii) Some code for weather lookup and location

details on demand. The code uses API calls.

It’s efficiently written.

(iii) Frontend rendering is smooth and responsive

A lightweight rule-based method has been developed

which does not require great computational power and is

therefore suitable for implementation in systems with

restricted resources.

Fig. 4 : Response Time Analysis of System Modules

Practical Implications for Farmers

This system has several practical effects:

(i) Reduces dependency on guess-based decisions

(ii) Improves crop selection accuracy

(iii) Optimizes resource utilization

(iv) Enhances resilience to climate variability

The system provides information that can be used

for the proper decision-making processes by farmers
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Discussion and Key Insights

The integration of real-time data, algorithms and user

centred design has a great potential to improve the

performance of agricultural advisory services.

Key insights include:

(i) Real-time data is critical for accurate decision-

making

(ii) We have also created more full-featured

integrated modules, and added functionality to

make our software more usable and efficient.

(iii)Making the app accessible (both language AND

UI accessibility) is key to getting more adoption.

(iv)Simple algorithms can be very efficient in

practice.

It establishes that an integrated approach of

technology with both usability and accessibility is critical

to develop solutions that have the maximum potential to

impact rural farmers and agriculture.

Limitations

Overview of System Limitations

Even though the Smart Crop Advisory System

delivers a host of improvements on current agricultural

platforms, it is worth examining the constraints of the

system in order to have a more accurate view of the

system’s current status and potential for growth.

The system has limitations which stem from a

variety of sources including technology, available data,

system scope, and design choices. Although the system

has limitations, it is a scalable prototype that is effective

in its current configuration.

Limited Crop Coverage

System has predefined 17 major crops for

recommendations; however, scope of system can be

enhanced to include more crops that are grown by farmers

in India, be it horticultural, plantation or crop specific to a

region. Currently, system has provisions to handle

additional 5 crops for soil health suggestions.

This limitation affects:

(i) Diversity of recommendations

(ii) Regional adaptability

(iii)Applicability to specialized farming practices

Increasing the scope of the crop database would

enhance the functionality of the system over a wider

geographical agricultural remit.

Dependence on Internet Connectivity

The application depends on an internet connection

to access real time weather data and geolocation as well

as connect to the backend server.

Given the product is intended for rural use, reliance

on internet connectivity can sometimes be a barrier,

particularly if the internet is slow or unavailable, and users

may experience delay or frustration in accessing certain

aspects of the system.

PWN would be much more awesome with offline

support, caching and lighter weight fallbacks.

Absence of IoT-Based Soil Data Integration

At the moment soil-related information is provided

by the user through basic inputs. While this is a simple

way to use the system, there is potential for errors and

inconsistencies when users enter information manually.

The system does not integrate with:

(i) Soil sensors

(ii) IoT devices

(iii)Government soil health databases

This may impact the accuracy of the

recommendations provided, particularly where detailed

knowledge of local soil conditions is not available.

Rule-Based Algorithm Limitations

The crop recommendation engine utilizes a

deterministic, rule-based scoring approach as opposed

to a machine learning or AI-based predictive models.

While this approach offers advantages such as:

(i) Simplicity

enabling them to become more productive and profitable.

Fig. 5 : Distribution of User Interaction Across System

Modules
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(ii) Transparency

(iii)Low computational cost

It also has certain limitations:

(i) Inability to learn from historical data

(ii) Limited adaptability to complex patterns

(iii)Reduced predictive intelligence compared to

advanced AI models

However, the program does make a trade-off

between generating quickly highly realistic and highly

adjustable pictures and computing expensiveness.

Limited Language Support

For the time being, the system supports only two

languages: English and Hindi. But, of course, this is only

a first step in increasing the linguistic accessibility of the

site, since there are many other languages spoken in

India.

The language of the system is set to English to

enhance usability for farmers who do not speak English

on a day-to-day basis. However, farmers and Farmers

Organisations who do not speak English on a regular basis

and who primarily speak other regional languages may

still find it challenging to understand and interact with the

platform. We intend to offer the platform in additional

languages going forward, including Punjabi, Marathi,

Tamil, Telugu and Bengali.

