Revolutionary technologies in horticultural crops: A review

ABSTRACT

Globally, the topic of agricultural automation is becoming more and more popular. Crop
management system enables the systematic management of crops, incorporating all aspects of
farming. India offers the opportunity to grow a wide variety of horticultural crops due to its diverse
soil and climate conditions as well as its varied agro-ecological regions. These crops enhance farm
output, generate employment opportunities, and supply raw materials to a variety of food-
processing industries, all of which have a substantial positive economic impact on India. Although
very little area is set specifically for horticulture, there is a strong demand for the production of
horticulture crops. As aresult, it can be difficult to meet demand with the least amount of resources.
However, this can be done by introducing revolutionary technological interventions such as
nuclear technology, artificial intelligence, blockchain technology, Internet of Things technological
interventions, remote sensing, various breeding programs, hydroponics systems, and others.
Remote sensing technologies for monitoring and recognizing plants, weeds, pests, and diseases
have been developed and used by means of recent advancements in computer vision, robotics,
artificial intelligence, and machine learning. Numerous studies examine the new digital tools and
services that farmers may use to purchase inputs, handle their money, and obtain input-output
pricing and farm management data.
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1. INTRODUCTION
1.1 Indian Horticulture: An overview

Horticulture may benefit greatly from automation and digitization. Artificial intelligence, robotics,
creative sensor-controlled solutions, and data management systems can all contribute
to horticulture production becoming more sustainable and competitive by performing more
complicated duties related to production system control and management. Digital methods are
therefore essential in (Shamshiri et al., 2018), even though their usage and development are still
in their infancy. As the population grows, it is predicted to reach 9 billion by 2050. Supporting the
fact, it is one of the primary issues facing the present situation (Tomlinson, 2013). Consequently,
it is necessary to boost production by both direct and indirect methods, such as expanding planted
area and productivity or decreasing post-harvest spoiling (also known as hidden harvest). Because
horticulture crops are more productive than any other crop category in this situation, they can help
satisfy the demands of the population, which is approximately 5.4 times greater (Tiwari et al.,
2015). The Indian economy benefits greatly from horticulture crops since they increase agricultural
productivity, provide jobs, and supply raw materials to a range of food-processing industries



(Qingxue and Wu, 2016). The growth of horticultural land has led to a significant rise in fruit
output. Nevertheless, it was not possible to plan the selling of fruits concurrently. The pricing of
fruits is set by intermediaries who now control most markets[108,109,110,]. If farmers don't
establish cooperatives and shop in cities, there won't be a decrease in middlemen exploitation. In
certain regions, farmers' collective action has established fruit producers' cooperatives. Fruits and
vegetables suffer significant losses as a result of a broken cold chain. In certain grape-growing
regions, cold chains have formed. Grape shelf life, storage, transportation, and export have all
benefited from this.

There were sometimes novel traits that have persisted. It is known as the "green revolution”
because of the significant increase in grain output brought about by the use of various changes in
crop breeding, such as the semi-dwarf variety of cereal crops (PengJ et al., 1999). Particularly
profitable are novel varieties chosen from spontaneous mutations in perennial horticulture such
as the recently developed red-skinned Fuji apple (Ban Y et al., 2007), the large-berry tetraploid
Kyoho grape (Alleweldt and Possingham, 1988), and other unusual-looking ornamentals. This
approach to making the most of one's natural abilities is still quite popular today. There is a
considerable demand for horticultural output despite the small quantity of land allocated for it. As
aresult, achieving a sustainable environment requires the adoption of sustainable behaviors, which
makes satisfying demand with the fewest resources rather difficult (Cappelli et al., 2022).
Additionally, it has been noted that Asian nations, like India, have been exporting more in recent
years. Despite this, there are still some obstacles to overcome, such as paying for exports and
reaching international quality requirements.

1.2 Digitization and Automation

The population of the world is predicted to increase quickly, reaching 10 billion people by the year
2050. This places a great deal of pressure on the agriculture industry to raise yield per hectare and
improve crop productivity (FAO, 2017). Climate change and other environmental issues have
constantly threatened horticulture in recent years, making it extremely difficult to achieve
increased output. Increasing land use and large-scale farming, or using best practices and
technological support to boost production, are two potential solutions to the food supply problem.
The only option in emerging nations with densely populated areas, where expanding land space is
practically unfeasible is to become more intelligent through the use of cutting-edge technology
like artificial intelligence (Al), the Internet of things (10T), and other interventions in horticulture.
Better insights may be produced from field data by utilizing digital technologies like artificial
intelligence and the internet of things, which also make it possible to organize farming methods
methodically with the least amount of human effort. The agricultural industry has come to
understand the value of precision farming over the years. By precisely measuring inputs and
minimizing the misuse of potentially harmful pesticides and other inputs, precision farming offers
a sustainable option that will increase productivity.



Better insights may be produced from field data by utilizing digital technologies like artificial
intelligence and the Internet of things, which also make it possible to organize farming methods
cautiously with the least amount of human effort. The agricultural industry has come to understand
the value of precision farming over the years. By precisely measuring inputs and minimizing the
misuse of potentially harmful pesticides and other inputs, precision farming offers an
environmentally friendly choice that will increase productivity.

1.3 The development of horticulture technology

Better insights may be produced from field data by utilizing digital technologies like artificial
intelligence and the Internet of Things, which also make it possible to organize farming methods
cautiously with the least amount of human effort (Shamshiri et al., 2018). By precisely measuring
inputs and minimizing the misuse of potentially harmful pesticides and other inputs, precision
farming offers an environmentally friendly choice that will increase productivity. Real-time
analysis made possible by digitization in horticulture facilitates better land management, water
management, spraying, and even field monitoring. Utilizing cutting-edge digital technology will
enable the agriculture sector to reap several more benefits, including decreased input prices and
waste, adoption of sustainable practices, and increased production to fulfill the world's expanding
food needs (Bernhardt et al., 2021).

2. OVERVIEW OF TECHNOLOGIES AND THEIR FUNCTIONS

The technologies that may be used in horticulture, including cloud computing, blockchain, big
data, and the Internet of things (IoT),. Horticultural technologies include automation of actuators,
disease detection, supply chain and marketing, fertilizer management, irrigation control, maturity
identification, and weather patterns. The Internet of Things (loT) is the main technology that
makes it possible to provide real-time information, which is necessary for other technologies to
carry out their responsibilities. The Internet of Things (IoT) is an open network of intelligent
objects with the ability to communicate data, resources, and information as well as to self-organize
and react to changes in the environment and circumstances (Kaburuan et al., 2019). Atrtificial
Intelligence (Al) is a multidisciplinary technology that combines machine learning, cognition,
emotion detection, data storage, and human-computer interaction (Arya and Gangwar, 2021).

With the expansion of computing power, the bottleneck in Al was broken, allowing for the
evolution of deep learning and better learning based on massive amounts of data. The successful
development of specialized processors and increasing computer capacity has coincided with the
ongoing innovation of GPUs, creating the foundation for the explosive growth of Al. For the
management of soil, crops, disease, and weeds, artificial neural networks (ANNSs), decision-
support systems (DSSs), genetic algorithms (Gas), support-vector machines, and computer vision
are some of the Al approaches that are frequently used in the agricultural industry (Caiming and
lu, 2021). The Internet of Things is being used by horticulture to gather data for production,
management, and service from field planting and horticultural facilities. As part of the Internet of



Things, horticulture uses robots, drones, remote sensors, and computer images to monitor crops,
survey, and map fields as well as to give farmers data for sensible farm-management techniques
that will save costs and save time (Alireza and Ludena, 2013). Food safety may be increased by
using blockchain horticulture to enable information to be tracked along the food supply chain. The
term traceability, which is produced by blockchain's capacity to store and handle data, is used to
improve the development and use of innovations for index-based horticulture insurance and
intelligent farming. Applying blockchain to gardening has benefits for better food safety and
quality control. Greater productivity tracking along the supply chain will result in more equal
compensation for farmers (Sun et al., 2010).

Large databases provide farmers with comprehensive information on various areas, including
rainfall patterns, water cycles, fertilizer requirements, and more. To optimize their revenues,
businesses may use this information to determine which crops to grow and when to harvest it
(Coble et al., 2018). Cloud computing is used for the collection, analysis, and storage of
horticultural data. Via, employing machine learning algorithms to evaluate real-time data collected
from the field via wireless sensors connected to the cloud, farmers may gain a better understanding
of crop conditions (Ruthie, 2019). Augmented reality plays a major role in precision horticulture
farming. In horticulture, farmers can employ virtual reality to increase yield, decrease crop waste,
and impart knowledge to other farmers (Kamilaris et al., 2019). A growing number of advanced
technologies, including sensors, robotics, aerial and satellite photography, and GPS, are being used
to improve the whole agricultural value chain and increase the profitability, efficiency, safety, and
environmental friendliness of farming operations. In this regard, the soilless plant cultivation
technique known as hydroponics is a great fit for the concepts of Horticultural technology. To
develop a wide range of goods, major corporations are taking use of advancements in artificial
intelligence, plant biology, and indoor vertical farming (Hati and Singh, 2021). With the help of
cutting-edge science and technology, hydroponics has definitely cemented a key position in food
production systems of the future.

