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Abstract 
AI-driven crop disease detection and prediction in East Vidarbha faces several significant challenges, such as 

a lack of high-quality localized data, low digital literacy among farmers, financial constraints, and 

inadequate rural infrastructure. Addressing these issues requires a multifaceted approach: leveraging 

crowdsourced mobile data collection; implementing data augmentation and automated labelling techniques; 

and customizing AI models to suit local agro-climatic conditions. Cluster-based AI farming strategies 

combined with government subsidies can enhance the accessibility and affordability of technology through 

offline-capable tools. To encourage widespread adoption by the agricultural community, it is crucial to 

develop training programs that boost awareness levels while advancing technological skills within these 

communities. Additionally expanding upon existing resources like satellite imagery with IoT-based sensor 

networks enhances early detection capabilities further optimizing available resources By empowering East 

Vidharba's farmers this comprehensive strategy envisions effective sustainable solutions grounded in cutting-

edge analytics ensuring higher yields fostering resilience throughout beneficiary regions alike!  
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I. Introduction:- 

In areas like East Vidarbha, AI-based crop disease 

detection and prediction systems have 

revolutionised agriculture by providing early 

diagnosis and prompt responses to disease 

outbreaks that endanger farmer livelihoods and 

productivity. However, there are particular 

challenges to practical deployment in the local 

environment, such as the socioeconomic diversity 

of farming communities and their ability to adopt 

new technology, as well as a lack of digital 

infrastructure and region-specific statistics. 

The Eastern Vidarbha region of Maharashtra, 

comprising districts like Nagpur, Chandrapur, 

Gondia, Bhandara and Gadchiroli, is a significant 

agricultural zone known primarily as a major rice 

belt. Agriculture here underpins the local economy 

and rural livelihoods, with a reliance on both 

subsistence and cash crops such as rice, cotton, 

soybean, turmeric, sugarcane, and oranges. Despite 

the region's rich agricultural potential, farming 

faces considerable challenges, including erratic 

rainfall due to its location in the rain shadow area, 

limited irrigation facilities, and soil nutrient 

deficiencies. These factors contribute to lower crop 

yields and heightened vulnerability of crops to 

diseases. The farming community here is 

predominantly smallholder and often grapples with 

socioeconomic constraints, making the adoption of 

new agritech solutions both critical and complex. 

Against this backdrop, AI-based crop disease 

detection and prediction technologies offer 

promising pathways to enhance agricultural 

resilience in East Vidarbha. These AI systems, 

using machine learning and image recognition, can 

identify crop diseases early, enabling timely 

management and reducing losses. However, 

implementing such solutions effectively requires 

overcoming localised hurdles, such as data scarcity 

specific to regional crops and disease patterns, 

infrastructural limitations, including internet access, 

and the need for user-friendly tools adjusted to the 

digital literacy level of farmers. Addressing these 

challenges with contextually tailored AI 

interventions could substantially improve 

productivity, sustainability, and the economic well-

being of farmers in Eastern Vidarbha, making these 

technologies a vital component of the region’s 

agricultural future. 

Due to East Vidarbha's reliance on agriculture for a 

living and its susceptibility to crop losses from 

illnesses, AI-based crop disease detection is 

extremely important here. The reactive nature of 

traditional disease management techniques in this 

area, coupled with delays in visual inspections and 

expert availability, might cause extensive harm 

before interventions take place. Farmers may apply 

timely and precise treatments that minimise crop 

loss and prevent excessive pesticide use thanks to 

AI technology, which enables early, automated, and 

accurate disease identification. Furthermore, 

customised disease prediction and control 

techniques that address the particular agro-climatic 

difficulties of East Vidarbha are made possible by 
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AI models' capacity to analyse data from numerous 

crops and local environmental variables at the same 

time. AI-driven solutions have the potential to 

improve food security, financial stability, and 

sustainable agriculture in this region by providing 

farmers with low-cost, real-time actionable insights 

and increasing resource efficiency. This regional 

importance highlights the pressing need to resolve 

implementation challenges and provide easily 

usable AI tools for broad adoption in the farming 

communities of East Vidarbha. 

II. Literature Survey:- 
1. Jafar et al., 2024.Abbas Jafar, Nabila Bibi, 

Rizwan Ali Naqvi, Abolghasem Sadeghi-

Niaraki present a comprehensive review on 

plant disease detection using AI and IoT. They 

discuss ML and DL models applied in diseases 

of tomato, chili, potato, and cucumber, focusing 

on image acquisition, preprocessing, feature 

selection, and classification methods. They also 

highlight challenges like data limitations and 

propose future research combining AI with 

smart drones for field monitoring. 

