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Abstract: Grapevines are fruit crops that are of significant importance not only economically but also culturally to the world. Still, 

they are very vulnerable to diseases of mildew and other infections, which jeopardize the quality of fruits, health of plants, and the 

productivity of vineyards. These diseases can be effectively managed and cultivated by early and accurate disease detection. This 

review provides a summary of the major detection techniques that are in use such as traditional visual inspections,molecular 

diagnostic,sensor-based and the latest development in Artificial Intelligence.Deep Learning-based image recognition frameworks 

enable rapid and precise analysis of grapevine leaf and fruit images supporting early detection of disease symptoms and efficient 

vineyard monitoring. Regardless of these developments, there are still issues in tackling versatile interactions of pathogens, 

minimization of expenses, and applicability on the field. The future prospects would be the incorporation of the biological 

understanding with AI-driven detection systems to assist in early detection, better management of the diseases and long-term 

sustainability of the vineyards. 
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1. INTRODUCTION 

Grapevine is a common fruit crop that has a high cultivation in the world. It is cultivated in more than 70 

countries and has a niche in the world fruit industry due to the consumption of fresh fruit, wine production, raisin, and 

juice. Grapevine farming has also become significant in India, particularly in states such as Maharashtra, Karnataka 

and Andhra Pradesh. Grapes are important to the income of farmers as well to the horticultural economy, hence their 

health and productivity has become a national as well as an international issue. If any plant is suffering from any 

disease it means it restricts it to give its best. Automatically there is a loss of production due to these diseases. Farmers 

usually do manual inspection and spray pesticides. Any error during the diagnosis of disease may lead to wrong 

controlling and excess use of pesticides. We need to find a solution to predict these diseases at early stage[2] 

Grapevines, despite their importance, are very susceptible to a number of diseases. The most destructive are the 

Downy Mildew and Powdery Mildew. The fungal diseases grow well in favorable climatic conditions and may spread 

very fast in the vineyards. Plasmopara viticola causes Downy mildew which causes yellowing and oil spots of the 

leaves and Erysiphe necator causes Powdery mildew which results in white powdery growth on the surface of the 

leaves and fruits. Both of them may severely undermine the plant and decrease fruit production. In 2014-15 about 2 

lakh tons of grapes were exported from India. Indian farmers lack in knowledge about the use of pesticides because 

of which for last four years European Union rejected Indian grapes due to excess use of pesticides[3] 

These diseases have an enormous economic impact. Vineyards which are infected tend to have smaller size of 

berries, low quality of fruits and in extreme situations & loss of the crop. Mildew outbreaks result in millions of dollars 
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of yield losses as well as usage of more pesticides every year globally. Farmers in India where the climatic conditions 

are rather favorable to these kinds of diseases It is important to keep track of each crop’s current environmental 

conditions because different environmental conditions, such as humidity, temperature, moisture, leaf wetness, light 

intensity, wind speed, and wind direction, can affect or sustain the quality of a crop[6] 

Historical methods of detecting mildew diseases have been predominantly based on visual methods by the 

farmers or experts in the field. Although this is a simple technique, it is not always true particularly in the initial 

infection when the symptoms are mild. 

Over the past years, there have been a number of diagnostic techniques that have been developed. Molecular 

methods like Polymerase Chain Reaction (PCR) offer proper identification of pathogens and sensor-based methods 

can be used to detect changes in the plant physiology before the symptoms are visible. Simultaneously, the 

developments in artificial intelligence and computer vision have created new opportunities in the field of automated, 

real-time disease detection. It has been shown that AI models such as YOLOv8 can analyze images of leaf and fruits 

in a very short time and with a high level of accuracy, which can be useful in monitoring diseases in vineyards. 

This review aims at giving an overview of the significant issues that are presented by Downy and Powdery 

mildew in grapevines and discuss the various forms of detection. We dwell upon classic, molecular, sensor, and AI-

driven methods, their strengths, and drawbacks. It is also related to investigating how biological knowledge can be 

supplemented with the use of artificial intelligence, in particular, deep learning models that will help to find the ways 

of delivering the correct, real-time, and sustainable solutions to disease management. 

It will serve as a link between the customary plant pathology methods and the current AI-centric technologies 

to inform the researchers, managers of the vineyard, and policymakers. Due to the early and accurate detection, Deep 

learning and computer vision techniques have recently been widely used in many application areas, including 

medicinal applications. Recent studies have demonstrated the effectiveness of unsupervised deep learning in 

improving disease prediction and diagnosis across various fields[5] Section II: Discuss on study of grapevine diseases 

from Fungi, Bacteria, viral, Insects which can slow their growth, change the shape of their leaves, and cause them to 

lose fruit. 

Section III: Discuss on Traditional Detection Methods that are frequently employed, visual Inspection, 

Microscopy Culture and Serological Testing are laborious and frequently reveal disease after it has occurred. For 

efficient vineyard management, this emphasizes the necessity of quick,precise molecular and AI-based detection 

techniques. 

2. OVERVIEW OF GRAPEVINE DISEASES 

The fig.No.1 shows the various kind of grape diseases,which are:Viral,Bacterial,Fungal,Insects 

Disease.Each of these categories has a unique effect on the grapes. 

