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Abstract

Maize has great economic prominence in national and international agribusiness, being used for various purposes such as
grain use and in the form of bulky (silage). This study aimed to evaluate the agronomic characteristics of twelve maize hy-
brids for silage production in Inconfidentes-MG. Twelve hybrids were used: 20A78PW, 2B512PW, 2B533PW, 2B688PW,
30F53LEPTERA, AG8740-PR0O3, DKB345-PR0O3, DKB363-PR0O3, LG3055-PR0O3, LG6036-PRO3, MAXIMUS-VIP3, and
MG652PW. The treatments were implanted in a randomized block design (CBD) containing three repetitions. The experi-
mental plots consisted of four lines of five meters in length and 0.8 m spacing between rows, with the two central lines as
useful areas. The parameters evaluated were green matter productivity, dry matter productivity, plant height, ear height,
average stalk thickness, cutting window, flowering, and cycle. The hybrids 20A78PW; 2B533PW; DKB345-PR0O3, and
DKB363-PRO3 presented the highest cut-off window values in relation to the others. LG3055-PRO3 hybrid presented the
smallest cut-off window. The hybrids 30F53LEPTERA, AG8740, DKB345-PR03, LG6036-PR0O3, and MG652PW presented
the highest plant height values. No statistical difference was observed between the hybrids for the variables: green matter
productivity, ear height, and stalk thickness. Hybrids AG8740, DKB345-PR03, LG6036-PR0O3, and MG652PW obtained
the highest dry matter productivity values. Hybrids 20A78PW, 2B533PW, DKB345-PR0O3, and DKB363-PRO3 presented
the lowest male and female flowering time. Hybrid DKB345-PR0O3 stood out, showing great potential to be recommended
and cultivated by silage producers.

Keywords: Dry matter. Zea mays L. Silage. Bulky. Blooming/Flowering.

Introduction The silage process aims at the conservation
of forages, which, in turn, has been increasingly
adopted as a strategy for the dry season, lack of
food for animals, and improvement in the use of
the production chain. Silage represents a partic-
ipation of more than 70 % in dairy farms, thus
making it a strong parameter for the maize mar-
ket at the national level (VIEIRA; ANTUNES,
2018). Maize (Zea mays L.) is one of the culti-
vated species of great genetic diversity both in
nutritional quality and productivity, thus present-
ing a bulky of high nutritional value and highly
significant mainly for ruminant feeding, aiming
at the highest productive potential of the animal
(MARCONDES et al., 2012).

Maize crop has great economic prominence
in national and international agribusiness, be-
ing used for various purposes, mainly for human
consumption of grains and for concentrated in
animal diets and in the form of bulky (silage).
High crop yields can be related to the physio-
logical characteristics of the plants used for the
processing of silage, because studies propose
that the final quality of the product is directly
more correlated with qualitative characteristics
of the vegetative elements of the plant than to
the grain itself (MENDES et al., 2008; PEREIRA
etal., 2011).
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Moraes et al. (2013) pointed out the ex-
istence of a wide variety of maize hybrids for
silage production, being the species Zea mays
L. one of the most cultivated for this purpose, in
addition to providing a considerable diversity in
variables such as green matter, stalk thickness,
among others that will influence the nutritional
aspect of the final silage product.

Zopollatto et al. (2009) expressed that
maize has several different compounds, the
vegetative fraction consisting of structuring car-
bohydrates and the graniferous fraction with
endosperm starch. Thus, we verify that, from
bloom to the stage of flour grain, the culture un-
dergoes an important transformation, taking into
account the quantitative aspect, with the concen-
tration of dry matter, and the qualitative aspect,
with the quick change in the percentage of nu-
tritional compounds, that is, the forage part of
the plants.

Oliveira et al. (2007) exposed in their work
that factors such as cycle, type, dry matter pro-
ductivity, as examples, are highlighted in the
choice of hybrids for cultivation, as they influ-
ence the quantity and nutritional value of silage.
They also emphasize there is a wide variety of
maize cultivars when considering dry matter pro-
ductivity and its quality.

The maize crop presents great variability to
define its complete cycle since environmental
conditions and genotype diversification interfere
with its development; thus, the number of days
from its sowing to harvest or the occurrence of
the inflorescence is taken as a basis (MACHADO
etal., 2017).

Oliveira et al. (2005) cited that competition
trials of maize hybrids are extremely important
for the evaluation of the agronomic performance
of new genetically improved hybrid cultivars
launched on the market, being rated under dif-
ferent environmental conditions. Therefore, the
producer’s choice of a hybrid cultivar that is

more suitable for their local conditions will be
obtained based on data resulting from agronomic
characterization testings (SANTOS et a/., 2002).
Lupatini et al. (2004) emphasized that the best
performances of the hybrid cultivars intended for
silage production occur when all local conditions
are adequate for plant development.

Jaremtchuk et al. (2005) reinforced that
cultivars with higher productivity and adapted
to the environmental conditions of the cultiva-
tion location should be used for choosing maize
hybrid for silage for ab economically feasible pro-
duction, with emphasis on quality.

Thus, it is relevant that research gener-
ates information, evaluating the performance
of hybrid maize cultivars available on the mar-
ket, subsidizing recommendations of cultivars
for whole plant silage for various occasions and
regions. Neumann et al. (2018) also cited the
strong interaction between the genotype and the
environment on the performance of maize culti-
vars intended for silage production.

Given the information exposed, this study
aimed to evaluate the agronomic performance
of twelve maize hybrids for silage production in
Inconfidentes-MG in the 2019/2020 harvest.

Material and methods

The experiment was conducted in the field
in the municipality of Inconfidentes-MG, in the
experimental area of the farm that belongs to
the Federal Institute of Education, Science,
and Technology of Southern Minas Gerais,
Inconfidentes Campus.

The municipality is located at 869 m
above sea level, 22°18'47" South latitude, and
46°19'54.9” West longitude (FAO, 1985). The
climate of the region is temperate, i.e., mesother-
mic, of dry winter (Cwb). It has a mean annual
temperature of 19.3 °C and a mean annual rain-
fall of 1.411 mm (FAO, 1985). The area has
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an eutrophic yellow-red latosol (DOS SANTOS
et al., 2018) being cultivated annually with corn.

Twelve hybrids were used (20A78PW,
2B512PW, 2B533PW, 2B688PW,
30F53LEPTERA, AG8740, DKB345-PRO3,
DKB363-PR0O3, LG3055-PR0O3, LG6036-
PRO3, MAXIMUS, and MG652PW) with
characteristics for silage production.

The experiment was installed on November
22,2019, the recommended planting season in
the region. The soil was prepared in a conven-
tional manner. A ploughing was carried out at
30 cm depth and then two gratings for deburring
and levelling.

The treatments were installed using a ran-
domized block design (RBD) containing 3
repetitions. The experimental plots consisted of
4 lines of 5 meters in length and 0.8 m spacing
between rows, with the 2 central lines as use-
ful areas.

The parameters evaluated were green matter
productivity (PMV) in t ha!, dry matter produc-
tivity (PMS) in t hal, plant height (AP) in meters,
ear height (AE) in meters, average stalk thickness
(EC) in centimeters, cut-off window (JC) in days,
male (FM) and female (FF) bloowing in days and
cycle (CC) in days.

The evaluation of these parameters was de-
termined due to their extreme relationship both
in the qualitative and quantitative aspect of the
final product, which is whole plant silage. The
genotype and environment interaction also have
a strong influence on them.

The variable green matter was determined
from the plants of the 2 centerlines of each use-
ful area in which they were cut, tied in bundles
for weight distribution, weighed on a digital
hand-held scale, and then had its productivity
calculated in t ha'.

To obtain the dry matter, the plants of the
useful areas were cut and chopped, after the ears

presented Y2 line of milk. Then, a sample of 300
g was removed, dehydrated with the aid of a
forced air circulation oven at 56 °C for 72 h,
and, after this period, the samples were removed
from the oven and weighed on a precision scale.
From the percentage of dry matter of the hybrid
obtained through the difference of green and dry
weight, the productivity in t ha! of this variable
was determined.

We determined the plant height by measur-
ing the average height in meters of 10 plants
randomly chosen in the useful area, this mea-
surement was carried out from the ground level
to the insertion point of the flag leaf (last leaf of
the plant).

The ear height was obtained by the mean
height of 10 plants randomly chosen in the use-
ful area, measured in meters, from the ground
level to the insertion point of the main ear.

To determine the average stalk thickness,
measurements were performed in centimeters
with the aid of a caliper. Three points were mea-
sured in the plant and an average was obtained,
one point 20 cm above the ground level, another
in the insertion of the main ear and another in
the insertion of the flag leaf, and the final value
for evaluation purposes was the average of ten
plants randomly chosen within the useful area.

The window for pruning was determined
when the plants could be cut, in which they pre-
sented 2 of the milk line and ending this period
when they reached 34 of the milk line.

To evaluate the blooming, we used the meth-
odology of Clovis et al. (2015) and Ciappina
(2019), measuring the number of days from
sowing until 50 % of the plants in the plot had
presented anthers releasing pollen, in the case
of male flowering (hanging) and the issuance of
the style-stigma in female flowering (embossing).
The flowering interval that deals with the dif-
ference in days of hanging and embossing were
also calculated.
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To achieve the cycle of each hybrid, we de-
termined from the time of sowing until the plants
presented their cut-off point, in which corn was
in 2 of the milk line. The evaluations of the milk
line were performed weekly after male and fe-
male flowering. Later, with the hybrids presenting
almost half of the milk line, we started evaluation
daily to realize the ideal moment of the cut and
not incur possible analytical errors.

The data were analyzed using the SISVAR
software (FERREIRA, 2011) and the variables
were compared by the Scott-Knott test (1974),
at 5 % probability.

Results and discussion

The genotype and environment interaction
is extremely important, thus we can observe in
Figure 1 the data of the maximum, minimum, and
average temperatures and precipitation during the
experiment. The data were collected at a weath-
er station (Vantage Pro2 - Davis®) installed at
the farm that belongs to the IFSULDEMINAS -
Campus Inconfidentes in a location with Latitude:
22°18 37.47" S, Longitude: 46° 19' 56.31” O
and Altitude: 914.0 m. The equipment stores
hourly data, which were integrated to obtain the
total daily precipitation and the daily average for
the temperatures.

Figure 1 — Temperature and precipitation during the experiment from November/2019 to March/2020

in Inconfidentes/MG.
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Source: Barbosa (2020).

The average results for green matter produc-
tivity (PMV), dry matter productivity (PMS), plant

Temp. Minima

height (AP), ear height (AE), stalk thickness (EC),
and cut-off window (JC) are set forth in Table 1.
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Table 1 — Agronomic performance values of 12 maize hybrids for silage evaluated in Inconfidentes/MG in the

2019/2020 harvest.

Hybrids *PMV *PMS *AP *AE *EC *JC
(t ha-1) (t ha-1) (m) (m) (cm) (days)
20A78PW 6l.15a 17.54 b 2.37b 1.22 a 1.71 a 18 a
2B512PW 56.07 a 18.08 b 2.32b 1.26 a 1.72 a 14 b
2B533PW 66.58 a 18.20 b 2.35b 1.27 a 1.82 a 15a
2B688PW 56.96 a 19.47 b 2.29b 1.22 a 1.86 a 12 ¢
30F53LEPTERA 61.48 a 15.77 b 2.57 a 1.44 a 1.74 a 13 b
AG8740-PR0O3 63.76 a 24.12 a 2.45 a 1.31a 1.70 a 10c
DKB345-PR0O3 59.96 a 23.63 a 2.48 a 1.29a 1.74 a 16 a
DKB363-PR0O3 51.86 a 20.67 b 240b 1.27 a 1.68 a 16 a
LG3055-PR0O3 b2.61 a 19.59 b 2.26b 1.35a 1.75a 7d
LG6036-PR0O3 62.68 a 24.38 a 2.50 a 1.24 a 1.88 a 11c
MAXIMUS 49.23 a 18.86 b 2.20b 1.24 a 1.73 a 13b
MG652PW 70.86 a 22.74 a 2.50 a 1.33a 1.87 a 12 ¢
CV (%) 11.52 16.00 5.22 5.07 6.79 12.75

*Means followed by distinct letters in the columns differ from each other by the Scott-Knott test (1974) (P

< 0.05).
Source: Prepared by the authors (2020).

The analysis of the variable PMV showed no
significant difference (P < 0.05) between the hy-
brids. On the other hand, Paziani et al. (2009)
emphasized in their research that the productiv-
ity of green matter is one of the first parameters
sought by producers to choose a particular culti-
var, because they are concerned with the sizing
of the silos where they will store the raw food, in
addition to diluting the costs of crop implementa-
tion due to increased productivity. However, PMV
is influenced by the harvesting time, so it is rec-
ommended to observe the PMS better since it
is also where the nutrients that the animals will
use are found.

For the variable PMS, there was a statisti-
cal difference, at which hybrids AG8740-PRO3,
DKB345-PR0O3, LG6036-PRO3, and MG652PW
presented the highest values. This variable is
extremely important in the choice of a hybrid
because it contains essential nutrients and the
energy that animals need for meat or milk pro-
duction. Lupatini et al. (2004) emphasized that

the cultivars recommended for silage should
be adapted in the planting region, seeking an
optimal performance of PMS with good grain par-
ticipation, which consequently will result in high
food quality and productivity.

There was a statistical difference in AP
between hybrids, with 30F53LEPTERA,
AG8740-PR0O3, DKB345-PR0O3, LG6036-
PRO3, and MG652PW being the largest. This
variable is influenced by the genotype and the
place where the hybrid is sown (genotype x en-
vironment interaction). Bedding is related to
this variable, however, in this experiment, it did
not occur.

For variables AE and EC, there was no sta-
tistical difference between the hybrids. These
parameters are also related to the genotype and
environment interaction.

The analysis of the variable JC showed a
significant difference (P < 0.05), and the hy-
brids that showed higher cut-off window
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values in relation to the others were: 20A78PW;
2B533PW; DKB345-PR03, and DKB363-PRO3.
The smallest cut-off window was presented by
the LG3055-PR0O3 hybrid. This variable is very
important because it helps silage producers to
better plan their crops within an ideal period,
aiming at the excellence of the final product re-
sults, thus hybrids with larger cut-off windows
will be the most suitable for silage production.

Figure 2 -
2019/2020 harvest.
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In this way, to choose the hybrids, we rec-
ommend those with the highest dry matter
productivity. Another important factor is the cut-
ting window that should be as spaced as possible.

The results obtained from the culture cycle
(CC), counted in days, can be seen in Figure 2.

Culture cycle values of 12 maize hybrids for silage evaluated in Inconfidentes/MG in the
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*Means followed by distinct letters in the columns differ from each other by the Scott-Knott test (1974) (P

< 0.05).
CV (%) 1.54.
Source: Prepared by the author (2020).

According to Emater (2016), one of the
classifications of the maize cultivars cycle is de-
termined according to the number of days from
sowing to the time of harvest. Based on this
statement, in the case of maize for silage, the
cycle was established at the moment of cutting.

Dekalb (2018) pointed out that the Ministry
of Agriculture, Livestock and Supply (Ministério
da Agricultura, Pecuaria e Abastecimento
- MAPA) has been trying to standardize the clas-
sification of the maize hybrid cycle in the number

of days, but there is still no standard defined for
this subject; thus, the division into three groups
is suggested: Group | - Super early: up to 110
days; Group Il — Normal: between 110 and 145
days and Group Il — Late: greater than 145 days.

According to the results presented in
Figure 2, the cultivars were classified accord-
ing to their cycle as Super-early and Normal,
the Super-early hybrids being 20A78PW and
2B533PW, and Normal hybrids 2B512PW,
2B688PW, 30F53LEPTERA, AG8740-PRO3,
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DKB345-PRO3, DKB363-PR0O3, LG3055-
PRO3, LG6036-PRO3, MAXIMUS-VIP3,
and MG652PW.

Male blooming (FM) and female blooming
(FF) can be seen in Figure 3.

Figure 3 — Male and female blooming of 12 maize hybrids for silage evaluated in Inconfidentes/MG in the

2019/2020 harvest.
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*Means followed by distinct letters in the columns for the same blooming differ from each other by the Scott-

Knott test (1974) (P < 0.05).

FF-CV (%) 2.15.

FM - CV (%) 2.18.

Source: Prepared by the author (2020).

Figure 3 shows that there was no great vari-
ation between the flowering intervals of the 12
corn cultivars, highlighting the hybrids 20A78PW,
30F53LEPTERA, MG652PW, MAXIMUS-VIP3,
LG6036-PRO3, DKB345-PR0O3, and AG8740-
PRO3, which had male and female flowering at
the same time. However, the other hybrids still
remained within the appropriate parameters to
evaluate this variable and the period ranged from
1 to 3 days.

The process of pollen release by the tassel of
the corn plant can take an average of two to four-
teen days since the female plant blooms around
two to three days after hanging. Thus, three-day
flowering intervals are not considered so long as
to affect crop performance (CIAPPINA, 2019).

In his experiment, Ciappina (2019) observed
that the flowering interval ranged from zero to
three days, considered ideal for production, and
a genetic improvement program since longer
intervals hinder the process of self-fertilization
of plants.

Magalhaes et al. (2009) highlighted that
when blooming, corn is very sensitive, especial-
ly if related to lack of water, so there must be
no increase in the interval between male and
female flowering, as it will affect crop produc-
tion negatively.

Observing the precocity of the male and fe-
male blooming in the hybrids in Figure 3, and
highlighting the cut-off window variable in Table 1,
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we found that the cultivars with higher cut-off
window values presented a shorter period for
flowering, mainly in the hanging, where the hy-
brids 20A78PW, 2B533PW, DKB345-PR0O3, and
DKB363-PRO3 stood out in this evaluation in re-
lation to the others, demonstrating an average of
64 days for both flowering and 16 days of the cut-
off window, emphasizing the statement.

Zopollatto et al. (2009) evaluated the per-
formance of maize cultivars for silage production
in two distinct harvests, finding similar values for
the male flowering, with an average of 64 days.

Just as we highlighted the importance of
considering the cut-off window variable for better
planning of producers, especially for the harvest
period, it is also of great relevance to note that
flowering has a relationship with the spacing of
the cut-off window, thus making it a determinant
parameter at the time of choosing the hybrid.

Conclusions

Hybrids 20A78PW; 2B533PW, DKB345-
PRO3, and DKB363-PRO3 presented the highest
cut-off window values in relation to the others.
LG3055-PR0O3 hybrid presented the smallest
cut-off window.

Hybrids 30F53LEPTERA, AG8740,
DKB345-PR0O3, LG6036-PR0O3, and MG652PW
presented the highest plant height values.

No statistical difference was observed be-
tween the hybrids for the variables: green matter
productivity, ear height, and stalk thickness.

Hybrids AG8740, DKB345-PR0O3, LG6036-
PRO3, and MG652PW obtained the highest dry
matter productivity values.

Hybrids 20A78PW, 2B533PW, DKB345-
PRO3, and DKB363-PR0O3 presented the lowest
male and female flowering time.

In general, hybrid DKB345-PRO3 stood out,
showing greater potential to be recommended
and cultivated by silage producers in the region
of Inconfidentes/MG.
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Abstract

Coffee is one of the agricultural products whose processing requires special attention, in order to maintain its qualities
preserved, in the post-harvest, different grain patterns can be obtained due to the adoption of techniques and the use of
equipment that enable the separation of fruits by maturation stage, thus enabling the formation of more homogeneous cof-
fee batches when compared to the coffee batch without this separation (fruit mixture). The chemical composition of the
coffee bean depends on genetic and environmental factors and pre and post-harvest management conditions. The present
work aimed to characterize the physical-chemical attributes of the different coffee patterns obtained during the post-harvest
of the fruits. Thirteen patterns were obtained, being: mix of dried fruits in high wind, mix of dried fruits in low wind, more
mature green, natural float, natural raisin, float, natural cane green, natural ripe, natural ripe fermenting in water, natural
ripe dried fermented, peeled, ripe peeled and pulped, in three random repetitions. The evaluated attributes were: Brix, total
titratable acidity, pH, and ash content. The Natural Mature (MN) treatment was the best processing evaluated, as it provided
the highest Brix value and the lowest titratable acidity value. The mature peeled, pulped mature, and natural mature treat-
ments showed better sensory values, so they are recommended for post-harvest management to obtain a good drink quality.

Keywords: Coffea arabica. Qualities. Treatment.

Introduction

Coffee is one of the most traditional cul-
tures of Brazilian agriculture. Having started its
cultivation more than 200 years ago, it is con-
sidered a culture of great economic expression
in the country (FAGAN et al., 2011). Howeuver,
it is one of the agricultural products whose pro-
cessing requires special attention, in order to
maintain its qualities preserved (NOBRE et al.,
2011). Because of this, coffee can be processed
in two ways: dry, which produces coconut coffee;
and wet way, which produces pulped and pulped
coffee (BOREM et al., 2013).

In the form of dry preparation of the beans, it
provides natural or yards coffee, where the fruit is
fully processed (ARRUDA; HOVELL; REZENDE,

2011), that is, with the exocarp (peel), resulting
in a coffee with higher levels of soluble solids, re-
ducing and total sugars (RIBEIRO et al., 2011).
In wet processing, exocarp and mesocarp (mu-
cilage) are eliminated, which are sources of
fermentation and which delay drying (MATIELLO
et al., 2010). The following can be produced:
the peeled cherry coffees, the result of the me-
chanical removal of the peel and, partially, the
mucilage of the fruit; pulped cherry coffees, orig-
inating from mechanically peeled fruits with the
remaining mucilage removed by fermentation;
and demucilated cherry coffees, the result of me-
chanical removal of both the skin and mucilage
(BOREM et al., 2013).

The coffee industry currently has a growing
segmentation as to the quality characteristics of
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coffee that are related to its origin and prepa-
ration methods, which depend on intrinsic
and extrinsic factors; the interaction between
these factors guarantees the final expression
of the drink’s flavor and aroma characteristics
(PIMENTA et al., 2009).

Recently, the demand for differentiated cof-
fees has intensified and the coffee sector has
been investing, more and more, in the production
of quality coffees due to the demand of the con-
sumer market (ABRAHAO et al., 2010). Offering
quality to the Brazilian consumer has not been
an easy task for agents involved in the produc-
tion chain, especially regarding to the historical
background of coffee agribusiness in Brazil, as
the domestic market consumes coffees consid-
ered to be of inferior quality to those of quality
standards “Special”, where they are classified for
exports. However, in the last 10 years, Brazil is
slowly beginning to have a presence in the world
of quality coffees (SCHOLZ et al., 2011).

The coffee drink is the determining factor
for product remuneration (NOBRE et al., 2011).
The interactions between genetics, the environ-
ment, and cultural management have a direct
influence on the quality of the drink, with great
importance for the operations carried out after
harvesting the fruit. Once the process is carried
out properly, sensory analysis is the best way to
identify whether coffee has characteristics that
meet the requirements of the consumer market
(FANTE et al., 2015).

The characteristics of the coffee drink are
influenced by changes in the beans attributed to
physiological disorders and microbial fermenta-
tions that degrade the sugars of the fruit mucilage
in the plant, forming alcohols or carboxylic acids
(FAVARIN et al., 2004). The taste and aroma of
coffee are complex parameters that are part of
the quality of the drink (ABRAHAO et al., 2010).

Commonly, coffee is evaluated for quality
through sensory analysis, known as cup tasting

(FAGAN, 2011). There is a classification of cof-
fee by drink that occurs according to the taste
and aroma that the coffee presents in the cup
tasting and shows characteristics of very mild
and sweet taste, attenuating the quality up to the
category river zone, of intolerable flavor and odor
to the taste and smell (MACEDO et al., 2016).

In addition to the genetic, environmental
factors and those related to the conduction and
management of the coffee crop, it is believed that
the differences in the taste and aroma of coffee
are due to several physical-chemical, physio-
logical and biochemical changes that occur in
coffee beans during processing (RIBEIRO et al.,
2009). It is known that pH is indicative of pos-
sible transformations of coffee fruits, such as
the undesirable fermentations that occur in the
pre or post-harvest, causing defects (SIQUEIRA;
ABREU, 2006).

The chemical composition of the raw cof-
fee bean depends on genetic and environmental
factors and pre and post-harvest management
conditions and, according to the authors, roast-
ing is an essential step for the production of
compounds that confer the aroma and flavor
characteristics of the coffee. The main com-
pounds associated with the quality of the coffee
drink are carbohydrates, proteins, lipids, chlo-
rogenic acids, water-soluble tannins, caffeine,
and trigonelline (SCHOLZ et al.; 2011). Among
them, sugars and proteins from raw beans are
the main compounds that contribute to the taste
and aroma of roasted coffee (LICCIARDI et al.,
2005). The coffee bean is rich in mineral salts (3
% to 5 %) such as potassium, magnesium, cal-
cium, sodium, iron, manganese, rubidium, zinc,
copper, strontium, chromium, vanadium, bari-
um, nickel, cobalt, lead, molybdenum, titanium,
and cadmium (ENCARNCAQ; LIMA, 2003).

The technical processes, together with the
adoption of chemical and physical-chemical
methods, guarantee the quality of the coffee
(CARVALHO et al., 1994). Countless studies
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have attempted to correlate the final quality of
the coffee drink with the chemical composition of
the bean, suggesting that coffees of lower qual-
ity have lower levels of sugars and proteins and
higher levels of total titratable acidity and, main-
ly, contents of phenolic compounds (ABRAHAO
et al.; 2010). Thus, the objective of the present
work was to evaluate the influence of post-har-
vest processing on the physical and chemical
characterization of roasted coffee, following sen-
sory evaluation.

Material and methods

The experiment was carried out in the ex-
perimental area of the Coffee Industry Sector
of the Federal Institute of Education, Science,
and Technology of the South of Minas Gerais
— Campus Muzambinho, Minas Gerais. The mu-
nicipality is 1033 meters high, 21 ° 22’33 ‘south
latitude and 46° 41’32’ west longitude, with
an average temperature of 23° C (FUNDACAO
PROCAFE, 2017).

Coffee (Coffea arabica), yellow Catuai cul-
tivar, were harvested by manual tilling on the
cloth, in crops of the IFSULDEMINAS Campus
Muzambinho. In the post-harvest sector, the fol-
lowing operations were carried out to obtain the
treatments: 1) low fruit mix (MFLB); 2) fruit mix
had read high (MFLA); 3) natural float (BN); 4)
35 % green + Ripe (VM) 5) float (B); 6) natu-
ral pass (PN); 7) natural mature (MN); 8) dry
fermented mature (MFS); 9) mature fermented
in water (MFA); 10) peeled mature (MD); 11)
pulped mature (MDP); 12) peeled raisin (PD);
13) cane green (VC), the evaluation was made
in three replicates per treatment.

The density of 30 liters of coffee per square
meter was adopted as the standard for the high
windmill and 10 liters of coffee per square me-
ter for the low windmill. The MFLA and MFLB
treatments were taken directly for drying on a
suspended terrace.

The first separation was carried out by density
in a water tank, giving rise to the 35 % Green +
Ripe treatments that sank, and BN, which floated
was removed with a sieve. From the BN treatment,
three more PN and B treatments were removed,
which were separated manually, after the separa-
tion they went straight to drying. The PD passed
through the peeler first and was then dried. From
the 35 % Green + Ripe treatment, 6 more treat-
ments originated, namely: MN; VC that were taken
to dry shortly after separation. The MFS and MFA
treatments were stored in plastic bags for 18 hours
for fermentation to occur. The MFA was submerged
in water and the MFS was not.

Finally, the MD and MDP treatments, which
were taken to the DC 6 Pinhalense peeler model.
After peeling, the MD treatment was carried out
to dry and MDP was left in water for 18 hours to
remove the mucilage.

The drying of the coffees was carried out
in frames made of wood, with a shade at the
bottom reinforced with wire, with an area of 1
square meter. The terraces were placed in sus-
pension, and in full sun, the coffees were revolved
every 45 minutes (7 to 8 times a day), until they
reached 11 % humidity. After drying, the cof-
fees were stored in the sample room for 20 days
to rest, then proceeded to process them in the
sample peeler model DRC-2 from Pinhalense.
After this process, the samples were packed in
high-density polyethylene pots and stored at the
Coffee Classification Laboratory.

From these samples, 100 g of coffee without
defects and with a sieve 16 and above were sep-
arated, which were roasted in the sample roaster
of the LABORATTO® brand, after roasting, a small
portion of these beans was removed to measure
the ash contents held at the Bromatology and
Water Laboratory located at IFSULDEMINAS,
Campus Muzambinho.

In the prepared drink, according to the SCAA
protocol, total titratable acidity (ATT), Brix, and
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hydrogenionic potential (pH) were evaluated. All
evaluations were performed in duplicate. The
SST was evaluated by direct reading on the dig-
ital refractometer, and the results are expressed
in Brix degrees, according to AOAC standards
(1990). The pH reading was determined on the
beverage using the Digimed pH meter, 2M-21.
To achieve the titratable acidity a total of 20 ml
of distilled water and 2 ml of the coffee infu-
sion were placed in a container, adding 3 drops
of 1 % phenolphthalein indicator and titrating
with sodium hydroxide solution O, 1IN until col-
or change, according to the technique described
by AOAC (1990). The values were expressed in
mL of 0.1 N NaOH, per 100 g of sample, these
evaluations were performed in duplicate. The ash
values were obtained from 1 g of roasted coffee,
incinerated for four (4) hours in a muffle with a
temperature of 550 °C.

The sensory classification was carried out
by Judges with “Q-Grader” certification given
by the American Specialty Coffee Association
(SCAA, 2015), using the protocol described by
the same. 100 grams of coffee sieve 16 and
above were prepared, which were roasted in the
laboratto equipment until they reached the av-
erage color corresponding to # 55 to # 65 on
the Agtron scale (FANTE et al., 2015). After the
rest period, the samples were ground and placed
in 5 glass cups for each sample, respecting the
concentration of 8.25 grams of ground coffee to
150 mL of water heated to approximately 93 °C
(FANTE et al., 2015).

The samples of Arabica coffee were subjected
to classification according to different standards
of drink quality in terms of cup tasting. The cup
tasting was carried out by two professional tast-
ers, following the protocol of the Specialty Coffee
Association of America (SCAA, 2015), in which
ten attributes were evaluated (aroma/fragrance,
uniformity, defects, sweetness, acidity, flavor,
body, finish, balance, and final concept) on a
scale from zero to ten for each attribute.

The experimental design used was in DIC,
containing 13 treatments, with 3 three repetitions
per treatment. The evaluations were carried out
in the Coffee Classification and Industrialization
Laboratories. The data were evaluated using the
Sisvar software (FERREIRA, 2014), and subject-
ed to the Scott Knott test (1974) at the 5 %
significance level.

Results and discussion

For the variable PH, there was a variation
in the results for the different processes used
(TABLE 1). It is observed that the treatment with
the highest PH value was PN (4.70), followed
by treatments BN (4.61), MFLA (4.59), MFS
(4.58), which did not differ statistically from
each other.

The perceived acidity in coffee is an import-
ant attribute for sensory analysis of the product,
knowing that its intensity varies depending on
the stage of ripening of the fruits, place of origin,
type of harvest, form of processing, type of dry-
ing, and climatic conditions during harvest and
drying (SIQUEIRA; ABREU, 2006).

For the ATT variable, there was variability
in the results obtained (TABLE 1). It is observed
that the treatment with the highest ATT val-
ue was VC (0.81), followed by treatments VM
(0.78), MFA (0.77), which did not differ statis-
tically from each other.

Literature data showed that the decrease in
coffee quality is not associated with pH, but with
an increase in acidity and this would be asso-
ciated with the number of defects in the beans
(PIMENTA et al., 2009).

For the Brix variable, there was variability
in the results obtained (TABLE 1). It is observed
that among the 13 evaluated processes, only one
obtained a higher value, standing out among the
others, being the MN (1.73).
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Table 1. Results of the comparison test of means of physical/chemical analyzes ATT — Total titratable acidity, PH
- Hydrogenionic potential, SST — Total Soluble Solids (Brix), and ash content in yellow Coffea arabica Catuai,
submitted to different types of processing. Muzambinho, 2017.

TREATMENT PH BRIX ASH
MFLA 459 B 0.67 E 1.10D 3.39A
MFLB 4.48 D 0.64F 1.26C 3.50A

VM 446D 0.78 B 1.26C 297 8B
BN 461B 0.68 E 1.33C 3.03B
PN 4.70 A 0.67 E 1.06D 2.72 B
B 443 E 0.74C 1.33C 3.24 A
VC 424 F 0.81A 0.96D 3.28A
MN 443 E 0.64F 1.73 A 3.54 A
MFA 443 E 0.77B 1.53 B 3.37A
MFS 458 B 0.68 E 1.36C 3.37A
PD 4.48 D 0.70D 1.26C 3.39A
MD 440 E 0.70D 1.36 C 3.54 A
MDP 453C 0.70D 1.30C 3.39A
CV % 0.49 0.49 7.18

* Means followed by the same capital letter in the column, do not differ, at 5 % probability, by the Scott-Knott test.

Caption: 1) MFLB - low fruit mix; 2) MFLA - fruit mix had read high; 3) BN - natural float; 4) VM - 35 %
green + Ripe; 5) B — float; 6) PN — natural pass; 7) MN — natural mature; 8) dry fermented mature MFS; 9)
MFA — mature fermented in water; 10) peeled mature MD; 11) pulped mature MDP; 12) PD - peeled raisin;

13) VC - green cane.

A greater amount of soluble solids is de-
sired, both from the point of view of industrial
performance and for its contribution to ensure
the body of the drink (MENDONCA; PEREIRA;
MENDES, 2005).

In the ash variable, there was less variation
in the results obtained in the evaluated pro-
cesses (TABLE 1). It is observed that only the
treatments VM (2.97), BN (3.03), PN (2.72)
obtained results statistically below the other eval-
uated processes.

In a study carried out by Mdller, Huebner,
and Souza (2013), whose objective was to
characterize physical and chemically different
brands of powdered and soluble coffee sold in the
Taquari Valley region in the Rio Grande do Sul,
comparing them with the established parame-
ters under Brazilian law, the values of all brands
evaluated showed values greater than 5 %, the
maximum limit recommended by the legislation
(BRASIL, 1999). This indicates that there is a

high amount of impurities in the samples and
that they have changed during the production
process (MULLER; HUEBNER; SOUZA, 2013).
In the present study, it is observed that the eval-
uated coffees were free of impurities or dirt, as
they presented values below 4 %.

A coffee drink is considered of good qual-
ity, when there is a balance between sensory
attributes such as body, sweetness, acidity, and
bitterness, presenting a rich and dense drink.
In the classification of the quality of the drink
of coffee Coffea arabica L. submitted to dif-
ferent management in post-harvest, significant
differences were observed within the ana-
lyzed parameters.

According to Table 2, for the aroma attri-
bute, there were significant differences (p <
0.05), where the natural green (VN) and natural
cane green (VCN) treatments were statistically
equal and inferior to the other treatments.
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Table 2. Means of the sensory attributes of coffees submitted to different post-harvest treatments.

Muzambinho, 2017.

Treatment Aroma Flavor Residual Acidity Body Balance Uniformity Clean cup Sweetness General Defects
VN  650b 6.00d 600c 600c 625c 600c 10.00a 500b 500d 6.00a 2.34a
VCN 6.79b 6.42c 6.12c 6.12c¢c 633c 6.12c 1000a 10.00a 10.00a 7.33a 0.70b
B 7.12a 679b 6.62a 6.62a 6.75b 646c 566b 566b 800b 633a 255a
MFLA 7.17a 683b 6.54a 654a 667b 646c 67lb 666b 833b 6.38a 234a
PD 72la 696b 6.87a 666a 683b 662c 833a 833a 933a 6.67a 0.99b
35?;;?" 725a 691b 6.46b 6.46b 675b 6.62c 10.00a 10.00a 10.00a 6.58a 0.70b
MDP 7.29a 7,08a 6.75a 6.75a 7,08a 79la 10.00a 10.00a 950a 7.00a 0.70b
MNFA 7.33a 7.12a 654a 654a 667a 7.08b 9.16a 666a 9.66a 7.00a 1.09b
MFLB 7.33a 696b 6.50b 6.50b 679b 650c 9.33a 933a 966a 654a 1.17b
BN 7.33a 689b 67la 67la 671b 654c 3.33c 333c 666c 629a 323a
PN 7.33a 7.12a 6.75a 6.75a 7.08a 691b 10.00a 10.00a 10.00a 6.92a 0.70b
MNFS 7.37a 6.87b 638b 6.38b 675b 650c 10.00a 10.00a 10.00a 654a 0.70b
MD 7.42a 7.39a 6.87a 6.87a 7.12a 7.04b 966a 800a 833b 7.12a 0.70b
MN  754a 7.29a 692a 692a 696a 7.9la 94la 1000a 10.00a 7.58a 0.70b
CV% 242 322 358 358 276 644 1254 1516  10.83 970 422
Average 7.216 6.900 6588 6,558 6,82 6740 8687 8261 8892 6737 75.621

* Means followed by the same capital letter in the column, do not differ, at 5 % probability, by the Scott-Knott

test (1974).

Caption: 1) MFLB - low fruit mix; 2) MFLA - fruit mix had read high; 3) BN - natural float; 4) VM - 35 %
green + Ripe; 5) B — float; 6) PN — natural pass; 7) MN — natural mature; 8) dry fermented mature MFS; 9)
MFA — mature fermented in water; 10) peeled mature MD; 11) pulped mature MDP; 12) PD — peeled raisin;

13) VC - green cane.

It is possible to notice the lowest values
in the natural green parameter with 67.75 in
total and 60.50 in the final result. The other
parameters show that there were no statistical
differences between them.

Malta, Pereira and Chagas (2005) report that
among the various factors that affect the quality
of coffee, the presence of defective beans, espe-
cially green ones, stands out, being known the
harmful influence of these in the aspect, roasting
and mainly the quality of the drink. This is due
to the fact that the aroma in the natural green
and natural cane green treatments obtain differ-
ent values from the others with 6.50 and 6.79.

For the flavor parameter, there was a signifi-
cant difference between the treatments, and the
treatments MDP, MNFA, PN, MD, and MN pro-
vided higher averages, not differing statistically
from each other.

In the residual requirement, the VN and VCN
treatments did not differ, presenting the lowest
averages. The other treatments showed the high-
est values for the standard.

The decrease in coffee quality is not asso-
ciated with pH, but with the increase in acidity
and this would be associated with the number of
defects in the beans and green beans (BOREM
et al., 2013). The acidity perceived in the sen-
sory analysis of the product is an important
attribute, as its intensity varies depending on the
stage of ripeness of the fruits, place of origin,
form of processing, type of drying, processing,
and climatic conditions (SIQUEIRA; ABREU,
2006). Thus, the results show that the lowest
values for acidity were for VN and VCN.

For the body parameter, the VN and VCN
treatments did not differ statistically from each
other, providing lower averages. In the equilibrium
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pattern, the MDP and MN treatments obtained the
highest averages without statistically differentiating
between themselves. In the uniformity requirement,
the BN treatment was the one that obtained the
lowest average followed by the MFLA, and B treat-
ments that did not differ between them.

For clean cup, the lowest result found was for
BN treatment, followed by VN, MFLA and B with
slightly higher averages. In the analysis of sweet-
ness, the lowest result among the treatments
analyzed was the VN. According to Borém et al.
(2013), it can be seen that the increase in dry-
ing temperature influences the lower sugar values.
This shows that the correct post-harvest manage-
ment reflects on the final quality of the drink.

The general pattern had no significant
differences between treatments. Although all pa-
rameters showed some discrepancies, the results
were not sufficient to affect the overall quality of
the drink.

In the defects requirement, the highest in-
dices were presented for: VN, B, MFLA, and
BN, that is, they were the treatments with the

highest amount of defects in which they did not
differ from each other and differ from the other
treatments. Several factors end up harming the
quality of the drink, generating greater quantities
of defects, such as climatic conditions, conduct-
ing operations in the terreiros, uncontrolled
fermentation, storage period, or even caused by
the drying time in the terreiro causing the fruits
to lose more moisture.

In all treatments, there is evidence that es-
pecially natural green and natural cane green
report greater interference through standards.
The possible causes of the samples in these cas-
es are of low quality can be attributed to the
climatic conditions and green grains (MOLIN
et al., 2008). At this stage, the fruits have not
yet reached physiological maturity, making the
practice of pulping difficult and the presence
of phenolic compounds in green fruits increas-
es astringency or the “hardening” of the drink
(SCHOLZ et al., 2011).

Figure 1 shows the results of the total and fi-
nal means for the treatments, showing the lowest

Figure 1. Total and final averages of coffees submitted to different post-harvest treatments. IFSULDEMINAS -

Campus Muzambinho, Muzambinho/MG, 2017.
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values in the natural green parameter with 67.75
in total and 60.50 in the final result. The other
parameters show that there were no statistical
differences between them.

Conclusions

It is concluded in the present work that the
Maduro natural (MN) treatment is the best eval-
uated processing because it provided the highest
Brix value and the lowest titratable acidity value.
The presence of green beans affected the drink
quality of Coffea arabica L. coffee, influencing
the patterns, attributed to the poor ripening of
the fruits.

The different treatments evaluated showed
that especially natural green and natural cane
green showed lower values in the sensory aspect
in most of the analyzed patterns, which suggests
that this effect is due to green grains.

In view of the results, it was possible to ob-
serve that the mature peeled, pulped mature,
and natural mature treatments presented better
sensory values, so it is therefore recommend-
ed for the post-harvest management to obtain a
good drink quality.
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Abstract

Irrigation makes it possible to increase productivity in bean crops, but if mishandled, it can increase production costs and
promote the leaching of nutrients, especially nitrogen, a nutrient that is fundamental for the development of the crop. Given
the above, the objective of this study was to evaluate the yield of common beans subjected to different doses of nitrogen
and water depths in the region of Uberaba — MG, Brazil. The experiment was conducted at IFTM — Campus Uberaba, in
randomized blocks, consisting of four levels of irrigation (deficits of 15 %, 30 %, and 45 % and a factor without water defi-
cit) and four doses of nitrogen (50 kg ha!, 100 kg ha!, 150 kg ha, and 200 kg ha!) applied in stage V4 of beans. The
cultivar used was BRSMG Maijestoso. There was no interaction between irrigation levels and nitrogen doses for the variables
studied. Nitrogen doses influenced linearly only leaf nitrogen content. The water deficit of 9.72 % was favorable to achieve
maximum grain yields and favors the number of pods per plant. The plant mass in R6, a mass of 100 grains, hydration, and
thermal sum declined linearly with increased water deficit.

Keywords: Irrigation management. Water deficit. Phaseolus vulgaris L.

Introduction water shortage, beans need irrigation to reach

Brazil concentrates 50 % of the gross do- their full productive potential.

mestic product in agribusiness and ranks sixth
among the most promising economies in the
world. For this reason, more and more sustain-
able food production has been sought to meet
global needs (SABUNDIJIAN et al., 2016).

Among the main crops produced in the
country, beans (Phaseolus vulgaris L.) are grown
in all Brazilian regions, in three growing seasons,
for presenting a high climate adaptation, being a
source of income for large and small producers,
besides being, undoubtedly, of great nutritional
importance for Brazilians. According to Conab
(2019) data, the production of the three har-
vests was 3.23 million tons distributed over
2.927 million hectares. When grown during a

Soil and water are components that de-
mand significant management attention for the
productive efficiency of irrigated beans (MORAIS
etal., 2017). Today, we know how valuable the
conscious use of water supplies is. Therefore, ir-
rigation must be managed correctly so that high
levels of efficiency are achieved in crops. Thus,
some aspects of irrigation management strategies
should be analyzed: when to apply, the quanti-
ty of water to be applied, and the total blade
applied during crop development (PACHECO
etal., 2016).

As for fertilization, the nutrient most absorbed
by beans is nitrogen, which is present in sever-
al molecules and physiological processes of the
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plant. Nitrogen fertilization influences the increase
in leaf area and, consequently, in the plants’ high-
er absorption of light and photosynthetic activity,
providing in higher crop yields (SCHERER et al.,
2015). However, research on nitrogen in bean
cultivation is very controversial and varies signifi-
cantly according to the agricultural management
adopted (BERNARDES et al., 2014).

Given the above, the objective of this study
was to evaluate the yield of common bean sub-
jected to different doses of nitrogen and water
blade irrigation in the region of Uberaba - MG.

Material and methods

The study was conducted at the Uberaba
Campus of the Federal Institute of Education,
Science and Technology of the Triangulo Mineiro
located in the municipality of Uberaba — MG,
Brazil, located at 800 m above sea level, lati-
tude 19°39’ 19 “S and longitude 47° 57’ 27" W.
According to the Képpen classification, the cli-
mate is Aw type - hot and rainy summer, cold
and dry winter - with a mean annual tempera-
ture of 23.2 °C (VALLE JUNIOR et al., 2010)

and mean annual rainfall of 1584.2 mm year*
(SILVA; GUIMARAES; TAVARES et al., 2003).

The experiment was conducted in random-
ized blocks (RBD), using a factorial scheme 4
x 4 consisting of four levels of water availabil-
ity in soil (deficits of 15 %, 30 %, and 45 %,
and a factor without water deficit) and four doses
of nitrogen (50 kg ha!, 100 kg ha', 150, and
200 kg ha'') differentiated in coverage in stage
V4 of beans, using urea as a source of this nu-
trient. Four replications were used in a total of
16 treatments and 64 plots. Each experimental
plot consisted of six seeding lines, with three me-
ters in length. Plants located in the center of the
area were considered useful for data collection
(1 m? area).

The soil of the experimental area was clas-
sified as dystrophic red latosol, whose chemical
characteristics were analyzed by the Laboratério
de Analise de Solo/Soil Analysis Laboratory
— Labfert Uberaba, MG, and are presented in
Table 1. All nutrient contents were corrected
following the recommendation of Chagas et al.
(1999) for the NT4 level. The soil belongs to the
texture class sandy clay loam (TABLE 2).

Table 1 — Results of the chemical analysis of the soil used in the experiment. IFTM - Uberaba Campus. Uberaba/

MG, 2017.
Characteristics Contents Characteristics Contents
pH in CaCl, 5.8 H + Al (mmolc dm?) 16.0
P (mg dm?3) 31.12 SB (mmolc dm3) 44.86
K (mmolc dm3) 2.96 T (mmolc dm3) 60.86
Ca?* (mmolc dm) 26.2 V (%) 73.21
Mg?* (mmolc dm3) 15.7 MO (g dm3) 17.8
AR+ (mmolc dm3) 0

SB is the sum of exchangeable bases; T is the CTC at pH equal to 7.0; V is the base saturation; MO is the

organic matter in the soil.

Source: Laboratério de Analise de Solo — Labfert Uberaba, MG.
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Table 2 — Results of the physical analysis of the soil (texture) of the experimental area. IFTM — Uberaba Campus.

Uberaba/MG, 2017.

Layer (cm) Sand (%)

Silt (%)

Clay (%) Class

0-20 64 10

26 Sandy clay loam

Source: Laboratério de Anélise de Solo — Labfert Uberaba, MG.

Table 3 shows the equations for adjusting the
characteristic curves of water retention in the soil
for layers O cm — 20 cm and 20 cm — 40 cm deep.

From the soil collected through the Uhland
cylinder, soil density values of 1.18 g cm™ and

1.22 g cm™ were verified for the respective depths
0cm—-20cmand 20 cm —40 cm. The field capac-
ity was 0.23 cm?® cm3for the average water stress
in the soil of 10 kPa in the layer O cm — 20 cm and
permanent wilting point of 0.054 cm3 cm?3.

Table 3 - Results of the hydric characterization of the soil of the experimental area. IFTM — Uberaba Campus.

Uberaba/MG, 2017.

Layer (cm) Equation R2
0,46
0= +0,078
0-20 [1+(1 4w )4’707]0,116 0.925
0,375
20 - 40 0 +0,238 0.958

[1+(0,985 * wm)6'917]°'”7

6= volumetric moisture (cm?cm?); ¥ = matrix potential (kPa).

Source: Elaborated by the authors (2017).

The cultivar used in the experiment was
BRSMG Majestoso, which presents indeter-
minate growth habit type Ill and carioca type
beans. The soil preparation system was conven-
tional, with the aid of a grader and the grooves
being opened by a cultivator, with stems spaced
at 50 cm. The experiment was sown on April
16, 2017, with a density of 16 seeds per meter.
Weed control was carried out through manual
weeding, and control of insects and diseases in
beans was performed as needed, using pesti-
cides registered for the crop. The harvest was
on August 7, 2017, 92 days after the seeding.

The meteorological data were obtained
through a digital thermohygrometer and a rain

gauge Ville de Paris model installed at the ex-
periment site and measured with data from the
automatic meteorological station located at IFTM
— Campus Uberaba.

Four micro-sprinklers installed in the plots
irrigated the soil, with 50 % overlap installed
at 20 cm from the ground, with an application
intensity of 7.5 mm h!. Tensiometer rods were
installed in each treatment to evaluate the water
stress and soil moisture. Data were read during
the morning.

To obtain the reference evapotranspira-
tion, Hargreaves and Samani (1985) equation 1
was used.

ETo = 0,0023 (Tmed + 17,8) x (Tmax — Tmin)*® x Ra x 0,408 (1)

at which: ETo = reference evapotranspiration (mm day!); Tmin = minimum temperature (°C); Tmax =
maximum temperature (°C); Tmean = average temperature (°C) and Ra = radiation at the top of the atmosphere

(MJ m2day).
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Data regarding solar radiation were obtained
following Doorenbos and Pruitt's (1975) recom-
mendation. The crop evapotranspiration values in

the treatment without water deficit were obtained
through equations 2 and 3, and the other irrigation
levels obeyed the proportion of each treatment.

ETc = ETo x Kc X Ks (2)

at which: ETc = crop evapotranspiration (mm day!); Kc = crop coefficient (dimensionless) and Ks = moisture

coefficient (dimensionless).

LB = LL/Cu x Ea (3)

at which: LB = gross irrigation depth (mm); LL = net irrigation depth, considering the estimated ETc (mm); Ea
= system application efficiency (decimal) and Cu = system uniformity coefficient (decimal).

The culture coefficient adopted was proposed
by Santana (2007). Throughout the experiment,
we accepted 1 (one) as the soil moisture coef-
ficient value; for both parameters of application
efficiency and uniformity coefficient of the sys-
tem, 0.85 was applied to the formula.

The Arnold method (1959) was used for the
thermal sum, with a record per plot when at least
ten plants had changed phenological phase. The
upper and lower base temperatures considered
were 35 °C and 10 °C, respectively. The method
was calculated according to equation 4.

GD = {[(Tmax + Tmin)/2] — Thase} (4)

at which: GD = cumulative degree-day (°C); Tmax = maximum average daily air temperature (°C); Tmin = the
minimum average daily air temperature (°C) and Thase = the temperature below which plants do not develop.