2. Akshay Rege et al. (2025) developed an AI-

driven crop disease prediction system 

integrating satellite and drone multispectral 

data with ML algorithms. Their system predicts 

disease outbreaks by analyzing climatic, soil, 

and crop health data to provide precise 

pesticide application advice, reducing chemical 

use and crop loss. 

3. Haleem Khan et al. (2024) survey machine 

learning and deep learning models for plant 

disease classification, emphasizing the role of 

convolutional neural networks (CNNs), transfer 

learning, and image augmentation techniques to 

achieve high accuracy in industrial farming 

contexts. They discuss challenges of 

generalization to different crops and 

environments. 

4. Gawade et al., 2024. Rhishub Gawade, Sahil 

Gorad, Harsh Bhosle, and Rajas Bengale 

(2024) propose a deep learning-based system 

using CNNs and digital soil sensors for early 

detection of crop diseases. Their research 

targets improved classification accuracy and 

integrates environmental data for more robust 

disease prediction. 

5. Abbas Jafar et al. (2023) in another work, focus 

on computational deep learning models, 

highlighting their efficiency in detecting, 

classifying, and estimating disease severity. 

Their findings stress improved accuracy in crop 

disease identification through CNN models 

accessible via smartphones, supporting real-

time farmer decision-making at reduced cost. 

6. Kulkarni et al.,(2025).AI-driven crop disease 

detection has rapidly evolved as a pivotal 

technology in precision agriculture. Ganesh 

Kulkarni et al. (2025) survey recent 

advancements, highlighting deep learning 

models such as MobileNetV2 for image-based 

disease identification combined with 

environmental data integration to boost 

predictive accuracy. They emphasize real-time 

alerts, multilingual support, and treatment 

recommendations tailored to crops like cotton, 

sugarcane, and soybean, key to Indian contexts. 

7. Nigar et al. (2024) demonstrate improvements 

in plant disease classification using explainable 

AI models, which enhance interpretability—a 

known challenge with deep learning—thus 

aiding farmers' trust in AI systems. 

8. Ferentinos (2018).provides foundational work 

on CNN models for plant disease detection, 

achieving high accuracy across multiple plant 

species and diseases, establishing benchmarks 

adopted by later studies. 

9. Mohanty et al. (2016) pioneered the use of deep 

learning with large publicly available datasets 

such as PlantVillage, enabling robust disease 

classification from leaf images, though 

limitations persist in real-world variability and 

data scarcity for regions like Vidarbha. 

10. Vishnoi et al. (2021) review computational 

intelligence methods and image processing 

techniques for plant disease detection, noting 

challenges in capturing crop-specific symptoms 

distinct to agro-climatic zones, underscoring 

the need for local data customization [Vishnoi 

et al., 2021]. 

 

III. Research Design Methodology:  
1. Review of the Literature: Comprehensive 

search of 10–15 peer-reviewed sources (2015–

2025)  

2. Speaking with researchers, agronomists, tech 

developers, legislators, and farmers  

3. Analysis of three to five successful AI 

agriculture initiatives as a comparative case 

study  

4. Assessing solutions from a technological, 

financial, social, infrastructure, and scalability 

standpoint is known as feasibility assessment.  

5. Data analysis techniques include framework 

application, comparative analysis, and 

qualitative coding.  

6. Ethical considerations include IRB permission, 

confidentiality, and informed consent. 

 

IV. Context and Significance 

A predominantly rural area in eastern Maharashtra, 

East Vidarbha is noted for its principal crops, which 
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include rice, cotton, soybeans, turmeric, sugarcane, 

and oranges. Here, agriculture is the main driver of 

the local economy and provides for the livelihoods 

of the majority of smallholder farmers. However, a 

number of issues in the area, such as irregular 

rainfall patterns brought on by the rain shadow 

topography, restricted irrigation access, and deficits 

in soil nutrients, pose a danger to agricultural yield 

and farmer revenue. These vulnerabilities are made 

worse by crop diseases, which result in large output 

losses and frequently go unnoticed or untreated 

until much later because of a lack of local experts 

and resource limitations. In this regard, preserving 

agricultural output, boosting food security, and 

strengthening the socioeconomic stability of rural 

communities all depend on prompt and precise crop 

disease identification. AI-driven prediction and 

detection technologies have the potential to 

revolutionise healthcare by facilitating early disease 

detection and well-informed management choices 

that are specific to East Vidarbha's agroclimatic and 

socioeconomic circumstances. In order to empower 

farmers and promote sustainable agriculture in this 

area, this project intends to address the contextual 

nuances and make use of AI advancements. 