Absence of Market Price Integration

The system covers primarily pre-harvest decisions,

covering the choice of crop(s) and harvest planning. It

does not currently include market price information in its

analysis of potential crop profitability.

Without market insights, farmers may:

(i) Select crops that are environmentally

appropriate but not the most profitable. (This

strategy can help avoid severe environmental

damage due to overly profitable crops that result

in rampant pesticide and/or fertilizer use.)

(ii) Miss opportunities for better pricing

Adding market analytics to the system could improve

its usefulness for both production and economic decision-

making.

Lack of AI-Based Pest and Disease Detection

Unlike existing agriculture systems that focus on

pest and disease detection, this platform includes image

recognition and artificial intelligence to carry out

diagnoses.

This guidance does not provide any legal advice and

is based on general information available about the

criminal justice system.

The limited ability to diagnose early into a disease

and receive precise treatment information prevents the

system from fully reaching its capabilities.

We could incorporate computer vision models into

the application in future versions.

Scalability and Deployment Constraints

This is a work in progress that I am doing for an

academic project. I haven’t fully deployed or tested at

large on high loads yet.

Potential challenges include:

(i) Server scalability

(ii) Database performance under heavy traffic

(iii)Real-time API limitations

Also the challenges mentioned before could be

overcome by using a cloud-based deployment and several

performance-optimization tricks.

Summary of Limitations

Issues to be addressed in future development of the

system are outlined in this section.

Key limitations include:

(i) Restricted crop and language coverage

(ii) Dependence on internet connectivity

(iii)Lack of advanced AI and IoT integration

(iv) Absence of economic (market) insights

There are a number of remaining constraints on the

set of open problems and potential improvements that

could be usefully incorporated into such a framework.

It is important to recognise that there are several

limitations to this system, however these do not mean

that the system is not a contribution, rather that there is

room for improvement and scalability.

Future Scope

Overview of Future Enhancements

Despite incorporating state-of-the-art technologies,

the proposed Smart Crop Advisory System presents a

promising paradigm for a data-driven smart decision-

support system for farmers and associated stakeholders.

Currently, it exists in an embryonic technological form

amenable to scaling up to create a more robust and

intelligent agri-ecosystem. The potential for growth in

terms of employing computational intelligence tools and

additional functionality for enhancing usability exists.
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Incorporating many of these advancements will not only

facilitate improved agricultural productivity but make the

system relevant for broader and varied farming scenarios.

Integration of Artificial Intelligence and Machine

Learning

Future improvements could also be made by

incorporating artificial intelligence and machine learning

functionalities into the crop selection system. Currently,

the system uses a set of rules to score different crops,

and provide recommendations to the user. However,

machine learning models are able to process large

amounts of historical and real time data, to identify

complex relationships and trends. If implemented into the

system, such models would enable the system to predict

which crop would be most suitable for a particular field,

and over time improve accuracy to provide even more

intelligent recommendations. The models could be trained

to learn from historical data, user interaction with the

system, and long term climate change and seasonal

variation to make predictions for future seasons.

AI-Based Pest and Disease Detection

We are also working hard to make the new system

incorporate more sophisticated AI-powered pest and

disease detection. By incorporating computer vision

capabilities into the system, we plan to incorporate the

ability for farmers and users to upload images of their

crops and receive an automated diagnosis from the

system. This diagnosis will be provided by the system’s

pre-trained convolutional neural network models. The

additional functionality will enable the system to extend

crop advisory services from assisting in choosing the right

crop to provide specific crop protection advisories. Early

detection and targeted application of chemical pesticides

shall reduce crop losses and help to minimize excessive

use of pesticides.