3. ARTIFICIAL INTELLIGENCE IN HORTICULTURE

Artificial intelligence (Al), often known as machine intelligence, is the branch of computer science
that trains robots to imitate human bodily actions and react in ways that are similar to those of
humans. John McCarthy first used the phrase "Artificial Intelligence™ in 1950. Artificial
intelligence (Al) technologies aid in the production of healthier crops, arranges data for farmers,
reduce their workload, and improve the food supply chain. They also provide information on
current weather conditions, including temperature, rain, wind speed, wind direction, solar
radiation, pest control, and soil and growing conditions (Manaware, 2020). The possibilities for
agricultural mechanization have expanded in the current digital era due to increased automation
generated by digital technology, particularly when combined with the Internet of Things and
related technologies. (Pekkeriet et al., 2015) stated that cost reduction is the primary element
influencing the application of technological innovation in horticultural production. In the
Netherlands' greenhouse production of vegetables and flowers, labor expenses account for almost



thirty percent of overall expenditures, energy system costs account for another thirty percent, and
variable costs make up the remaining portion. By utilizing technology advancements, farmers want
to reduce labor costs, since most workers—who account for over 30% of total production costs—
will be replaced by robots, and machine learning, will raise profit.

Nturambirwe and Opara, 2020 noted that the application of artificial intelligence in horticulture
facilitates a number of crucial operations. These processes are broken down into several steps:
production, postharvest, final product quality assessment, storage methods, and packing. Artificial
intelligence in horticulture requires machine learning techniques like hyperspectral imaging,
intelligent packaging, and near-infrared spectroscopy (Sousa-Gallagher et al., 2016).

3.1 Current approaches and achievements of Al in horticulture

Digital insect traps: In modern horticulture production, insect pest monitoring is done visually by
specialists on or off the farm, utilizing tools like yellow sticky cards or other insect traps. The
professional judgment of farmers is used to guide management decisions on pest control strategies,
such as when and how often to use pesticides. The goal of digitizing pest monitoring is to replace
manual and visual inspection using trap systems like yellow sticky traps, with a focus on pest
insects in open fields and greenhouses. Two methods for detecting insects are being developed: an
auditory detection system using microphone arrays (Jelto et al., 2021) and an optical detection
system using digitalized traps (Bieganowski et al., 2020; Bockmann et al., 2021). Both methods
of detecting insects can be used in conjunction with platforms that move independently and
flexibly across the rows of crops. Nonetheless, it is also feasible to identify insect pests at
permanent locations in fields or greenhouses without the need for an autonomous platform. Apart
from the digitalization of insect pest monitoring that will be implemented in the initial two phases,
farmers can receive help for pest management decision-making through a digital assistance system.
Specific data from the digitalized bug traps, farm-specific crops, and general pest control
information will be provided to the tablet or mobile application that serves as an interface between
the user and the digital pest management DSS. As a result, the DSS includes data on the crop that
was grown, pest organisms, such as types of pests and their damage thresholds, and pest
management chemicals, including usage guidelines and application rates(Sinn et al., 2021).

Agricultural consulting and information services are also often used to assist these decisions.
SPLAT (Specialized Pheromone and Lure Application technology) is a newly developed
pheromone dispensing technique that controls the release of semio compounds or scents with or
without pesticides. It is a unique matrix formulation of biologically inert components. This product
is an important tool in the IPM toolbox that may be used to combat a variety of insects that are
advantageous to the economy

Fruit Harvesting Robots: These robots have to gather fruit from the tree without breaking any of
the branches or leaves. All sections of the tree that have to be picked must be accessible to the
robots, and they must be able to differentiate between leaves and fruits utilizing video image
capture. The robot arm has a camera installed, and the characteristics kept in the memory are



compared with the colors identified. Harvesting the fruit occurs if a match is found. If leaves are
obscuring the fruit, you may use an air jet to push the leaves aside so you can see the fruit more
clearly. Though not enough to smash the fruit, the pressure exerted on it is enough to remove it
from the tree. The gripper's form is dependent on the fruit being removed (kumar et al., 2023).

Al in crop production: Environmental challenges such as temperature increases and frosts can
cause crop loss in horticultural production nowadays. However, artificial intelligence (Al) has
made it possible to predict changes in environmental parameters, which enables farmers to take
proactive measures to protect their crop, such as early harvesting or other measures. Al is also
applicable in the field of greenhouses, where variations in the environmental parameters within
the structure can be monitored and controlled. In 1997, Robinson and Mort undertook a study that
led to the development of a neural network system for the prediction of the appearance of frost. In
the absence of this system, crop damage might occur, leading to the loss of trees, the harvest, or in
severe situations, the whole orchard. An organization called Sentiment has developed a system
that can rigorously monitor variables including temperature, salinity, light intensity, and water
stress. If any changes are found, the system can notify users and establish an environment that is
beneficial to basil development (Sahni et al., 2021).

Al in yield forecasting: Calculating the number of fruits can help with production forecasts and
scheduling harvesting times to maximize output. Using image processing, (Lomte et al., 2019)
created an automatic and effective fruit counting method. It uses an image as the input, and when
a picture is taken, the camera's sensor gathers little pieces of data, which is then converted into a
collection of characteristics for the image.

Al in harvesting: Sixty percent of the expenses of production are related to the manual harvesting
of horticulture crops. The use of Al to harvesting can help address the dual labor challenges of
scarcity and high costs. A fruit-picking robot that can differentiate between fruits and leaves using
video image capture was created by (Kitamura et al., 2005). The camera that supports the robot
arm can identify colors and compare them to attributes that are stored in memory. If a match is
discovered, the fruit is selected. The fruit is not crushed; rather, the pressure exerted on it is just
enough to remove it from the tree.

Al in reducing postharvest loss: Horticultural goods suffer postharvest loss as a result of
physiological, biochemical, and physical causes. According to (Siregar et al., 2017), the
wavelength range of 700-1200 nm is appropriate for hyperspectral imaging to forecast the
moisture content of banana fruit tissue. According to (Kader, 2002), the main factor causing
postharvest losses in horticulture produce is a decrease in moisture content. Neural networks and
genetic algorithms were employed by (Morimoto et al., 1997) to efficiently regulate the relative
humidity in the environment utilized for fruit preservation. In this study, ventilation-related
changes in relative humidity were identified using neural networks, and genetic algorithms were
utilized to simulate and find the best functions for modifying the relative humidity.

4. THE INTERNET OF THINGS (IOT) INTERVENTION IN HORTICULTURE



It is well accepted that all pests and diseases are detrimental to plants and can seriously destroy
horticulture. The 10T system was developed to reduce the frequency of pesticide and fungicide
application and to predict when pests may emerge (Kumar et al., 2022). Fruit identification is
accomplished by integrating color, shape, and texture the three fundamental aspects of an object
using soft computing technology. The feature vector's dimensions are decreased by using this
technique. Consequently, with fewer training data, the integrated and normalized image features
yield higher classification accuracy (Rajasekar and Sharmila, 2019). In order to reduce the impact
of climatic disasters on vegetable development, researchers developed an loT-based technology
platform for environmental data collection, disaster warning, transmission, remote control, and
information push in vegetable greenhouses in real-time (Khan et al., 2020). It is anticipated that
machine-learning models for the creation of intelligent, automated indoor microclimate
horticulture crops would be trained using the data gathered by an 10T board (Bhujel et al., 2020).
In the early days of the Internet of Things, when devices were simpler, relatively little data was
collected. Itwas only utilized to send out basic alarm signals with little processing. The Al
algorithms had no place there. Data analysis became necessary as the complexity and
sophistication of loT systems increased, resulting in massive amounts of data, or Big Data.
Acrtificial intelligence (Al) algorithms can process data and extract significant insights, resulting
in superior decision-making. Problem resolution and automation have become easier with new
concepts and techniques like machine learning, natural language processing, machine vision,
artificial neural networks (ANN), etc. (Jha et al., 2019).

4.1 10T in Agricultural automation

Innovative farm machinery: Researchers have used deep learning based computer vision
techniques to construct autonomous tractors, fruit harvesters etc. with almost the same human
efficiency. According to (Blok et al., 2016), the autonomous fruit harvester prototype was
primarily composed of an image capture module and an image manipulator module installed on a
self-propelled carriage. To identify the fruits and vegetables that needed to be harvested, the input
was entered into an object detection algorithm based on computer vision.