V. The role of AI technology 

Using cutting-edge computational methods like 

machine learning, deep learning, and computer 

vision, artificial intelligence (AI) is essential to 

transforming crop disease detection and prediction. 

These technologies make it possible to 

automatically analyse environmental data and crop 

photos in order to precisely and early detect disease 

symptoms, frequently before they are readily 

apparent to human observers. Large amounts of 

diverse data from sources such as satellite imaging, 

unmanned aerial vehicles (UAVs), and on-ground 

sensors can be processed by AI-driven models, 

which can then provide real-time monitoring and 

prediction insights. This makes it easier to take 

prompt action, minimise crop loss, and make the 

best use of pesticides and other inputs. 

Additionally, local agricultural disease trends can 

be identified by AI systems trained on region-

specific datasets, increasing detection accuracy and 

facilitating tailored management approaches. 

Farmers in areas like East Vidarbha can gain from 

more productivity, lower costs, and better crop 

health results by using AI into agriculture, which 

will support resilient and sustainable farming 

methods. 

By examining trends in past and current 

environmental data, including temperature, 

humidity, and precipitation, artificial intelligence 

(AI) technologies not only aid in early detection but 

also in the prediction of disease epidemics. In areas 

like East Vidarbha, where climatic fluctuation can 

have a quick impact on the appearance and spread 

of disease, this predictive ability is essential. AI-

based forecasting models can empower farmers and 

agricultural stakeholders to implement preventative 

measures, schedule treatments more effectively and 

reduce unnecessary chemical applications. 

Furthermore, AI-driven decision support systems 

can recommend optimal disease management 

practices tailored to specific crop types and local 

conditions, thereby enhancing the precision 

agriculture approach. The scalability of AI solutions 

means that they can be deployed through mobile 

applications and cloud platforms accessible even to 

smallholder farmers, democratising advanced 

agronomic knowledge and fostering community-

wide improvements in crop health management. 

Bringing together AI with Internet of Things (IoT) 

devices and remote sensing technologies can 

improve how data is collected and analysed, 

building a complete smart agriculture system that 

addresses the specific challenges in East Vidarbha. 

 

VI. Major Obstacles in East Vidarbha's AI-

Based Crop Disease Detection and 

Prediction  

1. There is a deficiency of locally annotated 

data. 

Large datasets of labelled photos and sensor 

data that accurately reflect the particular crops 

and illnesses that are common in East Vidarbha 

are necessary for accurate AI models. There are 

few such annotated datasets for regional crop 

types, disease signs, and environmental factors, 

which restricts model training and lowers 

detection precision. The AI's capacity to 

effectively generalise to the distinct disease 

patterns in the region is hampered by the lack 

of region-specific data.  

2. Restrictions on Infrastructure 

The real-time deployment of AI systems that 

depend on cloud computing or continuous data 

transmission is hampered by the unreliable 

electrical supply and poor internet connectivity 

that rural East Vidarbha frequently experiences. 

The practical benefits of AI-based technologies 

are diminished by these infrastructure gaps, 

which limit farmers' access to these tools and 

postpone early disease detection.  

3. Diversity in Agro-Climatic Conditions 

Crop diseases behave differently in small 

geographic areas due to the complex settings 

created by East Vidarbha's varying topography 

and microclimates. It is difficult to create AI 

models that take into consideration this agro-

climatic heterogeneity since disease symptoms 

and rates of progression can differ, 

necessitating flexible and adaptive AI systems. 
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4. Educational and Socioeconomic Barriers for 

Farmers 

East Vidarbha is home to a large number of 

smallholder farmers who earn little money and 

have neither formal education nor digital 

technology expertise. Without specialised 

training programs and support structures, their 

ability to use AI tools effectively is limited by 

their socioeconomic background. Another 

important consideration in the use of 

technology is affordability.  

5. Barriers to Usability and Language 

Because AI interfaces and agricultural 

advisories are usually created in languages that 

are widely spoken, local farmers who might 

speak regional dialects may find them more 

difficult to use. Applications that are easy to 

use and based on vernacular languages are 

required to guarantee efficient communication 

and usage for a variety of farmer 

demographics. 

6.  Problems with Data Privacy and Trust 

Concerns about privacy, data exploitation, or a 

lack of knowledge about the advantages of AI 

may make farmers reluctant to share their crop 

and field data. To promote involvement and 

cooperation in AI-driven projects, trust must be 

established via open data policies and 

community involvement.  