IoT and Smart Farming Integration

In addition to the advancements for the user

experience mentioned previously, there are numerous

opportunities for integrating Internet of Things (IoT) into

the system to increase accuracy and reliability. Presently,

the system relies on the user to provide environmental

information such as soil details. By incorporating IoT

devices such as soil moisture sensors, temperature

sensors, or automated irrigation systems, the system can

collect pertinent information from the field. With this data,

the system will be able to make highly accurate, context-

aware recommendations to increase user productivity.

Expansion of Crop and Regional Coverage

Currently the system has been designed and

implemented to focus on few major crops relevant to

Indian agriculture. But in reality, Indian agriculture is a

very diverse field and many crops like horticultural

produce and plantation crops are specific to different

regions of the country. To enhance the effectiveness of

the system, it will be crucial to incorporate a much wider

variety of crops into the database as well as relevant

agricultural practices followed in the region and

corresponding recommendations for the farmers.

Multi-Language and Localization Expansion

Although the system can currently support English

and Hindi we have noted that the inclusion of other

regional languages such as Punjabi, Marathi, Tamil, Telugu

and Bengali would make the system more accessible and

increase its utility in rural settings. Furthermore, in addition

to translation, full localisation of the platform could involve

use of region specific terms, knowledge and practices of

farming that are unique to particular rural environments

and cultures.

Integration of Market Intelligence and Price

Prediction

While the present implementation is targeted to

support agronomic decisions, future versions could

incorporate economic information such as prices and

demand trends. Real-time market data and predictive

models could thus be used to support crop selection also

from an economic point of view, helping farmers decide

which crop to plant to increase their revenue, thereby

addressing both production and economic aspects of the

agriculture.

Mobile Application Development

While the tool is currently a responsive web

application, taking it as a desktop application and

developing it into a mobile application can further enhance

its accessibility and usability in rural areas. The mobile

application can have features such as offline capability,

push notifications, and simplified interfaces for data input

and analysis. Given the prevalence of smartphone use

by farmers, such a tool would gain much wider adoption

and usage.

A DATA-DRIVEN SMART CROP ADVISORY SYSTEM FOR SUSTAINABLE AGRICULTURE: INTEGRATING TECHNOLOGY, HOME SCIENCE, & SOCIAL IMPACT



Internat. J. Appl. Soc. Sci. |Mar. & Apr., 2026| 13 (3&4)| (211)

Cloud Deployment and Scalability

The system needs to be deployed on cloud-based

platforms for a large-scale real-world implementation.

This would allow the system to scale up to handle a large

number of users, in addition to improving availability and

performance. Integrating extra services and data storage

would also be easier to do on the cloud, in addition to

utilizing cloud-based analytics. Currently, the system is

in a proof-of-concept prototype form and needs to be

deployed onto cloud-based platforms.

Towards a Smart Agricultural Ecosystem

The Smart Crop Advisory System has the

tremendous potential to scale up into a robust digital

ecosystem that facilitates farming community across the

entire agricultural value chain (from sowing to

consumption). Financial services like crop insurance, farm

loans, supply chain management and digital marketplace

for agricultural products and services can be seamlessly

integrated in to the system. This will enable Smart Crop

Advisory System to become a one stop shop for the

agricultural ecosystem and support decision making at

various levels contributing to sustainable development and

rural empowerment.

Conclusion

This study presents and evaluates a Smart Crop

Advisory System for modern crop production that

overcomes current limitations for efficient and effective

use of digital technologies by providing a data-driven

Smart Crop Advisory System for farmers and field

practitioners. The system uses a wide array of

environmental data, combines location-specific and

relevant data, and suggests actionable recommendations

for timely crop management decisions.

Integrating several agricultural information services

and functions into one platform is a main feature of this

research. Unlike the currently operating systems for

agriculture which offer information to farmers

independently and provide services in isolated manner.

The developed system through a unique interface allows

users to utilize crop selection service, weather service,

fertilizers recommendation service, crop planning and

decision support service and e-consultation with experts.

By providing a comprehensive solution to several

agricultural related problems through a single portal, the

system eliminates information fragmentation, makes

system more useful and realistic for farmer users.

