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Abstract

Artificial Intelligence (Al) has transformed several industries including agriculture. The use of Al
detectors in vegetable farming and processing has been used to enhance efficiency, quality control,
and management of crops by use of computer vision and machine learning algorithms where data
from images or sensors is correctly analysed and interpreted by the detectors of such considerations
to be made on vegetables. Role of Artificial Intelligence (Al) in vegetable production, emphasizing
its potential to address critical challenges such as climate change, population growth, and resource
scarcity. Al technologies, including machine learning, computer vision, and robotics, are
revolutionizing agricultural practices. Al-driven innovations in crop management, pest control, and
soil analysis enhance productivity, reduce labour costs, and ensure sustainable farming practices.
Notable advancements include precision spraying by Blue River Technology, significantly reducing
herbicide use, and deploying autonomous tractors and drones for efficient farm management. Al
applications, such as PEAT's Plantix and Trace Genomics, provide accurate diagnostics for soil health
and pest management. Satellite-based solutions like Farm Shots and a Where offer real-time crop
monitoring and weather prediction, optimizing resource use and mitigating risks. This article
highlights the importance of making Al technologies more affordable and accessible to farmers,
particularly in developing regions. Collaboration between researchers, industry stakeholders, and
policymakers is crucial to harness Al's full potential in agriculture processing unit. As Al continues
to evolve, its integration into vegetable production promises a more efficient, resilient, and
sustainable agricultural sector, contributing to global food security and environmental preservation.
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1. Introduction

In an era where technological advancements are shaping industries across the globe,
agriculture stands as no exception. The fusion of agriculture and technology has paved the way for
remarkable innovations and one such innovation is Artificial Intelligence (Al). Al has demonstrated
its potential to revolutionise various aspects of agriculture, including vegetable production. By
harnessing Al’s capabilities, farmers can streamline operations, optimise resource utilisation and
ensure sustainable yields. In the context of vegetable production, where factors such as climate
variability, resource constraints and the demand for high-quality yields converge, Al emerges as a
powerful tool that promises to reshape the landscape. From data-driven decision-making to precision
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farming techniques, disease detection and supply chain optimisation, the applications of Al in
vegetable production are multifaceted and promise to not only enhance productivity but also
contribute to environmental sustainability. As we navigate the intricate landscape of Al’s
involvement in vegetable production, it becomes clear that this symbiotic relationship has the
potential to shape the future of agriculture in profound and unprecedented ways shown in Fig.1.

Al has demonstrated its potential to revolutionise various aspects of agriculture, including
vegetable production. By harnessing Al’s capabilities, farmers can streamline operations, optimise
resource utilisation and ensure sustainable yields. In the context of vegetable production, where
factors such as climate variability, resource constraints and the demand for high-quality yields
converge, Al emerges as a powerful tool that promises to reshape the landscape. From data-driven
decision-making to precision farming techniques, disease detection and supply chain optimisation,
the applications of Al in vegetable production are multifaceted and promise to not only enhance
productivity but also contribute to environmental sustainability.

Fig.1 How exactly is Artificial intelligence (Al) used

Artificial intelligence (Al) is an interdisciplinary field replicating human intelligence in
robots, enabling them to learn and solve problems like humans. In agriculture, Al helps boost
productivity by aiding in crop selection, soil and nutrient management, pest and disease control, yield
estimation, and price forecasting. Techniques such as deep learning, robotics, [oT, image processing,
artificial neural networks, wireless sensor networks, and machine learning address agricultural
challenges. These technologies enable real-time monitoring of farm conditions like weather,
temperature, water usage, and soil health, promoting innovative farming practices that reduce losses
and enhance yields (Liu, 2020; Benayed & Hanana, 2021).

