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ARTICLE INFO ABSTRACT

Al plays a major role in moving food from farm to consumer and maintaining the relationship
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maximizing yield and quality . Artificial Intelligence , Machine learning and IOT plays a
crucial role in agricultural supply chain management by enabling data-driven decision
making, resource allocation and optimization, demand forecasting and logistics management .
Al revolutionize agricultural practices by promoting sustainable resource management,
optimizing production, customer segmentation and enhancing food security and safety ,
making it a key tool in achieving long-term sustainability goals in the agricultural sector.
Through agricultural supply chain management, farmers can optimize production, reduce
waste, and promote sustainable farming practices, contributing to environmentally friendly
food Security .
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INTRODUCTION

Agriculture is a vital sector of the Indian economy, contributing to the country's GDP, employment, and food
security. Climatic change , population growth and resource scarcity are a major threats to Global food security.
Advanced technologies such as Machine Learning ,Deep Learning , IoT, remote sensing and blockchain
technologies play a significant role in enabling sustainable agriculture practices that can optimize production
process and food supply chain management resilience for agricultural product delivery. By leveraging Al in
agricultural supply chain management, farmers can make informed decisions to optimize production, reduce
waste, and promote sustainable farming practices, contributing to a more environmentally friendly food
supply chain. This research article addresses the issues within the commodity supply chain, with a specific
focus on disease detection and identification to enhance quality production and enhance process optimization
which twins with supply chain management to

LITERATURE REVIEW

Rice leaf diseases can cause significant losses in the amount and quality of rice produced. The reasons for rice
crop Diseases are climate change , Fungus, virus, and Bacteria. One of the disease caused in rice is Leaf
smut that is characterized by sori on the leaves, Brown spot disease in rice is caused by fungus Cochliobolus
miyabeanus and Bacterial Leaf Blight is caused by Xanthomonas oryzae . These diseases can have a major
impact rice yield loss, quality loss and can seriously have an impact on Countries economy Earlier detection of
rice infection can maximize the crop yield and produce a good quality of rice. It can aid in sustainable
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agriculture by minimizing the use of pesticide and fertilizers and saves the environment from climatic
change, soil degradation, water and air pollution enabling sustainable agriculture. .

Major rice Diseases of National Significance are 1. Rice blast 2. Bacterial leaf blight 3. Sheath blight 4. False
smut and 5. Brown spot. [6] Every year, plant diseases account for 10-16% of the world's agricultural losses.

Crop disease identification is an [4] urgent need for greater agricultural sustainability and production through
precise accurate plant health monitoring. Failure of traditional methods used by farmers to identify plant
disease makes the [3] fertilisers ineffective and subsequently harm the plant and soil. To make the diagnosis
process of rice disease automatic more effective and accessible technique is desired.

Climate change, fast population expansion,[5] rapid ecological degradation, pests, and rice diseases threaten
global food security. Approximately 37% less rice is produced annually as a result of these diseases. Accurate
and fast diagnosis and prompt application of pesticide management strategies are essential for disease control.
Earlier detection of Rice Plant disease is possible by Automated methods . VGG16 convolutional neural
network coupled with transfer learning , [1] optimizes computational resources and enhances performance
through pre-trained model. Research shows a significant stride toward harnessing modern technology for
sustainable agricultural practices and crop management.

Lu et al. [20] proposed the automatic identification of rice disease in China using CNN with a ten-fold cross
validation strategy with 95.48% accuracy .Crop diseases can be detected in leaves, stems and flowers and other
places. Leaf highlights certain aspects of natural goods and blooming throughout all of the periods across the
globe [19].

Many of researchers have used CNNs for plant disease identification because of their accuracy in image
identification and classification [25]. However, only a small number of studies have been carried out on the
identification of illnesses in rice plants.

Al roles in moving food from farm to consumer is significant. Machine learning , Deep Learning and IOT
plays a crucial role in agricultural supply chain through, resource allocation, demand forecasting and logistics
management. The supply chain structural dynamics, has been extended to various sectors, such as the food
industry , the manufacturing sector and the automotive industry [7]. ML algorithms enable supply chain
managers to make data-driven decisions, optimize operations, reduce costs, and [23] enhance the overall
efficiency and resilience of supply chain processes and can deliver products to consumers more effectively. The
use of blockchain technologies for supply chain management provides transparency and increases trust
between market participants.