 

fig.No.1:Classification of Grape Disease 

Viral Disease: 



 

924 

Viral Infections in grapevines make it hard for the trees to grow and the quality of the fruits. Including the 

Grapevine Fan Leaf, Arabic Mosaic, Rupestris Stem Pitting which adversely affect vine growth, leaf morphology, 

and overall yield potential. 

Bacterial Disease: 

Bacterial diseases have a big effect on the health and growth of grapevines. The major on the Pierce’s 

Diseases which blocks xylem vessels and leads to leaf burn, slow growth and eventually vine death. 

Insects Disease: 

A lot of damage is done to grapevines by insects that eat the leaves, steam, flowers and spread disease.Major 

insect related problems include Grape Phylloxera which attacks roots causing nodosities 

And vine decline. Mealybugs, which suck plant sap and secrete honeydew,promoting sooty mold and 

spreading viral diseases. 

Fungal Disease: 

Grapevines are susceptible to a number of fungal infections with the Downy Mildew and Powdery Mildew 

being the most destructive across the globe. The two diseases affect leaves, stems as well as fruits of the plant and 

cause poor growth, low yield and quality of fruits. They are also found to proliferate within definite environmental 

conditions and are able to colonize quickly in the vineyards posing a persistent challenge to the growers. 

Downy Mildew ( Plasmopara viticola): 

Downy mildew is a fungus-like organism that is caused by Plasmopara viticola[1] This fungus is adapted to 

warm, wet and humid environments, and it is therefore particularly susceptible to vineyards in tropical and subtropical 

environments. The sporangia produced by the pathogen are readily dispersed by both rain splash and wind therefore 

new infections occur as long as there is a favorable environment. 

The initial symptom of downy mildew that is observable is the occurrence of yellow and oily spots on the 

outer surface of grapevine leaves. In humid climates, a white cottony growth is formed on the under part of the leaf 

where the spores of the pathogen are found. The infection advances and the leaves become brown and fall too soon 

and infected berries may dry and fall before harvest. 

Powdery Mildew ( Erysiphe necator): 

Another destructive vine disease threat of grapevines is Powdery Mildew, which is a fungus Erysiphe necator. 

It does not need free water to spread, as Downy Mildew does hence it is also dangerous even in rather dry conditions. 

Rather, it is transmitted by airborne spores (conidia), which may rapidly attack nearby plants in the middle of 

temperatures. 

The Powdery Mildew has the following symptoms: white or gray coating of the surface of leaves, shoots, 

and berries. There is also the possibility of infected leaves curling or the berries cracking, splitting or not ripening. 

This fungus has the ability to attack young tissues at any stage of growth and hence this is not easy to control at all 

without constant observation[2] 

The fact that Powdery mildew is silent initially is one of the greatest challenges of the problem. The fungus 

may be present in the plant tissues unnoticed until it forms visible symptoms and this slows down control and 

measures. When it sets in, it can spread quickly over the vineyard, particularly in the shaded or poorly-ventilated 

regions. 

3. TRADITIONAL DETECTION APPROACHES 

During several years, grapevine diseases such as Downy and Powdery Mildew were observed with the help of 

traditional methods. The methods were created earlier than the recent molecular tools and artificial intelligence 
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systems and although they continue to be applied in most of the vineyards, they are also associated with a few 

constraints. The key conventional strategies are outlined below. 

Field Inspections and Visual Inspections. 

Scouting fields to find the symptoms is the most prevalent method that farmers are using to find mildew. 

This entails moving through the rows, examining the leaves, stems and fruits to determine whether they have spots, 

discoloration or powdery growth. Visual observation is cheap and easy and trained farmers can be able to identify 

most common symptoms. 

Nevertheless, such an approach is not valid all the time. Early infections can be unseen and other 

complications such as nutrient deficiency or insect damage can assume the appearance of mildew. It is also subjective, 

which can be explained in the sense that various individuals can give the same meaning to the same plant. Scouting is 

time consuming and labor intensive in the large vineyards. 

Microscopic Identification 

A more specific approach would be to gather infected pieces of plants and check them under a microscope. 

This enables the researcher to view the spores or fungal structures of the pathogen which will be used to ascertain 

whether it is downy mildew (Plasmopara viticola) or Powdery mildew (Erysiphe necator). 

Although this method is more accurate than a visual check, it presupposes laboratory facilities, equipment, 

and competent specialists. It is also time consuming in collecting samples, making slides and analysis which is not 

conducive in quick decision making in the field. 

Culture-Based Methods 

In other instances, the scientists employ culture procedures wherein the infected tissue is laid on lab media 

referred to as the nutrient media to allow the growth of the pathogen. The colonies that arise are examined in terms of 

shape and the growth characteristics. 

This technique aids in the biology of the pathogens although it is slow and inaccurate with grapevine diseases 

since not all pathogens (such as downy mildew) can grow easily in artificial culture. This renders the technique less 

applicable in monitoring diseases in the real world. 

Chemical Tests (Staining and Biochemical Reactions) 

Special stains and chemicals can be applied to enhance microscopic studies. These enhance the ability of 

pathogen structures, such as spores or hyphae, to be seen on the microscope. There are also cases of biochemical 

reactions used to bring out certain proteins or enzymes associated with the pathogen. 

