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Abstract

[The evolving role of drone technology in fruit crop management, providing a comprehensive

overview of its applications, benefits, and existing challenges. Drones, or Unmanned Aerial ( comment [D2]: rephrase

Vehicles (UAVSs), equipped with advanced sensors and imaging capabilities, have revolutionized
the way farmers monitor and manage fruit crops. Aerial surveillance enables high-resolution
imaging of orchards and vineyards, allowing for early detection of diseases, pests, and other
stress factors that can impact crop health. The data collected by drones facilitate precise and
targeted interventions, optimizing resource use and enhancing overall crop productivity.
Additionally, drones contribute to yield estimation, canopy management, and post-harvest
monitoring. While the technology offers significant advantages, challenges such as payload
limitations, weather sensitivity, and regulatory compliance must be addressed. Ongoing research
and technological advancements are expected to overcome these limitations, further establishing
drones as indispensable tools for sustainable and efficient fruit crop management. This review
consolidates current knowledge, highlights emerging trends, and outlines future prospects for the

integration of drone technology in fruit agriculture.
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Drone technology, also known as Unmanned Aerial Vehicle (UAV) technology, has rapidly
evolved into a transformative force across various industries, offering innovative solutions and
reshaping traditional practices[1]. Drones are unmanned, remotely operated aircraft equipped
with cameras, sensors, and other payloads, enabling them to collect valuable data and perform a
range of tasks. In agriculture, particularly in fruit crop management, drones have become
indispensable tools[2]. They provide farmers with a bird's-eye view of their fields, offering high-
resolution imagery and data on crop health, pest infestations, and overall field conditions. This
aerial perspective facilitates precision agriculture, allowing farmers to make data-driven
decisions regarding irrigation, fertilization, and pest control. Drones contribute to increased

efficiency, reduced resource use, and improved crop yields[3]. Beyond agriculture, drone



technology has applications in mapping, surveying, search and rescue operations, environmental
monitoring, and more. As the technology continues to advance, the potential applications of
drones in various industries are likely to expand, ushering in a new era of data-driven, efficient,
and sustainable practices[4]. Drone imagery has grown in popularity over the last ten years as a
means of gathering data to support orchard management. Miniaturized sensors intended for
drones can gather information on-demand with extremely high spatial resolution, covering

orchard scales (less than 10 km|2D[5]. However, since different combinations of flight variables
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affect the final products' quality and usability, choosing the right setting for flight planning is
crucial. Numerous studies have found that various flight planning parameters, including flying
altitude and image overlap, affect the radiometric quality and the estimation of tree structure

variables[6].

Some people believe that drones are the best invention ever made by humans. It has broad
applications in a variety of fields, including industry, agriculture, and defense. Currently, the
military uses about 85% of drone technology, with the remaining 15% being used by civilians for
a variety of purposes[7]. However, there are some countries, like India, where flying drones over
public spaces and government buildings is prohibited, albeit with some restrictions. It can be
effectively applied in agriculture for a variety of tasks, including fertility of the land, disease and
pest infestation on crops, weather phenomena, and water management. Drone technology has
recently been shown to cover an area that is roughly 10 to 15 times larger than that which can be

covered by conventional land-based methods|[8].

Plant diseases cause significant yield losses and pose a threat to the world's food supply;
therefore, early detection and accurate diagnostic techniques for determining the disease's
etiological agents are crucial for preventing or minimizing crop damages and saving time and
money[9]. In the past, diseases were diagnosed using conventional techniques, which were labor-
intensive overall but frequently subjective, reliant on the observer, and inaccurate. Furthermore,
due to human error and/or the occurrence of cryptic symptoms that are not mild, human scouting
is costly and frequently impractical, making early diagnosis impossible. Thus, it will take a
technologically driven agricultural revolution to permanently solve the aforementioned issues at

a reasonable cost with minimal negative effects on the environment[10].