Technologically speaking, it shows that an effective

decision-support system can be built using a simple rule-

based scoring algorithm and external APIs to source real-

time weather and geolocation data. Critically, it also comes

in a bilingual interface and is a lightweight design that

can be easily used by those who have not before used

the internet. This helps address some of the root causes

of limited technology adoption in rural contexts: lack of

accessibility for those with lower digital literacy.

Given the interdisciplinary nature of this work, it also

has further application and relevance. From a home

science perspective, the system facilitates optimal use

and conservation of resources, adoption of sustainable

agriculture practices, and improved household food

security. From a social science perspective, the system

addresses issues of digital inclusion, accessibility of

information and knowledge, and farmer empowerment

through an informative and user-friendly system. The

intersection of technological and socio-economic elements

to address ‘real world problems’ is key to creating holistic

solutions.

The Smart Crop Advisory System is a step in the

direction of creating intelligent, scalable and sustainable

agricultural solutions. Even with some of the current

limitations, it provides a robust base for scaling up. This

study exemplifies how technology, usability and insights

from other disciplines can be merged thoughtfully to

increase agricultural productivity, improve rural livelihoods

and create sustainable solutions in the agriculture sector.

REFERENCES

Farooq, M. S. , Riaz, S.,  Abid, A., Umer, T. and Zikria, Y. (2019).

A Survey on the Role of IoT in Agriculture, Wireless

Communications & Mobile Computing, 2019 : 1–18.

Kamilaris, A. and Prenafeta-Boldú, F.X. (2018). Deep Learning

in Agriculture: A Survey, Computers & Electronics in

Agriculture,  147 : 70–90.

Kamilaris, A., Kartakoullis, A. and Prenafeta-Boldú, F.X. (2017).

A Review on the Practice of Big Data Analysis in

Agriculture, Computers & Electronics in Agriculture,

143 : 23–37.

Kshetri, N. and Voas, J. (2018). Agricultural Informatics:

Emerging Trends and Challenges, IEEE IT Professional,

20 (2) : 14–17.

Ministry of Agriculture & Farmers’ Welfare (2016). Government

of India, “Kisan Suvidha Mobile Application.

Mohanty, S., Hughes, D. and Salathé, M. (2016). Using Deep

DIVYE SHARMA



(212) Internat. J. Appl. Soc. Sci. |Mar. & Apr., 2026| 13 (3&4)|

Learning for Image-Based Plant Disease Detection,

Frontiers in Plant Science, 7 : 1419–1425.

Pattnaik, S.K. and Rao, K.A. (2012). Information and

Communication Technology in Agriculture, International

Journal of Computer Applications, 45 (3) : 12–18.

Pudumalar, P., Ramanujam, E., Rajashree, R. H., Kavya, C.,

Kiruthika, T. and Nisha, J. (2017).  Crop Recommendation

System for Precision Agriculture,” in Proc. IEEE Int. Conf.

Intelligent Computing Systems, 2 pp. 32–36.

PEAT GmbH (2020). Plantix: AI-Based Crop Disease Detection

Application, Germany.

Ramesh, S.R.N. and Vardhan, B. (2017). Data Mining Techniques

for Crop Yield Prediction, International Journal of

Advanced Research in Computer Science, 8 (5) :  117–

121.

Small Farmers’ Agribusiness Consortium (SFAC) (2018). eNAM:

National Agriculture Market, Government of India.

Veenadhari, M., Misra, B. and Singh, C.D. (2014). Machine

Learning Approach for Forecasting Crop Yield,

International Journal of Advanced Research in

Computer Science, 5 (2) : 12–15.

Wolfert, S., Ge, L., Verdouw, C. and Bogaardt, M.J. (2017). Big

Data in Smart Farming – A Review, Agricultural Systems,

153 : 69–80.

************

A DATA-DRIVEN SMART CROP ADVISORY SYSTEM FOR SUSTAINABLE AGRICULTURE: INTEGRATING TECHNOLOGY, HOME SCIENCE, & SOCIAL IMPACT