Grain hydration was determined by the
methodology described by Durigan (1979). In
each beaker with a capacity of 250 ml, 50 grams
of previously chosen grains and 200 mL of dis-
tilled water were added. During 12 hours, we
measured the volume of water not absorbed by
the grains. At the end of the time predicted for
hydration, the water was fully drained and the
grains were weighed. The hydration ratio was
determined as the ratio between the mass after
hydration and the initial mass of the grains.

Other parameters were evaluated as grain
yield, the mass of 100 grains, mass of the plant
in R6, number of pods per plant, number of
grains per plant, number of grains per pod, water
use efficiency (EUW), and leaf nitrogen content.
Productivity and mass values of 100 grains were
corrected for 13 % humidity.

All parameters were submitted to analysis
of variance using the statistical program Sisvar
version 5.6 (FERREIRA, 2014), and the effects

of treatments when significant at 5 % probability
were studied by regression analysis.

Results and discussion

Table 4 shows the mean values of water
stress in the soil and the total blade applied to
each treatment. The analysis of the water stress
data in the soil did not show any difference be-
tween the water deficits, with values ranging
from 12.83 kPa to 16.32 kPa.

Table 4 — Water stress in the soil and blades applied in
the experiment. IFTM — Uberaba Campus. Uberaba/
MG, 2017.

Water deficit Average water stress Blade applied

(%) in the soil (kPa) (mm)
0 12.83 472
15 13.56 433
30 16.32 394
45 14.17 354

Source: Elaborated by the authors (2017).
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Due to the daily irrigation during the work,
the value of water stresses in the soil remained
close to the field capacity, around 10 kPa. In a
study conducted by Brito (2014) evaluating dif-
ferent water stresses in the soil (30 kPa, 40 kPa,
50 kPa, 60 kPa, and 70 kPa) in the cultivation
of common beans, we observed that the stress
of 30 kPa increased bean productivity positively.

After performing the calculations, we ob-
tained the blades applied to each deficit during
the experiment. Accumulated precipitation of
125.22 mm occurred during culture develop-
ment (FIGURE 1). There was precipitation of
60.19 mm 24 days after the bean sowing.

Figure 1 — Temperature (maximum, average, and minimum) and precipitation in the experimental area of IFTM

- Uberaba Campus. Uberaba/MG, 2017.
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Source: Prepared by the authors (2017).

Adding the precipitation during the ex-
periment, blades of 472 mm, 433 mm, 394
mm, and 354 mm were verified at deficits of
0 %, 15 %, 30 %, and 45 %, respectively.
According to Cunha et al. (2013), in an exper-
iment that analyzed different forms of irrigation
management (Tank Class A, Tensiometry, and
Penman-Monteith), with blades corresponding
to 407.39, 272.04, and 341.63, the highest
blade was observed to have provided the highest
crop productivity.

The relative maximum, minimum and aver-
age air moisture during culture development were
52.62 %; 72.80 %, and 92.06 %, respective-
ly. The temperature in the culture development
period ranged from 5.60 °C to 29.90 °C, and
the average temperature during the experiment
was 19.1 °C (FIGURE 1). The recommended
temperature value for the full development of
beans is 29 °C during the day and 21 °C during

T° Max
— T° Med
— T° Min

70 1
60 A
50 A
40 A
30 1
20 A
10 A
0

Precipitation (mm)
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Days after sowing

the night. Temperatures above 35 °C are harm-
ful to the culture and may affect productivity
(GONZAGA et al., 2014).

Table 5 summarises the analysis of variance
for the variables: grain yield, the mass of 100
grains, mass in R6, number of pods per plant
(NPP), thermal sum, number of grains per plant
(NGPI), number of grains per pod (NGP), grain
hydration, water use efficiency (EUW), and leaf
nitrogen content (Leaf N). There was a statisti-
cal difference for deficits (p < 5 %) for mass in
R6 and the number of pods per plant (NPP). For
the variables: grain yield, mass of 100 grains,
hydration, thermal sum, effective use of water
(EUW), and leaf nitrogen content, a statistical
difference was observed (p < 1 %). There was
no interaction between irrigation levels and ni-
trogen doses and the effect of nitrogen doses for
any variable studied.



Irrigation blades and nitrogen doses in bean cultivation

Table 5 - Summary of the Analysis of Variance table for the variables: grain yield (Prod.), mass of 100 grains,
mass in R6, number of pods per plant (NPP), thermal sum, number of grains per plant (NGPI), number of grains
per pod (NGP), grain hydration, water use efficiency (EUW), and leaf nitrogen content (Leaf N). IFTM - Uberaba

Campus. Uberaba/MG, 2017.

Sv1 DF2 Prod. Mass 100 grains Mass in R6 NPP Thermal sum
Deficit (D) 3 0,00004 0,00004 0,0460° 0,05009 0,00004
Nitrogen Dose (N) 3 0,9870ns 0,4899ns 0,6791=  0,1193" 0,1454rs
DxN 9 0,6983"s 0,6882m 0,8325=  0,7391™ 0,3411rs
General Average 4174,24 kg ha'! 24,78 g 22,89¢ 15,69 855,51°C
CV3 (%) 21,23 11,3 23,46 29,36 1,75
SvV1 DF2 NGPI NGP Hydration E.U.W. Leaf N
Deficit (D) 3 0,1865" 0,6081"s 0,00044 0,00674 0,5757m
Nitrogen Dose (N) 3 0,4048ms 0,1101ns 0,5642m  0,9817" 0,00004
DxN 9 0,4503"s 0,2712r 0,8306™  0,6537™ 0,8373m
General Average 85,92 5,40 1,61 10,06 31,77
CV3 (%) 31,13 15,39 9,54 21,63 12,25

! sources of variation; 2 degree of freedom; 3 coefficient of variation; # significant at 1 % probability by F test; 5
significant at 5 % probability by F test; ™ not significant by F test.

Source: Elaborated by the authors (2017).

Productivity was not influenced by the ni-
trogen doses applied in the experiment, possibly
because the application was performed at V4,
and the rainfall occurred in the period. This re-
sult corroborates the work carried out in the
municipality of Aquidauana, MS, Brazil, by
Pacheco et al. (2016), when the authors also
did not observe a significant effect of the dos-
es (O kg ha', 50 kg hat, 100 kg ha', and
150 kg ha') of nitrogen. Some authors, such
as Guimaraes et al. (2017) and Sabundijian
(2013), found no statistical differences in ni-
trogen doses for bean grain yield. Kolling and
Ozelame (2017) found that for every 10 kg of
nitrogen applied; there was an increase in crop
productivity of 14 kg hal.

Amaral et al. (2016), in an experiment con-
ducted in the city of Jaboticabal, SP, evaluated
five doses of nitrogen (O kg ha!, 40 kg ha',
80 kg hat, 120 kg ha', and 160 kg ha') and
observed that the doses influenced bean grain
yield, in which the application of 136 kg ha* pro-
vided 2565 kg ha! of productivity.

In a study conducted by Moreira et al.
(2013) analyzing nitrogen doses (0 kg ha',
40 kg ha', 80 kg ha', and 120 kg hal) in ir-
rigated beans, they found that a linear increase
caused by nitrogen doses in sowing in grain yield
occurred where, for each kg of this nutrient, there
was an increase of 3.679 kg ha! in this variable,
with a maximum yield of 2404 kg ha..

Sabundijian et al. (2016), testing dos-
es of O kg ha', 40 kg ha?, 80 kg ha, and
120 kg ha™, in coverage with the application in
a total area of Rhizobium tropici, found a sig-
nificant effect on grain yield in the first year of
the experiment with the maximum point of pro-
duction using 60 kg ha! of nitrogen. However,
in the second year of the experiment, the au-
thor found no statistical differences with nitrogen
doses, showing the difficulty of dynamics in the
management of this nutrient.

Irrigation blades provided a significant effect
on grain yield. The deficit of 9.72 % is indicat-
ed to achieve the highest productivity values
(FIGURE 2). According to Aleman and Mignacca
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(2015), for the Pearl cultivar, with water replace-
ment levels in the soil of 25 %, 50 %, 75 %,
100 %, 125 %, and 150%, the maximum grain

production was with the replacement of 75 % of
water in the soil, showing the beneficial effect of
water deficit on grain productivity.

Figure 2 — Productivity and mass of 100 grains as a function of the water deficit. Uberaba — MG
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Source: Elaborated by the authors (2017).

In a study conducted by Sales et al. (2017),
they found that the highest productivity of the cul-
tivar BRSMG Majestoso was 3422.19 kg hat,
with a blade of 226.96 mm, which was around
29 % smaller than the blade with the highest
value used in the experiment. In the analysis of
co-inoculation and irrigation blades (100 % and
75 %), Peres (2014) found that the 75 % blade
provided productivity equal to or higher than the
100 % blade in autumn/winter cultivation.

Torres et al. (2013) evaluated different soil
coverings and irrigation levels (40 %, 70 %,
100 %, 130 %, and 160 % of daily evapotrans-
piration), also finding higher grain yield when
100 % replacement was used.

The mass of 100 grains was also influenced
by the irrigation depths (FIGURE 2), with an in-
versely proportional relationship between grain
weight and water deficit. With each unit increase
in water deficit, there was a 0.72 % reduction in
grain mass. These results are similar to Morais
etal. (2017), in which the increase in the deficit
resulted in a lower grain weight per plant. In the
study, for every 1 % increase in water replace-
ment, grain weight increased by 3.54 %.

The fact that nitrogen did not affect the mass
of 100 grains was also verified by Kolling and

32 A

w
o
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y =-0,2149x+29,616
R2=0,9012

N
(o]
1
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Mass of 100 grains (g)
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Ozelame (2017), who, using doses of O kg ha'l,
25 kg ha', 50 kg ha', and 75 kg ha! of nitro-
gen, found no effect on seed mass. Other authors
also found no differences in the effect of the ni-
trogen dose on the mass of 100 grains, such as
Moreira et al. (2013); Guimaraes et al. (2017),
and Sabundijian et al. (2016).

The plant mass in R6 was also not influ-
enced by nitrogen doses, a result similar to
the one found by Silva, Silva, and Trevisam
(2017a), in an experiment that evaluated the
interaction between nitrogen and sulfur using
doses of 80 mg dm= and 120 mg dm of nitro-
gen, in which they did not observe a significant
effect of this nutrient on the dry matter of the
aerial part, with an overall average production of
9.77 g plant.

In a study by Scherer et al. (2015), evaluat-
ing the time of application and doses of O kg ha,
30 kg ha't, 60 kg ha, and 120 kg ha'! of nitro-
gen, they found statistical differences for bean
dry matter, recommending a dose of 120 kg ha!,
divided at 15 and 30 days after emergence.
Schoninger et al. (2015) also observed a linear
increase in shoot dry mass when using doses of
(O kg, 40 kg, and 80 kg of N ha!) of nitrogen in
the BRS Requinte cultivar.
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The water deficit affected this variable, in
the same way as on the weight of 100 grains,
being inversely proportional. For each 1 % in-
crease in the water deficit, there was a 0.42 %
reduction in the mass plant (FIGURE 3). The
variable plant mass is interconnected with the
weight of 100 grains, because the lower the
plant weight, the lower its contribution, number,

and size of leaves, resulting in a lower photosyn-
thetic capacity and consequently a lower grain
filling. The water deficit in the crop promotes
decreased absorption of nutrients and changes
in the behavior of the plant metabolism, which
may have caused a decrease in the averages of
the variables mentioned.

Figure 3 — Dry plant mass in R6 and number of pods per plant as a function of the water deficit. Uberaba - MG.
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Source: Elaborated by the authors (2017).

The number of pods suffered the effect of
water deficit levels, at which, in the conduct of
the experiment, the 15 % deficit resulted in an
average of 18 pods per plant (FIGURE 3). This
result explained the grain yield since the number
of pods per plant directly influenced this variable;
therefore, the deficit provided a higher number
of pods and, consequently, higher productivi-
ty. Peres (2014), in an experiment conducted
in 2013, analyzed co-inoculation and irrigation
blades of 100 % and 75 % and found that the
deficit of 15 % provided the highest value for
this variable. Torres et al. (2013) reported that
the number of pods was higher when 100 % re-
placement was used. Souza (2016), in a study
with doses of O kg ha!, 50 kg ha!, 100 kg ha*,
150 kg ha, and 200 kg ha’, observed a linear
increase caused by doses of nitrogen in the num-
ber of pods per plant.

Under the conditions of the experiment, the
number of average pod grains was 5.4 and was
not influenced by the factors studied (TABLE 3).
The variable number of grains per plant was

Number of pods / plant

18.00 o
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7:00 y = 0.0002x? - 0.0829x+17.702

15.00 o

14.00 o

13.00 A

12.00 T T 1
0 15 30 45
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also not influenced by the doses of nitrogen
and irrigation levels, observing the average
value of 85.02 (TABLE 5). Sabundijian et al.
(2016), testing doses of O kg ha, 40 kg ha!,
80 kg ha, and 120 kg ha !, also found no
significant effect of nitrogen on the number of
grains per plant.

The hydration ratio was significant for water
deficits (FIGURE 4). With the increased deficit,
the hydration ratio was reduced, with values
ranging between 1.75 and 1.51. This result can
be explained with the aid of the mass of 100
grains, which presented the same behavior when
analyzed. With the increase in the deficit, there
was a decrease in grain mass and a decrease in
grain size; consequently, the smaller the grain
size, the lower its hydration capacity.

Amaral et al. (2016), analyzing doses of
0 kg hat, 40 kg ha', 80 kg ha!, 120 kg ha,
and 160 kg ha', found no difference in time for
hydration. They observed maximum hydration af-
ter the interval between 15 hours and 13 hours.
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Figure 4 — Ratio of hydration and thermal sum as a function of the water deficit. Uberaba - MG.
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Source: Elaborated by the authors (2017).

According to Souza (2016), for the cultivar
IAC Alvorada, there was no significant difference
for the variables: hydration ratio, obtaining as an
overall average the value of 2.02; maximum hy-
dration time, observing the average of 11 hours
and 35 minutes, and the crude protein content,
which presented an average of 20.35 %.

The thermal sum was influenced by the wa-
ter deficit (FIGURE 4), showing that the higher the
deficit, the lower the crop cycle, with total values of
866 °C, 864 °C, 845 °C, and 845 °C, respectively,
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for deficits of 0 %, 15 %, 30 %, and 45 %, respec-
tively. With the blade reduction applied, the plant
receives a stimulus to finish its cycle in less time.

For water use efficiency (FIGURE 5), the
highest values were verified for the deficit of 15 %,
which presented an average of 11.79 kg ha'! per
mm -1, Brito et al. (2016) evaluated the conduc-
tion of beans with and without water restriction,
observed in treatments without water restriction
the value of 0.50 kg m3 for WUE, applying
376.4 mm of the total blade.

Figure 5 — Water use efficiency as a function of the water deficit and nitrogen content in the leaf as a function

of nitrogen doses. Uberaba - MG.
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Source: Elaborated by the authors (2017).

Pacheco et al. (2016) stated that the EUW
is one of the essential parameters when analyzing
the effect of agricultural practices. Analyzing dos-
es of nitrogen (0 kg ha!, 50 kg ha'!, 100 kg ha'!,
and 150 kg ha') and estimating evapotrans-
piration by Hargreaves and Samani’s (1985)
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method, they obtained a value of 0.40 kg m?
for the EUW.

Soares et al. (2016), analyzing a control
(rainfall), and 46 %, 73 %, 84 %, and 100 %
of the replacement of the ETc, found that the
treatment 100 % provided greater efficiency of
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water use with 0.26 kg m=3, with the average of
the experiment being 0.32 kg m™=.

There was a linear increase in the nitrogen
content in the leaves with the increase in the dos-
es of this element (FIGURE 5), and they obtained
values between 27.5 % and 34.97 %. No effect
of irrigation blades on nitrogen content in leaves
was observed. According to Silva (2017b), the
nitrogen doses of 80 mg dm= and 120 mg dm-3
showed no significant difference.

Souza (2016), evaluating nitrogen doses of
Okghat, 50 kg ha!, 100 kg ha't, 150 kg ha'!, and
200 kg ha! in the cultivar IAC Alvorada, verified a
linear increase in leaf nitrogen content, with an over-
all average of 31.8 g kg'!. Bernardes et al. (2014),
evaluating nitrogen doses in the BRS Supremo cul-
tivar, found a significant effect of the doses of the
element on the final content in bean leaves in flow-
ering, obtaining a better adjustment by the quadratic
model where the dose of 120.7 kg ha! provided the
maximum value of 47.2 g kg of nitrogen.

Conclusion

Nitrogen doses did not influence the yield of
common beans under the conditions of the study.
The higher water deficits caused a drop in crop
yield. The water deficit of 9.72 % was favorable
to achieve maximum grain yields and favors the
number of pods per plant.
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Abstract

Ginger has a large number of essential oils, zingiberene is the major substance found in it, which may be linked to the in-
secticidal activity of the plant. Therefore, it can be a viable alternative to replace the use of pesticides for pest control. The
objective of this work was to evaluate the use of this ginger-based extract in hydroponic lettuce as an alternative to thrips
control. The experiment was carried out in a randomized block design, with five treatments and four replications. The treat-
ments used were the concentrations of 0 %, 20 %, 40 %, 60 %, and 80 % weight/volume of aqueous extract. After 45
days of sowing, the ginger plant extract was applied to the lettuce plants every seven days. A population of thrips was moni-
tored using adhesive traps attached above each experimental plot once a week until harvest. In addition, fresh mass weight,
shoot height, and incidence of direct damage to the crop were evaluated. Regarding thrips monitoring, no differences were
observed indicating the uniformity of the population level among the lettuce parcels. For the evaluation of weight and fresh
mass, no differences were observed regarding the treatments. However, from the concentration of 60 %, it was observed
the lowest averages of plants with direct damage, showing that the higher the concentration of the solution the lesser in-
sect feeding. Accordingly, the use of ginger plant extract in hydroponic lettuce becomes a promising alternative for reducing
thrips feeding on lettuce.

Keywords: Natural insecticides. Alternative control. Protected cultivation. Hydroponics. Insecticidal property.

Introduction for the families, increasing the local purchasing
power (AGUIAR; DELGROSSI; THOME, 2018).
Regarding nutritional importance, the daily con-
sumption of lettuce provides the intake of several
nutrients with low caloric value (SUINAGA et al.,
2013), preventing cardiovascular diseases and

cancer (SILVEIRA, 2018).

Lettuce (Lactuca sativa L.) is considered
the leafy vegetable with the highest consump-
tion by the world population, with widespread
cultivation in several countries around the world
both in cultivated area and in productivity (LOBO,
2018). Among the largest producers, China

stands out followed by the United States, India,
Spain, ltaly, Japan, Iran, Belgium, Mexico, and
Turkey (FAO, 2019).

In Brazil, lettuce has great economic, so-
cial, and nutritional relevance. According to the
Brazilian Horticulture Yearbook (2018), the na-
tional volume produced in 2018 was 575.5
thousand tons, in an area of 86,800 hectares.
The cultivation is usually carried out by fami-
ly farming, which gives it social relevance with
the creation of jobs and income during the year

Nevertheless, during the development of the
crop, there are several phytosanitary problems
caused by pests. Thrips (Thrips tabaci) is con-
sidered one of the main agricultural pests and on
lettuce, it is one of the main vectors of viruses.
The virus transmission occurs during thrips feed-
ing, in which the infected plants present wrinkled
leaves and, consequently, the commercial deval-
uation of the product (BRANDAO FILHO et al.,
2011). The attack of this pest can also increase
the susceptibility to the penetration of fungi and
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bacteria due to leaf lesions, in addition to making
seed production unfeasible (CARVALHO, 2017;
ZAWADNEAK et al., 2015).

Currently, the phytosanitary management of
thrips in the lettuce crop is based especially on
intensive applications of chemical pesticides to
reduce the insect population level, even though
its indiscriminate use generates numerous prob-
lems (MARANGONI; MOURA; GARCIA, 2012).
Consumers are increasingly concerned about the
management of pests and diseases in agricultural
crops, and the constant search for more sustain-
able production strategies is important.

Therefore, the integrated pest management
(IPM) emerged in response to the use of pesti-
cides aiming at the simultaneous use of various
managements in an economical and harmonious
way with the environment through less exposure
of farmers to insecticides and, consequently, re-
duction of rates of toxic residues in vegetables
(PEREIRA; PINHEIRO; CARVALHO, 2013).

Within the IPM, the use of plant extracts
is an old practice and becomes an important
control strategy. The extracts are obtained from
renewable resources, and they have favorable
toxicological properties, cause less effect on
non-target organisms, rapid degradation in the
soil, not accumulating in the environment, be-
sides offering greater safety for the consumer
(VASCONCELOS; GODIM; BARROS, 2006).

Plant extracts have the possibility of being
produced by the producers themselves, reducing
production costs, in addition to being accepted
within organic production systems. Despite the
great diversity of existing plants in Brazil, which
makes the country prosperous in identifying natu-
ral sources for the development of new products,
there is a lack of characterization given the high
number of species.

The species belonging to the Zingiberaceae
family have great insecticidal potential (ALMEIDA,
2012). Among the plants of the family, ginger

(Zingiber officinale roscoe) is a plant that has
the ability to produce essential oils in large quan-
tities. Ergo, it has the potential as an insecticidal
plant to be used in production systems (LOPES
etal., 2011).

Accordingly, it is extremely important that
selective insecticides are used for a particular
pest promoting the preservation of species that
are beneficial to the agroecosystem and environ-
mental interactions. Despite its importance as
a natural control alternative, currently, there are
few studies on the use of these compounds in
agricultural crops.

The use of an alternative defensive made
from ginger can be an option for the control of
thrips in hydroponic lettuce, which allows the
reduction of agrochemicals, with more sustain-
able production, in addition to generating higher
quality food and less contamination.

Thus, the objective of this work was to evalu-
ate the use of different concentrations of aqueous
extract based on ginger in hydroponic lettuce as
an alternative to thrips (Thrips tabaci) control.

Material and methods

The work was held in the Horticulture Sector
of the Federal Institute of Education, Science, and
Technology of Minas Gerais (IFMG) - Campus
Bambui, between July and October 2018.
The institution is located in the municipality of
Bambui-MG, in geographic coordinates, latitude
20°02'13" S, longitude 46°00'34" W, and alti-
tude 681 meters (GOOGLE EARTH, 2021).

The experiment was accomplished on plants
grown in an NFT (Nutrient Film Technique) hy-
droponic system and a greenhouse. The nutrient
solution had a pH between 5.5 to 6.5 to maxi-
mize the absorption of nutrients by the lettuce.
The composition of the nutrient solution and the
adjustment solution are reported below as shown
in Tables 1 and 2.
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Table 1 - Quantity of salts for the preparation of 2,000 liters of nutrient solution.IFMG — Campus Bambui.

Bambui/MG, 2018.

N° Fertilizers Nutrients g/ 2,000 L
1 Calcium nitrate N, Ca 2,500

2 Potassium chloride K 760

3 Monoammonium phosphate - MAP N, P 300

4 Magnesium sulfate MgeS 800

5 Micronutrients B, Cu, Fe, Mn, Mo, Ni e Zn 50

B = Boron; Ca = Calcium; Cu = Copper; Fe = Iron; K = Potassium; Mg = Magnesium; Mn = Manganese; Mo
= Molybdenum; N = Nitrogen; Ni = Nickel; P = Phosphorus; S = Sulphur; Zn = Zinc.

Source: Furlani (1997).

Table 2 — Nutritional adjustment solution. IFMG - Bambui Campus. Bambui/MG, 2018.

Solution Fertilizers Nutrients g/ 50L

A Calcium nitrate N, Ca 3,000
Micronutrients B, Cu, Fe, Mn, Mo, Ni e Zn 75

Potassium chloride K 4,500

B Monoammonium phosphate - MAP N, P 1,000

Magnesium sulfate MgeS 1,200

Source: Furlani (1997).

The purchase of ginger took place on a fam-
ily farm, near the municipality of Bambui — MG.
The collection of rhizomes was carried out week-
ly, every seven days. To prepare the plant extract,
600 grams of crunched ginger were placed in
two liters of distilled water. The solution was
sieved and diluted at concentrations of O %,
20 %, 40 %, 60 %, and 80 % weight/volume,
using distilled water. The plant extract was stored
in dark-colored glass containers for one day.

The experiment was implemented in a
randomized block design, consisting of five treat-
ments, four replications, and 20 plants per plot.
The treatments tested were the concentrations:
T1-0%,T2-20%,T3-40 %, T4 -60 % and
T5 - 80 % weight/volume. Each plot received an
adhesive trap in the central part attached 20 cm
above the plants to capture adult insects.

Lettuce seedlings of the Vanda cultivar were
produced in styrofoam trays with 128 cells, con-
taining Maxfertil commercial substrate that has

composted pine bark, vermiculite, and basic fer-
tilizer. About 30 days after sowing, the seedlings
presented good vegetative development, relat-
ing to the aerial part and root system. Thus, the
lettuce seedlings were transplanted to the hydro-
ponic system and an adhesive trap was implanted
per experimental plot (Bio Trap Adhesive Plates
- Blue), with a dimension of 10 cm x 12.5 cm,
centered in the plot and fixed above the plants
by a ribbon.

The traps were placed to quantify the insect
population during the development of the culture,
in addition to observing the population increase
in a certain stage of the culture. Accordingly, sev-
en days after transplanting a quantitative survey
of the initial incidence of thrips in the lettuce crop
was conducted, in which the traps were removed
by manually counting thrips in each experimen-
tal plot. Then, new adhesive plates were placed
and these were not removed until the moment of
harvesting the lettuce.
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The application of the ginger plant extract
was performed, after transplanting, every seven
days with the aid of a spray bottle spraying on
all lettuce leaves until full leaf coverage by the
product, totaling 21 days. Before each applica-
tion, the thrips population was manually counted
to assess the increase in pest incidence during
the production cycle.

The evaluations were undertaken during har-
vest, analyzing only the central plants, totaling six
plants per plot. The analyzes consisted of quan-
tifying the number of thrips in the traps during
vegetative development, fresh mass weight (g),
plant height (cm), and the incidence of direct
damage from thrips feeding on the leaves.

To determine the fresh mass weight, a
precision scale was used. As for the height as-
sessment, the measurement was performed from
the base of the plant to the maximum point of the
lettuce head, with the aid of a graduated ruler.

The evaluation of thrips incidence consist-
ed of counting plants from each useful plot that
showed direct symptoms on lettuce leaves due to
thrips feeding. Subsequently, the average num-
ber of plants with symptoms per treatment was
performed and the values transformed into a per-
centage of incidence, following the methodology
used by Borges (2006).

Data were subjected to analysis of vari-
ance. The significant variables in the F test were

submitted to regression analysis at 5 % proba-
bility, using the statistical program SISVAR 5.6
(FERREIRA, 2014). In addition, Pearson’s cor-
relations between the means of all evaluated
characteristics were estimated. The hypothesis
that the Pearson correlation coefficient is equal
to zero (HO: P = 0) was evaluated by the T-test.
Correlations were performed using the computer
program GENES (CRUZ, 2006).

Results and discussion

In monitoring the quantification of the number
of thrips present in the adhesive trap, the average of
the four counts during the experiment was 252.75
insects. The values obtained from the insect pest
population in each count can be seen in Table 3.

It is observed that, when performing the first
count of thrips in the traps to analyze the pop-
ulation present in the greenhouse, there was an
average initial population density in the treat-
ments of 140.10 insects.

The mean values obtained in the second,
third, and fourth counts were 164.30, 326.40,
and 380.20 medium insects, respectively. There
was no significant difference between the plots,
indicating that the thrips infestation rate was uni-
form within the experimental area.

During lettuce vegetative development,
thrips can be found in all phenological stages and

Table 3 — Average number of thrips regarding the treatments assessed in the lettuce considering different periods
of assessment. IFMG — Campus Bambui. Bambui/MG, 2018.

Treatments 1*Count 2™ Count 3" Count 4" Count
0% 130.00 159.25 303.75 401.75
20% 122.25 132.50 307.50 361.25
40% 124.75 135.00 309.50 346.50
60% 171.25 212.25 389.50 414.75
80% 152.25 182.50 321.75 376.75

Average 140.10 164.30 326.40 380.20
CV (%) 32.86 45,72 29.23 25.18

Source: Authors’ elaboration (2021).
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it is important to monitor the area to observe the
insect population. However, there are few works
related to production in a protected environment
which demonstrate the level of control of the in-
sect pest (GAERTNER; BORBA, 2014).

For the fresh mass height and weight vari-
ables, the application of different concentrations
of the ginger-based extract had a similar behav-
ior when subjected to analysis of variance, which
can be seen in Table 4.

Table 4 — Averages of the variables analyzed regarding
the treatments tested in lettuce during the harvest.
IFMG - Campus Bambui. Bambui/MG, 2018.

Treatments ?éﬁ:‘ )t W?;);ht
0% 31.70 287.08
20 % 31.54 268.33
40 % 31.42 297.49
60 % 30.91 271.66
80 % 32.70 301.66

CV (%) 6.76 10.24

Source: Authors’ elaboration (2021).

Regarding the variable height, the aver-
age of the plants was 31.65 cm, ranging from
30.91 cm to 32.70 cm. While the average
weight of fresh mass was 285.24 grams, in a
range of 268.33 grams to 301.66 grams.

Shoot fresh mass data were superior to those
found by Patekoski and Pires-Zottarelli (2010) in
which Vera lettuce presented 158.8 g in an exper-
iment carried out in the spring and 182.2 giin an
experiment conducted in the summer. However,
the results of the experiment corroborate those
obtained by Santos et al. (2010), who working
with Vera lettuce in a hydroponic system found
an average of 244.78 g at 47 days after sowing
for the plants.

In the greenhouse, it was not possible to
observe lettuce plants with viral symptoms, a
result of indirect damage, with virus transmis-
sion. According to Domiciano, Ota, and Tedardi
(1993), the incidence of damage caused by
thrips and the lower production of a crop is
changeable according to factors that interfere in
the insect-plant relationship, such as cultivars,
climatic conditions, phenological stages, season
of planting and infestation level.

In the analysis of direct damage, the results
demonstrate the efficacy of the ginger-based ex-
tract with a concentration of 80 % and 60 % in
the control of thrips in lettuce, having an average
of 54.16 % and 70.83 % of plants with symp-
toms, respectively, according to Figure 1. In this
way, by using the solution from a concentration
of 60 % weight/volume ,the farmer can obtain
beneficial results in the control of thrips in lettuce.

Figure 1 — Direct damage incidence by the thrips attack in lettuce plants according to the application of different
concentrations of the ginger extract. IFMG — Campus Bambui. Bambui/MG, 2018.
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Hamada et al. (2018) found that from the
concentration of 50 % of ginger extract there is
a reduction in egg viability, interference in the
development of pupae, and the fertilization of
Spodoptera littoralis.

Pearson’s correlation was performed to prove
the relationship between the studied characteris-
tics. The data obtained can be observed in Table 5.

Table 5 - Pearson correlation estimates between the
variables evaluated in lettuce plants sprayed with gin-
ger plant extract. IFMG — Campus Bambui. Bambui/
MG, 2018.

Pearson’s Correlation

Contrast Estimate
CGvs AL 0.50
CGvs PE 0.55
CGvs DD -0.95*
AL vs PE 0.67
ALvs DD -0.53
PE vs DD -0.40

CG - Ginger extract concentration; AL — Height (cm);
PE — Weight (g); DD — Direct damage. *Significant at
5% probability by t-test.

Source: Authors’ elaboration (2021).

In the present study, the estimated correla-
tion of ginger extract concentration and direct
damage was -0.95 and significant (TABLE 5).
This correlation is negative or inverse and indi-
cates a reduction in the direct damage due to
the increase in the concentration of ginger ex-
tract solution. The other correlation estimates
obtained were not significant.

The reduction of direct damage can be ex-
plained by the occurrence of antixenosis or
non-food preference, characterized by a plant
resistance process, induced by chemical or mor-
phological factors. The cultivated plant is not
used for feeding, due to the fact that the method
makes it difficult to locate the insects, especial-
ly in insects with sucking habits, reducing the
selection of the host plant and the place where
the insect normally feeds (GALLO et al., 1988).

The application of ginger extract may have
influenced the antixenosis process in lettuce
plants, which consequently promoted the repel-
lence to thrips during feeding and caused the
lowest levels of damage to the crop. The effica-
cy of non-food preference to a given insect can
be caused by the bioactivity of the compounds
of the plant extract commonly found in greater
abundance in the solution (MEDEIRQOS, 2017;
CRUZ, 2014).

Zingibereno is the main constituent sub-
stance of ginger, identified in high levels in plants
and may be linked to the insecticide activity of
the vegetable (NEIVA; MALUF; MACIEL, 2013).
Nevertheless, the concentration of bioactive
compounds in rhizomes may vary due to factors
such as age, cultivation conditions, environmen-
tal factors (ABDULHAY; YONIUS, 2019).

Several results show a link between the in-
secticide activity and the higher concentration
of ginger plant extract. Merlotto et al. (2018),
when evaluating the effect of insecticide of dif-
ferent hydroalcoholic extracts of plants on aphid
Myzus Persicae in scarlet eggplant culture, veri-
fied that ginger extract was the one that showed
the greatest potential for insect mortality when
compared to other extracts.

Rohde et al. (2013) evaluated the effect of
extracts prepared with different fresh and dry
vegetables on larvae, pupae, and adults of C.
capitata, he verified that chinaberry and ginger
had an insecticide effect on adults of C. capitata.

Chaubey (2011) found that fumigation
with ginger essential oils significantly reduced
the oviposition potential of adults and inhib-
ited the development of larvae for pupae and
adult pupae of Tribolium castaneum. In an-
other study, Chaubey (2013) found that the
essential oils of ginger and P. cubeba caused tox-
icity both by fumigation and by contact in adult
Callosobruchus chinensis.
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The use of ginger has also been reported as
an ingredient of biopesticides along with other
medicinal plants. Arora et al. (2012) evaluated a
biopesticide formulation containing onion (Allium
cepa) and ginger (Zingiber officinale) regarding
the efficacy against Helicoverpa armigera and re-
corded a control of 70 % to 80 %, in addition to
an increase in production in plants treated with
the formulation compared to untreated plants.

Gomes (2016), when evaluating the effects
of essential oils of fresh and dry ginger, found
that the highest concentrations showed the best
results for repellency and oviposition of the mite
T. urticae. This data corroborates the hypothesis
that the higher the concentration of the extract
the greater the number of bioactive compounds
in the solution and a high propensity to insecti-
cide activity of the vegetable.

Madreseh-Ghahfarokhi et al. (2018), when
evaluating the effect of ginger essential oils on
Culex theileri, verified that the treatments had
both insecticide and repellency effects, being
promising substitutes for chemical pesticides.

Therefore, despite the high population lev-
el of thrips in the conduction of the experiment,
the solution that had the highest concentration
of bioactive compounds obtained beneficial re-
sults, preventing the insect present in the area
from feeding and, consequently, reducing direct
damage. Given the assumption, the results ob-
tained in the present study indicate the promising
potential of the use of ginger extract through the
lower attractiveness of the crop, enabling the re-
duction of thrips feeding in lettuce cultivation
and, consequently, reducing the transmission of
viral disease.

Conclusion

The use of ginger extract with concentrations
higher than 60 % weight/volume proved to be
effective in reducing thrips feeding, as it reduced
direct damage to lettuce culture. On the other

hand, it did not promote the greater development
of plants in relation to the height and weight of
the fresh mass.
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Abstract

Pasture leafthoppers are considered highly important pests in forage grasses in Brazil due to their widespread occurrence.
This insect is one of the most relevant pests in pasture degradation. In order for the control of spittlebugs to be efficient, it
is important to know the population behavior of the species of this insect, identify the period of greatest occurrence, as well
as the climatic and environmental conditions that favor the development of the pest. Thus, this study aimed to evaluate the
population dynamics of spittlebugs, at a quantitative level, in Brachiaria decumbens and Panicum maximum pastures, as-
sociating the results with meteorological data from the municipality of Conceicdo do Araguaia, Southeast Para. To study the
population dynamics of spittlebugs, samples were taken every two weeks, in two types of pastures aged between 5 and 7
years, kept under rotational grazing, with a stocking of 1.5 animal units. The method of monitoring nymphs and adults of
leafhoppers was adopted, through walking within the observation area. The level of infestation of spittlebugs in both forage
species was evaluated and all results were submitted to analysis of variance by the F test. It was found that the species B.
decumbens had a greater number of adults and nymphs when compared to the forage species P maximum. The population
dynamics of spittlebugs occur gradually according to climatic conditions, and the period with not-so-high temperatures (22
°C to 34 °C) and good rainfall provide an infestation of this insect pest in the pasture.

Keywords: Insect-Prague. Pasture. Brachiaria decumbens. Panicum maximum.

Introduction

Pasture leafhoppers belong to the order
Hemiptera and the family Cercopidae, which are
considered pests of great importance in forage
grasses in Brazil due to their widespread occur-
rence, high infestation levels, and the severe
damage caused (VALERIO, 2009). The main
species attacking pastures are Zulia entreriana,
Deois flavopicta, Deois schac, Mahanarva spp.,
and others that also have great economic impor-
tance (BORGHI et al., 2018).

foam, characteristic of those species (BORGHI
etal., 2018).

There is no isolated method to control the
leafhopper pest efficiently. Still, a set of measures
is recommended (Integrated Pest Management);
for example, cultural, chemical and biological
control to minimize pest damage to pastures
(TOWNSEND et al., 2001). However, to guaran-
tee an effective and economically viable control,
it is essential to know the leafhopper popula-

Leafhoppers are insects known as one of the
most critical pests associated with pasture deg-
radation, with a suction-type mouthpiece. In the
adult stage, they live in the aerial part of the host
plant, and when nymphs, they protect them-
selves at the base of the covered plants by white

tion behavior, identify the period of greatest
occurrence, and the climatic and environmen-
tal conditions favoring the insect’s development
(BERNADO et al., 2003).

The damage caused by leafhoppers var-
ies from each grass species, and the economic
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losses can be considerable depending on the
location, climatic conditions, and management
(BERNARDO et al., 2003). Several species of
leafhoppers occur in pastures of Brazil, with some
of them having economic relevance. Depending
on the region, the predominant species may vary.
Despite being morphologically similar, leafhopper
species may have different preferences and dam-
age capabilities (VALERIO, 2006).

As for the susceptibility of species to the
leafthopper attack, grasses of the Brachiaria ge-
nus are preferentially attacked by these insects
(BORGHI et al., 2018), as verified by scien-
tific studies, such as the one carried out by
Auad et al. (2009) and Pereira et al. (2018).
These studies found a higher leafhopper popu-
lation density in the Brachiaria brizantha and
Brachiaria decumbens species, respectively.
Studies showing leafhopper occurrence in spe-
cies of the Panicum genus are poorly studied,
justifying this work’s development.

Grasses from the Brachiaria and Panicum
genera constitute one of the main species making
up the ruminant diet in Brazil, being the first most
prevalent in the Cerrados regions, and considered
the Brazilian cultivated pastures base. Also, the
Panicum species are the most important for cat-
tle production in tropical and subtropical regions
(CORREA; SANTOS, 2003).

Leafhoppers occurrence in pastures has been
one of the leading causes for pastures’ degrada-
tion in Brazil (VALERIO, 2009). Thus, obtaining
knowledge of leafhoppers’ population dynamics
is relevant for more efficient decision-making re-
garding the season and management type to be
adopted in its control.

Therefore, the objective was to evaluate
leafhopper population dynamics, at the quanti-
tative level, in pastures of B. decumbens and P,
maximum, associating the results with meteoro-
logical data.

Material and methods

The work was carried out at the Paraiso prop-
erty, located 10 kilometers from the municipality
of Conceicao do Araguaia, Para, on the banks of
the PA-287 road. The municipality of Conceigao
do Araguaia, in the State of Para, belongs to
Mesorregidao Sudeste Paraense, with municipal
headquarters located at 08°16'S; 49°16'W and
157 m altitude. The region’s climate, classified
according to Képpen-Geiger, falls under the cat-
egory of dry, humid equatorial in winter, type Aw.
The average annual temperature is 26.1 °C and
has an average annual rainfall of 1,734 mm.

The research started in August 2018 and
ended in December of the respective year. The
meteorological data for the sampling months are
available in Figure 1. It was possible to observe
a variation of the maximum temperature between
37.93°C and 32.71 °C, while the minimum tem-
perature varied between 23.07 °C and 22.19 °C.
The total rainfall increased gradually from August
to December, obtaining a value of 221 mm higher
in the last month of sampling (December) when
compared to the first month (August).

Biweekly samplings were carried out in two
types of pasture, B. decumbens and P. maxi-
mum cv. Mombasa, aged 7 years and b years,
respectively, kept under rotational grazing, with
a capacity of 1.5 animal units.

The leafhopper nymphs and adults mon-
itoring method was adopted in this study by
walking inside the observation area in a zigzag
form (VALERIO, 2005). The population survey
of nymphs was carried out based on the count-
ing of foam masses number at the foot of the
plant (soil level), using as a reference a square
iron frame with dimensions of 0.25 m x 0.25 m,
thrown at random, for defining a sampling point
(PEREIRA; BENEDETTI; ALMEIDA, 2008). After
the pitch, the total number of foam masses with-
in the square delimited area was quantified, and
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Figure 1 — Climogram of rainfall, maximum and minimum temperature from August 2018 to December 2018,

in Conceicao do Araguaia, Para, Brazil.
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the result was expressed as the foam masses’
average number per square meter.

The method used for sampling adults was
through scanning with entomological net, with
a 40 cm diameter arc, sampling at 10 points
at random, describing a random trajectory with-
in the pasture area (LOHMANN; PIETROWSKI;
BRESSAN, 2010).

At each sampling point, 10 sweeps were car-
ried out with the net, and the insects obtained at
each sampling point were packed in plastic bags
and sent to the Entomology Laboratory of the IFPA
- Conceicao do Araguaia Campus, where the spe-
cies were screened, selecting the insect species
of interest (leafhoppers). The leafthopper species
identification was carried out with the aid of a
binocular stereomicroscope with LED (light-emit-
ting diode) model DI-224, to visualize the insects’
structures and the use of identification keys.

The experimental units had 100 square
meters, and the experimental design adopted

was randomized blocks, with two treatments
and ten repetitions. The treatments consisted of
the study area (forage species) and the periods
(time of monitoring), considering each monitor-
ing performed as a repetition. The meteorological
data (precipitation, average daily maximum and
minimum temperature) were obtained through
the National Institute of Meteorology database,
Automatic Station of Conceicdo do Araguaia
(INMET, 2018).

The level of infestation of leafhoppers in
both forage species was evaluated. All results
were subjected to analysis of variance by the F
test. The averages of the forage species and mon-
itoring time and their interaction were compared
by the Tukey test at the level of 5 % probability.
When there was an interaction between the fac-
tors studied, Pearson’s correlation analysis was
performed. The statistical analysis and plotting
of the graphs were performed with the software
Sisvar 5.4 (FERREIRA, 2011) and SigmaPlot
10.0 aid (SYSTAT SOFTWARE, 2006).
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Results and discussion

The analysis of variance (TABLE 1) demon-
strated a significant interaction for the factors of
forage species and sampling times when observ-
ing the number of adult leafthopper infestations.
The number of foams per square meter was sig-
nificant only for the sole factor of forage species.

According to the averages test for forage
species, it was noted that B. decumbens had
a higher number of adults and nymphs com-
pared to the P maximum forage species. The
sampling time showing the highest adult number
was December, followed by November. The other
months did not differ statistically from each other
by the Tukey test, just as there was no statistical
difference for the foam number (TABLE 1).

Table 1 — Analysis of variance and test of means for the number of leafhoppers adults and number of foams as

a function of forage species and sampling time.

Mean squares

Source of variation

Number of adults

Number of foams m2

Forage species (FS) 1685.50 ** 1513.80 **
Sampling period (SP) 180120.20 ** 21.5750 "8
FS x SP 1448.70 ** 9.425 N
CV (%) 22.12

Averages for forage species

Brachiaria decumbens
Panicum maximum

235.40 = 36.75 a
45.60 £9.09b

23.6 =3.69a
6.20 = 2.93 b

Averages for the sampling period

August 124,25 +91.10b 17.75 £ 9.36 a
September 126.25 £ 84.51 b 13.00 + 9.97 a
October 134.25 = 90.08 b 12.75 £ 6.87 a
November 143.00 = 82.97 ab 14.00 + 8.15 a
December 174.75 = 128.41 a 17.00 = 10.56 a

CV = Coefficient of variation. ns = not significant, ** = significant by F test at 1 % probability. Means followed
by the same letter in the columns are statistically equal by the Tukey test at 5 % probability.

Source: Elaborated by authors (2021).

The interaction between the factors of for-
age species and sampling time is illustrated in
Pearson’s correlation in Figure 2. There was a no-
table increase in the leafhopper infestation level
as the period approached December, mainly in
the pasture composed by B. decumbens species,
presenting the highest absolute value of the de-
termination coefficient (r = 0.71). On the other
hand, P maximum grass showed little influence
of the sampling period on the leafhopper infes-
tation level (r = 0.51).

It is worth mentioning that December,
whose infestation of this insect pest was more
accentuated, coincides with the period that oc-
curred the highest total rainfall (237.3 mm)
and average maximum and minimum tempera-
tures of 32.71 °C and 23.07 °C, respectively
(FIGURE 1). Thus, it is possible to infer those
environmental factors influence the leafthopper
population dynamics and their reproductive po-
tential, with temperature and humidity being the
most relevant climatic parameters in this context
(GARCIA et al., 2011; TEIXEIRA; SA, 2010).
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Figure 2 — Pearson linear correlation for the number of leafhoppers adults as a function of the sampling period.
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Source: Elaborated by authors (2021).

This information corroborates the current
work compared with the abiotic parameters
(precipitation and temperature). Townsend et al.
(2001) declared a greater leathopper population
occurrence in the State of Rondo6nia between
December and February, justifying the climat-
ic conditions corresponding to the region’s
rainy period.

Regarding climatic and environmental fac-
tors, the leafhopper attacks can occur with
greater severity in the greater precipitation and
higher temperatures period compared to others
when the conditions were not so favorable (pe-
riod of drought), a fact which is directly related
to the largest population of this insect whose cli-
matic conditions are ideal (DIAS-FILHO, 2017).

It is noteworthy that the beginning of the
rainy season favors the infestation of leafhoppers,
due to its mild temperatures and high humidity.
In unsuitable conditions, the pasture leafhopper
eggs may not hatch, causing diapause (acqui-
escence). It corresponds to a rest period and
may remain like that until the end of the dry
period, showing a dependence on climatic condi-
tions for good performance of its biological cycle
(SANTOS; SARAIVA, 2019).

The species that occurred in both sampled pas-
tures are shown in Figure 3. The identification in the
laboratory demonstrated the presence of Notozulia
entreriana, Mahanarva sp., D. flavopicta, Deois
incompleta, and Aeneolamia colon. The identified
species agree with those reported in the literature
regarding the main occurring leafhopper species
in Brazil, namely: Z. entreriana, D. flavopicta,
D. incompleta, D schach, and Mahanarva
fimbriolata (TOWNSEND et al., 2001).

The occurrence of species was higher in the
pasture with B. decumbens (POE = 6) than in
P.maximum (POE = 4) (FIGURES 4A and 4B).
Note that the leafhopper species D. incompleta
and A. colon had the highest number of indi-
viduals in the pastures of B. decumbens and P,
maximum, respectively, with an occurrence per-
centage per species of 55.41 % for D. incompleta
and 81.37 % for A. colon (FIGURE 4).

This greater occurrence in a forage species
is related to grass susceptibility. According to
Townsend et al. (2001), B. decumbens has a high
leafhopper infestation susceptibility compared to
P-maximum, which is considered resistant to the
pest attack. For that reason, pasture diversification
becomes essential to minimize insect pest severity.



Population dynamics of the pasture leafhopper complex (Hemiptera: Cercopidae) in brachiaria and mombasa grass

Figure 3 — Species of leafhoppers cataloged in the forages Brachiaria decumbens and Panicum maximum in

Southeast Para.

A = Notozulia entreriana, B = Mahanarva sp., C = Mahanarva sp., D = Deois flavopicta, E = Deois incompleta

and F = Aeneolamia colon.
Source: Elaborated by authors (2021).

Figure 4 — Percentage of occurrence by species (POE) of leafhoppers in Brachiaria decumbens (A) and Panicum

maximum (B).
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It is worth mentioning the isolated occur-
rence of the leafhopper species D. flavopicta and
N. entreriana in the grass B. decumbens, not
being found in the P maximum pasture. These
same species were also observed in pastures of
B. decumbens and B. humidicola in the mid-
north of Mato Grosso (BERNARDO et al., 2003).
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Deois flavopicta, MA = Mahanarva sp. and NE =

Therefore, a preferential habit for grasses of the
Brachiaria genus is visible, corroborating Borghi
etal. (2018). It is more susceptible to forage spe-
cies of the Brachiaria genus. It is related to the
planting area intensification with B. decumbens
and B. humidicula in a short time, causing bio-
logical imbalance.
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Conclusions

The leafthopper population dynamics occur
gradually according to the climatic conditions;
periods with not-so-high temperatures (22 °C to
34 °C) and good rainfall provide an infestation of
this insect pest in the pasture.

Brachiaria decumbens are more susceptible
to the leafhopper attack than Panicum maximum,
and some leafhopper species prefer attacking
B. decumbens, such as Deois flavopicta and
Notozulia entreriana.

Further studies are recommended, under the
edaphoclimatic conditions in which this work
was conducted, to assess the population dynam-
ics of these insect pests during longer sampling
periods and correlate the results with the pasture
management type and different forage species.
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Abstract

Issues referring to environmental conservation and diagnosis of rural zones are still scarce topics inside public policies and
this aspect still requires greater attention. That being, the goal of this research was to present a diagnosis of the rural area
of a small city in the South of the Minas Gerais State, with typical agricultural characteristics and large availability of water
in order to verify possible socio-environmental inconsistencies. The data was gathered from secondary information of the
federal, state, and town public databases, besides face-to-face questionnaires, rapid assessment protocols and high-defini-
tion satellite mapping of land use for the last few years. It was possible to assess that conservation actions and Permanent
Preservation Areas (APPs) are reduced and that interviewed people present limited knowledge about public policies of family
farming stimulation. As per rural basic sanitation, practical action by local governments must be prioritized. The conclusion
of this diagnosis is to suggest that further investments should be prioritized to assist social and environmental segments.

Keywords: Environmental education. Conservation. Rural sanitation. Public policies.

