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This study aimed to develop a fuzzy mathematical model to estimate the impacts of global warming on
the vitality of Laelia purpurata growing in different Brazilian environmental conditions. In order to de-
velop the mathematical model was considered as intrinsic factors the parameters: temperature, humidity
and shade conditions to determine the vitality of plants. Fuzzy model results could accurately predict
the optimal conditions for cultivation of Laelia purpurata in several sites of Brazil. Based on fuzzy model
results, we found that higher temperatures and lacking of properly shading can reduce the vitality of
orchids. Fuzzy mathematical model could precisely detect the effect of higher temperatures causing dam-
ages on vitality of plants as a consequence of global warming.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

The effects of global warming are increasing water shortages,
prolonged droughts, environmental degradation, and species ex-
tinction. Thus, several biomes are presenting disastrous and irre-
versible effect in response to droughts and high temperatures. In
Brazil, there are thousands of orchid species growing in differ-
ent environmental conditions. Laelia purpurata is an orchid specie
showing capability to grown widely in several sites of Brazil. Or-
chids are focus of many studies, since they have high economic
value due to their cultivation be complex and require investments
[5]. Willmer [24] observed that increase in atmospheric temper-
ature during spring orchid plants are not properly pollinated by
bees; which could affect fertilization and the future of the species.
In addition, Robbirt et al. [18] reported that higher temperatures
affect negatively the flight distance of bees. Several species of
orchids grow naturally far away from trees and could be not
properly pollinated by bees. Another concern is related to long-
term drought affecting severely the vitality and survival of orchid
species [20,21].

Barman and Devadas [3]| concluded that high intra-seasonal
rainfall variability, high temperature, and the lack of adaptive ca-
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pacities are the major limiting factors for extinction of thousands
of orchid species across the world. Since the effects go beyond
the temperature increase, as well as air humidity changes, heavy
rains and frost. In this regard, Prato [16] developed a fuzzy system
to analyze the capacity of resistance of protected natural areas in
response to climatic changes. In order to optimize the water re-
source, Giusti and Marsili-Libelli [11] developed a fuzzy model to
determine the optimal water replacement rate during prolonged
droughts. Several applications can be highlighted, such as change
in coastal lines in Taiwan [6] and impacts on corn crop cultiva-
tion [22]. Putti et al. [17] used fuzzy logic to evaluate the vitality of
Catasetum fimbriatum growing in different environment conditions.
This study aimed to develop a fuzzy rule-based model to eval-
uate the effects caused by temperature variation, humidity, and
shading on the vitality of Laelia purpurata orchid. In addition, we
evaluated and recommend the most appropriate sites in Brazil
based on climate information for cultivation of Laelia purpurata.

2. Materials and methods

From the literature review regarding the cultivation of Laelia
purpurata orchid, it was found the edaphoclimatic conditions that
most affect their cultivation. The main environmental factors that
affect the cultivation of orchids are humidity, temperature and
shading conditions. The appropriate management of these edapho-
climatic conditions can result on the best vitality of plants.
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Fig. 1. System based on fuzzy rules to determining the vitality of Laelia purpurata.

In this study, we performed a fuzzy mathematical model to
evaluate the effect of climate on orchid physiology and establish
the best sites of Brazil for its cultivation based on climate condi-
tions. The experimental data to perform modeling are described
according to Watanabe [23].

The mathematical model that includes such features are be de-
scribed as a function where f: R 3—R with =f (%), where R is the
set of real numbers, x;= humidity, x,= temperature, x3= shade,
and y=vitality (Fig. 1).

The input variables of fuzzy model adopted were humidity,
temperature, and shade. The fuzzy sets are composed by three
relevance functions (MFs), of trapezoidal type in all impute vari-
ables. According to Yeh [25], such adjustment is more accurate.
Eq. (1) represents the fuzzy set of the trapezoidal type, which is
formed by four points (a, b, ¢, d). Thus, the modeling number (x)
can be contained in 3 parts of the fuzzy set. The first number lo-
cated between the a and b values, showing pertinence less than
one, can also be between points b and ¢, having degree of perti-
nence equal to 1. In the third case, the modeling number (x) can
be between points ¢ and d, however, in this case with degree of
pertinence less than one and not otherwise belonging to this fuzzy
set. Thus, their representation in the determination of points can
be established as follows:

=0 jfa<x<b

b—-a
1 ifb<x<c
f(x.a,b,c.d)= &xifc <x<d Y
oposite case
Or, as

. x—a ., d-x
trapmf (x; a, b, c,d) = max(min <ba’1’dc’0) (2)

Based on literature survey data and interview with an expert in
orchids cultivation, it was possible to determine the points of each
relevance function on orchid growth physiology. Fig. 2(a) shows
the set of humidity parameter, where its range is [0-100] and was
ranked in "Low,"” "Medium," and "High." Table 1 contains the points
that form the relevance functions. Parameter set "temperature” has
been developed and the adopted range was from [0-45]. Thus, it
was possible to draw up Fig. 2(b) and Table 1. Finally, the parame-
ter "shade" was adopted the range from [0-100], and it was possi-
ble to draw up Fig. 2(c) and Table 1.

