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Abstract

Experimentally obtaining products with optimal properties for a given application, in a trial
and error approach, is an expensive and slow process. In this case, the use of mathematical
and computational techniques to assist in realistic theoretical predictions serve as a guide for
experimental procedures and contribute to saving time and resources. However, to facilitate
the application of mathematical modelling, it is necessary to resort to simplifications, in
such a way as not to lose the realism of the model to be formulated. Mathematical methods
are important not only for aiding experiments but also to assist process planning in
horticulture, for example, planning of the: management of the cultivation of flowers, fruits
and vegetables; application of agricultural technologies; planting and harvesting aiming
to increase productivity; soil preparation; installation of irrigation and drainage systems;
application of compost and fertilizers; pest and disease management; among others. In this
context, the main purpose of this paper is to show that mathematical models can be used as
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a tool to aid planning and decision making processes in Horticulture.
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Realistic mathematical modelling

Mathematical modelling is a relevant knowledge area that studies
simulation ofreal systems in orderto predictand understand its behavior.
Simulations are developed from computational implementations of
the mathematical description of the phenomena involved in the real
system, i.e., from mathematical model. Mathematical models are
extensively used in Engineering and science, such as Agriculture,
Medicine, Physics, Chemistry, Biology, Economics, and others.

Mathematical model is a representation of system which exists in
reality or which should emerge in reality, described with mathematical
equations. Methodology of developing mathematical models
(mathematical modelling) consists of several steps.'? The first step
is the knowing about the real problem to be modeled. In general, in
this step the mathematical modeler should be advised by a specialist
knowledge area in which the real problem is inserted. The majority
of interacting systems in the real world are far too complicated to
model in their entirety, therefore, the modeler must to identify the
most important part of the system to be included in the model and
the rest is excluded, aiming to write the mathematical expressions
with the minimal number of items and variables, decreasing the
mathematical and computational complexity. In addition, the modeler
must collect real and/or experimental data to be used as parameters of
the mathematical model.

The next step is to identify the variables of the problem, from which
the mathematical expressions will be constructed. The mathematical
modeler must to know the required objectives of the model to be
created, such as: to assist a given decision making (managements);
to optimize a processes (maximize profit, minimize costs, minimize
environmental impact, etc.); to obtain numerical estimates of
determined element of the process (production, fuel consumption,
number of machines, etc.), to understand the behavior of a process

for a certain period of time (in order to reproduce or to understand the
system, and/or apply control).

Depending on the purpose of the model to be created and type of
variable defined (discrete, continuous, random, etc.), it is chosen a
techniques to be used in the construction and resolution of mathematical
model. This technique can involve Optimization Theory, Dynamic
Systems (Differential Equations), Applied Statistics, Numerical
Calculation, etc.’” Therefore, the mathematical model of the real
problem is formulated using the mathematical knowledge.

After mathematical formulation and determination of the proper
parameters value, the next step is the model resolution. For this
purpose, mathematical and computational methods are used. There
are several algorithms and computational software for solving
mathematical models, which depend on the set of mathematical areas
in which the model is inserted. After solving the model, it goes on to
validation phase, where is verified if the model represents with fidelity
the real process. After that, the model can be used to help in solving
real problems.

Contribution of mathematical model for the
horticulture

Horticulture production process is a highly complex system due
to sowing, growth and harvesting processes, which can be affected
by weather and soil conditions, appearance of insects and weeds,
diseases contamination, and other factors.® Moreover, the resource
sustainability must be considered to ensure the harvesting rate of
the resource without compromising its natural regenerative capacity.
This system complexity is also justified by the relationship between
of the production processes and environmental, economic, politics
and social issues.” In this context, mathematical modelling is a very
useful tool, which permits describing,® predicting’ and/or optimizing
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operational and production processes planning in order to assist the
decision-making in horticulture aiming to increase crop yields and
improve crop quality.'

Over the last decades, several mathematical models have been
developed aiming improvement of planning process, mainly to
determining optimal operational, tactical and strategic planning in
many sectors of the Horticultural, such a land preparation, planting,
crop cultivation, irrigation and drainage, use of machinery, diseases
control, harvesting, etc.!"'* Currently, these mathematical applications
have not been related only to the plants cultivation, they have been
very wide, being applied throughout the horticultural supply chain.’
including to internal structure (financial situation, production and
management) and external structure (technological developments,
potential of species and cultivars, market, economy and environmental
condition) of the horticulture, besides attending the environmental
issues through sustainable cultivation'®!” and use of waste.'

The globalization of the economy has caused changes in the
horticultural supply chain and enabled technological and structural
advances. In this way, tools are necessary to help improve
competitiveness, strengthen research and rural extension. In this
context, the mathematical modelling is one of these tools that can help
to enhance the improvement of the entire supply chain, guaranteeing
its competitiveness and sustainability and promoting an activity
inserted in horticulture of economic and social reach.
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