
Navigating the future: exploring
technological advancements and
emerging trends in the sustainable
ornamental industry

Muneeb Ahmad Wani1,*, Ambreena Din1, Imtiyaz Tahir Nazki1,
Tanzeel U. Rehman2, Jameel M. Al-Khayri3, Shri Mohan Jain4,
Raiz Ahmed Lone1, Zahoor Ahmad Bhat1 and Muntazir Mushtaq5

1Division of FLA, Faculty of Horticulture, SKUAST-Kashmir, Srinagar, India, 2Department of Biosystems
Engineering, Auburn University, Auburn, AL, United States, 3Department of Plant Biotechnology, College
of Agriculture and Food Sciences, King Faisal University, Al-Ahsa, Saudi Arabia, 4Department of
Agricultural Sciences, University of Helsinki, Helsinki, Finland, 5MS Swaminathan School of Agriculture,
Shoolini University of Biotechnology and Management Sciences, Solan, Himachal Pradesh, India

Technological advances have played a critical role in the production of flower
crops, enabling farmers tomaximize yields and reduce losses while also improving
the quality of flowers. These advances have included the development of new
breeding techniques, such as molecular marker-assisted breeding, and the use of
modern technologies like high-throughput phenotyping to identify and select
superior cultivars. In addition, precision farming techniques, such as the use of
sensors and remote monitoring systems, have made it possible to closely monitor
crop growth and optimize inputs like water and fertilizer, leading to higher yields
and improved resource efficiency. Advancements in biotechnology have also
resulted in the development of transgenic plants that are resistant to pests and
diseases, reducing the need for chemical pesticides and improving plant health.
Modern molecular genetic tools, particularly genome editing with CRISPR/
Cas9 nucleases, are emerging in addition to conventional approaches of
investigating these plants. Furthermore, the use of novel growing systems,
such as hydroponics and vertical farming, has allowed for year-round flower
production in controlled environments, mitigating the challenges associated with
seasonal changes and climate variability. These innovations have also made it
possible to produce high-quality flowers in urban areas, bringing fresh blooms
closer to consumers. Overall, technological advances in flower crops have
revolutionized the floriculture industry, enabling growers to produce high-
quality flowers in a more sustainable and efficient manner. These
advancements have not only improved the productivity and profitability of
flower farming but have also contributed to the conservation of natural
resources and the protection of the environment.
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1 Introduction

The cultivation of flowers has been intertwined with human
civilization for centuries. Ancient cultures like the Egyptians,
Greeks, and Romans were known to cultivate and use flowers for
various purposes, including as offerings to their gods, for medicinal
purposes, and to make fragrances and perfumes (Dafni et al., 2006).
Flower production saw a seminal shift when colonial powers used
Naval power along with railways to transport planting material across
the continents thus bringing hitherto newer ornamental species and
cultivars into gardens. As the demand for flowers increased over
time, growers began to adopt new technologies to improve the
quality and yield of their crops (Wani et al., 2018). The 20th century
saw the advent of air and refrigerated transport and hence the ability
to move flowers over long distances, particularly in the post-fifties
which was the single most contributor to development of floriculture
into a trans-continental and global enterprise. Flower production
moved to areas around the equator that required less investment in
energy in comparison to traditional production areas in northern
latitudes. Newer flower types and cultivars were bred that withstood
the rigours of long-distance transport, including improved post-
harvest technologies and marketing that completed the value chain.
Technologies have been rapidly developed and deployed to reduce
the collective carbon footprint of the floriculture industry. In the
post-2000s, flower industry has undergone the most rapid and
paradigm shift in harnessing technologies that have emerged as
the world ushered in the 4.0 industrial revolution (Hossen et al.,
2020). Today, growers have access to cutting-edge technologies that
have revolutionized flower production (Maraveas, 2023). As a result,
the ability to handle big data in recent years has allowed the
floriculture industry to make use of the most significant
technological advances like genetic engineering (Cardoso and
Vendrame, 2022; Khan et al., 2022) to create new flower varieties
with improved characteristics, such as longer shelf-life, unique
colors, and fragrance. By manipulating the plant’s genetic code,
breeders can develop flowers that are more resistant to pests and
diseases, which reduces the need for harmful chemicals and makes
the industry more sustainable (Huylenbroeck, and Bhattarai, 2022).
AI and IoT have enabled the flower industry to reap the benefits of
precision agriculture. This technology involves the use of sensors,
drones, and GPS mapping to optimize crop inputs, reduce waste,
and increase yields. By monitoring plant health and growth, growers
can adjust irrigation, fertilization, and pest management practices
more precisely, which reduces the overall environmental impact of
flower production (Belal et al., 2021; Ferroukhi et al., 2023).
Automation, robotics, and artificial intelligence (AI) have also
played a significant role in reducing labor costs and increasing
efficiency in flower cultivation. For example, automated planting
and harvesting systems can perform tasks much faster and more
accurately than manual labor, reducing the need for human workers
(Jha et al., 2019). While these technological advances have greatly
improved the quality and yield of flower crops and made the
industry more sustainable, there are also potential drawbacks to
consider. Genetic engineering raises questions about the safety of
modified plants and their potential impact on the environment.
Automation and use of artificial intelligence may lead to job losses,
particularly in the global south where most of the production areas
are currently located. Therefore, it is essential to explore the

potential impact of these technological innovations on the
environment, economy, and society and use them responsibly to
promote sustainable and equitable flower production.

According to a report by the International Trade Centre, the
global flower trade was valued at over USD 104 billion in 2019,
with exports from developing countries accounting for a
significant share of this value. However, the flower industry
also faces challenges, including increasing competition, climate
change, environmental degradation and gender equity.
Technological innovations can help address some of these
challenges, but they should be used responsibly and in
conjunction with other sustainable practices such as organic
farming, biodiversity conservation, and fair labor standards
and health issues. In addition, technological advances should
be accessible to all stakeholders, including small-scale farmers,
and should not contribute to widening the existing economic and
social disparities in the flower industry. By promoting sustainable
and equitable flower production, we can ensure that this beautiful
and culturally significant part of crop husbandry continues to
thrive for generations to come. Technology has significantly
impacted the floriculture industry, leading to significant
advances in production, management, and sustainability.
However, the looming challenge is to sustain and promote
equity, inclusion and reduction of economic disparity by
harnessing fourth industrial revolution in channelling its
effects on advances in genetic engineering, climate control,
carbon neutrality and making technologies available to all.
Previous reviews on ornamental crops have primarily focused
on a few technologies as evidenced by several available reviews
(Rihn et al., 2022; Lea-Cox et al., 2013; Mahmud et al., 2023)
whereas Rihn et al. (2022), on the other hand, examined factors
linked to the inclination of the nursery industry to utilize
automation and mechanization, and discussed the barriers to
adoption for currently available technologies. This review article
stands out as a comprehensive overview of available technologies
for ornamental crop production. It discusses the potential
benefits of using advanced technologies that are already
employed in other crop industries and introduces the concept
of virtual flowers, a new idea presented in this article. To the best
of our knowledge, this is the first review article to delve so deeply
into the significant technological advances for the ornamental
industry, which have the potential to transform the floriculture
industry.

The ornamental industry is continuously enhancing its
production, distribution, and marketing processes by leveraging
existing agricultural technologies, while also exploring new and
emerging ones. Below are several technologies that are either
currently being utilized or hold promising potential for adoption
within the ornamental industry.

2 Biotechnology

Biotechnology has made significant advances in ornamental
crops, such as flowers and decorative plants (Darqui et al., 2017).
Tissue culture has been employed to produce a large number of
identical plants within short period and efficiently, which can be
useful for breeding and propagating new varieties of ornamental
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crops (Din et al., 2022). This technique can also be used to
produce new varieties of plants with desirable traits. Using
genetic engineering technology and transgenics, new varieties
of ornamental crops with desirable traits, such as brighter colors,
longer vase life, resistant to insect pests have been developed
(Table 1) (Azadi et al., 2016; Boutigny et al., 2020). Marker-
assisted breeding has been used to identify desirable traits in
ornamental crops, such as improved color or longer vase life
(Ahn et al., 2020; Chandler and Tribe, 2022; Suprasanna and Jain,
2022). This technique can be used to speed up the breeding
process and create new varieties of ornamental crops more
quickly. RNA interference has been used to silence specific
genes in ornamental crops, leading to improved traits such as
longer vase life or improved resistance to pests and diseases.
Genome editing has been used to make precise edits to the DNA
of ornamental crops, leading to improved traits (Table 1) (Sirohi
et al., 2022; Ahmad et al., 2023; Jin et al., 2023). Overall,
biotechnology has made significant advances in ornamental
crops, leading to new varieties of plants with improved traits,
increased resistance to pests and diseases, and more sustainable
production practices (Din et al., 2021). The spread of the
commercialization of GM ornamentals has been impeded by
economic and regulatory constraints despite the positive
scientific outlook for transgenic flowers. It is now time to deal
with the legal challenges to the commercial distribution of GM
plants, including flowers. Due to the costs and skills required for
commercial development, the release of ornamental items will
remain exceedingly challenging in the absence of an
internationally suitable and authorised framework for
regulation of GM crops. Reduced regulatory requirements for
decorative plants and other non-food plants are needed to reduce
this nuisance (Noman et al., 2017). By leveraging these advances,
horticulturists can produce new varieties of ornamental crops
that are more resilient, beautiful, and sustainable. In this review,
we have made an effort to highlight recent advances and the need

for attention in order to maximise the long-term sustainability of
technology and society (Table 1).