7. Resource and Cost Limitations  

For many farmers, the initial outlay for gadgets 

(such as smartphones, sensors, and drones), 

connectivity, and continuing upkeep might be 

unaffordable. It might be necessary to 

implement cooperative structures, financial aid 

programs, or subsidies in order to get beyond 

these financial obstacles and enable widespread 

adoption of technology.  

For AI to be successfully implemented in crop 

disease control in East Vidarbha, these issues 

must be addressed using thorough, context-

sensitive methods. 

VII. Solutions and Strategies 

To overcome the challenges faced in implementing 

AI-based crop disease detection in East Vidarbha, 

several targeted solutions and strategic approaches 

are necessary.  

1. Image-Based Disease Detection Using 

Computer Vision 

One of the most revolutionary AI applications in 

contemporary agriculture is image-based disease 

detection with computer vision, which provides 

accurate, quick, and economical crop disease 

diagnosis. In particular, convolutional neural 

networks (CNNs), which are excellent at 

interpreting visual input and spotting small patterns 

that could be imperceptible or challenging to spot 

through traditional human observation, are used in 

this technology. Using readily available devices 

like smartphones or tablets, farmers take pictures of 

crop foliage, stems, or fruits. Trained AI models 

then evaluate these photos to detect disease 

indications, including leaf spots, blights, wilts, 

mildew, and other pathological indicators. 

Input photos are compared to large annotated 

datasets that contain thousands of instances of both 

healthy and ill plants in order for computer vision 

systems to function. The AI model gains the ability 

to accurately differentiate between different illness 

kinds and severity levels through supervised 

learning. After being put into use, these models can 

provide diagnostic results in a matter of seconds, 

allowing for prompt actions that stop additional 

crop damage and lower output losses. In 

agricultural contexts, where delays in disease 

identification can lead to rapid spread and 

substantial economic effect, this technology's real-

time nature is especially beneficial. 

The accessibility and scalability of image-based 

detection are two important benefits. A basic 

smartphone app with AI features can function as a 

portable diagnostic tool for farmers, negating the 

need for costly lab equipment or specialized 

knowledge. Smallholder farmers in areas like East 

Vidarbha, where access to agronomic specialists 

and diagnostic facilities is restricted, will 

particularly benefit from this democratization of 

advanced agricultural technology. Furthermore, in 

order to overcome the infrastructure issues that are 

frequently encountered in rural locations, computer 

vision models can be made to operate offline or 

with very little internet connectivity. 

Another crucial element is ongoing model 

improvement. Maintaining accuracy and relevance 

over time requires routinely adding new data to the 

AI models as environmental conditions and disease 

strains evolve. A dynamic learning system that 

adapts to the reality of agriculture can be created by 

feedback mechanisms that let farmers submit new 

disease cases or report incorrect diagnoses. In 

conclusion, computer vision-based image-based 

disease detection provides a strong, affordable, and 

expandable way to improve crop health 

management in East Vidarbha. This system 

provides farmers with actionable insights, 

encourages sustainable farming practices, and 

improves food security and economic resilience in 

the area by lowering reliance on human inspections 

and expert availability. 
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2. Machine Learning for Disease Prediction 

A proactive approach to crop health management, 

machine learning for disease prediction allows for 

proactive decision-making before diseases manifest 

or spread. By examining complex environmental, 

agronomic, and historical data, predictive machine 

learning algorithms estimate the probability and 

timing of disease outbreaks, in contrast to reactive 

image-based detection that finds symptoms that are 

already present. To produce probabilistic 

predictions of disease risk, these models use data 

from various sources, including crop type, planting 

date, irrigation techniques, past disease incidence 

records, soil conditions (moisture, pH, nutrient 

levels), and weather patterns (temperature, 

humidity, rainfall, wind speed).  

Creating extensive historical datasets that document 

the relationships between environmental factors 

and illness occurrence is the cornerstone of 

successful disease prediction. To detect risk signals 

early, machine learning algorithms—such as 

random forests, support vector machines (SVMs), 

gradient boosting models, and neural networks—

learn from these patterns. After being trained, these 

models are able to update continually using data 

from field observations, soil sensors, and weather 

stations, giving farmers risk assessments and timely 

alarms. Disease prediction models for East 

Vidarbha in particular can be adjusted to the 

region's distinct agroclimatic features and common 

illnesses that impact crops including soybean, rice, 

and cotton. Training data can be obtained by 

combining historical disease monitoring data from 

agricultural extension offices with meteorological 

records. 