Introduction

The issue of environmental sanitation in
Brazil affects a whole cyclical, historical, political,
and economic context, built upon the interests
that shaped the society of the time. While at
the beginning of the 20th-century Brazilian en-
vironmental sanitation was centralized in the
federal executive branch of power, in later years
and in present times, those issues were returned
to municipal spheres, in a more decentralized
and collective manner (SOUSA; COSTA, 2016).
That being, current environmental and social
situations in rural areas require bigger attention
from public management, education institu-
tions, non-governmental organizations, and the
community in general, because communities in
these regions, in addition to being geographi-
cally distant from municipal headquarters, also
face limited, or often absent, access to the public
education system. This function ends up being

the responsibility of a few institutions, which in
its majority cannot reach all the public needing
guidance and technical support.

The universalization of basic sanitation ser-
vices in Brazil amounts to one of the principles
of the National Basic Sanitation Plan - PLANSAB
established by Law 11.445/2007 and Decree
n°. 7.217/2010. That means that basic sanita-
tion services must serve the entire population,
including those residing in rural areas; the new
Legal Framework for Basic Sanitation, Law
14.026/2020, aims to universalize and qualify
the provision of services in the sector, with the
Federal Government’s goal of reaching univer-
salization by 2033, ensuring that 99 % of the
Brazilian population has access to drinking water
and 90 % to sewage treatment and collection.
However, basic sanitation services in rural zones
of Brazil, in general, are unsatisfactory regard-
ing coverage and efficiency of actions. According
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to data from the National Program for Rural
Sanitation- PNSR (FUNASA, 2019), the percent-
age of homes without adequate services of solid
waste management is 55 %. As for water supply
services, 33,5 % of rural populations have precar-
ious assistance and 26 % do not have adequate
assistance. Rainwater management presents a
less severe scenario, with 60.4 % of the popula-
tion receiving adequate care. Concerning sanitary
sewage, b4.1 % of the rural population has pre-
carious care and 25.3 % do not receive care.
These data demonstrate a dangerous reality and
low health standards in these rural areas, com-
promising the health, well-being, and quality of
life of these populations, in addition to the con-
tamination of water sources.

In order to correct this deficit of rural sani-
tation, all actors involved must be protagonists
in the design, implementation, and management
of actions, which must be territorialized and ad-
justed to local realities (MACHADO; MACIEL;
THIOLLENT, 2021). According to Renaud et al.
(2018), mental models, values, and human
attitudes vary in time and space and are key
elements in the relationship between humani-
ty and nature, being able to promote changes
towards sustainability. In other words, social
aspects must be incorporated in sustainability
models, even more so regarding the conservation
of natural resources. That being, the integration
of roles of different social actors, i.e. research
and education institutions in the sanitation ser-
vices developed by the National Rural Sanitation
Program (PNSR) is a fundamental part of the im-
plementation of public policies focused on this
scenario (FERREIRA et al., 2019).

It is important to emphasize that the precar-
ious situation regarding environmental sanitation
contributes directly and indirectly to public health,
as it is responsible for rising infant mortality rates,
besides reducing the quality of life of unserved
populations (TEIXEIRA; GUILHERMINO, 2006;
BELLIDO et al., 2010; SOUZA et al., 2020).

Sanitation actions in rural zones intend to
reverse this situation and promote environmen-
tal benefits, besides stimulating the inclusion of
minority groups through the implementation of
integrated public policies in health, habitation,
racial equity, and environmental areas (FUNASA,
2019; MACHADO; MACIEL; THIOLLENT, 2021).

Many pieces of research seek to elucidate
such issues and solutions to this huge political
and strategic management impasse (MACIEL;
FERNANDES, 2011; MADRID et al., 2015;
FIGUEIREDO, 2019), as well as disseminat-
ing alternatives that are replicable and easy
to implement related to social technologies
(TONETTI et al., 2018) or even evaluate existing
technologies and their economical and socio-en-
vironmental viabilities (COSTA; GUILHOTO,
2014). Such scenario is aggravated due to the ru-
ral midst being quite heterogeneous, constituted
of diverse communities, with peculiar charac-
teristics in each region, demanding individual
techniques for intervention in basic sanitation,
whether regarding environmental, technologi-
cal, or educative issues, such as management
and sustainability of measures (FUNASA, 2019;
MACHADO; MACIEL; THIOLLENT, 2021).

Besides aspects relating to rural sanitation,
it is important to evaluate the environmental
scenario in which those rural communities are
inserted, aiming at decision-making and support
for effective public policy implementation and rel-
evant socio-environmental projects (MACHADO;
MACIEL; THIOLLENT, 2021). It is required to
consider local environmental potentialities, as
well as risks of use, defining ecological and
economic zonings that allow optimization and
thrifty use of natural resources and land. In that
sense, the definition, characterization, and pro-
tection of Permanent Preservation Areas - APPs
are fundamental in socio-environmental projects
focusing on environmental sanitation and in the
quality of life of social actors from these regions.
Therefore, some quick tools and practices can



Revista Agrogeoambiental - v. 13, n. 2, jun. 2021

be utilized, for instance, diagnostic protocols and
fast assessment of aquatic ecosystems such as
water springs and streams, important areas for
underground water recharge and protected by
law (Forestall Code - Law 12.651/2012). Those
tools, if adapted to local reality and associat-
ed with fast training for applicators, may assist
on-site data collection and constitute low-cost
technologies, effective in territorial planning and
rural area zoning.

Utilizing the southern Minas Gerais munici-
pality of Espirito Santo do Dourado as a reference,
the current research had the goal of diagnosing
the socioeconomic profile of rural inhabitants,
as well as investigating how town water man-
agement occurs and how land is used in those
rural regions. The research happened through
semi-structured questionnaires with social ac-
tors, associated with bibliographical consultation
in public documentation fonts from town, state,
and federal databases regarding the municipality
as well as historical temporal analyzes of satel-
lite images of land use. The city was chosen for
the diagnostic due to its environmental poten-
tials, the growing increase in strawberry culture
and other short-cycle crops, with a vast contri-
bution to the rural public in municipal economic
actions, and due to its lack of environmental san-
itation, especially in rural areas.

Materials and methods

Characterization of the municipality
and sampling periods

The municipality of Espirito Santo Dourado
is located in the south-southwestern mesoregion
of Minas Gerais, it has a territorial extension of
263.89 km? and a population of 4,712 peo-
ple distributed among 2,387 residents in urban
areas and 2,325 in rural areas (PLANO DE
SANEAMENTO BASICO DO MUNICIPIO DE
ESPIRITO SANTO DO DOURADO - MG, 2017).
Presenting large water availability due to its

geographic location (mountainous region), it has
several streams and waterfalls within urban and
rural perimeters. It is part of the Rio Sapucai
Hydrographic Basin, a tributary of the Rio
Grande Basin that is a contributor to the Federal
Hydrographic Basin of Parana (IGAM, 2021). The
municipality is named after the Dourado River,
which is the municipality’s main water source,
in addition to the Machado, Machadinho and
Cervo rivers and Embirucu, Gongalves, Pompéu,
Poco D’anta and Paciéncia streams (PLANO
DE SANEAMENTO BASICO DO MUNICIPIO DE
ESPIRITO SANTO DO DOURADO - MG, 2017).

Regarding water management and conser-
vation, one of the factors that most attracted
attention is the situation of the public supply sys-
tem, which is currently under the responsibility of
the city management and does not perform any
type of charge for water collection, treatment,
and distribution services. According to the Basic
Sanitation Plan of the municipality of Espirito
Santo do Dourado (2017), the municipal public
water supply system has poor service due to in-
termittence in water distribution and difficulty in
implementing hydro metering for users. Despite
the great local water availability, the planning
tools regarding use and management of water
resources are still less than ideal and the city
still does not have a sewage treatment system
that serves the community, in natura sewage be-
ing released into the small watercourses that run
along the margins of the urban perimeter in river
Dourado, streams Embirugu, Paciéncia, Pompéu,
and Gongalves. Among the main deficiencies pre-
sented by the municipality in the issue of sewage
treatment are the lack of network registration, lit-
tle regulation in the implementation of networks,
lack of manholes, absence of sewage connec-
tions to the rainwater network and vice versa,
deficiency of interceptors, and non-existence of
treatment system (PLANO DE SANEAMENTO
BASICO DO MUNICIPIO DE ESPIRITO SANTO
DO DOURADO - MG, 2017). As there is a known
relationship between the absence/poor sanitation



Socio-environmental analysis of the rural zone of Espirito Santo do Dourado/MG: a perspective for future integration policies

services and the loss of health with an increase
in infant mortality (TEIXEIRA; GUILHERMINO,
2006; BELLIDO et al., 2010, SOUZA et al.,
2020, MACHADO; MACIEL; THIOLLENT,
2021), it is possible that the inefficiency in the
provision of these services reflects in the grow-
ing infant mortality rates recorded between 2012
and 2016 (IBGE, 2010).

According to Atlas Esgotos (ANA, 2013),
the service rate of the sewage network in the
city’s urban area is 94 % with collection but
without treatment, 5 % without collection and
without treatment, and 1 % with individual solu-
tions. However, according to IBGE (2010), only
49.3 % of the municipality is served by sewage
services and rural neighborhoods do not have
sewage collection networks. Residents discharge
sewage directly into rivers and small streams
or build cesspits (PLANO DE SANEAMENTO
BASICO DO MUNICIPIO DE ESPIRITO SANTO
DO DOURADO, 2017).

With the Municipal Human Development
Index - IDHM of 0,68 (IBGE, 2010), the mu-
nicipality occupies a median position in relation
to other municipalities in Minas Gerais, and its
economy is predominantly based on the sectors
of services and agriculture. Considering the di-
rect relationships between socioeconomic status
and proportional mortality from diarrheal dis-
ease and others caused by water or lack of basic
sanitation, the municipality of Espirito Santo do
Dourado may be under high socio-environmental
vulnerability. Also, with a large part of its eco-
nomic activities concentrated in rural areas, the
lack of environmental sanitation in these can
become a problem of a superlative order. With
rural modules fixed at 30 hectares, most rural
properties registered in the Rural Environmental
Registration System - SICAR are classified as
small (=2 to 4 hectares) and medium (4 to 15
hectares), as shown in Figure 1.

Figure 1 - Distribution of properties and their siz-
es in the municipality, with emphasis on strawberry
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Field sampling for the socio-environmental
diagnosis of the municipality of Espirito Santo
do Dourado — MG took place during actions un-
der the “Expedition Program” of the Extension
Pro-Rectory of IFSULDEMINAS, in July 2018
and 2019.

Socio-environmental diagnosis

In order to diagnose how municipal water
management and land occupation occur in rural
regions, a bibliographic research was carried out
in municipal and state public document sources,
referring to administrative, territorial, sanitation,
and rural areas in general. The city hall web-
site was used for municipal data; the Instituto
Mineiro de Gestao das Aguas — IGAM and
the Technical Assistance and Rural Extension
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Company — EMATER for state data, and the
National Water Agency - ANA, the Brazilian
Institute of Geography and Statistics - IBGE,
and the National Rural Environmental Registry
System — SICAR for federal data.

After this step, the methodology for se-
lecting the properties interviewed followed
the non-probabilistic tool “snowball sampling”
(BIERNACKI; WALDORF, 1981), in which a
chain of informants was formed and indicated
to answer the questionnaire in the rural munic-
ipal districts, based on initial structuring axes
composed of influential actors in the municipal-
ity. Thus, and consecutively, each respondent
also indicated another social actor, so that at
least one rural social agent from each neigh-
borhood was interviewed. It is noteworthy
that the CEP - Research Ethics Committee of
IFSULDEMINAS was consulted about the need
for evaluation by its body, however they replied
not being necessary since this work was part
of an extension project. The interventions were
carried out following a semi-structured ques-
tionnaire composed of pre-defined questions,
aiming to know the issues related to land use
and occupation, water management and con-
servation, sewage treatment, agroecological
systems, and access to public policies to en-
courage rural producers. As a complementary
tool to the socioeconomic diagnosis, and with
the objective of georeferencing and diagnosing
the environmental quality of some water springs
in rural neighborhoods, as well as the land uses
in their immediate surroundings, a Simplified
Environmental Characterization Protocol was
applied (CALLISTO et al., 2002). The results
are presented in a categorically adapted form
(score from 1 to b = being 1 the worst identified
environmental quality, and 5 the best identified
environmental quality). This protocol addresses
quali-quantitative issues related to the degree of

impact and conservation of the water resource in
the analyzed patch. Finally, all the information
collected was properly tabulated, organized and
geospatialized, in order to support the socio-en-
vironmental analysis of the studied municipality.
For this, Google Earth - Pro and Quantum Gis
(Q-Gis) image processing software, as well as
Excel for data tabulation were utilized. For anal-
ysis in the QGis software, satellite images from
the MapBiomas program were used.

Results and discussion

The comparative analysis of the municipali-
ty’s land use in the years 2000, 2010, and 2019
evidenced the growth and expansion of agricul-
ture in Espirito Santo do Dourado (Figure 2). It is
possible to notice over the years the increase of
areas destined for agriculture, especially close to
water streams, a fundamental factor in guaran-
teeing the irrigation process of crops. Cultivated
land, comprised of “agriculture” and “agriculture
and pasture mosaic” used to occupy in 2000
an extension of 6,358.54 hectares, presenting
an increase of 19 % from 2000 to 2010 and
24 % from 2000 to 2019. At the same time,
it is noted that there is a retraction of 1.5 % in
2010 and 2.13 % in 2019 of native forest ar-
eas. Planted forests (Silviculture) are also worthy
of notice, being mostly composed of eucalyptus.
In Espirito Santo do Dourado, this land use in-
creased 600 % from 2000 to 2010 and 1,200 %
from 2000 to 2019.

Specifically from the year 2014, the munic-
ipality showed a growing increase in cultivated
areas, with the cultivation of strawberries and
arracacha being the most relevant occupations,
according to data available by the local office
of the Technical Assistance and Rural Extension
Company — EMATER (FIGURE 3).
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Figure 2 — Land uses in Espirito Santo do Dourado - MG in the years of 2000, 2010 e 2019.
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Figure 3 — Arracacha and strawberry production areas over the years in the municipality of Espirito Santo do
Dourado — MG, 2021.
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These rotating crops, when carried out in
a traditional manner and non-compliance with
adequate water quantity and quality manage-
ment techniques, can increase the contamination
of regional water resources and even generate
conflicts over water demand. The increase in
agricultural production can also generate conflict-
ing demands in municipal migration processes
(ALVES, 2006), and eventually generate an over-
load of local sanitation systems (which in this
case are already precarious), and increase the
load of polluting effluents in aquatic ecosystems.

Interviewed rural producers profile

In total, 28 rural residents were interviewed,
all farmers, distributed in 15 different neighbor-
hoods, with at least one representative in each of
the main neighborhoods. Most of these produc-
ers (59 %) own the land they work, while 30 %
rent and other 11 % work for someone else.
These data demonstrate the attractive economic
potential of small-scale agriculture in rural areas
in the municipality. The main crop in the city is
strawberry, being present in 68 % of the prop-
erties of interviewed owners. In 56 % of them,
it was the only productive activity, while 12 %
were mixed with other crops such as corn and
arracacha, both cyclical and short-term crops,
with high potential for physical, chemical, and
biological degradation of the soil and seasonal
transport of pesticides and fertilizers, contami-
nating water, soil, and groundwater (MESQUITA;
PAULA; ALVARENGA, 2000). Regarding other
crops developed, 32 % of the interviewees were
divided in banana plantations, coffee plantations,
horticulture, and dairy farming.

Another relevant aspect to consider is the
interviewees’ lack of knowledge about socioeco-
nomic policies to assist family producers. These
social actors could improve their socioeconomic
conditions through the adoption of these prac-
tices, because as Alves (2006) attests family
farming is an alternative to rural poverty. The

incentive to family agricultural production takes
place through access to public school feeding
policies (National School Feeding Program —
PNAE) or rural financing (National Program for
Strengthening Family Agriculture — PRONAF). A
very alarming fact is that 79 % of respondents
were not registered as family producers or were
unaware of such public policies. In other, but
similar aspect, 63 % of respondents had nev-
er heard of organic agriculture, and 71 % were
unaware of the term agroecology or agroforestry
systems, highlighting the need to invest in pub-
lic policies aimed at disseminating agricultural
practices with less impact on the environment.

Socio-environmental and Sanitation

Regarding local water availability, more than
80 % of respondents had some water stream
within the property. All properties intervened in
local water resources for irrigation of their crops,
either through abstraction in springs (29 %) and
cisterns/wells (18 %), in rivers/streams that ran
through their properties (32 %) or in superficial
accumulations (21 %), demonstrating the im-
portance and need for managing the quantity
and quality of water sources in these locations.
Contrary to the scenario of intervention in water
resources, we recorded the absence of fines for
environmental irregularity and none of the inter-
viewees reported having gone through such an
experience. Based on this aspect, it is possible
to obtain a relationship between the absence of
conservation actions as being proportional to the
inspection or legal incentive for these practices.
Concerning environmental conservation incen-
tives, payment for environmental services has
great potential as a mechanism for generating
income and encouraging conservation practices
(LAMIM-GUEDES et al., 2017).

As for the protection of APPs in springs (50
meters) and around rivers and streams (30 me-
ters), according to Law 12.651/2012, 34 % of
properties did not have preserved springs and
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74 % of respondents did not know what these
areas were, showing a lack of information. The
results of the rapid characterization protocol

applied in 08 springs, chosen at random, in
some interviewed properties, corroborate these
results, as shown in Table 1.

Table 1 — Visual diagnostic characteristics of the analyzed streams and land uses in the nearby surroundings.

Espirito Santo do Dourado — MG, 2021.

PREDOMINANT  'RIPARY  2QUALITY
SITE BOT.IE—?-II-IO-OD gﬁ"}%'Tngh L?uleé- LATITUDE ALTITUDE SgggéRM LAND USE OF VEGETATION OF ENVI-

SURROUNDINGS AREA(m2) RONMENT
PT1D Douradinho South 397633 7555693 1108 2 Forest 31400 5
PT2D  Douradinho South 396769 7555312 1151 1 Forest 31400 5
PT1BG Brejo Grande Center-South 397237 7559265 1331 1 Forest/ Pasture 25003 4
PTIPA  PonteAlta  Center-South 396809 7560533 1168 2 Ag;;i‘;gge/ 16509 3
PTIGM G,\A“f;;f: Southeast 405060 7565164 949 1 Agriculture 14350 3
PT2GM (;A“I’;zlfaa Southeast 405288 7565336 968 1 Agriculture 8240 2
PT1BO Boquira South 396055 7557171 1242 1 Agriculture 6673 1
PT2B0  Boquira South 397164 7556852 1243 1 Pasture 5677 1
PTIPQ Passa Quatro  Southeast 404408 7564856 884 3 Agriculture 0 0

1Area calculated within a radius of 100 meters from the central geographic coordinate of the demarcated location
2Comparative analysis between locations according to field and laboratory observations. Scale from 1 to 5, with

5 = best and 0 = worst quality
Source: The authors (2021).

The sites analyzed had altitudes ranging
between 884 meters and 1,331 meters, charac-
terizing the high regional slope. The predominant
land uses in the surroundings near the streams
(100-meter buffer at the place where the Protocol
was applied) were agriculture and pasture, ex-
cept in the places evaluated in the Douradinho
district, where the predominant vegetation is
composed of forest fragments. The relationship
between the percentage of forest surrounding the
streams and the environmental diagnostic quali-
ty detected by the applied protocol is noticeable.
We also noticed that in places where there is
a predominance of agricultural activities, there
is a tendency to remove the vegetation cover
around streams and hilltops, precisely to ex-
pand the cultivation areas. This practice of land
use is characterized as not complying with en-
vironmental norms and legislation regarding the
conservation of APPs (stream margins, springs
surroundings, hilltops, among others).

It is important to highlight that the places
sampled in the Douradinho neighborhood are lo-
cated in a valley region with a high slope, called
by residents as “Paredao” and which has been
used, in a very discrete way, by local tourism. It
is a geological fault region with very steep peaks,
low agricultural potential, and an apparent ap-
titude for ecotourism. Even though tourism is a
sector that increasingly contributes to the Gross
Domestic Product - Brazilian GDP (BRASIL,
MINISTERIO DO TURISMO, 2018), some munic-
ipalities are still unable to effectively implement
actions that reconcile environmental conserva-
tion and income through sustainable tourism.
Therefore, the establishment of a municipal eco-
nomic ecological zoning can be a useful tool to
organize land use actions and quantitatively at-
test to the suitability of rural tourism in the region.

Another worrying result recorded in this
survey was that 39 % of respondents did not
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have the Rural Environmental Registry - CAR
and 21 % did not even know the legal status of
the properties on which they worked. This sce-
nario is corroborated by data from the National
Institute of Colonization and Agrarian Reform -
INCRA (2019), in which 1,575 rural properties
are registered in the municipality, representing
57,671.83 hectares, while there are only 1,013
registered in the SICAR (2021) for the munic-
ipality, representing 19,819.20 hectares. This
incongruity demonstrates that 35,68 % of rural
properties in Espirito Santo do Dourado are still
in an irregular situation about their CAR.

The CAR was created by Law 12.651/2012
(Forest Code) and regulated in 2014 and refers to
an electronic public registry, mandatory for all rural
properties, with the purpose of integrating informa-
tion from rural properties related to APPs, restricted
use, legal reserve, forest remnants, and consolidat-
ed areas. Its objective is to compose a database for
control, monitoring, environmental and economic
planning, in addition to combating deforestation
from a computerized and geospatialized system on
a national scale (SICAR, 2021). The absence of
registration of rural properties in the CAR implies
the lack of information, which in the future will sub-
sidize environmental protection policies.

As for rural sewage, about 46 % of re-
spondents did not have any type of treatment,
discharging the waste directly into the soil or
into nearby streams. The discharge of untreat-
ed sewage into a water body can cause a loss in
water quality and consequently affect the health
of the population, with a reduction in quali-
ty of life (TEIXEIRA; GUILHERMINO, 2006;
RESENDE; BELLIDO et al., 2010; FERREIRA;
FERNANDES, 2018; SOUZA et al., 2020;
MACHADO; MACIEL; THIOLLENT, 2021). This
percentage is well above the national average of
25.3 %, presented by the PNSR (2019). Among
the interviewees who had treatment, 53 % of
them used the so-called “fossas negras” (cess-
pits), which are rudimentary methods of sewage

allocation, with a high probability of soil and wa-
ter table contamination. Only 7 % of respondents
had a biodigester septic tank.

Reality and perspectives

Espirito Santo do Dourado — MG is a small
municipality with apparent potential for the de-
velopment of ecotourism, given its geographic
location and natural characteristics. However, it
is noticeable that the municipal agricultural vo-
cation is not integrated with socio-environmental
issues that focus on sustainability. As advocated
by Madrid et al. (2015), an integrative vision
based on the principles of complexity inherent to
environmental issues is needed to solve the pre-
cariousness or absence of basic sanitation. These
issues permeate technical, social, and cultural
aspects, including Environmental Education. It is
necessary to make citizens aware of the programs
and socioeconomic benefits available, as well as
to promote expressive campaigns for the dissem-
ination of efficient and appropriate environmental
management tools and techniques. The authors
advocate an approach that meets the needs of
the affected population, including decentralized
sanitation systems with the implementation of
social technologies for sanitary sewage, research
of the innate skills of each region, water treat-
ment, proper management of solid waste and
improvements in drainage infrastructure.

Conclusion

From the results obtained in this research, it
was possible to observe that the rural areas sam-
pled in the municipality of Espirito Santo Dourado
- MG are in a situation of considerable socio-en-
vironmental vulnerability. Agricultural activities
proved to be the main source of income, but they
are still developed in a traditional way, with a
high potential for environmental impact and with
little knowledge of the population about more
sustainable alternatives for food production.
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Also, in this aspect, the adoption of protec-
tive practices for the environment are practically
imperceptible through the approach of this work,
highlighting the importance of effective qua-
li-quantitative management of local water
resources and optimization of the basic sanita-
tion system, which is still lacking in investments
and attention. Thus, it is necessary to prioritize
more integrative social and environmental public
policies, including encouraging the proper use of
the soil, conservation of APPs and, above all, car-
rying out environmental awareness campaigns,
so that the rural population is aware of actions
in favor of soil management, proper governance
of water resources and environmental adequacy.

It is suggested the establishment of munic-
ipal ecological-economic zoning through studies
of strategic planning such as the master plan, ru-
ral sanitation plan, sustainable rural development
plan, the creation of an environmental secretariat,
the implementation of continuous environmen-
tal education programs, creation of a fund for
payment for environmental services and imple-
mentation of water quality monitoring programs.
These are potential tools for this end and can be
considered as suggestions for optimizing the cur-
rent situation.
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Abstract

Carbon sequestration is a crucial ecosystem service, naturally mitigating and reducing the ever-growing threat from climate
change. Large forests, such as the Atlantic Forest, are important carbon reservoirs removing carbon from the atmosphere and
storing it in their biomass. The assessment of carbon stock from forests fragments helps to establish a better understanding
of the carbon cycle and the potential of climate mitigation strategies. Thus, we estimated the biomass and carbon stock of
an Atlantic Forest fragment located in the foothills of Pedra de Itaocaia. We used a non-destructive methodology based on
climbing techniques and an allometric equation. We climbed seven trees in order to thoroughly measure them in whole and
calculate the volume of arboreal compartments. We compared the measured volume obtained from the climb to an esti-
mated tree cylindrical volume and established a correction factor of 0.65 between both (i.e. tree form factor). The tree form
factor adjusts the allometric equation and allows carbon estimations without the need to climb all trees in the fragment. The
biomass and carbon stock estimates obtained were 100.1 and 50.5 MgC/ha, respectively, which implies that the fragment
is on an intermediary stage of regeneration at approximately forty years old. This allometric equation efficiently integrates
structural features of forest fragments similar to the one of Pedra de Itaocaia, thus contributing to advance the knowledge
about processes taking place in forest fragments situated in the Atlantic Forest. Carbon estimation is imperative for a better
understanding of climate mitigation strategies that can revert the threat of climate change to ecosystems.

Keywords: Carbon sequestration; Allometric equation; Forest regeneration; Climate change mitigation.

Introduction concentration and help achieve this goal if all
areas with regeneration potential were effective-
ly accounted for (BASTIN et al., 2019). Actions
to protect secondary forests in the Neotropics
areas can store in the next 40 years a sufficient
amount of carbon to offset industrial and fos-
sil fuel emissions from the Latin American and
Caribbean (CHAZDON et al., 2016). Quantifying
and determining spatio-temporal patterns of for-
est biomass contributes to the understanding
of the role of forests in the global carbon cycle,
which in turn underpins estimates of the capac-
ity of carbon storage (POORTER et al., 2016).

Climate change severely impacts ecosystems
and biodiversity, however, with mitigation strat-
egies in accordance with the Paris Agreement,
risks can be reverted (MANES et al. 2021).
Climate mitigation is essential to limit the mag-
nitude of such threats and prevent irreparable
consequences for natural and anthropogen-
ic environments. The most effective method to
mitigate climate change is through carbon se-
questration, where forest regeneration plays a
crucial role (LEWIS et al., 2019). The latest IPCC
(2018) report stresses the need to implement

one billion forest hectares to limit climate warm-
ing to a 1.5 °C increase until 2050.

The restoration of forest fragments
would drastically reduce atmospheric carbon

The Atlantic Forest is considered a hotspot in
the world and, according to estimates, 40 % of
the species are endemic (MYERS et al., 2000).
However, the great fragmentation affects about
91 % of the remaining fragments of the Atlantic
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Forest (PUTZ et al., 2014). Marques et al.
(2016) report that forests store about a third
of the total carbon in the non-geological world,
where the restoration of the Atlantic Forest can
triple the values of sequestration of this gas in
regeneration areas in 60 years. Therefore, for-
est carbon storage is a relevant parameter to
monitor ecosystems, evaluate impacts, estimate
stages of ecological succession, and gauge the
capacity of carbon storage as effective climate
mitigation strategies.

Forest biomass is a mass of matter of bi-
ological origin from forest components. The
components of forest biomass are the sum of
the biomasses of the above-ground living com-
ponents, which ranges from the base of the trunk
to the crown of trees and shrubs; below-ground
biomass, which is composed of live roots; dead
biomass above ground, composed of litter
(leaves, trunks and fallen branches) that has not
yet been decomposed; and soil organic matter
(SILVEIRA et al., 2008). Forest biomass can be
estimated using allometric equations that deter-
mine the volume of tree individuals derived from
measurements of their structure (BROWN et al.,
1995; CHAVE et al., 2005) and calculate the
carbon stock, which is estimated as 50 % of
biomass (AZEVEDO et al., 2018). Most allome-
tric equations require cutting and weighting the
trees to determine the volume. A contrasting al-
ternative, better-suited for the Atlantic Forest due
to protective law, would be to climb the trees to
measure them in whole (BRASIL, 2006). The
thorough measurements from the climbing of few
local trees allow the calculation of a correction
factor that can be applied into forest inventories
(containing tree’s diameter, height, and wood
density) and easily estimate carbon storage from
forest fragments without the need to climb and
measure every tree in the forest. Although less
practical to estimate and often lacking in forest
inventories, the wood density also plays an im-
portant role to explain differences with respect

to carbon estimates within a forest (CHAVE
et al., 2005).

The Atlantic Forest is a biodiversity hotspot
due to a combination of high rates of faunis-
tic and floristic endemism and ongoing loss of
habitat. Due to the great diversity of arbore-
al species, it is inappropriate to use allometric
equations previously developed for different
biomes (e.g. for the Amazon forest) as is com-
monly seen in the literature. Using allometric
equations from other areas can significantly in-
crease errors given that in different areas distinct
groups of species (with their respective allo-
metric relationships) predominate (TANIZAKI,
2000). Hence, it is imperative to use allome-
tric equations that encompass regional forest
physiognomy and the main variables influencing
forest structure variability to estimate forest bio-
mass without the need for cutting trees down.
In that sense, the aim of our study was to de-
rive an allometric equation for an Atlantic Forest
fragment in Pedra de Itaocaia (Rio de Janeiro),
enabling biomass and carbon stock estimation
from a forest inventory previously performed in
the study area.

Material and methods

The methodology applied in this study was
adapted from Tanizaki (2000). First, we climbed
and measured the structure of seven trees to es-
tablish form factors and be able to develop an
allometric equation to quantify aboveground
biomass from the trees climbed. Afterwards, we
applied the same allometric equation to a forest
inventory to estimate biomass and carbon from
the forest fragment area.

Study area

The study area corresponds to the perime-
ter known as Pedra de ltaocaia (22° 56’ 06" S



Revista Agrogeoambiental - v. 13, n. 2, jun. 2021

and 42° 57" 49" W), located within the limits
of the city of Maricéa, Rio de Janeiro. The mean
annual temperature is 23 °C and mean rainfall
between 1000 mm/year and 1500 mm/year,
within a sub-humid climate (BARBIERE & COE-
NETO, 1999). Maricé is located at an altitude
of about 5 meters and the main types of soils
are argisol (70.82 %) and gleysol (16.87 %)
(INDE, 2021).

The region is composed of forest fragments
found in the vicinity of the Serra da Tiririca State
Park (IGNACIO et al., 2015). The local vegetation
is mostly composed of secondary formations of
dense ombrophilous Atlantic Forest. The area was
much altered due to anthropic perturbations and
deforestation, followed by land abandonment. The
area has been abandoned for 30 to 40 years with-
out major anthropic influences (BARROS, 2008).

Figure 1. a) Brazilian Atlantic Forest; b) Forest Remnant of Rio de Janeiro. The area circled in black represents

the Marica municipality.

441'0;0"\-'\'
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a) Brazilian Atlantic Rain Forest

21°0'0"s
1
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Rio de Janeiro

Source: Adapted from SOS Mata Atlantica/INPE (2021).

Form factor establishment

Starting at the base, the diameter of the trunk
was measured from meter to meter to the base of
the crown, including the traditional DAP, measured
at about 1.3 m from the ground. At that moment,
according to the structural structure of the tree,
the branches were registered and the diameter of
the base of each branch (Diameter of the Base of
the Branch) was measured, as well as the length
of each branch (Length of the Branch) estimated
visually. As far as possible, the most representa-
tive branches were measured meter by meter from
their respective bases, and their branches (sec-
ondary branches) were also recorded. The climb
continues to assess viability towards the top of

the canopy. When the maximum possible limit is
reached, the total height of the tree is recorded
plus the remaining length towards the top: es-
timated visually and usually a few meters away.

In the second stage of the climbing process,
a middle branch is selected and cut from the tree.
Once on the ground, the branch is partitioned into
thick branches (diameter greater than 2 cm) and
thin branches, and the leaves detached from the
branches. The three compartments (thick branch,
thin branch, and leaves) are weighed and samples
from each compartment are stored for further lab-
oratory analysis (calculation of basic density and
fresh density). In the case of branches, cylindrical
samples of approximately 5 cm in length were

274
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separated, in the case of leaves, samples of ap-
proximately 100 grams of leaves.

We climbed seven trees in whole to calculate
their trunk and tree crown volume. To calculate
trunk volume, we measured the trunk diameter
in every meter up from the ground until the be-
ginning of the tree crown, to calculate the volume
of each trunk section and summed them. For the
calculation of the tree crown’s volume, we used a
branch form factor (FF;). The branch form factor
is a ratio between the branches’ estimated conical
volume and the real volume obtained measuring
their irregular form (TANIZAKI, 2000). To measure
the branch’s real volume, we cut out a big branch
from each climbed tree and measured the volume
according to the method of water displacement
(Archimedes’ principle). We estimated the coni-
cal volumes and used the branch form factor from
each tree to calculate the volume of the branches
that were not cut from the same tree. Therefore,
the branch form factor (Eq. 1) for each tree rep-
resents the ratio of the branch’s real volume (Eq.
2; which is a sum of three branch compartments
of thick and thin branches and leaves) and its con-
ical volume (Eq. 3; calculated using length and
diameter at the branch base on cone volume for-
mula). Finally, the total branch volume (i.e. tree
crown volume) representing all of the branches
from a given climbed tree is given by the sum of
the conic volume of every branch multiplied by
the branch form factor (Eq. 4). We used the trunk
volume and tree crown volume to thoroughly cal-
culate the trees’ volume (i.e. real volume).

FFB = Vbranch / Vconica| (1)
Vbranch = Z(an /Dfn)’ withl =n=3 (2)
Vconical = {(Dbranck/z)2 e Lbranch }/3 (3)
treecrown = z(Vconical * FI:B) (4)

At WhICh FFB’ Vbranch' Vcomca\’ Dbranch’ Lbranch’ Wf’ Df' and Vtreecrown

are, respectively, branch form factor, branch real volume,
branch conical volume, branch diameter, branch length,
fresh weight, and fresh density of the branch compartments
assuming that n is the number of compartments (namely thick
and thin branches and leaves), and total branch volume from
a climbed tree.

We also measured the diameter at breast
height (DBH) and total height (H) of the trees,
used to calculate the tree’s cylinder volume.
Combining the real volume and the cylinder vol-
ume we were able to establish a tree form factor
(FF,). Similarly, the tree form factor represents the
conversion from the tree’s estimated cylinder vol-
ume to its real volume, which accounts for natural
irregularities of the trunks, assuming that trees
from the same area present similar shapes and
structures. The tree form factor is calculated using
a linear regression correlating the tree’s cylinder
volume and their real volume measured during the
climb, eliminating the need to climb every tree in
the region. We selected trees with great variabili-
ty of sizes and shapes in order to generate an FF.
reflective of the region (TANIZAKI, 2000).

On the field, we also obtained wood sam-
ples using a cylindrical borer and used them to
calculate wood basic (D,) and fresh density (D))
from each tree with the relation between sample
volume and their oven-dried weight.

Carbon stock estimation

In order to establish an allometric equation
(Eq. b) for the Atlantic Forest fragment, we used
the tree form factor (FF,) generated from the
climbed trees. The estimation of biomass and
forest carbon stock can be conducted through the
application of an allometric equation to a forest
inventory previously performed in the study area
containing tree’s structural measurements (diam-
eter and height to calculate cylinder volume, and
basic density) (CARVALHO, 2007). We used the
allometric equation to calculate biomass and di-
vided the biomass by 2 to calculate carbon stock
since carbon is assumed to be 50 % of biomass
(TIEPOLO et al., 2002).

AGB =V

cylinder

* FF_* D, (5)

At which: AGB, V_, .. FF, D, are, respectively,
aboveground biomass, cylinder volume, tree form
factor, and basic density.
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We measured the biomass from the seven
climbed trees and, additionally, we evaluated the
contribution of each tree component to the total
tree’s biomass (between trunk, thick, and thin
branches and leaves).

The forest inventory adopted in this study
was the one performed by Carvalho (2007) in a
forest fragment undergoing an intermediate stage
of ecological succession at Pedra de Itaocaia, clas-
sified by the author as a secondary forest growing
on land abandoned for 30 to 40 years. This in-
ventory assessed 56 trees in a transect area of
600 m? where the average values of DBH and H
found were, respectively, 15.7 cm and 9.25 m
(coefficient of variation of 56.3 % and 41.8 %).

In addition, trunk samples from 9 trees enabled
the estimation of an average basic density value
of 0.55 g cm3 (coefficient of variation of 19.1 %).

Results
Form Factor Establishment

The 7 sampled tree individuals were very
heterogeneous, with different sizes and there-
fore aboveground biomass storage potential
(TABLE 1). The contributions of the aerial tree
compartments (branches and leaves) sum up to
33 % of the total AGB. Variability was also ob-
served among the basic density values, namely
0.52 g cm™ on average.

Table 1. Main features of the trees climbed and the contributions of the different compartments to the AGB.
Values shown for each of the 7 trees climbed are diameter at breast height (DBH, in centimeters), height (H,
in meters), total aboveground biomass, and proportion of biomass in each tree component (trunk, thick and
thin branches, and leaves), and fresh and basic wood density. Trees were sampled in Pedra de ltaocaia, Rio de

Janeiro, Brazil.

Aboveground Biomass Density

DBH - - :

Tree cm HmM  Total % % Thick % Thin %  Fresh  Basic
(Kg)  Trunk branches branches Leaves (g/cm3) (g/cm?3)

#1 9 8 10 85 5 5 6 0.86 0.35
#2 11.2 8 28 58 5 25 13 0.99 0.47
#3 16 15 100 84 9 5 3 0.95 0.61
#4 20.9 12 161 55 28 10 8 1.02 0.54
#5 39 21 917 62 30 5 4 1 0.58
#6 43 23 1696 69 18 4 9 0.86 0.55
#7 93 23 4843 59 32 3 6 0.9 0.53
Average 33.1 15 - 67 18 8 7 0.94 0.52

Coefficient of g9 4o . 18 66 95 8 7 17

variation (%)

Source: Elaborated by the authors (2020).

The linear model which considered the
cylinder and the real volumes of the climbed
trees generated an FF_ of 0.58 (R? = 0.998).
However, tree #7 presents a DBH of 93 cm, rep-
resenting over 60 % of the total biomass gauged
during the climbing process. Large-stature trees
with a DBH superior to 70 cm can be excluded
from the biomass predictive models for tropical

rainforests without compromising the final es-
timates (OVERMAN; WITTE; SALDARRIAGA,
1994). Therefore, we also calculated FF, with
the exclusion of the bigger tree, generating a new
FF.of 0.65 (R*=0.99, p<0.0001; FIGURE 1).

By considering the tree’s structural charac-
teristics (TABLE 1), the total biomass obtained
with the FF_ of 0.58 differed only -10 % from the
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Figure 1. Tree Form Factor established for the trees climbed. The tree form factor is based on the correlation of
cylinder and real volume of 6 the climbed trees, excluding the bigger tree #7.
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Source: Elaborated by the authors (2020).

biomass value measured through the climb [%
difference = (estimated AGB — measured AGB)/
measured AGB]. Moreover, when excluding the
bigger tree #7, the new FF_ of 0.65 differed
only 1 % from the AGB measured on the ground
(TABLE 2).

Table 2. Comparison between the aboveground bio-
mass estimated through the allometric equation using
different FF.. Values shown for each of the 7 trees are:
aboveground biomass measured in the climb and es-
timated aboveground biomass using the two different
FF.. Trees were sampled in Pedra de Itaocaia, Rio de
Janeiro, Brazil.

Aboveground Biomass (Kg)

Tree  Measured Estimated Estimated
(climb) (FFT 0,58) (FFT 0,65)
#1 10 10.33 11.57
#2 28 21.47 24.07
#3 100 106.65 119.52
#4 161 128.87 144.43
#5 917 843.48 945.28
#6 1696 1064.94 1193.47
#7 4843 4800.29 5379.63
Total 7755 6976 7818

Source: Elaborated by the authors (2020).

Due to the smaller discrepancy between the
AGB measured through the climb and the one
obtained through the allometric equation, the FF.
value of 0.65 was adopted as the one that rep-
resents best the study area.

Carbon stock estimation

We applied the allometric equation to the
forest inventory performed by Carvalho (2007).
The total biomass was estimated by applying Eq.
5 with an FF, value of 0.65 and basic density
of 0.55 found by the author, similar to the value
we calculated. We estimate the biomass stock
estimated for Pedra de Itaocaia of 100.1 Mg ha!
(i.e. 6.006 kg), with a potential for carbon stock
reaching about 50.5 Mg hal.

Discussion

Overall, the structural features of the trees
were well distributed between the minimum and
maximum DBH values representative of tree vari-
ability. Therefore, we were able to establish an
FF. that consistently reflects the structure of trees
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from the study area, despite the small number
of trees climbed. The exclusion of the bigger tree
that was biasing the estimations led to a more
adjusted FF. value, very close to the real vol-
ume of the trees. This shows the strength of the
methodology, allowing the FF. value to be ap-
plied to a forest inventory in order to estimate
carbon stocks.

Tropical forests present a great number of
small individuals granting that the structural re-
lationships existing between them accurately
capture and represent the entirety of the vege-
tation (CHAVE; RIEIRA; DUBOIS, 2001). The
contributions of the aerial tree compartments
(branches and leaves) sum up to 33 % of the
total AGB, which is in accordance with previous
studies (TANIZAKI, 2000). Similar values were
obtained by Cunha et al. (2009) in the Atlantic
Rainforest located in the Desengano State Park,
where foliar structures, branches, and bark rep-
resented up to 39 % of the AGB in two distinct
forest fragments. This thorough measurement en-
abled the calculation of the FF, and therefore the
adjustment of the FF, required to estimate the
AGB taking into account the substantial propor-
tions of aerial compartments (TANIZAKI, 2000).

We estimated biomass stock for Pedra de
Itaocaia of 100.1 Mg ha'l, which is in accor-
dance with the forest age. Carvalho (2007)
assessed a biomass stock of 111 Mg ha' us-
ing the same forest inventory, which is 10 %
higher than our estimation. Cunha et al. (2009),
while studying a natural regeneration fragment
of the Atlantic Rainforest of 40 years old, esti-
mated a value of 158.14 Mg ha’!, which also
corroborates our findings. The forest fragment of
Pedra de Itaocaia is considered to be small (<
50 hectares) and because of anthropogenic im-
pacts and edge effects, the potential for carbon
stocking is reduced, whereas bigger trees are re-
placed by smaller ones that manage to thrive
in such circumstances: pioneer species that ab-
sorb less carbon and die more easily (RIBEIRO

et al., 2009). The bigger tree found in the study
area does not match the period of abandonment
of the forest fragment and therefore is probably
a remnant that survived the previous deforesta-
tion. Including this tree in the AGB estimates
nearly doubles the final results, reaching about
193 Mg hal. This indicates that considering a
large-stature tree that is not representative of the
stage of the ecological succession of the system
it composes might interfere with the estimates
and lead to inaccurate extrapolations regarding
the biomass stock in the fragment.

Tanizaki (2000) estimated AGB in different
Atlantic Rainforest fragments in Rio de Janeiro.
In the forest fragment of Pedra Branca, which
was left fallow for 20 years, biomass was es-
timated at 30 Mg ha! — a relatively low value
explained by land use and banana plantations
in the area. In another forest fragment left fallow
for 40 years in the city of Magé, characterized
by intense edge effects and seasonal floods, the
AGB was estimated at 60 Mg ha*. In two other
forest fragments left fallow for 40 years, Mata
do Cagador and Floresta Queimada in the city
of Nova Friburgo, AGB was estimated in 150
Mg ha! and 250 Mg ha™! respectively, in which
despite similar values of DBH in both areas,
a greater number of large-stature trees in the
Floresta Queimada explains the discrepant re-
sults (TANIZAKI, 2000).

Secondary forests or fragments disrupted
for various reasons accumulate less than 200
Mg ha, and in some extreme cases even less
than 100 Mg ha. These values are consistent
with data obtained in the Desengano State Park,
where biomass estimates reached about 158.14
Mg ha' (CUNHA et al., 2009). Estimates from
the Parque Natural Municipal do Curi6 at the city
of Parabambi are 212.39 Mg ha’!, indicating a
tropical forest in a good state of conservation
(SILVA et al., 2018). However, it is expected that
biomass stock estimated after adequate forest
management is higher than natural regeneration
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and abandonment. For example, Azevedo et al.
(2018) in the well-managed Guapiacu Ecological
Reserve, estimated biomass of 39.88, 45.78,
and 71.24 Mg ha for reforestation undertakings
of 3, b, and 7 years old, respectively, whereas
the native forest presented a value of 273.35
Mg ha'l. Thus, the AGB value of 100.1 Mg ha'
estimated for Pedra de Itaocaia reflects well its
current stage of regeneration (initial to an in-
termediary) further to 30-40 years left fallow
and subject to occasional anthropogenic im-
pact. The importance of forest maintenance is
evident since these systems are intimately relat-
ed to several ecosystem services (CHAZDON &
BRANCALION, 2019).

Conclusion

The allometric equation derived in this study
efficiently integrates structural features of forest
fragments similar to the one of Pedra de Itaocaia.
The calculation of the FF, enabled the adjust-
ment of the FF_based on the significative percent
contribution of the branches relative to the total
biomass. The exclusion of a tree with a great
DBH did not compromise the predictive potential
of the equation; on the contrary, its inclusion may
entail an inaccurate extrapolation of biomass val-
ues in the study area. Overall, the information
collected for and derived from this study contrib-
utes to advance the knowledge about processes
taking place in the various floristic compositions
and stages of the succession of forest fragments
situated in the Atlantic Rainforest.
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Abstract

A wide-ranging of distribution environments could affect designing packages. The first step in the proper packaging design
of agricultural products, particularly fruit, is to conduct a precise simulation of the truck transport. Thus, this research was
conducted to analyze the vibration levels for truck transport using multi-sensor-based computing on packaged fruit in Iran
(the first), one of the leading agriculture in Middle East Asia. Towards this goal, a wireless sensor network made of three
sensor nodes with tri-axial accelerometers was designed to measure the vibration levels for truck transport at three package
locations equipped with leaf-spring suspension in local and highway roads. To measure the vibration data a power spectral
density function (PSD) levels were applied. Compared to the International Standards (ASTM 4728: West Conshohocken,
USA, ISTA: Chicago, USA), the PSD levels of the truck in both roads types were higher in 1 to 35 Hz, and lower in 35 to
200 Hz. In particular, the differences in directional vibration levels were more pronounced in the low-frequency range of
10 Hz in both road types. The highest amount of truck bed acceleration occurred in the packages located at the rear end
of the trucks. And, the peak PSD values were obtained as equal to 0.178 G%Hz (rear-up), 0.136 G?%/Hz (rear-down), and
0.096 G?/Hz (front-up) locations, respectively. Meanwhile, the road quality had affected the vibration levels in such a way
that the peak PSD value obtained on highways was lower than that of the ones of the local roads. According to the results,
the amount of acceleration on the heavy truck beds on the country’s roads can be considered 0.654 G. In sum, the current
results can be used to simulate the truck transport conditions by programmable vibration simulators to reproduce the vibra-
tion conditions for package testing in Iran roads. And, the findings are of high interest to improve packaging design, reduce
fruit damage, maintain shelf life, smart transportation, and related industries.

Keywords: Fruit vibration. Power spectral density. Truck transport. Roads. Iran.

Introduction better long-distance transportation systems to
deliver high-quality products to the consum-
er (VIGNEAULT et al., 2009). Vibration during
road transport by trucks is the main cause of
mechanical damage to fresh agricultural prod-
ucts, in the post-harvest stage (GEBRESENBET
etal., 2011). Many studies have investigated the
magnitude of mechanical damage caused by the
vibration of transportation for fruit (ISHIKAWA;
KITAZAWA; SHIINA, 2009; YENGE; NIDONI,
2014; SPRINGAEL; PATERNOSTER; BRAET,

2018). Poor driving performance, road features,

The transportation system is globally one of
the most significant and well-known industries.
In general, this involves various complexities
either visible or invisible. The complexities of
such an important sector could facilitate glob-
ally and locally by the combination of available
information technologies such as global position-
ing system (GPS) and wireless sensor network
(WSN) to provide complete monitoring informa-
tion (RUIZ-GARCIA et al., 2007).

The crop’s quality after the harvest can-
not be improved, but it could be maintained
(BACHMANN; EARLES, 2000). Thus, the
globalization of fresh produce trade needs

package features, truck features, package loca-
tion, and fruit features are the main factors causing
vibration (ZHOU; SU; LI, 2007; RANATHUNGA
etal., 2010; ZHANG et al., 2011).
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Estimating of the vibration levels for truck transport in Iran

Vibration simulation testing is based on
the assessment of the effect of vibration pa-
rameters during transportation on agriculture
products. This simulation test protocol saves
time and makes possible the assessment of the
performance of different packaging or cushion-
ing methods in fruit transportation (WASALA
et al., 2015). Some globally standardized test
protocols like ASTM, ISTA, and JIS (LU et al.,
2010b) indicate the power spectral density
function (PSD) levels for vibration simulation
test of transportation. A PSD function shows
the strength of the variations (energy) as a func-
tion of frequency. Broadly, it shows at which
frequencies variations are strong and weak.
Based on recent data obtained in South Korea
(September 27, 2020) the PSD function is still
widely used because accelerated test conditions
can be easily generated from the PSD acquired
from a particular transport section (PARK;
CHOI; JUNG, 2020). Measured vibration levels
can be used to program and configure vibra-
tion equipment at the laboratory to reproduce
these vibration conditions (RISSI et al., 2008),
and to develop test methods for the evaluating
of packages (CHONHENCHOB et al., 2009).
Some past studies have mentioned the growth
of protective packaging systems to minimize
fruit damage occurring during road transport.
Relatively few studies were published after the
outset-2000s. And, estimation of truck vibration
levels has been already studied in some coun-
tries such as India (SINGH et al., 2007), Japan
(LU et al., 2008), Brazil (RISSI et al., 2008),
Spain (GARCIA-ROMEU-MARTINEZ; SINGH;
CLOQUELL-BALLESTER, 2008), Thailand
(CHONHENCHOB et al., 2010), China (ZHOU;
WANG, 2018), and Korea (PARK; CHOI; JUNG,
2020) to develop a database to define a ‘distri-
bution environments around the Globe'.