3 Nanotechnology

Nanotechnology is a field of science that involves manipulating
matter at the nanoscale level, which is typically between 1 and
100 nm in size. In the flower industry, nanotechnology is being
explored for various applications, including improving flower
quality, disease resistance, and shelf life. One application of
nanotechnology in flowers is the use of nanoscale particles to
improve the efficiency of fertilizers and pesticides. By attaching
fertilizer or pesticide molecules to nanoparticles, growers can
increase the efficiency of these products, reducing the amount
needed and minimizing environmental impact. Nanoparticles can
also be used to deliver nutrients and other compounds directly to
plant cells, improving uptake and reducing waste. Another
application of nanotechnology in flowers is the development of
nanosensors for monitoring plant growth and health. Nanosensors
can be designed to detect changes in temperature, humidity, nutrient
levels, and other factors that affect plant growth. Nano biosensors
have the potential to revolutionize agriculture by not only
monitoring soil and plant health but also by predicting outbreaks
of pests or diseases. By detecting changes in the biochemical makeup
of plants or soil at a molecular level, nano biosensors can provide
farmers with early warning signs of potential problems (Rai et al.,
2022). This allows them to take preemptive measures to mitigate the
impact of these issues, such as applying targeted treatments or
adjusting their growing practices. This information can be used
to optimize growing conditions and improve flower quality. In
addition, nanotechnology can be used to develop materials with
unique properties that are useful in the flower industry. For example,
researchers are developing nanomaterials that can absorb and
release water slowly, helping to maintain proper moisture levels

TABLE 1 Some specific examples of various biotechnological interventions in improving targeted ornamental traits.

Gene Plant
transformed

Technology used Source Plant attributes Reference

CHS Gentian Transgenic Gentian RNAi results in white flowers Nishihara et al. (2006)

RCC2 Chrysanthemum GM technology Oryza sativa Improved powdery mildew tolerance Pourhosseini et al. (2013)

Rice chitinase (chill) Chrysanthemum Transgenic Oryza sativa Resistance to septoria leaf spot Sen et al. (2013)

Rice chitinase 10
(RCH10)

Lilium oriental GM technology Oryza sativa Resistance to Botrytis cineria De Cáceres Gonzalez et al.
(2015)

C3HC4H, 4CL, CCR, IRX Dendrobium officinale CRISPR Not
applicable

Altered lignocellulose biosynthesis pathway Kui et al. (2017)

SGR Festuca arundinacea Genome Editing Not
applicable

Chlorophyll degradation Sarmast, (2019)

GST1 Japanese Gentian
(Albireo)

Genome Editing Not
applicable

Reduced anthocyanin in petals, white and
pale blue flower

Tasaki et al. (2020)

flavonoid 3′-
hydroxylase (F3′H)

Euphorbia pulcherrima CRISPR-based Gene
Editing

Not
applicable

Flower color changed from vivid red to vivid
reddish-orange

Nitarska et al. (2021)

DPL Petunia hybrid CRISPR-based Gene
Editing

Not
applicable

Vein associated anthocyanin pattern Zhang et al. (2021a)
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in flower arrangements. Nanomaterials can also be used to develop
coatings that improve the durability and longevity of flowers,
reducing waste and improving the sustainability of the industry.
Cut flowers have ornamental value and are commercially very
important, but the flowers’ shelf-life is very short (Solgi et al.,
2009), due to higher microbial contamination (Lu et al., 2010a).
The early wilting of the flowers is due to microbial and stem barrier
infection that causes stem blockage which limits the uptake and
transport of water, leading to water imbalances (Lü et al., 2010;Witte
et al., 2014). Hence, it is important to overcome stem blockage by
controlling microbial infections. Several reports have suggested that
nano-silver has the potential to broaden the vase life of cut flowers
(Li et al., 2012; Alekasir et al., 2017; Amingad et al., 2017). The most
important nanoparticle, graphene oxide (GO) is a graphene-
imitating carbon-based NPs containing enormous quantities of
oxygenated groups with an extensive surface area that contributes
a first-rate capability to transfer nourishment for sluggish-discharge
fertilizers (Zhang et al., 2014; Rana et al., 2021). Overall,
nanotechnology has the potential to revolutionize the flower
industry by improving efficiency, reducing waste, and improving
flower quality and sustainability. While many of these applications
are still in the research phase, they offer exciting possibilities for the
future of flower production and distribution.

4 Smart greenhouse technology

Greenhouse technology is widely used in horticulture to create
an optimal growing environment for plants. Greenhouses allow
growers to control the temperature, humidity, and other
environmental factors to create an optimal growing environment
for plants (Koukounaras, 2021). This can be particularly important
for growing plants in regions with extreme climates or for producing
crops out of season. Greenhouses can help to protect plants from
pests and diseases by creating a barrier between the plants and the

outside environment. This can help to reduce the need for pesticides
and other chemical interventions (Messelink et al., 2021).
Greenhouses can extend the growing season for plants by
providing a sheltered environment that protects them from the
elements. This can be particularly important for producing crops out
of season or in regions with short growing seasons (Nassar and
Ribeiro, 2020; Pereira et al., 2021). Greenhouses can help to conserve
water by collecting and recycling irrigation water. This can be
particularly important in regions with limited water resources or
in areas with high water usage. Greenhouses can help to increase the
productivity of horticultural crops by providing a controlled
environment that promotes plant growth and reduces the risk of
crop loss due to weather or pests. Greenhouses can help to maximize
space utilization by allowing plants to be grown vertically or in
tightly spaced rows (Stanghellini, 2013). This can help to increase
the yield per unit area of land. Overall, greenhouse technology is a
key tool in modern horticulture, allowing growers to produce high-
quality crops year-round in a controlled environment. Keeping in
view the sustainability there is an urgent need to upgrade or device
smart greenhouses (Figure 1). Smart greenhouses use sensors and
automation technology to monitor plant growth and create an
optimal environment for flowers to flourish. This technology can
increase crop yields, reduce waste, and improve the overall quality of
the flowers. By leveraging the benefits of greenhouse technology,
horticulturists can increase productivity, conserve resources, and
produce crops that are healthier and more sustainable.

5 Post-harvest technology

Post-harvest technology in flowers has advanced significantly in
recent years, with new technologies and techniques being developed
to extend the vase life of cut flowers and improve their quality. Here
are some of the key advances in post-harvest technology in flowers.
Modified atmosphere packaging (MAP) involves storing cut flowers

FIGURE 1
Conceptual design of smart greenhouse and individual overhead bench system.

Frontiers in Environmental Science frontiersin.org04

Wani et al. 10.3389/fenvs.2023.1188643

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1188643


in an environment with controlled levels of oxygen, carbon dioxide,
and humidity. This can help to extend the vase life of cut flowers by
reducing respiration rates and slowing the growth of bacteria and
fungi. Ethylene is a gas produced by plants that can cause flowers to
wilt and decay. New technologies, such as ethylene-absorbing
sachets and controlled atmosphere storage, can help to reduce
the levels of ethylene around cut flowers, extending their vase life
(Yang et al., 2021). Temperature is a critical factor in post-harvest
flower care. New techniques, such as hydrocooling and forced-air
cooling, can help to reduce the temperature of cut flowers quickly
after harvest, reducing respiration rates and extending vase life
(Rabiza-Świder et al., 2021). The quality of water used to hydrate
cut flowers can affect their vase life. New techniques, such as reverse
osmosis and ultraviolet sterilization, can help to improve the quality
of water used in post-harvest flower care. New treatments, such as
pulsing with sugar or plant hormones, can help to extend the vase
life of cut flowers by promoting water uptake and reducing the
growth of bacteria and fungi (Ichimura et al., 2007; Kazaz et al.,
2019). Research and development in the floriculture industry are
ongoing, and new chemicals are continually being developed to
improve the vase life of cut flowers. Here are some examples of new
chemicals that have shown promising results in recent studies: Nitric
oxide (NO): NO is a natural signaling molecule that plays a role in
regulating plant growth and development. Studies have shown that
treating cut flowers with NO can delay senescence (the aging
process) and increase vase life (Hussain et al., 2022). NO can
also improve the quality of flowers by enhancing color, scent,
and overall appearance. Polyamines are organic compounds
found in all living cells, including plants. They are involved in
various physiological processes, such as cell division, differentiation,
and stress response. Recent studies have shown that treating cut
flowers with polyamines, such as putrescine and spermidine, can
improve their vase life by reducing senescence and preserving flower
quality (Qu et al., 2020; Mazrou et al., 2022). Chitosan is a
biodegradable polymer derived from chitin, which is found in the
shells of crustaceans. It has antimicrobial and antifungal properties
and has been shown to improve the vase life of cut flowers by
reducing microbial growth and maintaining water balance (Ali et al.,
2022). Essential oils: Essential oils are volatile compounds extracted
from plants, and they have been used for centuries in various
applications, including aromatherapy and medicine. Recent
studies have shown that treating cut flowers with essential oils,
such as lavender and rosemary, can improve their vase life by
reducing microbial growth and enhancing flower quality
(Teerarak et al., 2019; El-Sayed et al., 2021). Overall, advances in
post-harvest technology in flowers are helping to improve the
quality and longevity of cut flowers, reducing waste and
improving the sustainability of the floral industry. By leveraging
the latest technologies and techniques, horticulturists can produce
high-quality flowers that retain their beauty and freshness for longer
periods of time.