Fertilizer application: 10T technology can aid in more intelligent fertilizer applications. A light-
emitting diode (LED), a light-dependent resistor, and resistors may be used to create an NPK
sensor, which measures the amounts of potassium (K), phosphorous (P), and nitrogen (N). The
concepts of colorimetric and photo-conductivity explain the sensor's operation. At CIAE, Bhopal,
a low-cost SPAD was created for the indirect assessment of the chlorophyll content of crop leaves
in the field. It is a small, portable device that may be used to record and show SPAD values on an
Android smartphone that supports OTG. It aids in determining the crop's need for nitrogen. Since
scalable, timely, continuous connectivity is provided by cloud services such as Google Cloud
Platforms, SMS service can make use of this alternative. Typically, text messages with the
suggested fertilizer amounts are delivered to farmers' cell phones (Lavanya et al., 2019).

Weed and Pests Control: With the aid of soil sensors, meteorological sensors, and cameras, an
intelligent monitoring system based on the Internet of Things (I0T) was proposed, utilizing a global



packet for radio service (GPRS) and Zigbee communication protocol for pest warning, planting
operations, and production-quality checks of apples (Salgado-Salazar et al., 2018).

Drones: Drone use in agriculture has proven to be a significant advancement in automating various
chores including monitoring land and applying pesticides. The drone gadget is made up of a
central processing unit, a collection of sensors (laser, radar, camera, gyroscope, accelerometer,
compass, GPS receiver for reading environmental data), and actuators and motors for carrying out
essential operations. This is communicated with via a remote control and radio frequency range
communication (EI Hoummaidi et al., 2021; Mogili and Deepak, 2018). In horticulture, drones
are used to monitor crops, irrigate fields, apply pesticides, monitor plants, and evaluate plant health
(Tripicchio et al., 2015; Gharibi et al., 2016). Additionally, drones equipped with Al and vision-
based technologies make it easier to identify weeds and track the growth phases of plants during
pre-, harvest, and post-harvest. To reduce product damage and loss during storage and shipping,
drones may be used to monitor the grading and quality evaluation of horticultural crops.

5. BLOCKCHAIN
Artificial intelligence (Al) helps in horticulture by assisting farmers in increasing farming
productivity and mitigating negative environmental effects (Kumar and Bhatnagar, 2020). Food
safety may be increased by using blockchain horticulture to enable information to be tracked along
the food supply chain. The invention and implementation of innovations for index-based
horticulture insurance and intelligent farming are facilitated by the traceability that is produced by
blockchain's capacity to store and manage data. Applying blockchain to gardening has benefits for
better food safety and quality control. Fairer compensation for farmers will result from improved
production tracking along the supply chain (Sun et al., 2010). Blockchain technology is one
possible approach to supply-chain traceability in the pineapple business. The fruit-chain protocol,
which was introduced, is fair with an overwhelming likelihood and possesses the same consistency
and liveliness as expecting the truthful majority of computing power (Zhang et al., 2022).
Blockchain technology can assist the food and horticulture sectors in managing recognized risks
and preserving systemic affordability. Blockchain technology in horticulture makes it possible to
connect different horticultural firms and visualize data on distributed database networks, ranging
from production to supply. Big data provides farmers with detailed information on water cycles,
fertilizer requirements, rainfall patterns, and other concerns. This helps them to make informed
choices about when to harvest and which plants to propagate for maximum profit (Abbas et al.,
2018).
6. REMOTE SENSING IN HORTICULTURE

Since the 1970s, satellite remote sensing has emerged as a key technique for local, regional, and
worldwide crop monitoring (Macdonald et al., 1980). Rather than the more general phrase of
agricultural monitoring, which covers livestock, horticulture, and aquaculture, the word "crop
monitoring™ here refers primarily to monitoring for staple crops. Agroclimatic studies, crop
condition and stress monitoring, and crop output forecasts are often included in crop monitoring
operations. Certain systems further incorporate evaluations of food security, which provides an
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early warning of potential food insecurity. Crop monitoring, seen through the perspective of
remote sensing, primarily concentrates on crop growth status and final yield. A significant amount
of research has been conducted on crop mapping (Bégué et al., 2018; Orynbaikyzy et al., 2019),
crop condition evaluations (Virnodkar et al., 2020; Zhang et al., 2019), crop yield projections and
forecasting (Schauberger et al., 2020; Elavarasan et al., 2018; Klompenburg et al., 2020), drought
monitoring (Jiao et al., 2021; Khanal et al., 2017) and precision agriculture (Maes et al., 2018;
Berger et al., 2020 ), according to recent studies in the field of crop monitoring (Weiss et al.,
2019; Meshram et al., 2021; Kamilaris et al., 2018). To measure and record information about a
remote area, a remote sensing system consists of four fundamental parts. The power source,
transmission line, target, and satellite sensor are some of these components (Singh et al., 2014).

Developments in digital image processing and internal software development have been greatly
aided by Indian researchers. A few examples of these applications are the development
of watersheds for agriculture, mapping land resources, forecasting possible spots for fishing,
precision agriculture, crop systems analysis, agricultural water management, drought assessment
and monitoring, and many more. (Navalgund and Ray, 2000), (Panigrahy and Ray, 2006), and
(Navalgund et al., 2007).

6.1 Application of remote sensing in fruit crops

Orchard mapping and area of arable land estimation: (Sharma and Pangrahi, 2010) conducted
research to create a block-by-block database on apple plantations in the Himachal Pradesh district
of Shimla. High resolution remote sensing data from the most advanced Indian Remote Sensing
(IRS) satellite P6 was used to map apple orchards. Using data from remote sensing, an accuracy
of over ninety percent has been attained. Another study on the assessment of apple orchard area in
the Kashmir valley's Pulwama district was carried out by (Mustagq and Asima, 2014) utilizing
remote sensing and agro-metrology land-based observation.

Precision application of fertilizer: Apple orchard area was estimated and monitored using digital
data from Landsat and AWIFS. The bulk of apple orchards (89.82%) were discovered to be
clustered in the elevation range of 1500-2000 meters; those above 2000 meters represented 10%
of the area, while those below 1500 meters of elevation filled 0%.

Abiotic stress detection: Remote sensing technologies can also be used to detect abiotic stressors
like moisture deficit. Several methods, including thermal and high spatial resolution multispectral
aerial photography, were used to track the Photochemical Reflectance Index (PRI) and crown
temperature in peach orchards. To create stress, several irrigation regimes were used, such as
controlled and persistent deficit irrigation techniques. According to the findings, there is a
discernible variation in the reflectance pattern of stressed and well-irrigated plants (Saurez et al.,
2010).

Detection of Pest infestation: In orchards, remote sensing technology can lower the cost of insect
monitoring. (Ludeling et al., 2009) have measured the visible and near infrared reflectance of 1153



leaves and 392 canopies in 11 Californian peach orchards to assess the viability of detecting spider
mite damage in orchards. Chlorophyll, carotenoids, and other photosynthetic pigments are altered
by physiological stress in trees, and these changes are readily identifiable by shifts in spectral
reflectance.

Disease incidence detection: Multispectral imaging is nevertheless useful for visual assessment
because it provides real-time or almost real-time imagery, even with advancements in the spatial,
spectral, and temporal resolution of satellite imagery. It is feasible to identify healthy trees and
sick trees using this imaging technology. According to (Sindhuja et al., 2013), there was a variation
in average reflectance. The visible region's values of healthy trees were lower than the near-
infrared regions, but the HLB-infected trees' values were higher. This might facilitate the adoption
of prompt control measures, hence reducing the potential for disease transmission. By identifying
susceptible plant areas, detecting changes in plant pigment, and detecting variations in pest-
induced leaf bones, remote sensing is a valuable tool for managing nematodes and pests by early
disease identification and detection (Usha et al., 2013). A complex digital imaging system linked
to reflectance and density of canopy under varying levels of phylloxera stress was developed by
(Johnson et al., 1996). Using Cook and Cook’s multiregional NIR cinematography, the seasonal
growth of the soil fungal complex and the southern root-knot nematode (Meloidogyne incognita
Chitwood) in kenaf (Hibiscus cannabinus L.), an affiliate, was seen.

Estimation of crop area: Horticultural crops typically experience significant fluctuations
in production and demand, leading to a very unstable market and pricing. For market planning and
produce export, accurate data on the area and output of horticultural items is crucial. In this case,
remote sensing proves essential in analyzing the supply scenario. It is possible to predict the
acreage and productivity of crops like potatoes, which are spread out over huge contiguous fields,
with an accuracy of more than 90% (Nageswara Rao et al. 2004). It is easy to estimate the area
under mango orchards when the trees are more than five years old, but overlapping spectral
signatures make it difficult to estimate younger mango trees (Usha et al., 2013). Mulberry yields
spectral fingerprints that are comparable to other vegetable crops early in the season, but they later
segregate independently (Nageswara Rao et al., 2004).

