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eed quality is a key factor influencing crop establishment, productivity, and food security. 

Conventional seed quality assessment methods are often labor-intensive, time-consuming, 

subjective, and destructive. Recent advances in Artificial Intelligence (AI), combined with 

machine vision, image processing, spectroscopy, and sensor technologies, have transformed 

seed quality evaluation by enabling rapid, accurate, and non-destructive analysis. AI 

techniques, including machine learning (ML) and deep learning (DL), facilitate automated 

classification, grading, disease detection, viability prediction, and varietal identification. This 

review discusses the principles of AI in seed quality assessment, major algorithms, sensing 

technologies, applications, advantages, limitations, and future prospects. The integration of 

AI with precision agriculture is expected to revolutionize seed testing laboratories, breeding 

programs, and commercial seed processing industries. 

Introduction 
High-quality seeds are the cornerstone of sustainable agriculture and global food production. 

Seed quality encompasses physical purity, genetic purity, physiological vigor, viability, 

moisture content, and health status. Accurate evaluation of these characteristics is essential 

for ensuring optimum germination, crop performance, and market value. Traditional seed 

testing methods, such as manual inspection, germination tests, biochemical assays, and 

laboratory analyses, are reliable but often slow, destructive, and prone to human error. The 

emergence of Artificial Intelligence (AI) has provided innovative solutions for automating 

seed quality assessment with greater speed, consistency, and precision. AI enables computers 

to analyze images, spectral signatures, and sensor data to identify patterns that may not be 

apparent to the human eye. Coupled with advanced imaging technologies, AI supports high-

throughput and objective seed grading, making it an indispensable tool in modern agriculture. 

Artificial Intelligence in Agriculture 
Artificial Intelligence refers to computational systems capable of performing tasks that 

normally require human intelligence, including learning, pattern recognition, decision-

making, and prediction. 

Major AI branches applied in agriculture include: 

 Machine Learning (ML) 

 Deep Learning (DL) 

 Computer Vision 

 Expert Systems 

 Artificial Neural Networks 

 Robotics 

S 

mailto:monalikarosy@gmail.com


Monalika and Mallik (2026) Agri Magazine, 03(07): 583-587 (JULY, 2026)     

Agri Magazine ISSN: 3048-8656 Page 584 

These technologies enhance efficiency across crop production, disease diagnosis, irrigation 

management, yield prediction, and seed quality evaluation. 

Components of an AI-Based Seed Quality Assessment System 
A typical AI-based seed grading system consists of: 

Image Acquisition 

Images are captured using: 

 RGB cameras 

 Multispectral cameras 

 Hyperspectral imaging systems 

 X-ray imaging 

 Thermal imaging 

 Near-Infrared (NIR) cameras 

Data Preprocessing 

Preprocessing improves image quality by: 

 Noise removal 

 Background segmentation 

 Image enhancement 

 Color correction 

 Image normalization 

Feature Extraction 

Important seed characteristics extracted include: 

 Size 

 Shape 

 Color 

 Texture 

 Surface defects 

 Spectral signatures 

AI Model Development 

Extracted features are used to train machine learning or deep learning models for 

classification and prediction. 

Decision Support 

The trained model automatically grades seeds based on predefined quality standards. 

Machine Learning Techniques 
Machine learning algorithms learn relationships between seed characteristics and quality 

parameters. 

Common algorithms include: 

Supervised Learning 

 Support Vector Machine (SVM) 

 Random Forest (RF) 

 Decision Tree (DT) 

 k-Nearest Neighbor (k-NN) 

 Naïve Bayes 

Unsupervised Learning 

 K-Means Clustering 

 Hierarchical Clustering 

Regression Algorithms 

 Linear Regression 

 Partial Least Squares Regression (PLSR) 

Machine learning models perform well with structured datasets and engineered features. 
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Deep Learning for Seed Analysis 
Deep learning automatically extracts complex features directly from images without manual 

feature engineering. 

Popular architectures include: 

 Convolutional Neural Networks (CNN) 

 ResNet 

 VGGNet 

 DenseNet 

 EfficientNet 

 Vision Transformers (ViT) 

These models have demonstrated superior performance in seed classification, disease 

detection, and defect recognition. 