In spite of the fact that these methodologies enhance the accuracy, they need the laboratory facilities and 

skilled staff. They cannot also be used in massy or regular field surveillance. 

Serological Methods (Early Immunoassays): 

These are immunochemical or antibody tests that are done to identify specific antibodies in serum samples 

or other solids.<|human|>Serological Methods(Early Immunoassays): Serological immunochemical or antibody tests 

are performed to detect the presence of specific antibodies in serum samples or other solids. The other method is the 

application of the serological testing, which is the ELISA, which identifies the presence of an antigen (pathogen) using 

antibodies. It is one of the earlier laboratory tests that could enable particular identification of plant pathogens before 

visual indicators have occurred. 

The disadvantage is that the tests necessitate special kits, antibodies and skills that may be costly and not 

necessitate the farmers in third world countries. 

Knowledge and Patterns of History 
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In the past, most grape cultivators depended on experience and weather conditions to forecast the outbreaks 

of mildew. As a case in point, they were aware that the downy mildew can usually be found in rainy and humid 

conditions, whereas the powdery mildew can be found in the shady and poorly ventilated places. It is on this basis that 

preventive measures such as fungicide spraying were scheduled to be undertaken based on this knowledge. 

Although practical, this method is not very accurate and may not work in case of abnormal weather cycles. 

It also relies largely on the expertise of the farmers which can be different. 

Limitations of Traditional Approaches 

Although these methods have served grape growers for decades, they share common drawbacks: 

● Time-consuming and labor-intensive (especially for large vineyards). 

● Subjective and inconsistent, relying heavily on human skill and experience. 

● Often detect diseases only after visible symptoms appear, making early control difficult. 

● Require laboratory equipment and trained personnel for more advanced tests. 

4. ADVANCED DETECTION METHODS 

Conventional methods such as field scouting and microscopy have been significant in the diagnosis of grapevine 

diseases but are usually time-consuming, subjective and only visible symptoms. Modern sophisticated techniques of 

detection have been designed in the recent years to overcome such limitations. These techniques combine the 

application of molecular biology, imaging, artificial intelligence, and sensor technologies to offer quicker and more 

accurate and sometimes earlier identification of mildew diseases in vineyards. The key types of sophisticated detection 

techniques are mentioned below. 

Molecular Techniques: 

Molecular techniques have now been regarded as the gold standard method of detecting pathogens since they 

attack the DNA or RNA of the pathogen directly. Polymerase Chain Reaction (PCR) is the most popular method that 

increases a certain fragment of DNA of the pathogen. This enables the pathogen to be identified even in minute 

quantities. A more sophisticated form is the quantitative PCR (qPCR), which does not only acknowledge the presence 

of the pathogen, but also quantifies it in the sample. This can be helpful in the determination of the intensity of infection 

in grapevines. 

The other potential instrument is the Loop-Mediated Isothermal Amplification (LAMP) assay. The LAMP is 

performed in a constant temperature, as opposed to PCR requiring more expensive machinery and temperature 

gradient cycles, and is capable of being done using simpler equipment. This renders it to be more applicable in field 

level applications because quick detection is required to assist in decision-making. Besides these methods, DNA 

barcoding has been invented to determine pathogens using the short genetic sequences that mimic unique barcodes. 

The technique is especially applicable in differentiation between other closely related pathogens or in the identification 

of new species. Collectively, these molecular techniques are much treasured due to their sensitivity (capacity to 

identify very minimal quantities of pathogen DNA) and specificity (capacity to identify correctly the pathogen of 

interest). Nevertheless, they still need a certain level of laboratory facilities, expertise of technicians and may be 

expensive to be used by many small vineyards. 

Techniques in Imaging and Remote Sensing: 

The implicated methods are becoming widely liked due to the ability of imaging to detect the disease without 

damaging or sampling the plant physically. The simplest form of this is the RGB imaging that uses conventional 

digital cameras. Researchers or farmers are able to obtain high-quality pictures of grape leaves or berries, and they 

can be analyzed manually or through computer applications to detect the symptoms of disease. 
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An even more developed method is the multispectral and hyperspectral imaging which transcends normal 

color images. These systems record the light at numerous wavelengths, such as near-infrared which cannot be seen by 

the human eye. As infected plants do not reflect light and absorb it in a different way compared to healthy ones, these 

techniques are able to detect infections much earlier than one can see it by the naked eye. As an example, the alteration 

of the leaf color or its reflectance can be detected several days before the mildew symptoms are observed. 

Another effective tool is thermal imaging. It quantifies the temperature variation on the surface of the leaf 

because diseased or stressed plants tend to possess increased or uneven temperatures because of variations in water 

and metabolic equilibrium. The thermal cameras are able to detect the stress early enough to enable the farmers to 

take action before the disease spreads to a large area. 

These imaging systems can cover vineyards in their entirety when attached to drones or satellites in a fast 

and efficient way. Not only does this save time and work, but it also can give a picture of the disease spread on a big 

picture, which can result in a more accurate management. The biggest disadvantage though 

is the cost of equipment and requirement of technical know-how to process and interpret huge volumes of 

image data. 