In this study, different situations of temperature, humidity, and
shading conditions were combined and analyzed. To evaluate the
vitality of Laelia purpurata a mathematical model was used as pre-
viously described in the literature [8,10,15,17]. It was possible to
determine the points that formed sets of similar relevance not in-
ferring unequally in the output model. Finally, Fig. 2(d) and Table 1

Table 1

Definition of relevance functions for the variable In-
put: (a) humidity, (b) temperature, (c) shade. Out-
put: (d) vitality.

Fuzzy set Type Limiter
Humidity

“Low” (B) Trapezoid  [-1 0 20 40]
“Medium” (M)  Trapezoid [20 40 60 80]
“High” (A) Trapezoid  [60 80 100 101]
Temparature

“Low” (B) Trapezoid [-1 010 15]
“Medium” (M)  Trapezoid [5 15 20 30]
“High” (A) Trapezoid  [20 30 45 50]
Shade

“Low” (B) Trapezoid  [-1 0 20 40]
“Medium” (M)  Trapezoid  [20 40 60 80]
“High” (A) Trapezoid  [60 80 100 101]
Shade

“Bad” (B) Trapezoid [-10 0.2 0.4]
“Medium” (M)  Trapezoid [0.2 0.4 0.6 0.8]
“Good” (A) Trapezoid [0.6 0.8 1 2]

were developed based on number of membership ranging from 0
to 1.

The defuzzification process adopted in this study was the grav-
ity method (centroid), which according to Barros and Bassanezi
[4] it is the most appropriate and accurate method. The equation
that relates the discrete domain is:

Do HiPB(1L)
G(B) = Ziz0 PP 3
® Z?:O‘/’B(Mi) ®)

where; G(B) is a real number representing the fuzzy system out-
put, and p; is the universe value corresponding to the gravity cen-
ter of fuzzy set, which is associated to activation degree of the rule
R;.

A system based on computer fuzzy rules was established by
Fuzzy Logic Toolbox of MAT LAB® 14a, coupled to surface and rep-
resentation contour map of the system [17].

In order to establish and recommend the appropriate sites of
Brazil to cultivate Laelia purpurata a fuzzy model based on climate
data was developed. The climate data related to average temper-
ature and humidity were collected from National Institute of Me-
teorology data base [13]. To establish the good practice for orchid
cultivation under different environments, the Pearson correlation
between parameters was calculated combined with and simulating
various shading conditions.

3. Results and discussion

From the literature review regarding the cultivation of Laelia
purpurata, it was possible to draft the base rule (Table 2).

The rule base for fuzzy mathematical modeling was elaborated
based on an interview with a orchid farmer specialist and also
based on the literature review. In this way, the construction of rule
base was tested and performed simulations to reached the high
precision levels. Thus, the vitality of orchid plants was accurately
classified based of temperature, humidity and shading effects on
Laelia purpurata cultivation.

For the example the first 3 rows on Table 2 represent the rela-
tionship:%

- If (humidity is “B”) (temperature is “B”) (shading is “B”) then
(vitality is “B”);

- If (humidity is “M”), (temperature is “B”) (shading is “B”) then
(vitality is “B");

- If (humidity is “A”) (temperature is “B”) (shading is “B”) then
(vitality is “B");
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Fig. 2. System parameter for the determination of vitality. Input: (a) humidity, (b) temperature, (c) shade. Output: (d) vitality.

Table 2 The other lines are interpreted analogously.
Basic rules of the fuzzy system. From the developed model it was possible to prepare the sur-
— - — faces response for vitality of orchids and their contour maps to ver-
Humidity Temperature Shading  Vitality ify the real inference of humidity, temperature, and shading.
B B B B The model based on fuzzy rules verified all combinations be-
E\" g g g tween variables. Fig. 3(a) is the fuzzy response surface model, and
B M B B Fig. 3(b) the contour map.
M M B M In this study, it was observed a strong relationship between hu-
A M B M midity and temperature determining the vitality of orchid. In other
B A B B words, higher temperatures and humidity do not provide an ade-
;\\” 2 g g quate vitality of plants (Fig. 3).
B B M B The region A illustrates in Fig. 3(b) represents an unfavorable
M B M B vitality condition due to low humidity and low temperature not
A B M M providing optimal conditions to orchid plant growth and develop.
f/l ]1:/1/[ ]\“2 m On the other hand, region B (Fig. 3-b) characterized by being an
A M M A area that presents average temperature and high humidity, provid-
B A M A ing an adequate region condition for naturally orchid cultivation.
M A M A Bahuguna and Jagadish [2] observed that plants showing
A A M A thermo sensor that can lead to adaptation to higher temperature
g/l g 2 g and low humidity over time.
A B A B The surface map representing the vitality of orchids is shown in
B M A M Fig. 4(a) and the contour map Fig. 4(b).
M M A M The humidity and shading effect directly determine the vitality
‘; ;‘\" 2 m of orchid plants. The average values for humidity and shading con-
M A A M ditions provide the best conditions for cultivation of orchid plants
A A A B