6 Smart irrigation technology

Irrigation technology has been playing an essential role in flower
crop production by providing the right amount of water to the
plants, increasing crop yield, and optimizing the use of water

resources. In general, irrigation technology in flower crops
involves the application of water in the right amount and at the
right time, using advanced systems and methods. One of the main
advances in irrigation technology for flower crops is the use of drip
irrigation systems. These systems provide water directly to the root
zone of plants, minimizing water loss due to evaporation and runoff.
They also allow for precise control of water application, reducing the
risk of over- or under-watering. Another irrigation technology that
has gained popularity in recent years is the use of soil moisture
sensors. These sensors measure the moisture content in the soil and
provide real-time data to growers, allowing them to adjust irrigation
schedules and avoid water stress or over-watering. In addition,
advanced irrigation controllers are now available that use weather
data to adjust irrigation schedules automatically based on the local
climate conditions, further optimizing water use. Finally, fertigation
technology is also being used in flower crops, where fertilizers are
injected into the irrigation system to provide nutrients directly to the
roots. This approach ensures that the plants receive the necessary
nutrients for healthy growth while minimizing fertilizer waste and
runoff. Overall, irrigation technology has revolutionized flower crop
production by providing precise control over water and nutrient
application, resulting in increased yields, improved quality, and
reduced water usage. Automation through an IoT system could
be an effective approach to improve a conventional surface irrigation
system operation. An automated surface irrigation system refers to
its operation with timers, sensors or computers or mechanical
appliances with minimal manual involvement (Figure 2). Many
researchers have reported that automation in irrigation projects
using an intelligent irrigation controller and wireless sensor network
could save water up to 38% (Al-Ghobari, et al., 2013; Bowlekar et al.,
2019). Automation is a smart technique to deal with the problem of
high labor requirements and low water application efficiency of
surface irrigation systems (Table 2). Many soil moisture sensors
such as tensiometer, gypsum block, granular matrix sensor, time-
domain reflectometer, dielectric probe are commercially available
for soil moisture measurement and they could generally be used for
manual or integrated with automatic irrigation control systems
through an IoT system (Bowlekar et al., 2019; Hardie, 2020; Vera
et al., 2021; Pramanik et al., 2022). The sensor senses the water
advance front and gives a signal to cut-off the flow.

Smart irrigation systems using Internet of Things (IoT)
technology have been successfully implemented for ornamental
crop production. For example, Banda-Chávez et al. (2018)
developed an IoT-based sensor network using an IoT platform
and soil moisture sensors (YL-69) to automate the irrigation of
ornamental plants (Figure 2). Beeson and Brooks (2006) also used an
evapotranspiration (ETo) model-based smart irrigation system for
wax-leaf privet, reducing water usage by 22.22% annually compared
to traditional overhead irrigation methods. While there are limited
studies on IoT-based automatic irrigation systems for the
ornamental industry, the promising potential of this technology
in other crop industries suggests it could benefit ornamental crop
production. However, sensor-to-sensor variability and accurate
sensor positioning are important factors that can affect efficacy.
Determining the optimal number of sensors for a particular nursery
environment depends on various factors such as the accuracy and
repeatability of the sensors, variation among sensors, spatial
variability of the nursery environment, and cost.
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7 Soilless technology

Limited resources, such as fertile soil and clean water, are already a
reality in many parts of the world. Climate change further exacerbates
the challenges of conventional farming practices, as the availability and
quality of arable land become increasingly limited. Soilless cultivation,
also known as hydroponics, is a method of growing plants without soil,
using a nutrient-rich solution instead. By eliminating the need for soil,
soilless cultivation systems can help conserve water and open up urban
areas, such as residential rooftops, for food production in close
proximity to consumers (Fussy and Papenbrock, 2022). The

development of automation and computer technology, coupled with
the greenhouse feature, has accelerated the adoption of soilless
cultivation in many developed countries in recent years.
Conventional farming practices typically rely on soil-bound
methods, which can have a range of negative impacts on the
environment, including high and inefficient water demand, large
land requirements, fertilizer use, soil degradation, and loss of
biodiversity. It is imperative to explore alternative approaches to
food production, such as soilless cultivation, to address these
challenges and ensure sustainable agricultural practices for the future
(Killebrew andWolff 2010; Walls 2006). In the flower industry, soilless

FIGURE 2
Conceptual design of smart irrigation system under protected/open cropping systems.

TABLE 2 Summary of reports smart irrigation system helping in conserving water efficiently.

Crop species Sensor % Water
saving

Reference

Red Maple and Cherokee Princess Matric potential and capacitance sensors
(WSNs)

Not Reported Lea-Cox et al. (2008)

Hydrangea Capacitance-based (WSNs) Not Reported Coates et al. (2012)

Dogwood and Red Maple Capacitance-based (WSNs) 34%–63% Belayneh et al. (2013)

Ornamentals Capacitance-based (WSNs) 20%–25% Chappell et al. (2013)

Dogwood and Red Maple Capacitance-based (WSNs) 62.9% Lea-Cox and Belayneh
(2013)

Hydrangea Electrical conductivity (WSNs) ≥83% Kim et al. (2014)

Ornamental plants Capacitance-based (IoT) Not Reported Banda-Chávez et al. (2018)

Japanese Andromeda; Catawba Rosebay; Oakleaf Hydrangea; Mountain
Laurel

Capacitance-based (WSNs) 50% Wheeler et al. (2020)
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cultivation is gaining popularity due to its ability to improve crop yields,
reduce water consumption, and minimize the use of pesticides and
fertilizers (AlShrouf, 2017). One of the benefits of soilless cultivation in
flowers is the ability to control growing conditions more precisely. By
controlling the temperature, humidity, and nutrient levels of the
growing solution, growers can optimize plant growth and flower
quality (Zimmermann and Fischer, 2020). Soilless cultivation also
eliminates the need for soil, which can reduce the risk of soil-borne
diseases and pests (Savvas, 2002; Hussain et al., 2014). There are several
methods of soilless cultivation that can be used in the flower industry
(Kahraman and Akçal, 2018; Khalaj and Noroozharaf, 2020; Kromwijk
and van Os, 2020). For example, one common method is to grow
flowers in a nutrient-rich solution that is recirculated through a series of
pipes or channels. This method is known as a recirculating hydroponic
system. Another method is to grow flowers in a substrate, such as
rockwool or coco coir, which is soaked in a nutrient-rich solution (Leiva
et al., 2019; Kharrazi et al., 2020). This method is known as a substrate-
based hydroponic system. Soilless cultivation can also be combinedwith
other technologies to further improve flower production. For example,
some growers use vertical farming techniques to maximize space
utilization and improve growing conditions. Vertical farming
involves growing plants in stacked layers, using artificial lighting and
environmental controls to optimize plant growth. Overall, soilless
cultivation has the potential to revolutionize the flower industry by
improving crop yields, reducing water and fertilizer consumption, and
minimizing the risk of pests and diseases. By using nutrient-rich
solutions and advanced environmental controls, growers can
produce high-quality flowers with less waste and
environmental impact (Figure 3).

7.1 Aeroponics

Aeroponics is a modern agricultural technique that involves
growing plants in an air or mist environment without soil. Instead of
soil, plants are grown in a nutrient-rich solution that is misted onto
the roots. Aeroponics is becoming increasingly popular in flower
crop production because of its many advantages (Nir, 1982). One

advantage of aeroponics is that it allows for more efficient use of
resources like water and nutrients. Because the nutrient solution is
misted onto the roots, plants can absorb more of the nutrients and
water than they would if they were grown in soil. This can lead to
faster growth and higher yields. Another advantage of aeroponics is
that it reduces the risk of disease and pests. Because plants are grown
in a sterile environment, there is less chance of soil-borne diseases or
pests affecting the crop. This can reduce the need for pesticides and
other chemicals, making aeroponics a more sustainable and
environmentally-friendly option. Aeroponics can also be used to
grow flowers year-round, regardless of weather conditions. This
makes it possible to produce flowers in areas where traditional
outdoor growing methods may not be feasible. The performance of
the system has been tested successfully (growing and rooting) with
several plants, such as ornamental plants like carnation, croton,

FIGURE 3
Conceptual design of smart Soilless culture system-NFT.