1.1 Data Analysis

One of the key contributions of Al in vegetable production is its ability to analyse vast
amounts of data collected from various sources. Through sensors, drones and satellite imagery, Al
can gather real-time data on soil moisture, nutrient levels, weather patterns and plant health. This
data is then processed using Al algorithms to provide valuable insights to farmers. By harnessing
this information, farmers can make informed decisions about irrigation, fertilisation and pest control.
This data-driven approach optimises resource allocation and minimises waste, resulting in improved
crop yields according to their market value and reduced environmental impact shown in Fig.2.
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Fig.2 Artificial Intelligence Market Trend 2019 - 2030

1.2 Need of Al in Vegetable farming

Vegetable farming is labour-intensive, and automation is crucial with rising population and
production demands. Al aids farmers by improving components, technologies, and applications, such
as predictive analytics and enhanced farm management systems that ensure crop quality and supply.
Satellite imagery and meteorological data help businesses monitor crop health in real time
(Vijaykumar & Balakrishna, 2021; Subeesh & Mehta, 2021). Big data, Al, and ML can predict prices,
estimate tomato yields, and identify pest and disease infestations, providing farmers with advice on
crop choices, pesticide use, and pricing trends. Al mitigates resource and labour shortages, making
it essential for modern agriculture, and large corporations should invest in this field (Awasthi, 2020;
Skvortsou, 2020). Al is overcoming traditional barriers across sectors like processing, finance,
transportation, healthcare, and agriculture. With a growing global population and increasing
urbanization, farmers face pressure to boost production to meet demand. Limited fertile soil
necessitates innovative farming strategies to help farmers manage risks (Sharma, 2021; Mohr &
Kuhl, 2021). Climate change, monoculture, and extensive pesticide use exacerbate risks from pests
and diseases, creating new challenges for farmers. Natural forces, unpredictable weather, labour
shortages, and the need for higher yields put immense stress on agriculture. To meet future demands,
the agricultural sector must scale up and double farm efficiency, with Al playing a key role in
achieving automation and improving productivity shown in Fig.3 (Beloev et al., 2021; Bellsy, 2021).
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Fig.3 Need of Al (Artificial Intelligence) in the vegetable production

3747 | Official Website: trendsinagriculturescience.com Published: 30 July 2025
e-mail Address: trendsinagriculturescience@gmail.com



https://www.trendsinagriculturescience.com/
mailto:trendsinagriculturescience@gmail.com

Trends in Agriculture Science Kumar and Bahadur

Vol 4 Issue 7, July 2025 3740-3753

1.3 Application of Al in the Vegetable farming and processing

Al enhances production, harvesting, and selling of crops. Al improves crop health by
identifying defects and promoting healthy production. Advances in Al technology have increased
efficiency in agro-based businesses. Al aids in weather forecasting and pest or disease detection
through automated systems. Al optimizes crop management practices. Al addresses challenges such
as climate variation and pest infestations, potentially increasing yields. Al will augment rather than
replace human labour, improving farming processes (Haokip, 2022). The use of Al detectors in
vegetable farming and processing has been used to enhance efficiency, quality control, and
management of crops by use of computer vision and machine learning algorithms where data from
images or sensors is correctly analysed and interpreted by the detectors of such considerations to be
made on vegetables shown in Fig.4.

Fig. 4 Grading potatoes with perfect size, colour, weight external and internal quality with
highspeed and consist quality

Quality Control and Grading: Al
detectors are extensively used in grading
the sizes of vegetables, shapes, colours,
and ripeness. For example, tomatoes
entering a processing factory may be
classified as "under-ripe," '"ripe," and
"overripe," based on colour and texture,
by an Al system. Cameras take pictures of
tomatoes passing along the conveyor belt
against a standard database. This sorts and
grades the tomatoes automatically to
ensure uniformity of the product. The

process saves on labour costs and gives a g Mask RCNN Output Mask

higher quality of produce to market. Fig.5 Detection and segmentation results on

quality controls random samples collected from

. . a tomato field.
Defect and Disease Detection: Produce st e of

< v

defects or disease for minimal wastage and high-quality produce at harvest. Al detectors may be
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trained on certain specific patterns that imply defects like bruises, rot, or pest damage. For instance,
in an infrared sensing system, the Al detector inside the potato processing line will show internal
damage, which the human eye cannot see. In the field environment, Al-driven drones or robots can
sense and scan crops for any form of diseases represented in any discoloration or unusual patterns of
growth, allowing farmers to address such conditions immediately.

Automated Harvesting: Applied in automated harvesting systems are Al detectors. It identifies ripe
vegetables and automatically picks them to significantly reduce the need for human labour. For
example, in a greenhouse devoted to bell peppers shown in Fig.6 an Al computer vision system could
identify which peppers have reached the optimal level of ripening to be harvested. The system
controls a mechanical arm that will gently remove the peppers without bruising them, to obtain only
the finest fruit products.