AI-Based Solutions and Machine Learning: 

Numerous Artificial Intelligence methods with high accuracy and real-time performance have been 

developed for effective grapevine disease detection,It allows automatic identification of disease symptoms based on 

images. Machine Learning approaches: Using extracted visual properties including color, texture and shape, from 

HOG-Preprocessed and augmented images,the Support Vector Machine(SVM) algorithm effectively classified grape 

leaves[1], Random Forest(RF) algorithm,which is part of the ensemble framework,uses majority votes and multiple 

decision trees to make the system more robust,less likely to overfit, and stable even when lighting and environmental 

conditions change.[1], K-Nearest Neighbor(KNN), are used for early disease classification. 

Advanced Deep Learning Model The Convolutional Neural Networks (CNNs) are the techniques that can 

be trained using thousands of images of healthy and diseased grape leaves. These models could be trained and then 

accurately classify the new images and determine the presence of Downy or Powdery Mildew[1], CNN takes pictures 

of grape leaves and pulls out visual features, looking for patterns like fungal spots and changes in color to sort Powdery 

and Downy Mildew. Pulled and fully connected layers make sure that the classification is quick and correct, applying 

ReLU and softMax gives the end probability[10] 

Conventional CNN algorithms, while efficient in image classification, are insufficient for real-time detection 

of graph leaf diseases as they can identify disease type but can’t accurately pinout disease regions. They experience 

difficulty spotting minor disease or overlapping lesions and require extra processing power. With the help of modules 

like AKConv, Coordinate attention(CA) and CARAFE as well as the WiseIoU loss function, the upgraded function 

YOLOv8 ACCV model improves accuracy and speed. The model is lightweight, extremely precise, and effective for 

use on Mobile and Embedded Agricultural equipment[6] 

YOLOv8 (You Only Look Once, version 8) is one of the most developed AI systems, which is especially 

applicable to real-time detection. It has the ability to examine images or video feeds directly off the cameras in the 

field and detect diseased areas virtually in real-time. This renders it viable in monitoring vineyards on a continuous 

basis. 

Moreover, AI-based mobile apps are being created to benefit the farmers. One just needs to take a picture of 

a suspicious leaf on their smartphone, and the app will give an instant diagnosis based on AI models. The technology 

has empowered farmers, having made it easy, accessible, and fast to detect diseases. 

A number of case studies in the European, US and Indian vineyards have reported that AI systems can be 

more accurate and faster than the conventional human scouting. Such tools have been particularly useful in large scale 
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vineyards where inspection by hand is not practical. The limitations to the AI methods are that they require big and 

quality images to be trained and also are sensitive to good internet connectivity in the rural regions. 

Table No.1:Difference Between CNN and YoLov8 

Sr.No

. 
Feature Convolution Neural 

Network(CNN) 
You Only Look Once version 

8(YoLov8) 

1 Task type Image Classification Object Detection & Segmentation(Box 

Bounding/Mask) 

2 Output Image Level It gives the label with Location 

3 Speed Moderate Faster with real-time capable 

4 Multiple disease on single 

leaf 
Harder to handle It capable to handle multiple disease on 

leave 

5 Dataset Requirement Class Label Images with Box bounding & Mask 

6 Use For diagnosis need the lab Field-based,real time vineyard 

monitoring 

Sensor-Based Detection: 

Another effective means through which sensor technologies can be used to monitor the conditions that are in 

the vineyard in real-time and predict the occurrence of diseases. Wetness sensors on leaves are very common since 

mildew pathogen germination and infection require moisture. These sensors enable farmers to make decisions on 

when they do not want to risk the threat of mildew infection and spray their farms to prevent it. 

Volatile organic compound (VOC) detection is another new methodology. The grapevines release certain 

chemical substances into the air when they are infected and/or stressed. These VOCs can be sensed and provide early 

disease warnings by special sensors. It is a non-invasive procedure and it can detect issues even before they manifest 

themselves. 

When combined with IoT (Internet of Things) systems, these sensors become even more powerful. Data 

collected from multiple sensors in the vineyard (measuring leaf wetness, temperature, humidity, soil moisture, etc.) 

can be transmitted wirelessly to a central platform. AI algorithms can then analyze the data and send automated alerts 

to farmers’ smartphones, suggesting the best time for disease management practices. 

This integration of sensors and IoT forms the basis of smart vineyards, where precision agriculture ensures that 

resources like water, pesticides, and labor are used efficiently. The main challenge is the initial cost of installing sensor 

networks and maintaining reliable connectivity in rural areas. However, as technology becomes cheaper and more 

accessible, these systems are expected to become increasingly common. 

5. COMPARATIVE ANALYSIS OF DETECTION METHODS 

Table No.:2 

Detection 

Method 
Sensitivity Cost Accuracy Scalability Field 

Applicability 

Field Scouting 

(Visual 

Inspection) 

Low – relies on 

human eye, 

misses early 

infections 

Very Low Low–Medium 

(depends on 

farmer 

expertise) 

High (can be 

done anywhere) 
High – easy but 

time-consuming 

Microscopy Medium – can 

detect spores 

Low–Medium Medium Low – requires 

lab work 
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but after 

infection starts 
 

Low – not 

practical in 

large 

vineyards 

Culture-Based 

Methods 
Medium Medium Medium–High  

 

 

Low – time-

consuming 

(days–weeks) 

Low – lab 

dependent 

Biochemical 

Assays (ELISA, 

etc.) 