FIGURE 4
Conceptual design of smart vertical farming system.
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chrysanthemum, Eustoma geranium, euonymus, Ficus,
philodendron, dracaena, dieffenbachia, Zantedeschia, etc (de Kreij
and van der Hoeven, 1997; Christie and Nichols, 2004; Hayden,
2006; Fascella and Zizzo, 2007). In order to analyse plant root
systems for a variety of studies, researchers need a practical growing
system. An aeroponic system that was created by a French engineer
andmodified bymembers of the legume community, was detailed by
Cai et al. (2023) and was initially intended for nodulating legume
root systems. For researchers looking to better understand root
growth and development, this approach offers various benefits. With
this aeroponic device, researchers can grow hundreds of plants at
once. Even though it is not a sterile system, it may be kept axenic in
the lab with appropriate procedures. During plant growth, the
nutritional medium can be changed based on the demands of the
experiment. Overall, aeroponics is a promising technology for flower
crop production, offering many benefits over traditional growing
methods. However, it requires careful monitoring and management
to ensure optimal plant growth and health.

7.2 Smart vertical farming

Vertical farming is a growing trend in the agriculture industry,
and it is also being explored for flower production. Vertical farming
in flowers involves growing plants in vertical layers, often in
controlled environments, such as indoor facilities or greenhouses
(Touliatos et al., 2016). Numerous countries including Korea, Japan,
China, Germany, the United Arab Emirates, China, France, India,
Sweden, Singapore, and the United States, have convened to discuss
vertical farming. They have repeatedly endorsed the concept as
integral to the long-term sustainability of their cities (Despommier,
2014). Vertical farming can provide several benefits to flower
growers (Figure 4). Firstly, it allows for the efficient use of space,
as plants can be stacked vertically, increasing the amount of
production per unit area of land. Furthermore, indoor farming
provides a low-impact system that can significantly reduce travel
costs, as well as reduce GHG emissions, by cutting down on travel
distances between distant farms and local markets (Astee, and
Kishnani, 2010; Mukherji and Morales, 2010). Also, vertical
farming could ignite local economies by providing much-needed
“green collar” jobs to urban areas (Healy and Rosenberg, 2013;
Mukherji and Morales, 2010). This is particularly advantageous in
urban areas where land is limited and expensive. Secondly, vertical
farming can offer precise control over growing conditions, such as
temperature, humidity, light, and nutrient levels, ensuring
consistent plant growth and reducing the risk of disease and pest
infestations (Al-Kodmany, 2018). By using artificial lighting and
hydroponic or aeroponic systems, vertical farms can provide
optimal growing conditions for flowers, resulting in higher
quality and more consistent blooms (Despommier, 2010; Eve,
2015; Levenston, 2017; Meinhold, 2017). Thirdly, vertical farming
can reduce the need for pesticides and herbicides, as plants are
grown in a controlled environment with fewer pests and diseases.
This reduces the environmental impact of flower production and
provides safer working conditions for growers. Finally, vertical
farming can also reduce water usage, as hydroponic and
aeroponic systems recycle water, reducing waste and conserving
resources. While vertical farming in flowers is still in its early stages,

it has the potential to transform flower production by providing a
more sustainable, efficient, and cost-effective way to grow flowers.
With further research and development, vertical farming could
become a key method of flower production in the future.

8 Green roofs and walls

Green roofs and walls are becomingmore popular in urban areas
as a way to add green space and reduce the urban heat island effect.
Advances in materials and installation techniques have made it
easier and more cost-effective to install and maintain these features.
Green roofs and walls are innovative and sustainable solutions to
improve urban environments by incorporating vegetation into
buildings. Green roofs are roofs that are covered with plants and
vegetation, often including a layer of soil and a drainage system, to
support the growth of vegetation. They can provide several benefits,
including reducing urban heat island effects, improving stormwater
management by retaining rainwater, and providing additional
insulation to buildings to reduce energy consumption (Mayrand
and Clergeau, 2018). They can also provide habitat for wildlife and
improve air quality by filtering pollutants (Haaland and van den
Bosch, 2015). Green walls, also known as living walls or vertical
gardens, are similar to green roofs, but they are installed vertically on
the side of buildings. They can be made up of a variety of plant
species and can be used for both aesthetic and functional purposes.
Green walls can also provide similar benefits to green roofs, such as
improving air quality and reducing urban heat island effects. Both
green roofs and walls require proper installation andmaintenance to
ensure their long-term viability. They can also provide unique
opportunities for urban agriculture and rooftop gardens, creating
additional benefits for local communities. Overall, green roofs and
walls are sustainable solutions to improve urban environments and
promote green infrastructure (Elmqvist et al., 2015).

Green roofs and walls can support a variety of vegetation,
including flower crops. In fact, adding flower crops to green roofs
and walls can increase their aesthetic value and provide
additional benefits to the environment. Flower crops such as
sedum, lavender, and wildflowers are often used in green roofs
due to their hardiness and ability to withstand harsh weather
conditions. They can also attract pollinators, such as bees and
butterflies, which play an important role in the pollination of
plants. When it comes to green walls, flower crops can be
arranged in different patterns and designs to create beautiful
living walls (Pétremand et al., 2017). For instance, a mix of
flowering plants such as petunias, pansies, and geraniums can
be used to create a colorful and vibrant wall. In addition to their
aesthetic benefits, green roofs and walls with flower crops can also
provide environmental benefits such as reducing urban heat
island effects and improving air quality (Ode et al., 2023).
They can also provide opportunities for urban agriculture,
such as growing edible flowers and herbs (Li et al., 2016).
However, it is important to note that green roofs and walls
with flower crops require regular maintenance to ensure their
health and viability. This includes proper irrigation, fertilization,
and pest management. Overall, incorporating flower crops into
green roofs and walls can be a sustainable and beautiful solution
for urban environments.
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9 Robotics

Robotics is a rapidly developing field that is also making strides in
the floriculture industry. Despite the clear benefits of existing
approaches to robotizing harvesting operations in gardens, the
relationship between a robot’s degree of autonomy and its ability to
perform multiple agricultural tasks on a single platform has not been
thoroughly investigated. Developing effective calculation methods will
be crucial to unlocking the full potential of mobile robots by increasing
their autonomy and expanding their functionality. At the same time, the
issues of increasing the technical efficiency of solutions aimed at
achieving a high level of robot autonomy require development. This
can be achieved by applying intelligent approaches to the complex
processing of data coming from a complex of information devices
(Bechar et al., 2016; Grimstad, 2017) Robotics in flower crops involves
the use of automated and autonomous systems to perform various tasks
related to the cultivation, care, and harvesting of flower crops (Abarna
and Selvakumar 2015). Robotic mowers, trimmers, and other
automated maintenance equipment can now be used to maintain
lawns and other outdoor spaces (Oliveira et al., 2021). In addition,
the availability of a skilled workforce that accepts repetitive tasks in
uncomfortable greenhouse conditions is decreasing rapidly, causing a
reduced availability of workforce (Adegbola et al., 2019; Arad et al.,
2020). Furthermore, the issue of labor shortage has become even
more relevant during the current COVID-19 pandemic caused by
the SARS-CoV-2 virus, which has limited international travel for
migrant workers (Woo et al., 2020). These machines can work
continuously and efficiently, reducing the need for manual labor
and improving overall maintenance quality. One significant
benefit of using robotics in flower crops is the potential for
increased efficiency and productivity. Robots can work 24/7,
perform tasks with precision and consistency, and work in
harsh environments without risking the health and safety of
human workers. Robots can be used to perform tasks such as
planting, pruning, weeding, and harvesting (Sori et al., 2018;

Uchida et al., 2019; Verbiest et al., 2020; Tarannum et al., 2021).
For example, robots equipped with sensors, cameras, and other
technology can navigate fields, identify flowers, and accurately
harvest them with minimal damage to the plant. Some examples
of flower harvest robots currently on the market include the
Flower Robotics’ “Ryden” and the “Harvest Croo” system, which
is designed specifically for harvesting strawberries but could
potentially be adapted for use with other types of flowers.
QuickFlora is testing another robot ‘FloraBot’ to automate the
flower arrangement process. FloraBot designs advanced
technologies which enable customers to automate the handling
and assembly of fresh flower arrangements something that was
impossible in the past (www.flora.bot). Everything starts with a
vision of how to increase efficiency, improve product quality and
provide scalability when needed, using flower-friendly robotics.
In simple terms, robots do things that have not been possible
before in mass-production floral environments. We are able to
automate the assembly of floral products and processes that were
previously off-limits to automation. These robots can also
monitor plant growth and detect any diseases or pests that
could harm the crops, allowing for quicker response times to
prevent the spread of disease and reduce the need for chemical
treatments (Figure 5). Similar robots can be designed using a
combination of computer vision and machine learning
algorithms to recognize flower types and colors and arrange
them into a desired pattern or design. The robots can be
equipped with a specialized gripper that can pick up and
handle delicate flowers without damaging them. Similarly,
“Starship robots” are designed to transport food packages over
short distances and have been successfully used to deliver flowers
to customers (www.starship.xyz). They are operated by Starship
Technologies, a company founded by two Skype co-founders,
Ahti Heinla and Janus Friis.