as illustrated in Fig. 4(a). The contour map (Fig. 4(b)) shows a plan
where on Region A occurs the worst conditions of vitality due to
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Fig. 3. Vitality response of Laelia purpurata in response to temperature and humidity, (a) surface and (b) Contour map.
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Fig. 4. Vitality response of Laelia purpurata in response to shade and humidity (a) surface and (b) contour map.

low humidity and shading. This environment conditions is not ap-
propriate for growth development of plants. On the other hand, Re-
gion B (Fig. 4-b) shows a track with average shading ranges from
low to high humidity making the best conditions for vitality of or-
chid plants.

The high humidity can lead to a reduced activity of the stom-
ata and hinder the development of plants [9]. Aasamaa and Sober
[1] found on six different humidity conditions that plants showed
deregulation of stomata, which leads the leaf dehydration. Rosen-
vald et al. [19] observed that increase on global warming could
lower the air humidity level affecting the rate of photosynthesis.

The temperature and shade show strong influence on the de-
velopment of Laelia purpurata orchid. Using the fuzzy mathemat-
ical models, it was possible to analyze the effect on the vitality
and draw up surface response (Fig. 5(a)) and the contour map
(Fig. 5(b)).

The temperature directly affects the rate of rubisco activity, im-
pairing photosynthesis in C3 plants [14]. High temperature induce
plant to photorespiration, which refers to a process in C3 plant
metabolism where enzyme rubisco oxygenates RuBP, causing some
of the energy produced in photosynthesis to be wasted. In this
study, we observed that the highest and lowest temperature af-
fect negatively the vitality of orchids plants (Fig. 5(a)). Region A is
characterized by low temperature associated with different shad-
ing levels showing a negatively effect on vitality of orchids. In ad-
dition, higher temperatures associated with low shade condition

also promote a negative effect on vitality of orchids as character-
ized in Region C (Fig. 5b).

According to results obtained in Fig. 5(b), Region B provides
higher vitality for orchid plants. This happens because the plants
are growing in a region showing intermediate values for tempera-
ture and shading. It is known that in order to reduce the incidence
of high irradiance in plants, artificial shade can be used in orchi-
darium. Gongalves et al. [12] observed that plants germinating un-
der larger tree canopy have difficulties to carry out photosynthesis.
In addition, Costa et al., [7] concluded that the lack of illumination
impairs the development of andiroba species.

Is known that the species of Laelia purpurata grown naturally
in the states of Santa Catarina, Rio Grande do Sul and Sdo Paulo.
Therefore, in order to investigate the temperature, humidity, and
shading effects on vitality, it was simulated in the model the first
condition with the shading at 75 and 100% (Fig. 6(a) and (b)),
respectively.

In this study, it was observed that the average temperature of
capitals from each state and the vitality showed a strong negative
correlation (r=-0.72). In other words, these results suggest that
the increase in temperature causes reduction on vitality, justify-
ing the need to cover with artificial shade. There was no statistical
significant correlation between humidity and vitality (r=-0.12),
showing that humidity is not an intrinsic factor driving the vitality
of orchids. It is interesting to note that the North and Northeast
capitals show higher average temperature. Therefore, these regions
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are not recommended for orchid cultivation due to inappropriate
climatic conditions.

The mathematical simulation set at 75% of shading showed the
best results for cultivation of orchids. According to the calculated
results, the cities of Santa Catarina, Sdo Paulo, and Rio Grande do
Sul showed the best growing environmental conditions (Fig. 6(b)).

The increase in global average temperature impairs the vitality
of orchids, which impairs the photosynthesis rate directly affect-
ing survival on native places or in commercial cultivation. Laelia
purpurata is a specie commercialized in large scale due to the
long flower duration and also because it shows great greed by
collectors.

4. Conclusions

From the fuzzy model, we found that the increase in tempera-
ture and lack of proper shading can reduce the vitality of orchids
and thereby damage its flowering and consequently harming its
sale to intend for decoration and collectors.

Another important fact that reduces more severely vitality is
the issue of global warming, which in general has caused severe
damage to ecosystems throughout the world. Fuzzy mathemati-
cal model could precisely detect the effect of higher temperatures
causing damages on vitality of plants as a consequence of global
warming.
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