In Iran, one of the leading agriculture in the
Middle East Asia, trucks play a significant role
in the transportation of agricultural products due

to the usual long distances between orchards
and consumers. The total length of the coun-
try's roads in 2018 was about 88,000 km. For
each 100 km of intercity, there is 22 km of free-
ways and highways. Despite the importance of
this section and the extent of the country, no no-
ticeable study has been done to investigate the
vibration analysis during packaged fruit trans-
porting using mounted sensors. Meantime, based
on our knowledge until now there was no re-
search related to PSD development by transport
routes of the truck in Middle East Asia, particu-
larly in Iran. Therefore, the objective of this study
was to estimate: 1) truck vibration levels and
indicating the predominant frequency based on
PSD spectrums; 2) influential factors, and 3) the
root mean square acceleration (RMS) to provide
packaging designers with accurate information
on the country’s road status. Finally, the sum
of the parameters affecting the truck vibration
levels, such as truck speed, and location of the
package in the longitudinal direction of the truck,
were evaluated.

Material and methods
Sampling

This research included two types of
sampling: 1) under controlled conditions, to in-
vestigate the effectiveness of each parameter on
truck vibration levels by keeping constant the
remainder parameters. In this case, the effect
of driving speed (maximum and minimum) and
roads type (local and highways) on truck vibra-
tion levels were investigated (under the same
conditions); 2) in real condition with the usual
transportation speed in Iran, which aimed to
obtain the predominant frequency of the coun-
try’s roads to be used (for example in laboratory
vibration tests). In this case, the acceleration
levels were measured in lateral, longitudinal,
and vertical directions in two roads type (local
and highways) according to the actual driving
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speeds in lran (70-90 km/h). By randomly
sampling the acquired data, the results were
represented using PSD diagrams, and the influ-
ential factors in truck’s vibration levels transport
were studied.

Vehicle and routes

The vibration levels measurement was
carried out on three trucks with leaf-spring sus-
pension. Table 1 presents details of the trucks,
packaging, and routes used in the study.

Table 1 - Truck features and details of the packaging, and routes for vibration levels measurement.

Truck ID 1 2 3
Brand Benz Axor Foton Benz Axor
Suspension type Leaf-spring Leaf-spring Leaf-spring
Tire model 315/80 R22.5 235/7.5 R17.5 315/80 R22.5
Load capacity (kg) 10000 4000 10000
Package type RPC? RPC RPC
Route Tabriz-Karaj Maragheh-Tehran Shiraz-Birjand
Distance (km) 550 600 1000
Road type Local & Highway Local & Highway Local & Highway

2 Reusable Plastic Crates (490*300*190 mm?)
Source: Elaborated by the authors (2019).

The three selected routes represent different
roads type in Iran. The reason for sampling the
data acquired in the long route was to obtain in-
formation from different geographical locations of

the country’s roads. Figure 1 shows the traversed
paths, and Figure 2 depicts the condition of two
studied roads, i.e., local and highway roads in
the study.

Figure 1 — Truck transportation routes investigated in Iran.

Source: Elaborated by the authors (2019).
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Figure 2 — Roads type: local (left), and highway (right).

Source: Elaborated by the authors (2019).

Measuring instruments

Figure 3 shows the used real-time moni-
toring system, the measuring instruments, and
the data acquisition scheme on the truck. This
arrangement made it possible to study the dif-
ference between the acceleration levels in the
longitudinal and vertical directions of the truck.
A WSN with three sensor nodes and a base sta-
tion was used to measure the acceleration of the
truck under analysis. A GPS receiver (VK-162
Gmouse USB GPS, China), and a laptop (Acer,
V3-571G) were used to determine the location of
the truck and data analysis, respectively.

This WSN solution enabled the sensors to
be easily mounted at different locations and pro-
vide real-time data monitoring. Additionally, the
results were compared among the different lo-
cations of each truck. Each node of the WSN
consisted of the following four components:

* Sensor (A tri-axial accelerometer-ADXL 345,
+4g ranges, Analog devices).

e Microcontroller (Texas instrument ARM
Cortex-M3 embedded in CC2538).

* Radio transceiver (2.4 GHz ZigBee transceiver
embedded in CC2538).

* Power supply (4V external battery with an LDO
linear regulator).

The acquired data can be used in labora-
tory vibration tests if is independent of the fruit
type. Because the acceleration of the truck bed,
unlike the one at top rows, does not depend on
the fruit type and the acceleration at the end of
the truck is higher than at the front, the current
study focused on the vibration at the end of the
truck bed (according to previous studies). This
data was used in the subsequent calculations to
obtain the PSD spectrums and the predominant
frequency that is independent of the fruit type
and packages height and can be used as a refer-
ence to simulate vibration.

WSN was established using a ZigBee proto-
col working at a 2.4 GHz ISM frequency band to
communicate with the receiver board. A CC2538
IC was configured by an ARM microcontroller and
a radio transceiver in 2.4 GHz. The implemented
code of each node was programmed on the ARM
microcontroller, which is composed of an inter-
nal radio transceiver for data transmission. The
ADXL accelerometers were used for the data sam-
pling and connected to the ARM existing on the
CC2538 IC by an 12C port. The base station was
configured as a receiver node. The address of the
receiver node was embedded into the other nodes
(transmitter nodes). Each of these nodes trans-
mitted the sampled information to the receiver
node, which forwarded the received data to the
computer system through the USB port, Figure 4.
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Figure 3 — Estimating the fruit truck’s vibration levels transport using wireless sensor network (a base station
linked with a USB port and three sensor nodes), GPS; module linked with a USB port and a real-time monitor-
ing system to accurately follow-up the collected data, and the laptop was used to record the acceleration values
and to real-time monitoring the vibration in the driver cabin.
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Source: Elaborated by the authors (2019).
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(Rear-Down)

Figure 4 — Measuring instruments: (a) sensor nodes, (b) base station, and (c) GPS receiver.

Source: Elaborated by the authors (2019).

The software code was developed in C++ to
receive the data from the USB port, and save the
results in a formatted file. Due to the longtime
data collection in each route (more than 10 h), it
was essential to reduce the power consumption.
Thus, power management methods of network
software design and data transmission as Time
Division Multiple Access (AKYILDIZ et al., 2002)
were applied. Using the software, it was also
possible to start, stop, and control the data ac-
quisition process from the driver’s cab.

The interface of the custom-developed soft-
ware used for the data gathering and real-time
monitoring of acceleration resulting from the road
vibration is presented in Figure 5.

=W

(b) (©

Data analysis

A sample of the vertical vibration data for
a 60 s period is presented in Figure 6, which
shows the acceleration range that occurred in
the rear of the truck bed used to determine the
predominant frequency.

The data obtained from the nodes were par-
titioned according to 2.56 s regular intervals.
After a random sampling of the data, the sam-
ples were analyzed in MATLAB 2015b. Lu et al.
(2010b) suggested that truck vibration has a
normal distribution and follows a Gaussian distri-
bution. Thus, truck vibration is usually evaluated
based on RMS, or PSD values.
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Figure 5 — The interface of the software written in C++ for data gathering, and real-time monitoring of accel-
eration, including the window for the mini GPS receiver.

Source: Elaborated by the authors (2019).

Figure 6 — Vertical acceleration data from the sensor node located rear-down of trucks.

truck vibration
T T T T
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Source: Elaborated by the authors (2019).

The RMS level of a vector G, can be written spectrums within a narrow band of frequencies
as (ZHOU; WANG, 2018): can be constructed for each trip according to:

n
PSD =1 (RMS¢.2)/N (2)
BW i

1=1

RMS = (1)

At which: PSD is the power spectral density function
(G?Hz), N stands for the number of samples, RMS,
is the root mean square acceleration value and BW
is the bandwidth of frequencies (RISSI et al., 2008).

At which: M is the number of G samples, and G, is the
acceleration of sample i.

The PSD spectrums are used as a function

In this study, RMS_. and PSD spectrums were
of frequencies during transportation. The PSD Y G P

calculated for the random samples, and three
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peak values of each PSD graph with the cor-
responding frequency were recorded. The PSD
estimations were obtained using the Fast Fourier
Transform in MATLAB R2015b. Based on the
suggestion made in prior studies, the sample rate
(F.) and sample size (N) were considered equal
to 400 Hz and 1024, respectively.

Results and discussion

Truck’s vibration levels in different
directions

There were few recent studies of the shock
and vibration associated with the normal condi-
tions of truck transport. In the case of the absence
of data on the vibration damage on fruit, the sim-
ulation of the transport vibration levels under
laboratory conditions can be helpful in the inves-
tigation of effective packing parameters. For such

a big country, there was neither study on vehicle
vibration measurement for a long route nor using
a wireless sensor network with integrated sen-
sors. Thus, for the first time in Iran, a WSN was
utilized to measure the real-time acceleration of
a truck to monitor vibration during fresh produce
transportation in the current study. The main in-
teresting aspects of the current study: long-term
data acquisition and recording, analysis of long
routes, processing on-the-go of 3D data, usage
of data from a GPS, real-time data monitoring,
employment of a WSN to cover different data ac-
quisition points simultaneously, which led to high
robustness of the results and findings.

Figure 7 represents the samples of accelera-
tion in the three axes for the three trucks during
transportation. The acceleration in the vertical
direction is more critical than in the longitudinal
and lateral directions.

Figure 7 — The tri-axial acceleration data of actual truck transport: (A) Truck 1, highway, rear-down; (B) Truck 2,
local road, rear-down; and (C) Truck 3, highway, rear-down.
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truck vibration
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Source: Elaborated by the authors (2019).

In the same manner, PSD levels in the ver-
tical direction are higher than the ones in the
other directions below 10 Hz frequency ranges
(FIGURE 8). Thus, the measured levels in verti-
cal could be used in conjunction with longitudinal
and lateral levels for packages and products that
may not be perfectly cubed in the trailer and re-
sult in void spaces. In agreement with the present
result, some authors observed various vibration
levels of a truck in different directions (SINGH;

215 22 225 23
time (s)

ANTLE; BURGESS, 1992; PARK; CHOI; JUNG,
2020). These authors concluded that the levels
of vertical vibration are higher than the ones in
the lateral and longitudinal vibrations at frequen-
cies below 10 Hz (SINGH; ANTLE; BURGESS,
1992) and 110 Hz (PARK; CHOI; JUNG, 2020)
in the same truck. Also, the lateral, longitudinal,
and vertical spectrums had similar amplitude at
frequencies higher than 10 Hz.

Figure 8 — PSD spectrums for truck’s vibration levels in longitudinal, lateral, and vertical axes: (A) Truck 1, high-
way, rear-down; (B) Truck 2, local road, rear-down; and (C) Truck 3, highway, rear-down.
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Source: Elaborated by authors (2019).

Effect of package location on the
truck’s vibration levels

Comparing the vibration intensities and their
relationship to fruit damage helps to identify
the influence factors in the mechanical dam-
age and makes it possible to gather knowledge
about actual transportation conditions. Broadly,
vibration levels are influenced by other factors
such as payload (SINGH; MARCONDES, 1992),
cushioning material between the layers of fruit
(AMER EISSA; ALBALOUSHI; AZAM, 2013),
size, and variety of fruit (TABATABAEKOLOOR;
HASHEMI; TAGHIZADE, 2013), and package
type (VURSAVUS; OZGUVEN, 2004). Therefore,
understanding the causes of damage and vibra-
tion occurrence during truck transportation is
vital to develop corrective procedures for the re-
duction of vibration damage (LU et al., 2010a).

A well-maintained road network is impera-
tive for the distribution of freight forwarders in
the modern world. In the present study, the re-
sults of vibration levels of the truck in different
directions showed that in the longitudinal orien-
tation of the trucks, the magnitude of the peak
PSD in the rear location was higher than the one
of the front locations (FIGURE 9A), which was
also observed as to the other rows. Therefore,
the highest amount of truck bed acceleration oc-
curred in the packages located at the rear end of
the trucks. In the vertical orientation of the same
packages column, the vibration was higher in

the upper row than that of the lower rows on the
truck bed (FIGURE 9B). Peak PSD values were
obtained as equal to 0.178 G?/Hz for rear-up,
0.136 G?/Hz for rear-down, and 0.096 G?/Hz for
front-up locations, respectively.

These findings agree with some previous ex-
periments referring to in the same column, the
vibration levels gradually increase from bottom to
top in the low-frequency range (BOLLEN; TIMM;
RUE, 2001; FERNANDO; FEI; STANLEY, 2019).
Because the bottom packages are held by the
packages above them, the freedom of movement
of packages in the upper rows is greater than the
bottom ones.

Effect of truck speed and road
condition on truck’s vibration levels

In general, trucks’ vibration levels on na-
tional and international roads are usually weak,
while on other routes are often improper such
as in local and gravel roads. Moreover, cobble-
stones and concrete pavement generate a most
severe vibration than asphalt roads during truck
transport (PATERNOSTER et al., 2018). Figure
10 shows the PSD levels at two different speeds
(70 and 90 km/h) under the same conditions,
i.e., the same truck, road type, and location. It is
worth mentioning to evaluate the effect of speed
on vibration levels, the other parameters must be
kept constant. The peak PSD values were equal
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Figure 9 — Vertical PSD spectrums of truck 3 at different locations simultaneously: (A) rear-up and front-up, and
(B) rear-up and rear-down locations.
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to 0.193 and 0.340 G?%Hz for 70 and 90 km/h,
respectively. It can be noticed that with the in-
crease of the vehicle speed, the peak value of the
PSD increased. Therefore, it is essential to use a

driver awareness system to control vehicle speed
according to the road conditions for vulnerable
products transporting.

Figure 10 — The PSD spectrums of trucks’ vibration levels in a vertical direction at 70 km/h (in pink), and 90
km/h (in black) (truck 3, highway, and rear-down location)
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The maximum PSD values and the corre- road quality had affected the vibration levels of
sponding frequency for 5 samples were measured the truck in such a way that the peak PSD value
in each road presented in Table 2 (at 90 km/h obtained on highways was lower than that of the
speed on route 2). The results indicated that the ones of the local roads.

Table 2. Peak PSD values and corresponding frequency measured on the roads.

Road type Sample PSD ., (G*/Hz) Frequency. ., (Hz)
1 0.472 3.90
2 0.717 4.29
Local 3 0.287 4.68
4 0.340 3.12
5 0.516 4.29
1 0.179 5.46
2 0.231 3.90
Highway 3 0.152 3.90
4 0.142 3.77
5 0.073 6.25

Source: Elaborated by the authors (2019).

Figure 11 shows the PSD diagram for the similar to the ones presented in prior studies
data of sample 1, and Figure 12 shows the av- (PRETORIUS; STEYN, 2012), which specified
erage PSD spectrums for 5 samples on roads. that the lower value of PSDpeak was found on the
The results presented in mentioned figures were highway roads.

Figure 11 — The PSD spectrums for the truck’s vibration level in a vertical direction on the local and highway
road at 90 km/h speed on the rear-down location of truck 2.
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Figure 12 — Average PSD spectrums for the truck’s vibration levels in a vertical direction on the local and high-
way roads at 90 km/h speed on the rear-down location of truck 2.
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For a better comparison, the PSD spectrums
were smoothed in MATLAB and compared to the
ASTM D 4728 standard (FIGURE 13). Testing
transport vibration simulation in Iran by apply-
ing some globally standardized test protocols like
ASTM, ISTA, and JIS makes it difficult to arrive
at the optimal cushion-packaging design of agri-
culture products. The PSD levels of the truck in
both the roads type in Iran were higher in 1 to
35 Hz, and lower in 35 to 200 Hz to the ASTM
4728 standard, relatively. This means that the

frequency (Hz)

low frequencies must be considered, and PSD
spectrums that are derived from truck transport
must be used as a reference in vibration sim-
ulation in terms of roads. However, the truck’s
vibration levels measured in transportation often
differ from the indicated standard PSD levels.
Therefore, accurate information about the roads
and transport conditions of each region helps
packaging designers to produce a more precise
simulation of the actual condition.

Figure 13 — Smoothed PSD spectrums for the truck’s vibration level in a vertical direction on the local road
and highway at 90 km/h speed on the rear-down location of truck 2 in comparison to ASTM D 4728 standard.
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Predominant frequency of truck’s
vibration levels and RMSG in Iran
roads

Improved packaging techniques are ef-
fective in reducing mechanical damage while
transporting fruit to distant cities and mar-
kets (SINGH et al., 2014). The damage can
be minimized by identifying the type of forces
and vibrations to optimally design the packag-
es, proper package management, and proper
placement method in the vehicle. On the one
hand, lower packaging leads to more damage;
but on the other, too much packaging is not
environmentally friendly, so an accurate under-
standing of the vibration levels is essential for

designers to choose the best packaging condi-
tions (VIGNEAULT et al., 2009).

The amount of acceleration at the rear-
down location with the highest vibration levels
was measured and recorded to obtain the pre-
dominant frequency of vibration on the truck
bed. Table 3 presents three peak values of PSD
spectrums for each truck recorded in the trans-
portation on two road conditions. Four samples
of data were selected from the studied routes. It
should be considered that in transportation, the
truck speed is controlled by the driver accord-
ing to the road conditions; therefore, the data
represents the vibration levels of the truck that
occurred in transport at speed of 70-90 km/h.

Table 3 - Three peak values of PSD (G%/Hz) spectrums on the Iran roads in transportation (70 to 90 km/h).

Road type Truck Test Freq,® PSD,,..° Freq,” PSD,,...’ Freq,’ PSD,.."

1 1 4.297 0.062 5.078 0.044 1.953 0.029

2 3.516 0.161 2.344 0.060 20.313 0.034

3 4.297 0.050 3.125 0.038 2.344 0.032

4 3.906 0.318 4.688 0.113 2.734 0.045

2 1 4.297 0.717 2.734 0.263 3.516 0.113

Local 2 3.906 0.472 4.688 0.335 5.469 0.162

3 4.688 0.287 5.469 0.246 3.516 0.164

4 5.078 0.299 3.906 0.138 7.031 0.120

3 1 3.512 0.168 1.171 0.081 4.683 0.051

2 3.906 0.245 2.734 0.129 4.688 0.101

3 3.906 0.129 2.734 0.103 6.250 0.053

4 3.906 0.388 1.953 0.031 7.031 0.020

1 1 3.906 0.423 9.766 0.078 8.594 0.066

2 3.846 0.214 16.026 0.101 18.590 0.086

3 3.516 0.237 1.953 0.139 2.734 0.116

4 3.516 0.335 0.391 0.289 5.469 0.233

2 1 3.774 0.142 1.887 0.136 6.604 0.081

. 2 3.906 0.231 2.734 0.15 5.859 0.087
Highway

3 3.906 0.152 5.859 0.148 3.125 0.135

4 5.469 0.179 3.906 0.159 6.25 0.036

3 1 2.732 0.119 5.463 0.042 3.902 0.041

2 4.688 0.239 3.125 0.203 3.906 0.124

3 4.683 0.093 3.122 0.075 5.463 0.053

4 3.512 0.151 4.683 0.091 2.341 0.039

2 Peak value of PSD spectrum frequency; ® Peak value of PSD spectrum

Source: Elaborated by the authors (2019).
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Figure 14 shows the column chart of the
number of peak PSD values (TABLE 3) found
in the specified frequency ranges. The results
showed that the highest PSD values were found
in the frequency range lower than 6 Hz, and
lower intensity vibration was observed in the
frequency range higher than 10 Hz. The fre-
quency range of 3 to 4 Hz was obtained as the
predominant frequency of vibration for both the
local and highway roads, respectively. This result
agrees with the ones of previous studies. Hinsch
et al. (1993) found that the highest PSD levels
were in the range of 3.5 Hz in semi-trailers with
steel spring suspension systems. Zhou and Wang
(2018) found that the PSD peak frequencies in
the low-frequency region (1-10 Hz) occurred at
about 3 to 4 Hz. So, the packaging designers
should concentrate on methods of reducing the
trucks’ vibration levels reaching the packages,
particularly at frequencies range of 1 to 6 Hz.

The RMS values of acceleration in the rear-
down location of the truck for routes 1 and 3
were 0.241 and 0.231 in the longitudinal di-
rection, 0.393 and 0.419 in the transverse
direction, 0.695 and 0.614 in the vertical di-
rection respectively. Hence, it can be concluded
that the vertical vibration level of trucks is more
important than the lateral and longitudinal vi-
brations when optimizing packaging conditions,
which should be, therefore considered in future
lab simulations. The values of RMS, for route
2 in the longitudinal, transverse and vertical
directions were 0.489, 0.667 and, 0.850, re-
spectively, which have higher values than routes
1 and 3. This difference is due to the use of
light trucks and less cargo weight (4 tons) than
two other trucks used in routes 1 and 3 (heavy
trucks). In the laboratory studies, the amount
of acceleration on the heavy truck beds on the
country’s roads can be considered 0.654 G (by
calculating the average RMS, values of vertical
acceleration in routes 1 and 3). In the previ-
ous researches around the world, vertical RMS
for vehicles with spring suspension was equal

to 0.161 G for India (SINGH et al., 2007),
0.55 G for Brazil (RISSI et al., 2008), 0.238
G for Thailand (CHONHENCHOB et al., 2010),
0.20 G for Spain (GARCIA-ROMEU-MARTINEZ;
SINGH; CLOQUELL-BALLESTER, 2008), 0.33 G
for China (ZHOU; WANG, 2018), and 0.31 G for
Korea (PARK; CHOI; JUNG, 2020).

Comparing the average RMS , found with the
ones mentioned in previous studies showed that
the vertical vibration levels of the truck in Iran
are higher than in most mentioned countries.
Apart from driving quality, all of these results can
be explained by the type of suspension system,
amount of load, road quality, and traffic in the
country. The accelerations increase with high-
er driving speeds, lighter loads, and bad road
conditions (RISSI et al., 2008). Earlier studies
indicate more severe vibration in trucks with
leaf-spring suspension than in trucks with air-
ride suspension (GARCIA-ROMEU-MARTINEZ;
SINGH; CLOQUELL-BALLESTER, 2008). Singh
and Marcondes (1992) reported that the vertical
vibration levels in truck beds were higher than the
lateral and longitudinal ones. The highest amount
of acceleration occurred in the packages located
on the top of the column at the rear of the truck.
Therefore, the high driving skills, full-capacity
truck loading, proper route selection, and the use
of air ride trucks can be effective in reducing vi-
bration levels and the damage caused by them.

The presented findings are crucial to achiev-
ing optimal fruit packaging using a lab vibrating
simulator for further research on packaged pro-
duce. Laboratory studies on apples showed that
in all packaging methods used, the frequen-
cy of 8.2 Hz and the vibration acceleration of
0.63 G led to the greatest damage to the crop
(VURSAVUS; OZGUVEN, 2004). The vibration
bruising of the apple in the transport was stud-
ied, and a laboratory vibration simulator was
used to apply controlled vibrations. The results
showed that the vibrational combination of 13
Hz and 0.7 G causes the most damage to apples
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Figure 14 — Some PSD peaks were found according to the special frequency ranges at the Iran roads.
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(ROSTAMPOUR; MOTLAGH, 2018). The prox-
imity of the vibration acceleration of the truck
bed on the country’s roads to the vibration ac-
celeration that causes the most damage to the
apple highlights the need to design the box and
upgrade the packaging to reduce vibrations and
acceleration on transportation. Thus, potential
future works are lab simulations, optimizations
of packages, and the development of a real-time
vibration monitoring system. The real-time vi-
bration monitoring system in fresh produce
transportation can also be developed as a driv-
er awareness system to choose the right speed.
For this purpose, a range of acceleration can be
set as acceptable values, and if the acceleration
exceeds the specified values, an alarm system
should be activated leading to a speed reduction

by the driver. Additionally, the findings and the
methodology are of high interest to improve driv-
ing behavior, packaging materials, reduce fruit
damage, smart transportation, real-time compu-
tation on big data, multi-sensor-based systems,
and other related domains.

Conclusions

The results found in the present study can
be used to simulate the transport conditions by
programmable vibration simulators to reproduce
the vibration conditions for package testing in
Iran. And the findings are of high interest in order
to improve packaging design, reduce fruit dam-
age, maintain shelf life, smart transportation,
and related industries.
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Abstract

The objective of this work was to analyze how deforestation of the Legal Amazon (AMZ-L) is affected by the economic growth
of the states it covers, from 2000 to 2017. This study is based on the Environmental Kuznets Curve theory (EKC), proposed
by Grossman and Krueger (1991). We used the panel data method considering the fixed effects to answer the research
problem. The hypothesis of the EKC, in fact, happens in the initial stage, showing that, with the increase in income, defor-
estation rates drop, causing the curve to reverse, taking an inverted “U” shape. However, at high-income levels, deforestation
increases again, thus the curve takes an “N” shape. Considering this scenario, we can conclude that the increase in income
alone does not guarantee deforestation reduction. However, we must emphasize that deforestation rates are lower than in

the initial stage at high-income levels, showing the government intervention is needed.

Keywords: Economic growth. Sustainability. Environmental Kuznets Curve. Panel data.

Introduction

Since the 1990s, when the Earth Summit
took place in Rio de Janeiro, also called ECO-92
or Rio-92, much has been discussed about glob-
al warming and humanity’s unsustainable growth
model. The accumulation of greenhouse gases in
the atmosphere, the reduction of natural forests,
and their impacts on the ecosystem worldwide
were consequences of the advance of agricul-
tural and livestock exploitation, extractivism,
fires, or natural events (ARRAES; MARIANO;
SIMONASSI, 2012).

Besides these debates, the concern of the
world community has begun to seek alterna-
tive means for industrial production to promote
economic growth in the countries sustain-
ably, as described in the Brundtland Report.
Conceptually, sustainable development (SD) is
the conscious consumption of natural resources
in the present so that future generations have the

same level of satisfaction as the current genera-
tion (UNITED NATIONS, 1987).

In 47 years of discussions about the unsus-
tainable way the world develops, little progress
has actually been made on the actions fore-
seen by the global government agendas. World
leaders have neglected the urgent nature of
adopting sustainable measures provided for in
the United Nations conventions (GUIMARAES;
FONTOURA, 2012).

In a scenario of seeking a balance between
economic development and sustainability, Brazil
stands out with an essential role within the con-
ventions. Works such as the ones of Guimaraes
and Fontoura’s (2012) and Lago’'s (2006)
showed Brazil as one of the most active countries
regarding sustainability within the conventions
held by the United Nations, however the same
authors described that the measures adopted are
still uncertain and insufficient.
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Although Brazil has added efforts to comply
with the principles and agreements established
since ECO-92, authors such as Fearside (2006)
and Coelho and Ferreira (2015) have shown
deforestation of Brazilian forests is growing
continuously, especially in the Amazon Forest,
pointing as the leading causes the government
decisions (FEARSIDE, 2006) and economic and
social inequalities (LAKE, 2006).

The global focus on Brazil is mainly on the
Amazon because although the forest extends to
other countries, Brazil has most of it. For exam-
ple, 59 % of the Amazon rainforest is in Brazil,
followed by Peru,13 %, and smaller shares in
Colombia, Venezuela, Ecuador, Bolivia, Guyana,
Suriname, and French Guiana (IBGE, 2010).

In Brazilian territory, the Amazon rainforest
is part of the Legal Amazon (AMZ-L), created

by Law no. 5.173 /1966 (BRASIL, 1966), for
political and rather than geographical reasons,
strategically to develop that region economically.
The AMZ-L is composed not only of moist for-
ests but also of Cerrado and open Ombrophilous
forest, which involves almost all of the farm-
ing activity (MARTHA JUNIOR; CONTINI;
NAVARRO, 2011).

The territory of the Legal Amazon is
5,217,423 km? and corresponds to approxi-
mately 61 % of the national land, 8,514,877
km2. The region includes, in its entirety, the
states of Acre, Amapa, Amazonas, Mato Grosso,
Para, Roraima, Rondénia, and Tocantins anda
part of the state of Maranhao (meridian 44th
west). (FEARSIDE, 2006). Figure 1 shows the
limits of the Brazilian Legal Amazon.

Figure 1: Demonstrative map of the limits of the Brazilian Legal Amazon.
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The states that compose the AMZ-L, ac-
cording to IBGE (2010), have a population of
approximately 24 million inhabitants, distributed
in 775 municipalities, holding 1/3 of the humid
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tropical forests and the most extensive genetic
bank on the planet, besides holding 1/5 of all
drinking water in the world. Moreover, at the na-
tional level, it contains 45 % of all groundwater
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in the country. As for the economic sector, the av-
erage gross domestic product (GDP) per capita of
the states covered by the AMZ-L corresponds to
about 63 % of the national GDP. Because of such
representativeness and influence on the planet’s
balance, Arraes, Mariano, and Simonassi (2012)
pointed out that the 1970s were marked by in-
tense territorial occupation and opening of virgin
forests for the Transamazon highway project.

AMZ-L has characteristics that favor the
degradation of the region: the agricultural and
livestock sector, encouraged by geography and
rainfall index above average (MARGULIS, 2003),
and the extraction and illegal appropriation of ter-
ritory, which occur when there is infrastructure
improvement, facilitating the exit of wood, land
invasion and falsification of deeds by settlers,
who occupy lots and sell them. The invasions
happen because the infrastructures add value to
the properties, which often escape from govern-
ment control (FEARSIDE, 2006). Furthermore,
according to the author, the social inequality of
that region also contributes to degradation, and
the country’s economic aspects are directly re-
flected in the AMZ-L area.

In contrast to income inequality, the eco-
nomic growth of the agricultural and livestock,
and extractive sector has caused pressure on
AMZ-L, alerting the scientific community even
more about the risks to which society will be
exposed if sustainable means of production are
not met. In this sense, Grossman and Krueger
(1991), with the concept of the Environmental
Kuznets Curve (EKC), established an inverse “U”
relationship between economic growth and sus-
tainability, explaining in their study that, in the
beginning, when there are economic advances
and an increase in income per capita, environ-
mental degradation also increases; however, at
some point, as income and economy increase,
environmental degradation tends to decrease.
Thus, there is a positive expectation regarding
the changes in economic growth taking place in

the country and, at the same time, the need to
improve income and technology to mitigate the
impacts on the environment.

With the advances in the exploration of
AMZ-L and the imminent risk of causing an im-
balance in this ecosystem, this article aimed to
identify the extent to which the economic growth
of the states that make up the Legal Amazon has
impacted deforestation in the region in the peri-
od 2000-2017.

Sustainable Development

Although sustainable development has been
used as a concept since the mid-20th century,
it appeared in 1713. The term was used for the
first time by the German author Hans Carl Von
Carlowitz in his study on the inconsequential ex-
ploitation of wood in Germany. Von Carlowitz
suggested Nachhaltende Nutzung (sustainable
use) of forests, implying that, in logging, there
should be enough young trees to replace those
that would be removed, considering that wood
was consumed as fuel and was part of almost
all production processes until the 18th century.

The 18th century was marked by the expan-
sion of the world’s population mass, which also
drew the researchers’ attention to sustainability
and the future quality of life, because as the pop-
ulation increased, the needs and consumption
of raw material increased too, as described by
Malthus (1798), in his Essay on the principle
of population.

With the arrival of the 19th century, the
energy reserves became scarce, as energy origi-
nated primarily from coal, and the reserves were
compromised. In this sense, Jevons (1866), in
his work The Coal Question: An inquiry concern-
ing the progress of the nation, and the probable
exhaustion of our coal-mines, warned against
the irresponsible consumption of coal, showing
that it would be in a shortage in less than a hun-
dred years in England if the scenario remained



Economic growth and sustainability: An analysis of the Environmental Kuznets Curve on the Legal Amazon

unchanged, which would cause that country to
lose its industrial dominance.

According to the theoretical path present-
ed, Pisani (2006) concluded that the theme of
sustainable development has been addressed by
scholars in the area long before the Brundtland
Report. According to the author, sustainability
issues have become popular with the rapid ad-
vance in irresponsible consumption caused by
population growth and how the population has
been developing.

Birth (2012) explained the two sides on
which sustainable development originated. The
first side is linked to ecology, which refers to the
ability of ecosystems to recover from human or
nature-induced aggression (earthquakes, tsuna-
mis, volcanoes, fire, etc.). The second is related
to the economic means, through the perception
of the mode of consumption, production, and
population expansion, which, in the long term,
would compromise the availability of resources,
making them scarce. According to the author,
since the beginning of the promotion of sustain-
able development, the concept has been open
and varies according to the political and ecolog-
ical interests of those who study it.

As previously seen, the scarcity of natural
resources was already realized centuries ago,
and the reduction in the availability of these re-
sources is linked to the economy, as shown by
Jevons (1866).

Environmental Kuznets Curve

In 1955, in his study Economic growth and
income inequality, Simon Kuznets proposed that
income inequality and technology deficiency con-
tributed to increasing environmental degradation.
In line with Kuznets's (1955) studies, Grossman
and Krueger (1991) were the pioneers in proving
the authenticity of the existence of the inverted
“U”", which presents a positive correlation be-
tween economic growth and the environment.

According to the authors, when a given society
reaches high levels of income and technology,
environmental degradation tends to reduce.

A historical redemption by Montibeller Filho
(2007) reported that since the middle of the last
century, economic growth was seen as a villain
of nature because it was held responsible for
the consumption of natural resources. O‘Connor
(1998) pointed out that when there is growth
in the economy, environmental degradation, pol-
lution, and depletion of natural resources are
triggered; however, when the economy is shrink-
ing, the environment continues to be degraded.
In this perspective, the lack of economic growth
has been used as a justification for the little care
about the environment in several countries be-
cause, in a scenario of economic downturn, the
preservation of the environment represents addi-
tional costs (MONTIBELLER FILHO, 2007).

This lack of respect for the environment has
produced studies that show elements that harm
the quality of human life, the main ones being
carbon dioxide (CO,), sulfur dioxide (so,), and
nitrous oxide (NO), and this has caused an in-
crease in pressure on developing countries since
the 1970s (CARVALHO; ALMEIDA, 2010). Non-
governmental organizations and environmental
activists have intensified pressure worldwide for
governments to adopt measures for sustainable
exploitation of natural resources (CARVALHO
et al., 2015; LAGO, 2006; MONTIBELLER
SON, 2007). Those international demands made
that the debates on the future quality of life be
wide-ranging. Given the premise that environmen-
tal degradation would harm future generations,
the first United Nations Climate Conference in
Stockholm was convened in 1972, initiating a
process that seeks to develop the economy in an
optimal way (LAKE, 2006).

In this scenario, there are countries seek-
ing development, and, on the other hand, they
are suffering pressures for environmental pres-
ervation. The hypothesis of the Environmental
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Kuznets Curve divides opinions. Some believe
that we must not sacrifice economic growth for
the environment to thrive and, in return, some
others believe that consumption and economic
growth are, until last resort, responsible for envi-
ronmental degradation (CARVALHO, 2013).

In fact, Grossman and Krueger's (1991,
1995) studies showed empirical evidence that
the curve can also have an “N” shape. The au-
thors estimated EKC for sulfur dioxide, black
smoke, and suspended particles. In the first two,
they found an inverted “U” ratio based on a per
capita income of US$ 5,000. About suspend-
ed particles, the per capita value is even lower,
however, when per capita income is between
US$ 10,000 and U$$ 15,000, the levels of pol-
lutants studied have increased again, indicating
that the curve has an “N” format.

When studying the EKC, besides using vari-
ables such as sulfur dioxide, nitrogen oxides, and
solid particulate matter (waste generated by the
industry), Panayotou (1993) used the variable de-
forestation. The results obtained showed that the
deforestation EKC turning point happens in the
interval U$ 800 - U$ 1,200, against U$ 3,800
- U$ 5,500 for the other variables. The author ar-
gued that this fact occurs because deforestation
for agricultural expansion occurs at an early stage
of development before heavy industrialization.

The format described by the EKC is attribut-
ed to several factors in the literature. The inverted
“U” is explained by Selden and Song (1994), by:
a) Income elasticity for environmental demand,
indicating that the higher the income, the great-
er the attention to the quality of environmental
life they want to enjoy, consuming healthier prod-
ucts; b) Scale effect, technology/technique and
structure/composition (the scale effect or growth
in production implies greater consumption of
resources and energy, contributing positively to
degradation; as for the technological aspect, in-
come improvement replaces old with innovated
and improved production techniques to reduce

pollutants; on the other hand, the structure or
composition factor tends to improve gradually
with the increase in income, opting for sustain-
able activities (GROSMANN; KRUEGER, 1991);
c) International trade, that is one of the main fac-
tors that explain the EKC, however, environmental
quality tends to fall with the increase in trade,
mainly in exports; on the other hand, when econ-
omy grows, degradation also grows, however,
those effects can be eliminated by using tech-
nigue, or by the effect of composition (DINDA,
2004); d) Market mechanisms, in which Shafik
and Bandyopadhyay (1992) suggested that the
existence of an endogenous self-regulatory market
for natural resources marketed in the market could
mitigate the effects of environmental degradation.

However, we must emphasize that the stud-
ies by Grosmann and Krueger (1991) revealed
that the EKC, from a certain point on, can take the
“N” format, which demonstrates that economic
growth alone does not guarantee the reversal of
the curve. Carvalho and Almeida (2010) stated
that degradation increases and then decreases
with economic growth. According to them, de-
veloping countries are incipient in sustainability,
and it is necessary to adopt “green” policies to
reverse the EKC path.

According to Avila and Diniz (2015) and
Diniz (2007), the reversal of the EKC trajecto-
ry will not happen if the scale effect prevails,
since it overlaps the technical and composition
aspects. The predominant scale effect in devel-
oping countries explains why the curve does not
revert, since seeking economic growth is the
main objective, a priori. In developed countries,
the relationship is the opposite: technique and
composition effects prevail.

As previously seen, there are adverse factors
that interfere with the EKC convergence. In this
sense, there are some criticisms about the model.
Stern, Common, and Barbier (1996) pointed out
three problems in the estimation of the EKC: a)
Simultaneity: the EKC derives from an economic
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model in which there is no feedback from the status
of the environment for economic growth; according
to the authors, pollution and deforestation are seen
as harmful to the quality of life, but there is no pos-
sibility of production; in this sense, Porter and Van
Der Linde (1995) proposed a reverse analysis of
the EKC, in which the preservation of the environ-
ment causes economic and technical growth, so
that the income factor is endogenous, and the envi-
ronmental quality is a source of economic growth.
Statistically, the concurrency between production
factor and environmental damage produces biased
and inconsistent estimates; b) International trade:
for Stern, Common, and Barbier (1996), countries
such as the United States and Japan reduced envi-
ronmental damage by exporting industrialization to
developing countries, which also biases estimates;
c) Data problems: according to Stern, Common,
and Barbier (1996), the studies by Grossman and
Krueger (1991) and Shafik and Bandyopadhyay
(1992) use urban-area pollution data and disre-
gard pollutants from natural ecosystems, which
also impact human health. According to Shafik and
Bandyopadhyay (1992), the data used in the EKC
will possibly give rise to heteroscedasticity in esti-
mation, making the ordinary least squares method
(OLS) inefficient, even though it is impartial.

Table 1- Correlated studies on EKC

With Panayotou’s (1993) critical eye regard-
ing the validity of the EKC, we must ask: i) What
income level per capita is the turning point?
i) When did the environmental damage occur,
and how could it have been avoided? (iii) Would
any ecological limit be reached in such a way
that it would be irreversible with the increase
in income? (iv) Is the improvement of the qual-
ity of the environment automatic when income
is increased, or does it need a “green” policy
intervention? v) How can developing countries
achieve the level of environmental quality en-
joyed by developed countries?

Khanna and Plassmann (2004) also ques-
tioned that income growth in developing countries
could cause the worsening of global pollution.
According to the authors, only emitters that at-
tract public interest due to pollution levels and
impacts can obtain the EKC.

Related Studies

In this section, we discuss the previous stud-
ies that address the EKC. We collected authors,
the dependent variable, methodology, the loca-
tion studied, and the periods. Finally, we verified
whether the EKC was found, as shown in Table 1.

Dependent
Authors variable Methodology Sample EKC
Santos et al. Deforestation Panel Data AMZ-L municipalities Yes
(2008) (Fixed effect) (2000-2004)
L Panel Data .
Oliveira et al. . . . AMZ-L municipalities -
(2011) Deforestation with spatial (2001-2006) Inverted “U
dependence
Gomes and Braga Deforestation Panel Data AMZ-L states Yes
(2008) (Random effect) (1990-2004)
Small properties along the
Cal((;aosoest)al. Deforestation Cross-Section Transamazon highway Yes
(1996 and 2000)
Prates (2008) Deforestation Panel Data (Fixed AMZ-L municipalities Yes

effect)

(2000-2004)

Source: Elaborated by the authors (2020).
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Methodologic Procedure

For this work, the methodology adopted was
the panel data model. This model has some ad-
vantages over cross-section or time series models,
such as the ability to circumvent the data het-
erogeneity problem and consider the individual
variables of each Brazilian state that make up the
Legal Amazon (HSIAO, 1986). Besides these ad-
vantages, the model allows us a more significant
number of observations, increasing the degree of
freedom and decreasing the collinearity problem
among the explanatory variables.

The general template for panel data is giv-
en by:

Yit:ﬂOit+ﬁkX1it+ "'+ﬁnitxkit+€it (1)

Thus, the underwritten i indicates the dif-
ferent individuals, which are the states of the
Legal Amazon, and ¢ is the period studied. g,
represents the intercept parameter, while g, cor-
responds to the angular coefficient of the k-th
explanatory variable.

Therefore, the adapted model for this work
will be as follows:

Y, =a,+ B, +BPIB, - BPIB, + BPIB, + X, +€, (2)

At which: Y, represents the dependent variable, which is the
deforestation area in the Legal Amazon; a, it is the coefficient
of the fixed effect; B, the intercept; B, the parameters to be es-
timated; X, the explanatory variables; and €, is the error term.

The vector of explanatory variables (X,) was
composed by the GDP per capita squared and is
included to capture the hypothesis of the EKC be-
cause, according to Kuznets theory, deforestation
tends to grow at low-income levels. From the mo-
ment a society reaches a higher level of income,
the situation reverses, and deforestation tends to
decline, taking the form of an inverted “U”.

The GDP per capita cubed was also tested
because, as shown by Grosmann and Krueger
(1991), the curve can assume positive values
for degradation again when the income reaches
high levels, making the EKC take an “N” shape.

Besides the GDP explanatory variable, the
literature still addresses several other variables
to explain the EKC. For this study, the population
density and cattle herd of the states belonging to
the Legal Amazon will be used as control vari-
ables. Previous studies addressed these two
variables as influencing deforestation, such as
Marengo (2007), Margulis (2003), and Martha
Junior, Contini, and Navarro (2011). Population
density is used in several areas that study the
EKC and is pointed out by the authors cited as
important for the study its impacts on environ-
mental degradation. Therefore, it also applies to
this research. The variable cattle herd is includ-
ed here because it represents the main activity
in the states covered by the Legal Amazon and
is considered one of the leading causes of defor-
estation (MARGULIS, 2003).

For the GDP variable, a positive signal is
expected. For the quadratic form of GDP, a neg-
ative sign is expected. However, the cubed form
can take a negative sign, as proposed by Kuznets
(1955), or positive, as evidenced by Grossman
and Krueger (1991). For the control variables,
population density and cattle herd, the expected
sign is positive.

The data used for empirical research were
obtained from the Brazilian Institute of Geography
and Statistics of Automatic Recovery (SIDRA). The
inflationary correction of monetary variables was
based on the General Price Index (GPI), provided
by the Getllio Vargas Foundation (FGV) portal.

Results and discussion

In this subsection, the results obtained from
the econometric model are discussed, based on
the data collected from the SIDRA. To choose
the best model to be adopted in the estimation,
which are fixed effect model, random effect, or
pooled model, we applied the Hausman test
(1978), whose null hypothesis (H,) states there
is no statistical difference between the two
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estimators. The test result allowed us to reject
the null hypothesis at a significance level of 1 %.
Thus, the proper model for the estimation was
the one with a fixed effect.

Table 2 presents the estimation of the fixed,
random, and pooled effect models to demonstrate

Table 2 — Estimation of the model in panel data.

the robustness of the estimated coefficients. We
found that there were no significant variations
and no exchange of signs among the models of
random and fixed effect, unlike the pooled model.
However, by the Hausman test (1978), the fixed
effect was the model indicated for estimation.

Variables Random effect Fixed effect Pooled effect
18.087** 19.649%* 222,377
Log GDP (8.091) (7.810) (17.163)
-1.866%* -2.031%* 2,293
2
Log GDP (0.838) (0.808) (1.177)
0.060%* 0.066%* -0.077M
3
Log GDP (0.082) (0.027) (0.060)
0.607** 1.074* -0.485*
Log DDP (0.331) (0.402) (0.147)
Los Bov 0.712%%* 0.585%** 0.682%%*
g (0.191) (0.323) (0.066)
Constant -60.447%* -63.915%* 68.356
(25.862) (24.972) (54.971)

Source: Elaborated by the authors (2020)

Note: N = not significant; * significant at 1%; ** significant at 5%; *** significant at 10%. Value in brackets

is the standard deviations.

According to the estimation of the fixed ef-
fect model, the coefficients of GDP, GDP?, and
GDP? showed statistical significance at 5 %, the
population density was significant at 1 %, and
the cattle herd at 10 %, which corroborates that
these variables directly impact deforestation pro-
cess. The signs of the coefficients were already
expected. For GDP, the positive sign indicates
that deforestation has grown with an increase in
income, but GDP?, with a negative sign, shows
that deforestation tends to reduce by reaching a
certain amount of income. For GDP3, the sign be-
comes positive again, indicating that high-income
values would cause an increase in deforestation.

The fixed-effect model showed that for the
squared and cubed GDP variable, a curve ob-
tained takes an “N” shape, which differentiates
it from the form of the inverted “U", as proposed
by the Environmental Kuznets Curve (1955),

i.e., when the income reaches a certain value,
it causes deforestation to decrease (FIGURE 2).
However, while income continues to increase,
the curve reverses again, showing that deforesta-
tion is growing again. These results are similar
to those Grossman and Krueger (1991) found.

Results obtained from the estimate by the
fixed effect model showed that, initially, when
per capita GDP increases by 1 %, deforestation
increased by 19.64 %. However, the deforesta-
tion rising path in relation to per capita GDP
is not continuous; it presents a reversal when
per capita GDP is squared. Thus, the estimates
showed that, for every 1 % increase in per capita
GDP, there was a reduction of 2.03 % in defor-
estation. This implies that the EKC is valid and
that it is possible to grow sustainably to a certain
amount of income, since, when per capita GDP
is raised to the cube, a reversal occurs again, but
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Figure 2 — Environmental Kuznets Curve format found

Curva Ambiental de Kuznetz - Estimada

Source: Research data (2020).

this time, with less impact, with the 1 % increase
in per capita GDP rising by 0.62 %.

Regarding the variables population density
and cattle herd, there is a positive relationship
with deforestation. The estimates pointed out
that a 1 % increase in population density caused
an increase of 1.07 % in deforestation. For the
variable cattle herd, growth of 1 % resulted in
a 0.58 % rise in deforestation. These results
corroborate the statistical analyses presented
previously. This positive relationship is clear-
ly noted, especially between the states of Mato
Grosso and Para, where the population is more
dispersed, and the cattle market has expand-
ed rapidly.

In the first stage of the EKC, we expect that
increasing population density, agricultural pro-
duction, and GDP cause higher degradation
(scale effect). However, it is possible to mitigate
the impacts of growth by using the technique
and composition effects (CARVALHO; ALMEIDA,
2008; GROSSMAN; KRUEGER, 1991). By
reaching higher income, society would suppos-
edly be willing to pay for lower environmental
cost products, suggesting that the production of

T

2
Log do Produto Interno Bruto

“green” products needs composition and techno-
logical effect. Applying this theory to AMZ-L, the
trend is that when per capita income increases,
the production system is modernized, optimizing
the use of soil. This tends to happen because
there is social pressure for products of sustain-
able origin (composition effect) (STERN, 2004).

However, to ensure that the effects of in-
come do not follow in parallel with deforestation
(scale effect), technological commitment is
needed, especially in agriculture and livestock,
which are prevailing activities in the AMZ-L re-
gion (composition effect), reducing the margins
of deforestation as income increases, by optimiz-
ing production, according to Torras and Boyce’s
theory (1998).

There is a theoretical issue as to the validi-
ty of the EKC, which is based on the possibility
of exporting polluting industries to developing
countries and importing semi-processed raw
materials. For this reason, rich countries have
obtained the EKC in the form of an inverted “U”
(CARVALHO; ALMEIDA, 2008). If this assump-
tion is valid, in the case of AMZ-L, the curve may
not be sustained, which explains the “N” shape
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found. This result reflects Cole’s (2004) stud-
ies, stating that even if all developing countries
reach a high level of technology, the dynamics in
which wealth diminishes environmental degra-
dation tend to end.

The results found parallel De Bruyn, Van
Den Bergh, and Opschoor’s (1998) statement
that the EKC cannot be sustained in the long
term, so the inverted “U” would be only in the
initial phase between economic growth and sus-
tainability. In fact, in this study, the findings point
out that, after high-income levels, the curve will
invert again, assuming an “N” shape.

A possible explanation for the curve taking
the “N” shape, as shown by the econometric
model, is linked to the limits of technological re-
sources. As technological resources tend to run
out to sustain growth, there is a need for greater
exploitation of natural resources, i.e., the first
phenomenon of the EKC is temporary, as ex-
plained by Biage and Almeida (2015). Regarding
the second stage, the explanation is guided by
Opschoor’s study (1990), in which we see that
the increasing reversal of the curve can be the
result of a deficit achieved in the process of
technological improvements, or that the cost of
deploying the technology to the means of produc-
tion becomes costly.

Previous EKC studies, such as Santos et al.
(2008), already noted that technological im-
provements in the Legal Amazon, after a certain
point, would cause environmental degradation.
Thus, the agricultural and livestock production
model and the effects of colonization may pres-
ent technological limits, which would contribute
to the second inversion.

On the other hand, on the assumptions of the
second EKC inversion, shown in the present study,
the authors Roca and Serrano (2007) question the
validity of the curve, saying that no country target-
ed in the EKC studies reached such high levels of
per capita income that the curve inverts for the

second time, showing that in practice it is not pos-
sible to know whether this would actually occur.

As this is an empirical study showing the
possible relationship between growth and envi-
ronmental degradation, in which the curve takes
the form of an “N”, deforestation tends to be
lower at higher income levels, as shown by the
results presented. Likewise, Beckerman (1992)
stated that however much environmental degra-
dation grows with increased income in the first
stage, the option that allows for lower environ-
mental impacts is to make the country rich.

Final considerations

The econometric model applied in this paper
showed that, at first, EKC takes an inverted “U”
shape, i.e., deforestation grows from the increase
in income. However, by reaching a certain level
of income, deforestation tends to decrease, ac-
cording to the EKC theory.