Agriculture has changed as a result of the ongoing adoption of recent, cutting-edge technologies
like sophisticated sensors, Internet of Things devices, intelligent algorithms, and modern
machinery. Currently, intelligent agricultural machinery and robots are replacing human labour in
this task[11]. Intelligent agricultural devices and robotics have been created that can
simultaneously track the long-distance movement of plants and identify plant diseases at an early
stage. The irrigation industry uses the most water, accounting for nearly 80% of India's water
resources and providing 25-40% of the country's water use efficiency (WUE). Therefore,
reaching maximum vyield is required to improve WUE. Modern information and communication
technology (ICT) is essential for increasing WUE[12].

Aerial Imaging and Mapping

Aerial imaging and mapping, facilitated by advancements in drone technology, have
revolutionized the way we perceive and understand our surroundings. Drones equipped with
high-resolution cameras and sophisticated sensors enable the capture of detailed aerial imagery
over large areas with remarkable precision. In fields such as urban planning, environmental
monitoring, and agriculture, aerial imaging provides a comprehensive overview of landscapes,
infrastructure, and natural resources[13]. The data collected through aerial mapping is crucial for
creating accurate maps, assessing changes in land use, and identifying potential areas of concern
such as environmental degradation or urban expansion. This technology has proven particularly
valuable in disaster response, where rapid and detailed mapping can aid in assessing damage and
planning relief efforts[14]. Aerial imaging and mapping not only enhance our ability to
comprehend complex spatial relationships but also empower decision-makers across various
sectors to make informed choices based on real-time, high-quality geospatial information. As
drone technology continues to advance, the applications of aerial imaging and mapping are likely
to expand, contributing to more effective and sustainable resource management practices[15].

Unmanned aerial vehicles have a lot of potential for mapping and can produce very accurate
data. The market is filled with a wide variety of UAV models and designs.UAVs are capable of
gathering images at a broad range of flight altitudes, from 0 to 2000 kilometers. The UAV's
visibility (line of sight) and altitude are restricted by aviation regulations in numerous countries.
Similar to manned flight, UAVs provide the same concept of image acquisition, but they don't

need a pilot on board to carry out their mission[16]. UAVs can be quickly deployed and provide



high-resolution images for areas with limited space. UAVs have the potential to be used in a

range of applications and surveillance missions, including aerial tracking.

Fixed-wing UAVs can be radio-controlled by the operator or run independently. Because UAV
turbulence is influenced by wind direction, autonomous flight control may occasionally perform
the flight plan less accurately[17]. One benefit of autonomous flight missions, though, is that
they can be utilized for large study areas without worrying about the limitations of human vision.

Nevertheless, one must take into account the regional aviation laws.

Both manual and autonomous flight require an equal level of control, which includes monitoring
the path being taken and looking for any anomalies in the UAV's instrumentation from the start
of the mission until its conclusion. The operator's skill during the flight mission determines the
UAV's level of safety[18].

Precision Agriculture

Precision agriculture, empowered by drone technology, has emerged as a transformative
approach to modern farming practices. Drones equipped with advanced sensors, cameras, and
GPS technology provide farmers with a level of precision and efficiency previously
unimaginable. In the realm of agriculture, these unmanned aerial vehicles enable detailed and
real-time monitoring of fields, offering insights into crop health, nutrient levels, and pest
infestations[19]. By capturing high-resolution aerial imagery, drones help identify and address
issues at an early stage, allowing for targeted interventions and optimizing the use of resources
such as water, fertilizers, and pesticides. This not only enhances crop yields but also minimizes
environmental impact and reduces production costs. The ability to create precise maps of fields
and analyze data at a granular level enables farmers to make informed decisions tailored to
specific areas of their land. Precision agriculture through drones is not merely a technological
advancement; it represents a paradigm shift in farming practices, promoting sustainability,
resource efficiency, and increased profitability for farmers[20]. As the technology continues to
evolve, the integration of drones into precision agriculture holds the promise of revolutionizing

the way we cultivate and manage crops on a global scale.