Fig.6 Automated Harvesting Technology with the Help of Artificial Intelligence

Weed and Pest Control: In the open fields for crop farming of vegetables, an Al detector could
differentiate crops from weeds and hence, can have highly targeted herbicide applications. This
implies that technology reduces chemical use and environmental degradation as well as allows
healthier growth in crops. For example, an Al weeding robot will go through rows of lettuce, and
cameras, and sensors will be used to trace down the weeds without harming the crop. Similarly, by
using image recognition, detectors by Al can be used for monitoring pest populations and their effect
on the crops.

Example:
There are several examples of Al-tool App used in vegetables such as:

1. Plantix-Your crop doctor:
Within a few seconds, the app will enable farmers to know about pests and diseases found in crops.
The operating system the application supports is Android. It covers 45 major crops and detects more
than 500 forms of plant damage.
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PlantiXx

your crop doctor

2. Plant disease identifier:

This Al is used for the identification of
plant disease based on Changes in colour, shape,
and texture of leaves are usually among the clear
signs to recognize that a plant has been affected
by disease. The withering or yellowing of these
leaves is also common. Spots, blotches, or
lesions on the plant are also common indications
of a disease affecting it.

3. Leaf Doctor:

Introducing our free Plant Disease Identifier the perfect tool for all of your plant care needs. This
app leverages cutting-edge Al technology and an immense database to identify your plant, diagnose
any possible diseases that may have hit it, and provide care tips with great detail.
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It involves several methods of identification:

¢ Leaves: If leaves are good, your plant must also be good. Leaves must not droop, wrinkle, or
turn brown.
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% Roots: A healthy plant normally possesses white roots. Apply i{eat;v‘\ieng in the
optimal timing

o

% To yield: An unhealthy plant is more likely to suffer from diseases
than a healthy one. y o
4. Agrio:

N/ 5

& Plant Net. In testing, we L | ml -
found Plant Net easy to CAPTURE. IDENTIFY. TREAT ”
use, accurate and fast. R : RS R
The free app walks you '
through setup, allows you
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to search by map or flora,
and recommends that you
activate geo-location
(GPS) to enhance its plant recognition. Plant Net was the fastest and most accurate plant
recognition app of our tests on the Android smartphone.

5. Google Lens:

v Image search: Google Lens can identify objects in images, translate text, and scan barcodes.

v’ Learn about things you see: Google Lens can identify plants and animals, tell you the name
of a historical landmark, or inform you about a work of art.

v Homework helper: Google Lens can help you solve your homework problems.

v Shopping: Google Lens helps you find products and learn more about them and where to
purchase them.

v’ Identify the gym equipment: Google Lens can even show you how to use the gym equipment
you have never seen in your life.

V' Identify the skin conditions: The Google Lens can also help identify some of the skin
conditions.

v’ Add event to your calendar: You can use Google Lens to add an event to your calendar

v’ Save contact details: Using
Google Lens, you can save
phone numbers or addresses in
your contacts.

V' Read reviews: Google Lens will r @

help you read the reviews and
get a quicker summary.
v Find historical facts: Google k

Lens will help you find out the
historical facts.

v' Find hours of
operation: Google Lens will

bjsuge* suq woLe
|gSUsIEA sulug|2?

help you find out the hours of operation.
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6. Plant Snap identify plants:

% This is a widely known plant identification application
that uses photographs to identify plants, flowers, trees, # 1 AI
cacti, and mushrooms. Here are some ways in which you
can use Plant Snap to identify species around you: p I t
3% Identify plants: Take a clear, well-lit photo of a plant, and a n
Plant Snap will show you a list of species that match your Ca re App

phOtO- Learn how to nurture
% Save your finds: Plant Snap saves all plants you identify salEEe With ease

to your My Collection tab, along with the time and
location of the photo.

% Explore popular species: shows the most commonly
flowered species identified and the currently trending
species of plants.