When the cubed form is applied to the mod-
el, the EKC presents a new inversion, suggesting
that deforestation rates tend to escalate with an
“N” form at higher income levels, proving that
economic growth alone does not guarantee a
reduction in deforestation levels, making exog-
enous actions necessary.

We must emphasize that public policies are
needed to counteract the second reversal of the
EKC. “Green laws” must be passed, and society
must take other actions to mitigate the impacts
caused by human activity. The efficiency of such
actions could be seen in deforestation: when the
government intervenes through environmental
laws, it causes a gradual drop in deforesta-
tion levels.

This study also included two variables, pop-
ulation density, and cattle herd, both positively
impacting deforestation in the Legal Amazon.
The climate and topography favorable to the ex-
pansion of the cattle herd create cycles that feed
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the local economy and, consequently, foster the
evolution of the population and livestock farming,
attracted by the intense trading activity. For fu-
ture work, we suggest exploring the influence of
international trade and environmental legislation
on deforestation in the Legal Amazon.
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Abstract

Climate and hydrogeological conditions of the Brazilian semi-arid demand sustainable and efficient water solutions.
Groundwater monitoring programs are tools to subsidize the decision-making in this sense. In Ceara state, the monitoring of
Araripe sedimentary basin aquifers is important for the development of the region. In this scenario, the present work aimed
to study the groundwater level through an exploratory analysis of time series. The study area covered the eastern portion of
the Araripe sedimentary basin, in the municipality of Milagres, in Ceara state. As the object of this study, it was obtained the
time series of monthly average groundwater levels in a monitoring well of RIMAS/CPRM and installed in the Middle Aquifer
System. Graphical and numerical methods were applied for the identification and description of time series main characteris-
tics. Precipitation data in the study area were used to evaluate the system recharge. Results were discussed according to the
environmental aspects of the study area. As a result, it was possible the identification and description of time series patterns
such as trend and seasonality through the applied methods. It is also highlighted the sharp drawdown of groundwater levels
in long term in the time series, reflecting the quantitative state of the aquifer system, as well as the groundwater recharge
during the rainy season of the region, evidenced by the study of time series seasonality together with the precipitation data.

Keywords: Araripe Sedimentary Basin. Water Resources. Semi-Arid.

Introduction solution; and the sedimentary rocks, with poten-
tial groundwater reserves (REBOUCAS, 1997).
In Ceara state, the crystalline basement pre-
dominates, corresponding to about 75 % of the
territory, and is located in its large central region.
However, in the south end and the state’s coast,
sedimentary formations with high potential in
groundwater resources are found (TEIXEIRA,
2003). In particular, in the south of the state,
on the border with Pernambuco and Piaui, the
Araripe Sedimentary Basin is located, a relevant
area of hydrogeological interest due to its qual-
itative and quantitative groundwater potential
(CPRM, 2009).

In the Brazilian semi-arid region, the wa-
ter problem has been the subject of studies
and interventions since the 19th century. The
region is marked by high temperatures, fragile
hydrography and irregular temporal and spatial
precipitation distribution. These climate condi-
tions, allied with the periodic droughts in the
semi-arid, constitute a structural problem with
economic and social implications. In this con-
text, obtaining water for human supply and its
usage in irrigation and industry in the region was
constituted historically through the surface wa-
ter impoundments in reservoirs or through wells
drilling for groundwater catchment (REBOUCAS, Araripe Sedimentary Basin is the biggest
1997; GARJULLI, 2003). groundwater reserve of Ceara state and it is geo-
graphically inserted in the Cariri (from Ceard)
region. The Cariri region is supplied almost in its
entirety by groundwater from wells or springs.
In this scenario, the municipalities of Crato,
Juazeiro do Norte and Barbalha are included,

The semi-arid hydrogeology is characterized
by two distinct contexts: the crystalline basement,
in which the low permeability rocky formations
give cause to efficient use of reservoirs as water
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which exert strong centrality in the regional de-
velopment. Population and economic growth
have led to an increase in groundwater exploita-
tion for human consumption and industry and
irrigation use (VERISSIMO, 1999; MOURA-FE
et al., 2019).

The Middle Aquifer System is the most
drilled and exploited one in the Cariri region,
and the aquifer recharge occurs in most part
because of the rain, having yet the contribution
of springs located at the Araripe plateau foot.
Taking into consideration its importance for the
region's development, the aquifer is exposed to
a series of factors that threaten its waters. The
indiscriminate well drilling, the polluting waste
generation by the agricultural and industrial ac-
tivities, and the contamination of surface waters
are risk factors that, allied with high groundwater
exploitation, highlight the importance of monitor-
ing, diagnosis and management tools (COGERH,
2009; VERISSIMO, 1999).

Groundwater monitoring in Araripe
Sedimentary Basin is carried out by the Brazilian
Geological Service — CPRM, as part of the
Groundwater Integrated Monitoring Network
— RIMAS, and by the Ceard Water Resources
Management Company — COGERH. The ground-
water monitoring is an essential tool for the
quantitative and qualitative evaluation of re-
serves, since, through systematic observations of
dynamic processes, such as the water levels and
water quality in monitoring wells, it allows the
historical tracking of important hydrological vari-
ables and provide information for planning and
management (FEITOSA, 2008). In face of this,
formalisms such as time series are important
tools in the representation, modeling and fore-
casting of hydrological processes (MACHIWAL;
JHA, 2012; CHAN; CRYER, 2008).

In time series study, the use of graphic
tools for data analysis is important (MORLEY;
ADAMS, 1991). Many time series characteristics
can be identified through the graphical analysis

(HYNDMAN; ATHANASOPQULOS, 2018). Time
series decomposition techniques for the identifi-
cation and study of patterns such as trend and
seasonality have been applied by authors like
Cortes et al. (2018). In particular, regarding the
study and evaluation of groundwater, Machiwal,
Nimawat and Samar (2011) used graphic sta-
tistical techniques to evaluate groundwater
monitoring networks. Also, time series approach
was used by authors like Crosbie, Binning and
Kalma (2005), to infer the aquifer system re-
charge, Carnier Neto (2006), in the assessment
of monitoring networks, Hu, Zhang and Xing
(2001), when analyzing the annual dynamic
characteristics of groundwater level, and Gouvéa
(2009), to study the influence of precipitation
and soil characteristics in water level variations
in recharge areas.

In light of the foregoing, the present paper
aimed to analyze the evolution of groundwater
level in a monitoring well in the Middle Aquifer,
through time series studies. In this study, time
series characteristics were graphically and nu-
merically explored, and results were correlated
with rainfall data, in order to understand the
regional dynamics of the aquifer. The results
obtained were discussed according to the envi-
ronmental aspects of the study area.

Material and methods
Study area

The study area of the present work is in-
serted in the municipality of Milagres, where the
Agua Vermelha well is situated, the object of
this work. The municipality of Milagres is locat-
ed at the south end of Ceara state, limited to the
North by the municipalities of Barro and Aurora,
to the South by Abaiara and Brejo Santo, to the
East by Mauriti and Barro, and to the West by
Missao Velha and Abaiara (IPECE, 2017). It has
a land area of 579.097 km?2 and a population
estimate of 27,462 inhabitants (IBGE, 2020).
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The municipality is inserted in the context of
the Salgado River sub-basin and the hydrogeo-
logical context of the Araripe sedimentary basin

(COGERH, 2019a). Figure 1 shows the location
of the study area.

Figure 1 — Location map of the municipality of Milagres, Ceara, highlighting the location of Agua Vermelha

well, 2021.
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Source: Elaborated by the authors (2021).

Hydrogeology of the region is characterized
by a diversified lithostratigraphy, which provides
the occurrence of aquifers alternating, aquitards
and aquicludes, with spatial variations and dis-
continuities. Thus, the following hydrogeological
division of the Araripe sedimentary basin is ad-
opted: (i) Upper Aquifer System, represented
by the Exu and Arajara formations; (ii) Santana
Aquiclude, characterized by the homonymous
formation; (iii) Middle Aquifer System, represent-
ed by the Batateira River, Abaiara and Missao
Velha formations; (iv) Brejo Santo Aquiclude,
defined by the homonymous formation; and
(v) Bottom Aquifer System, determined by the
Mauriti formation and basal part of the Brejo
Santo formation (VERISSIMO, 1999).

The monitoring well has a useful depth of
70.0 m and is located at an altitude of 362.34
m above sea level. Its lithographic profile in-
volves layers of thin sandstone, claystone, clay
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and sandy clay (CPRM, 2021). Figure 2 shows
the analyzed monitoring well.

The precipitation regime of the region is
characterized by high interannual irregularity
and by the rainfall temporal and spatial variabil-
ity. The average annual precipitation in the Cariri
region is 919.6 mm, with rainfall concentrated
in the so-called rainy season, from December to
May. In the months of December and January,
the so-called pre-season rains occur, having the
beginning of the rainy quarter in February of each
year (TEIXEIRA, 2003).

The region has a warm semi-arid tropical,
hot tropical and hot sub-humid tropical cli-
mate. The topography is formed by two distinct
domains, plateau and depression, known respec-
tively as Araripe plateau, which occupies 73 % of
the total area of the Basin, and the Cariri Valley
(COGERH, 2009).
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Figure 2 — Agua Vermelha well in the municipality of Milagres, Ceara, August, 2012.

Source: CPRM (2021).

Dataset

The dataset used in the present work
consists of the time series of groundwater lev-
el evolution of Agua Vermelha well, located in
the south of Milagres municipality. The data
were obtained from the Groundwater Integrated
Monitoring Network - RIMAS/CPRM, station n°
2300022135 (CPRM, 2021). Water level mea-
surements were obtained through an automatic
level gauge equipped with a datalogger. The
historical records of groundwater levels were ob-
tained covering the period of August 2011 to
November 2019.

For studying the aquifer recharge, it was also
used precipitation data of the study area. The
rainfall time series of meteorology stations locat-
ed in the area of interest were obtained on the
portal of the Meteorology Foundation of Ceara
— FUNCEME.

Time series analysis

Time series are collections of observations
sequentially realized in the time domain. Let
y, a time series, with y, =y, .., y , indexed at
the times ¢, ..., t . The time series approach has
applications in many fields of knowledge, such
as economy, epidemiology, hydrological scienc-
es, among others, since its study allows the
understanding of the stochastic nature of the
phenomena, to identify patterns and to make
predictions from a known historical record. Time
series analysis consists in identify its main prop-
erties, describe its behaviour and select suitable
forecasting models (CHAN, CRYER; 2008).

The initial and most basic step of time se-
ries analysis is the visualization of time series
values graphically disposed as a function of time.
Analyzing time series plots allows identifying pat-
terns, unusual values, changes throughout the
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time and relations with other variables. Besides,
computing the time series descriptive statistics
is also important in this step (KABACOFF, 2015;
SHUMWAY; STOFFER, 2017).

Time series can exhibit different patterns,
and usually is useful for the analysis to decom-
pose the time series in components that can
represent these patterns, such as trend, season-
ality and random variations. The decomposition
can be additive (y, = S, + T, + R) or multipli-
cative (y,= S, X T, X R), in which S, T, and R,
represent respectively the seasonality and trend
components, and a remainder component. The
decomposed time series can also be expressed
inthe formof y, = S, + A, inwhich A =T, +
R is called the seasonally adjusted component.
Thus, the seasonality and the A, component can
be analyzed separately.

The trend component captures changes in
the time series values throughout the time, i.e.,
long-term changes in positive or negative direc-
tions. The seasonality represents the seasonal
effects that influence the time series values in
certain periods of the year, day of the week or
hour of the day. The seasonal plots are useful
graphical tools in this sense, once it allows that
seasonal patterns can be perceived clearly. In
this plot, sub-series for each station are shown,
for example, for a monthly series, the values are
shown by year, and the months are disposed on
the horizontal axis. Lastly, the remainder compo-
nent captures influences that cannot be described
by the seasonal and trend effects.

Time series that do not show trend and sea-
sonality patterns, i.e., those whose statistical
properties that describes its behaviour do not
change through time, are stationary time series.
However, many time series which represents
real-world phenomena are not-stationary time se-
ries, since it exhibits such patterns (HYNDMAN;
ATHANASOPOQULOS, 2018).

There are several methods for time series
decomposition, such as classical decomposition
by Moving Averages, in addition to more so-
phisticated methods such as the Seasonal and
Trend Decomposition using Loess (STL). The STL
decomposition is a robust and versatile meth-
od developed by Cleveland et al. (1990). The
method performs an additive decomposition and
allows that parameters such as the trend curve
smoothness and the seasonality variations can
be controlled by the user. Also, the method is
robust to outliers, so that the unusual values do
not influence the trend and seasonality, but only
the remainder component.

Through time series decomposition, the
strength of the trend and seasonality components
can be measured, according to the method pro-
posed by Wang, Smith and Hyndman (2006).
In time series with a strong trend pattern, the
seasonally adjusted component 4, shows greater
variance in comparison to the remainder com-
ponent R,. On the other hand, in cases of lower
trends, the variances of both components are
approximately equal. Thus, the trend and the
seasonality can be calculated by Equations (1)
and (2), respectively.

Fo 01 var(R,)
T—max(, B var(Tt+RE)) (1)
F= 0.1 var(R,)

s max ( ’ var(S,+R,) ) (2)

The value of 0 < F, < 1 is given by the re-
lation between the variances of the remainder
component and the seasonally adjusted compo-
nent. Regarding the seasonality, it can have its
strength measured in a similar way, but compar-
ing the variance of a component without trend,
i.e., S, + R. The value of 0 < F, < 1 for time
series with lower seasonality will be closer to
0, while in time series with stronger seasonal
behaviour, it will be closer to 1 (HYNDMAN;
ATHANASOPOULOS, 2018).
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Another important characteristic of time se-
ries is the relation of dependency between its
values. Autocorrelation is a measure of dependen-
cy that quantifies the form of how the observations
in a time series relate to each other. To this end,
lagged values of the time series are used. To lag
a time series means to delay its value in a certain
number k of observations. The autocorrelation, r,,

between y, and y,, is given by Equation (3).

rﬁi (yt—ﬁ)(yt_k—ﬁ)/zrz(yt—ﬁ)z 3)

At which: y is the time series average and n is the number
of observations.

Once computed the correlations for many lagged
values, they can be displayed graphically, through
the Autocorrelation Function (ACF). The interpre-
tation of the ACF plot can reveal the existence
of trend or seasonality in time series (CHAN;
CRYER, 2018).

Pluviometry

For the pluviometry study in a region, data
from rainfall stations situated inside an area of
interest and its surroundings are used. Then, it
is adopted an average precipitation in the region,
computed through methods such as arithmetic
average, the Thiessen polygon method or isohyets
method. This average precipitation is considered
corresponding to a water depth that covers the
considered area (TUCCI, 2001).

It was used 7 stations nearby to the studied
well. For the selection, inactive stations, without
data for the considered period or with an insuf-
ficient amount of data were not considered. For
each station, the monthly accumulated precipita-
tion time series were obtained in the period from
August 2011 to November 2019. The average
precipitation was computed for each month in the
study period using the Thiessen polygon method,
with a total influence area of 1,247 km2. Then, the
monthly precipitation time series were obtained.

In the Thiessen polygon method application,
an influence area for each station inside the study
area is defined, and the average precipitation is
then calculated by the weighted mean of the
rainfall measurements at each station so that the
weights are the influence areas. Constructing the
areas consists of tracing straight lines that join
adjacent stations, followed by tracing the perpen-
dicular bisectors of these areas. The generated
polygons by the perpendicular bisectors are the
Thiessen polygons (TUCCI, 2001).

Data processing and computational
implementation

The precipitation time series, obtained from
the FUNCEME website, and the groundwater lev-
el time series, available on the RIMAS website,
were processed in Excel, in order to compute
the monthly accumulated precipitation and av-
erage groundwater level time series, respectively.
Thiessen polygon tracing and the influence ar-
eas calculation was carried out on QGIS (QGIS
DEVELOPMENT TEAM, 2021), and the time
series study was performed in the R statistical
environment (R CORE TEAM, 2013). Gap-filling
of time series was done by linear interpolation.
The STL decomposition was computed by the
st/ function, using 11 observations as seasonal-
ity window (parameter s.window = 11) and the
non-robust method (parameter robust = FALSE).

Results and discussion
Time series analysis

The monthly average groundwater level time
series obtained in the Agua Vermelha well showed
in general a sharp drawdown. The highest water
level registered was the first of the time series,
of 10.76 m in August 2011, while the lowest
was registered in January 2018, equivalent to
19.25 m of depth. Therefore, the time series range
was 8.49 m. The groundwater lowering, from the
time series start to the last record, was 8.30 m.
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Monitoring groundwater levels evolution is im-
portant for water availability evaluation. Historical
precipitation data are also considered in this evalu-
ation, once it allows the measurement of the aquifer

system recharge. Figure 3 shows the monthly
groundwater level time series in Agua Vermelha
well, in comparison with the monthly accumulated
precipitation time series in the study area.

Figure 3 — Evolution of monthly average groundwater level in Agua Vermelha well vs. Precipitation in the study
area, during the period of August/2011 to November/2019.
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By analyzing the groundwater level time se-
ries, it can be seen at long term a clear negative
trend from 2011 to 2016, indicating the wa-
ter level drawdown. Then, from 2017 to 2019,
there are no trend variations, and a seasonality
pattern occurs, causing a periodic increase in the
time series values at the beginning of each year.
This seasonal variation also occurs in the first
years of the time series, but in a milder way.

Another way to clearly analyze the seasonal
behaviour of time series is through the season-
al plots, shown in Figure 4. The negative trend
throughout each year is evident, where 2016
was the year that showed the biggest drawdown
of groundwater level. From 2017, the periodic
increase of groundwater level starts in February,
reaching the highest value in June. In the early

||‘ “I..ll - o
I I

2016 2017 2018 2019 2020

years of the time series, there is also a slight in-
crease in the level during this period. In fact, this
is due to the region precipitation regime, in which
the rainy season begins in February and extends
to May, despite the interannual variability.

In hydrological time series, the exhibition of
patterns such as trend and seasonality occurs
due to climate natural variations or anthropic ac-
tion (KARAMOUZ; NAZIF; FALAHI, 2012). The
individual study of these components is useful
to understand the time series, as well as to im-
prove the performance of modeling techniques
and prediction. The STL decomposition of the
monthly groundwater level time series is shown
in Figure b. By analyzing separately each com-
ponent, it can be perceived that in this method
the seasonality is considered dynamic, increasing
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Figure 4 — Seasonal plot of monthly average groundwater level in Agua Vermelha well, during the period of

August/2011 to November/2019.
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Source: Elaborated by the authors (2021).

throughout the years, and the trend plot shows
the drawdown of the water level, followed by
a period of stability. The grey vertical bars, on
the right side of each plot, have the same size,
but are expressed in different scales. The differ-
ence in the bar sizes implies that the variations
in the seasonality and the remainder compo-
nents are small in comparison to the variations
in the original time series, while in the trend, the
variations are bigger in relation to the original
time series. This allows to graphically infer the
strength of trend and seasonality (HYNDMAN;
ATHANASOPOULQS, 2018).

Another way for measuring the presence of
trend and seasonality components is through the
relation between its variances and the variance of
the remainder component. Therefore, Equations
(1) and (2) were applied and the obtained val-
ues were F, = 0.9897 and F, = 0.7166. The
value of F, closer to 1 is a numerical indica-
tive of the strong trend present and allows infer
that the trend is the most important component
of the time series. The value of F indicates the

existence of seasonality in the time series, al-
though it manifests in more slightly in relation to
the trend component.

The existing autocorrelation between the ob-
servations of a time series is another important
factor in its study. The autocorrelation function
plot for the monthly groundwater level time series
up to lag 24 is shown in Figure 6. In the x-axis
the lagged values of the series are disposed, i.e.,
the values of y, , where k is a lag, while the y-ax-
is is formed by the correlation values between
the lags.

The pattern shown in the plot is charac-
teristic of time series with the trend, since the
correlation is higher and positive in the small-
er lags, while smoothly decrease according to
the greater the lags are. This implies that the
time series observations have strong relation
with the observed value at the immediately pre-
vious months. Besides, the significant correlation
value at lag 12 indicates the time series annu-
al seasonality.
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Figure 5 — Monthly average groundwater level in Agua Vermelha well (August/2011 to November/2019), and
the 3 additive components obtained by STL decomposition.
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Figure 6 — Autocorrelation Function (ACF) plot of monthly average groundwater level time series in Agua Vermelha
well, during the period of August/2011 to November/2019.
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Environmental aspects of the study
area

The observed drawdown of the ground-
water level in the well, according to Figure 3,
reflects the situation of the quantitative state
of the Middle Aquifer System. According to the
Report of Monitored Wells of Cariri by COGERH
(2019b), by observing the comparative of 10
years of monitoring, from 2009 to 2019, most of
the monitored wells by the agency exhibits draw-
down, sometimes significant, in relation to the

initial values. Regarding the qualitative state of
the Araripe Basin aquifers, authors like Gomes,
Mendonca and Cavalcante (2019) highlight the
vulnerability and the risk of pollution to which the
water reserves are subjected.

Inserted in the geological context of the
Araripe sedimentary basin, the municipality of
Milagres has lithological characteristics that con-
tribute to good groundwater storage capability,
as can be identified by its lithologies. Figure 7
shows the geological map of the municipality.

Figure 7 — Geological map of the municipality of Milagres, Ceara, highlighting the Agua Vermelha well loca-

tion, 2020.

490000 500000 510000

520000 530000 540000

X
ﬂ GEOLOGY OF THE MUNI

9220000

CIPALITY OF MILAGRES - CE |

9220000

9210000

9200000

9190000
I

9180000
\

——

9210000

9200000

Legend
@® Agua Vermelha well

Lithology

[ Abaiara Formation

[ Missio Velha Formation

[ ] Brejo Santo Formation ]
[ Mauriti Formation

[] Santana dos Garrotes Formation
[ Alluvial deposits

[ Eluvial-colluvial deposits

9190000

|
9180000

WGS 84/ UTM Zone 248
Claborated by the authors (2021}

| | £

Source: CPRM (2020).

It can be seen in the municipality territory
that the geological context of Milagres is char-
acterized by the existence of sedimentary rocks
derived from the Araripe sedimentary basin.
According to the geological base of the Brazilian

490000 500000 510000

520000 530000 540000

Geological Service (CPRM, 2020), its lithological
heterogeneity varies among silt shales (Abaiara
Formation), thick and thin sandstones, and con-
glomerates (Missao Velha Formation), besides
the shales, argillite and silt of varied colours
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(Brejo Santo Formation), overlaid by sandstones
of thick granulometry (Mauriti Formation).

Based on this characterization and identifica-
tion according to the map, it can be noticed that
the studied well is settled on the Missao Velha
Formation. In his studies, Camacho (2016) char-
acterizes this location as an underground space
where are the middle aquifer waters, situated
over an aquitard derived from the Brejo Santo
formation. The lithological conditions in which
the Agua Vermelha well is situated, marked by a
rocky sedimentary substrate, provides the ideal
conditions for groundwater storage. This is due
to the type of rock, in which there is a porosity of
interstitial or primary type, characteristic of sed-
imentary environment with sandy composition
(REBOUCAS, 2013).

The studied monitoring well is locat-
ed relatively far from the city. Figure 8 shows
the surrounding area of the studied well, from
CBERS 4 satellite image obtained through the
General Division of Images (INPE, 2021), refer-
ring to the period of August 2020. While it is
possible to see the distancing between the well
and the city space, agricultural areas can be seen
in its surroundings. The Agua Vermelha well is a
monitoring well, therefore there is no pumping of
its waters. However, the historical observations
of measured groundwater level evolution exhibit
a significant drawdown on the water-table lev-
el in the well. This, in turn, indicates that the
aquifer systems waters of the region are subject
to disturbances from climatological factors and
land use.

Figure 8 — Visualization of the Agua Vermelha well surroundings from a satellite image, August/2020.
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In the socio-environmental context, ground-
water obtained from drilled wells are useful for

the development of many functions, in the phys-
ical and biological sphere as well as in the social
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sphere. Groundwater is used for activities such
as agricultural production, industrial activities,
besides the populational supply (MANZIONE,
2015). It is important to point out that ground-
water in the semi-arid environment context has
greater importance, once it constitutes one of the
main forms of water supply. Such fact is due to
the rainfall irregularity inherent of the region, as
well as by the intermittency of the watersheds,
where most of them have water flow only during
the rainy season (TEIXEIRA, 2003; WHEATER;
MATHIAS; LI, 2010).

In general, even having immeasurable im-
portance for the human species, the water
environments are the most affected by the lack
of environmental protection, population growth
and land use. In surface water sources and un-
derground environments, it can be seen the water
contamination, that degrade not only the physi-
cal and biological space, but also reach the social
sphere (SOARES, 2015).

Conclusion

Methods explored in this research allowed
the identification and the description of the main
characteristics of the analyzed time series. The
Agua Vermelha well showed a significant lower-
ing of water levels, despite the recharge during
the rainy season. Given the importance of the
Araripe sedimentary basin aquifer systems, the
study of groundwater levels evolution in monitor-
ing wells and the evaluation of the environmental
aspects in the area allow to perform the diagno-
sis of groundwater qualitative and quantitative
states, as well as to understand the local dynam-
ics and the aquifers systems behaviour.
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Resumo

0 milho possui grande destaque econdmico no agronegécio nacional e internacional, sendo usado para diversas finalidades,
tais como utilizacdo do grdo e em forma de volumoso (silagem). Este trabalho teve como objetivo avaliar as caracteristicas
agronémicas de 12 hibridos de milho para producdo de silagem em Inconfidentes/MG. Utilizaram-se de 12 hibridos, sen-
do: 20A78PW, 2B512PW, 2B533PW, 2B688PW, 30F53LEPTERA, AG8740-PRO3, DKB345-PR0O3, DKB363-PRO3,
LG3055-PR0O3, LG6036-PR0O3, MAXIMUS-VIP3 e MG652PW. Os tratamentos foram implantados no delineamento de
blocos casualizados (DBC), com 3 repeticdes. As parcelas experimentais foram constituidas de 4 linhas de 5 metros de com-
primento e espagamento de 0,8 m entre fileiras, sendo a area Util as duas linhas centrais. Os parametros avaliados foram
produtividade de matéria verde, produtividade de matéria seca, altura de planta, altura de espiga, espessura média do colmo,
janela de corte, florescimento e ciclo. Os hibridos 20A78PW, 2B533PW, DKB345-PR0O3 e DKB363-PR0O3 apresentaram
0s maiores valores de janela de corte em relagdo aos demais. O hibrido LG3055-PRO3 apresentou a menor janela de corte.
Os hibridos 30F53LEPTERA, AG8740, DKB345-PR03, LG6036-PR0O3 e MG652PW apresentaram os maiores valores de
altura de planta. Nao foi observada diferenca estatistica entre os hibridos para as variaveis produtividade de matéria verde,
altura de espiga e espessura do colmo. Os hibridos AG8740, DKB345-PR0O3, LG6036-PR0O3 e MG652PW obtiveram os
maiores valores de produtividade de matéria seca. Os hibridos 20A78PW, 2B533PW, DKB345-PR0O3 e DKB363-PR0O3
apresentaram o menor tempo de florescimento masculino e feminino. O hibrido DKB345-PR03 se destacou, mostrando-se
com grande potencial para ser recomendado e cultivado pelos produtores de silagem.

Palavras-chave: Matéria seca. Zea mays L. Silagem. Volumoso. Florescimento.

Introdugéo O processo de ensilagem objetiva a conserva-
cao das forrageiras que, por sua vez, vem sendo
cada dia mais adotada como estratégia para o pe-
riodo de seca e falta de alimento para os animais e
melhoria no aproveitamento da cadeia produtiva.
A silagem representa uma participacao de mais
de 70 % nas propriedades produtoras de leite,
tornando-se um forte parametro para o mercado
de milho em nivel nacional (VIEIRA; ANTUNES,
2018). O milho (Zea mays L.) € uma das espé-
cies cultivadas de grande diversidade genética,
tanto em qualidade nutricional quanto em produ-
tividade, apresentando um volumoso de elevado
valor nutricional e com importancia consideravel

A cultura do milho possui grande destaque
econdmico no agronegdcio nacional e interna-
cional, sendo utilizada para diversas finalidades,
em destaque a utilizagcao do grao para consumo
humano e principalmente como concentrado nas
dietas animais e em forma de volumoso (sila-
gem). Altas produtividades da cultura podem ser
relacionadas com as caracteristicas fisioldgicas
das plantas utilizadas para o processamento da
silagem, pois trabalhos realizados propéem que a
qualidade final do produto est4 diretamente mais
correlacionada com as caracteristicas qualitati-
vas dos elementos vegetativos da planta do que

ao grao em si (MENDES et al., 2008; PEREIRA
etal., 2011).

principalmente na alimentacdo de ruminantes,
visando ao maior potencial produtivo do animal
(MARCONDES et al., 2012).
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Moraes et al. (2013) apontaram a existén-
cia de grande variedade de hibridos de milho
para a producao de silagem, sendo a espécie Zea
mays L. considerada uma das mais cultivadas
para este fim, além de fornecer uma considera-
vel diversidade em variaveis como matéria verde,
espessura de colmo, entre outras que influen-
ciardo no aspecto nutricional do produto final
da silagem.

Zopollatto et al. (2009) expressaram que
o milho possui diversos compostos diferentes,
sendo a fragao vegetativa constituida por carboi-
dratos estruturantes e a fracao granifera com o
amido do endosperma. Assim, verifica-se que do
florescimento ao estagio de grao farinaceo, a cul-
tura tem importante transformacao, levando em
consideracao o aspecto quantitativo com a con-
centracao de matéria seca e também o aspecto
qualitativo com a alteracao rapida da porcenta-
gem dos compostos nutritivos, ou seja, da parte
forrageira das plantas.

Oliveira et al. (2007) expuseram em seu tra-
balho que fatores como ciclo, tipo, produtividade
de matéria seca, por exemplo, tém destaque
na escolha dos hibridos para o cultivo, pois in-
fluenciam a quantidade e o valor nutricional da
silagem. Além disso, ressaltam a existéncia de
grande variedade de cultivares de milho quando
considerada a produtividade de matéria seca e
sua qualidade.

A cultura do milho apresenta grande
variabilidade para definicao de seu ciclo com-
pleto, uma vez que as condigbes ambientais e
a diversificacao de geno6tipos interferem no seu
desenvolvimento; assim, toma-se como base
0 numero de dias desde a sua semeadura até
a colheita ou a ocorréncia da inflorescéncia
(MACHADO et al., 2017).

Oliveira et al. (2005) citaram que ensaios
de competicao de hibridos de milho sao de ex-
trema importancia para avaliar o desempenho
agronémico de novas cultivares hibridas gene-
ticamente melhoradas lancadas no mercado,

sendo avaliadas nas diferentes condicdes am-
bientais. Diante disso, a escolha da cultivar
hibrida pelo produtor, mais adequada para suas
condigoes locais, sera obtida com base em da-
dos resultantes de ensaios de caracterizacao
agrondémica (SANTOS et al., 2002). Lupatini
et al. (2004) ressaltaram que os melhores de-
sempenhos das cultivares hibridas destinadas a
producao de silagem ocorrem quando todas as
condicoes locais sao adequadas para o desenvol-
vimento da planta.

Jaremtchuk et al. (2005) reforcaram a afir-
mativa de que para a escolha do hibrido de milho
para silagem com a finalidade de uma producao
exequivel no aspecto econémico e com destaque
na qualidade, deverdo ser utilizadas as cultivares
de maior produtividade e adaptadas as condicoes
ambientais da localidade de cultivo.

Desta maneira, é relevante que pesquisas
gerem informacoes, avaliando o desempenho das
cultivares hibridas de milho disponiveis no mer-
cado, subsidiando recomendagoes de cultivares
para silagem de planta inteira para diversas oca-
sides e regides. Neumann et al. (2018) citaram
também a forte interagcéo entre o genoétipo e o
ambiente sobre o desempenho de cultivares de
milho destinados a producao de silagem.

Diante das informagOes expostas, este
trabalho teve como objetivo avaliar o desempe-
nho agronémico de 12 hibridos de milho para
producao de silagem em Inconfidentes/MG na
safra 2019/2020.

Material e métodos

O experimento foi realizado em campo no
municipio de Inconfidentes/MG, na éarea ex-
perimental da Fazenda do Instituto Federal de
Educacao, Ciéncia e Tecnologia do Sul de Minas
Gerais, Campus Inconfidentes.

O municipio se localiza a 869 m de altitu-
de, 22°18'47" de latitude Sul e 46°19'54,9" de
longitude Oeste (FAO, 1985). O clima da regiao
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¢ do tipo temperado propriamente dito, ou seja,
mesotérmico de inverno seco (Cwb). Possui tem-
peratura média anual de 19,3 °C e precipitacao
média anual de 1.411 mm (FAQ, 1985). A area
possui um latossolo vermelho amarelo eutrofico
(DOS SANTOS et al., 2018) sendo cultivada
anualmente com milho.

Foram utilizados 12 hibridos (20A78PW,
2B512PW, 2B533PW, 2B688PW,
30F53LEPTERA, AG8740, DKB345-PRO3,
DKB363-PR0O3, LG3055-PR0O3, LG6036-
PRO3, MAXIMUS e MG652PW) com
caracteristicas para a producao de silagem.

O experimento foi instalado no dia 22 de no-
vembro de 2019, época de plantio recomendada
na regiao. O solo foi preparado de maneira con-
vencional. Foi realizada uma aracao a 30 cm
de profundidade e, em seguida, duas gradagens
para destorroamento e nivelamento.

Os tratamentos foram instalados utilizando
o delineamento de blocos casualizados (DBC),
com 3 repetigdes. As parcelas experimentais
foram constituidas de 4 linhas de 5 metros de
comprimento e espacamento de 0,8 m entre fi-
leiras, sendo a area til as duas linhas centrais.

Os parametros avaliados foram produ-
tividade de matéria verde (PMV) em t hal,
produtividade de matéria seca (PMS) em t ha,
altura de planta (AP) em metros, altura de espiga
(AE) em metros, espessura média do colmo (EC)
em centimetros, janela de corte (JC) em dias, flo-
rescimento masculino (FM) e feminino (FF) em
dias e o ciclo (CC) em dias.

Foi determinada a avaliagao desses parame-
tros devido a extrema relacao deles nos aspectos
qualitativo e quantitativo do produto final, que é
a silagem de planta inteira. A interacao gendtipo
e ambiente apresenta também uma forte influén-
cia entre elas.

A variavel matéria verde foi determinada
a partir das plantas das duas linhas centrais
de cada area (til na qual elas foram cortadas

e foram amarrados feixes para distribuicao do
peso, sendo pesadas na sequéncia em uma ba-
lanca digital de mao; posteriormente, calculou-se
a produtividade em t ha' da matéria verde.

Para obtengao da matéria seca, as plantas
das areas Uteis foram cortadas e picadas apds
as espigas apresentarem Y2 linha do leite e, em
seguida, foi retirada uma amostra de 300 g, a
qual foi desidratada com auxilio de uma estufa
de circulacao de ar forcada a 56 °C por um pe-
riodo de 72 h e, apds esse periodo, as amostras
foram retiradas da estufa e pesadas em balanca
de precisao. A partir da porcentagem de matéria
seca do hibrido obtida por meio da diferenca de
peso verde e seco, foi determinada a produtivi-
dade em t ha! dessa variavel.

A altura de planta foi determinada pela me-
dida em metros da altura média de dez plantas
escolhidas aleatoriamente na area (til, sendo
esta medida realizada a partir do nivel do solo
até o ponto de insercao da folha bandeira (Gltima
folha da planta).

A altura de espiga foi obtida pela altura mé-
dia de dez plantas escolhidas aleatoriamente na
area (til, medida em metros, do nivel do solo até
o ponto de insercao da espiga principal.

Para a determinacao da espessura média do
colmo, as medidas foram realizadas em centime-
tros com auxilio de paquimetro. Foram medidos
trés pontos na planta e obteve-se uma média,
sendo um ponto a 20 cm acima do nivel do solo,
outro na insercdo da espiga principal e outro na
insercao da folha bandeira e o valor final para
fins de avaliacdo foi a média de dez plantas es-
colhidas aleatoriamente dentro da area (til.

A janela de corte foi determinada a partir do
momento em que as plantas estavam aptas para
realizar seu corte, de 2 da linha do leite a 34 da
linha do leite.

Para a avaliacdo dos florescimentos, foi
mensurado o numero de dias da semeadura
até 50 % das plantas da parcela apresentarem
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anteras liberando polen, no caso do floresci-
mento masculino (pendoamento), ou emitirem
estilo-estigma no florescimento feminino (em-
bonecamento), de acordo com a metodologia
de Clovis et al. (2015) e Ciappina (2019). Foi
calculado, também, o intervalo de florescimento
que trata da diferencga, em dias, entre o pendoa-
mento e 0 embonecamento.

O ciclo de cada hibrido foi determinado a
partir do momento da semeadura até quando
as plantas apresentaram o seu ponto de corte,
no qual o milho estava na %2 da linha do leite.
As avaliagbes da linha do leite eram realizadas
semanalmente apés o florescimento masculi-
no e feminino; posteriormente, com os hibridos
apresentando quase a metade da linha do leite,
as avaliacdes passaram a ser diarias, por pre-
caugao para que o momento ideal do corte nao
fosse observado tardiamente e com possiveis er-
ros analiticos.

Os dados foram analisados por meio do
software SISVAR (FERREIRA, 2011) e as va-
riaveis foram comparadas pelo teste Skott-Knott
(1974), a 5 % de probabilidade.

Resultados e discussao

A interacao gendtipo e ambiente é de ex-
trema importancia, desta maneira podemos
observar na Figura 1 os dados da temperatura
méaxima, minima e média e a precipitagcao ao
longo da conducao do experimento. Os dados
foram coletados em uma estacao meteorologica
(Vantage Pro2 - Davis®) instalada na Fazenda do
IFSULDEMINAS - Campus Inconfidentes em lo-
cal com Latitude: 22° 18 37,47" S, Longitude:
46° 19’ 56,31" O e Altitude: 914,0 m. O equi-
pamento armazena dados horarios, os quais
foram integralizados para obtencao do total dia-
rio de precipitacao, e foi calculada a média diéria
para os dados de temperatura.

Figura 1 — Temperatura e precipitacao durante a conducao do experimento de novembro/2019 a marco/2020
em Inconfidentes/MG.
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Fonte: Barbosa (2020).

Os resultados médios para produtividade de
matéria verde (PMV), produtividade de maté-
ria seca (PMS), altura de planta (AP), altura de

espiga (AE), espessura do colmo (EC) e janela de
corte (JC) estao dispostos na Tabela 1.
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Tabela 1 - Valores do desempenho agronémico de 12 hibridos de milho para silagem avaliados em Inconfidentes/

MG na safra 2019/2020.

Hibridos *PMV *PMS *AP *AE *EC *:IC
(t ha-1) (t ha-1) (m) (m) (cm) (dias)

20A78PW 61,15a 17,54 b 2,37b 1,22 a 1,71 a 18 a
2B512PW 56,07 a 18,08 b 2,32b 1,26 a 1,72 a 14 b
2B533PW 66,58 a 18,20 b 2,35b 1,27 a 1,82 a 15a
2B688PW 56,96 a 19,47 b 2,29b 1,22 a 1,86 a 12 ¢
30F53LEPTERA 61,48 a 15,77 b 2,57 a 1,44 a 1,74 a 13 b
AG8740-PRO3 63,76 a 24,12 a 2,45 a 1,31 a 1,70 a 10c
DKB345-PR0O3 59,96 a 23,63 a 2,48 a 1,29 a 1,74 a 16 a
DKB363-PR0O3 51,86 a 20,67 b 2,40 b 1,27 a 1,68 a 16 a

LG3055-PRO3 52,61 a 19,59 b 2,26 b 1,35a 1,75 a 7 d
LG6036-PRO3 62,68 a 24,38 a 2,50 a 1,24 a 1,88 a 11c
MAXIMUS 49,23 a 18,86 b 2,20b 1,24 a 1,73 a 13 b
MG652PW 70,86 a 22,74 a 2,50 a 1,33 a 1,87 a 12 ¢
CV (%) 11,52 16,00 5,22 5,07 6,79 12,75

*Médias seguidas de letras distintas nas colunas diferem entre si pelo teste de Scott-Knott (1974) (P < 0,05).

Fonte: Elaboragédo dos autores (2020).

Analisando a variavel PMV, verificou-se que
nao houve diferenca significativa (P < 0,05)
entre os hibridos. Por outro lado, Paziani et al.
(2009) ressaltaram em sua pesquisa que a pro-
dutividade de matéria verde é um dos primeiros
parametros buscados pelo produtor para escolha
de determinada cultivar, pelo fato de o produtor
se preocupar com o dimensionamento dos silos
onde sera armazenado o alimento bruto, além
de diluir os custos de implantacao da cultura
devido a elevagao da produtividade. Contudo, a
PMV possui influéncia da época de corte, desta
maneira recomenda-se observar melhor a PMS,
uma vez que nela também se encontram os nu-
trientes que os animais utilizarao.

Para a varidvel PMS, houve diferenga es-
tatistica, em que os hibridos AG8740-PR0O3,
DKB345-PR0O3, LG6036-PRO3 e MG652PW
apresentaram os maiores valores. Essa variavel é
de extrema importancia na escolha de um hibri-
do, pois nela estao contidos nutrientes essenciais
€ a energia que 0S animais precisam para pro-
ducao de carne ou leite. Lupatini et al. (2004)
ressaltaram que as cultivares recomendadas

para silagem deverdo estar adaptadas na regiao
de plantio, buscando um 6timo desempenho de
PMS e uma boa participagao de graos, o que
consequentemente ir4 resultar em alta produti-
vidade e boa qualidade do alimento.

Observou-se diferenca estatistica da AP
entre os hibridos, sendo 30F53LEPTERA,
AG8740-PR0O3, DKB345-PR0O3, LG6036-
PRO3 e MG652PW os de maiores portes. Essa
variavel é influenciada pelo genétipo e pelo local
onde o hibrido é semeado (interagao gendtipo x
ambiente), o acamamento esta relacionado com
essa variavel, no entanto neste experimento nao
houve ocorréncia de acamamento.

Nas variaveis AE e EC, nao houve diferenca
estatistica entre os hibridos, esses pardametros
também estéo relacionados com a interagao ge-
no6tipo e ambiente.

Analisando-se a variavel JC, verificou-se di-
ferenca significativa (P < 0,05), e os hibridos
gue demonstraram maiores valores de janela de
corte em relacao aos outros foram: 20A78PW;
2B533PW; DKB345-PR0O3 e DKB363-PRO3.
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A menor janela de corte foi apresentada pelo
hibrido LG3055-PRO3. Essa variavel ¢ muito im-
portante, pois auxilia os produtores de silagem a
planejarem melhor suas colheitas dentro de um
periodo ideal visando a exceléncia dos resultados
do produto final, desta maneira, os hibridos com
maiores janelas de corte serao 0s mais indicados
para a producao de silagem.

Portanto, recomenda-se a escolha dos hi-
bridos que possuirem a maior produtividade de
matéria seca, outro fator importante é a janela
de corte, que deve ser o mais espagada possivel.

Os resultados obtidos do ciclo da cultura
(CC), contados em dias, podem ser visualizados
na Figura 2.

Figura 2 — Valores em dias do ciclo da cultura de 12 hibridos de milho para silagem avaliados em Inconfidentes/

MG, na safra 2019/2020.
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CV (%) 1,54.
Fonte: Elaboracao dos autores (2020).

Segundo a Emater (2016), as classificacoes
do ciclo das cultivares de milho sao determinadas
de acordo com o nimero de dias da semeadura
até o momento da colheita. Com base nesta afir-
mativa, no caso de milho para silagem, o ciclo
foi estabelecido no momento do corte.

Dekalb (2018) ressaltou que o Ministério da
Agricultura, Pecudria e Abastecimento (MAPA)
vem tentando padronizar a classificagdo do ciclo
de hibridos de milho em nimero de dias, porém
ainda nao existe uma norma definida para esse
assunto; assim, sugere-se a divisao em 3 grupos:
Grupo | — Superprecoce: até 110 dias; Grupo Il
— Normal: entre 110 e 145 dias e Grupo Il -
Tardio: maior que 145 dias.

De acordo com os resultados apresentados
no Gréafico 2, as cultivares foram classificadas
quanto ao seu ciclo como Superprecoce e Normal,
sendo Superprecoce os hibridos 20A78PW e
2B533PW e Normal os hibridos 2B512PW,
2B688PW, 30F53LEPTERA, AG8740-PRO3,

DKB345-PRO3, DKB363-PRO3, LG3055-
PRO3, LG6036-PRO3, MAXIMUS-VIP3
e MG652PW.

O florescimento masculino (FM) e o flores-
cimento feminino (FF) podem ser visualizados
na Figura 3.
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Figura 3 - Florescimento masculino e feminino de 12 hibridos de milho para silagem avaliados em Inconfidentes/

MG na safra 2019/2020.
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Fonte: Elaboragdo dos autores (2020).

Observa-se na Figura 3 que nao houve gran-
de variacao entre os intervalos de florescimento
das 12 cultivares de milho, destacando os hi-
bridos 20A78PW, 30F53LEPTERA, MG652PW,
MAXIMUS-VIP3, LG6036-PR0O3, DKB345-PR0O3
e AG8740-PR0O3, que tiveram o florescimento
masculino e feminino ao mesmo tempo. Porém,
os demais hibridos ainda ficaram dentro dos pa-
rametros adequados para avaliacao desta variavel
sendo que o periodo variou de 1 a 3 dias.

O processo de liberagao do polen pelo pen-
dao da planta de milho pode levar em média de
2 a 14 dias, enquanto o florescimento feminino
geralmente ocorre no periodo de dois a trés dias
depois do pendoamento. Assim, intervalos de flo-
rescimento de trés dias nao sao considerados tao
grandes que possam afetar o desempenho na
cultura (CIAPPINA, 2019).

Ciappina (2019), em seu experimento, ob-
servou que o intervalo de florescimento variou de
zero a trés dias, considerados ideais para produ-
cao e para programa de melhoramento genético,

uma vez que os intervalos maiores dificultam o
processo de autofecundacao das plantas.

Magalhaes et al. (2009) destacaram que
o milho em seu florescimento é muito sensivel,
principalmente se relacionado a falta de agua,
devendo chamar a atencdo para que ndo ocor-
ra aumento no intervalo entre o florescimento
masculino e feminino, pois ira afetar de forma
negativa a producgdo da cultura.

Observando a precocidade dos floresci-
mentos masculino e feminino nos hibridos na
Figura 3 e destacando a varidvel janela de corte
na Tabela 1, verificou-se que as cultivares com
maiores valores de janela de corte apresentaram
um menor periodo para ocorréncia dos floresci-
mentos principalmente no pendoamento, em que
os hibridos 20A78PW, 2B533PW, DKB345-
PRO3 e DKB363-PR0O3 sobressairam nesta
avaliacdo em relacao aos demais, demonstrando
uma média de 64 dias para ambos os floresci-
mentos e 16 dias de janela de corte, enfatizando
a afirmativa.
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Zopollatto et al. (2009), em pesquisa ava-
liando o desempenho de cultivares de milho para
producao de silagem em duas safras distintas,
encontraram valores semelhantes ao floresci-
mento masculino, correspondendo a uma média
de 64 dias.

Assim como foi destacada a importancia de
se levar em consideracao a variavel janela de
corte para melhor planejamento dos produto-
res, principalmente para o periodo da colheita,
também é de grande relevancia salientar que o
florescimento possui uma relacao com o espaca-
mento da janela de corte, tornando-se parametro
determinante no momento da escolha do hibrido.

Conclusoes

Os hibridos 20A78PW; 2B533PW;
DKB345-PR0O3 e DKB363-PR0O3 apresentaram
0s maiores valores de janela de corte em relacao
aos demais. O hibrido LG3055-PR0O3 apresen-
tou a menor janela de corte.

Os hibridos 30F53LEPTERA, AG8740,
DKB345-PR0O3, LG6036-PRO3 e MG652PW
apresentaram os maiores valores de altura
de planta.

Nao houve diferenca estatistica entre os hi-
bridos para as variaveis produtividade de matéria
verde, altura de espiga e espessura do colmo.

Os hibridos AG8740, DKB345-PRO3,
LG6036-PRO3 e MG652PW representaram
0os maiores valores de produtividade de maté-
ria seca.

Os hibridos 20A78PW, 2B533PW, DKB345-
PRO3 e DKB363-PR0O3 apresentaram o menor
tempo de florescimento masculino e feminino.

De maneira geral, o hibrido DKB345-PR0O3
se destacou, mostrando-se com maior potencial
para ser recomendado e cultivado pelos produ-
tores de silagem na regiao de Inconfidentes/MG.
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Resumo

O café é um produto agricola cujo processamento requer especial atencdo, a fim de manter preservadas suas qualidades.
Na pos-colheita, podem ser obtidos diferentes padroes de grdos devido a adogao de técnicas e uso de equipamentos que
possibilitem a separagao dos frutos por estagio de maturagao, possibilitando a formacao de lotes de café mais homogéneos
quando comparados ao lote de café sem essa separagao (mistura de frutos). A composigao quimica do grao de café depende
de fatores genéticos, ambientais e condigbes de manejo pré e pds-colheita, sendo importante avaliar os diferentes tipos de
manejo pos-colheita e sua interferéncia na qualidade final da bebida. Diante disso, o presente trabalho teve como objetivo
caracterizar os atributos fisico-quimicos e o perfil sensorial dos diferentes padroes de café obtidos durante a pés-colheita dos
frutos. Foram obtidos 13 padroes, sendo: mistura de frutos secados em leira alta, mistura de frutos secados em leira baixa,
verde mais maduro, boia natural, passa natural, boinha, verde cana natural, maduro natural, maduro natural fermentando
em agua, maduro natural fermentado seco, passa descascado, maduro descascado e maduro despolpado, em trés repeticdes
ao acaso. Foram avaliados brix, acidez titulavel total, pH, teor de cinzas e perfil sensorial. O tratamento Maduro Natural
(MN) foi o melhor processamento avaliado, pois proporcionou o maior valor de Brix e o menor valor de acidez titulavel. Os
tratamentos maduro descascado, maduro despolpado e maduro natural apresentaram melhores valores sensoriais, sendo
assim sao recomendados para 0 manejo pds-colheita para obtencao de uma boa qualidade da bebida.

Palavras-chave: Coffea arabica. Qualidade. Tratamento.

Introducao

O café é uma das culturas mais tradicionais
da agricultura brasileira, tendo seu cultivo inicia-
do h4 mais de 200 anos no Brasil. E considerada
uma cultura de grande expressao econdémica no
pais (FAGAN et al., 2011). No entanto, € um dos
produtos agricolas cujo processamento requer
especial atengao, a fim de manter preservadas as
suas qualidades (NOBRE et al., 2011). Diante
disso, o café pode ser processado de duas ma-
neiras: via seca, que produz café em coco; via
Umida, que produz café despolpado e descasca-
do (BOREM et al., 2013).