Estimation of crop canopy: The estimation of the crop canopy in horticulture is crucial because
it specifies how much fertilizer, insecticide, and other chemicals to be applied. In addition, crop
health and predicted yield are indicated by canopy volume (Smart et al., 2000; Schumann, 2008).
Although there have been cases where large crops' canopy cover has been estimated using remote
sensing techniques for years, most horticulture crops were ultimately left unaccounted for (Thomas
et al., 2008). The canopy cover of the main horticultural crops in commercial fields with different
planting configurations and maturation stages is correlated with remotely sensed NDVI (Thomas
et al., 2008).

Estimation of crop yield: Utilizing remote sensing to predict the yield of various annual crops is
a highly helpful technique, but its application to fruit trees and vegetables has been very restricted



so far (Maja and Ehsani, 2010, Usha et al., 2013). Limited research has been conducted on the
prediction of tomato processing yield using remotely sensed aerial images and a crop growth
model (Koller and Upadhyaya, 2005a). Additionally, studies have examined the relationship
between the modified normalized difference in vegetation index and leaf area index for tomato
processing (Koller and Upadhyaya, 2005b). In 2008, Yang and colleagues used reflectance spectra
and aerial photography to determine the physical properties of cabbage as well as its yield. Using
an automated ultrasonic system and a sensor-based autonomous yield monitoring system,
(Whitney et al., 2002) and (Zaman et al., 2006) mapped citrus plantations.

7. NUCLEAR TECHNOLOGY IN HORTICULTURE

The majority of people are aware of how nuclear technology contributes to the diversity of
electricity generation. However, the majority are unaware of the fact that this technology has a
greater impact on non-energy applications (Bagher et al., 2014). Nuclear technology has several
uses in horticulture, despite being mostly linked to nuclear energy and weapons. The advancement
of horticulture methods has been greatly aided by these technologies, which have enhanced water
quality, increased crop output, and controlled pests and diseases. These applications have made
use of physical mutagens, such as electromagnetic radiation like gamma rays (emitted from
radioactive cobalt-60), X-rays, UV light, and particle radiation like thermal and fast neutrons,
alpha and beta particles. For instance, chromosomal breaks caused by ionizing radiation make it
easier for DNA strands to cross-link and for nucleotides to be deleted or substituted (Oladosu et
al., 2016). Furthermore, the effects of gamma radiation released by 60CO on Gladiolus plants were
examined in a study conducted by (Srivastava et al., 2007). When compared to the control group,
the exposed plants showed notable alterations. Plant height, leaf size, and general structure were
all influenced by gamma radiation. Additionally, flowering patterns were altered, leading to
variations in the size, color, and shape of the flowers as well as variations from the usual pattern
of the flowers' symmetry. Apart from these, several additional radioisotopes, including Zn65, S35,
and Rb86, have been employed in several investigations into the growth and absorption of
nutrients by plants (Nirmal and Ajaib, 2019).

Seed Breeding Technique: The generation of radiation led to the development of improved
yielding seed varieties. A well-known example of a crop that has become successful is "miracle”
rice, which has substantially raised the cost of producing rice. Technologies for radiation-induced
mutations have become a major component of plant breeding techniques. These are a few
significant cultivars and verities with particular quality characteristics that were released from
different research locations as shown in Table 1.

Table 1 Effect of radiations of horticultural fruits (Rai and Rai, 2018)

Fruit Cultivar Year Mutagens Improved  fruit
traits
Apple Golden haidegg, | 1966 Gamma rays Fruit size
Mcintosh 1970




Mango Rosica 1966 Spontaneous Large and good
quality
Orange Xuegen 9-12-1 | 1983 Gamma rays Seedless
Eureka 22 1987 X-rays Fruit quality
Peach Magnif 1968 Gamma rays Large, red skin
Loquat Shiro-mogi 1981 Gamma rays Fruit size
Banana Novaria 1993 Gamma rays Earliness
Papaya Pusa nanha 1986 Gamma rays Dwarfness
Plum Spurdente-ferco | 1988 Gamma rays Earliness
Pomegranate Karabakh 1979 Gamma rays Fruit quality
Sweet cherry Lapins 1983 X- rays Larger size

8. VERTICAL FARMING TECHNIQUES

The production and development of crops/plants in regions that are steeply sloped and built
vertically is known as vertical farming. The biggest issue facing the globe today is feeding its
expanding population, which is about to explode. Vertical farms exist in a range of sizes and styles,
from compact, wall-mounted, or two-story systems to massive, multi-story warehouses. All
vertical farms, however, use one of the three soilless methods—hydroponics, aeroponics, or
aquaponics to supply nutrients to their plants. These three expanding systems are explained in the
following information:

8.1 HYDROPONICS

One sustainable technology that could be a superior substitute for conventional farming is
"hydroponics.” Thus, the actual meaning of the term hydroponics is "working water" Niu and
Masabni, 2022). By providing the necessary nutrients as a nutrient-rich solution that goes straight
to the roots of the plants and promotes their growth, this method helps do away with the need for
soil. In addition to growing inert media like perlite, gravel, and mineral wool, plants can also be
grown with their roots submerged in the nutrient-rich mineral solution (Sardare et al., 2023)
(Sonkar and Jain, 2024). According to the researchers there are most common three types of
hydroponics system explained with their characteristics (Okemwa, 2015; Nguyen et al., 2016;
Lopes et al., 2008)

Drip system: With the drip method, the nutrient solution is kept in a container while the plants are
grown independently in a soilless media. Through nozzles, a pump distributes water or fertilizer
solution to each plant root in the proper amount (Rouphael and cola, 2005). The gradual release of
nutrients makes it possible to gather extra solutions and either circulate them again or release them.
Plant varieties may be grown simultaneously with the drip method.

Ebb and Flow: The flood and drain principle underlies the operation of the first commercial
hydroponic system, Ebb and Flow. It is made up of a solution reservoir that is rich in nutrients and



a grow tray. The grow tray is filled with the solution by a pump on a regular basis, and it then
gently empties. This method may be used to cultivate a variety of crops, however problems like
mildew, algae, and root rot are frequent (Nielsen et al., 2006), so a modified system with a filtration
unit is required.

Deepwater culture: In a hydroponic system known as deepwater culture (DWC), plant roots are
suspended in nutrient-rich water with air delivered straight to the roots via an air stone. The
Hydroponics buckets system, in which plants are cultivated in net pots with their roots submerged
in a nutrient-rich fluid, is a prime example of this type of system. Monitoring salinity, pH, oxygen
and nutrient concentrations is crucial in order to keep mold and algae from growing in the body of
water (Domingues et al., 2012). Larger fruit-producing plants, especially tomatoes and cucumbers,
respond strongly to DWC.

Wick system: The most basic hydroponic system, the Wick System runs without the need for
power, pumps, or aerators (Shrestha and Dunn, 2013). The roots of the plants are connected to a
nutrient-rich fluid reservoir via a nylon wick in a porous media such as cocopeat, vermiculite, or
perlite. Through capillary action, plants get water or nutritional solutions. It is appropriate to use
this approach for tiny plants, spices, and herbs.

Nutrient film technique: In hydroponics, the nutrient film technique is one of the most often used
techniques. In channels where the fertilizer solution is continually poured, plants are developed. A
thin layer of the fertilizer solution feeds the roots of the plants (Khan et al., 2020). There's no need
for a growth media or timer because it's an ongoing activity. The nutrients are immediately
absorbed by the roots from the film. The roots of the plants are maintained damp rather than
completely buried in water, in contrast to deep water cultivation (Aires, 2018). In order to avoid
system failure or stoppage, the power supply and pump system must be maintained (Solanki et al.,
2017).

8.2 AEROPONICS

An enhanced form of hydroponics known as aeroponics involves spraying a fertilizer solution
directly onto plant roots that are only visible in the air (Elijah and IKRANG, 2022). Aeroponics
involves keeping plant roots exposed to oxygen-rich air at all times. This allows for faster nutrient
uptake at the root surface. The most sophisticated kind of hydroponic system is this one. Nutrient
solutions are misted onto plant roots using a variety of nozzle designs, including pressured airless
nozzles, high-pressure atomization nozzles, and ultrasonic atomization foggers. The static pressure
is controlled and maintained by a computerized system; its range is 60 to 90 Psi. This frequency
is dependent on the kind of crops grown, the time of year, the stage of plant growth, and the
cultivation duration. Similar to other hydroponic system types, the aeroponic system is controlled
by a timer that operates the nutrient pump for a few seconds every couple of minutes (Arjina,
2013). Aeroponics is a viable technique for space exploration even if it is costly and has
demonstrated the most promising crop production returns (Lakhiar et al., 2018).