METHOD

The objective of this research is to address the issues within the commodity supply chain, with a specific focus
on rice disease detection and identification to enhance quality production. To achieve this, a framework that
leverages Al and computer vision techniques for the identification and recognition of diseases in rice crops is
trained and testet. These models can be integrated into the overall supply chain management process. The
Deep learning CNN model is used for disease recognition for rice crop with its identification accuracy and
computational efficiency. The novelty of the work lies in adopting and proposing cutting edge computer vision
models, which comply with the resource-constrained environment and that may further be embedded as part
of the full-fledged Agricultural process optimization and supply chain management system. The CNN model is
sophisticated models with the capacity to compress images, transforming them into a format that is simpler to
process while ensuring that the elements necessary for creating an accurate prediction are not jeopardized.
The CNN model is a straightforward model with a reputation for quick computation times and simple output
interpretation.

The methodology section provides a detailed study on the procedures, techniques and tools used to detect and
predict rice crop disease by means of CNNs . CNNs employees a series of convolution and pooling layers that
can extract spatial and temporal information [25] from the given image data. The picture’s pixel matrix is
represented by the input layer, the picture characteristics is extracted by the the Convolutional layer and the
size of feature map is reduced by the pooling in Convolutional Neural Network. The Fully linked layers
responsibility is to link inputs from one phase to every activation unit in the below layer . The activation
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function of neural network models that predict a multinomial probability distribution is taken care by the
Softmax layer. Convolutional Neural Networks contains multiple pooling and activation layers inside hidden
layers.

A high-level structured representation of the methodology section is denoted in Figure 1.
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Fig. 1. Schematic of Convolution Neural Network ( CNN )
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Fig. 2. Flow Diagram — Relationship between Process Optimization and Supply Chain Management

1.1 Dataset Description

The Initial step is the acquisition of a complete and diverse dataset encompassing images of unhealthy rice
leaves. This work uses the rice crop dataset, sourced from www.kaggle.com/datasets, a reliable and extensive
collection of high-resolution images capturing various stages of rice plant development and different
indicators of diseases.

The dataset contains 1294 color images with 3 classes as shown in Figure 3: The diseases classes shown in
Figure 5(a) Bacterial leaf blight 5(b), Brown spot and 5(c) Leaf smut. For testing the data from a usual
environment, around 164 images are used with a dimension of 3081x897 pixels.

Table 1. Illustrates Information about division of Rice Crop Disease Input Data Set

Disease Types Train Images | Test Images | Validation Images
Bacterial leaf blight 305 55 66
Brown spot 303 54 76
Leaf smut 303 55 77
Total 911 164 219
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3(a) Bacterial leaf blight _

3(b) Brown spot ‘

Fig. 3. Rice Crop Disease belonging to three classes

1.2 Data pre-processing

Prior to training the convolutional neural network models, preprocessing was done on the collected data to
ensure uniformity and model generalization. Preprocessing involved resizing images, Shearing, normalizing
pixel values and addressing any potential imbalances in the distribution of diseased samples. The images are
resized into 256x256 pixels.

1.3 Model architecture

This work adopts a state-of-the-art CNN architecture for the rice crop disease detection and prediction
framework. The architecture consists of Convolution , Pooling and Fully connected layers. It uses a convad
layer, max_pooling2d layer, conv2d_1, max_pooling2d_1, flatten, dense, dense_1 layers. The chosen
architecture was fine-tuned to accommodate rice leaf images specific features and gradations.

1.4 Model evaluation

Accuracy metric was computed to understand the model’s effectiveness in rice crop disease detection.
1.5 Experimental Results
Deep learning algorithms CNN model on the rice dataset measured an accuracy of 95.47%

The below screenshot (Fig 7) presented the training process. Whereas training and validation accuracy were
shown in Fig 8, where the y-axis shows the accuracy obtained after each iteration represented in the x-axis..
Fig.g9 shows the test accuracy of the model for Bacterial leaf blight ,Brown spot and Leaf smut disease
prediction.

Sample input images are shown in Fig 4.