An automated system for harvesting Gerbera jamesonii cut
flowers grown in greenhouses has been developed using image

FIGURE 5
Conceptual design of robotic systems for performing various tasks in ornamental nurseries, (A) plant healthmonitoring, and (B) plant carrier platform
with loading and unloading system.
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processing (Kawollek, and Rath, 2008). The harvesting process uses
an industrial robot with six axes and an additional linear axis,
equipped with an end-effector using razor blades for cutting the
flower stems. The whole harvesting system, including the robots,
end-effectors, transport unit, and cameras, is calibrated online using
special calibration algorithms. The system analyzes image data from
eight different viewpoints to identify all flower stems in at least one
of the positions, enabling stepwise harvesting, if necessary, in
different positions of the plant. To ensure a collision-free process,
a path-planning module is integrated, and an algorithm for flower
stem tracking predicts the emerging of the stem in the following
non-visible area. In harvesting experiments, 80% of all flower
stems were harvested, with a decreasing rate of harvest with an
increasing number of flower stems per plant. For plants with one
or two flower stems, 98% of the flower stems were harvested,
while for plants with five or more flower stems, 51% of all flower
stems were harvested. Al-beeshi et al. (2015) designed a self-
propelled robot, which can analyze soil moisture and monitor
and adjust the water pump’s condition in order to activate the soil
watering function. A multi-task robotic work cell for greenhouse
transplanting and seedlings has been developed by Han et al.
(2018). The work cell mainly consists of two conveyors, a filling
unit, a control system, and a transplanting system, which is made
up of multi-grippers designed to automatically pick up and plant
whole rows of seedlings. Several studies have been conducted on
the development of robots that can perform various agricultural
tasks with precision and accuracy. Chang et al. (2016) developed
a low-cost planting robot that can navigate straight lines with
great accuracy. The robot is equipped with a drilling mechanism
that can dig up to 30 cm depth, and an ultrasonic sensor is used to
detect the drilling depth. Gao et al. (2017) designed a prototype of
a robot sprayer that can adjust the spray angle according to crop
height, canopy shape, thickness, and plant density. The system
uses magnetic sensors installed on the tracks to detect the canopy
ridge. Wang et al. (2022) designed an intelligent and modular
greenhouse seedling inspection robot that can acquire images of
seedlings and environmental data during cultivation. The robot’s
environmental data collection module can accurately obtain data
on the light intensity, temperature, humidity, and CO2

concentration in the greenhouse. Masuzawa et al. (2017)
developed a mobile robot capable of supporting flower
harvesting by utilizing a simultaneous localization and
mapping (SLAM) algorithm to map the environment. The
robot has an RGB-D camera installed not only to measure the
distance to objects but also to allow for person-following
capability. The robot uses image-based person detection and
tracking and trajectory generation for following movements to
trace the person’s trajectory as a guide to safe path planning. Ohi
et al. (2018) utilized the same technology to develop a robot
that can perform fully autonomous precision pollination of
bramble plants in a greenhouse environment. The robot uses
vision techniques to detect the position of flowers for pollination,
and an RGB-D camera installed on the robotic arm enables
precise short-range positioning. These advancements in robot
technology show great potential for improving agricultural
practices and increasing efficiency in various tasks, from
planting and spraying to harvesting and pollination. While
the use of robotics in flower crops is still in its early stages, it

has the potential to significantly improve the efficiency, quality,
and sustainability of flower production. However, the
development and adoption of flower harvest robots face
challenges such as cost, technical complexity, and the need for
further refinement to ensure they can operate in diverse field
environments. By leveraging robotics, floriculturists can
maximize their yields, reduce labor costs, and minimize their
environmental impact, leading to a more sustainable and
profitable industry.

10 Imaging technology

Imaging technology has become an important tool for the
floriculture industry. Imaging technology in flower crops involves
the use of advanced cameras and sensors to capture detailed images
of plants, flowers, and their surrounding environments. These
imaging techniques include visible imaging (machine vision),
imaging spectroscopy (multispectral and hyperspectral remote
sensing), thermal infrared imaging, fluorescence imaging, 3D
imaging and tomographic imaging (MRT, PET and CT) (Li
et al., 2014). These images are then analyzed using advanced
algorithms and computer programs to provide insights into plant
growth, development, and health. One of the primary applications of
imaging technology in flower crops is for the detection and diagnosis
of plant diseases and pests (Saleem et al., 2020). By capturing high-
resolution images of plants and analyzing them using artificial
intelligence and machine learning algorithms, floriculturists can
quickly and accurately detect early signs of disease or pest
infestations, allowing for timely intervention and treatment
(Sasaki et al., 1999; Chaerle et al., 2007). Imaging technology can
also be used to monitor plant growth and development, including
factors such as leaf area, stem diameter, and flower size. This
information can be used to optimize growth conditions, such as
lighting, temperature, and irrigation, to maximize plant health and
productivity (Nakarmi and Tang, 2012; Tilly et al., 2012;
Longchamps et al., 2023).

Plant phenotyping robots are cutting-edge technology that
allows for the high-throughput measurement of morphological,
chemical, and physiological properties of a large number of
plants. Multiple robotic systems have been developed for
different phenotyping missions. Robotic phenotyping has the
potential to efficiently monitor changes in plant traits over time,
both in controlled environments and in the field (Atefi et al., 2021).
Various studies have discussed the use of image-based techniques,
including 2D and 3D reconstruction, to extract architectural traits
such as inflorescence length and width, inflorescence volume
(weight), grain shape and size, grain angle, number of grains, and
number of flowers (Faroq et al., 2013; Crowell et al., 2014; Gage et al.,
2017; Rudolph et al., 2019). To measure morphological traits in
plant phenotyping, a robot equipped with LIDAR or a camera can
automatically capture images or point cloud data from various
angles of the inflorescence. Physiological traits are important
indicators of stress or disease in plants. For example, the
temperature of the spikes has been used to detect water stress in
plants (Panozzo et al., 1999). A robotic arm equipped with a
temperature sensor can potentially grasp the spike and insert the
sensor into spikelets to record their temperature. In fruit quality
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assessment, various properties such as water content, sugar content,
chlorophyll, carotenoid, soluble solids, acidity, and firmness need to
be measured. Spectroscopy and spectral imagery are non-destructive
and high-throughput methods that can be used to estimate these
qualitative parameters (Atefi et al., 2021; Shao and He, 2008; Wu
et al., 2008; Nishizawa et al., 2009; Penchaiya et al., 2009; Ecarnot
et al., 2013; Guo et al., 2013; Dykes et al., 2014; Wang et al., 2015;
Mancini et al., 2020). A robotic system can be utilized to monitor the
dynamics of fruit attributes for hundreds of growing fruits per day.
For instance, a portable spectrometer can be attached to the robot’s
end-effector. The robot can detect the fruit on the plant, grasp it, and
gather its spectral data to infer its quality parameters. This approach
offers a high-throughput and non-destructive method for fruit
quality assessment, enabling efficient monitoring of fruit
development over time. In addition, imaging technology can also
be used to assess the quality of flowers, providing insights into
factors such as color, shape, and size, which are important for
marketability and consumer appeal (Prunet and Duncan, 2020).
Overall, imaging technology is proving to be a valuable tool in the
floriculture industry, providing floriculturists with the ability to
detect and treat plant diseases, optimize growth conditions, and
improve the quality of their products.

11 Computerized monitoring systems

Computerized monitoring systems in agriculture are
technology-driven systems that use sensors and automated data
collection to track and monitor various aspects of crop production.
These systems can provide farmers with real-time data on soil
moisture, temperature, weather patterns, and other
environmental factors, allowing them to make more informed
decisions about irrigation, fertilization, and other inputs.
Computerized monitoring systems can also be used to detect and
respond to potential problems, such as pest infestations or disease
outbreaks before they have a chance to cause significant damage.
Overall, computerized monitoring systems are helping to improve
the efficiency and productivity of agricultural operations, while also
reducing waste and environmental impact.

12 Data analytics

Data analytics is playing an increasingly important role in
agriculture, helping farmers to make more informed decisions
and improve crop yields. Here are some of the key areas of data
analytics in agriculture: Predictive analytics: Predictive analytics
uses data analysis techniques to make predictions about future
outcomes, such as crop yields or weather patterns. This
information can help farmers to make more informed
decisions about planting, harvesting, and other aspects of
agricultural production (Lassoued et al., 2021). Precision
agriculture: Precision agriculture involves using data analytics
to optimize crop production by tailoring inputs such as water,
fertilizer, and pesticides to specific areas of a field (Griffin et al.,
2018; Akhter et al., 2021). This approach can improve crop yields
while reducing waste and environmental impact. Remote sensing:
Remote sensing involves using satellites, drones, and other

technologies to collect data on crop health, soil moisture, and
other environmental factors. This data can be used to identify
areas of a field that require additional inputs or interventions.
Data visualization tools can be used to display data in an easy-to-
understand format, helping farmers to identify trends and make
informed decisions (Kumar et al., 2019a; 2019b). For example,
farmers can use data visualization tools to track weather patterns,
crop yields, and other key metrics. Supply chain analytics: Supply
chain analytics can be used to optimize the distribution and
delivery of agricultural products, reducing waste and improving
efficiency. Overall, data analytics is transforming agriculture by
providing farmers with real-time data on crop health, weather
patterns, and other environmental factors. By leveraging the
power of data, farmers can make more informed decisions
about planting, harvesting, and other aspects of agricultural
production, contributing to a more sustainable and secure
food supply.