High – detects 

pathogen 

proteins 

Medium High   

     

Medium –needs 

kits & lab 

 

Medium – 

portable kits 

available but 

limited 

RGB Imaging Medium –

detects visible 

symptoms only 

Low  

 

 

Medium 

High –cameras 

are cheap and 

scalable 

High – easy to 

use in field 

Multispectral / 

Hyperspectral 

Imaging 

High – detects 

stress before 

symptoms 

High High High – can 

cover large 

vineyards 

(drones, 

satellites) 

Medium–High 

(equipment cost 

is limiting) 

Thermal 

Imaging 
 

 

 

Medium–High – 

detects stress 

indirectly 

High  

 

 

Medium–High 

High – scalable 

with drones 
 

 

 

Medium –works 

best with 

supportive 

sensors 

Machine 

Learning / AI 

(CNN, 

YOLOv8) 

High – learns 

subtle patterns 
Medium–High 

(training phase 

expensive) 

 

(training phase 

expensive) 

 

Very High (if 

trained well) 

High – scalable 

with 

cloud/mobile 

apps 

High – mobile-

based apps 

make it farmer-

friendly 
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Sensor-Based 

(Leaf Wetness, 

VOC, IoT) 

High –

continuous 

monitoring 

Medium–High 

(initial setup) 
High – reliable 

real-time alerts 
High – can be 

expanded across 

vineyard 

High – IoT 

systems enable 

field-level use 

6. CHALLENGES AND LIMITATIONS 

Although there is an improvement in the detection technologies, there are a number of challenges in the 

management of grapevine mildew diseases. The first problem is that the field conditions vary. Vineyards have 

variability in climate, soil type, irrigation, and canopy structure, which vary to develop and detect disease. Some 

approaches can be effective in one location and not as effective in another. As an example, a sensor system that is 

trained to operate in a moist vineyard might provide misleading measurements in a drier place and symptom imaging 

models that have been trained on a specific grape type might incorrectly classify a symptom on a different type. 

Cost and availability is another important issue particularly to small-scale farmers. The use of high technology 

like molecular diagnostics, hyperspectral cameras, drones, and AI-assisted systems may be costly to procure, support, 

and use. The developing countries have many farmers who are not able to afford the high-tech equipment or laboratory 

services. Even more basic AI applications and sensors need accessible smart phones, the Internet, or IoT infrastructure, 

which is not guaranteed to exist in rural locations. 

A high demand also exists for real-time, non-invasive, and affordable detection tools. The conventional means 

are slow, consuming and only the disease is identified when the symptoms are evident, thus lowering the probability 

of intervention. Although molecular methods are the most accurate, they are 

invasive and need laboratory facilities. Imaging and AI applications are not only promising but also may be 

expensive and require the appropriate calibration to work conditions in the field. Sensors and IoT systems are capable 

of offering 24/7 monitoring but must be costly to initially invest in and maintain. 

Integration and usability is another weakness. Most detection systems are used independently such that farmers 

struggle to integrate various tools to have a holistic approach to managing the disease. As an example, molecular data, 

imaging images, and sensor outputs can not be easily combined into one platform that can formulate actionable advice. 

Will to train farmers on these technologies is also a challenge since without technical knowledge, it cannot be applied 

effectively. 

Lastly, early identification in various vineyard settings is also a challenge. The mildew pathogens develop 

quickly in good circumstances, and the losses in harvest can be great even in case of minor delays in the discovery. 

The tools should be sensitive to identify infection at an early age, workable in different environmental conditions, and 

easily maintained and used by the vineyard workers. 

On the whole, advanced detection methods have a huge potential, but their cost, complexity, and reliance on 

field-specific calibration are significant limitations. A combination of affordable, non-invasive, and easy to use 

solutions that can provide real-time monitoring to manage sustainable grapevine disease through the management 

needs to be developed. 

7. FUTURE DIRECTIONS 

The future of grapevine disease detection is the combination of the several developed technologies. A 

combination of artificial intelligence (AI), Internet of Things (IoT), and remote sensing can offer a potent and 

integrated platform of monitoring vineyards. AI will be able to identify the symptoms of a disease with no human 

intervention by analyzing images or sensor data, IoT will allow real-time measurements on the field, and remote 

sensing will allow a drone or a satellite to monitor a vast area in a short amount of time. Collectively, the technologies 

can enable farmers to have an overview of the risks of diseases in their vineyards. 

The development of early-warning disease forecasting systems is one of the promising directions. With the use 

of weather data, soil moisture, temperature, and disease history in conjunction with the AI models, one can predict the 

time and location of the mildew infection. The environment plays a crucial role in shaping crop growth and 
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productivity. At all times, the environment affects a crop and influences its production. An IoT will be utilized for 

monitoring temperature, humidity, and leaf wetness, all of which influence grape quality and lifespan. By monitoring 

environmental conditions, growers can take proactive measures to protect their crops and improve overall yield[2] 

The other significant area of interest is the production of low-cost and handheld gadgets used in detecting 

diseases. Portable molecular sensors, mini-sensors, or smartphone-based imaging devices can enable the farmer to 

diagnose field-related problems without having to go to a laboratory. The latter tools may be of particular use to 

smaller growers who might lack access to costly equipment or sophisticated infrastructures. The algorithm’s detection 

speed reaches 143 FPS, meeting the requirements for real-time detection and enabling the rapid and accurate 

identification of grape leaf diseases[6] 

It is also with precision viticulture that there are opportunities created with the integration of these technologies. 