8.3 AQUAPONICS

Fish and plants are combined into a single environment in aquaponic systems, as compared to
hydroponic systems. The nutrient-rich stool generated by fish grown in inland ponds is supplied
to the plants in vertical farms. The plants filter and purify the wastewater before reusing it as fish
ponds. Even though some small-scale vertical farming systems use aquaponics, most vertical
farming systems concentrate on producing certain vegetable crops that develop quickly rather than
utilizing aquaponics. This maximizes efficiency by streamlining manufacturing and economics.
Newly standardized aquaponic systems, however, have the potential to increase the prevalence of
this closed-cycle system.

Automation in Hydroponics

In smartphone technology, the aim was to create a completely automated hydroponic system with
cheap running expenses and a reasonable learning curve. (Palande et al., 2018) The automated
hydroponic system maintained the conditions required for the test plant to flourish while
integrating an 10T network for remote monitoring and management. Titan Smartponics offers
several advantages, such as complete control over the elements that allow a plant to thrive,
customization according to the requirements of various plants, and independence from an outside
atmosphere or environmental work.

9. CHALLENGES AND OPPORTUNITIES

Technology has the power to completely transform the agricultural industry, but one of the biggest
obstacles to this progress is farmers' lack of technical expertise in operating technology-driven
equipment. By keeping the farmers in mind while creating the systems, we can effectively address
the issue. When creating digital products, designers must concentrate on the user interface; offering
solutions in local languages is one method of possibly getting over this difficulty. A key barrier to
small-scale farmers adopting modern technologies is the cost and quality of the equipment and
sensors. Because 10T devices are diverse, interoperability is critical. Thus, effective device
synchronization is required for improved performance. This is a challenging undertaking due to
the numerous manufacturers and equipment involved. Because of the daily growth of data from
loT devices, horizontal scaling will ultimately become necessary (Villa-Henriksen et al., 2020).
Despite all of the challenges, they have the potential to help automate and improve horticulture in
the future. These technologies have the potential to revolutionize agricultural practices. In the
future years, the development of 5G technology will be essential to expanding the potential of the
Internet of Things.

10. SUMMARY AND CONCLUSION
Avrtificial intelligence-assisted farming automation facilitates the transition to precision cultivation
for increased crop output and better quality while using less resources. Al may help lower
agriculture costs by controlling labor costs, using pesticides and fertilizers effectively, and



minimizing crop losses through timely and mature harvesting. Furthermore, instead of
discouraging the younger generations from migrating to metropolitan areas, technology
advancements can encourage tech-savvy individuals to choose horticulture as their vocation.The
technology information center documented impressive levels of technology adoption, but they
also had significant drawbacks. For instance, it was challenging to measure the farmer's
productivity and yield in relation to extension efforts, and each village received only one
recommendation, regardless of the health of the soil. Additionally, the crop sub-sector received
too much attention at the expense of the forestry, fisheries, livestock, and natural resources
management sub-sectors (Giovannucci et al., 2002). Moreover, in this system, farmers rely on the
expertise of the village-level extension officers, who might not always be up to date. The potential
applications of remote sensing and GIS are emerging quickly. These include the identification of
crop biomass, soil parameters, including soil moisture and nutrient content, green fruit counts,
agricultural yield estimation, damage caused by biotic and abiotic stressors, etc. Thanks to
blockchain technology, horticultural supply chains have a fantastic chance to increase transactional
efficiency, lower resistance, and foster traceability on a global scale (Zhang et al., 2018).
Blockchain technology can assist the food and horticulture sectors in managing recognized risks
and preserving systemic affordability. Blockchain technology in horticulture makes it possible to
connect different horticultural companies and see data on distributed ledger networks, from
production to supply. Finding a middle ground where producers and engineers can communicate
and understand each other's demands is necessary to accomplish this aim. Technologists must
meet producers' expectations by offering greatly improved goods, services, and procedures that
support efficient and sustainable food production in urban and peri-urban areas. Producers must
understand the best uses of technology and demand innovations that address the actual needs of
the food supply and value chains.

Disclaimer (Artificial intelligence)

Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models
(ChatGPT, COPILQT, etc) and text-to-image generators have been used during writing or editing
of manuscripts.

Option 2:

Author(s) hereby declare 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 Al usage are given below:

1.

2.

3.



11. REFERENCES

1.

10.

11.

12.

13.

Abbas, N.; Zhang, Y.; Taherkordi, A.; Skeie, T (2018). Mobile Edge Computing: A
Survey. IEEE Internet Things J., 5, 450-465.[CrossRef]

Aires, A. (2018). Hydroponic Production Systems: Impact on Nutritional Status and
Bioactive Compounds of Fresh Vegetables. Vegetables - Importance of Quality
Vegetables to Human Health. https://doi.org/10.5772/INTECHOPEN.73011

Alireza, A.; Ludena, R.D.A. (2013). Big Data approach to a novel nutrition-based
vegetable production and distribution system. In Proceedings of the IEEE International
Conference on Computational Intelligence and Cybernetics (CYBERNETICSCOM),
Yogyakarta, Indonesia, 3-4 December 2013.

Alleweldt G, Possingham JV. (1988). Progress in grapevine breeding. Theor Appl
Genet; 75: 669-673.

Arjina Shrestha, B. D. (2013). Hydroponics. Division of Agricultural Sciences and
Natural Resources, 4.

Arya, P.S.; Gangwar, M. A (2021). Proposed Architecture: Detecting Freshness of
Vegetables using Internet of Things (IoT) & Deep Learn ing Prediction Algorithm. In
Proceedings of the 3rd International Conference on Advances in Computing,
Communication Control and Networking (ICAC3N), Greater Noida, India, 17-18
December 2021; pp. 718-723. [CrossRef]

Bagher, A. M., Nahid, A., Mohsen, M. and Vahid, M. (2014). Nuclear techniques in
agriculture and genetics. American Journal of Bioscience, 2(3): 102-105.

Ban Y, Honda C, Hatsuyama Y, Igarashi M, Bessho H, Moriguchi T. (2007). Isolation
and functional analysis ofaMY Btranscriptionfactorgenethatisakeyregulatorforthe
development of red coloration in apple skin. Plant Cell Physiol; 48: 958-970.

Bégué A, Arvor D, Bellon B. (2018) Remote sensing and cropping practices: a review.
Remote Sens; 10: 99. 10.3390/rs10010099 [CrossRef] [Google Scholar]

Berger K, Verrelst J, Féret J-B. (2020) Crop nitrogen monitoring: recent progress and
principal developments in the context of imaging spectroscopy missions. Remote Sens
Environ; 242: 111758. 10.1016/j.rse.2020.111758 [PMC free article] [PubMed]
[CrossRef] [Google Scholar]

Bernhardt, Heinz; Bozkurt, Mehmet; Brunsch, Reiner, Colangelo, Eduardo; Herrmann,
Andreas; Horstmann, Jan; Kraft, Martin; Marquering, Johannes; Steckel, Thilo;
Tapken, Heiko; Weltzien, Cornelia and Clemens Westerkamp. (2021) ,,Challenges for
Agriculture  through  Industry 4.0.”  Agronomy  11: 1935, DOL
10.3390/agronomy11101935.

Bhujel, A.; Basak, J.K.; Khan, F.; Arulmozhi, E.; Jaihuni, M.; Sihalath, T.; Lee, D.;
Park, J.; Kim, H.T. (2020). Sensor Systems for Greenhouse Microclimate Monitoring
and Control: A Review. J. Biosyst. Eng., 45, 341-361. [CrossRef]

Bieganowski, Andrzej; Dammer, Karl-Heinz; Siedliska, Anna; Bzowska-Bakalarz,
Maltgorzata; Beres, Pawet K; Dabrowska-Zielinska, Katarzyna; Pflanz, Michael,



https://doi.org/10.5772/INTECHOPEN.73011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7613361/
https://pubmed.ncbi.nlm.nih.gov/36082364
https://doi.org/10.1016%2Fj.rse.2020.111758
https://scholar.google.com/scholar_lookup?journal=Remote+Sens+Environ&title=Crop+nitrogen+monitoring:+recent+progress+and+principal+developments+in+the+context+of+imaging+spectroscopy+missions&volume=242&publication_year=2020&pages=111758&pmid=36082364&doi=10.1016/j.rse.2020.111758&

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

27.

Schirrmann, Michael and Andreas Garz. (2020), Sensor -based outdoor monitoring of
insects in arable crops for their precise control “Pest Management Science 77: 1109-
1114, DOI: 10.1002/ps.6098.

Bockmann, Elias; Pfaff, Alexander; Schirrmann, Michael and Michael Pflanz. (2021).
Rapid and low-cost insect detection for analysing species trapped on yello stick traps.”
Scientific Reports 11: 10419, DOI: 10.1038/s41598-021-89930-w.

Branding Jelto; von Horsten, Dieter und Jens Karl Wegener. (2021). Acoustic insect
detection for horticulture.” 13th Young Scientists Meeting 2021, 11th-13th October -
Abstracts, Braunschweig, Julius Kihn Institute.