Models that combine machine learning capabilities 

with local knowledge can capture disease dynamics 

unique to the location, such as how temperature-

humidity interactions in various micro-zones or the 

timing of monsoon start affect the incidence of 

fungal diseases. Disease prediction has many real-

world applications. Before disease pressure 

increases, farmers who receive early signs can take 

preventive action by deploying resistant crop types, 

modifying irrigation schedules, or administering 

prophylactic treatments. By reducing the need for 

reactive pesticide applications, this proactive 

approach improves crop health outcomes, lowers 

input costs, and has a less environmental impact. 

Furthermore, precise forecasts allow agricultural 

extension services to rank the distribution of 

resources and farmer advises according to risk 

levels in various areas or farms.     

farmers with different degrees of technology 

literacy may now predict diseases thanks to 

integration with mobile platforms and SMS-based 

alarm systems. These platforms can offer links to 

professional guidance or treatment choices, suggest 

particular management methods for various risk 

scenarios, and convey predictions in local 

languages. Farmers' ongoing input on prediction 

accuracy aids in model refinement, resulting in 

iterative enhancements that boost relevance and 

credibility. Essentially, East Vidarbha's agricultural 

management shifts from reactive problem-solving 

to strategic, proactive planning thanks to machine 

learning-based disease prediction. This AI 

technology reduces financial losses and 

environmental load while promoting more resilient, 

efficient, and sustainable farming methods by 

giving farmers advance awareness of disease risks.
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3. Mobile and Cloud-Based AI Platforms 

Mobile applications equipped with AI-powered 

diagnostic tools allow farmers to upload pictures 

and receive instant disease identification and 

treatment recommendations. Cloud computing 

enables continuous model updates with new data, 

ensuring models stay current with emerging 

diseases and regional specifics. 

4. Remote Sensing and UAV Integration 
Satellite imagery and unmanned aerial vehicles 

(UAVs) equipped with multispectral and thermal 

sensors collect large-scale crop health data. AI 

analyzes this data to detect stress signals and 

disease spread over expansive fields, facilitating 

precision agriculture practices. 

5. Decision Support Systems (DSS) 
AI-driven DSS platforms synthesize data inputs 

from various sensors and models to generate 

actionable insights and tailored management plans, 

helping farmers optimize pesticide usage and 

cultivation practices for sustainable disease control. 

6. Natural Language Processing (NLP) and 

Chatbots 
AI chatbots can provide personalized advice and 

answer farmers’ queries about disease symptoms, 

preventive actions, and treatments in local 

languages, increasing accessibility for farmers with 

limited technical knowledge. 

 

 

7. IoT-Enabled AI Monitoring Systems:- 
Internet of Things (IoT) sensors installed in fields 

monitor environmental parameters like humidity, 

temperature, and soil moisture in real time. AI 

algorithms analyze sensor data to detect conditions 

conducive to disease development and alert farmers 

accordingly. 

These AI solutions, when adapted to local needs 

and integrated into farmer-friendly platforms, offer 

promising avenues to improve crop disease 

management and enhance agricultural productivity 

in East Vidarbha. 

VIII. DISCUSSION 

The management of agricultural diseases in East 

Vidarbha is changing as a result of the use of AI 

technologies like computer vision and machine 

learning. These developments tackle persistent 

problems faced by smallholder farmers, such as 

resource scarcity and delays in disease detection. 

By evaluating large datasets, machine learning 

algorithms provide early and precise disease 

forecasts, enabling farmers to switch from reactive 

to preventive management. Additionally, image-

based detection systems lessen reliance on 

knowledgeable agronomists by using deep learning 

algorithms to recognize disease indications in real 

time. Successful implementation, however, 

necessitates improving farmer training and cross-

sector collaboration in addition to tackling regional 

issues including sparse datasets and poor digital 
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infrastructure. These AI-powered solutions can be 

used as a scalable model for other areas dealing 

with comparable problems in addition to addressing 

local agricultural difficulties. 

IX. CONCLUSION 

East Vidarbha's agricultural practices could be 

greatly improved by AI-based crop disease 

detection and prediction systems. Despite obstacles 

including a lack of data and limited infrastructure, 

stakeholders can develop efficient frameworks for 

crop health monitoring by utilizing machine 

learning and computer vision. Solutions like farmer 

training, better digital infrastructure, mobile app 

development, and region-specific datasets are 

crucial. For AI deployments to be contextually 

relevant, cooperation between technology 

developers, agricultural organizations, and 

politicians is essential. Better crop management, 

less pesticide use, and greater resilience for 

smallholder farmers are all possible outcomes of 

successful implementation. A sustainable 

agricultural future in the area, which eventually 

benefits farmers and society, depends on sustained 

investment in infrastructure and research as well as 

the integration of AI with cutting-edge 

technologies. This strategy might also be used as a 

template for comparable agricultural situations in 

India and elsewhere. 
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