With a real time monitoring on various sections of the vineyard, the farmers will only be able to administer treatments 

like fungicides, irrigation, or pruning when the need arises. This specific strategy saves on costs, resource wastage, 

and environmental effects. Precision viticulture is a way that interventions are efficient, timely and sustainable. 

It is predicted that AI models will be more advanced in the future, being able to identify many diseases at once, 

even if the symptoms are similar. Image-based detection used together with the molecular or sensor data will enhance 

the accuracy and offer strong solutions that are field-ready. All the information can be consolidated with the assistance 

of cloud-based platforms and mobile applications that will offer actionable insights to farmers with minimum efforts. 

The other critical direction is improving the ability to scale and access. The advanced disease monitoring can 

be implemented in commercial operations with low-cost drones, automated sensor networks, and cloud-based AI 

systems that can be implemented in large vineyards or across multiple farms. 

Simultaneously, regional variations can guarantee that such tools are effective at other climatic regions and 

different varieties of grapes. 

8. EXPECTED RESULTS & DISCUSSION 

8.1 Expected Results 

The review of existing grapevine disease detection techniques indicates that Artificial Intelligence (AI) and 

Deep Learning (DL) models are expected to provide significantly higher accuracy and faster detection compared to 

conventional visual inspection and laboratory-based diagnostic methods. Convolutional Neural Networks (CNNs), 

Transfer Learning models, and image-processing techniques have demonstrated strong capability in identifying 

diseases such as Powdery Mildew, Downy Mildew, Black Rot, and Leaf Blight from grapevine leaf and fruit images. 

It is expected that CNN-based architectures such as VGG16, ResNet50, DenseNet121, and EfficientNet will achieve 

classification accuracies exceeding 90%, with some studies reporting performance above 98% under controlled 

datasets. These models can automatically extract disease-specific features from images without requiring manual 

feature engineering. Furthermore, integration of sensor data with image-based detection is anticipated to enhance 

disease diagnosis reliability under varying environmental conditions. The incorporation of Internet of Things (IoT) 

devices, drones, and edge-computing platforms is expected to facilitate real-time vineyard monitoring and early 

disease identification. Such systems can reduce the response time between disease occurrence and treatment 

application, thereby minimizing crop losses and improving vineyard productivity. Overall, AI-driven disease detection 

frameworks are expected to contribute toward precision agriculture and sustainable viticulture practices 

8.2 Discussion 

Traditional disease detection methods rely heavily on expert knowledge, visual observations, and laboratory 

analyses. Although these methods can provide reliable diagnoses, they are often labor-intensive, time-consuming, and 

impractical for large-scale vineyard monitoring. In contrast, AI and deep learning approaches offer automated, 

scalable, and cost-effective solutions capable of processing large volumes of image data in real time. The literature 
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demonstrates that CNN-based models consistently outperform classical machine learning algorithms such as Support 

Vector Machines (SVM), Decision Trees (DT), and Random Forests (RF) when dealing with complex disease 

symptoms and varying image conditions. Deep learning models automatically learn hierarchical features from disease 

images, enabling better discrimination between healthy and infected plant tissues. However, model performance is 

strongly dependent on the quality and diversity of training datasets. Despite significant progress, several challenges 

remain. Most existing models are trained on controlled laboratory datasets and may experience reduced accuracy 

under real-world vineyard conditions due to variations in lighting, occlusion, background clutter, and disease severity 

levels. Additionally, collecting and annotating large-scale disease datasets remains a resource-intensive process. The 

deployment of computationally intensive deep learning models on low-power agricultural devices also presents 

practical limitations. Future research should focus on developing lightweight deep learning architectures, multimodal 

disease detection systems, and explainable AI frameworks. Combining biological knowledge of pathogen behavior 

with advanced AI techniques may improve model robustness and interpretability. Furthermore, integrating disease 

prediction with weather forecasting, environmental sensing, and vineyard management systems can support proactive 

disease prevention strategies and contribute to sustainable grape production. 

8.3 Comparative Performance Analysis 

Method Accuracy (%) Detection Speed Cost Scalability 

Visual Inspection 65 Slow Medium Low 

Molecular 

Diagnostics 
92 Slow High Medium 

Sensor-Based 

Detection 
85 Medium Medium High 

Machine Learning 

(SVM/RF) 
88 Fast Medium High 

Deep Learning 

(CNN) 
97 Very Fast Medium Very High 

Table 5.1 Comparison of Disease Detection Methods 
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Fig: Accuracy Comparison 

9. CONCLUSION 

Grapevine mildew diseases including downy and powdery mildew, remain a major obstacle to the productivity 

of vineyards and the quality of grape fruits. There have been diverse methods of detection to contain such diseases 

over the years. Older techniques such as visual, microscopic identification, culture-based, and serological tests are still 

frequently used but are commonly time-intensive, laborious, and restricted to detection of the symptoms following 

infection. 