The concept of site-specific management, or SSM, is acting appropriately in the appropriate

location at the appropriate time. Although this concept predates agriculture, there was significant



financial pressure to treat large fields using uniform agronomic practises during the 20th century
agricultural mechanization [21]. By utilising information technology to automate SSM, precision
farming makes SSM feasible in commercial agriculture. PA refers to all agricultural production
techniques that use information technology, such as yield monitors, variable rate application
(VRA), and remote sensing, to either monitor or customise the use of inputs to achieve desired
results. Input management for temporal SSM must be based on knowledge of the life cycles of
pests, livestock, and agricultural crops. Developmental stage (DS) information is a common term
used to describe this temporal information[22].

Orange orchards in Florida developed applications for oranges. Orange orchard yield mapping
system that is automated. Large bins were used to collect the fruits. A system of load cells

mounted on the truck was used to weigh the bins as they were loaded onto the vehicles[23].

Using a DGPS system, the truck's location was determined. Maps of yield were produced using
the data. a less complicated way to gauge the height of the fruit-filled bags. Weighed the workers'
filled small plastic bins, which weighed about 20 kg, and used a DGPS system to track their

location in order to create yield maps for apples and vines[24].

Water Management

Water management in agriculture has undergone a remarkable transformation with the
integration of drone technology. Drones equipped with advanced sensors and imaging
capabilities have become instrumental in assessing and optimizing water usage in fields. Aerial
surveys conducted by drones provide farmers with valuable insights into soil moisture levels,
irrigation efficiency, and overall crop health. These unmanned aerial vehicles can quickly and
accurately identify areas with water stress or over-irrigation, allowing for precise adjustments in
irrigation practices[25]. By delivering real-time data, drones assist farmers in making informed
decisions about when, where, and how much water to apply. This targeted approach not only
conserves water resources but also contributes to increased crop yields and improved quality.
Additionally, drones aid in identifying leaks or inefficiencies in irrigation systems, further
enhancing overall water management practices. The integration of drone technology into water
management strategies exemplifies a sustainable and data-driven approach, ensuring the
judicious use of water resources while promoting agricultural productivity[26]. As the

technology continues to advance, the role of drones in water management is likely to expand,



offering even more sophisticated solutions to address the challenges of water scarcity and

efficient agricultural practices.

Water is frequently absorbed by land unevenly. Equipment used for watering may overlook
certain parts or operate faster than others. The dry point at which crops wilt can be found using
thermography and spectroscopy. Leaks in irrigation channels and equipment can also be found
using imaging[27]. More importantly, farmers can evaluate the topography of their land by using
software or airborne laser scanning technology that stitches thousands of high-quality aerial
photographs into 3D maps. These maps show catchments, the direction of water flow at the base
of each tree in the orchard, and other topographical characteristics that could have an impact on

soil erosion and crop health[28].

Monitoring water stress: Characterising the effects of drought on crops is a challenging task due ( comment [D5]: spell check

to the multiple factors that can influence and be affected by the effects of drought. Thermal
image-derived variables frequently use minute temperature changes to identify stresses and other
phenomena. Therefore, regression equations and thresholds that are derived under specific
conditions typically do not hold under even slightly different conditions. For instance, due to
innate variations in stomatal conductance and transpiration rates, different genotypes of a given

crop may present significantly different canopy temperatures under the same conditions[29].

Pollination Assistance

Pollination assistance through drones represents a cutting-edge application of technology to
address challenges in agriculture. With the decline of natural pollinators and concerns about
pollination efficiency, drones have emerged as potential allies in ensuring successful fertilization
of crops[30]. Equipped with specialized devices, these unmanned aerial vehicles can transport
and distribute pollen over crops, mimicking the role of bees and other pollinators. The use of
drone technology in pollination offers several advantages, including the ability to cover large
areas efficiently and mitigate the impact of declining bee populations. Drones can navigate
through fields with precision, delivering pollen to specific plants and optimizing the pollination
process[31]. While the technology is still in its early stages and faces challenges such as
developing efficient pollen-carrying mechanisms, the concept holds promise for sustaining

agricultural productivity. As researchers and engineers continue to refine and innovate drone-



assisted pollination, it could become an integral part of future agricultural practices, contributing

to food security in the face of pollinator declines and environmental changes[32].