Brown spot Bacterial leaf blight

Brown spot

Fig. 4. Sample Input Images of Rice Crop Disease

The baseline architecture of sequential model is shown in figure 5
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Fig. 5. Baseline Architecture of Sequential Model
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Fig. 6. Test accuracy of Bacterial leaf blight ,Brown spot and Leaf smut.
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Fig. 7. CNN Model accuracy for Rice Leaf Disease Detection
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Fig. 8. CNN Model confidence for Rice Leaf Disease Detection

ROLE OF PROCESS OPTIMIZATION AND SUPPLY CHAIN MANAGEMENT IN AGRICULTURE

Agricultural process optimization is crucial to maximize crop yield, minimize resource waste (like land, water ,
energy, fertilizers , pesticides and labour), enhance sustainability, and improve overall economic efficiency by
making informed decisions based on data analysis, allowing farmers to make informed decisions and precisely
tailor their practices to specific field conditions and crop needs, ultimately producing more food with less
environmental impact. . Optimization models help farmers to maximize crop yields and minimize waste by
allocating resources effectively. Process optimization identifies and implements the most efficient and
effective farming operations, including planting, irrigation, harvesting, and post-harvest handling, by utilizing
techniques to maximize productivity, minimize resource usage, and enhance sustainability across the entire
agricultural process.

Agriculture industry requires a robust supply chain for ensuring efficient movement of agricultural products
from farm to consumer, minimizing waste, optimizing quality control, ,improving market access for farmers
and consumers , to maximize profitability and to ensure timely delivery to meet market demands. it plays a
key role in food security by connecting producers with consumers effectively.
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Fig. 9. Components of Agricultural Supply Chain & Elements of Agricultural Process optimization

The work-flow in Agricultural Supply chain includes Production, Post-harvest handling, Processing and
packaging, Storage and logistics, Distribution and Marketing. Production involves farming activities like
planting , harvesting and animal husbandry. Post-harvesting includes Sorting, Cleaning and grading of
produce. Processing and packaging involves transforming raw agricultural products into consumer-ready
forms. Storage involves maintaining proper temperature control during storage and transportation.
Distribution and marketing is the last task in the workflow were the agricultural produce reaches the
consumers through wholesalers, retailers and market channels.

Agricultural Practices involve Soil preparation, sowing, manuring , irrigation management, weeding ,
Harvesting , storage and Marketing and distribution of agricultural production.

IMPORTANCE OF PROCESS OPTIMIZATION IN AGRICULTURE

Applying precise amounts of water, fertilizer, and pesticides based on data analysis, optimizing resource usage
and minimizing environmental impact.

Table 2. Illustrates Key Aspects of Process Optimization In Agriculture

Key Aspects Of Process Optimization In Agricultural

Data-driven
decision making

Sensors, IoT, drones and Al technologies collect real-time data on soil qualit, weather
patterns, and crop health, allowing for precise adjustments to irrigation, fertilization,
and other inputs based on specific field needs. Helps in informed decision making

Precision Applying precise amount of water, fertilizer, pesticides based on data analysis |,

agriculture minimizing waste and maximizing crop yields enabling sustainable agriculture
practice.

Optimized Designing and adapting farm machinery to suit specific crop types and field

machinery design

conditions, improving efficiency and reducing operational costs.

Crop rotation and
scheduling

Planning crop sequences to optimize soil health, nutrient utilization, and pest
management

Irrigation system

Advanced irrigation technologies like drip irrigation systems to deliver water precisely

optimization to plant roots, minimizing water usage.
Harvesting Efficient harvesting techniques and equipment to minimize crop losses and maximize
optimization yield during harvest.

Application of process optimization in agriculture include yield prediction models, automated systems,
increased crop yield, reduced environmental impact and cost reduction.
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INTEGRATION OF PROCESS OPTIMIZATION AND SUPPLY CHAIN MANAGEMENT IN
AGRICULTURE

Integrating process optimization with supply chain management in agriculture involves using data-driven
approaches to streamline operations across the entire agricultural value chain, from farm to consumer, aiming
to maximize efficiency, reduce waste, enhance quality, and improve profitability by optimizing processes at
each stage starting from planting to distribution, while facilitating collaboration between all stakeholders
involved.

Integrating process optimization with supply chain management enables

Data collection and analysis: Enables informed decision-making throughout the process.
Precision agriculture: Optimizes resource usage and minimizing environmental impact

Inventory management: Prevents overstocking and minimizes spoilage.