% Augmented Reality: If you have i0OS 12 you can use Snap!
mode to tap on bubbles with background information
about the plant you've identified. Such information could
range from how photosynthesis works to how bees help

with pollination.
7. Picture this plant identifier: Auto-Diagnose

4 The Picture: This app uses Al to identify plants. And Plants
also, in addition to that, there are many other benefits,
such as:

4 Plant identification: The app can identify more than
1,000,000 plants, including trees, flowers, and herbs
at 98% accuracy.

4 Plant care tips: The app has brought the following
important tips- water, fertilize, mist, clean, and report.

4 Light meter: The app tracks sunlight so you can
search for a proper place to put your plants in. ; ,

4+ Plant reminders: You can set reminders for watering | A Disease found
and many other things. a Phytophthora

% Plant collection management: Build up your wish list
for plants and document your plants. It is a method of

keeping pictures and notes about each plant.
# Plant problem diagnosis: The app diagnoses plant
problems and gives advice on treatments.
Toxic plant warnings: The app warns you of toxic plants and guides you in safety measures.
Identification of weeds: The application will identify weeds from your garden and give you
how to control or remove them. One-on-one expert consultancy: The application offers one-
on-one talks with botanists.

#

8. Agroase (Sigma-Aldrich® Solutions)
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Agarose has many applications such as:

< Electrophoresis

Agarose is used to separate biomacromolecules such as DNA and RNA by electrophoresis.
Agarose gels vary from 0.7% to 2% agarose, but 0.7% gels are the best for separating large DNA
fragments, while 2% gels are best for separating small DNA fragments.

< Affinity chromatography

Agarose is the matrix of preference for affinity chromatography. It is cheaper and possesses
big pores. Affinity chromatography is an analytical technique that separates and purifies biological
macromolecules.

v’ Cell culture
Agarose is used as a gel plate or overlay for cells in tissue culture.

v’ Microspheres

Agarose's hydrophilicity, porosity, and non-toxicity make it suitable for preparing
microspheres. Agarose is a natural polymer isolated from red algae, otherwise known as seaweed.
Agarose is non-toxic and possesses many useful properties for application in different spheres.

1.4 post-harvest processes

Post-harvest processes, including cleaning, sorting, and grading, can be enhanced with Al
and robotics. Sensors in storage facilities and warechouses can detect pests and pathogens.
Approximately 40% of horticultural produce is lost due to post-harvest waste. Machine learning and
digital image processing offer potential solutions to reduce these losses and boost annual production
(Kamilaris, 2018). Mishra and Chakshu (2019) highlighted that advanced tracing and tracking
technologies improve inventory monitoring and product quality, reducing spoilage and waste. Their
work focuses on developing a cost-effective food supply chain management system using IoT and
Al, enabling farmers to monitor
stored crops' quality and
estimate stock value and price.

Al in Tomato Ripeness
Detection:

Example: for instance,
consider a tomato processing
plant that uses an Al-based
detector to determine the tomato
ripeness. The dataset contains
tens of thousands of images
representing tomatoes at
different levels of ripeness.
Real-time image capture of
tomatoes as they go past on a
conveyor belt, through the Al
detector that assesses the colour, texture, and shape of the tomato shown in Fig.7.

e 2 4 . = , "
Fig.7 Al detector that assesses the colour, texture, and shape
of the tomato
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Process:
Captured images by cameras end:

% The Al model studies those images in a way that determines ripeness using a deep colour and
texture.

% The system decides the ripeness by categorizing each tomato as "underride", "ripe", and
"overripe" based on the study.

% The automation routes the tomatoes towards packaging if they are ripe, or other processing
stages or waste.

Benefits:

% It becomes more efficient with the automatic sorting.
% It will have no qualitative issue since only the best tomatoes are picked.
3% It reduces human error and labour costs.

1.5 Supply chain optimization

Al also plays a vital role in optimizing the vegetable supply chain. Through predictive
analytics, Al can forecast demand and supply fluctuations, allowing farmers to plan their production
schedules more effectively. Furthermore, Al can assist in optimising transportation routes, storage
conditions and distribution networks, reducing wastage and ensuring fresher produce reaches
consumers. By streamlining the supply chain, Al contributes to the economic viability of vegetable
production.

Intelligent packaging

1.6 CURRENT APPROACHES & ACHIEVEMENTS OF ARTIFICIAL INTELLENGE

Blue River Technology — Weed Control: Controlling weeds is a major concern for farmers, with
approximately 250 weed species developing herbicide resistance. Blue River Technology, a
California-based startup, developed the "See & Spray" robot. This technology utilizes computer
vision to accurately identify and spray weeds, significantly reducing herbicide use by up to 90% and
mitigating herbicide resistance.