Caiming, Z.; Lu, Y. (2021) Study on artificial intelligence: The state of the art and
future prospects. J. Ind. Inf. Integr, 23, 100224.

Cappelli, I.; Fort, A.; Pozzebon, A.; Tani, M.; Trivellin, N.; Vignoli, V.; Bruzzi, M.
(2022). Autonomous loT Monitoring Matching Spectral Artificial Light Manipulation
for Horticulture. Sensors, 22, 4046. [CrossRef]

Coble, K.H.; Mishra, A.K.; Ferrell, S.; Griffin, T (2018). Big data in agriculture: A
challenge for the future. Appl. Econ. Perspect. Policy, 40, 79-96. [CrossRef]
Domingues DS, Takahashi HW, Camara CAP, Nixdorf SL. (2012). Automated system
developed to control pH and concentration of nutrient solution evaluated in hydroponic
lettuce production. Computers and Electronics in Agriculture.;84:53-61.

Eike L, Adam H, Minghua Z, Walter JB, Cecil D. (2009). Remote sensing of spider
mite damage in California peach orchards. Int. J App. Earth Observation and
Geoinformation.;11(3):244-255.

Elavarasan D, Vincent DR, Sharma V. (2018). Forecasting yield by integrating agrarian
factors and machine learning models: a survey. Comput Electron Agric 2018; 155:
257-82. 10.1016/j.compag.2018.10.024 [CrossRef] [Google Scholar]

Elijah G. IKRANG, P. O. (2022). HYDROPONICS IN PRECISION AGRICULTURE
— A REVIEW. International Journal of Engineering, 6

G. Lavanya, C. Rani, P. (2019). Ganeshkumar. An automated low cost IoT based
Fertilizer Intimation System for smart agriculture Sustain. Comput. Inform. Syst.
(2019), 10.1016/j.suscom.01.002

Gharibi, M.; Boutaba, R.; Waslander, S.L. (2016) Internet of Drones. IEEE Access, 4,
1148-1162. [CrossRef]

Giovannucci E, Rimm E, Liu Y, Stampfer M, Willet WA. (2002). A prospective study
of tomato products, lycopene and prostate cancer risk. Journal of the National Cancer
Institute.;94(5):391-398.

Hati, AJ. Singh RR. (2021). Smart indoor farms: Leveraging technological
advancements to power a sustainable agricultural revolution. Agri Engineering.;3:47.
Jiao W, Wang L, McCabe MF. (2021). Multi-sensor remote sensing for drought
characterization: current status, opportunities and a roadmap for the future. Remote
Sens Environ 2021; 256: 112313. 10.1016/j.rse.112313 [CrossRef] [Google Scholar]



https://doi.org/10.1016%2Fj.compag.2018.10.024
https://scholar.google.com/scholar_lookup?journal=Comput+Electron+Agric&title=Forecasting+yield+by+integrating+agrarian+factors+and+machine+learning+models:+a+survey&volume=155&publication_year=2018&pages=257-82&doi=10.1016/j.compag.2018.10.024&
https://doi.org/10.1016%2Fj.rse.2021.112313
https://scholar.google.com/scholar_lookup?journal=Remote+Sens+Environ&title=Multi-sensor+remote+sensing+for+drought+characterization:+current+status,+opportunities+and+a+roadmap+for+the+future&volume=256&publication_year=2021&pages=112313&doi=10.1016/j.rse.2021.112313&

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Johnson, L., Lobitz, B., Armstrong, R., Baldy, R., Weber, E., DeBenedictis, J.and
Bosch, D., (1996). Airborne imaging aids vineyard canopy evaluation. Calif. Agr.,
50:14-18

K. Jha, A. Doshi, P. Patel, M. Shah. (2019). A comprehensive review on automation in
agriculture using artificial intelligence Artif. Intell. Agric., 2, pp. 1-12, 10.1016/
j-aiia.2019.05.004

Kaburuan, E.R.; Jayadi, R. (2019). A design of loT-based monitoring system for
intelligence indoor micro-climate horticulture farming in Indonesia. Procedia Comput.
Sci., 157, 459-464. [CrossRef]

Kader, A.A. (2002). Postharvest technology of horticultural crops (Vol. 3311).
University of California Agriculture and Natural Resources.

Kamilaris A, Prenafeta-Boldi FX. (2018). Deep learning in agriculture: a
survey. Comput Electron  Agric 2018; 147:  70-90. 10.1016/j.compag.02.016
[CrossRef] [Google Scholar]

Kamilaris, A.; Fonts, A.; Prenafeta-Bold", F.X. (2019). The rise of blockchain
technology in agriculture and food supply chains. Trends Food Sci. Technol., 91, 640—
652. [CrossRef]

Khan, F.A.; Ibrahim, A.A.; Zeki, A.M. (2020) Environmental monitoring and disease
detection of plants in smart greenhouse using internet of things. J. Phys. Commun, 4,
055008. [CrossRef]

Khan, S., Purohit, A., & Vadsaria, N. (2020). Hydroponics: current and future state of
the art in farming. Https://D0oi.Org/10.1080/01904167.2020.1860217, 44(10), 1515—
1538. https://doi.org/10.1080/01904167.2020.1860217

Khanal S, Fulton J, Shearer S.(2019). An overview of current and potential
applications of thermal remote sensing in precision agriculture. Comput Electron
Agric X; 139: 22-32. 10.1016/j.compag.2017.05.001 [CrossRef] [Google Scholar]
Kitamura, S,, Oka, K. and Takeda, F. (2005). Development of picking robot in
greenhouse horticulture. SICE Annual Conference in Okayama, August 8-10,
Okayama University, Japan 2005.

Koller, M. & Upadhyaya, S.D.. (2005). Prediction of Processing Tomato Yield Using
a Crop Growth Model and Remotely Sensed Aerial Image. Transactions of the
American Society of Agricultural Engineers. 48. 2335-2341. 10.13031/2013.20072.
Kumar, M.; Pal, Y.; Gangadharan, S.M.P.; Chakraborty, K.; Yadav, C.S.; Kumar, H.;
Tiwari, B. (2022) Apple Sweetness Measurement and Fruit Disease Prediction Using
Image Processing Techniques Based on Human-Computer Interaction for Industry 4.0.
Wirel. Commun. Mob. Comput., 2022, 1-12.

Kumar, P.C.; Bhatnagar, R. (2020). Social internet of things in agriculture: An
overview and future scope. In Toward Social Internet of Things (SloT): Enabling
Technologies, Architectures and Applications; Springer: Berlin/Heidelberg, Germany;
pp. 317-334.



https://doi.org/10.1016%2Fj.compag.2018.02.016
https://scholar.google.com/scholar_lookup?journal=Comput+Electron+Agric&title=Deep+learning+in+agriculture:+a+survey&volume=147&publication_year=2018&pages=70-90&doi=10.1016/j.compag.2018.02.016&
https://doi.org/10.1080/01904167.2020.1860217
https://doi.org/10.1016%2Fj.compag.2017.05.001
https://scholar.google.com/scholar_lookup?journal=Comput+Electron+Agric&title=An+overview+of+current+and+potential+applications+of+thermal+remote+sensing+in+precision+agriculture&volume=139&publication_year=2017&pages=22-32&doi=10.1016/j.compag.2017.05.001&

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

. L. El Hoummaidi, A. Larabi, K. Alam. (2021). Using unmanned aerial systems and
deep learning for agriculture mapping in Dubai Heliyon, 7, Article e08154,
10.1016/j.heliyon.2021.e08154

Lakhiar, I. A., Gao, J., Syed, T. N., Chandio, F. A., & Buttar, N. A. (2018). Modern
plant cultivation technologies in agriculture under controlled environment: a review on
aeroponics. Http://Mc.Manuscriptcentral. Com/Tjpi, 13(1), 338-352.
https://doi.org/10.1080/17429145.2018.1472308

Lomte, V.M., Sabale, S., Shirgaonkar, R., Nagathan, P. and Pawar, P. (2019). Fruit
counting and maturity detec tion using image processing: A survey.International
Journal of Research in Engineering Science and Manage ment. 2(2): 809-812.

Lopes DLG, Petter MS, Manfron P, Borcioni E, Muller L, Dischkaln DAA, Pereira
MK. (2008). Consumo de energia elétrica e producdo de alface hidrop6nica com trés
intervalos entre irrigag0es. Ciéncia Rural.;38:815-818.

Macdonald RB, Hall FG. (1980). Global crop forecasting. Science; 208: 670-9.
10.1126/science.208.4445.670 [PubMed] [CrossRef] [Google Scholar]

Maes WH, Steppe K. (2019). Perspectives for remote sensing with unmanned aerial
vehicles in precision agriculture. Trends Plant  Sci; 24: 152-64.
10.1016/j.tplants.2018.11.007 [PubMed] [CrossRef] [Google Scholar]

Maja, J.M. and Ehsani, R. (2010). Development of a yield monitoring system for citrus
mechanical harvesting machines. Precision Agric. J., 11(5): 475-487.

