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ABSTRACT

The objective of this study was to develop a model based on fuzzy rules to evaluate the effects caused by varying

the dosages of two soil fertilizers (mineral and organic) on root diameter. Fuzzy logic is a method that presents a language,

more appropriate to day-to-day life, as the sky is a bit cloudy. For the input variables of this system the mineral and an

organic fertilizer were used, for the output the root diameter, in cm. After optimization of the input rules, it can be seen

that for the application of the fertilizers (mineral and organic) the best dosages were from 15 to 60 and 20 to 60 g-m?2,

respectively. With this application of fuzzy rules in real data, it is possible to take these benefits to those involved in the

production chain of radish, resulting in a reduction in the dosages of products and improving its final profitability.
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1. Introduction

The Gross Domestic Product (GDP) in 2020, showed high in all
sectors of Brazilian agribusiness, even if the other sectors of this indica-
tor showed losses with the pandemic of COVID-19!"). Within Agribusi-
ness one of the sectors that stood out were grains and horticulture, espe-
cially the radish!®.

The radish culture has a short cycle from planting to harvest, this in
relation to other horticultural crops’®. Therefore, the application of ferti-
lizers both mineral and organic exert great interference in the productiv-
ity of this crop!*, because the occurrence of physiological disorders of
nutritional origin are factors that significantly influence the commercial
productivity of radish®®’.

However, mineral and organic fertilizers are considered the highest
costs in an agricultural production', so the optimization in the processes
must be effective. The fuzzy logic is a model that can be applied in sev-
eral areas, especially in agribusiness, having as main objective to opti-
mize production processes!”.

The theories involving sets and fuzzy logic treat uncertainty and am-
biguity as deterministic’®!. Where Bayesian logic researchers work with
probabilities, fuzzy logic scholars visualize different amounts of perti-
nence to events that are not probable, but are actual eventst.

Fuzzy logic allows applying uncertainties and ambiguities in a sys-
tem of rules that express a conclusion not being as true or false, but being
true to a certain degree!®. Knowing that the degree of certainty is known
as the degree of pertinence, so fuzzy logic works with data and results
closer to non-mathematical language, as an example, “it may rain” or
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“that man is tall”'"),

Given this, this study aimed to develop a
model based on fuzzy rules to evaluate the effects
caused by varying the dosages of two fertilizers one
mineral and one organic fertilizer on root diameter.

2. Materials and methods

The article was based on a real field experiment,
where two fertilizers were applied to the soil, one
mineral, the 5-10-10 fertilizer, i.e., 5% nitrogen, 10%
phosphorus and 10 potassium, and an organic ferti-
lizer, the bovine compost, was applied to the radish

crop in 5 different dosages of each fertilizer. The ex-
periment was conducted at the Adroaldo Augusto
Colombo State Agricultural College. Experimental
data for modeling were described by Godinho and
Caneppele!'!.

A system based on fuzzy rules was developed
in order to find the best fertilizer dosages (mineral
and organic) to obtain a high yield with an adequate
financial management.

This processor has one or more inputs, known
as input, and one or more outputs, where they
have been defined, as shown in Figure 1.
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Figure 1. Fuzzy rule-based system for determining radish root diameter.

Source: Author, 2021.

In this study, a mathematical model called fuzzy
logic was performed to evaluate the radish root di-
ameter with the best fertilizer dosages (mineral and
organic).

The characteristics of this mathematical model-
ing has a function where f: R> — R com = f (%),
where R is the set of real numbers, X; = mineral fer-
tilizer, x, = organic fertilizer and y = diameter, as
shown in Figure 1.

The input variables were mineral fertilizer (5-
10-10) and organic fertilizer (bovine compost). Ac-
cording to Tsail'*!, the most accurate model for this
experiment is the trapezoidal model.

Equation 1, presents the fuzzy set of trapezoidal
type, which is formed by four points (a, b, ¢, d).
Therefore, the modeling number (x) can be con-
tained in 3 parts of the fuzzy set. Therefore, its rep-
resentation can be established as follows:

xX—a f s
if a<x
b—a

1 if b<x<c
f‘(x,a,b,c.d): d_x f i

d—c
0 opposite case

if e<x<d

(O1)

Figure 2a) and 2b) show the parameter sets of
the fertilizers (mineral and organic), where identical
range was applied for both of [0—-60] and were clas-
sified into “Low”, “Medium” and “High”. Table 1
contains the points that form the relevance functions.
To evaluate the radish root diameter, a mathematical
model was used as previously described by
Cremasco!'¥). Therefore, Figure 2¢) presents the out-
put values for root diameter, where a range of [0—10]
was established.