Logistics optimization: Optimize transportation routes using route planning, reduce fuel consumption and
delivery times

Demand forecasting: Predicting market demand to ensure production aligns with consumer needs,
minimizes waste and maximizes sales.

Collaboration across the supply chain: Fosters open communication and information sharing between
farmers, processors, distributors and retailers to coordinate activities and address potential issues proactively.

Integration of Process optimization and supply chain management increase productivity optimizing processes
at each stage leading to higher crop yields and improved production efficiency. Reduces cost minimizing waste
, improving resource utilization and streamlining logistics operations cutting operational costs. Improved
quality control throughout the supply chain ensures consistent high-quality products for
consumers. Improved market responsiveness by adapting production to changing market demands based on
real-time data analysis. Data-driven practices reduce environmental impact through responsible resource
use.

TECHNOLOGIES THAT PLAY MAJOR ROLE IN SUPPLY CHAIN MANAGEMENT

Technological innovations have become central to advancing sustainability in food and supply chain
Management. Blockchain, artificial intelligence (AI), the Internet of Things (IoT), big data analytics,
automation and robotics, and renewable energy technologies play a major role in enabling sustainability in
food production, processing and supply chain management.

Artificial Intelligence and ML : AI algorithms analyze historic data and predict future demand that can
help in avoiding over production and thus reduces waste. Forecast on demand fluctuations based on seasonal
trends, promotions, and market conditions, allows industries to adjust their production schedules

The Internet of Things (IoT) : IoT devices helps in real-time monitoring and data collection such as
temperature, humidity, and location, providing real-time insights for both process optimization and supply
chain management, enhancing supply chain visibility and efficiency by enabling more precise monitoring of
goods and reducing the risk of spoilage or loss. IoT sensors can monitor perishable goods throughout their
journey and reduces waste

Big data analytics: Big data provides insights such as customer preferences, supplier performance, and
operational bottlenecks. Predictive analytics uses historical data to forecast future trends and outcomes,
enabling proactive adjustments to supply chain strategies . This helps to anticipate demand changes,
effectively manage inventory and optimize logistics operations.

Automation and robotics :. Manufacturing robots can handle repetitive tasks with precision and speed,
reducing labour cost and minimizing errors . By optimizing workflows and minimizing waste, automation
reduces operational costs and energy consumption and thereby contributes to sustainability goals
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BlockChain Technology : Traceability and transparency in supply chains is enhanced through blockchain
technology to prevent fraud and to ensure that products are sourced ethically and to verify product or service
standards and to gain consumer trust and to ensure compliance with sustainability standards.

AI FORECASTING MODELS IN PROCESS OPTIMIZATION AND SUPPLY CHAIN
MANAGEMENT TO TACKLE FOOD SECURITY

ClimateForecasting Models: Seasonal variations such as heavy rain , flood, cyclone, drought due to
climatic change , serve as a threat to agricultural production. Forecasting models can help in predicting
weather patterns and environmental changes, and thus help farmers in making informed decisions .

» CropYieldForecasting Models and Crop Disease Detection Model: These models can predict
yields, using data collected from farm such as soil moisture, nutrient levels, water conditions, energy use ,
precipitation and temperature to predict yields and take immediate actions to prevent shortages and
spoilage and ensuring food security . Disease Detection Models can identify the disease at the early stage and
prevent yield lose ..

+ SupplyChainForecasting Models: AI-driven supply chain forecasting models can predict customer demand,
identify transport and distribution logistics for food transportation from producers to consumers and provide
an efficient food distribution systems.

Efficient food processing by Al applications to address food insecurity is made possible through prior
Insights on plant development, resource needs, environment factors and by predicting spoilage rates ,
optimizing storage conditions, reducing post-harvest losses and by improving the timely distribution of food
products.

Al application in agriculture include crop disease detection, automated weed control systems, predictive
analysis for crop yield , drone-assisted aerial surveillance , supply chain and demand forecasting.

ROLE OF AI IN AGRICULTURAL PROCESS OPTIMIZATION AND SUPPLY CHAIN
MANAGEMENT

Artificial intelligence can help supply chain managers make better decisions, reduce costs, and improve
efficiency and help businesses become more resilient and sustainable. AI enables

Route optimization by analysing traffic patterns, weather, and other factors to find the most efficient routes
for delivery.It enables Risk management by analyzing factors like weather and geopolitical events to help
businesses anticipate and prepare for disruptions. Other benefits include Demand forecasting , Supplier
management , Inventory management, Equipment maintenance and Warehouse capacity management. It
increases efficiency , accuracy, worker safety , equipment reliability , reduces cost, enhances transparency and
helps in informed decision making.