A forma de preparo por via seca dos graos
fornece o café natural ou de terreiro, em que
o fruto é processado integralmente (ARRUDA;

HOVELL; REZENDE, 2011), isto é, com o exocar-
po (casca), resultando em um café com maiores
teores de sdlidos soluveis, aglcares redutores e
totais (RIBEIRO et al., 2011). No processamen-
to via Umida, ocorre eliminagao do exocarpo e do
mesocarpo (mucilagem), os quais sao fontes de
fermentacao e retardam a secagem (MATIELLO
et al., 2010). Podem ser produzidos: os cafés
cereja descascado, resultado da remogao meca-
nica da casca e, parcialmente, da mucilagem
do fruto; os cafés cereja despolpados, origina-
dos de frutos descascados mecanicamente com a
mucilagem remanescente removida por fermen-
tacao; os cafés cereja desmucilados, resultado
da remogao mecanica tanto da casca quanto da
mucilagem (BOREM et al., 2013).
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A industria cafeeira, atualmente, apresenta
crescente segmentacao quanto as caracteristi-
cas de qualidade do café que sao relacionadas a
sua origem e formas de preparo, que dependem
dos fatores intrinsecos e extrinsecos. A intera-
cao entre esses fatores garante a expressao final
das caracteristicas de sabor e aroma da bebida
(PIMENTA et al., 2009).

Recentemente, a demanda por cafés dife-
renciados se intensificou e o setor cafeeiro vem
investindo, cada vez mais, na produgao de cafés
com qualidade em razao da exigéncia do merca-
do consumidor (ABRAHAO et al., 2010). Ofertar
qualidade ao consumidor brasileiro nao tem sido
uma tarefa facil para os agentes envolvidos na
cadeia produtiva, principalmente no que diz res-
peito ao retrospecto histérico do agronegdécio do
café no Brasil, em razdo do mercado interno con-
sumir cafés considerados de qualidade inferior
aos de padrdoes de qualidade “especiais”, clas-
sificados para as exportacdes. Entretanto, nos
ultimos 10 anos, o Brasil estd comecando a mar-
car lentamente presenca no mundo dos cafés de
qualidade (SCHOLZ et al., 2011).

A bebida do café é o fator determinante
para a remuneracao do produto (NOBRE et al.,
2011). As interacdes entre a genética, o am-
biente e 0 manejo cultural exercem influéncia
direta sobre a qualidade da bebida, com grande
importancia para as operacoes realizadas apés a
colheita do fruto. Comumente, o café é avaliado
quanto a qualidade por meio de analise senso-
rial, conhecida como prova de xicara (FAGAN
etal., 2011). Uma vez que o processo € realiza-
do de maneira adequada, a andlise sensorial é a
melhor forma de identificar se o café possui ca-
racteristicas que vao ao encontro das exigéncias
do mercado consumidor (FANTE et al., 2015).

As caracteristicas da bebida de café sao in-
fluenciadas por modificagdes nos graos atribuidas
a disturbios fisiologicos e as fermentagdes micro-
bianas que degradam os aclcares da mucilagem
dos frutos na planta, formando alcoois ou &cidos

carboxilicos (FAVARIN et al., 2004). O sabor e
0 aroma do café sao parametros complexos que
fazem parte da qualidade da bebida (ABRAHAO
et al., 2010). A bebida do café pode ser classi-
ficada conforme o sabor e 0 aroma apresentados
na prova de xicara, que mostram caracteristicas
de sabor suavissimo e adocicado, atenuando a
qualidade até a categoria rio zona, de sabor e
odor intoleraveis ao paladar e ao olfato (MACEDO
etal., 2016).

Além dos fatores genéticos, ambientais e
daqueles relacionados a condugao e manejo da
lavoura cafeeira, acredita-se que as diferencas
no sabor e aroma do café sejam provenientes
de diversas alteragoes fisico-quimicas, fisiolo-
gicas e bioquimicas que ocorrem nos graos do
café durante o processamento (RIBEIRO et al.,
2009). Sabe-se que o pH é indicativo de even-
tuais transformacodes dos frutos de café, como as
fermentacoes indesejaveis que ocorrem na pré
ou pos-colheita, originando defeitos (SIQUEIRA,;
ABREU, 2006).

A composicao quimica do grao de café cru
depende de fatores genéticos, ambientais e con-
dicdes de manejo pré e pds-colheita e, segundo
os autores, a torragao é uma etapa essencial para
a producao de compostos que conferem as carac-
teristicas de aroma e sabor do café (NETO et al.,
2015). Os principais compostos associados a
qualidade da bebida do café sdo carboidratos,
proteinas, lipidios, acidos clorogénicos, taninos
hidrossoluveis, cafeina e trigonelina (SCHOLZ
et al., 2011). Entre eles, os aglcares e as pro-
teinas do grao cru sao os principais compostos
gue contribuem para o sabor e aroma do café tor-
rado (LICCIARDI et al., 2005). O grao de café é
rico em sais minerais (3,0 % a 5,0 %), como po-
tassio, magnésio, calcio, sédio, ferro, manganés,
rubidio, zinco, cobre, estroncio, cromo, vanadio,
bario, niquel, cobalto, chumbo, molibdénio, tita-
nio e caddmio (ENCARNCAO; LIMA, 2003).

Sabe-se que o processamento pds-colheita
compreende a etapa de preparo para a secagem
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do café, sendo possivel a separacao de frutos de
acordo com o estagio de maturagao, conferin-
do homogeneidade ao lote e consequentemente
a diminuigao de riscos em relagcao a perda de
qualidade (NETO et al., 2015). Os processos
técnicos, com a adocao de métodos quimicos e
fisico-quimicos, garantem a qualidade do café
(CARVALHO et al., 1994). Inimeros trabalhos
tentam correlacionar a qualidade final da bebi-
da do café com a composicao quimica do grao.
Cafés de qualidade inferior apresentam menores
teores de aclcares e proteinas e maiores teo-
res de acidez total, principalmente, teores de
compostos fendlicos (ABRAHAO et al., 2010).
Assim, o objetivo do presente trabalho foi avaliar
a influéncia do processamento pdés-colheita na
caracterizacgao fisico-quimica do café torrado e a
avaliacdo sensorial, a fim de determinar os me-
Ihores tratamentos para o manejo pds-colheita
na obtencao da boa qualidade na bebida.

Material e métodos

O experimento foi conduzido na area expe-
rimental do Setor de Cafeicultura do Instituto
Federal de Educacao, Ciéncia e Tecnologia do Sul
de Minas Gerais - Campus Muzambinho, Minas
Gerais. O municipio se encontra a 1.033,0 metros
de altitude, 21°22'33" de latitude Sul e 46°41'32"
de longitude Oeste, com uma temperatura média
de 23,0 °C (FUNDACAO PROCAFE, 2017).

Foram colhidos cafés (Coffea arabica),
cultivar Catuai amarelo, por derrica manual
no pano, em lavouras do IFSULDEMINAS -
Campus Muzambinho. No setor de pés-colheita,
realizaram-se as operacdes para obtencao dos
tratamentos: 1) mistura de frutos lera baixa
(MFLB); 2) mistura de frutos lera alta (MFLA);
3) boia natural (BN); 4) 35 % verde + madu-
ro (VM) 5) boinha (B); 6) passa natural (PN);
7) maduro natural (MN); 8) maduro fermenta-
do seco (MFS); 9) maduro fermentado em agua
(MFA); 10) maduro descascado (MD); 11) ma-
duro despolpado (MDP); 12) passa descascado

(PD); 13) verde cana (VC), a avaliagao foi feita
em trés repeticdes por tratamento.

Adotou-se como padrao para a leira alta
uma densidade de 30,0 litros de café por me-
tro quadrado e para a leira baixa 10,0 litros de
café por metro quadrado. Os tratamentos MFLA
e MFLB foram separados e levados diretamente
para a secagem em terreiro suspenso.

A primeira separacao foi realizada por den-
sidade em uma caixa d agua, originando os
tratamentos VM, que afundou, e BN, que boiou
e foi retirado com uma peneira. Do tratamento
BN foram retirados mais trés tratamentos: PN e
B, que foram separados manualmente e, apés a
separacao, seguiram direto para a secagem; PD,
gue passou primeiro pelo descascador antes de
ser conduzido a secagem. Do tratamento VM,
originaram-se mais seis tratamentos: MN e VC,
qgue foram levados para a secagem logo apds a
separacao; MFS e MFA, que foram armazena-
dos em sacos plasticos por 18 horas para que a
fermentacao ocorresse; MFA, que foi submerso
em agua; MFS, que nao foi submerso em agua.

Por fim, os tratamentos MD e MDP foram
levados para o descascador modelo DC 6, marca
Pinhalense. Apds descascado, o tratamento MD
foi conduzido para secagem, e o MDP ficou em
agua por 18 horas para que ocorresse a retirada
da mucilagem.

A secagem dos cafés foi realizada em qua-
dros confeccionados de madeira, com sombrite
no fundo reforcado com arame, com area de 1
metro quadrado. Os terreiros foram colocados
em suspensao e a pleno sol. Os cafés foram
revolvidos a cada 45 minutos (de 7 a 8 vezes
no dia) até atingirem 11 % de umidade. Apos
a secagem, os cafés foram armazenados na
sala de amostras por 20 dias para descansa-
rem, depois todas as amostras seguiram para
o beneficiamento no descascador modelo DRC-
2 marca Pinhalense. Ap6s esse processo, as
amostras foram acondicionadas em potes de
polietileno de alta densidade e armazenadas no
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Laboratério de Classificacao de Café localizado
no IFSULDEMINAS - Campus Muzambinho.

Dessas amostras, foram separados 100,0 g
de café sem defeitos e com peneira 16 e acima,
que foram torrados no torrador de amostras da
marca Laboratto®. Apds a torra, foi retirada uma
pequena porcao desses graos para fazer a medicao
de teores de cinzas, essa avaliacao foi realizada
no Laboratdrio de Bromatologia e Agua localiza-
do no IFSULDEMINAS - Campus Muzambinho.

Na bebida preparada, conforme o protoco-
lo da Specialty Coffee Association of America
(SCAA), foram avaliados acidez titulavel to-
tal (ATT), Brix e potencial hidrogenionico (pH).
Todas as avaliagbes foram realizadas em du-
plicata. Os solidos sollveis totais (SST) foram
avaliados por leitura direta no refratbmetro di-
gital e os resultados expressos em graus Brix,
de acordo com normas da Association of Official
Analytical Chemistis (AOAC, 1990). A leitura do
pH foi determinada na bebida por meio do pH-
metro marca Digimed, 2M-21. Para a realizacao
da acidez titulavel, colocou-se em um recipien-
te um total de 20 mL de agua destilada e 2 mL
da infusao do café, adicionando-se 3 gotas de
indicador fenolftaleina a 1 %, titulando-se com
solucao de Hidroxido de Sodio 0,1 N até a vira-
gem de cor, conforme técnica descrita pela AOAC
(1990). Os valores foram expressos em mL de
NaOH 0,1 N, por 100 g de amostra, essas ava-
liagdes foram realizadas em duplicata. Os valores
de cinzas foram obtidos a partir de 1 g de café
torrado, incinerados por quatro horas em uma
mufla com temperatura de 550 °C.

A classificacao sensorial foi realizada por
juizes com certificacdo “Q-Grader” dada pela
Associacao Americana de Cafés Especiais
(SCAA, 2015), utilizando o protocolo descrito
por essa Associagdao. Foram preparados 100 g
de café peneira 16 e acima, que foram torra-
dos em equipamento Laboratto, até atingirem a
coloragao média correspondente a #55 a #65
na escala Agtron (FANTE et al., 2015). Apos o

periodo de descanso, as amostras foram moi-
das e colocadas em cinco xicaras de vidro para
cada amostra, respeitando a concentracao de
8,25 g de café moido para 150,0 mL de agua
aquecida a aproximadamente 93,0 °C (FANTE
etal., 2015).

As amostras de café arabica foram subme-
tidas a classificacao em diferentes padrdes de
qualidade de bebida quanto a prova de xicara. A
prova de xicara foi realizada por dois provadores
profissionais, seguindo o protocolo da Specialty
Coffee Association of America (SCAA), em que
foram avaliados 10 atributos (aroma/fragrancia,
uniformidade, defeitos, docura, acidez, sabor,
corpo, finalizacédo, balanceamento e conceito fi-
nal) em escala de O a 10 para cada atributo.

O delineamento experimental utilizado
foi em delineamento inteiramente casualizado
(DIC), contendo 13 tratamentos, com 3 trés re-
peticbes por tratamento. As avaliagbes foram
realizadas nos Laboratérios de Classificacao
e Industrializacao do Café do IFSULDEMINAS
— Campus Muzambinho. Os dados foram ava-
liados por meio do software Sisvar (FERREIRA,
2014) e submetidos ao teste de ANOVA usando
0 post hoc Scott e Knott (1974) ao nivel de 5 %
de significancia.

Resultados e discussao

Para a variavel pH, houve uma variacao nos
resultados para os diferentes processamentos uti-
lizados (TABELA 1). Observa-se que o tratamento
com maior valor de pH foi o PN (4,70), seguido
dos tratamentos BN (4,61), MFLA (4,59), MFS
(4,58), os quais nao diferiram estatisticamente
entre si. O potencial hidrogeniénico (pH) é um
atributo importante, pois condiciona as reacoes
quimicas do meio.

O grau de acidez da bebida do café é forma-
do pelos compostos com caracteristicas acidas
gerados nas etapas iniciais da torra e que, pos-
teriormente, quando degradados diminuem a
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acidez inicial (SCHOLZ et al., 2011). Para be-
bida, cafés torrados sem amargor ou acidez
indesejavel apresentam pH entre 4,9 e 5,2

(MARTINEZ et al., 2014). Os valores obtidos
estao bem préximos dos sugeridos para uma be-
bida desejavel.

Tabela 1. Resultados do teste de comparacao de médias das analises fisico/quimicas, acidez titulavel total (ATT),
potencial hidrogeni6nico (pH), sélidos solUveis totais (SST), grau Brix (Brix) e teor de cinzas (CINZAS) em C.
arabica cultivar Catuai amarelo, submetido a diferentes tipos de processamentos. IFSULDEMINAS — Campus

Muzambinho, Muzambinho/MG, 2017.

Tratamento** pH* ATT BRIX CINZAS
MFLA 4.59B 0.67 E 1.10D 3.39A
MFLB 448D 0.64F 1.26C 3.50A

VM 446D 0.78 B 1.26C 2978B
BN 4.61B 0.68 E 1.33C 3.03B
PN 470 A 0.67 E 1.06D 2.72B
B 443 E 0.74C 1.33C 3.24 A
Ve 424 F 0.81A 0.96D 3.28A
MN 443 E 0.64F 1.73 A 3.54 A
MFA 443 E 0.77 B 1.53 B 3.37A
MFS 4.58 B 0.68 E 1.36C 3.37A
PD 448D 0.70D 1.26C 3.39A
MD 440E 0.70D 1.36C 3.54 A
MDP 453C 0.70D 1.30C 3.39A
CV % 0.49 1.91 0.49 7.18

*Médias seguidas pela mesma letra mailscula na coluna, nao diferem entre si, a 5 % de probabilidade, pelo

teste de Scott-Knott (1974).

** Legenda:1) MFLB - mistura de frutos lera baixa; 2) MFLA - mistura de frutos lera alta; 3) BN - boia natural;
4) VM - 35% verde + maduro; 5) B - boinha; 6) PN - passa natural; 7) MN - maduro natural; 8) MFS - madu-
ro fermentado seco; 9) MFA - maduro fermentado em agua; 10) MD - maduro descascado; 11) MDP - maduro
despolpado; 12) PD - passa descascado; 13) VC - verde cana.

Para a variavel ATT, houve uma variabilidade
nos resultados obtidos (TABELA 1). Observa-se
que o tratamento com o maior valor de ATT foi o
VC (0,81), seguido dos tratamentos VM (0,78)
e MFA (0,77), os quais nao diferiram estatisti-
camente entre si.

A acidez percebida no café é um atributo
importante para analise sensorial do produto,
sabendo que sua intensidade varia em funcao
do estadio de maturacao dos frutos, local de ori-
gem, tipo de colheita, forma de processamento,
tipo de secagem e condicoes climaticas duran-
te a colheita e secagem (SIQUEIRA; ABREU,
2006). Dados da literatura mostraram que
a diminuicao da qualidade do café nao esta

associada com o pH, mas com a elevagao da
acidez e essa estaria associada ao nimero de
defeitos dos graos e aumento de alguns acidos
(PIMENTA et al., 2009).

Para a variavel Brix, houve variabilidade nos
resultados obtidos (TABELA 1). Observa-se que
entre os 13 processamentos avaliados, apenas
um obteve um maior valor se destacando dentre
os demais, sendo ele o MN (1,73).

Uma maior quantidade de sélidos sollveis
¢ desejada tanto pelo ponto de vista do rendi-
mento industrial, quanto pela sua contribuicao
para assegurar o corpo da bebida (MENDONCA;
PEREIRA; MENDES, 2005), além de ser um
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fator importante para que haja um alto rendi-
mento industrial, podendo sofrer alteracoes em
relacdo ao tipo, torracao e grau de moagem.

Na variavel cinzas, houve uma menor varia-
¢ao nos resultados obtidos nos processamentos
avaliados (TABELA 1). Observa-se que apenas 0s
tratamentos VM (2,97), BN (3,03) e PN (2,72)
obtiveram resultados estatisticamente abaixo dos
demais processamentos avaliados.

Em estudo realizado por Miiller, Huebner e
Souza (2013), cujo objetivo foi caracterizar fisi-
co-quimicamente diferentes marcas de café dos
tipos em pd e sollivel comercializadas na regiao
do Vale do Taquari no Rio Grande do Sul, compa-
rando-as com os parametros estabelecidos pela
legislacao brasileira, os valores de todas as mar-
cas avaliadas apresentaram valores maior que
5 %, limite maximo preconizado pela legislacao
(BRASIL, 1999). Isso indica que ha uma quan-
tidade elevada de impurezas nas amostras e que

elas sofreram alteracdes durante o processo pro-
dutivo (MULLER; HUEBNER; SOUZA, 2013).
No presente estudo, observa-se que os cafés ava-
liados estavam livres de impurezas ou sujidades,
pois apresentaram valores inferiores a 4 %.

Uma bebida de café é considerada de boa
qualidade quando h& um equilibrio entre atri-
butos sensoriais como corpo, dogura, acidez e
amargor, apresentando uma bebida rica e den-
sa (RIBEIRO et al., 2011). Na classificacao da
qualidade da bebida do café Coffea arabica L.
submetido a manejos distintos em pos-colheita,
foram observadas diferencas significativas dentro
dos parametros analisados.

De acordo com a Tabela 2, para o atri-
buto aroma, houve diferengas significativas
(p < 0,05), em que os tratamentos verde na-
tural (VN) e verde cana natural (VCN) foram
estatisticamente iguais entre si e inferiores aos
demais tratamentos.

Tabela 2 — Médias dos atributos sensoriais de cafés submetidos a diferentes tratamentos pés-colheita.
IFSULDEMINAS — Campus Muzambinho, Muzambinho/MG, 2017.

TRATAMENTOS** AROMA* SABOR RESIDUAL ACIDEZ CORPO EQUILIBRIO UNIFORMIDADE XiCARALIMPA DOGURA GERAL DEFEITOS

N 650b 600d 600c 600c 625¢ 600c 10002 500b  500d 600a 234a
VCN 679b 642c 6.12c  6.12c 633c  6.12¢ 10.00a 1000a  1000a 7.33a 070b
B 712a 679b 662a 662a 675b  646¢ 5.66 b 566b  800b 633a 255a
MFLA 7172 683b 654a 654a 667b  6.46c 6.71b 666b  833b 638a 234a
PD 721a 696b 687a 666a 683b  662c 8333 833a  933a 667a 099b

35%VERDE ;.5 . 691b 646b 646b 675b  6.62¢ 10.00 2 1000a  1000a 658a 0.70b

+ MADURO
MDP 729a 708a 675a 675a 708a 79la 10.00a 1000a  950a 7.00a 0.70b
MNFA 733a 7.12a 654a 654a 667a 7.08b 9.16 666a  966a 7.00a 1.09b
MFLB 733a 696b 650b 650b 679b  650c 9.33a 933a  966a 654a 117b
BN 7332 689b 67la 67la 671b  6.54c 3.33¢ 333c  666c 6292 323a
PN 733a 7.12a 675a 675a 7.08a 691b 10.00 2 1000a  1000a 692a 0.70b
MNFS 737a 687b 638b 638b 675b  650c 10.00 a 1000a  1000a 654a 0.70b
MD 7422 739a 687a 687a 7.12a  7.04b 9.66 a 800a  833b 7.02a 070b
NN 754a 7292 692a 692a 696a 7.9la 9.413 1000a  1000a 7.58a 070b
V% 242 322 358 358 276 644 1254 1516 1083 970 422
MEDIA 7216 6900 6588 658 68 6740 8.687 8261 8892 6737 75621

*Médias seguidas da mesma letra minUscula, entre linhas, nao diferem entre si pelo teste de Scott-Knott (1974),
com nivel de 5 % de probabilidade.

**| egenda: verde natural (VN), verde cana natural (VCN), boinha (B), mistura de frutos leira alta (MFLA), pas-
sa descascado (PD), 35 % verde + maduro, maduro despolpado (MDP), maduro natural fermentado em agua
(MNFA), mistura de frutos leira baixa (MFLB), boia natural (BN), passa natural (PN), maduro natural fermen-
tado seco (MNFS), maduro descascado (MD), maduro natural (MN).
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Malta, Pereira e Chagas (2005) relataram
gue entre os varios fatores que afetam a qua-
lidade do café destaca-se a presenca de grao
defeituosos, principalmente verdes, sendo conhe-
cida a influéncia prejudicial desses no aspecto,
torracao e principalmente qualidade da bebida, o
que se deve ao fato de o aroma nos tratamentos
verde natural e verde cana natural terem obtido
valores diferentes dos demais com 6,50 e 6,79.

Para o parametro sabor, houve diferenca
significativa entre os tratamentos, sendo que os
tratamentos MDP, MNFA, PN, MD e MN pro-
porcionaram maiores médias, nao diferenciando
estatisticamente entre si. No requisito residual,
os tratamentos VN e VCN nao diferiram entre si,
apresentando as menores médias. Os demais tra-
tamentos apresentaram os maiores valores para
0 padrao.

A diminuicao da qualidade do café nao esta
associada com o pH, mas com a elevagao da
acidez e essa estaria associada ao numero de
defeitos dos graos e graos verdes (BOREM et al.,
2013). A acidez percebida na analise sensorial
do produto é um importante atributo, pois sua
intensidade varia em funcao do estadio de ma-
turacdo dos frutos, local de origem, forma de
processamento, tipo de secagem, processamen-
to e condicdes climéticas (SIQUEIRA; ABREU,
2006). Deste modo, os resultados apontam que
0s menores valores para a acidez foram para o
VN e VCN.

Para o parametro corpo, os tratamentos VN
e VCN nao diferenciaram estatisticamente entre
si, proporcionando menores médias. No padrao
de equilibrio, os tratamentos MDP e MN obtive-
ram as maiores médias nao diferenciando entre
si estatisticamente. No requisito uniformidade,
o tratamento BN foi o que obteve menor média,
seguido dos tratamentos MFLA e B que nao di-
feriram entre si.

Para xicara limpa, o menor resultado en-
contrado foi para o tratamento BN, seguido de
VN, MFLA e B com médias pouco maiores. Na
analise da dogura, o menor resultado entre os
tratamentos analisados foi o VN. De acordo com
Borém et al. (2013), pode-se observar que o au-
mento na temperatura de secagem influencia os
menores valores de aglcares, o que mostra que
0 manejo correto péds-colheita reflete na qualida-
de final da bebida.

O padrao geral nao teve diferencas signifi-
cativas entre os tratamentos. Apesar de todos os
parametros terem mostrado algumas discrepan-
cias, os resultados nao foram suficientes para
afetar a qualidade geral da bebida.

No requisito defeitos, os maiores indices fo-
ram apresentados para: VN, B, MFLA e BN, ou
seja, para os tratamentos com maiores quanti-
dade de defeitos que nao diferiram entre si e
diferem dos demais tratamentos. Varios fatores
acabam prejudicando a qualidade da bebida, ge-
rando a elas maiores quantidades de defeitos,
por exemplo: condicbes climaticas, condugao
das operac0es nos terreiros, descontrole na fer-
mentacao, periodo de armazenagem, tempo de
secagem no terreiro, esses dois Ultimos fazem
com que os frutos percam maior quantidade
de umidade.

As possiveis causas das amostras, nesses
casos, apresentarem baixa qualidade podem
ser atribuidas as condicdes climaticas e a graos
verdes (MOLIN et al., 2008). Neste estadio, os
frutos ainda nao atingiram maturidade fisioldgi-
ca, dificultando a pratica do despolpamento e
a presenga de compostos fenolicos nos frutos
verdes, aumentando a adstringéncia ou o “en-
durecimento” da bebida (SCHOLZ et al., 2011).
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Figura 1 — Médias total e final dos cafés submetidos aos diferentes tratamentos pds-colheita. IFSULDEMINAS

— Campus Muzambinho, Muzambinho/MG, 2017.
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Fonte: Elaboragao dos autores (2017).

A Figura 1 exibe os resultados das médias
total e final para os tratamentos, sendo possivel
perceber os menores valores no parametro verde
natural com 67,75 no total e 60,50 no resulta-
do final. Os outros parametros mostram que nao
houve diferencas estatisticas entre si.

Conclusoes

Os diferentes tratamentos avaliados mostra-
ram que especialmente o verde natural e o verde
cana natural apresentaram menores valores no
quesito sensorial na maioria dos padroes anali-
sados, 0 que sugere que tal efeito seja devido ao
fato de que nos frutos verdes destaca-se o sabor
adstringente, préprio do estadio de maturacao
do fruto.

Conclui-se no presente trabalho que o tra-
tamento maduro natural (MN) é o melhor
processamento avaliado, apresentando maior po-
tencial para a producao de bebida com melhor
qualidade, pois proporcionou 0 maior valor de Brix
e o menor valor de acidez titulavel. A presenca de
graos verdes afetou a qualidade da bebida do café

Coffea arabica L., influenciando os padroes, devi-
do ao mau amadurecimento dos frutos.

Diante dos resultados, foi possivel observar
que os tratamentos maduro descascado, madu-
ro despolpado e maduro natural apresentaram
melhores valores sensoriais, sendo assim re-
comendados para o manejo pds-colheita para
obtencdo de uma boa qualidade da bebida.
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Laminas de irrigacao e doses de
nitrogénio no cultivo do feijoeiro

Submetido em: 29/12/2020 | Aceito em: 15/03/2021

Resumo

A irrigacdo possibilita 0 aumento da produtividade na cultura do feijoeiro, porém, se manejada de forma inadequada, pode
elevar o custo de producao e promover a lixiviacao de nutrientes, principalmente do nitrogénio, nutriente que é fundamental
para o desenvolvimento da cultura. Diante do exposto, objetivou-se com este trabalho avaliar o rendimento do feijoeiro comum
submetido a diferentes doses de nitrogénio e laminas de agua na regido de Uberaba/MG. O experimento foi conduzido no
IFTM — Campus Uberaba, em blocos casualizados, constituido por quatro niveis de irrigagdo (déficits de 15 %, 30 % e 45 %
e um fator sem déficit hidrico) e quatro doses de nitrogénio (50 kg ha, 100 kg ha', 150 kg ha' e 200 kg ha!) aplicadas
no estagio V4 do feijoeiro. A cultivar utilizada foi BRSMG Majestoso. N&o ocorreu interacdo entre as laminas de irrigacéo e
as doses de nitrogénio para as variaveis estudadas. As doses de nitrogénio influenciaram somente o teor de nitrogénio foliar
de forma linear. O déficit hidrico de 9,72 % foi favoravel para atingir maximas produtividades de graos e favorece o niimero
de vagens por planta. A massa da planta em R6, massa de 100 grédos, hidratacdo e soma térmica decairam linearmente
com o aumento do déficit hidrico.

Palavras-chave: Manejo da irrigagao. Déficit hidrico. Phaseolus vulgaris L.

Introdugéo de irrigacao, para que consiga atingir seu pleno

O Brasil concentra 50 % do produto interno potencial produtivo.

bruto no agronegocio e ocupa a sexta posicao en- Na busca pela eficiéncia produtiva do feijoeiro

tre as economias mais promissoras do mundo. Por
isso, tem-se buscado cada dia mais uma produgao
sustentavel de alimentos para atender as neces-
sidades mundiais (SABUNDIJIAN et al., 2016).

Entre as principais culturas produzidas no
pais, o feijao (Phaseolus vulgaris L.) é cultivado
em todas as regides brasileiras, em trés safras
de cultivo, por apresentar uma alta adaptacao
climatica, sendo fonte de renda para grandes e
pequenos produtores, além de ser incontestavel-
mente de grande importancia nutricional para
os brasileiros. De acordo com dados da Conab
(2019), a producao das trés safras foi de 3,23
milhdes de toneladas distribuidas em 2,927 mi-
Ihdes de hectares. Quando cultivado em uma
época com restricao hidrica, o feijao necessita

irrigado, 0 manejo do solo e da 4gua possui desta-
gue como componentes que necessitam de grande
atencédo (MORAIS et al., 2017). Sabe-se hoje da
importancia de se utilizarem os recursos hidricos
de forma consciente. Por isso, a irrigacao deve ser
manejada de forma correta visando atingir altos ni-
veis de eficiéncia. Nas estratégias do manejo de
irrigacao, existem alguns aspectos que devem ser
analisados: 0 momento a se aplicar, a quantidade a
ser aplicada e a lamina total aplicada durante o de-
senvolvimento da cultura (PACHECO et al., 2016).

Quanto a adubacao, o nutriente mais ab-
sorvido pelo feijoeiro é o nitrogénio, estando
este elemento presente em diversas moléculas
e processos fisiologicos da planta. A adubagao

nitrogenada influencia o aumento da area foliar
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e, consequentemente, a maior absorcao de luz e
atividade fotossintética da planta, proporcionan-
do maiores produtividades da cultura (SCHERER
etal., 2015). No entanto, as pesquisas relaciona-
das ao nitrogénio no cultivo do feijoeiro sao muito
controversas e variam de acordo com 0 manejo
agricola adotado (BERNARDES et al., 2014).

Diante do exposto, objetivou-se com este
trabalho avaliar o rendimento do feijoeiro comum
submetido a doses de nitrogénio e laminas de ir-
rigacao, na regiao de Uberaba/MG.

Material e métodos

O trabalho foi conduzido no Campus
Uberaba do Instituto Federal de Educacao,
Ciéncia e Tecnologia do Triangulo Mineiro lo-
calizado no municipio de Uberaba/MG, situado
a 800 m de altitude com latitude de 19° 39’
19" S e longitude de 47° 57’ 27" W. O clima
do local, segundo a classificacao de Kdppen, é
do tipo Aw, isto é, verao quente e chuvoso, in-
verno frio e seco, com temperatura média anual
de 23,2 °C (VALLE JUNIOR et al., 2010) e

precipitacao média anual de 1584,2 mm ano'!
(SILVA; GUIMARAES; TAVARES et al., 2003).

O experimento foi conduzido em blocos casua-
lizados (DBC), sendo empregado esquema fatorial
4 x 4, constituido por 4 niveis de disponibilidade
de agua no solo (déficits de 15 %, 30 % e 45 %
e um fator sem déficit hidrico) e 4 doses de ni-
trogénio (50 kg ha', 100 kg ha', 150 kg ha' e
200 kg ha'!) diferenciadas em cobertura no estagio
V4 do feijoeiro, utilizando ureia como fonte deste
nutriente. Foram empregadas 4 repeticoes, totali-
zando 16 tratamentos e 64 parcelas. Cada parcela
experimental foi constituida de 6 linhas de semea-
dura com 3 metros de comprimento. As plantas
localizadas ao centro da area foram consideradas
plantas Uteis para coletas de dados (area de 1 m?).

O solo da area experimental foi classifica-
do como Latossolo Vermelho Distréfico, cujas
caracteristicas quimicas foram analisadas pelo
Laboratério de Andlise de Solo — Labfert Uberaba/
MG (TABELA 1). Todos os teores dos nutrientes fo-
ram corrigidos seguindo a recomendacao de Chagas
et al. (1999) para o nivel NT4. O solo pertence a
classe textura Franco Argilo Arenosa (TABELA 2).

Tabela 1 - Resultados da anélise quimica do solo utilizado no experimento. IFTM - Campus Uberaba. Uberaba/

MG, 2017.

Caracteristicas Teores Caracteristicas Teores
pH em CaCl, 5,8 H + Al (mmolc dm3) 16,0
P (mg dm3) 31,12 SB (mmolc dm-3) 44 86
K (mmolc dm3) 2,96 T (mmolc dm3) 60,86
Ca?* (mmolc dm-3) 26,2 V (%) 73,21
Mg?* (mmolc dm-3) 15,7 M.O. (g dm3) 17,8

A3 (mmolc dm3) 0

SB é a soma de bases trocaveis; T ¢ a CTC a pH igual a 7,0; V é a saturacao por bases; M.O. é a matéria

organica no solo.

Fonte: Laboratério de Anélise de Solo — Labfert Uberaba, MG.

Tabela 2 — Resultados da analise fisica do solo (textura) da area experimental. IFTM - Campus Uberaba. Uberaba/

MG, 2017.
Camada (cm) Areia (%) Silte (%) Argila (%) Classe
0-20 64 10 26 Franco Argilo Arenosa

Fonte: Laboratério de Analise de Solo — Labfert Uberaba, MG.
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Na Tabela 3 constam as equacodes de ajuste
das curvas caracteristicas de retencao de agua
no solo para as camadas de 0-20 cm e 20-
40 cm de profundidade.

A partir do solo coletado por meio do cilindro
de Uhland, verificaram-se valores de densidade

do solo de 1,18 g cmte 1,22 g cm’!, para
as respectivas profundidades O cm - 20 cm e
20 cm - 40 cm. A capacidade de campo foi de
0,23 cm?3 cm3 para a tensado de agua no solo
média de 10 kPa na camadade Ocm-20cme
ponto de murcha permanente de 0,054 cm3cm3.

Tabela 3 — Resultados da caracterizacédo hidrica do solo da area experimental. IFTM - Campus Uberaba. Uberaba/

MG, 2017.
Camada (cm) Equacao R2
0,46
0= +0,078
0-20 [1+(1’4 " q;m)4,707]0.116 0,925
0,375
20 - 40 0 +0,238 0,958

[1+(O,985 x svm)é"m]”'m

6=umidade volumétrica (cm3cm); ¥ =potencial matricial (kPa).

Fonte: Elaboracéo dos autores (2017).

A cultivar utilizada no experimento foi a
BRSMG Majestoso que apresenta habito de cres-
cimento indeterminado tipo Il e graos do tipo
carioca. O sistema de preparo do solo foi o conven-
cional, realizado com o auxilio de grade niveladora
e a abertura dos sulcos por meio de cultivador,
com hastes espacadas a 50 cm. O experimento
foi semeado em 16 de abril de 2017 com a den-
sidade de 16 sementes por metro. O controle de
plantas daninhas foi realizado por meio de capi-
na manual e o controle de insetos e doengas no
feijoeiro foi realizado conforme necessidade, com
0 uso de agrotéxicos registrados para a cultura. A
colheita foi realizada em 7 de agosto de 2017 aos
92 dias apos a semeadura da cultura.

Os dados meteoroldgicos foram obtidos por

meio de um termohigrometro digital e um pluvio-
metro modelo Ville de Paris instalados no local
do experimento e aferidos com os dados da es-
tacdo meteorolégica automatica localizada no
IFTM — Campus Uberaba.

A irrigacao foi efetuada por quatro mi-
croaspersores instalados nas parcelas, com
sobreposicao de 50 % instalados a 20 cm do solo,
com intensidade de aplicagao de 7,5 mm h.
Hastes tensiométricas foram instaladas em cada
tratamento para avaliar a tensao de agua e a
umidade do solo. A leitura dos dados foi realiza-
da durante o periodo da manha.

Para obtencao da Evapotranspiragao de re-
feréncia foi utilizada a equacao 1 de Hargreaves
e Samani (1985).

ETo = 0,0023 (Tméd + 17,8) x (Tméx — Tmin)*®> x Ra x 0,408 (1)

em que: ETo = evapotranspiracdo de referéncia (mm dia!); Tmin = temperatura minima (°C); Tméx =
temperatura maxima (°C); Tméd = temperatura média (°C) e Ra = radiacdo no topo da atmosfera (MJ m-2dia).

Os dados referentes a radiagao solar foram
obtidos seguindo a recomendacao de Doorenbos

e Pruitt (1975). Os valores de evapotranspira-
cao da cultura no tratamento sem déficit hidrico
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foram obtidos por meio das equacdes 2 e 3, sendo que as demais laminas de irrigacao obe-

deceram a proporgao de cada tratamento.
ETc = ETo x Kc X Ks (2)

em que: ETc = evapotranspiragdo da cultura (mm dia!); Kc = coeficiente da cultura (adimensional) e Ks =
coeficiente de umidade (adimensional).

LB = LL/Cu x Ea (3)

em que: LB = lamina bruta de irrigacdo (mm); LL = lamina liquida de irrigacdo, considerada a ETc estimada
(mm); Ea = eficiéncia de aplicagédo do sistema (decimal) e Cu = coeficiente de uniformidade do sistema (decimal).

O coeficiente da cultura adotado foi proposto
por Santana (2007). Durante todo o periodo de
conducao do experimento foi admitido o valor de
1(um) para o coeficiente de umidade do solo e
para ambos os parametros de eficiéncia de apli-
cacao e coeficiente de uniformidade do sistema
o valor de 0,85 foi aplicado na férmula.

Para a realizacao da soma térmica foi consi-
derado o método de Arnold (1959), com registro
por parcela quando pelo menos 10 plantas tives-
sem mudado de fase fenoldgica. A temperatura
base superior considerada foi de 35 °C e a infe-
rior de 10 °C. O método foi calculado conforme
equacao 4.

GD = {[(Tméx + Tmin)/2] — Thase} (4)

em que: GD = graus-dia acumulado (°C); Tmax. = temperatura diadria média maxima do ar (°C); Tmin =
temperatura diaria média minima do ar (°C); Thase = temperatura abaixo da qual as plantas ndo se desenvolvem.

A hidratacdo de graos foi determinada
por meio da metodologia descrita por Durigan
(1979), assim, em cada béquer com capacida-
de de 250 mL foram adicionadas 50 gramas de
graos previamente escolhidos e 200 mL de agua
destilada. Durante um tempo de 12 horas, foram
realizadas as avaliagdes do volume de 4gua nao
absorvido pelos graos. Ao final do tempo previsto
para a hidratacao, a agua foi totalmente drenada
e 0s graos pesados. A relacao de hidratacao foi
determinada como sendo a razdo entre a massa
apds a hidratacao e a massa inicial dos graos.

Outros parametros foram avaliados como:
produtividade de graos, massa de 100 graos,
massa da planta em R6, nimero de vagens por
planta, nimero de graos por planta, nimero
de gréos por vagem, eficiéncia do uso da agua
(E.U.A) e teor de nitrogénio foliar. Os valores de

produtividade e massa de 100 graos foram cor-
rigidos para a umidade de 13 %.

Todos os parametros foram submetidos a
analise de variancia utilizando o programa es-
tatistico Sisvar versao 5.6 (FERREIRA, 2014),
sendo os efeitos dos tratamentos quando signi-
ficativos a 5 % de probabilidade, estudados por
meio de analise de regressao.

Resultados e discussao

Na Tabela 4 estao apresentados os valores
médios de tensado de agua no solo e a lamina
total aplicada em cada tratamento. Analisando-
se os dados de tensdo de agua no solo, nao se
observa diferenca entre os déficits hidricos, com
os valores variando de 12,83 kPa a 16,32 kPa.
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Tabela 4 - Tensao de agua no solo e laminas aplicadas no experimento. IFTM — Campus Uberaba. Uberaba/

MG, 2017.
Déficit Hidrico Tensao média de agua no solo Lamina aplicada
(%) (kPa) (mm)
0 12,83 472
15 13,56 433
30 16,32 394
45 14,17 354

Fonte: Elaboracéo dos autores (2017).

Devido a realizagao de irrigagao diariamente
na conducao do trabalho, o valor das tensdes de
agua no solo permaneceu proximo da capacida-
de de campo, em torno de 10 kPa. Em estudo
conduzido por Brito (2014), que avaliou dife-
rentes tensodes de 4gua no solo (30 kPa, 40 kPa,
50 kPa, 60 kPa e 70 kPa) no cultivo do feijoeiro
comum, observou-se que a tensao de 30 kPa

proporcionou incrementos positivos na produti-
vidade do feijoeiro.

Apds a realizacao dos calculos foram obtidas
as laminas aplicadas em cada déficit na condu-
cao do experimento. Durante o desenvolvimento
da cultura, ocorreu uma precipitacdo acumulada
de 125,22 mm (FIGURA 1). Pode-se observar
que 24 dias apds a semeadura do feijoeiro ocor-
reu uma precipitacao de 60,19 mm.

Figura 1 - Temperatura (méxima, média e minima) e precipitagcdo na area experimental do IFTM - Campus

Uberaba. Uberaba/MG, 2017.
35 1
30 1
25 A
20 A

15 A

10 A
5 |
0

Temperatura (°C)

0 20 40 60 80 100
Dias ap6s a semeadura

Fonte: Elaboracao dos autores (2017).

Somando-se a precipitacao durante a con-
ducao do experimento, foram verificadas as
[aminas de 472 mm, 433 mm, 394 mm e 354
mm aos respectivos déficits de 0 %, 15 %, 30 %
e 45 %. Segundo Cunha et al. (2013), em expe-
rimento analisando diferentes formas de manejo
de irrigacao (Tanque classe A, Tensiometria e
Penman-Monteith), com as laminas corres-
pondentes a 407,39; 272,04 e 341,63, foi
observado que a maior lamina proporcionou a
maior produtividade da cultura.

T° Méx
— T° Méd
— T° Min

70 7
60 -
50 4
40 A
30 A
20 A
10 A
0

Precipitagdo (mm)

0 20 40 60 80 100
Dias apos a semeadura

As umidades relativas do ar maxima, mi-
nima e média durante o desenvolvimento da
cultura foram de 52,62 %; 72,80 % e 92,06 %,
respectivamente. A temperatura no periodo de
desenvolvimento da cultura variou de 5,60 °C a
29,90 °C, sendo que a temperatura média du-
rante a condugao do experimento foi de 19,1 °C
(FIGURA 1). O valor de temperatura recomenda-
do para o pleno desenvolvimento do feijoeiro é
de 29 °C durante o dia e 21 °C durante a noite.
Temperaturas acima de 35 °C sao prejudiciais
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a cultura, podendo afetar sua produtividade
(GONZAGA et al., 2014).

Na Tabela 5, encontra-se o resumo da ana-
lise de variancia para as variaveis: produtividade
de graos, massa de 100 graos, massa em R6,
nlimero de vagens por planta (NVP), soma térmi-
ca, nimero de graos por planta (NGP), niimero
de graos por vagem (NGV), hidratacao dos graos,
eficiéncia do uso da agua (EUA) e teor de ni-
trogénio foliar (N Foliar). Verificou-se diferenca

estatistica para os déficits (p < 5 %) para mas-
sa em R6 e nimero de vagens por planta (NVP).
Para as variaveis produtividade de graos, mas-
sa de 100 graos, hidratacao, soma térmica,
eficiéncia do uso da agua (E.U.A) e teor de ni-
trogénio foliar, observou-se diferenca estatistica
(p < 1 %). Nao ocorreu interacao entre as la-
minas de irrigacao e as doses de nitrogénio e
efeito das doses de nitrogénio para nenhuma va-
riavel estudada.

Tabela 5 — Resumo do quadro de Analise de Varidncia para as variaveis: produtividade de graos (Prod.), massa
de 100 graos, massa em R6, nimero de vagens por planta (NVP), nimero de graos por planta (NGV), hidra-
tacdo, soma Térmica, eficiéncia do uso da agua (EUA) e teor de nitrogénio foliar (N Foliar). IFTM - Campus

Uberaba. Uberaba/MG, 2017.

FV1 GL2 Prod. iv(')aossgarédoes Mas;g M Nnvp Tz:’n':‘lia
Déficit (D) 3 0,0000¢ 0,0000*  0,0460° 0,0500°  0,0000*
Dose de Nitrogénio (N) 3 0,9870" 0,4899"  0,6791™ 0,1193  0,1454"
D x N 9 0,6983™ 0,6882"  0,8325™ 0,7391"  0,3411"™
Média geral 417424 kgha'!  24,78¢g 2289g 1569  855,51°C
CV3 (%) 21,23 11,3 23,46 29,36 1,75
FV1 GL2 NGP NGV Hidratacio  E.U.A N Foliar
Déficit (D) 3 0,1865"™ 0,6081™  0,0004* 0,0067*  0,5757™
Dose de Nitrogénio (N) 3 0,4048 0,1101™  0,5642 0,9817"  0,0000*
D x N 9 0,4503™ 0,2712  0,8306™ 0,6537"  0,8373"™
Média geral 85,92 5,40 1,61 10,06 31,77
CV3 (%) 31,13 15,39 9,54 21,63 12,25

! fontes de variagédo; 2 grau de liberdade; 3 coeficiente de variagéo; * significativo a 1 % de probabilidade pelo
teste F; ° significativo a 5 % de probabilidade pelo teste F; ™ nao significativo pelo teste F.

Fonte: Elaboracao dos autores (2017).

A produtividade nao sofreu influéncia das
doses de nitrogénio aplicadas na conducao do
experimento, possivelmente devido a aplicacao
ter sido realizada em V4 e as chuvas ocorridas
no periodo. Esse resultado corrobora o trabalho
realizado por Pacheco et al. (2016) no municipio
de Aquidauana/MS, no qual os autores também
nao observaram efeito significativo das doses
(O kg hat, 50 kg ha*, 100 kg ha' e 150 kg ha'')
de nitrogénio. Alguns autores, como Guimaraes
etal. (2017) e Sabundijian (2013), também nao
verificaram diferencas estatisticas nas doses de

nitrogénio para produtividade de graos do fei-
joeiro. Por outro lado, Kolling e Ozelame (2017)
verificaram que para cada 10 kg de nitrogénio
aplicados, houve um incremento na produtivida-
de da cultura de 14 kg ha'.

Amaral et al. (2016), em experimento rea-
lizado na cidade de Jaboticabal/SP, avaliaram
cinco doses de nitrogénio (0 kg hat, 40 kg ha'l,
80 kg hal, 120 kg ha! e 160 kg hal) e ob-
servaram que as doses influenciaram a
produtividade de graos do feijoeiro, em que a
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aplicacao de 136 kg ha'! propiciou 2565 kg ha'!
de produtividade.

Em trabalho realizado, Moreira et al. (2013),
analisando doses de nitrogénio (0 kg ha’,
40 kg ha'l, 80 kg ha'! e 120 kg hal) no fei-
joeiro irrigado, verificaram incremento linear
ocasionado pelas doses de nitrogénio em se-
meadura no rendimento dos graos, em que para
cada kg deste nutriente ocorreu um incremento
de 3,679 kg ha'! nessa variavel, sendo o rendi-
mento maximo de 2.404 kg ha!.

Sabundijian et al. (2016) testando doses de
0 kg ha™!, 40 kg ha!, 80 kg ha e 120 kg ha™!,
em cobertura com a aplicacao em area total de
Rhizobium tropici, verificaram efeito significativo
para produtividade de graos no primeiro ano de
conducao do experimento com o ponto maximo

de producao utilizando 60 kg ha! de nitrogénio;
no entanto, no segundo ano de conducgdo o au-
tor nao encontrou diferengas estatisticas com as
doses de nitrogénio, mostrando a dificuldade da
dinamica no manejo desse nutriente.

As laminas de irrigacao proporcionaram efei-
to significativo sobre a produtividade de graos.
O déficit de 9,72 % € o indicado para atingir os
maiores valores de produtividade (FIGURA 2).
Segundo Aleman e Mignacca (2015), para a cul-
tivar Pérola, com os niveis de reposicao de agua
no solo de 25 %, 50 %, 75 %, 100 %, 125 % e
150 %, a maxima producao dos graos foi com a
reposicao de 75 % de agua no solo, mostrando
o efeito benéfico do déficit hidrico na produtivi-
dade dos graos.

Figura 2 — Produtividade e massa de 100 graos em funcao do déficit hidrico. Uberaba, MG.
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Fonte: Elaboracao dos autores (2017).

Em trabalho conduzido por Sales et al.
(2017), foi verificado que a maior produti-
vidade da cultivar BRSMG Majestoso foi de
3422,19 kg hal, com uma lamina de 226,96
mm, sendo esta [amina menor cerca de 29 % da
lamina de maior valor utilizada no experimento.
Peres (2014), analisando coinoculagao e lami-
nas de irrigacao (100 % e 75 %), verificou que
a lamina de 75 % proporcionou produtividade
igual ou superior a lamina de 100 % no culti-
vo outono/inverno.

Torres et al. (2013), avaliando diferen-
tes coberturas do solo e laminas de irrigacao
(40 %, 70 %, 100 %, 130 % e 160 % da
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1
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evapotranspiragcao diaria), também verificaram
uma maior produtividade de graos quando utili-
zada a reposicao de 100 %.

A massa de 100 graos também foi influen-
ciada pelas laminas de irrigacao (FIGURA 2),
verificando-se relacao inversamente proporcio-
nal entre peso dos graos e déficit hidrico; a cada
aumento unitario do déficit hidrico, ocorreu uma
reducéo de 0,72 % na massa dos graos. Esses re-
sultados sao similares aos de Morais et al. (2017),
em que o aumento do déficit resultou num menor
peso de graos por planta; no estudo, para cada
1 % de aumento na reposicao hidrica, ocorreu um
aumento de 3,54 % no peso dos graos.
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O fato de o nitrogénio nao ter afetado a
massa de 100 graos também foi verificado por
Kolling e Ozelame (2017), que utilizando as
doses de O kg ha', 25 kg ha', 50 kg ha' e
75 kg ha' de nitrogénio nao verificaram efei-
to sobre a massa das sementes. Outros autores
também nao encontraram diferencas no efeito da
dose de nitrogénio na massa de 100 graos, como
Moreira et al. (2013), Guimaraes et al. (2017)
e Sabundijian et al. (2016).