Table 1. Definition of relevance functions for the input varia-

ble: mineral fertilizer, organic fertilizer and output: radish root
diameter

Fuzzy Set Type Limit

Mineral Fertilizer

“Low” L Trapezoidal [-10 0 10 20]
“Medium” M Trapezoidal [1020 30 40]
“High” H Trapezoidal [30 40 50 60]
Organic Fertilizer

“Low” L Trapezoidal [-10 0 10 20]
“Medium” M Trapezoidal [10 20 30 40]
“High” H Trapezoidal [3040 50 60]
Diameter

“Low” L Trapezoidal [-1.00 1.0 2.0]
“Medium” M Trapezoidal [1.02.03.04.0]
“High” H Trapezoidal [3.04.05.0 6.0]

Source: Author, 2021.

The system was based on fuzzy computer rules
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was established by the Fuzzy Logic Toolbox of
MATLAB® 7.0 (MathWorks Inc. Copyright 1984—

2004), coupled to the surface and the contour map.
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Figure 2. System parameter for determining plant diameter: a) mineral fertilizer; b) organic fertilizer; ¢) diameter.

Source: Author, 2021.

3. Results and discussion

From the field experiment with radish, it was
possible to draw the base rule (Table 2). Thus, radish
root diameter tends to respond with high yields when
its fertilization is at adequate nutrient levels.
Table 2, presents the basic rules of the system,
where it was elaborated from linguistic data of fuzzy
logic. Being:
® [f (mineral fertilizer is “L”) (organic fertilizer
is “L”) then (diameter is “L”);

® [f (mineral fertilizer is “L”) (organic fertilizer
is “M”) then (diameter is “L”);

® [f (mineral fertilizer is “L”) (organic fertilizer
is “H”) then (diameter is “M”);

The other lines are interpreted analogously.

From the developed model, it was possible to

Table 2. Basic rules of the fuzzy system
Mineral Fertilizer Organic Fertilizer Diameter (cm)

TImZZZCOCC
TZrmzCoTzC
TmEZmZC oo

L: Low; M: Medium; H: High.

Source: Author, 2021.

prepare the response surfaces for root diameter and
their contour maps to verify the real inference of
mineral and organic fertilizers. The model based on
fuzzy rules verified all combinations between the
variables, being 3 levels (L; M; H) with 2 variables
(mineral fertilizer and organic fertilizer) can create a
rule base with 9 combinations, being 3 x 3.
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With this, the fuzzy response surface model in
Figure 3 was developed. In this study, a strong rela-
tionship was observed between the application of
mineral fertilizer and organic fertilizer determining
the root diameter of radish. In other words, radish re-
sponds well to medium to high dosage fertilizer ap-
plications for high yields, as presented in Figure 3.

Figure 4 is the contour map produced after ap-
plying the rule bases developed by fuzzy logic. Re-
gion L illustrated in Figure 4 represents an unfavor-
able root diameter condition due to the low fertilizer
dosage, especially for organic fertilizer, which does
not provide ideal conditions for the growth and

development of this particular crop. On the other
hand, region H is characterized as an area that has
medium to high rates for the mineral fertilizer and
medium to high rates for the organic, providing a re-
gion condition suitable for high radish yields.

In a field experiment with different dosages of
organic FO fertilizers in vegetables!'Y,confirmed
that at high dosages of FO, vegetables in general tend
to respond with greater aptitude for productivity, be-
cause these fertilizers besides having nutrients in
their constitution, also have high rates of organic
matter.
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Figure 3. Response surface model of radish root diameter in response to mineral and organic fertilizers.
Source: Author, 2021.
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Figure 4. Contour map of radish root diameter in response to mineral and organic fertilizers.

Source: Author, 2021.

Figure 5 simulates the system based on fuzzy
rules for the dosages of mineral and organic fertiliz-
ers. The point found is within an intermediate condi-
tion, which is also taken into account to determine
the root diameter, given as 4.0 cm. When the

analyzed degrees of association of the output varia-
ble are analyzed, it can be seen that the point has a
higher degree of pertinence within the fuzzy set, as
shown in Figure 6.
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Figure 5. Mandani’s inference method for mineral fertilizer = 30 g-m and organic fertilizer = 30 g:-m, with a diffuse root diameter

=4.0.
Source: Author, 2021.
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Figure 6. Indication of highest degree of pertinence for the fuzzy set, optimal point of root diameter = 4.0.

Source: Author, 2021.

4. Conclusions

The interpretation of the use of fuzzy logic in
this experiment using real field data was able to op-
timize the best dosages of fertilizers used, being 15
to 60 and 20 to 60 g-m?, respectively of the organic
fertilizer and the mineral fertilizer.

With this result, the vegetable producer, espe-
cially of radish, can optimize the dosage of fertiliz-
ers, both mineral and organic, in his beds, with
greater efficiency and effectiveness, seeking greater
financial profitability.
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