Drones may eventually aid real bees in pollination, but bee robots might not contribute
significantly. A startup out of New York has created a pollen dump drone to aid in the pollination
of fruits like apples, cherries, and almonds. The company stated that it could increase drone rates
from 25% to 65%; however, independent analysis confirmed that these numbers have not been

reached. In spite of this, some fruit growers think drones could be helpful in orchards[33].

Automated pollinator, a startup out of New York has created a pollen dump drone to aid in the
pollination of fruits like apples, cherries, and almonds. They claimed that the drone rate could
reach 65% instead of just 25%.

Canopy Management

Canopy management is a critical aspect of optimizing fruit crops, and drones have emerged as
invaluable tools for this purpose. Equipped with advanced imaging technology, drones provide a
bird's-eye view of orchards and vineyards, enabling farmers to assess and manage the density
and structure of the plant canopy[34]. Drones can capture high-resolution imagery, allowing for
detailed analysis of the foliage, identifying areas of overgrowth, disease, or stress. This data aids
in strategic pruning, thinning, and overall canopy manipulation to enhance sunlight exposure, air
circulation, and fruit quality. The real-time and precise information provided by drones facilitates
informed decision-making, ensuring that canopy management strategies are tailored to the
specific needs of different sections within the crop. This targeted approach not only improves
fruit quality and yield but also contributes to resource efficiency by minimizing unnecessary
interventions[35]. As a result, canopy management through drones represents a transformative
approach in horticulture, promoting sustainable practices and optimizing the balance between
crop growth and environmental conditions. As technology continues to evolve, the integration of
drones into canopy management practices is likely to become even more sophisticated, offering

farmers precise insights for enhanced crop health and productivity[36].

Adrone is used to drop seeds, and once the seeds reach their designated locations, they are
dispersed. The drone can drop up to 60 seeds per minute and up to 28800 seed balls in eight

hours. Startups have created drone planting systems that reduce planting costs by 85% and



achieve a 75% uptake rate. In fact, experts predict that using drones for aerial spraying can
complete the task up to five times faster than using traditional machinery. A human charges
between 100 and 200 rupees a day to spray pesticides; in contrast, a drone uses 3 watts of power

and only costs 10 rupees for electricity[37].

Compared to ground spraying, praying the pesticide with a drone at a height of 3.5 metres results
in a higher droplet coverage rate and uniformity on the heated canopy. Approximately 80% of
operating time, 90% of water consumption, and 50% of pesticide use can be reduced by using

drones to spray pesticides[38].

Inventory and Yield Estimation

Yield estimation through drones has emerged as a transformative tool in horticulture,
revolutionizing how farmers assess and manage their crops. Drones equipped with high-
resolution cameras and sensors provide a unique aerial perspective that allows for detailed
monitoring of horticultural fields[39]. These unmanned aerial vehicles can capture
comprehensive data on plant health, canopy density, and fruit development, enabling accurate
yield estimations. The ability to survey large areas quickly and efficiently allows farmers to
identify variations in crop health and productivity across the field. The data collected by drones
is processed through advanced analytics software, generating detailed maps and reports that aid
in decision-making[40]. This information is invaluable for optimizing irrigation, fertilization,
and pest control strategies to enhance overall crop yield. By integrating drone technology into
horticultural practices, farmers gain a real-time understanding of their crops, enabling proactive
measures and precise interventions. Ultimately, yield estimation through drones in horticulture
not only improves the efficiency of crop management but also contributes to sustainable farming
practices by minimizing resource inputs and maximizing output[41]. As technology continues to
advance, the role of drones in horticultural yield estimation is likely to expand, offering

increasingly sophisticated solutions for precision agriculture.