Harvest CROO Robotics — Crop Harvesting: The labour shortage has led to substantial revenue
losses. Harvest CROO Robotics, introduced by Wish Farms in Florida in 2017, addresses this issue
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by automating strawberry harvesting. This robot assists in picking and packing strawberries, helping
to overcome labor shortages and minimize losses.

Al — Driverless Tractor: The advent of driverless tractors, introduced by Case IH and New Holland
at the 2016 Farm Progress Show, represents a significant advancement. These autonomous tractors
use sophisticated software, sensors, radar, and GPS, allowing operators to set their course remotely,
thus enhancing efficiency in field operations.

PEAT — Machine Vision for Diagnosing Pests/Soil Defects: Berlin-based startup PEAT developed
the Plantix app, which uses deep learning to detect soil defects, nutrient deficiencies, pests, and
diseases. The app’s algorithms analyze foliage patterns, achieving up to 95% accuracy in identifying
plant issues.

Trace Genomics — Machine Learning for Soil Analysis: California-based Trace Genomics offers soil
analysis through machine learning. Backed by Illumina, the service provides detailed insights into
soil strengths and weaknesses, helping farmers optimize soil management practices based on
comprehensive analysis of soil samples.

Farm Shots — Satellite Monitoring for Crop Health: Farm Shots, based in Raleigh, North Carolina,
utilizes satellite and drone imagery to monitor crop health. Their technology, including hyperspectral
imaging and 3D laser scanning, detects diseases, pests, and nutritional deficiencies, reducing
fertilizer use by nearly 40% and providing precise, large-scale crop analysis.

Sky Squirrel Technologies Inc. — Drone and Computer Vision for Vineyard Analysis: Sky Squirrel
Technologies Inc. employs drones equipped with computer vision to assess vineyard health. By
analysing images of grapevine leaves, the technology offers detailed reports on vineyard conditions,
improving crop yield and reducing costs.

aWhere — Satellite-Based Weather Prediction and Crop Analysis: Colorado-based aWhere uses
machine learning and satellite data to predict weather, analyse crop sustainability, and detect diseases
and pests. The platform provides access to over a billion agronomic data points daily, including
temperature, precipitation, and solar radiation, enhancing agricultural decision-making.

1.7 Conclusion

The integration of Artificial Intelligence (AI) in vegetable production has emerged as a
pivotal advancement, addressing critical challenges in modern agriculture. This review highlights
how Al-driven technologies, including precision farming, data analytics, and robotics, significantly
enhance productivity, resource efficiency, and sustainability. Some applications of Al detectors in
vegetable farming and processing offer better quality control, less waste, and increased efficiency.
These systems can perform the tasks that earlier required extensive manual labour, thereby making
agriculture more sustainable and profitable by leveraging the power of computer vision and machine
learning. All the way from sorting vegetables on the basis of ripeness to detecting defects or pests,
Al detectors are becoming an important part of modern farming practices.

1.8 RECOMMENDATIONS

Official Website: trendsinagriculturescience.com Published: 30 July 2025
e-mail Address: trendsinagriculturescience@gmail.com



https://www.trendsinagriculturescience.com/
mailto:trendsinagriculturescience@gmail.com

Trends in Agriculture Science Kumar and Bahadur

Vol 4 Issue 7, July 2025 3740-3753

Based on the comprehensive detail of the A Revolutionizing Technology: understanding the
potential applications of Al technology detectors in vegetable farming and processing for
dissemination, several recommendations can be made to advance this field and maximize its benefits:

» Enhancement of Al Algorithms
Integration and Interoperability
Accessibility and Education
Sustainability Focus
Collaboration and Partnerships
Ethical and Social Considerations

YV V VYV

Long-term Monitoring and Evaluation

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declares that generative Al technologies such as Large Language Models, etc have
been used during writing or editing of manuscripts. This explanation will include the name, version,
model, and source of the generative Al technology and as well as all input prompts provided to the
generative Al technology

Details of the AI usage are given below:
1. ChatGPT

2. COPILOT
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