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Abstract: As the global population is continuously increasing, the supply of food with equal accessibility has become a major issue and future challenge. To meet both the
worldwide demand for food security and new environmental needs, agriculture must increase food production and quality while decreasing its detrimental impacts on
ecosystems and the environment). However, new agricultural land is limited, so sustainable production and increasing productivity of existing agricultural land is an important
aspect to address global food security. Climate change affects precipitations, water flows, humidity and temperature. These changes will influence crop growth, phenology
and yields, in the end leading to drastic changes in areas that are suitable for specific plant cultivation and land use changes. The paper presents considerations for the
simulation of plant growth, taking into account temperature, lighting, water availability and fertilization.
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INTRODUCTION
As the global population is continuously
increasing, the supply of food with equal

accessibility has become a major issue and
future challenge. To meet both the worldwide
demand for food security and new
environmental needs, agriculture must increase
food production and quality while decreasing its
defrimental impacts on ecosystems and the
environment (USDA, 2015; Grusson et al., 2021).
However, new agricultural land is limited, so
sustainable production and increasing
productivity of existing agricultural land is an
important aspect to address global food
security.

Soil moisture has significantly decreased in the
Southern region and increased in parts of
northern Europe since the 1950s (Desfouni &
Verrot, 2014; European Environment Agency
Report No 1/2017). Similar effects are expected
for the coming decades, as the rise in average
temperatures continues and rainfall patterns
change (European Environment Agency, 2021;
Arvis et al., 2020).

Climate change affects precipitations, water
flows, humidity and temperature. The frequency
and magnitude of extreme weather and climate
events will increase, and the distribution and
abundance of pest species and pollinators may
change, Figure 1 (Bocci & Smanis T., 2019;
European Environment Agency, 2021). These
changes will influence crop growth, phenology
and yields, in the end leading to drastic changes
in areas that are suitable for specific plant

cultivation and land use changes (Ceglar et al.,
2019; Ahsan et al., 2021).
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Figure 1 —Impacts of climate change on agriculture
(European Environment Agency, 2021, Arvis et al., 2020)

Also, fertilizers—pesticides—herbicides (FPH) play a
sensitive role in food systems: they are applied in
order to fertfilize, protect crops from pests and
diseases and to reduce food losses, but on the
other hand they can have negative impacts on
the environment and human health (Ahsan et
al., 2021; Aktar et al, 2009). The improper
application of chemicals on crops may also
confribute to accumulation of residues in food
materials, soils and water. Vegetable production
is an excellent example of intensive cropping
systems that are indeed on the rise (Eyhorn et al.,
2015).

Vegetable cropping systems are high-input and
generally require large quantities of fertilization,
frequent irrigation, and pest control.
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The concept of loT is more and more present in
agriculture, guiding it in the direction of
automation and intellectualization. A WSN, as a
part of loT, can act as a distributed
measurement  instrument  that can  offer
improved information compared with a single
manually operated instrument, especially in
large areas. Considering the differences in
parameters that can occur in large areas,
multiple points have to be monitored.

A suitable solution is a WSN with long-range data
transmission (Centenaro et al, 2016). The
representative  technology that can be
successfully implemented in WSN (Wixted et al.,
2016) for this type of network is LoRa (Mekki et al.,
2019) developed by Semtech. For research and
final user applications, Libelium released a
wireless sensor node based on Arduino
programming language with implementations in
large areas through specific expansions boards.
Libelium implemented more than 150 case
studies with WSN, proving the applicability of the
system  for various real-life  applications
(www.libelium.com/).

The paper provides insights into the
implementation of inteligent systems for
simulating the growth of plants in various
conditions, as a method for combating and
reducing the impact of climate changes on
agricultural crops and on food availability.
MATERIALS AND METHODS

An essential component of simulating plant
growth is different environmental conditions.
Researchers can investigate how various
environmental elements, genetic factors, and
management techniques affect plant growth
and development. The following key conditions
(figure 2) should be considered:

z: Temperature
Plants can thrive at temperatures between 4.5
and 36 degrees Celsius. The best temperature for
growth varies depending on the species and
stage of development, and it typically varies
from night to day. Temperature affects a number
of development processes. Respiration, a step in
the photosynthetic process, maturity, flowering,
fruit ripening, and dormancy are a few of these
(Janick J., 2019).

Several temperature ranges can influence the
growth and development of plants. It should be
investigated how temperature affects plant
development and vyield by simulating various
temperature situations.

ight

Plants are sensitive to light with wavelengths
between 300 and 800 nm. Plants grown in the
lack of light become etiolated. Chlorophyll is
absent from etiolated plants, which are tall and
wiry with long internodes and small, ungrown
leaves. Their morphological expression of
etiolation is connected to how light affect auxin
synthesis and distribution.

The tissues generated in the light or the dark
have the same anatomical characteristics,
although light promotes some phases of growth
while suppressing others, such as internode
elongation (Noggle & Fritz, 1983; Hartman et al.,
1981).

Light is a crucial element in the growth and
development of plants. It should be investigated
how light intensity, duration, and quality affect
plant growth and development by modeling
various lighting scenarios.

oil moisture

It is well recognized that stomata closure,
drought signaling in roots, reduced leaf water
potential, and cellular dehydration are the main
characteristics of moisture shortage.

Reduced cell size and growth, decreased
cellular and metabolic activity, suppression of
photosynthetic activity, turgor loss, production of
reactive oxygen species, and altered carbon
parfitioning are all secondary or long-term
impacts of soil moisture stress (Jaleel et al., 2009;
Bosco de Oliviera et al., 2013).

Particularly during the germination and seedling
stages, soil moisture levels can have an impact
on plant growth and development. The impact
of soil moisture on plant growth and
development by can be assessed simulating
various humidity situations.

oil type

Living things, minerals, and organic substances
all make up the soil. Decomposing materials like
rotting plants and dead animals are where the
organic matterin the ground comes from.