A massa da planta em R6 também nao foi
influenciada pelas doses de nitrogénio, resul-
tado semelhante ao de Silva, Silva e Trevisam
(2017a), em experimento avaliando a interagao
entre nitrogénio e enxofre, utilizando as doses
de 80 mg dm3e 120 mg dm= de nitrogénio
observaram-nas quais nao se observou efeito
significativo desse nutriente na matéria seca da
parte aérea, tendo como média geral a producao
de 9,77 g vaso™.

Em trabalho no qual se avaliou época de
aplicacao e doses de O kg ha!, 30 kg hal,
60 kg ha! e 120 kg ha! de nitrogénio, Scherer

et al., (2015) verificaram diferengas estatisticas
para matéria seca do feijoeiro, sendo recomen-
dada a dose de 120 kg ha, parcelada aos 15
e 30 dias ap6s a emergéncia. Schoninger et al.
(2015) também observaram incremento linear
na massa seca da parte aérea ao utilizarem as
doses de O N ha, 40 N ha! e 80 kg de N ha!
de nitrogénio na cultivar BRS Requinte.

O déficit hidrico proporcionou efeito nessa
variavel, da mesma forma que no peso de 100
graos, sendo inversamente proporcional e, para
cada aumento em 1 % do déficit hidrico, ocorreu
reducao 0,42 % na massa da planta (FIGURA
3). A varidvel massa da planta esta interligada
com o peso de 100 graos, pois quanto menor o
peso da planta, menor sera o seu aporte, nime-
ro e tamanho de folhas, acarretando uma menor
capacidade fotossintética e consequentemente
um menor enchimento de graos. O déficit hidri-
co na cultura promove diminuicado da absorcao
de nutrientes e mudanca no comportamento do
metabolismo da planta, o que pode ter provoca-
do queda nas médias das variaveis mencionadas.

Figura 3 — Massa seca da planta em R6 e nimero de vagens por planta em fungao do déficit hidrico. Uberaba/MG.
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Fonte: Elaboracao dos autores (2017).

O numero de vagens sofreu efeito dos niveis
de déficits hidricos, na condugao do experimen-
to, o déficit de 15 % resultou em uma média de
18 vagens por planta (FIGURA 3). Esse resulta-
do contribuiu para explicagcdo da produtividade
dos graos, pois o nimero de vagens por planta
influenciou diretamente essa variavel; logo o dé-
ficit proporcionou um maior nimero de vagens

NUmero de vagens por planta
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e, consequentemente, uma produtividade maior.
Em trabalho realizado por Peres (2014), anali-
sando-se a coinoculacao e laminas de irrigacao
de 100 % e 75 %, verificou-se que o déficit de
15 % proporcionou o maior valor para essa varia-
vel em experimento conduzido no ano de 2013.

Segundo Torres et al. (2013), o nimero de
vagens foi maior quando utilizada a reposicao
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de 100 %. Souza (2016), em estudo com as efeito significativo do nitrogénio sobre o niimero
doses de O kg ha!, 50 kg ha!, 100 kg ha', de gréaos por planta.

150 kg ha! e 200 kg ha, observou incremento
linear ocasionado pelas doses de nitrogénio no
ndmero de vagens por planta.

A relacado de hidratacao foi significativa
para os déficits hidricos (FIGURA 4) e, com o
aumento do déficit, ocorreu reducao na relagao

Nas condicoes do experimento, o nimero de hidratacao, para a qual foram observados va-
de graos de vagem médio foi 5,4, nao sendo in- lores entre 1,75 e 1,51. Esse resultado pode ser
fluenciado pelos fatores estudados (TABELA 3). explicado com o auxilio da massa de 100 graos,
A variavel niumero de graos por planta também que apresentou 0 mesmo comportamento ao ser
nao sofreu influéncia das doses de nitrogénio e analisada. Com o aumento do déficit, ocorreu

laminas de irrigagcao, observando o valor mé- diminuicao na massa dos graos e, consequente-
dio de 85,02 (TABELA 5). Sabundijian et al. mente, diminuicao no seu tamanho, pois quanto
(2016), testando doses de O kg ha*, 40 kg ha'!, menor o tamanho do grao, menor sua capacida-

80 kg ha' e 120 kg ha't, também nao verificaram de de hidratacao.

Figura 4 — Relacdo de hidratacao e soma térmica em funcao do déficit hidrico. Uberaba/MG.
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Fonte: Elaboracao dos autores (2017).

Amaral et al. (2016), analisando as doses guanto maior foi o déficit, menor o ciclo da cultu-
de O kg ha't, 40 kg ha, 80 kg ha!, 120 kg ha'! ra, com valores totais de 866 °C, 864 °C, 845 °C

e 160 kg ha!, nao observaram diferenca no tem- e 845 °C, respectivamente, para os déficits de
po para hidratagao e, apds o intervalo entre 15 0 %, 15 %, 30 % e 45 %. Com a reducao da
horas e 13 horas, notou-se a maxima hidratacao. lamina aplicada, a planta recebe estimulo para

Segundo Souza (2016), para a cultivar IAC terminar seu ciclo em menor tempo.

Alvorada nao foi notada diferenca significativa Para a eficiéncia de uso da agua (FIGURA
para as variaveis: relagcao de hidratacao, que ob- 5), os maiores valores foram verificados para o
teve como média geral o valor de 2,02; tempo déficit de 15 %, que apresentou uma média de
maximo de hidratacao, para o qual foi obser- 11,79 kg ha! por mm-!. Brito et al. (2016), que
vada média de 11 horas e 35 minutos e teor avaliaram a conducgao do feijoeiro com e sem
de proteina bruta, que apresentou média de restricao hidrica, observaram nos tratamentos
20,35 %. sem restricao hidrica o valor de 0,50 kg m™ para

A soma térmica sofreu influéncia do déficit E.U.A, aplicando-se 376,4 mm de lamina total.

hidrico (FIGURA 4), podendo-se observar que
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Figura 5 — Eficiéncia do uso da agua em fungao do déficit hidrico e teor de nitrogénio na folha em fungédo das

doses de nitrogénio. Uberaba/MG.
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Fonte: Elaboracao dos autores (2017).

Pacheco et al. (2016) afirmaram que a
E.U.A é um dos parametro essenciais ao ana-
lisar o efeito das praticas agricolas. Analisando
as doses de nitrogénio (0O kg ha?, 50 kg ha’,
100 kg ha'e 150 kg ha') e estimando a eva-
potranspiragao pelo método de Hargreaves e
Samani (1985), Pacheco et al. (2016) obtive-
ram o valor de 0,40 kg m= para o E.U.A.

Soares et al. (2016), analisando uma tes-
temunha (precipitacao pluviométrica) e 46 %,
73 %, 84 % e 100 % da reposicao da ETc, ve-
rificaram que o tratamento 100 % proporcionou
maior eficiéncia do uso da 4gua com 0,26 kg m?3,
sendo a média do experimento de 0,32 kg m.

Observou-se incremento linear no teor de
nitrogénio nas folhas, obtendo os valores entre
27,5 % e 34,97 % com o aumento das doses
(FIGURA 5). Nao foi observado efeito das lami-
nas de irrigacao para o teor de nitrogénio nas
folhas. Segundo Silva (2017b), doses de nitro-
génio 80 mg e 120 mg dm nao apresentaram
diferenca significativa.

Souza (2016), avaliando doses de nitrogénio
de O kg ha', 50 kg ha!, 100 kg ha'*, 150 kg ha'!
e 200 kg ha! na cultivar IAC Alvorada, verificou
incremento linear no teor de nitrogénio foliar,
com média geral de 31,8 g kg'l. Bernardes et al.
(2014), avaliando doses de nitrogénio na cultivar
BRS Supremo, constataram efeito significativo
das doses do elemento sobre o teor final nas fo-
Ihas do feijoeiro no florescimento, obtendo um
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ajuste melhor pelo modelo quadratico em que a
dose de 120,7 kg ha! proporcionou valor maxi-
mo de 47,2 g kg! de nitrogénio.

Conclusao

As doses de nitrogénio nao influenciaram o
rendimento do feijoeiro comum nas condig¢des do
estudo. Os maiores déficits hidricos proporciona-
ram queda no rendimento da cultura. O déficit
hidrico de 9,72 % foi favoravel para atingir maxi-
mas produtividades de graos e favorece o nimero
de vagens por planta.
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Resumo

0 gengibre apresenta grande quantidade de dleos essenciais, sendo o zingibereno a substancia majoritaria e que pode es-
tar interligado a atividade inseticida do vegetal. Desta forma, pode constituir-se em uma alternativa vidvel na substituicdo
do uso de defensivos agricolas para o controle de pragas. O objetivo deste trabalho foi avaliar a utilizacao de extrato a base
de gengibre em alface hidroponica como alternativa ao controle de tripes. O experimento foi realizado em delineamento em
blocos casualizados, com cinco tratamentos e quatro repeticdes. Os tratamentos utilizados foram as concentragdes de 0 %,
20 %, 40 %, 60 % e 80 % peso/volume de extrato aquoso. Apds 45 dias da semeadura, foi realizada aplicagéo do extra-
to vegetal de gengibre nas plantas de alface a cada sete dias. Foi monitorada a populacao de tripes a partir de armadilhas
adesivas, presas acima de cada parcela experimental, a cada semana até a colheita. Além disso, foram avaliados peso da
matéria fresca, altura da parte aérea e incidéncia de danos diretos na cultura. Em relacdo ao monitoramento de tripes, néo
foram observadas diferencas significativas indicando a uniformidade do nivel populacional entre as parcelas da alface. Para
a avaliacdo de peso e matéria fresca, ndo foram observadas diferencas significativas entre tratamentos. Entretanto, a partir
da concentragéo de 60 % foram observadas as menores médias de plantas com danos diretos, mostrando que quanto maior
a concentragao da solugdo, menor alimentacao do inseto. Portanto, o uso de extrato vegetal de gengibre em alface hidropo-
nica se torna uma alternativa promissora para a reducéao da alimentacao de tripes em alface.

Palavras-chave: Inseticidas naturais. Controle alternativo. Cultivo protegido. Hidroponia. Propriedade inseticida.

Introducao

A alface (Lactuca sativa L.) é considerada
a hortalica folhosa com maior consumo pela po-
pulacao mundial, com amplo cultivo em diversos
paises do mundo, tanto em &rea cultivada quanto
em produtividade (LOBO, 2018). Dentre os maio-
res produtores, destaca-se a China, seguida pelos
Estados Unidos, india, Espanha, lItalia, Japao,
Ira, Bélgica, México e Turquia (FAO, 2019).

No Brasil, a alface apresenta grande relevan-
cia econdmica, social e nutricional. Conforme o
Anuério Brasileiro de Hortifruti (2018), o volume
nacional produzido em 2018 foi de 575,5 mil
toneladas, em uma area de 86,8 mil hectares. O
cultivo geralmente é realizado pela agricultura fa-
miliar, o que lhe confere relevancia social com a

geracdo de empregos e renda durante o ano para
as familias, proporcionando a elevagao do poder
aquisitivo local (AGUIAR; DELGROSSI; THOME,
2018). Em relacao a importancia nutricional, o
consumo diario de alface proporciona a ingestao
de diversos nutrientes, com baixo valor cal6ri-
co (SUINAGA et al., 2013), prevenindo doencgas
cardiovasculares e cancer (SILVEIRA, 2018).

No entanto, durante o desenvolvimento da
cultura, ocorrem diversos problemas fitossa-
nitarios causados por pragas. O tripes (Thrips
tabaci) é considerado uma das principais pragas
agricolas, sendo que na cultura da alface é um
dos principais vetores de viroses. A transmissao
da virose ocorre durante a alimentagao do tri-
pes, em que as plantas infectadas apresentam
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encarquilhameto das folhas e, consequente-
mente, a desvalorizacao comercial do produto
(BRANDAO FILHO et al., 2011). O ataque des-
ta praga pode também elevar a suscetibilidade
a penetracao de fungos e bactérias devido as
lesoes foliares, além de inviabilizar a producao
de sementes (CARVALHO, 2017; ZAWADNEAK
et al., 2015).

Atualmente, o manejo fitossanitario do tri-
pes na cultura da alface baseia-se especialmente
em aplicagdes intensivas de defensivos quimicos
para reduzir o nivel populacional do inseto, porém
0 seu uso indiscriminado gera iniUmeros proble-
mas (MARANGONI; MOURA; GARCIA, 2012). E
crescente a preocupagao dos consumidores com
relacao ao manejo de pragas e doencgas nas cultu-
ras agricolas, sendo importante a busca constante
por estratégias de producao mais sustentaveis.

Desta forma, o manejo integrado de pra-
gas (MIP) surgiu em resposta a utilizagao de
agrotéxicos, visando ao uso simultdneo de
diversos manejos, de forma econdmica e har-
moniosa com o0 ambiente, por meio da menor
exposicao dos agricultores aos inseticidas e, con-
sequentemente, reducao dos indices de residuos
toxicos nas hortalicas (PEREIRA; PINHEIRO;
CARVALHO, 2013).

Dentro do MIP, o uso de extratos vegetais
¢ uma pratica antiga e torna-se importante es-
tratégia de controle. Os extratos sdo obtidos
de recursos renovaveis, apresentam favoraveis
propriedades toxicolégicas, menor efeito sobre
organismos nao alvos, rapida degradacao no
solo ndo acumulando no meio ambiente, além
de oferecerem maior seguranga para o consumi-
dor (VASCONCELOS; GODIM; BARROS, 2006).

Os extratos vegetais apresentam a possi-
bilidade de serem produzidos pelos préprios
produtores, diminuindo os custos de producao,
além de serem aceitos dentro de sistemas orga-
nicos de producao. Entretanto, apesar de haver
uma grande diversidade de plantas existentes no
Brasil, o que torna o pais préspero a identificacao

de fontes naturais para o desenvolvimento de no-
vos produtos, hd uma caréncia da caracterizacao
diante do alto niUmero de espécies.

As espécies pertencentes a familia
Zingiberaceae apresentam grande potencial in-
seticida (ALMEIDA, 2012). Entre as plantas da
familia, o gengibre (Zingiber officinale roscoe)
é uma planta que possui a capacidade de pro-
duzir éleos essenciais em grande quantidade.
Portanto, apresenta potencial como planta inse-
ticida para ser utilizada em sistemas de producao
(LOPES et al., 2011).

Com isso, é de extrema importancia que
sejam utilizados inseticidas seletivos para deter-
minada praga, promovendo a preservagao das
espécies benéficas ao agroecossistema e as in-
teracdes ambientais. Apesar da sua importancia
como alternativa de controle natural, atualmente
existem poucos estudos sobre a utilizagao desses
compostos em cultivos agricolas.

A utilizacdo de um defensivo alternativo
elaborado a partir do gengibre pode constituir
uma opc¢ao para o controle de tripes em alface
hidropdnica, o que possibilita a reducao de agro-
quimicos, com uma producao mais sustentavel,
além de gerar alimentos de maior qualidade e
menor contaminagao.

Desta forma, o objetivo deste trabalho foi
avaliar a utilizacdo de diferentes concentracoes
de extrato aquoso a base de gengibre em alface
hidropbnica, como alternativa ao controle de tri-
pes (Thrips tabaci).

Material e métodos

O trabalho foi realizado no Setor de
Olericultura do Instituto Federal de Educacao,
Ciéncia e Tecnologia de Minas Gerais (IFMQG)
— Campus Bambui, entre julho e outubro de
2018. A instituicao esta situada no municipio
de Bambui/MG, nas coordenadas geogréficas la-
titude 20°02'13"” S, longitude 46°00'34” W e
altitude de 681 metros (GOOGLE EARTH, 2021).
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O experimento foi conduzido em plantas cul-
tivadas em sistema hidropdnico NFT (Nutrient
Film Technique) e em casa de vegetacao. A so-
lucao nutritiva possuia pH entre 5,5 a 6,5 para

a maximizacao da absorcao dos nutrientes pela
alface. A composicao da solucao nutritiva e a
solucao de ajuste estao informadas abaixo con-
forme as Tabelas 1 e 2.

Tabela 1 — Quantidade de sais para o preparo de 2.000 litros de solucao nutritiva. IFMG — Campus Bambui.

Bambui/MG, 2018.

N° Fertilizantes Nutrientes g/ 2.000 L
1 Nitrato de célcio N, Ca 2.500

2 Cloreto de potassio K 760

3 Monoaménio fosfato - MAP N, P 300

4 Sulfato de magnésio MgeS 800

5 Micronutrientes B, Cu, Fe, Mn, Mo, Ni e Zn 50

B = Boro; Ca = Calcio; Cu = Cobre; Fe = Ferro; K = Potéssio; Mg = Magnésio; Mn = Manganés; Mo =
Molibdénio; N = Nitrogénio; Ni = Niquel; P = Fésforo; S = Enxofre; Zn = Zinco.

Fonte: Furlani (1997).

Tabela 2 — Solucao nutritiva de ajuste. IFMG — Campus Bambui. Bambui/MG, 2018.

Solucao Fertilizantes Nutrientes g/50L

A Nitrato de calcio N, Ca 3.000
Micronutrientes B, Cu, Fe, Mn, Mo, Ni e Zn 75

Cloreto de potéssio K 4.500

B Monoaméonio fosfato - MAP N, P 1.000

Sulfato de magnésio MgeS 1.200

Fonte: Furlani (1997).

A aquisicdo do gengibre ocorreu em uma
propriedade de agricultura familiar, préxima ao
municipio de Bambui/MG. A colheita dos rizomas
foi realizada semanalmente, a cada 7 dias. Para o
preparo do extrato vegetal, foi realizada a tritura-
cao de 600 gramas de gengibre em dois litros de
agua destilada. A solucao foi peneirada e diluida
nas concentracoes de O %, 20 %, 40 %, 60 % e
80 % peso/volume, utilizando agua destilada. O
extrato vegetal foi armazenado em recipientes de
vidro de cor escura, por um dia.

O experimento foi implantado em delinea-
mento em blocos casualizados, composto por
5 tratamentos, 4 repeticoes e 20 plantas por
parcela. Os tratamentos testados foram as con-
centracdes: T1 — 0 %, T2 - 20 %, T3 - 40 %,
T4 - 60 % e T5 — 80 % peso/volume. Cada

parcela recebeu uma armadilha adesiva na parte
central, presa 20 cm acima das plantas, para a
captura dos insetos adultos.

As mudas de alface da cultivar Vanda fo-
ram produzidas em bandejas de isopor com 128
células, contendo substrato comercial Maxfertil
gue possui casca de pinus compostada, vermi-
culita e adubacao de base. Cerca de 30 dias
ap6s a semeadura, as mudas apresentavam bom
desenvolvimento vegetativo, em relagdo a parte
aérea e ao sistema radicular. Com isso, foi rea-
lizado o transplantio das mudas de alface para
o sistema hidropdnico e a implantacéo de uma
armadilha adesiva por parcela experimental (Bio
Trap Placas Adesivas- Azul), com dimensao de
10 cm x 12,5 cm, centralizadas na parcela e fi-
xadas acima das plantas por um fitilho.
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As armadilhas foram colocadas para
quantificar a populagao de insetos durante o de-
senvolvimento da cultura, além de observar o
aumento populacional em determinada fase da
cultura. Com isso, 7 dias apds o transplantio
realizou-se o levantamento quantitativo da inci-
déncia inicial de tripes na cultura da alface, em
que as armadilhas foram retiradas realizando a
contagem manual de tripes em cada parcela ex-
perimental. Em seguida, foram colocadas novas
placas adesivas e estas nao foram retiradas, até
0 momento da colheita da alface.

A aplicacdo do extrato vegetal de gengibre
foi realizada apds o trasplantio, a cada 7 dias,
com auxilio de um borrifador, pulverizando o ex-
trato em todas as folhas de alface até a integra
cobertura foliar pelo produto, totalizando um pe-
riodo de 21 dias. Antes de cada aplicacao, foi
realizada a contagem manual da populacao de
tripes, para avaliar o aumento da incidéncia da
praga durante o ciclo produtivo.

As avaliacOes foram realizadas durante a
colheita, analisando apenas as plantas centrais,
totalizando 6 plantas por parcela. As analises
consistiram na quantificagdo do ndmero de tri-
pes nas armadilhas durante o desenvolvimento
vegetativo, o peso da matéria fresca (g), a altura
das plantas (cm) e a incidéncia de danos diretos
da alimentacao do tripes nas folhas.

Para a determinacao do peso da matéria fres-
ca, foi utilizada uma balanca de preciséo. Enquanto

para a avaliagao de altura, foi realizada a medicao
da base da planta até o ponto méaximo da cabeca
de alface, com o auxilio de uma régua graduada.

A avalicao da incidéncia de tripes consis-
tiu na contabilizacao de plantas de cada parcela
atil que apresentavam os sintomas diretos nas
folhas de alface, devido a alimentacao do tripes.
Posteriormente, foi realizada a média de plantas
com sintomatologia por tratamento e transformados
os valores em porcentagem de incidéncia, seguindo
a metodologia utilizada por Borges (2006).

Os dados foram submetidos a anélise de
variancia. As variaveis significativas no teste F fo-
ram submetidas a analise de regressao a 5 % de
probabilidade, utilizando o programa estatistico
SISVAR 5.6 (FERREIRA, 2014). Além disso, fo-
ram estimadas as correlacOes de Pearson entre as
médias de todas caracteristicas avaliadas. A hipo-
tese de que o coeficiente de correlagao Pearson é
igual a zero (HO: P = 0) foi avaliada pelo Teste t.
As correlagoes foram realizadas usando o progra-
ma computacional GENES (CRUZ, 2006).

Resultados e discussao

No monitoramento da quantificacao do nu-
mero de tripes presente na armadilha adesiva, a
média das quatros contagens durante o experi-
mento foi de 252,75 insetos. Os valores obtidos
da populagao do inseto-praga em cada contagem
podem ser observados na Tabela 3.

Tabela 3 — Numero médio de tripes em relagéo aos tratamentos avaliados em alface, considerando diferentes
periodos de avaliacao. IFMG — Campus Bambui. Bambui/MG, 2018.

Tratamentos 12 Contagem 22 Contagem 32 Contagem 42 Contagem

0% 130,00 159,25 303,75 401,75
20 % 122,25 132,50 307,50 361,25
40 % 124,75 135,00 309,50 346,50
60 % 171,25 212,25 389,50 414,75
80 % 152,25 182,50 321,75 376,75
Médias 140,10 164,30 326,40 380,20
CV (%) 32,86 45,72 29,23 25,18

Fonte: Elaboracao dos autores (2021).
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Observa-se que na realizacao da primeira
contagem de tripes nas armadilhas para anali-
sar a populacao presente na casa de vegetacao,
ha uma densidade populacional inicial média
nos tratamentos de 140,10 insetos. Os valores
médios obtidos na segunda, terceira e quarta
contagem foram de 164,30; 326,40 e 380,20
insetos médios, respectivamente. Nao houve di-
ferenca significativa entre as parcelas, indicando
que a taxa de infestacao por tripes estava unifor-
me dentro da area experimental.

Durante o desenvolvimento vegetativo da

alface, o tripes pode ser encontrado em todos os
estagios fenolégicos, sendo importante a utiliza-
cao do monitoramento na area para observar a
populacao do inseto. Contudo, existem poucos
trabalhos relacionados a produgao em ambiente
protegido que demonstram o nivel de controle do
inseto-praga (GAERTNER; BORBA, 2014).

Para as variaveis altura e peso da matéria
fresca, a aplicacao de diferentes concentragoes
do extrato a base de gengibre possuiu comporta-
mento semelhante quando submetidos a anélise
de variancia, podendo ser observado na Tabela 4.

Tabela 4 — Médias para as varidveis analisadas em relagao aos tratamentos testados em alface na colheita.

IFMG — Campus Bambui. Bambui/MG, 2018.

Tratamentos Altura (cm) Peso (g)
0% 31,70 287,08

20 % 31,54 268,33
40 % 31,42 297,49
60 % 30,91 271,66
80 % 32,70 301,66
CV (%) 6,76 10,24

Fonte: Elaboracao dos autores (2021).

Com relacao a variavel altura, a média
das plantas foi de 31,65 cm, variando entre
30,91 cm e 32,70 cm. Enquanto o peso médio
de matéria fresca foi de 285,24 gramas, em um
intervalo de 268,33 gramas a 301,66 gramas.

Os dados de matéria fresca da parte aérea
foram superiores aos encontrados no trabalho de
Patekoski e Pires-Zottarelli (2010), no qual a alface
Vera apresentou 158,8 g em experimento realizado
na primavera e 182,2 g em experimento realizado
no verao. Porém, os resultados do experimento cor-
roboram os obtidos por Santos et al. (2010), que
trabalhando com alface Vera em sistema hidropo-
nico, encontraram média de 244,78 g aos 47 dias
apds a semeadura para as plantas.

Na casa de vegetacao, nao foi possivel ob-
servar plantas de alface com sintomatologia viral,

resultado do dano indireto, com a transmissao de
virus. Segundo Domiciano, Ota e Tedardi (1993),
a incidéncia de danos provocados pelo tripes e
a menor producao de uma cultura sao mutaveis
de acordo com fatores que interferem na relacao
inseto-planta, como cultivares, condigdes clima-
ticas, estagios fenoldgicos, época de plantio e
nivel de infestacao.

Na anélise de danos diretos, os resultados de-
monstram a eficacia do extrato a base de gengibre
com concentracao de 80 % e 60 % no contro-
le de tripes em alface, com média de 54,16 %
e 70,83 % de plantas com sintomas, respecti-
vamente, conforme Figura 1. Desta forma, a
utilizacdo da solugéo a partir da concentracéo de
60 % peso/volume, o produtor rural pode obter re-
sultados benéficos no controle de tripes em alface.
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Figura 1 — Incidéncia de danos diretos pelo ataque de tripes em plantas de alface em funcao da aplicagao de
diferentes concentragdes de extrato de gengibre. IFMG — Campus Bambui. Bambui/MG, 2018.
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Fonte: Elaboracao dos autores (2021).

Hamada et al. (2018) constataram que a
partir da concentracéo de 50 % do extrato de
gengibre, ha uma reducao da viabilidade de
ovos, interferéncia no desenvolvimento de pu-
pas e fertilizacdo de Spodoptera littoralis.

Para comprovar a relagdo entre as caracte-
risticas estudadas, realizou-se a correlacao de
Pearson entre as variaveis. Os dados obtidos po-
dem ser observados na Tabela 5.

Tabela 5 — Estimativas de correlagcao de Pearson entre
as variaveis avaliadas em plantas de alface pulveriza-
das com extrato vegetal de gengibre. IFMG - Campus
Bambui. Bambui/MG, 2018.

Correlacao de Pearson

Contraste Estimativa
CG vs AL 0,50
CG vs PE 0,55
CGvs DD -0,95*
AL vs PE 0,67
AL vs DD -0,53
PE vs DD -0,40

CG - Concentragao do extrato de gengibre; AL — Altura
(cm); PE — Peso (g); DD — Danos diretos. *Significativo
a 5 % de probabilidade pelo teste t.

Fonte: Elaboracao dos autores (2021).

No presente estudo, a estimativa de
correlagao da concentracao do extrato de gen-
gibre e danos diretos foi de -0,95 e significativa

(TABELA 5). Esta correlacao é negativa ou inver-
sa e indica uma reducao nos danos diretos, em
funcao do aumento na concentragdo da solucao
de extrato de gengibre. As demais estimativas de
correlagao obtidas foram nao significativas.

A reducado dos danos diretos pode ser ex-
plicada pela ocorréncia de antixenose ou nao
preferéncia alimentar, caracterizado por um pro-
cesso de resisténcia de plantas, induzido por
fatores quimicos ou morfolégicos. A planta culti-
vada nao é utilizada para a alimentacao, devido
ao fato de o método dificultar a localizagao dos
insetos, especialmente em insetos com habito
sugador, diminuindo a selecao da planta hospe-
deira e o local em que o inseto normalmente se
alimenta (GALLO et al., 1988).

A aplicacao do extrato de gengibre pode ter
influenciado o processo de antixenose em plantas
de alface, o que promoveu, consequentemente,
a repeléncia ao tripes durante a alimentacao e
causou os menores indices de danos a cultu-
ra. A eficacia da nao preferéncia alimentar a
determinado inseto pode ser ocasionada pela
bioatividade dos compostos do extrato vegetal
comumente encontrados em maior abundancia
na solucao (MEDEIRQS, 2017; CRUZ, 2014).

O zingibereno é a principal substancia cons-
tituinte do gengibre, identificado em altos teores
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nas plantas e pode estar interligado a atividade
inseticida do vegetal (NEIVA; MALUF; MACIEL,
2013). Entretanto, a concentracdo dos compostos
bioativos nos rizomas pode apresentar variagao,
devido a fatores como idade, condices de cultivo,
fatores ambientais (ABDULHAY; YONIUS, 2019).

Diversos resultados evidenciam ligacao da
atividade inseticida com a maior concentracao
do extrato vegetal de gengibre. Merlotto et al.
(2018), ao avaliarem o efeito de inseticida de
diferentes extratos hidroalcodlicos de plantas so-
bre pulgdo Myzus persicae na cultura do jild,
verificaram que o extrato de gengibre foi o que
demostrou maior potencial para mortalidade dos
insetos, quando comparado aos demais extratos.

Rohde et al. (2013) avaliaram o efeito de
extratos preparados com diferentes vegetais
frescos e secos sobre larvas, pupas e adultos
de C. capitata e verificaram que o0 cinamomo e
o gengibre tiveram efeito inseticida sobre adultos
de C. capitata.

Chaubey (2011) constatou que a fumiga-
cao com oOleos essenciais de gengibre reduziu
significativamente o potencial de oviposicao dos
adultos e inibiu o desenvolvimento de larvas para
pupas e as pupas para adultos de Tribolium cas-
taneum. Em outro trabalho, Chaubey (2013)
verificou que os 6leos essenciais de gengibre e
P cubeba causaram toxicidade tanto por fumi-
gacao quanto por contato em Callosobruchus
chinensis adultos.

O uso do gengibre também foi relatado
como ingrediente de biopesticidas, assim como
outras plantas medicinais. Arora et al. (2012)
avaliaram a eficacia de uma formulagao de
biopesticida contendo cebola (Allium cepa) e
gengibre (Zingiber officinale) contra Helicoverpa
armigera e registraram um controle de 70 % a
80 %, além de um incremento na producao em
plantas tratadas com a formulagdo em compa-
racéo com as plantas néo tratadas.

Gomes (2016), ao avaliar os efeitos de 6leos
essenciais de gengibre fresco e seco, verificou que
as maiores concentracoes apresentaram melho-
res resultados para repeléncia e para oviposicao
do acaro T. urticae. Esse dados corroboram a hi-
pétese de que quanto maior a concentracao do
extrato, maior a quantidade de compostos bioa-
tivos na solucao e elevada propensao a atividade
inseticida do vegetal.

Madreseh-Ghahfarokhi et al. (2018), ao
avaliarem o efeito de 6leos essenciais de gen-
gibre sobre Culex theileri, verificaram que 0s
tratamentos apresentaram tanto efeito inseticida,
quanto efeito de repeléncia, sendo promissores
substitutos de pesticidas quimicos.

Desta forma, apesar do alto nivel popula-
cional de tripes na conducao do experimento, a
solugao que apresentou maior concentragao de
compostos bioativos obteve resultado benéfico e
impediu que o inseto presente na area realizasse
a alimentacao, reduzindo os danos diretos. Diante
do pressuposto, os resultados obtidos no presente
trabalho indicam o potencial promissor da utili-
zagao do extrato de gengibre, por meio da menor
atratividade da cultura, para reduzir a alimentagao
do tripes no cultivo de alface e, como consequén-
cia, diminuir a transmissao de doenca viral.

Conclusao

A utilizacao de extrato de gengibre com
concentracoes superiores a 60 % peso/volume
demonstrou ser eficaz na redugao da alimenta-
cao do tripes, pois reduziu os danos diretos na
cultura da alface. Por outro lado, ndo promoveu
0 maior desenvolvimento das plantas, em relagao
a altura e peso da matéria fresca.
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Resumo

As cigarrinhas-das-pastagens sao consideradas pragas de grande importancia em gramineas forrageiras no Brasil devido a
sua ocorréncia generalizada. Este inseto constitui uma das pragas mais importantes na degradacédo das pastagens. Para que
seja eficiente o controle das cigarrinhas-das-pastagens, é importante conhecer o comportamento populacional das espécies
deste inseto, identificar o periodo de maior ocorréncia, bem como as condigdes climaticas e ambientais que favorecem o
desenvolvimento da praga. Deste modo, o presente estudo teve como objetivo avaliar a dinamica populacional das cigarri-
nhas-das-pastagens, ao nivel quantitativo, em pastagens de Brachiaria decumbens e Panicum maximum, associando os
resultados com dados meteorolégicos do municipio de Conceigdo do Araguaia, Sudeste Paraense. Para o estudo da dina-
mica populacional de cigarrinha-das-pastagens, foram realizadas amostragens quinzenais, em dois tipos de pastagens com
idades entre 5 e 7 anos, mantidas sob pastejo rotacionado, com lotagdo de 1,5 unidade animal. Foi adotado o método de
monitoramento das ninfas e adultos das cigarrinhas-das-pastagens, por meio de caminhamento dentro da area de observa-
cao. Avaliou-se o nivel de infestagao das cigarrinhas-das-pastagens em ambas as espécies forrageiras e todos os resultados
foram submetidos a analise de variancia pelo teste F. Constatou-se que a espécie B. decumbens apresentou maior nimero de
adultos e de ninfas, quando comparada com a espécie forrageira P maximum. A dinamica populacional das cigarrinhas-das-
-pastagens da-se de forma gradual conforme as condigdes climéticas, sendo que o periodo com temperaturas nao tao elevadas
(22 °C a 34 °C) e uma boa precipitagao pluviométrica proporcionam uma infestacdo deste inseto-praga na pastagem.

Palavras-chave: Inseto-Praga. Pastagem. Brachiaria decumbens. Panicum maximum.

Introducao vivem na parte aérea da planta hospedeira e,
quando ninfas, ficam protegidas na base das
plantas cobertas por uma espuma branca,
caracteristica das espécies de cigarrinha-das-

-pastagens (BORGHI et al., 2018).

As cigarrinhas-das-pastagens pertencem a
ordem Hemiptera e a familia Cercopidae, sao
consideradas pragas de grande importancia em
gramineas forrageiras no Brasil devido a sua ocor-

réncia generalizada, altos niveis de infestacao e
dos severos danos causados (VALERIO, 2009).
As principais espécies que atacam as pastagens
sao: Zulia entreriana, Deois flavopicta, Deois
schac e Mahanarva spp., entre outras que tam-
bém possuem grande importancia econdmica
(BORGHI et al., 2018).

Conhecidas como uma das pragas mais
importantes associadas a degradacdo das pas-
tagens, as cigarrinhas sao insetos com aparelho
bucal do tipo sugador, sendo que na fase adulto

Como forma de controle das cigarrinha-das-
-pastagens, é inexistente um método isolado
para controlar eficientemente o inseto-praga,
sendo recomendado um conjunto de medidas
(Manejo Integrado de Pragas), por exemplo,
controle cultural, quimico e biolégico, para
minimizar os danos da praga nas pastagens
(TOWNSEND et al., 2001). No entanto, para
garantir um controle eficaz e economicamente
viavel é fundamental conhecer o comportamen-
to populacional das cigarrinhas-das-pastagens,
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identificando o periodo de maior ocorréncia,
bem como as condicOes climaticas e ambien-
tais que favorecem o desenvolvimento do inseto
(BERNADO et al., 2003).

Os danos provocados pelas cigarrinhas-das-
-pastagens variam de cada espécie de graminea,
sendo que 0s prejuizos econdmicos podem ser
consideraveis dependendo do local, das condi-
¢oes climéticas e do manejo (BERNARDO et al.,
2003). Existem diversas espécies de cigarrinhas
gue ocorrem nas pastagens do Brasil e varias
sao de importancia econémica; dependendo da
regiao, podem variar as espécies predominan-
tes. Apesar de morfologicamente semelhantes,
as espécies de cigarrinha-das-pastagens podem
apresentar preferéncias e capacidades de danos
diferenciados (VALERIO, 2006).

Quanto a suscetibilidade das espécies ao
ataque da cigarrinha-das-pastagens, capins do
género Brachiaria sao preferencialmente ataca-
dos por esses insetos (BORGHI et al., 2018), o
qgue tem sido evidenciado por trabalhos cienti-
ficos, como o realizado por Auad et al. (2009)
e Pereira et al. (2018), que constataram maior
densidade populacional de cigarrinha-das-
-pastagens nas espécies Brachiaria brizantha
e Brachiaria decumbens, respectivamente.
Trabalhos demonstrando a ocorréncia de ci-
garrinha-das-pastagens em espécies do género
Panicum sao pouco estudados, justificando a
realizacao do presente trabalho.

As gramineas do género Brachiaria e
Panicum constituem umas das principais es-
pécies componentes da dieta de ruminantes
no Brasil, sendo a primeira mais predominan-
te nas regides dos Cerrados, considerada como
a base das pastagens cultivadas brasileiras e
as espécies do genéro Panicum sao as mais
importantes para a producao de bovinos nas re-
gides de clima tropical e subtropical (CORREA;
SANTOS, 2003).

A ocorréncia de cigarrinha em pasta-
gens tem sido uma das principais causas para
a degradacao dos pastos no Brasil (VALERIO,
2009). Assim, torna-se relevante a obtencao
de conhecimento da dinamica populacional de
cigarrinhas-das-pastagens, de modo a se tor-
nar mais eficiente a tomada de decisées quanto
a época e ao tipo de manejo a ser adotado no
seu controle.

Deste modo, objetivou-se avaliar a
dinamica populacional das cigarrinhas-das-pas-
tagens, ao nivel quantitativo, em pastagens de
B. decumbens e P maximum, associando os re-
sultados com dados meteoroldgicos.

Material e métodos

O trabalho foi desenvolvido na proprie-
dade Paraiso, localizada a 10 quilébmetros do
municipio de Conceicao do Araguaia, Para, as
margens da PA-287. O municipio de Conceigao
do Araguaia, no Estado do Para, pertence a
Mesorregiao Sudeste Paraense, com sede mu-
nicipal situada em 08°16'S; 49°16'W e 157 m
de altitude. O clima da regiao, classificado con-
forme Kdppen-Geiger, insere-se na categoria de
equatorial Umido seco no inverno, tipo Aw. A
temperatura média anual é de 26,1 °C e tem
uma pluviosidade média anual de 1.734 mm.

A pesquisa teve inicio no més de agosto
de 2018 e finalizou em dezembro do respec-
tivo ano. Os dados meteorologicos referentes
aos meses de amostragem estdo disponiveis
na Figura 1. Foi possivel observar uma varia-
cao da temperatura maxima entre 32,71 °C e
37,93 °C, enquanto a temperatura minima va-
riou entre 22,19 °C e 23,07 °C. A precipitacao
pluviométrica total aumentou gradativamente de
agosto a dezembro, com 221 mm no Gltimo més
de amostragem (dezembro).
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Figura 1 - Climograma da precipitacao pluviométrica, temperatura maxima e minima nos meses de agosto a
dezembro de 2018, em Conceicao do Araguaia, Pard, Brasil.

250 40
- 38
200 - - 36
g [ Precipitac@o pluviométrica F 34 —~
S/ —&— Temperatura maxima 8/
s 150 4 -0 Temperatura minima 32 3
E E
& 30 s
& 5
£ 100 28 £
8= 5}
) - 26 E
—
[=T
50 A r 24
.... O coo{@os sood(@)oon ¥e)
o 22
0 . e L 20
ago set out nov dez

Periodo de amostragem (meses/2018)

Fonte: Instituto Nacional de Meteorologia (2020).

Para o estudo da dindmica populacional
de cigarrinha-das-pastagens, foram realiza-
das amostragens quinzenais, em dois tipos de
pastagens: B. decumbens e P maximum cv.
Mombaca, com idades de 7 anos e 5 anos, res-
pectivamente, mantidas sob pastejo rotacionado,
com lotacao de 1,5 unidade animal.

Neste estudo foi adotado o método de
monitoramento das ninfas e adultos das cigarri-
nhas-das-pastagens, por meio de caminhamento
dentro da area de observacao em forma de zig-zag
(VALERIO, 2005). O levantamento populacional
de ninfas foi realizado com base na contagem do
ndmero de massas de espuma, no pé da planta
(nivel do solo), utilizando como referéncia uma
moldura quadrada de ferro com dimensodes de
0,25 m x 0,25 m, arremessada ao acaso, para
definir um ponto de amostragem (PEREIRA;
BENEDETTI; ALMEIDA, 2008). Apds o arre-
messo, foram quantificados o total de massas de
espuma dentro da area delimitada pelo proprio
quadrado e o resultado expresso em nimero mé-
dio de massas de espuma por metro quadrado.

O método empregado para amostragem dos
adultos se deu por meio de varredura com rede

entomolégica, com arco de 40 cm de diametro,
realizando-se amostragem em 10 pontos ao aca-
so, descrevendo uma trajetoéria aleatéria dentro
da area de pastagem (LOHMANN; PIETROWSKI;
BRESSAN, 2010).

Em cada ponto amostral foram realizadas
10 varreduras com a rede e os insetos obtidos
em cada ponto amostral foram acondiciona-
dos em sacos plasticos e encaminhados para o
Laboratério de Entomologia do Instituto Federal
de Educacao, Ciéncia e Tecnologia do Para (IFPA)
— Campus de Conceicao do Araguaia, onde se
realizou a triagem das espécies, selecionando-se
a espécie de inseto de interesse (cigarrinhas-
-das-pastagens). A identificacao das espécies de
cigarrinha-das-pastagens foi realizada com au-
xilio de um estereomicroscopio binocular com
LED (light-emitting diode) modelo DI-224, para
visualizagdo das estruturas dos insetos e com a
utilizagao de chaves de identificacao.

As unidades experimentais possuiam 100
metros quadrados e o delineamento experi-
mental adotado foi o de blocos casualizados,
com 2 tratamentos e 10 repeti¢oes. Os trata-
mentos foram constituidos pela area de estudo
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(espécie forrageira) e pelos periodos (época de
monitoramento), considerando como repeti-
cao cada monitoramento realizado. Os dados
meteorologicos (precipitacao, temperatura mé-
dia diaria maxima e minima) foram obtidos por
meio do banco de dados do Instituto Nacional de
Meteorologia, Estacao Automatica de Conceicao
do Araguaia (INMET, 2018).

Avaliou-se o nivel de infestagao das cigar-
rinhas-das-pastagens em ambas as espécies
forrageiras. Todos os resultados foram submeti-
dos a andlise de variancia pelo teste F. As médias
da espécie forrageira e a época de monitoramen-
to, assim como sua intera¢ao, foram comparadas
pelo teste de Tukey, ao nivel de 5 % de probabi-
lidade. Quando houve interacao entre os fatores
estudados, realizou-se a analise de correlacao
de Pearson. As analises estatisticas e a plota-
gem dos gréficos foram realizadas com o auxilio
dos softwares Sisvar 5.4 (FERREIRA, 2011) e
SigmaPlot 10.0 (SYSTAT SOFTWARE, 2006).

Resultados e discussao

A anélise de variancia (TABELA 1) demons-
trou uma interacao significativa para os fatores
espécies forrageiras e épocas da amostragem,
quando observado o nimero de infestacdo dos
adultos de cigarrinha-das-pastagens. O nime-
ro de espumas por metro quadrado apresentou
significancia apenas para o fator isolado espé-
cie forrageira.

Conforme o teste de médias para as espé-
cies forrageiras, notou-se que a B. decumbens
apresentou maior nimero de adultos e de
ninfas, quando comparado com a espécie for-
rageira P maximum. A epdca de amostragem
que demonstrou maior nimero de adultos foi
dezembro, seguida por novembro e os demais
meses nao diferiram estatisticamente entre si
pelo teste de Tukey, assim como nao houve di-
ferenca estatistica para o nimero de espumas
(TABELA 1).

Tabela 1 — Anélise de variancia e teste de médias para o niimero de adultos e niimero de espumas em fungéo

da espécie forrageira e época de amostragem.

Quadrados Médios

Fonte de Variacao

N° de Adultos N° de espumas m-
Espécie Forrageira (EF) 1685,50 ™ 1513,80
Epdca da Amostragem (EA) 180120,20 ™ 21,5750 Ns
EF x EA 1448,70 9,425 N
CV (%) 22,12
Médias para Espécie Forrageira
Brachiaria decumbens 235,40 + 36,75 a 23,6 + 3,69 a
Panicum maximum 45,60 = 9,09 b 6,20 = 2,93 b

Médias para Epoca da Amostragem

Agosto 124,25 + 91,10 b 17,75 = 9,36 a
Setembro 126,25 = 84,51 b 13,00 = 9,97 a
Outubro 134,25 + 90,08 b 12,75 + 6,87 a
Novembro 143,00 + 82,97 ab 14,00 = 8,15 a
Dezembro 174,75 + 128,41 a 17,00 = 10,56 a

CV = Coeficiente de variacao. ns = nao significativo, ** = significativo pelo teste F a 1 % de probabilidade.
Médias seguidas da mesma letra nas colunas sao iguais estatisticamente pelo teste Tukey a 5 % de probabilidade.

Fonte: Elaboracao dos autores (2021).
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A interacao entre os fatores espécie forra-
geira e época da amostragem estao ilustradas
na correlacado de Pearson na Figura 2. Foi no-
tério um aumento no nivel de infestacao das
cigarrinhas-das-pastagens ao passo que o pe-
riodo se aproximava do més de dezembro,
principalmente na pastagem composta pela
espécie B. decumbens, que apresentou maior
valor absoluto do coeficiente de determinacao
(r =0,71). Por outro lado, o capim P maximum
pouco demonstrou influéncia do periodo de
amostragem no nivel de infestagao das cigarri-
nhas (r = 0,51).

Vale destacar que o més de dezembro, cuja
infestacao desse inseto-praga foi mais acentua-
da, coincide com o periodo que ocorreu a maior
precipitacao pluviométrica total (237,3 mm)
e temperaturas médias maximas e minimas
de 32,71 °C e 23,07 °C, respectivamente
(FIGURA 1). Deste modo, é possivel inferir que
os fatores da ordem ambiental influenciam a
dinamica populacional das cigarrinhas-das-pas-
tagens e o seu potencial reprodutivo, sendo a
temperatura e a umidade os parametros cli-
maticos de maior importancia neste contexto
(GARCIA et al., 2011; TEIXEIRA; SA, 2010).

Figura 2 — Correlagéo linear de Pearson para o nimero de adultos de cigarrinha-das-pastagens em funcao do

periodo de amostragem.
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Fonte: Elaboracao dos autores (2021).

Essas informagdes corroboram o resultado
obtido no presente trabalho, quando esses foram
comparados com os parametros abidticos (preci-
pitagdo e temperatura). Townsend et a/. (2001)
declararam uma maior ocorréncia populacio-
nal das cigarrinhas-das-pastagens no Estado de
Rondobnia entre os meses de dezembro e fevereiro,
tendo como justificativa as condicoes climéticas,
correspondendo ao periodo chuvoso da regiao.

Em relagao aos fatores climéaticos e ambien-
tais, os ataques das cigarrinhas-das-pastagens

podem ocorrer com maior severidade no pe-
riodo de maior precipitacao e temperaturas
elevadas do que em outros periodos em que
as condicbes nao sao tao favoraveis (periodo
de seca), fato este que esta diretamente rela-
cionado com a maior populagao desse inseto
cujas condigdes climaticas sao ideais (DIAS-
FILHO, 2017).

Vale ressaltar que o inicio do periodo
chuvoso favorece a infestagdo das cigarrinhas-
-das-pastagens, visto que temperaturas amenas
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e umidade elevada sao condicoes que favorecem
o desenvolvimento bioldgico das cigarrinhas-das-
-pastagens. Em condigbes ndo adequadas, os
ovos das cigarrinhas-das-pastagens podem nao
eclodir, ocasionando a diapausa (aquiescéncia),
que corresponde a um periodo de repouso, po-
dendo permanecer nessas condicOes até o final
do periodo seco, evidenciando uma depen-
déncia das condicOes climaticas para um bom
desempenho do seu ciclo biolégico (SANTOS;
SARAIVA, 2019).

As espécies que ocorreram em ambas as pas-
tagens amostradas estao dispostas na Figura 3.
A identificagao em laborat6rio demonstrou a pre-
senca de Notozulia entreriana, Mahanarva sp.,
D. flavopicta, Deois incompleta e Aeneolamia
colon. As espécies identificadas estdo de acordo
comoque é relatado na literatura sobre as principais
espécies de cigarrinha-das-pastagens que ocorrem
no Brasil, sendo elas: Z. entreriana, D. flavopicta,
D. incompleta, D schach e Mahanarva fimbriolata
(TOWNSEND et al., 2001).

Figura 3 — Espécies catalogadas de cigarrinha-das-pastagens ocorrentes nas forrageiras Brachiaria decumbens

e Panicum maximum no Sudeste Paraense.
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A = Notozulia entreriana, B = Mahanarva sp., C = Mahanarva sp., D = Deois flavopicta, E = Deois incompleta

e F = Aeneolamia colon.
Fonte: Elaboracdo dos autores (2021).

A ocorréncia das espécies foi maior na pas-
tagem com B. decumbens (POE = 6) do que no
P maximum (POE = 4) (FIGURAS 4A e 4B).
Nota-se que as espécies de cigarrinha-das-pas-
tagens D. incompleta e A. colon apresentaram
0 maior nimero de individuos ocorrentes nas
pastagens de B. decumbens e P maximum,
respectivamente, com percentual de ocorréncia
por espécie de 55,41 % para D. incompleta e
81,37 % para A. colon (FIGURA 4).

Este fato de maior ocorréncia em uma
espécie de forrageira esta relacionado com a sus-
cetibilidade da graminea, que segundo Townsend
et al. (2001) a B. decumbens possui uma alta
suscetibilidade a infestacao da cigarrinha quan-
do comparada com o P maximum, sendo este
considerado resistente ao ataque da praga. Por
este motivo, a diversificagdo das pastagens tor-
na-se essencial para minimizar a severidade
do inseto-praga.
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Figura 4 — Percentual de ocorréncia por espécie (POE) de cigarrinha-das-pastagens em Brachiaria decumbens

(A) e Panicum maximum (B).
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Vale ressaltar a ocorréncia isolada das espé-
cies de cigarrinhas-das-pastagens D. flavopicta
e N. entreriana na graminea B. decumbens e
que elas nao foram encontradas na pastagem
com P maximum. Essas mesmas espécies
também foram observadas em pastagens de
B. decumbens e B. humidicola no meio-nor-
te do Mato Grosso (BERNARDO et al., 2003).
Portanto, é visivel um habito preferencial por ca-
pins do género Brachiaria, corroborando Borghi
et al. (2018). Essa maior suscetibilidade das
espécies forrageiras do género Brachiaria esta
relacionada com a intensificacao do plantio de
areas com B. decumbens e B. humidicula em
um curto espaco de tempo, ocasionando um de-
sequilibrio bioldgico.