Manaware, D. (2020). Artificial Intelligence: A New Way to Improve Indian
Agriculture. International journal of Current Microbiology and Applied Sciences.
9(03):1095-1102.

Meshram V, Patil K, Meshram V. (2021). Machine learning in agriculture domain: a
state-of-art survey. Arti Intell Life Sci; 1: 100010. 10.1016/j.ailsci.2021.100010
[CrossRef] [Google Scholar]

Morimoto, T., Suzuki, J. and Hashimoto, Y. (1997). Optimi zation of a fuzzy controller
for fruit storage using neural networks and genetic algorithms. Engineer ing
Applications of Artificial Intelligence, 10(5): 453-461.

Mushtaq G, Asima N. (2014). Estimation of apple orchard using remote sensing and
agro-meteorology land based observation in Pulwama district of Kashmir valley. Int. J
Remote sensing and Geo. Sci.;3(6):2319-3484.

Nageswara Rao, P.P., Ravishankar, H.M. and Uday Raj, K.N. (2004). Production
estimation of horticultural crops using irs-1d liss-iii data. J. Indian Soc. Remote Sens.,
32:393-398.

Navalgund, R. R. and Ray, S. S. (2000). Geomatics in natural resources management.
In Proceedings of Geomatics-2000. 21-22 January, 2000, Pune, pp. NR1-NR14.
Navalgund, R.R, Jayaraman, V. and Roy, P.S., (2007). Remote sensing applications:
An overview. Current Science, 93(12):1747-1766.



https://doi.org/10.1080/17429145.2018.1472308
https://pubmed.ncbi.nlm.nih.gov/17771086
https://doi.org/10.1126%2Fscience.208.4445.670
https://scholar.google.com/scholar_lookup?journal=Science&title=Global+crop+forecasting&volume=208&publication_year=1980&pages=670-9&pmid=17771086&doi=10.1126/science.208.4445.670&
https://pubmed.ncbi.nlm.nih.gov/30558964
https://doi.org/10.1016%2Fj.tplants.2018.11.007
https://scholar.google.com/scholar_lookup?journal=Trends+Plant+Sci&title=Perspectives+for+remote+sensing+with+unmanned+aerial+vehicles+in+precision+agriculture&volume=24&publication_year=2019&pages=152-64&pmid=30558964&doi=10.1016/j.tplants.2018.11.007&
https://doi.org/10.1016%2Fj.ailsci.2021.100010
https://scholar.google.com/scholar_lookup?journal=Arti+Intell+Life+Sci&title=Machine+learning+in+agriculture+domain:+a+state-of-art+survey&volume=1&publication_year=2021&pages=100010&doi=10.1016/j.ailsci.2021.100010&

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Nguyen NT, Mcinturf SA, Mendozacdzatl DG. (2016) Hydroponics: A versatile
system to study nutrient allocation and plant responses to nutrient availability and
exposure to toxic elements. Journal of Visualized Experiments.;10:3791 54317.
Nielsen CJ, Ferrin DM, Stanghellini ME.(2006). Efficacy of biosurfactants in the
management of phytophthora capsici on pepper in recirculating hydroponic systems.
Canadian Journal of Plant Pathology.;28(3):450-460.

Nirmal Singh and Ajaib Singh (2019). Application of Radioisotopes in Agriculture and
Biology, in Radioisotopes: Applications in Physical Sciences, Springer. 2019;405-
425.

Niu, G., & Masabni, J. (2022). Hydroponics. Plant Factory Basics, Applications and
Advances, 153-166.https://doi.org/10.1016/B978-0-323-85152-7.00023-9
Nturambirwe, J. F. I., & Opara, U. L. (2020). Machine learning applications to non
destructive defect detection in horticultural products. Biosystems Engineering, 189, 60
83.

Okemwa E. (2015). Effectiveness of aguaponic and hydroponic gardening to traditional
gardening. International Journal of Scientific Research and Innovative Technology.
2015;2:2313-3759.

Oladosu Y, Rafii M, Abdullah N, Hussin G, Ramli A, Rahim H. (2016). Principle
and application of plant mutagenesis in crop improvement: A review. Biotechnology
and Biotechnological Equipment.;30(1): 1-16.

Orynbaikyzy A, Gessner U, Conrad C. (2019). Crop type classification using a
combination of optical and radar remote sensing data: a review. Int J Remote Sens; 40:
6553-95. 10.1080/01431161.2019.1569791 [CrossRef] [Google Scholar]

Palande, V., Zaheer, A., & George, K. (2018). Fully Automated Hydroponic System
for Indoor Plant Growth. Procedia Computer Science, 129, 482-
488.https://doi.org/10.1016/J.PROCS.2018.03.028

Panigrahy, S. and Ray, S. S. (2006). Remote Sensing. In: Environment and Agriculture.
(Eds. K. L. Chadha & M. S. Swaminathan). Malhotra Publishing House, New Delhi.
pp. 361-375.

Pekkeriet, E. J., Van Henten, E. J., & Campen, J. B. (2015). Contribution of innovative
technologies to new developments in horticulture. Acta Hortic, 1099, 45-54.

PengJ, Richards DE, Hartley NM, Murphy GP, Devos KM, Flintham JE. (1999).
‘Green revolution’ genes encode mutant gibberellin response modulators. Nature; 400:
256-2825.

Qingxue, L.; Wu, H. (2016). Research on vegetable growth monitoring platform based
on facility agricultural 1oT. In International Conference on Geo-Informatics in
Resource Management and Sustainable Ecosystem; Springer: Singapore, 2016.

Rai MK, Rai MP. (2018). Applications of ionizing radiations in mutation breeding
of vegetatively propagated crops. In Induced Plant Mutations in the Genomics
Era. Springer, Cham.;191-210



69.

70.

71.

72.

73.

74.

75.

76.

77,

78.

79.

80.

81.

Rajasekar, L.; Sharmila, D. (2019). Performance analysis of soft computing techniques
for the automatic classification of fruits dataset. Soft Comput., 23, 2773-2788.
[CrossRef]

Robinson, C. and Mort, N. (1997). A neural network system for the protection of citrus
crops from frost damage. Computers and Electronics in Agriculture. 16(3): 177 187.
Rouphael Y, Colla G. (2005). Growth, yield, fruit quality and nutrient uptake of
hydroponically cultivated zucchini squash as affected by irrigation systems and
growing seasons. Scientia Horticulturae;105(2):177-195.

Ruthie, M. (2019). Big data in agriculture and nutrition. Agric. Improv. Nutr. Seizing
Momentum, 142, 1-15.

Sahni, V., Srivastava, S. and Khan, R. (2021). Modelling tech niques to improve the
quality of food using artificial intelligence. Journal of Food Quality. 2021. 1-10.
Salgado-Salazar, C.; Shiskoff, N.; Daughtrey, M.; Palmer, C.L.; Crouch, J.A. Downy
mildew: A serious disease threat to rose health worldwide. Plant Dis. 2018, 102, 1873~
1882. [CrossRef] [PubMed]

Sardare, M. D., & Admane, S. V. (2023). A REVIEW ON PLANT WITHOUT
SOILHYDROPONICS. IJRET: International Journal of Research in Engineering and
Technology. Retrieved March 22, from http://www.ijret.org

Schauberger B, Jagermeyr J, Gornott C. A systematic review of local to regional yield
forecasting approaches and frequently used data resources. Eur J Agron 2020; 120:
126153. 10.1016/j.eja.2020.126153 [CrossRef] [Google Scholar]

Schumann, A.W. (2008). Using precision agriculture technology for precise placement
and variable rate fertilizer application. nutrient bmps: keeping water and nutrients in
the root zone of Florida’s horticultural crops. UF/IFAS, Apopka, FL, pp. 13.
Shamshiri, Redmond Ramin; Kalantari, Fatemeh; Ting, K. C.; Thorp, Kelly R,
Hameed, Ibrahim A.; Weltzien, Cornelia; Ahmad, Desa; and Zahra Mojgan Shad.
(2018) ,,Advances in greenhouse automation and controlled environment agriculture:
A transition to plant factories and urban agriculture.” International Journal of
Agricultural and Biological Engineering 11 (1): 1-22, DOl:
10.25165/j.ijabe.20181101.3210.

Shamshiri, Redmond Ramin; Kalantari, Fatemeh; Ting, K. C.; Thorp, Kelly R,
Hameed, Ibrahim A.; Weltzien, Cornelia; Ahmad, Desa; and Zahra Mojgan Shad.
(2018) ,,Advances in greenhouse automation and controlled environment agriculture:
A transition to plant factories and urban agriculture.” International Journal of
Agricultural and Biological Engineering 11 (2): 1-22, DOIl:
10.25165/j.ijabe.20181101.3210.