Conversely, superior detection strategies, including molecular, imaging, remote sensing, AI-based, and sensor 

networks, provide swift and more precise and early detection. The approaches are able to detect pathogens before they 

are even visible, track large vineyards efficiently and even give real time data to aid in decision-making so that diseases 

can be managed in time. 

Among these advances Artificial Intelligence(AI) has become a revolutionary tool which enables 

automated,real-time disease detection feasible utilizing learning models based on images. In particular, YoLov8 has 

become known as one of the most popular AI methods providing accurate and instant localization of diseased area 

from field images or live video streams. 

Going forward, the emphasis will be on creating cheap, easy to use, and non-invasive solutions that can be 

embraced by the large scale and small scale vineyards. The integrated systems will allow proactive management of 

the disease, minimize the use of chemical treatments, and facilitate the sustainable use of the vineyard. 

However, as a whole, both ancient knowledge and new technologies are likely to lead to a future where the 

disease of grapevines can be spotted at their early stages, controlled effectively, and managed in a sustainable manner, 

which is going to guarantee the grape and wine business healthy vineyards, quality grapes, and sustainable economic 

and environmental gains. 



 

934 

REFERENCES 

1. KASHIF HESHAM KHAN, Disease Detection In Grape Cultivation Using Strategically Placed Cameras And Machine 

Learning Algorithms With A Focus On Powdery Mildew And Blotches,IEEE Access,2024 . 
2. A. Gawande and S. Sherekar, "Grape dataset: A dataset for disease prediction and classification for machine learning 

applications through environmental parameters," Data in Brief, vol. 54, 2024, Art. no. 110546, doi: 

10.1016/j.dib.2024.110546. 
3. S. S. Patil and S. A. Thorat, "Early detection of grapes diseases using machine learning and IoT," 2016 Second 

International Conference on Cognitive Computing and Information Processing (CCIP), 2016, pp. 1-5, doi: 

10.1109/CCIP.2016.7803644.. 
4. K. M. Hosny, W. M. El-Hady, F. M. Samy, E. Vrochidou, and G. A. Papakostas, "Multi-class classification of plant leaf 

diseases using feature fusion of deep convolutional neural network and local binary pattern," IEEE Access, vol. 11, pp. 

62307-62317, 2023, doi: 10.1109/ACCESS.2023.3286730. 
5. F. M. Talaat, M. Y. Shams, S. A. Gamel, and H. ZainEldin, "DeepLeaf: an optimized deep learning approach for 

automated recognition of grapevine leaf diseases," Neural Computing and Applications, vol. 37, pp. 8799-8823, 2025, 

doi: 10.1007/s00521-025-11038-3. 
6. Z. Chen, J. Feng, K. Zhu, Z. Yang, Y. Wang, and M. Ren, "YOLOv8-ACCW: Lightweight grape leaf disease detection 

method based on improved YOLOv8," IEEE Access, vol. 12, pp. 123595-123608, 2024, doi: 

10.1109/ACCESS.2024.3453379. 
7. A. Gawande, S. Sherekar, and R. Gawande, "Early prediction of grape disease attack using a hybrid classifier in 

association with IoT sensors," Heliyon, vol. 10, 2024, Art. no. e38093, doi: 10.1016/j.heliyon.2024.e38093. 
8. D. J. Richter, M. I. Bappi, S. S. Kolekar, and K. Kim, "A systematic review of the current state of transfer learning 

accelerated CNN-based plant leaf disease classification," IEEE Access, vol. 13, pp. 116262-116303, 2025, doi: 

10.1109/ACCESS.2025.3584404.. 
9. L. Ghiani, S. Serra, A. Sassu, A. Deidda, A. Deidda, and F. Gambella, "Automated detection of downy mildew and 

powdery mildew symptoms for vineyard disease management," Smart Agricultural Technology, vol. 11, 2025, Art. no. 

100877, doi: 10.1016/j.atech.2025.100877. 
10. M. H. Sheikh, T. T. Mim, M. S. Reza, and M. H. Hena, "Leaf diseases detection for commercial cultivation of obsolete 

fruit in Bangladesh using image processing system," Proceedings of the SMART–2019, 8th International Conference on 

System Modeling & Advancement in Research Trends, 2019, pp. 271-277, doi: 10.1109/IC3A48958.2020.233281. 
11. U. Singh, A. Srivastava, and A. Singh, "Computer vision technique for detection of grape Esca (Black Measles) disease 

from grape leaf samples," 2020 International Conference on Contemporary Computing and Applications (IC3A), 2020, 

pp. 110-115, doi: 10.1109/IC3A48958.2020.233281. 
12. M. Kerkech, A. Hafiane, And R. Canals, “Deep Learning For Grapevine Disease Detection In UAV Multispectral 

Images,” Arxiv Preprint, Arxiv:1912.05281, 2019. 
13. M. Kerkech, A. Hafiane, And R. Canals, “Vddnet: A Deep Learning Architecture For Grapevine Disease Detection From 

Field Multispectral Images,” Arxiv Preprint, Arxiv:2009.01708, 2020. 
14. D. Tamvakis Et Al., “Deep Learning For Semantic Segmentation Of Vine Leaves,” Arxiv Preprint, Arxiv:2210.13296, 

2022. 
15. A. M. Abbasi, J. Zhao, And W. Zhao, “Real-Time Detection Of Grapevine Red Blotch And Leafroll Viruses Using 

Yolov5 On Edge Devices,” Electronics, Vol. 13, No. 3, P. 63, 2024, Doi: 10.3390/Electronics13030063. 
16. H. Zhang, M. Li, And J. Sun, “GFCD-YOLOXS: A Lightweight Model For Grape Leaf Disease Detection,” Applied 

Sciences, Vol. 13, No. 10, P. 5978, 2023, Doi: 10.3390/App13105978. 
17. A. Aguiar, P. Costa, And F. Moreira, “Detection Of Grape Bunches In Natural Scenes Using Yolov5,” Agronomy, Vol. 