Because they are done by hand, the harvesting of oranges for the fresh market is one of the most
costly activities related to Spanish citrus crops. At the moment, fruit size and yield data are only
accessible following fruit harvesting, weighing, and sorting in processing facilities using

automated commercial graders[42]. Fruit trait measurements done by hand take a lot of time and

are prone to measurement and recording errors. Owing to developments in computers, cameras,



and image processing technigques, numerous approaches based on counting the number of fruits

have been developed recently to estimate crop yields[43].

For instance, guava, apples, and citrus fruits were the subjects of some past research on fruit
recognition. To identify and count fruits, the majority of these methods, however, rely on

algorithms that use the spectral response between pixels as a distinctive characteristic. Using
such algorithms can decrease the accuracy of fruit detection because image pixels are highly

sensitive to changes in illumination under unstructured light conditions[44].

Artificial intelligence (Al) methods, particularly artificial neural networks (ANNS), have been
used recently for yield estimation based on fruit detection as an alternative to the aforementioned
techniques. Thanks to developments in computer technology, these techniques have significantly
improved over the past ten years, producing amazing outcomes in a variety of fields, including
agriculture[45]. For example, ANNs have been used to estimate yields for apples, citrus, and
mangos that have proven to be very successful. Experts define machine learning (ML), a non-
linear information processing method based on feature extraction and pattern analysis, as a
subset of deep learning (DL), which includes all of these tools. Scientists believe that in this

case, technology will be able to take the place of farmers' innate wisdom and intuition[46].

Disease and Pest Surveillance

Drones equipped with advanced sensors and imaging technology have proven to be invaluable
tools in disease and pest surveillance in fruit crops. The aerial capabilities of drones allow for
efficient and comprehensive monitoring of large orchards or vineyards, providing farmers with a
detailed perspective on the health of their crops[47]. These unmanned aerial vehicles can capture
high-resolution images and thermal data, enabling the early detection of potential disease
outbreaks and pest infestations that may not be immediately apparent from ground-level
observations. The ability to quickly and precisely survey the entire crop area facilitates timely
interventions, such as targeted pesticide application or disease management strategies[48].
Drones can cover large areas in a relatively short time, making them particularly effective in
identifying patterns of disease spread or pest movement. The data collected by drones is
processed using specialized software, allowing for the creation of detailed maps that highlight
areas of concern[49]. By incorporating drone technology into disease and pest surveillance

practices, farmers can implement proactive measures to mitigate the impact of these threats,



ultimately contributing to improved crop yields and the overall health of fruit crops. As drone
technology continues to evolve, its role in enhancing the efficiency and effectiveness of disease

and pest management in fruit agriculture is likely to expand[50].

It is possible for pathogens that cause plants to wither and otherwise ruin crops to go undetected.
Despite the fact that green plants can have yellowing plants visible through spectral imaging
technology, Schale of Virginia Tech is employing drones to find pathogens that have not yet

settled in vacant spaces[51].

Crop diseases are categorized as bacterial, viral, or fungal and can be extremely destructive.
Drones with infrared cameras are able to see inside plants, providing a clear picture of their state.
When an infection is discovered early on, a farmer can take action to stop it from spreading to
nearby plants, such as pulling the offending plant. Thus, when human assessment is
inappropriate, unreliable, or unavailable, image-based tools can be crucial in identifying and
diagnosing plant diseases, especially given the increased coverage that unmanned aerial vehicles
(UAVs) provide[52]. While hyperspectral and thermal images have also been tested, RGB and
multispectral images have been the most popular ways to gather data about the areas under study.

drone-based high-resolution aerial imaging for the detection of citrus greening disease, also
known as Huanglongbing (HLB). Drones were equipped with a multi-band imaging sensor, and
the flying altitude used to capture images was adjusted to achieve the required resolution. Next,
the outcomes from drone-based sensors were contrasted with those from aircraft-based sensors
that had less spatial resolution[53]. The seven vegetation indices (Vis) and six spectral bands,
ranging in wavelength from 530 to 900 nm, made up the data. Relevant features were extracted
from the spectral images captured by drones and aircraft using regression analysis. The findings
showed that a dependable technique for identifying citrus trees infected with HLB is high-

resolution aerial sensing[54].