13 Internet of things (IoT)

The Internet of Things (IoT) is a new technology that allows
devices to connect remotely to achieve smart farming (Patil and
Kale, 2016). The IoT has begun to influence a vast range of
industries, from health, trade, communications, energy and
agriculture, to enhance efficiency and performance across all
markets (Elijah and Rahman, 2018; Sisinni et al., 2018; Shi
et al., 2019). The Internet of Things (IoT) is a network of
connected devices and sensors that communicate and exchange
data with each other. In the flower industry, IoT is being used to
improve the efficiency of flower production and supply chain
management. IoT sensors can be used to monitor
environmental conditions such as temperature, humidity, and
light levels, which are critical factors in flower growth and
development. By collecting data on these factors, growers can
optimize growing conditions to ensure the best quality and yield of
flowers. For example, sensors can be used to adjust the temperature
and humidity levels in a greenhouse to create the ideal
environment for flower growth. IoT can also be used to
monitor the health and growth of flowers. For instance, sensors
can be placed on individual plants to measure their growth rate,
nutrient uptake, and water consumption. This can help growers to
identify any issues early on and take corrective measures before
they become serious. The Internet of Things (IoT) technology
enables the remote monitoring of plants and animals, retrieving
information from mobile phones and other devices. Through the
use of sensors and instruments, farmers can assess weather
patterns and anticipate production levels. The IoT also plays a
crucial role in water management, allowing for the monitoring and
control of water flow, assessment of crops’water requirements, and
optimization of water usage, like never before (Yong et al., 2018).
With sensors and cloud connectivity through the gateway, the
status of the water supply can be remotely monitored based on soil
and plant needs (Mekala et al., 2017). The benefits of IoT
technology extend to correcting nutrient deficiencies, pests, and
diseases, as farmers cannot manually monitor every plant. This
technology has ushered farmers into a new era of modern
agriculture (Mittal and Singh, 2007). In addition, IoT can be
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used to improve supply chain management by providing real-time
data on the location and condition of flowers during
transportation. IoT sensors can track the temperature,
humidity, and other conditions during shipping and alert
growers and distributors if there are any deviations from the
ideal conditions. Overall, IoT has the potential to improve the
efficiency and quality of flower production and supply chain
management. By using IoT sensors and devices, growers and
distributors can optimize growing conditions, reduce waste, and
ensure the best quality and freshness of flowers for consumers.

14 Artificial intelligence (AI)

Artificial intelligence (AI) is a broad term that refers to the
ability of machines to perform tasks that typically require human
intelligence, such as learning, problem-solving, and decision-
making. In the flower industry, AI is being used to improve
flower production and quality, as well as to optimize supply
chain management. One application of AI in flowers is to
analyze and interpret data from sensors and cameras to optimize
growing conditions. AI algorithms can be used to analyze large
datasets of environmental and plant growth data to identify patterns
and make predictions about the optimal conditions for growing
different types of flowers (Figure 6). For example, AI algorithms can
help growers optimize the amount of water, fertilizer, and light that
flowers receive, which can improve yield and quality (Song and He,
2007; Eli-Chukwu, 2019; Vincent et al., 2019). Another application
of AI in flowers is to improve disease detection and prevention
(Adedoja et al., 2019). AI algorithms can be trained to recognize the
symptoms of different plant diseases and to detect them early on.
This can help growers take corrective measures before the disease

spreads and affects the entire crop. AI can also be used to develop
predictive models for disease outbreaks based on environmental and
weather data. In addition, AI can be used to optimize supply chain
management by analyzing data from sensors and cameras to
monitor the condition and location of flowers during
transportation (Figures 5, 6). AI algorithms can predict the best
routes and transportation methods for delivering flowers while
minimizing waste and reducing costs (Wang et al., 2017).
Overall, AI has the potential to improve the efficiency, quality,
and sustainability of flower production and supply chain
management. By analyzing data and making predictions
(Talaviya et al., 2020), AI can help growers optimize growing
conditions, detect and prevent diseases, and improve supply
chain logistics for delivering high-quality flowers to consumers.

15 Machine learning (ML)

Machine learning is a type of artificial intelligence that enables
computers to learn from data and improve their performance over time
without being explicitly programmed. In the flower industry, machine
learning is being used to improve flower production and quality, as well
as to optimize supply chain management. One application of machine
learning in flowers is to analyze and interpret data from sensors and
cameras to optimize growing conditions (Benos et al., 2021). Machine
learning algorithms can be used to analyze large datasets of
environmental and plant growth data to identify patterns and make
predictions about the optimal conditions for growing different types of
flowers. For example, machine learning algorithms can help growers
optimize the amount of water, fertilizer, and light that flowers receive,
which can improve yield and quality (Sun et al., 2019; Virnodkar et al.,
2020). Another application of machine learning in flowers is to improve
disease detection and prevention. Machine learning algorithms can be
trained to recognize the symptoms of different plant diseases and to
detect them early on. This can help growers take corrective measures
before the disease spreads and affects the entire crop. Machine learning
can also be used to develop predictive models for disease outbreaks
based on environmental and weather data. In addition, machine
learning can be used to optimize supply chain management by
analyzing data from sensors and cameras to monitor the condition
and location of flowers during transportation (Liakos et al., 2018; Zhang
J. et al, 2021). Machine learning algorithms can predict the best routes
and transportation methods for delivering flowers while minimizing
waste and reducing costs.

The integration of IoT, AI, and machine learning has significant
potential to revolutionize flower production and supply chain
management (Figure 7). IoT sensors and devices can help
growers and distributors optimize growing conditions and reduce
waste, while AI and machine learning can help them make data-
driven decisions to improve efficiency, quality, and sustainability.
For instance, the use of IoT sensors can monitor factors such as soil
moisture, temperature, and light levels, helping growers create the
ideal growing conditions for each flower variety. This can lead to
increased yields, reduced water usage, and lower energy costs.
Additionally, IoT devices can monitor the flowers’ post-harvest
conditions, ensuring they are stored and transported at optimal
temperatures to maintain their quality and freshness. The use of AI
and machine learning can further enhance flower production and

FIGURE 6
AI-based monitoring wireless sensor network and IoT concept.
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supply chain management. By analyzing vast amounts of data, AI
can help growers make informed decisions on when to harvest their
crops, reducing waste and increasing efficiency. AI can also predict
and detect diseases early, allowing growers to take preventive
measures and reduce the need for harmful pesticides.
Furthermore, machine learning can help growers optimize their
logistics and supply chain management, ensuring that flowers reach
consumers quickly and efficiently. By analyzing historical data on
demand and supply, machine learning can help growers forecast
demand accurately, reducing overproduction andminimizing waste.
In conclusion, the integration of IoT, AI, and machine learning can
help flower growers and distributors to create a more efficient,
sustainable, and high-quality supply chain. By leveraging these
technologies, they can reduce waste, improve growing conditions,
and deliver fresher, higher-quality flowers to consumers. This not
only benefits the flower industry but also helps promote
sustainability and environmental protection.

16 Radio frequency identification (RFID
tags)

RFID (Radio Frequency Identification) technology is an automated
identification system that uses radiowaves to transfer data between a tag
attached to an object and a reader. A Radio Frequency Identification
(RFID) tag functions as a barcode that can hold information (Kumar
and Srivastava, 2014). There are twomain types of RFID tags: active and
passive, with a variety of shapes and forms available for different
applications (Fernandez, 2014). Passive tags can be made from
paper, plastic, or vinyl (Want, 2006) and are designed to withstand
continuous exposure to the elements, including water, heat, dirt, and
chemicals, making them suitable for outdoor nursery production
environments. Each RFID label has a unique identification code and
can be encoded with important production information such as genus,
species, cultivar, and planting dates. Passive RFID labels are relatively

inexpensive, and as adoption increases, costs are expected to decrease
due to economies of scale. These labels are read using a specific UHF
radio frequency with an RFID interrogator. One of the advantages of
RFID in agricultural operations is that it does not require a clean label,
unlike barcodes which can be obscured by dirt or damage (Ruiz-Garcia
and Lunadei, 2011). RFID tags have been used for tagging and tracking
animals and plants, health monitoring (Wang et al., 2006), identifying
and tracking livestock, and monitoring irrigation system management
(Floyd 2015; Deng et al. 2020).