13, No. 4, P. 1120, 2023, Doi: 10.3390/Agronomy13041120. 
18. Y. Zhang, L. Chen, And H. Wang, “Fusion Transformer YOLO For Lightweight Real-Time Grape Leaf Disease 

Detection,” Frontiers In Plant Science, Vol. 15, 2024, Art. No. 1269423, Doi: 10.3389/Fpls.2024.1269423. 
19. R. S. Patel, M. Sharma, And D. Gupta, “Ensemble Learning For Grapevine Disease Detection Using CNN And Random 

Forest,” Heliyon, Vol. 10, No. 7, P. E12548, 2024, Doi: 10.1016/J.Heliyon.2024.E12548. 
20. F. Kerkech, A. Hafiane, And R. Canals, “UAV Image Segmentation For Grapevine Disease Detection Using Deep Neural 

Networks,” Remote Sensing, Vol. 11, No. 1, P. 20, 2019, Doi: 10.3390/Rs11010020. 
21. L. Lin, Y. Wang, And C. Zhou, “Plant Disease Identification Via Hybrid CNN-LSTM Approach,” Computers And 

Electronics In Agriculture, Vol. 190, P. 106414, 2021, Doi: 10.1016/J.Compag.2021.106414. 
22. J. Zhang, Y. Hu, And X. Wu, “Plant Leaf Disease Recognition Based On Improved Alexnet,” IEEE Access, Vol. 8, Pp. 

86482–86489, 2020, Doi: 10.1109/ACCESS.2020.2993141. 
23. S. P. Mohanty, D. P. Hughes, And M. Salathé, “Using Deep Learning For Image-Based Plant Disease Detection,” 

Frontiers In Plant Science, Vol. 7, P. 1419, 2016, Doi: 10.3389/Fpls.2016.01419. 
24. R. Sladojevic, M. Arsenovic, A. Anderla, D. Culibrk, And D. Stefanovic, “Deep Neural Networks Based Recognition Of 

Plant Diseases By Leaf Image Classification,” Computational Intelligence And Neuroscience, Vol. 2016, Pp. 1–11, 2016, 

Doi: 10.1155/2016/3289801. 
25. A. Ferentinos, “Deep Learning Models For Plant Disease Detection And Diagnosis,” Computers And Electronics In 

Agriculture, Vol. 145, Pp. 311–318, 2018, Doi: 10.1016/J.Compag.2018.01.009. 



 

935 

26. M. Too, L. Yujian, S. Njuki, And L. Yingchun, “A Comparative Study Of Fine-Tuning Deep Learning Models For Plant 

Disease Identification,” Computers And Electronics In Agriculture, Vol. 161, Pp. 272–279, 2019, Doi: 

10.1016/J.Compag.2018.03.032. 
27. S. Ramesh And K. Vydeki, “Recognition And Classification Of Paddy Leaf Diseases Using Optimized Deep Neural 

Network With Jaya Algorithm,” Journal Of Ambient Intelligence And Humanized Computing, Vol. 11, Pp. 5471–5482, 

2020, Doi: 10.1007/S12652-020-01841-4. 
28. S. Dhaka, R. Meena, And N. Dahiya, “A Modern Approach For Plant Disease Detection Using CNN,” Procedia Computer 

Science, Vol. 167, Pp. 293–301, 2020, Doi: 10.1016/J.Procs.2020.03.222. 
29. H. Picon, S. Alvarez-Gila, And E. Echazarra, “Deep Learning For Grapevine Disease Detection In UAV Imagery,” 

Remote Sensing, Vol. 11, No. 9, P. 1073, 2019, Doi: 10.3390/Rs11091073. 
30. A. Kamilaris And F. X. Prenafeta-Boldú, “Deep Learning In Agriculture: A Survey,” Computers And Electronics In 

Agriculture, Vol. 147, Pp. 70–90, 2018, Doi: 10.1016/J.Compag.2018.02.016. 
31. Mutha, D., Kothari, M., Jain, L., & Sanghavi, M. (2018). “Detection of grape disease (Downy Mildew) based on IoT and 

image processing” International Journal for Research in Engineering Application & Management (IJREAM), Special 

Issue – ICRTET-2018, 98–102. ISSN: 2454-9150. 
32. Sanghavi, K., & Rajurkar, A. M. (2018). “Review of various grape diseases” International Journal for Research in 

Engineering Application & Management (IJREAM), Special Issue: 6th International Conference on Recent Trends in 

Engineering & Technology (ICRTET-2018), 27–31. ISSN: 2454-9150. 