Computer Vision in Seed Grading 
Computer vision enables automated visual inspection of seeds by analyzing digital images. 

Typical workflow: 

1. Image acquisition 

2. Image preprocessing 

3. Object segmentation 

4. Feature extraction 

5. AI-based classification 

6. Automatic grading 

Computer vision minimizes subjective errors associated with manual inspection. 

AI Applications in Seed Quality Assessment 

Seed Variety Identification 

AI distinguishes seed varieties based on morphological and spectral characteristics, 

supporting breeding and seed certification. 

Germination Prediction 

Machine learning models estimate germination potential using image and spectral features, 

reducing dependence on lengthy germination tests. 

Seed Viability Assessment 

Deep learning identifies viable and non-viable seeds by recognizing subtle physical and 

biochemical differences. 

Disease Detection 

AI detects fungal infections, bacterial contamination, and insect damage before visible 

symptoms appear. 

Moisture Content Estimation 

AI models combined with near-infrared spectroscopy accurately predict seed moisture 

content. 

Mechanical Damage Detection 

Computer vision identifies cracked, broken, shriveled, or damaged seeds, improving grading 

accuracy. 

Seed Purity Analysis 

AI separates pure seeds from impurities, inert materials, and weed seeds with high precision. 

AI Algorithms Used in Seed Grading 
Algorithm Application 

Support Vector Machine (SVM) Seed classification 

Random Forest Variety identification 

k-Nearest Neighbor Quality grading 

Decision Tree Defect detection 

Artificial Neural Network Germination prediction 

CNN Disease detection 
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Algorithm Application 

ResNet Seed classification 

EfficientNet High-accuracy grading 

Integration with Advanced Sensing Technologies 
AI is increasingly integrated with: 

 Hyperspectral imaging 

 Multispectral imaging 

 Near-Infrared spectroscopy 

 X-ray imaging 

 Thermal imaging 

 Raman spectroscopy 

These technologies provide complementary information, improving prediction accuracy and 

reliability. 

Advantages of AI in Seed Quality Assessment 
 Rapid and automated analysis 

 Non-destructive evaluation 

 High classification accuracy 

 Reduced human error 

 Consistent grading 

 High-throughput processing 

 Real-time decision-making 

 Lower long-term operational costs 

 Improved traceability and quality control 

Challenges and Limitations 
Despite its benefits, AI adoption faces several challenges: 

 High initial investment 

 Requirement for large, high-quality datasets 

 Computational complexity 

 Need for expert model training 

 Variability among seed varieties and environmental conditions 

 Limited availability of standardized datasets 

 Difficulty in transferring models across different crops 

Recent Advances 
Recent developments include: 

 Explainable AI (XAI) for transparent decision-making 

 Lightweight deep learning models for edge devices 

 AI-powered robotic seed sorting systems 

 Cloud-based seed quality monitoring 

 Internet of Things (IoT)-enabled seed processing 

 Federated learning for collaborative AI model development 

 Vision Transformers for image-based seed classification 

These innovations are improving scalability and practical adoption in the seed industry. 

Future Perspectives 
Future research should focus on: 

 Developing portable AI-enabled seed testing devices 

 Creating standardized global seed image databases 

 Integrating AI with blockchain for seed traceability 

 Combining AI with robotics for fully automated grading 

 Enhancing explainability and reliability of AI models 

 Expanding AI applications to underutilized crops and diverse agro-climatic conditions 
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The convergence of AI, advanced sensing technologies, and precision agriculture will enable 

faster, more reliable, and cost-effective seed quality management. 

Conclusion 
Artificial Intelligence has transformed seed quality assessment and grading by enabling rapid, 

objective, and non-destructive evaluation of seed characteristics. Machine learning, deep 

learning, and computer vision technologies provide highly accurate solutions for seed 

classification, viability prediction, disease detection, purity analysis, and grading. Although 

challenges such as data availability, model generalization, and implementation costs remain, 

ongoing advances in AI and sensing technologies are making intelligent seed quality 

assessment increasingly accessible. Wider adoption of AI-based systems is expected to 

enhance seed certification, breeding programs, and commercial seed processing while 

supporting sustainable and precision agriculture 
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