Sharma A, Panigrahy S. (2010). Apple orchard characterization using remote sensing
and GIS in Shimla district of Himachal Pradesh. National Horticulture Technology
Mission Programme,.

Shrestha A, Dunn B. Hydroponics.(2013). Oklahoma Cooperative Extension Services;



http://www.ijret.org/
https://doi.org/10.1016%2Fj.eja.2020.126153
https://scholar.google.com/scholar_lookup?journal=Eur+J+Agron&title=A+systematic+review+of+local+to+regional+yield+forecasting+approaches+and+frequently+used+data+resources&volume=120&publication_year=2020&pages=126153&doi=10.1016/j.eja.2020.126153&

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Sindhuja S, Joe M, Sherrie B, Reza E. Huanglongbing (Citrus Greening) detection
using visible, near infrared and thermal imaging techniques. Sensors. 2013;13(6):2117-
2130.

Singh J. P., D. Deb and R. S. Chaurasia (2014). Use of Geo-spatial technology as an
evolving technology of 21st century for natural resource management in different
region of India. In Emerging Technology of 21st Century, New India Publishing
Agency (11 May 2015). pp. 449-479. ISBN-10: 9383305339, ISBN-13: 978-
93833053309.

Sinn, Christoph; Pohl, Jan-Philip; Jahncke, Daniel; Golla, Burkhard (2021)
»Webservices fiir die teilschlagspezifische Bereitstellung 06kologischer und
okonomischer Kennzahlen und Basisinformationen im Pflanzenschutz.” Journal fiir
Kulturpflanzen, 73 (5-6): 149-158, DOI: 10.5073/JFK.2021.05-06.07

Siregar, S. T. W., Handayani, W. and Saputro, A. H. (2017). Bananas moisture content
prediction system using visual-NIR imaging. In: 2017 5th International Con ference on
Instrumentation, Control, and Automation (ICA) (pp. 89-92).

Smart, R.E., Dick, J.K., Gravett, I.M. and Fisher, B.M., (1990). Canopy management
to improve grape yield and wine quality-principles and practices. S. Afr. J. Enol. Vitic.
11 (1): 3-17.

Solanki, S., Gaurav, N., Bhawani, G., & Kumar, A. (2017). CHALLENGES AND
POSSIBILITIES IN HYDROPONICS: AN INDIAN PERSPECTIVE. International
Journal of Advanced Research, 5(11), 177-182.

Sonkar, Abhishek & Jain, Shubham. (2024). Introduction fruit technology in
horticulture and current status in india.

Sousa-Gallagher, M. J., Tank, A., & Sousa, R. (2016). Emerging technologies to extend
the shelf life and stability of fruits and vegetables. In The Stability and Shelf Life of
Food(pp. 399-430). Woodhead Publishing.

Srivastava P, Singh RP, Tripathi VK. (2007) Response of gamma radiation 60Co
on vegetative and floral characters of Gladiolus. Journal of Ornamental
Horticulture. 10(2):13-36.

Suarez L, Zarco TPJ, Gonzalez V, Berni JA, Sagardoy R, Morales B. (2010). Detecting
water stress effects on fruit quality in orchards with time-series PRI airborne imagery.
Remote Sensing Env.;114(4):286-298.

Sun, Z.; Hui, X.; Wensheng, W. An architecture for the agricultural machinery
intelligent scheduling in cross-regional work based on cloud computing and internet of
things. In International Conference on Computer and Computing Technologies in
Agriculture; Springer: Berlin/Heidelberg, Germany, 2010.

Thomas, J.T., Lee, F. and Johnson, J.G. (2008). Remote sensing of canopy cover in
horticultural crops. Hort. Sci. 43 (2): 333-337.

Tiwari, A., Singh, A. K., Singh, S., Singh, B. and Pal, A. K. (2015). University-Industry
based partnership for horticultural development in India- needs and challanges. Abst:



International Conference on Issues and Challenges in Doctoral Research, 25 August,
B.H.U., under the aegis of global networks of doctorates, Varanasi. p. 21.

95. Tripicchio, P.; Satler, M.; Dabisias, G.; Ruffaldi, E.; Avizzano, C.A. (2015). Towards
smart farming and sustainable agriculture with drones. In Proceedings of the 2015
International Conference on Intelligent Environments, Prague, Czech Republic, 15-17
July 2015; pp.140-143.

96. U.R. Mogili, B.B.V.L. Deepak Review on application of drone systems in precision
agriculture Procedia Comput. Sci., International Conference on Robotics and Smart
Manufacturing (RoSMa2018), 133 (2018), pp. 502-509, 10.1016/j.procs.2018.07.063

97. Usha, K. and Singh, B. (2013). Potential applications of remote sensing in horticulture-
A review. ScientiaHorticulturae, 153:71-83.

98. Usha, K. and Singh, B. (2013). Potential applications of remote sensing in horticulture-
A review. Scientia Horticulturae, 153:71-83.

99. van Klompenburg T, Kassahun A, Catal C. (2020). Crop yield prediction using
machine learning: a systematic literature review. Comput Electron Agric; 177: 105709.
10.1016/j.compag.2020.105709

100. Vipin Kumar, Riya Jakhwal, Neha Chaudhary and Sudhanshu Singh (2023),
ARTIFICIAL INTELLIGENCE IN HORTICULTURE CROPS. Vegetable Science,
College of Horticulture, Sardar Vallabhbhai Patel University of Agriculture and
Technology, Meerut, Uttar Pradesh, India. Annals of Horticulture 16 (1) : 72-79 (2023)
DOI : 10.5958/0976-4623.2023.00014.2

101. Virnodkar SS, Pachghare VK, Patil VC. (2020). Remote sensing and machine
learning for crop water stress determination in various crops: a critical review.
Precision Agric 2020; 21: 1121-55. 10.1007/s11119-020-09711-9 [CrossRef] [Google
Scholar]

102. Weiss M, Jacob F, Duveiller G. Remote sensing for agricultural applications: a
meta-review. Remote Sens Environ 2020; 236: 111402. 10.1016/j.rse.2019.111402
[CrossRef] [Google Scholar]

103. Whitney, J.D., Tumbo, S.D., Miller, W.M. and Wheaton, T.A. (2002). Comparison
between Ultrasonic and Manual Measurements of Citrus Tree Canopies. ASAE, St.
Joseph, MI, ASAE Paper No. 021052.

104. Zaman, Q., Schumann, A.W. and Hostler, K.H., (2006). Estimation of citrus fruit
yield using ultrasonically-sensed tree size. Appl. Eng. Agric. 22 (1): 39-44.

105. Zhang J, Huang Y, Pu R (2019). Monitoring plant diseases and pests through
remote sensing technology: a review. Comput Electron Agric 2019; 165: 104943.
10.1016/j.compag.104943 [CrossRef] [Google Scholar]

106. Zhang, C.; Cai, J.; Xiao, D.; Ye, Y.; Chehelamirani, M. (2018). Research on
vegetable pest warning system based on multidimensional big data. Insects, 9, 66.
[CrossRef] [PubMed]



https://doi.org/10.1016%2Fj.rse.2019.111402
https://scholar.google.com/scholar_lookup?journal=Remote+Sens+Environ&title=Remote+sensing+for+agricultural+applications:+a+meta-review&volume=236&publication_year=2020&pages=111402&doi=10.1016/j.rse.2019.111402&

107. Zhang, Y.; Chen, L.; Battino, M.; Farag, M.A.; Xiao, J.; Simal-Gandara, J.; Jiang,
W. (2022). Blockchain: An emerging novel technology to upgrade the current fresh
fruit supply chain. Trends Food Sci. Technol., 124, 1-22. [CrossRef]

108. Janbandhu MS, Mehta A, Beese S, Pandey SK, Singh B, Patel A, Singh BP. Advances and
Emerging Trends in Horticultural Production and Management. J. Exp. Agric. Int. [Internet].
2024 Feb. 17 [cited 2024 May 30];46(3):47-69. Available from:
https://journaljeai.com/index.php/JEAl/article/view/2325

109. Shinde C. S., Nishtha, Salunke A. J., Deshmukh V. V. Speed Breeding: One of the Rapid
Generation Advancement Approaches. Curr. J. Appl. Sci. Technol. [Internet]. 2023 Dec. 24
[cited 2024 May 30];42(48):63-9. Available from:
https://journalcjast.com/index.php/CJAST/article/view/4331

110. Cazzola F, Bermejo CJ, Guindon MF, Cointry E. Speed breeding in pea (Pisum sativum L.),
an efficient and simple system to accelerate breeding programs. Euphytica. 2020
Nov;216(11):178.



https://journaljeai.com/index.php/JEAI/article/view/2325
https://journalcjast.com/index.php/CJAST/article/view/4331