In the flower industry, RFID technology is used for tracking and
tracing flowers from the field to the store, providing greater transparency
and efficiency in the supply chain (Ampatzidis et al., 2009; Jones et al.,
2005; Verdouw et al., 2013). One application of RFID in flowers is the
tracking of individual flower stems from the time they are harvested to
the time they are sold. Each stem can be tagged with an RFID tag, which
contains information about the grower, variety, and other key details. As
the flowers move through the supply chain, RFID readers can be used to
track their location and monitor temperature and humidity levels,
ensuring that the flowers are properly handled and stored (Luvisi
et al., 2010). RFID tags are also used to monitor temperature and
humidity during transport, ensuring that the flowers are kept in optimal
conditions (Dose et al., 2021). RFID technology can also be used to
improve inventorymanagement and reducewaste in the flower industry.
By tracking the movement of flowers in real-time, retailers can better
manage their inventory levels, reducing the risk of overstocking or
stockouts. This can help to reducewaste by ensuring that flowers are sold
before they spoil or lose their freshness.

Another application of RFID in flowers is the ability to provide
consumers with information about the flowers they are purchasing.
By scanning the RFID tag with a smartphone or other device,
consumers can access information about the flower’s origin,
growing conditions, and other details. This can help to build
trust between consumers and growers and promote greater
sustainability and transparency in the industry. Overall, RFID
technology offers numerous benefits for the flower industry,

FIGURE 7
The Future of Ornamental industry: Unleashing the Potential of integrated IoT, AI, and Robotics.
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including improved supply chain efficiency, better inventory
management, and greater transparency for consumers. As RFID
technology continues to evolve, its use in the flower industry will
likely become even more widespread and impactful.

17 LED (Light Emitting Diode)

LED (Light Emitting Diode) technology is revolutionizing the
way flowers are grown by providing a more efficient and
customizable light source for plants (Al Murad et al., 2021).
LEDs are more energy-efficient than traditional light sources, and
they can be tuned to specific wavelengths that optimize plant growth
and flowering. One application of LEDs in flower cultivation is in the
production of cut flowers. By using LEDs to provide the optimal
light spectrum for flower growth, growers can achieve faster growth,
increased flower size, and improved color and fragrance. This can
help to increase yield and quality while reducing production costs, as
LEDs use less energy than traditional lighting methods (Table 3).
Another application of LEDs in flowers is in the production of
potted plants and indoor flowers (Mills-Ibibofori, et al., 2019; Kang

et al., 2019). LEDs can be used to provide a specific light spectrum
that promotes healthy growth, even in low-light environments. This
can be particularly useful in urban areas or areas with limited access
to natural light, where plants may struggle to thrive without artificial
lighting. In addition, LEDs can be used to control the timing and
quality of flower blooms (Paradiso and Proietti, 2022). By adjusting
the light spectrum and duration, growers can induce flowers to
bloom at specific times of the year or in response to certain
environmental cues. This can be particularly useful for the
production of holiday flowers, such as Cyclamen,
chrysanthemums, poinsettias, gerberas, petunias, Easter lilies
(Heo et al., 2003; Higuchi et al., 2012; Park et al., 2016; Mills-
Ibibofori, et al., 2019). However, in general, studies investigating the
effects of LED light on flower crops typically vary in terms of the
specific flower species (Mills-Ibibofori et al., 2019) being studied, the
type and intensity of the LED light used, the duration and timing of
the light treatments, and the specific growth or developmental
parameters being measured (Craig and Runkle, 2013; Park and
Runkle, 2016; Matysiak, 2021; Vendrame et al., 2022). These studies
often aim to optimize plant growth and development, increase
yield, improve flower quality and color, or reduce disease

TABLE 3 Some specific examples of effects of LEDs on some ornamental species.

S. No Crop Effects of LEDs on crop Reference

1. Chrysanthemum
morifolium

The study showed that short-day plants have their long night interrupted most effectively by a moderate-to-
high R:FR ratio of 0.66, and that flowering is not regulated by FR light alone. In all species, stem length
increased quadratically with the increase in R:FR ratio during the night interruption, peaking at a ratio
of 0.66.

Craig and Runkle (2013)

2. Antirrhinum majus The study found that decreasing the R:FR ratio led to a linear increase in plant height and total leaf area,
while keeping R constant and increasing FR resulted in a linear increase in shoot dry weight. However,
substituting R with FR radiation caused a linear decrease in shoot dry weight per unit leaf area.

Park and Runkle (2016)

3. Petunia hybrida Night interruption with green light in short-day conditions promoted flowering in petunia Park et al. (2017)

4. Helianthus annuus The study found that light sources have varying effects on phyllosphere-associated fungi and bacteria. Fungi
are directly influenced by the physical properties of the light source, while bacteria are indirectly affected
through modifications in the plant environment caused by the different light sources.

Alsanius et al. (2017)

5. Lilium and Dahlia The study found that while dahlia ‘Karma Serena’ flowered earliest without supplemental light, plants
grown under light treatments had greater height, width, and shoot weight. The use of gibberellic acid had
significant effects on the growth and flowering measurements for both dahlia ‘Karma Serena’ and Asiatic
lily ‘Yellow Cocotte’.

Mills-Ibibofori et al.
(2019)

6. Antirrhinum majus stem elongation, lengths of the inflorescences, and increased the size and number of florets. Extended vase
life.

Xiang et al. (2020)

7. Rosa hybrida The study determined that an optimal balance of light for maximizing plant quality (size, number of
flowers, branching) and minimizing powdery mildew infestation can be achieved by using a relatively high
proportion of red light (49%–67%) in combination with blue (13%–16%) and green-yellow fractions (10%–

15%) of visible light at a PPFD of 200 _mol m-2 s-1 for 18 h, and at an R:FR ratio ranging from 2.1 to 11.3.

Matysiak (2021)

8 Gerbera jamesonii The study found that LED light did not disturb the endogenous phytohormone balance and was more
effective in mitigating the stress experienced by in vitro grown plants compared to fluorescent lamps. The
red LED was the most effective in reducing stress. Red and red:blue light lowered tissue auxin levels, while
blue LED light lowered the shoot multiplication rate and height but induced the highest content of
gibberellins at the last stage of the culture.

Cioc et al. (2022)

9 Brassavola nodosa The study found that LED-3 with a lower intensity of 80 _mol m-2 s-1 PPFD resulted in the best plant
performance in vitro, while LED-2 with a higher intensity of 1015 _mol m-2 s-1 PPFD showed the best plant
performance ex vitro.

Vendrame et al. (2022)

10. Petunia × hybrida ‘ The study found that gradually increasing the percentage of blue light led to the maximum dry weight of
shoot, shoot length, and leaf area. On the other hand, a gradual decrease in blue percentage led to maximum
leaf number, root dry weight, and root length. The modification of the R:B ratio during the seedling stage
also resulted in a reduction of electricity consumption, leading to higher efficiencies.

Rashidi et al. (2023)
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incidence (Cioc et al., 2022; Rashidi et al., 2023). Results can vary
widely depending on these factors, and further research is needed
to better understand the effects of LED lighting on flower crops
under different growing conditions. Overall, LEDs offer
numerous benefits for the flower industry, including improved
growth and flowering, reduced energy costs, and greater control
over bloom timing and quality. As LED technology continues to
evolve, it is likely that its use in the flower industry will become
even more widespread and impactful.

18 Virtual flowers

Virtual flowers refer to computer-generated images or
animations of flowers that are created using software
programs and displayed on electronic devices such as
computers, smartphones, or virtual reality headsets. Virtual
flowers can be used in a variety of ways, including as digital
decorations for websites or social media posts, as 3D models for
gaming or animation, and as virtual bouquets or gifts. Virtual
flower gardens can also be created for educational or
entertainment purposes, allowing users to explore and learn
about different types of flowers in a virtual environment. One
advantage of virtual flowers is that they can be created and shared
easily and quickly, without the need for physical flowers or
transportation. This can be particularly useful for events or
occasions where flowers may be difficult to obtain or
transport, such as in remote or urban areas. Virtual flowers
also offer the opportunity for greater customization and
personalization than traditional flowers. Users can choose
from a wide range of flower types, colors, and arrangements
to create a unique and personalized gift or message. Virtual
flowers can also be easily modified or updated, allowing for
changes in color or arrangement to suit different preferences
or occasions. Overall, virtual flowers offer a fun and creative way
to enjoy the beauty of flowers in a digital environment. While
they cannot replace the physical experience of receiving or giving
real flowers, they offer a unique and convenient alternative for
those who may not have access to physical flowers or who want to
explore the creative possibilities of digital technology.

19 Advances in landscaping technology

Advances in landscaping technology have led to the
development of new tools and techniques that make it easier and
more efficient to design, install, and maintain outdoor spaces. 3D
modeling software is widely used in the landscaping industry for
designing and planning outdoor spaces. Here are some of the top 3D
modeling software used for landscaping:

SketchUp: SketchUp is a user-friendly 3D modeling software
that allows designers to create detailed 3D models of landscapes,
buildings, and other outdoor spaces. It features a large library of 3D
models, allowing designers to add plants, trees, furniture, and other
elements to their design.