Since minerals are created when rocks are
broken, the kind and quantity of minerals in the
soil are influenced by the types of rocks that can
be found nearby. Bacteria and earthworms are
examples of the living creatures that make up
soil. Plant growth is influenced by everything,
including organic substances and ground-
dwelling creatures (USDA, 2015).

Varying soil types can have an impact on a
plant's growth and development because of
differences in their nutrient and water-holding
capacities. How different soil types affect plant
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development and yield can be investigated by
testing growing the same plants on various soil
types.

Nutrient availability

Proper management of nutrients is crucial for
preserving soil production. In order to make
fertilizer recommendations for field crops, soil
analysis is typically employed as a criterion. Soil
fertility is a phrase used to characterize the
quantity of nutrients present in the soil.

In order to forecast how plants will respond and
manage nutrients, observations and tests are
utilized to assess the availability of nutrients.
Because of other factors like soil moisture content
and soil temperature, the availability of vital
nufrients to growing plants cannot be
guaranteed even when there are sufficient total
amounts of these elements present in the soil
(Fageria & Baligar, 2005).

Nutrient availability is a critical factor for plant
growth and development. By simulating different
nufrient availability conditions, the effects of
nufrient deficiencies or excesses on plant growth
and yield can be studied.

i Genetic factors

Genetic factors can play a significant role in
plant growth and development. By simulating
different genetic factors, such as plant fraits,
heritability, and gene expression patterns,
researchers can study the effects of genetic

factors on plant growth and development.
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Figure 2 — Factors affecting plant growth
Overall, modeling different plant growth
environments is crucial for comprehending the
infricate interplay between many environmental,
genetfic, and management elements that
influence plant growth and crop output.

Simulated plant growth can assist scientists and
growers in enhancing crop yields and minimizing
the impact of agriculture on the environment.
RESULTS

There are numerous computer programs available
that simulate plant growth, some of which include:
3D modelling models: these programs
simulate three—-dimensional plant growth and
development using mathematical models.
They can be used to construct and test
novel plant structures as well as to generate
realistic virtual environments for studying
plant behaviour.

Agent-based models: these simulations
depict how various components of a plant
system—such as cells and organs—behave
individually and in relation to one another to
form emergent plant behaviour.

Physiological models: the biochemical and
physiological activities that take place inside
a plant, such as photosynthesis, respiration,
and nutrient intake, are simulated by these
models. They can be applied to research
how plants react to various environmental
factors and to forecast agricultural output.
Machine learning models: these models use
algorithms predicting plant growth and
development using information from actual
plant growth studies. They can be used to
forecast crop harvests, improve plant growth
conditions, and create new plant varieties.
Apart  from computer-based models, plant
simulation modules can be used for simulating
conditions that affect plant growth. A plant
growth simulation module might include the
following typical features:

Initial conditions: The simulator allows the
user to set the initial conditions for the
simulation, such as the size and shape of the
plant at the beginning of the simulation.
Environmental factors: The simulator allows
the user to adjust the environmental
conditions in the module, such as the
amount of light or water the plant receives,
nutrients, weather conditions, etc.
Visualization: The module may include tools
for visualizing the growth of the plants over
time, such as time-lapse videos.

Output data: The module may provide
output data on the growth of the plant, such
as the size and shape of the plant at
different points in fime or the amount of
biomass produced.

Validation: The module may be validated
using experimental data to ensure that it
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accurately models the growth and
development of real plants in the simulated
conditions.

Plant simulation modules include:
Hydroponic systems: Hydroponic systems are
setups that allow plants to grow in nutrient—
rich water solutions without soil. Hydroponic
systems can be used to control the nutrient
composition of the growing medium and to
optimize the growth conditions for the plants.
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Figure 3 — Structure of the hydroponics vertical farm (Gentry M., 2019)

(A) Nutrient film technique. Fach tray has LED lighting above it.
(B) Drip rrigation system. The column is dripped with nutrient water. This device can
either allow for more natural daylight or be illuminated from the side by LEDs
Aeroponic systems: in an Aeroponic system,
plants are grown in an environment where
air with very little water or mist and without
soil are used. In this system, the plant roots
are suspended in air. So, the roots are
nourished by misting the root zones with a
nutrient solution on a confinual basis by using
a fine sprayer to ensure that the roots get
sufficient oxygen.
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Figure 4 — Schematic diagram of an aeroponic system
(Gupta & Ganapuram, 2019
Complete plant growth chambers:
Specialized environmental chambers known
as "plant growth chambers" are created to

replicate the conditions necessary for plant
growth. In addition to other environmental
elements, they can be used to regulate
parameters like temperature, moisture, light
intensity, and CO2 levels. In these systems,
the level of CO2, moisture content and
nutrition status within the chambers are
monitored and controlled for maintaining
simulated growing conditions with the help
of a fully intfegrated computer management
system.

CONCLUSIONS

—The wuse of plant growth simulation in
agriculture has the potential to revolutionize
the way in which crops are established, grown
and managed.

— By providing more efficient and sustainable
methods of monitoring and controlling the
environment, plant simulation models and
physical modules have the potential to
improve the efficiency and profitability of
agricultural operations, as well as to improve
land use soil health.

— However, further research is needed to
overcome the technical and financial
challenges associated with computer aided
and physical modules for plant simulation in

this context, to allow more widespread
adoption and use of these systems in
agriculture.

— The employment of plant simulation can help
farmers and researchers in the future to
change both crop technologies and
cultivated plants in accordance to current
climate and soil factors that are found in
particular areas and adapt their activity to
foreseen changes in water availability,
temperatures, light and nutrients.
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