USE CASE OF AGRICULTURAL PROCESS OPTIMIZATION

Utilizing data analytics and technology to determine the ideal combination of factors like planting dates, crop
varieties, fertilization levels, irrigation schedules, and pest management strategies to maximize crop yield
while minimizing resource usage (water, fertilizer, pesticides), ultimately leading to increased profitability and
environmental sustainability. Other process optimization include

1.6 Precision agriculture:

Using sensors and drones to collect real-time data on soil conditions, plant health, and weather patterns to
precisely apply water ,nutrients , fertilizers and pesticides only where needed, reducing waste and maximizing
crop yield.

1.7 Irrigation scheduling:

Using weather forecasts and soil moisture sensors to optimize irrigation timing and amount, preventing
overwatering and conserving water and enable sustainability.
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1.8  Pest and disease Deduction:

. Implementing early disease detection systems using image analysis and sensors to identify pest infestations
or disease helps to take preventive action and minimizing crop losses. Remote sensing using Satellite imagery
and drone technology helps to monitor large areas and identify variations in crop health.

1.9 Increased crop yield:
Farmers can get an increased crop yield by optimizing inputs and managing resources effectively.
1.10 Artificial Intelligence (AI):

Machine learning algorithms are used to analyze large datasets and make predictions about crop health, soil
health, pest risks, and optimal management strategies.

FINDINGS AND USE CASES OF PROCESS OPTIMIZATION AND SUPPLY CHAIN
MANAGEMENT

Optimizing the flow of goods from raw materials to finished products, ensuring timely delivery to customers ,
minimizing costs

by managing all stages of production, including sourcing, manufacturing, warehousing, transportation, and
distribution, ultimately aiming to improve efficiency, quality control, and customer satisfaction throughout
the entire supply chain process.

Amul : Amul’s supply chain model is a cooperative framework that emphases on efficiency and farmer
welfare. Amul is one of the first FMCG (Fast Moving Consumer Goods) firms in India to employ internet
technologies to implement B2C commerce. Amul has implemented a Geographical Information System (GIS)
at both ends of the supply chain (milk procurement and marketing).

Blinkit: An on-demand grocery delivery service in India. Blinkit redesigned every part of its supply chain
from warehousing and inventory to logistics and fulfillment to make 10-minute delivery strategy a reality and
has become the new benchmark for retail excellence .

.Swiggy: Indian food and grocery delivery giant use machine learning algorithms and data analytics to track
and analyze various aspects of the supply chain including inventory levels , order volumes and delivery times
to provide a better experience for customers.

In Khammam district, Telangana, a pilot project combined Al-powered soil testing, crop quality assessments,
and a digital marketplace, boosted chilli farmers' yields by 21% and increased selling prices by 8%.

Global Agriculture Supply Chain VTT VERIEIEDSS
Management Market RESEARCH

$32
Billion

12%

CAGR from
2024 to 2031

Source:
2024 2025 2026 2027 i Z www.verifiedmarketresearch.com

Fig. 10. Statistics on Global Agriculture Supply Chain Management Market

The global Agricultural Process Optimization and Supply Chain Management market is projected to
experience significant growth, with a CAGR (Compound Annual Growth Rate) around 10-12%.
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CONCLUSION

This study performs the classification and detection of various rice leaf diseases using CNN Deep Learning
methods for three rice leaf diseases , the Bacterial leaf blight ,Brown spot and Leaf smut. The convolutional
network accuracy to identify the diseases was nearly 95%. The better the accuracy of infections detection , it
can better aid farmers to protect their crops. This model being part of agricultural process optimization can
contribute to the efficiency of supply chain management. The technological growth like IoT, BlockChain and
Al Data Analytics improve efficiency and traceability across the agricultural supply chain. The factors
contributing to the growth of global Agricultural process optimization and supply chain management market
are improved farm management , enhanced traceability , logistic optimization and market demand
forecasting. End-to-end visibility, tracking and managing inventory, data sharing , demand planning and
forecasting twining processing optimization and supply chain management eventually leads to higher
profitability and competitive edge.
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