AutoCAD: AutoCAD is a powerful software that is widely used
in the architecture, engineering, and construction industry. It allows
designers to create 2D and 3D models of landscapes, buildings, and

other outdoor spaces. AutoCAD also features advanced tools for
creating accurate measurements, annotations, and other design
elements.

Lumion: Lumion is a 3D visualization software that is widely
used in the landscaping industry. It allows designers to create
stunning 3D renderings of landscapes, buildings, and other
outdoor spaces. Lumion features a large library of 3D models,
textures, and materials, allowing designers to create realistic and
visually appealing designs (Figure 8).

Vectorworks: Vectorworks is a powerful 3D modeling software
that is widely used in the landscaping industry. It features advanced
tools for creating detailed 2D and 3D models of landscapes,
buildings, and other outdoor spaces. Vectorworks also features
advanced tools for creating accurate measurements, annotations,
and other design elements.

Blender: Blender is a free and open-source 3D modeling
software that is widely used in the landscaping industry. It
features a large community of users and developers, allowing
designers to access a large library of 3D models, textures, and
materials. Blender also features advanced tools for creating
animations and visual effects, making it an ideal tool for
creating animated walkthroughs of outdoor spaces. Overall,
3D modeling software is an essential tool for landscape
designers, architects, and other professionals in the
landscaping industry. It allows them to create detailed and
accurate models of outdoor spaces, reducing the risk of errors
and misunderstandings.

20 Drone mapping

Drones equipped with cameras and sensors can be used to
create detailed maps of landscapes, Drone mapping is becoming
an increasingly popular technology in the floriculture and
landscaping industries. It involves using drones equipped
with cameras to capture high-resolution aerial images of a
landscape, allowing designers to analyze topography,
vegetation, and other factors that can affect the design and
maintenance of outdoor spaces which can then be used to
create detailed maps, 3D models, and other visualizations
(Kleinschroth et al., 2022). Here are some of the ways that
drone mapping is being used in floriculture and landscaping:
Site surveys: Drones can be used to quickly and accurately survey
a landscape, allowing designers and landscapers to gather
detailed information about the topography, vegetation, and
other features of the site. Plant health monitoring: Drones
equipped with specialized cameras can be used to monitor the
health of plants in a greenhouse or outdoor growing
environment (Pantos et al., 2023). This can help growers
detect issues such as nutrient deficiencies, water stress, and
pest infestations before they become more serious problems
(Attada and Katta, 2019). Irrigation management: Drones can
be used to monitor irrigation systems and detect issues such as
leaks, clogs, and other problems that can waste water and
damage plants. Design visualization: Drones can be used to
capture high-resolution aerial images of a landscape, which
can then be used to create detailed 3D models and other
visualizations (Figure 9). This can help designers and clients
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better understand the layout, features, and potential of a site.
Precision application of inputs: Drones equipped with spraying
equipment can be used to apply fertilizers, pesticides, and other
inputs to crops and landscaping areas with greater precision
than traditional ground-based methods (Hassler and Baysal-
Gurel, 2019). This can reduce waste, improve efficiency, and
reduce the risk of damage to non-target areas. Overall, drone
mapping is a powerful tool for floriculture and landscaping
professionals, providing a detailed and accurate view of a
landscape from above. It can help improve efficiency, reduce

waste, and improve the health and productivity of plants and
other vegetation.

21 Sustainable materials

There is a growing trend towards using sustainable and
environmentally-friendly materials in landscaping, such as
recycled materials, native plants, pot making, floral
arrangement making, and permeable paving (Darras, 2020).

FIGURE 8
Lumion-based 3D visualization model prepared for a landscaping plan.

FIGURE 9
Conceptualization of drone mapping and imaging for ornamental nurseries.
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These materials can reduce environmental impact and provide
long-term cost savings. Overall, advances in landscaping
technology are making it easier and more efficient to design,
install, and maintain outdoor spaces. These technologies are
helping to create more sustainable and enjoyable landscapes
that can benefit both people and the environment.

22 Blockchain technology

Blockchain technology is a secure and decentralized database
system that has been adopted in various industries, including
agriculture. In the flower industry, blockchain technology is
being explored as a means to improve supply chain management,
traceability, and transparency. Blockchain technology can provide a
secure and transparent record of every transaction along the flower
supply chain, from the grower to the retailer. This can help to
increase consumer trust by ensuring that the flowers are grown and
distributed sustainably and ethically. By using blockchain
technology, consumers can verify the origin, quality, and
freshness of flowers, and can be confident that they are
purchasing a genuine product. In addition, blockchain technology
can help to reduce the risk of fraud, counterfeiting, and mislabeling
in the flower industry. It can provide a secure and tamper-proof
record of every step in the supply chain, which can help to identify
any irregularities or inconsistencies. This can help to reduce waste,
increase efficiency, and save costs. Furthermore, blockchain
technology can also provide benefits to flower growers by
improving payment systems and reducing transaction costs. By
using blockchain-based payment systems, growers can receive
payment faster, without the need for intermediaries such as
banks or payment processors. Overall, blockchain technology has
the potential to transform the flower industry by improving
transparency, traceability, and efficiency throughout the supply
chain. With further adoption and development, blockchain
technology could become a key tool in ensuring the
sustainability, quality, and authenticity of flowers for consumers
around the world.

23 E-commerce platforms

E-commerce platforms allow for online sales of flowers and
plants, making it easier for customers to purchase and receive
products. Here are some global e-commerce platforms for flowers:

Interflora: A global flower delivery service that operates in over
140 countries, providing same-day and next-day flower delivery options.

Florist.com: A global online flower delivery service that offers a
wide range of floral arrangements and gift options for various occasions.

Flower Chimp: An online florist that operates in several
Southeast Asian countries, including Malaysia, Singapore, and the
Philippines.

FloraQueen: A global flower delivery service that operates in
over 100 countries, providing fresh flower arrangements for various
occasions.

Bloom&Wild: An online flower delivery service that operates in
several European countries, including the United Kingdom,
Germany, and France.

Euroflorist: An online flower delivery service that operates in
several European countries, including Sweden, the Netherlands, and
Germany.

Avas Flowers: An online flower delivery service that operates in the
United States and provides same-day delivery options for many areas.

JustFlowers.com: An online flower delivery service that operates
in the United States of and provides same-day delivery options for
many areas.

FlowerAdvisor: An online florist that operates in several
countries across Asia, including Indonesia, Singapore, andMalaysia.

daFlores: A global flower delivery service that operates in over
180 countries, providing fresh flower arrangements for various
occasions.

To address existing challenges and promote sustainable large-
scale production of ornamental plants, innovative solutions are
being developed (Cardoso and Vendrame, 2022). One such
project, FloraGuard (Lavorgna et al., 2020), aims to combat
the illegal online market of endangered plants by tracking,
providing information, strengthening legislation, and
exploring strategies. This initiative seeks to reduce the over-
collection and commercialization of threatened or endangered
plants that are unlawfully extracted from their natural habitats.

24 Conclusion and future prospectus

The flower industry has experienced noteworthy benefits due to
the ongoing advancement of technology, including enhanced
efficacy in production procedures, superior flower quality, and
increased profitability. As the floral sector experiences further
development and expansion, the imperative for sustainable and
ethical methodologies becomes increasingly pressing. The overuse
of pesticides and fertilisers in flower cultivation is a significant
ecological issue that can result in detrimental consequences for
the environment and the wellbeing of labourers engaged in the
production process. The implementation of precision agriculture
methodologies, which entail the utilisation of sensors and data
analytics, can potentially mitigate the excessive application of
chemicals by furnishing precise insights regarding soil quality,
pest invasions, and crop nourishment necessities. In addition, the
adoption of biodegradable packaging materials and the integration
of energy-efficient systems within the flower production sector can
substantially mitigate the industry’s carbon emissions. The
attainment of this objective can be realised by embracing
sustainable energy alternatives, such as solar or wind energy, and
integrating circular economy tenets, which involve the recycling or
repurposing of waste materials. One additional ethical issue
prevalent in the flower industry pertains to the potential
exploitation of labour in developing nations, which serve as the
primary location for flower cultivation. In order to tackle this matter,
it is possible to implement fair trade practises and certifications,
which can guarantee that labourers are remunerated equitably,
provided with secure working environments, and granted access
to educational and healthcare resources. Moreover, the
utilisation of technology can facilitate the advancement of
social and economic growth within regional communities by
creating novel employment prospects and fostering
entrepreneurial activities. The utilisation of e-commerce
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platforms has the potential to establish a direct connection
between consumers and small-scale flower growers, thereby
obviating the requirement for intermediaries and augmenting
the profit margins of the growers. To conclude, the flower
industry must prioritise sustainability, ethical practices, and
social responsibility in the development and implementation
of novel technologies. By endorsing these principles, the floral
industry can sustain its growth and satisfy the increasing need for
aesthetically pleasing and significant flowers, all while making a
positive impact on both the environment and society.
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