Grapevine Trunk Disease (GTD) and Flavescence dorée (FD) are two diseases that affect
grapevines in European vineyards. Vineyards are harmed by these diseases. Multispectral drone
imagery can be an effective tool for identifying symptomatic vines. But as the aforementioned
diseases in red vine cultivars demonstrate, different diseases can cause similar leaf
discolorations[55]. The ability of drones to differentiate between symptomatic and asymptomatic

vines was assessed by the authors. The study was carried out in France's southern regions. Five



distinct red vine cultivars and seven vineyards were chosen. Drones equipped with the
MicaSenseRedEdge® sensor captured multispectral images. Surface reflectance mosaics with a

0.10 m ground spatial resolution were produced by processing the images[56].

Limitation of drone technology

While drone technology has brought significant advancements to fruit crop management, it is not
without its limitations. One notable constraint is the limited payload capacity of most drones. As
fruit crops vary in size, shape, and density, the payload capacity may restrict the types of sensors
or equipment that can be carried[57]. This limitation can impact the range and depth of data
collected, potentially hindering the comprehensiveness of surveys and analyses. Additionally,
drones are sensitive to weather conditions, and adverse weather, such as strong winds or heavy
rainfall, can impede their ability to operate effectively. The need for skilled operators is another
limitation; individuals must be trained to pilot drones and interpret the data they collect
accurately[58]. Furthermore, the initial cost of acquiring and maintaining drone technology,
along with the expenses associated with software and data processing, can be a barrier for
smaller-scale farmers with limited resources. Privacy concerns and compliance with regulations
also pose challenges, as the use of drones in agriculture may raise issues related to data
ownership, security, and adherence to airspace regulations. Despite these limitations, ongoing
technological advancements and continued research are likely to address some of these
challenges, making drone technology increasingly accessible and beneficial for fruit crop

management[59].

The numerous shortcomings of current image sensor technology preclude its application in the
early detection of illness. Integrating data from various sensors can improve predictions of crop
growth and health. This clarifies the increased emphasis on multimodal data fusion for crop
disease detection among researchers. In agriculture, data fusion can take many different forms,
but the most popular ones are the combinations of data from several drone sensors and satellite
and drone imagery[60]. Such data fusion approaches can improve the detection procedure for
tasks like plant categorization and crop monitoring. In modern agriculture, the development of
accurate, dependable, autonomous, real-time drone-based plant disease detection systems has

become increasingly important[61].

Conclusion



Drones have the potential to significantly change agriculture in India. Future technological
advancements are anticipated to make drone production more affordable. Due to the arduous
labour and drudgery involved, farming does not appeal to today's youth. Drones have the

potential to intrigue and inspire young people to pursue careers in agriculture.

When it comes to high-quality, real-time aerial imagery over agricultural areas, drones
outperform satellite imagery. Drones can also be used for applications such as weed and disease
localization, soil property determination, vegetation detection, and the creation of precise
elevation models. Farmers will be able to learn more about their fields thanks to drones. As a
result, farmers will receive help in growing more food with fewer chemicals. Almost all farmers
who have used drones have benefited in some way. They can use their land more effectively by
tracking fires before they spread, improving irrigation for plants experiencing heat stress,
removing pests before they destroy entire crops, and adjusting the quality of the soil to improve
growth in trouble areas. Drones could therefore play a major role in agriculture in the future by

assisting farmers in more sustainable and effective management of their fields and fresources.
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