Conclusao

A dinamica populacional das cigarrinhas-
-das-pastagens se da de forma gradual conforme
as condicdes climaticas, sendo que o perio-
do com temperaturas nao tao elevadas (22 °C
a 34 °C) e uma boa precipitacao pluviométrica
proporcionam uma infestacao deste inseto-praga
na pastagem.

A Brachiaria decumbens é mais suscep-
tivel ao ataque das cigarrinhas-das-pastagens
que o Panicum maximum e algumas espé-
cies de cigarrinha tém preferéncia por atacar a
B. decumbens, a exemplo, a Deois flavopicta e
a Notozulia entreriana.

Recomendam-se mais estudos nas condi-
coes edafoclimaticas em que este trabalho foi
conduzido, para avaliar a dinamica populacional
desses insetos-pragas durante um periodo maior
de amostragem, assim como correlacionar os re-
sultados com o tipo de manejo das pastagens e
diferentes espécies forrageiras.
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Resumo

As questdes referentes a conservagao ambiental e ao diagnéstico da zona rural ainda séo temas escassos dentro das politicas
publicas e requerem maior atengao neste aspecto. Sendo assim, o objetivo desta pesquisa foi apresentar um diagnéstico da
zona rural de um municipio do Sul de Minas Gerais, com caracteristica tipicamente agricola e grande disponibilidade hidri-
ca, para verificacdo de eventuais incongruéncias socioambientais. Foram utilizadas informacoes secundéarias de banco de
dados publicos federal, estadual e municipal, além de questionérios presenciais, protocolos de avaliagao rapida e imagens
de satélite de alta resolugao para mapeamento do uso do solo nos ultimos anos. Foi possivel perceber que as acdes para
conservacao de Areas de Preservagao Permanentes — APPs sao reduzidas e que os entrevistados apresentam conhecimento
limitado sobre politicas publicas de incentivo a producédo familiar. Com relagdo ao saneamento basico rural, as agdes pra-
ticas por parte do poder publico devem ser priorizadas. A conclusdo desse diagndstico é sugerir que o municipio priorize

investimentos em politicas publicas voltadas a assistir o segmento socioambiental.

Palavras-chave: Educacao ambiental. Conservagao. Saneamento rural. Politicas publicas.

Introducao

A questao do saneamento ambiental no Brasil
perpassa todo um contexto ciclico, histérico, poli-
tico e econbmico, engendrado nos interesses que
modelaram a sociedade da época. Desde o inicio
do século XX o saneamento ambiental brasileiro
foi centralizado no poder executivo federal, até
meados da Ultima década, na atualidade, essas
questdes foram novamente devolvidas para a es-
fera municipal, de maneira mais descentralizada
e coletiva (SOUSA; COSTA, 2016).

A situagdo socioambiental da zona rural re-
quer uma maior atencdo por parte de gestores
publicos, instituicoes de ensino, organizacoes nao
governamentais e comunidade em geral; pois as
comunidades dessas regides além de distantes
geograficamente das sedes municipais enfrentam
também o acesso limitado, ou muitas vezes au-
sentes, a rede publica de educacao. Essa funcao

acaba ficando a cargo de poucas instituicoes, que
na maioria das vezes nao conseguem atingir todo
0 publico carente de orientagoes e suporte técnico.

A universalizacao dos servicos de sa-
neamento basico no Brasil compdée um dos
principios do Plano Nacional de Saneamento
Basico — PLANSAB estabelecido a partir da Lei
11.445/2007 e Decreto n® 7.217/2010. Isso
significa que os servicos de saneamento basi-
co devem atender a toda a populagéo, inclusive
aquelas residentes em areas rurais; o novo Marco
Legal do Saneamento Bésico, Lei 14.026/2020,
objetiva a universalizacao e qualificacao da pres-
tacdo dos servigos no setor, com meta do Governo
Federal de alcangar a universalizagao até 2033,
garantindo que 99 % da populagéo brasileira te-
nha acesso a agua potavel e 90 % ao tratamento
e a coleta de esgoto. No entanto, os servicos
de saneamento basico na zona rural no Brasil,
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de maneira geral, se apresentam insatisfatérios
em relagdo ao atendimento e a eficiéncia das
acoes. Segundo dados do Programa Nacional de
Saneamento Rural - PNSR (FUNASA, 2019), a
porcentagem de domicilios sem atendimento ade-
quado em relagao ao manejo de residuos solidos
é de 55 %. Em relacao aos servigos de abaste-
cimento de agua, 33,5 % da populagao da zona
rural possuem atendimento precéario e 26 % nao
possuem atendimento adequado. O manejo de
aguas pluviais apresenta um cenario menos seve-
ro, com 60,4 % da populagao com atendimento
adequado. Em relacao ao esgotamento sanitario,
54,1 % da populacgao rural apresenta atendimen-
to precério e 25,3 % nao recebe atendimento.
Esses dados demonstram uma realidade perigosa
e de baixa salubridade nas regides rurais, com-
prometendo a salde, o bem-estar e a qualidade
de vida dessas populacdes, além da contamina-
cao de mananciais de abastecimento.

Para sanar o déficit relativo ao saneamento
rural, € necessario que todos os atores envolvidos
sejam protagonistas na concepgao, implementacao
e gestao das acOes, que devem ser territorializa-
das e ajustadas as realidades locais (MACHADO;
MACIEL; THIOLLENT, 2021). Segundo Renaud
et al. (2018), os modelos mentais, valores e ati-
tudes humanas variam no tempo e no espago e
sao elementos-chave na relacdo entre homem e
natureza, podendo promover mudangas no sen-
tido da sustentabilidade. Em outras palavras, os
aspectos sociais devem ser incorporados em mo-
delos para sustentabilidade, principalmente para
conservagao de recursos naturais. Sendo assim, a
integracao de papéis dos diversos atores, como as
instituicOes de pesquisa e ensino nos servicos de
saneamento desenvolvidos no Programa Nacional
de Saneamento Rural (PNSR) sao pegas funda-
mentais para a implantacao de politicas publicas
focadas nesse cenario (FERREIRA et al., 2019).

Importante ressaltar que o cenario precario
relativo ao saneamento ambiental contribui direta
e indiretamente para a salde publica, sendo res-
ponsavel por elevar a taxa de mortalidade infantil,

além de reduzir a qualidade de vida da populagao
nao atendida (TEIXEIRA; GUILHERMINO, 2006;
BELLIDO et al., 2010; SOUZA et al., 2020).

As acOes de saneamento em areas rurais
visam reverter essa situacao e promover o be-
neficio ambiental, além de estimular a inclusao
de grupos sociais minoritarios, por meio da im-
plantacao de politicas publicas integradas nas
areas de saude, habitacao, igualdade racial e
meio ambiente (FUNASA, 2019; MACHADO;
MACIEL; THIOLLENT,2021).

Diversos trabalhos buscam elucidar tais
questdes e apontar solugdes para o enorme im-
passe politico e de gestao estratégica (MACIEL;
FERNANDES, 2011; MADRID et al., 2015;
FIGUEIREDO, 2019), bem como divulgar al-
ternativas replicaveis e de facil implantacao,
relativas as tecnologias sociais (TONETTI et al.,
2018) ou ainda avaliar tecnologias existentes
e sua viabilidade econémica e socioambiental
(COSTA; GUILHOTO, 2014). Tal cenario ainda
se agrava devido ao meio rural ser bastante he-
terogéneo, constituido de comunidades diversas,
com caracteristicas peculiares em cada regiao,
0 que exige formas particulares de interven-
coes em saneamento basico, tanto em relagao
as questoes ambientais, tecnolédgicas e educa-
tivas, quanto de gestdo e sustentabilidade das
acoes (FUNASA, 2019; MACHADO; MACIEL;
THIOLLENT, 2021).

Além dos aspectos relativos ao saneamento
rural, é importante também avaliar o cenario am-
biental no qual essas comunidades rurais estao
inseridas, visando a tomada de decisdo e auxilio
na implementacao de politicas publicas efetivas e
projetos socioambientais relevantes (MACHADO;
MACIEL; THIOLLENT, 2021). E preciso consi-
derar as potencialidades ambientais locais, bem
como os riscos de uso, definindo zoneamentos
ecoldgicos e econdmicos que permitam a otimi-
zagao e 0 uso parcimonioso dos recursos naturais
e do solo. Neste sentido, a definicdo, a caracte-
fizacdo e a protecdo de Areas de Preservacéo
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Permanente — APPs sao fundamentais em proje-
tos socioambientais com enfoque no saneamento
ambiental e na qualidade de vida dos atores so-
ciais dessas regides. Assim, algumas ferramentas
rapidas e praticas podem ser utilizadas, como
os protocolos de diagnodstico e de avaliagao ra-
pida de ecossistemas aquaticos como nascentes
e riachos, regides importantes para recarga de
mananciais e protegidas por lei (Cédigo Florestal
— Lei 12.651/2012). Essas ferramentas, se
adaptadas para as realidades locais e com rapi-
dos treinamentos dos aplicadores, podem auxiliar
na coleta de dados in loco e constituirem tecno-
logias de baixo custo e eficazes no planejamento
territorial e zoneamento em areas rurais.

Utilizando o municipio sul-mineiro de
Espirito Santo do Dourado como referéncia, esta
pesquisa teve como objetivo diagnosticar o per-
fil socioeconémico dos moradores da zona rural,
bem como investigar como ocorre a gestao das
aguas municipais e o0 uso e ocupacao dos so-
los nessas regides rurais. A pesquisa ocorreu a
partir de questionarios semiestruturados com
atores sociais, consultas bibliograficas em fontes
de documentos publicos municipais, estaduais
e federais sobre o municipio e anélises tempo-
rais histoéricas de imagens de satélite sobre os
usos do solo. O municipio foi escolhido para o
diagnéstico devido as suas potencialidades am-
bientais, ao crescente aumento da cultura do
morango e outras culturas de ciclo curto, com
uma ampla contribuicdo do publico rural nas
acoes econdmicas municipais, e a falta de sa-
neamento ambiental nas areas rurais.

Material e métodos

Caracterizacao do municipio e
periodos de amostragem

O municipio de Espirito Santo Dourado insere-
-se na mesorregiao sul-sudoeste de Minas Gerais,
possui extensao territorial de 263,89 km? e apre-
senta populacao de 4.712 pessoas distribuidas

entre 2.387 municipes na zona urbana e 2.325
na zona rural (PLANO DE SANEAMENTO BASICO
DO MUNICIPIO DE ESPIRITO SANTO DO
DOURADO - MG, 2017). Com grande disponibi-
lidade hidrica devido a sua localizacao geografica
(regiao serrana), apresenta grande nimero de
cérregos e cachoeiras dentro do perimetro urba-
no e rural. Compoe a Bacia Hidrografica do Rio
Sapucai, afluente da Bacia do Rio Grande, que
é contribuinte da Bacia Hidrografica Federal do
Parana (IGAM, 2021). O municipio recebe seu
nome devido ao Rio Dourado, que é sua princi-
pal fonte hidrica, além de ser banhado também
pelos rios Machado, Machadinho e Cervo e pe-
los ribeirdes Embirucu, Gongalves, Pompéu, Pogo
D “anta e Paciéncia (PLANO DE SANEAMENTO
BASICO DO MUNICIPIO DE ESPIRITO SANTO
DO DOURADO - MG, 2017).

Com relacao a gestao e conservacao das
aguas, um dos fatores que mais chamaram a
atencao € a situacao do sistema de abastecimento
publico, hoje sob responsabilidade da prefeitura,
que nao realiza nenhum tipo de cobranca pelos
servicos de captacao, tratamento e distribuicao de
agua. Segundo o Plano de Saneamento Basico do
municipio de Espirito Santo do Dourado (2017),
o sistema publico municipal de abastecimento
de agua possui atendimento precério devido a
intermiténcia na distribuicao de agua e a difi-
culdade de implantacdo da hidrometragéo dos
usuérios. Apesar da grande disponibilidade hidri-
ca local, as ferramentas de planejamento quanto
ao uso e gestao dos recursos hidricos ainda estao
aquém do ideal e o municipio ainda ndo possui
sistema de tratamento de esgoto que atenda a
comunidade, sendo lancados esgotos in natura
nos pequenos cursos d’agua que correm a mar-
gem do perimetro urbano no rio Dourado, ribeirao
Embirucu, ribeirao Paciéncia, ribeirao Pompéu e
ribeirdo Gongalves. Entre as principais deficién-
cias apresentadas pelo municipio no quesito
tratamento de esgoto estao: falta de cadastro da
rede, inexisténcia de normatizacao na implanta-
cao de redes, caréncia de pogos de visita, ligacoes
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de esgoto a rede pluvial e vice-versa, inexisténcia
de interceptores e inexisténcia de sistema de tra-
tamento (PLANO DE SANEAMENTO BASICO DO
MUNICIPIO DE ESPIRITO SANTO DO DOURADO
- MG, 2017). Como existe uma conhecida relacao
entre auséncia de servicos de saneamento basi-
co ou servicos de saneamento precarios e perda
da salde com aumento da mortalidade infantil
(TEIXEIRA; GUILHERMINO, 2006; BELLIDO
et al., 2010, SOUZA et al., 2020, MACHADO;
MACIEL; THIOLLENT, 2021), é possivel que a
ineficiéncia na oferta dos servigos tenha refletido
na taxa de mortalidade infantil registrada entre os
anos de 2012 e 2016.

Em 2010, 49,3 % do municipio era aten-
dido por servigos de esgotamento sanitario e os
bairros rurais nao possuem rede coletora de es-
goto (IBGE, 2010); em 2013, de acordo com o
Atlas Esgoto (ANA, 2013), o indice de atendi-
mento da rede de esgoto urbana do municipio
era de 94 % com coleta sem tratamento; 5 %
sem coleta e sem tratamento e 1 % com solu-
¢oes individuais. Apesar do significativo avango
na area urbana, na zona rural, os moradores
langam o esgoto diretamente em ribeirdes e pe-
qguenos cérregos ou constroem fossas (PLANO
DE SANEAMENTO BASICO DO MUNICIPIO DE
ESPIRITO SANTO DO DOURADO, 2017).

Com o indice de Desenvolvimento Humano
Municipal — IDHM de 0,68 (IBGE, 2010), o
municipio ocupa posi¢ao mediana em relacao
aos demais municipios mineiros e sua economia
se sustenta predominantemente nos setores de
Servigos e Agropecuaria. Considerando as rela-
coes diretas entre o nivel socioeconémico e a
mortalidade proporcional por doenca diarreica e
outras veiculadas pela 4gua e a auséncia de sa-
neamento basico, o municipio de Espirito Santo
do Dourado pode encontrar-se sob elevada vul-
nerabilidade socioambiental. Ainda, com grande
parte das suas atividades econémicas concen-
tradas na zona rural, a auséncia de saneamento
ambiental nessas areas pode se tornar um pro-
blema de ordem superlativa. Com maédulos rurais

fixados em 30 hectares, a maioria das proprieda-
des rurais cadastradas no Sistema de Cadastro
Ambiental Rural — SICAR se enquadra como pe-
quenas (< 2 a 4 hectares) e médias (4 a 15
hectares), conforme apresentado na Figura 1.

Figura 1 — Distribuicdo das propriedades e seus ta-
manhos no municipio, com destaque para producgéo
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Fonte: Elaboracdo dos autores (2021).

As amostragens de campo para o diagnosti-
co socioambiental do municipio de Espirito Santo
do Dourado/MG ocorreram durante agdes no am-
bito do “Programa Expedicao” da Pré-Reitoria de
Extensao do IFSULDEMINAS, nos meses de ju-
lho de 2018 e 2019.

Diagndstico socioambiental

Com objetivo de diagnosticar como ocorre
a gestao das aguas municipais e 0 uso e ocu-
pacao dos solos nas regides rurais, foi realizado
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um levantamento bibliografico em fontes de
documentos publicos municipais, estaduais e
federais, referentes as questoes administrati-
vas, territoriais, de saneamento e areas rurais;
sendo utilizadas as seguintes bases de dados
governamentais: municipal o site da prefeitu-
ra; estadual o Instituto Mineiro de Gestao das
Aguas — IGAM e a Empresa de Assisténcia
Técnica e Extensao Rural — EMATER; federal a
Agéncia Nacional das Aguas — ANA, o Instituto
Brasileiro de Geografia e Estatistica — IBGE e o
Sistema Nacional de Cadastro Ambiental Rural
— SICAR.

Posteriormente a essa etapa, a metodolo-
gia de selecao das propriedades entrevistadas
seguiu a ferramenta ndo probabilistica “snow-
ball sampling” (BIERNACKI; WALDORF, 1981),
na qual foi formada uma cadeia de informan-
tes indicados para responder o questionario,
nos bairros rurais municipais, a partir de eixos
estruturadores iniciais, compostos por atores
influentes no municipio. Assim, consecutiva-
mente, cada entrevistado também indicava outro
ator social, de modo que fosse entrevistado pelo
menos um agente social rural de cada bairro.
Destaca-se que se consultou o Comité de Etica
em Pesquisas (CEP) do IFSULDEMINAS acerca
da necessidade de avaliagao por este 6rgao, que
dispensou de avaliacao por se tratar de projeto
de extensdo. As intervencgOes foram realizadas
seguindo um questionério semiestruturado
composto de perguntas pré-definidas, visando
conhecer as questoes relativas ao uso e a ocu-
pacao do solo, gestao e conservacao das aguas,
tratamento de esgoto, sistemas agroecoldgicos
e acesso as politicas publicas de incentivo ao
produtor rural. Como ferramenta complementar
ao diagnostico socioeconémico e com o objeti-
vo de georreferenciar e diagnosticar a qualidade
ambiental de algumas nascentes em alguns
bairros rurais, bem como os usos do solo no

seu entorno proximo, foi aplicado um Protocolo
de Caracterizagdo Ambiental Simplificado
(CALLISTO et al., 2002) e os resultados apre-
sentados de forma categoricamente adaptada
(nota de 1 a 5 = pior para melhor qualidade
ambiental identificada). Esse protocolo aborda
questoes quali-quantitativas relativas ao grau de
impacto e de conservacao do recurso hidrico, no
trecho analisado. Por fim, todas as informacoes
coletadas foram devidamente tabuladas, organi-
zadas e geoespacializadas, de forma a subsidiar
a analise socioambiental do municipio objeto de
estudo. Utilizou-se para isso dos softwares de
processamento de imagens Google Earth Pro e
Quantum Gis (Q-Gis) e Microsoft Excel para ta-
bulacao dos dados. Para andlises no software
Q-Gis foram utilizadas imagens de satélites da
plataforma MapBiomas.

Resultados e discussao

A analise comparativa do uso do solo do mu-
nicipio nos anos 2000, 2010 e 2019 evidenciou
a crescente expansao da agricultura em Espirito
Santo do Dourado (FIGURA 2). E possivel notar
ao longo dos anos 0 avanco das areas destinadas
a agricultura, principalmente préximo a corpos
hidricos, fator fundamental para a garantia do
processo de irrigacao das culturas. As terras
cultivadas, compreendidas por “agricultura” e
“mosaico de agricultura e pastagem’, ocupa-
vam no ano 2000 uma extensao de 6.358,54
hectares, apresentando um aumento de 19 %
do ano 2000 para 2010 e 24 % de 2000 para
2019. Ao mesmo tempo, percebe-se uma retra-
caode 1,6 % em 2010e 2,13 % em 2019 das
areas de floresta nativa. Também merece des-
taque as florestas plantadas (Silvicultura), que
em sua maioria sao compostas por eucaliptos.
Em Espirito Santo do Dourado, essas feicoes au-
mentaram 600 % do ano de 2000 para 2010 e
1.200 % de 2000 para 2019.
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Figura 2 — Usos do solo em Espirito Santo do Dourado/MG nos anos 2000, 2010 e 2019.

00000

USO DA TERRA
ESPIRITO SANTO DO DOURADO

Classificagdo - MapBiomas 5.0 (2000)
I Vegetacio Nativa
I silvicultura
[ Agricultura / Lavoura Perene
Pastagem
Mosaico Agricultura / Pastagem
[ Afloramento Rochoso
I Corpo Hidrico
Il Infraestrutura Urabana
[ Rural Urbanizado

00000

USO DA TERRA
ESPIRITO SANTO DO DOURADO

Classificagdo - MapBiomas 5.0 (2019)
I Vegetacio Nativa
I silvicultura
[ Agricultura / Lavoura Perene
Pastagem
Mosaico Agricultura / Pastagem
[ Afloramento Rochoso
I Corpo Hidrico
Il Infraestrutura Urabana
[ Rural Urbanizado

‘‘‘‘‘‘‘‘‘‘‘

Fonte: Elaboracdo dos autores (2021).

Especificamente a partir do ano de 2014,
0 municipio apresentou um aumento crescente
nas areas cultivadas, tendo ocupacao relevante o
cultivo de morango e a mandioquinha salsa, con-
forme dados disponibilizados pelo escritério local
da Empresa de Assisténcia Técnica e Extensao
Rural - EMATER (FIGURA 3).

Os cultivos rotativos, quando realizados de
maneira tradicional e em desconformidade com
técnicas adequadas de gestao da quantidade e
qualidade das aguas, podem aumentar a con-
taminacao dos recursos hidricos regionais e até
mesmo gerar conflitos por demanda hidrica. O
aumento produtivo agricola também pode gerar
demandas conflitantes nos processos migratérios
municipais (ALVES, 2006) e, eventualmente,
gerar sobrecarga dos sistemas de saneamento
locais (que neste caso ja sao precarios), além de

‘‘‘‘‘‘‘‘‘‘‘

aumento da carga de efluentes poluidores nos
ecossistemas aquaticos.

Perfil dos produtores rurais
entrevistados

No total foram entrevistados 28 moradores
da zona rural, todos agricultores, distribuidos
em 15 bairros distintos, com pelo menos um re-
presentante em cada um dos principais bairros.
A maioria desses produtores (59 %) sao deten-
tores das terras que laboram, enquanto 30 %
arrendam e outros 11 % trabalham para alguém.
Esses dados demonstraram o potencial econémi-
co atrativo da pequena agricultura na zona rural
no municipio. A principal cultura no municipio é
0 morango, estando presente em 68 % das pro-
priedades entrevistadas. Em 56 % delas, era a
Unica atividade produtiva, enquanto em 12 %
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Figura 3 - Areas de producéo de mandioquinha salsa e morango ao longo dos anos no municipio Espirito Santo

do Dourado/MG, 2021.
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Fonte: Elaboracao dos autores (2021).

se misturavam a outros cultivos como milho e
batata salsa (mandioquinha), ambas culturas ci-
clicas e de curto periodo, com elevado potencial
para degradacoes fisicas, quimicas e bioldgicas
do solo e carreamento sazonal de agrotoxicos e
fertilizantes, que contaminam agua, solo e len-
col fredtico (MESQUITA; PAULA; ALVARENGA,
2000). Considerando as demais culturas desen-
volvidas, 32 % dos entrevistados dividiram-se
entre bananais, cafezais, cultivos de verduras e
pecuaria leiteira.

Outro aspecto relevante a se considerar
é o desconhecimento dos entrevistados so-
bre politicas socioecondmicas de assisténcia
a produtores familiares. Esses atores sociais
poderiam melhorar suas condigdes socioeco-
noémicas por meio da adocao dessas praticas,
pois conforme atesta Alves (2006), a agricul-
tura familiar € uma alternativa a pobreza rural.
O incentivo a producao agricola familiar ocor-
re mediante o acesso as politicas publicas de

——Mandioquinha Salsa
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alimentacao escolar (Programa Nacional de
Alimentacao Escolar — PNAE) ou financiamento
rural (Programa Nacional de Fortalecimento da
Agricultura Familiar — PRONAF). Um fato bastan-
te alarmante é que 79 % dos entrevistados nao
estavam cadastrados como produtor familiar ou
desconheciam tais politicas publicas. Sob outro
aspecto, porém similar, 63 % dos entrevistados
nunca ouviram falar em agricultura organica e
71 % desconheciam o termo agroecologia ou sis-
temas agroflorestais, evidenciando a necessidade
de se investir em politicas publicas voltadas a
disseminacao de praticas agricolas com menor
impacto sobre 0 meio ambiente.

Socioambiental e Saneamento

Com relagao a disponibilidade hidrica local,
mais de 80 % dos entrevistados possuiam al-
gum corpo hidrico dentro da propriedade. Todas
as propriedades faziam intervencao em recurso
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hidrico local para irrigacao de seus cultivos, seja
por meio da captacao em nascentes (29 %) e
cisternas/pocos (18 %), em rios/cOrregos que
percorriam suas propriedades (32 %) ou em acu-
mulagdes superficiais (21 %), demonstrando a
importancia e a necessidade da gestao da quan-
tidade e da qualidade dos mananciais hidricos
nesses locais. Contraditoriamente ao cenério de
intervengao em recurso hidrico, registramos a au-
séncia de autuacao por irregularidade ambiental
e nenhum dos entrevistados relatou ter passa-
do por tal experiéncia. Partindo deste aspecto, é
possivel obter uma relagao entre a auséncia de
acoes de conservagao proporcional a fiscaliza-
cao ou incentivo legal para essas praticas. Com
relacao aos incentivos a conservagao ambiental,

0 pagamento por servicos ambientais apresenta
grande potencial como mecanismo de geracao de
renda e estimulos a praticas conservacionistas
(LAMIM-GUEDES et al., 2017).

Com relacao a protecao das APPs em nas-
centes (50 metros) e entorno dos rios e riachos
(30 metros), conforme Lei 12.651/2012, 34 %
das propriedades nao possuiam 0s mananciais
preservados e 74 % dos entrevistados nao sa-
biam o que sao essas areas, evidenciando uma
caréncia de informacdes. Os resultados do pro-
tocolo de caracterizacao rapido aplicado em 08
nascentes, escolhidas aleatoriamente, em algu-
mas propriedades entrevistadas, corrobora esses
resultados, conforme Tabela 1.

Tabela 1 — Caracteristicas diagnoésticas visuais dos riachos analisados e usos do solo no entorno préximo. Espirito

Santo do Dourado/MG, 2021.

USO PRE-  AREA DE

ORDENAGAO DOMINANTE VEGETAGAO (U ALIDADE

LOCAL BAIRRO DIREGAO LONGITUDE LATITUDE ALTITUDE ~p " (o ™ ot o o b iR Al\{lri:-EN-
ENTORNO  (m2)!

PT1D Douradinho Sul 397.633 7.555.693 1.108 2 Floresta 31.400 5

PT2D Douradinho Sul 396.769 7.555.312 1.151 1 Floresta 31.400

PTIBG O  Gentro-sul 397.237 7.559.265 1.331 1 Floresta/ 5 003 4

Grande Pastagem

PTIPA Ponte Alta CentroSul 396.809 7.560.533 1.168 2 Agricultura/ 4 o 5 3
Pastagem

PTIGM (iﬂr‘i’;zifaa Sudeste  405.060 7.565.164  9.49 1 Agricultura  14.350 3

PT2GM GM“i’r:aeifaa Sudeste  405.288 7.565.336  9.68 1 Agricultura  8.240 2

PT1BO Boquira Sul 396.055 7.557.171 1.242 1 Agricultura 6.673 1

PT2BO Boquira Sul 397.164 7.556.852 1.243 1 Pastagem 5.677 1

PT1PQ gj:frao Sudeste  404.408 7.564.856 884 3 Agricultura 0 0

1Area calculada dentro de um raio de 100 metros a partir da coordenada geografica central do local demarcado.
2Analise comparativa entre os locais de acordo com as observacoes de campo e de laboratério. Escala de 1 a

5, sendo 5 = melhor e O = pior qualidade
Fonte: Elaborac&o dos autores (2021).

Os locais analisados possuiam altitudes
variando entre 884 metros e 1.331 metros ca-
racterizando a elevada declividade regional. Os
usos do solo predominantes no entorno proxi-
mo dos riachos (buffer de 100 metros no local

onde foi aplicado o Protocolo) foram agricultura
e pastagem, exceto nos locais avaliados no bair-
ro Douradinho, onde a vegetacdo predominante
é composta por fragmentos florestais. E percep-
tivel a relacao entre a porcentagem de mata no
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entorno dos riachos e a qualidade diagndstica
ambiental detectada pelo protocolo aplicado.
Percebemos também que nos locais onde ha pre-
dominancia de atividades agricolas, existe uma
tendéncia a remocao da cobertura vegetal no en-
torno dos riachos e topos de morro, justamente
para ampliacao das areas de cultivo. Esta prética
de uso de solo se caracteriza desconforme as nor-
mas e legislacoes ambientais no que se refere a
conservacao de APPs (margem de riachos, entor-
no de nascentes, topos de morros, entre outros).

E importante destacar que os locais amos-
trados no bairro Douradinho estao inseridos em
uma regiao de vale e com alta declividade, de-
nominada pelos moradores como “Paredao” e
que vem sendo utilizado, de maneira ainda mui-
to discreta, pelo turismo local. E uma regido de
falha geoldgica com picos muito ingremes, baixo
potencial para a agricultura e aparente aptidao
para o ecoturismo. Mesmo o turismo sendo um
setor que contribui de maneira crescente para o
Produto Interno Bruto — PIB brasileiro (BRASIL,
MINISTERIO DO TURISMO, 2018), alguns mu-
nicipios ainda nao conseguem implementar de
maneira efetiva agbes que conciliem conser-
vacao ambiental e renda por meio do turismo
sustentavel. Para tanto, o estabelecimento de
um zoneamento ecolégico econ6mico municipal
pode ser uma ferramenta Util para ordenar acoes
de uso do solo e atestar quantitativamente a ap-
tidao do turismo rural na regiao.

Outro resultado preocupante registrado
nesta pesquisa foi o de 39 % dos entrevista-
dos ndo possuirem o Cadastro Ambiental Rural
- CAR e 21 % nem saberem em que situacao
legal se encontravam as propriedades nas quais
laboravam. Este cenéario é corroborado pelos
dados do Instituto Nacional de Colonizagao e
Reforma Agraria — INCRA (2019), nos quais
constam cadastradas 1.575 propriedades rurais
no municipio, representando 57.671,83 hec-
tares, enquanto existem cadastradas no SICAR

(2021) apenas 1.013 propriedades para 0 mu-
nicipio, representando 19.819,20 hectares. Esta
incongruéncia demonstra que 35,68 % das pro-
priedades rurais de Espirito Santo do Dourado
ainda se encontram em situacao irregular quanto
ao CAR.

O CAR foi criado pela Lei n® 12.651/2012
(Codigo Florestal) e regulamentado em 2014 e
se refere a um registro publico eletrénico, obri-
gatoério para todos os imoéveis rurais, com a
finalidade de integrar as informacdes das pro-
priedades rurais referentes as APPs, uso restrito,
reserva legal, remanescentes florestais e areas
consolidadas. O seu objetivo € compor uma base
de dados para controle, monitoramento, planeja-
mento ambiental e econdmico, além do combate
ao desmatamento a partir de um sistema infor-
matizado e geoespacializado em escala nacional
(SICAR, 2021). A auséncia de cadastro das pro-
priedades rurais no CAR implica a auséncia de
informacgodes, que no futuro poderédo subsidiar po-
liticas de protecao ambiental.

Com relacao ao esgoto rural, cerca de 46 %
dos entrevistados nao possuiam nenhum tipo
de tratamento, lancando os dejetos diretamente
no solo ou nos cérregos proximos. O langamen-
to de esgoto sem tratamento em corpo hidrico
pode ocasionar perda na qualidade da agua e
consequentemente afetar a satde da populagao,
com a reducao da qualidade de vida (TEIXEIRA;
GUILHERMINO, 2006; RESENDE; BELLIDO
et al., 2010; FERREIRA; FERNANDES, 2018;
SOUZA et al., 2020; MACHADO; MACIEL;
THIOLLENT, 2021). Esse percentual estd bem
acima da média nacional de 25,3 %, apresen-
tada pelo PNSR (2019). Entre os entrevistados
gue possuiam tratamento, 53 % deles utilizavam
as chamadas “fossas negras”, que sao métodos
rudimentares de alocacao de esgoto, com grande
probabilidade de contaminagao de solo e lencol
fredtico. Apenas 7 % dos entrevistados possuiam
fossa séptica biodigestora.
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Realidade e Perspectivas

Espirito Santo do Dourado/MG é um muni-
cipio pequeno e com aparente potencial para o
desenvolvimento do ecoturismo, tendo em vista
sua localizagao geografica e suas potencialidades
naturais. No entanto, é perceptivel que a voca-
cao agricola municipal nao se integra a questoes
de ordem socioambiental voltadas para a sus-
tentabilidade. Conforme preconiza Madrid et al.
(2015), é preciso uma visao integradora pauta-
da nos principios da complexidade inerente as
questdes ambientais para a solugdo da precarie-
dade ou auséncia do saneamento basico. Essas
questdes perpassam aspectos técnicos, sociais
e culturais, incluindo a Educagcdo Ambiental.
E preciso levar ao conhecimento dos munici-
pes os programas e beneficios socioeconémicos
disponiveis, bem como promover campanhas
expressivas de disseminacao de ferramentas e
técnicas de gestao ambiental eficientes e adequa-
das. Os autores defendem uma abordagem que
atenda as necessidades da populacao afetada,
incluindo sistemas de saneamento descentrali-
zados com a implantacao de tecnologias sociais
para esgotamento sanitario, levantamento das
aptidoes natas de cada regiao com diagndsticos
locais mais detalhados, tratamento de adgua, ges-
tao adequada dos residuos sélidos e melhorias
na infraestrutura de drenagem.

Conclusao

A partir dos resultados obtidos nesta pes-
quisa, foi possivel observar que as areas rurais
amostradas do municipio de Espirito Santo
Dourado/MG encontram-se em uma situacao
de consideravel vulnerabilidade socioambien-
tal. As atividades agricolas se mostraram como
a principal fonte de renda, porém ainda sao de-
senvolvidas de maneira tradicional, com alto
potencial de impacto ambiental e com reduzido
conhecimento da populacao sobre as alternativas
mais sustentaveis para a produgao de alimentos.

Ainda neste aspecto, a adogao de praticas
protetivas ao meio ambiente é praticamen-
te imperceptivel na abordagem deste trabalho,
evidenciando a importéncia da gestao quali-
-quantitativa efetiva dos recursos hidricos locais
e da otimizacao do sistema de saneamento ba-
sico, ainda carente de investimentos e atencao.
Assim, é necessario priorizar politicas publicas
socioambientais mais integrativas, entre elas o
incentivo ao uso adequado do solo, conservacao
das APPs e principalmente, realizagdo de cam-
panhas de conscientizagdo ambiental, para que
a populacao rural esteja ciente das a¢des em prol
do manejo do solo, gestao adequada dos recur-
sos hidricos e adequagao ambiental.

Sugere-se estabelecer zoneamento ecol6-
gico-econdmico municipal por meio de estudos
de planejamentos estratégicos, tais como pla-
no diretor, plano de saneamento rural, plano de
desenvolvimento rural sustentavel, criacao de se-
cretaria de meio ambiente, implementacao de
programas continuos de educacao ambiental,
criacao de fundo para pagamento por servicos
ambientais e implementacao de programas de
monitoramento da qualidade dos corpos hidri-
cos. Essas sao ferramentas com potencial para
otimizar a situacgao atual.
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Resumo

O objetivo deste trabalho foi analisar como o desmatamento da Amazonia Legal (AMZ-L) é afetado pelo crescimento eco-
noémico dos estados por ela abrangidos, no periodo de 2000 a 2017. Este estudo tem como background a teoria da Curva
Ambiental de Kuznets (CAK), proposta por Grossman e Krueger (1991). Para responder o problema de pesquisa, utilizou-se
do método de Dados em Painel, considerando os efeitos fixos. A hipétese da CAK, de fato, ocorre no estagio inicial, mostran-
do que, com o aumento de renda, ha queda nos indices de desmatamento, fazendo com que haja uma inversao da curva,
assumindo formato de “U” invertido. Entretanto, em altos niveis de renda, o desmatamento volta a aumentar, assim, a cur-
va assume o formato de “N”. Considerando este cenario, pode-se concluir que o aumento da renda, por si s6, ndo garante
que haverd reducao do desmatamento, porém, vale ressaltar que os indices de desmatamento s&o menores que no estagio

inicial com niveis elevados de renda, mostrando a necessidade de intervengao governamental.

Palavras-chave: Crescimento econdmico. Sustentabilidade. Curva Ambiental de Kuznets. Dados em Painel.

Introducao

Desde a década de 1990, quando ocorreu
a Cupula da Terra no Rio de Janeiro, também
chamada de EC0O-92 ou Rio-92, muito tem-se
discutido sobre o aquecimento global e o modelo
de crescimento insustentavel da humanidade. O
acumulo de gases do efeito estufa na atmosfera,
a reducao das florestas naturais e seus impac-
tos no ecossistema por todo o mundo foram
consequéncias do avango das exploragdes agrope-
cuarias, extrativismo, incéndios e eventos naturais
(ARRAES; MARIANO; SIMONASSI, 2012).

Além dos debates, iniciou-se a preocupa-
¢cao da comunidade mundial em buscar meios
alternativos para a producao industrial, de forma
a promover o crescimento econémico dos pai-
ses de maneira sustentavel, conforme é descrito
no Relatério de Brundtland. Conceitualmente, o
Desenvolvimento Sustentavel (DS) é o consumo
consciente dos recursos naturais no presente,
para que as geragoes futuras tenham o mesmo

nivel de satisfagdo da geracao atual (UNITED
NATIONS, 1987).

Em 47 anos de discussoes sobre a forma in-
sustentavel que o mundo se desenvolve, pouco
se avancou, efetivamente, nas agdes previstas
nas agendas governamentais globais. Percebe-se
que os lideres mundiais negligenciaram o cara-
ter de urgéncia em adotar medidas sustentaveis
previstas nas convencoes das Nacoes Unidas
(GUIMARAES; FONTOURA, 2012).

Em um cenario de busca por equilibrio entre
o desenvolvimento econdmico e a sustentabili-
dade, o Brasil destaca-se com um importante
papel dentro das convengoes. Trabalhos, como
de Guimaraes e Fontoura (2012) e Lago (2006),
mostraram o Brasil como um dos paises mais
atuantes, no que tange a sustentabilidade dentro
das convencoes realizadas pelas Nacoes Unidas,
entretanto, os mesmos autores descreveram
qgue as medidas adotadas ainda sao precarias
e insatisfatorias.
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Embora o Brasil tenha somado esforcos
para cumprir os principios e acordos firmados
desde a ECO-92, autores como Fearside (2006)
e Coelho e Ferreira (2015) evidenciaram um
continuo crescimento do desmatamento das
florestas brasileiras, em especial da Floresta
Amazobnica, apontando as principais cau-
sas, as decisdes governamentais (FEARSIDE,
2006) e as desigualdades econbmicas e sociais
(LAGO, 2006).

O foco global sobre o Brasil est4, principal-
mente, sobre a Amazobnia, pois o pais abrange
a maior parte da floresta, que também se esten-
de a outros paises. Dados do Instituto Brasileiro
de Geografia e Estatistica (IBGE, 2010) in-
formam que o Brasil detém 59 % da Floresta
Amazonica, seguido pelo Peru, com 13 % e por
outros paises com menores parcelas: Colémbia,
Venezuela, Equador, Bolivia, Guiana, Suriname
e Guiana Francesa.

A Floresta Amazénica em territério brasilei-
ro compde parte da Amazonia Legal (AMZ-L),
que foi criada pela Lei n®5.173 /1966 (BRASIL,
1966), por viés politico e nao geografico, es-
trategicamente com finalidades de desenvolver
economicamente aquela regiao. Ressalta-se que
a AMZ-L é composta nao somente por flores-
tas Umidas, mas também por cerrado e Floresta
Ombréfila aberta, que envolve em quase sua
totalidade a atividade agropecuaria (MARTHA
JUNIOR; CONTINI; NAVARRO, 2011).

O territério da Amazbnia Legal é de
5.217.423 km? e corresponde a cerca de 61 %
do territério nacional, de 8.514.877 km?. A re-
giao inclui, em sua totalidade, os estados do
Acre, Amapa, Amazonas, Mato Grosso, Para,
Roraima, Ronddnia e Tocantins e, parcialmente,
o estado do Maranhéo (a oeste do Meridiano 44°)
(FEARSIDE, 2006). Na Figura 1, sao evidencia-
dos os limites da Amazdnia Legal brasileira.

Figura 1: Mapa demonstrativo dos limites da Amazé6nia Legal Brasileira
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Os estados que compdéem a AMZ-L, se-
gundo o IBGE (2010), tém uma populacao de,
aproximadamente, 24 milhdes de habitantes,
distribuidos em 775 municipios, detendo 1/3
das florestas tropicais Umidas e o maior ban-
co genético do planeta, além de possuir 1/5 de
toda agua potavel do mundo. Em nivel nacio-
nal, contém 45 % de toda agua subterranea do
pais. Quanto ao setor econdmico, a média do
Produto Interno Bruto (PIB) per capita dos esta-
dos abrangidos pela AMZ-L corresponde a cerca
de 63 % do PIB nacional. Por tamanha repre-
sentatividade e influéncia sobre o equilibrio do
planeta, Arraes, Mariano e Simonassi (2012)
apontaram que, a partir de 1970, a década foi
marcada pela ocupacao territorial intensa e aber-
tura das florestas virgens, em funcao da criagao
da via Transamazobnica.

Percebe-se que a AMZ-L possui caracte-
risticas que favorecem a pratica da degradacao
daquela regido, o setor agricola e pecuario, fa-
vorecido pela geografia e indice de pluviosidade
acima da média (MARGULIS, 2003), e o ex-
trativismo e as apropriacoes ilegais de territorio,
gue ocorrem quando h& melhoria na infraestru-
tura, facilitando a saida de madeira, bem como
a ocupacgao e a falsificacdo de documentos por
grileiros, que ocupam o territério para vendas
posteriores. 1sso ocorre porque as infraestruturas
agregam valor a propriedade, fato que, muitas
vezes, foge do controle do governo (FEARSIDE,
2006). Segundo o mesmo autor, a desigualdade
social daquela regiao também contribui para de-
gradacao, e os aspectos econdmicos do pais sao
refletidos diretamente na area da AMZ-L.

O crescimento econémico do setor agro-
pecuario e extrativista, em contraste com a
desigualdade de renda, tem provocado pres-
soes sobre a AMZ-L, alertando ainda mais a
comunidade cientifica sobre os riscos aos quais
a sociedade ficara exposta, caso nao se encon-
trem meios de producao sustentaveis. Neste
sentido, Grossman e Krueger (1991), com o
conceito da Curva Ambiental de Kuznets (CAK),

estabeleceram uma relagcao de “U” invertido
entre crescimento econdmico e sustentabilida-
de, explicando em seu estudo que, incialmente,
quando ha avangos econémicos e elevacdo na
renda per capita, aumenta-se também a de-
gradacao ambiental, porém, em certo ponto do
tempo, a medida que a renda e a economia cres-
cem, a degradacao ambiental tende a diminuir.
Sendo assim, cria-se uma expectativa positiva
com relagao as mudangas do crescimento econ6-
mico que estao ocorrendo no pais, e, a0 mesmo
tempo, a necessidade de se evoluir em renda
e tecnologia para mitigar os impactos sobre o
meio ambiente.

Com os avancos na exploragao sobre a
AMZ-L e o iminente risco de provocar um dese-
quilibrio sobre este ecossistema, este artigo teve
como objetivo identificar em que medida o cres-
cimento econdmico dos estados que compdem
a Amazonia Legal impactou o desmatamento da
regiao, no periodo de 2000 a 2017.

Desenvolvimento Sustentavel

Embora o termo desenvolvimento susten-
tavel tenha se expandido e sido utilizado como
conceito a partir de meados do século XX, seu
surgimento foi no ano de 1713. O termo foi usa-
do pela primeira vez pelo autor aleméao Hans Carl
Von Carlowitz, em seu estudo sobre a explora-
cao inconsequente da madeira na Alemanha.
Von Carlowitz sugeriu 0 nachhaltende Nutzung
(uso sustentavel) das florestas, implicando que,
no exercicio da exploracao madeireira, houves-
se um numero suficiente de arvores jovens para
substituir as que seriam removidas, consideran-
do o fato de que, até o século XVIII, a madeira
era consumida como combustivel e fazia parte de
quase todos os processos de producao.

O século XVIII foi marcado pela expansao
da massa populacional mundial, que também
chamou a atencao dos pesquisadores sobre a
sustentabilidade e a qualidade de vida futura,
pois, a medida que se aumentava a populagao,
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elevavam-se as necessidades e o consumo de ma-
téria-prima, como descrito por Malthus (1798)
na obra Essay on the principle of population.

Com a chegada do século XIX, as reservas
energéticas se tornaram escassas, pois, basica-
mente, eram oriundas do carvao, estando estas
comprometidas. Neste sentido, Jevons (1866),
em sua obra The Coal Question: an inquiry con-
cerning the progress of the nation, and the
probable exhaustion of our coal-mines, alertou
sobre 0 consumo irresponsavel de carvao, mos-
trando que ele entraria em escassez em menos
de 100 anos na Inglaterra, caso continuasse inal-
terado, o que faria com que esse pais perdesse
seu dominio industrial.

Pisani (2006) concluiu que o tema desen-
volvimento sustentavel tem sido abordado pelos
estudiosos da area muito antes do Relatério de
Brundtland, conforme o rastro tedrico apresen-
tado. Ainda segundo o autor, as questoes em
torno da sustentabilidade tornaram-se popula-
res pelo avango do consumo irresponsavel de
forma rapida, provocado pelo crescimento po-
pulacional e pela forma que a populagao esta
se desenvolvendo.

Nascimento (2012) explanou sobre duas fa-
ces sobre as quais o desenvolvimento sustentavel
se originou. A primeira esta ligada a ecologia,
que se refere a capacidade que os ecossistemas
tém de se recuperarem das agressoes provocadas
pelo homem ou pela prépria natureza (terremo-
tos, tsunamis, vulcoes, fogo etc.). A segunda esta
relacionada aos meios econ6micos, por meio da
percepcao do modo de consumo, produgao e
expansao populacional, que, em longo prazo,
comprometeria a disponibilidade dos recursos,
tornando-os escassos. Ainda segundo o autor,
desde o inicio do fomento sobre o desenvolvi-
mento sustentavel, o conceito sobre o tema ainda
estd em aberto e varia de acordo com os inte-
resses (politico e ecoldgico) de quem o estuda.

Como visto anteriormente, ha séculos ja se
percebia a escassez dos recursos naturais e a

reducéo na disponibilidade desses recursos, a
qual esta ligada a economia, como mostrado por
Jevons (1866).

Curva Ambiental de Kuznets

Em 1955, Simon Kuznets, em seu estudo
“Economic Growth and Income Inequality”, pro-
pOs que a desigualdade de renda e a caréncia
em tecnologia eram fatores que contribuiam para
0 aumento da degradacdo ambiental. Alinhados
aos estudos de Kuznets (1955), Grossman e
Krueger (1991) foram os pioneiros em provar a
veracidade da existéncia do “U” invertido, que
apresenta uma correlacao positiva entre o cres-
cimento econdmico e o meio ambiente. Segundo
os autores, quando uma determinada sociedade
atinge niveis de renda e tecnologia elevados, a
degradacao ambiental tende a reduzir.

Um resgaste histérico feito por Montibeller
Filho (2007) relatou que, a partir da metade do
século passado, o crescimento econémico foi
tido como vilao da natureza, sendo responsa-
bilizado pelo consumo dos recursos naturais. O
autor O ‘Connor (1998) apontou que, quando
ha crescimento na economia, desencadeiam-se
a degradacao ambiental, poluicao e esgotamento
dos recursos naturais, todavia, quando ha retra-
¢ao na economia, 0 meio ambiente continua a
ser degradado. Nessa 6tica, a falta de crescimen-
to econdmico tem sido usada como justificativa
para a auséncia de zelo com o meio ambiente por
diversos paises, pois, em um cenario de retra-
cao econdmica, a preservagao do meio ambiente
representa custos adicionais (MONTIBELLER
FILHO, 2007).

Esse descuido com o meio ambiente pro-
duziu estudos que evidenciam elementos
prejudiciais a qualidade da vida humana, sen-
do os principais o dioxido de carbono (CO,), o
dioxido sulfarico (SO,) e o dxido nitroso (NO), e
isso fez com que, a partir da década de 1970,
aumentasse a pressao sobre os paises em desen-
volvimento (CARVALHO; ALMEIDA, 2010). As
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pressoes para que os paises adotassem medidas
de aproveitamento sustentavel dos recursos na-
turais aumentaram por todo o0 mundo, por meio
das organizagdes nao governamentais (ONGs) e
ativistas ambientais (CARVALHO et al., 2015;
LAGO, 2006; MONTIBELLER FILHO, 2007).

As imposicdes internacionais fizeram com
que os debates acerca da qualidade de vida fu-
tura fossem amplos. Dada a premissa de que as
geracoOes futuras seriam prejudicadas pela degra-
dacao ambiental daquele periodo, foi convocada,
em 1972, a primeira Conferéncia das Nagoes
Unidas sobre clima, em Estocolmo, iniciando um
processo que busca desenvolver a economia de
forma otimizada (LAGO, 2006).

Nesse cenario, os paises que buscam de-
senvolvimento sofrem pressoes para preservagao
ambiental. A hipétese da Curva Ambiental de
Kuznets divide opinides. Existe a vertente que
acredita que nao é necessario sacrificar o cres-
cimento econdbmico para que o meio ambiente
prospere e, em contrapartida, existem aqueles
que acreditam que o consumo e o crescimento
econdmico sao, até Ultima instancia, responsaveis
pela degradacao ambiental (CARVALHO, 2013).

De fato, os estudos de Grossman e Krueger
(1991, 1995) mostraram evidéncias empiricas
qgue a curva também pode ter um formato em
“N”. Os autores estimaram a CAK para o diéxido
de enxofre, fumaga negra e particulas suspensas.
Nos dois primeiros, encontraram uma relagao de
“U" invertido a partir de uma renda per capita de
US$ 5.000. Com relagéo as particulas suspen-
sas, o valor per capita é ainda menor, entretanto,
quando a renda per capita fica entre US$ 10.000
e U$$ 15.000, os niveis de poluentes estudados
voltaram a crescer, indicando que a curva possui
formato de “N”.

Panayotou (1993), ao estudar a CAK, além
de utilizar variaveis como diéxido de enxofre,
oxidos nitrogenados e material particulado soé-
lido (residuos gerados pela industria), usou a
variavel desmatamento. Os resultados obtidos

mostraram, em geral, que o ponto de virada da
CAK do desmatamento ocorre entre U$ 800 e
U$ 1.200, contra U$ 3.800 a U$ 5.500 das de-
mais variaveis. O autor argumentou que esse fato
ocorre devido ao desmatamento para expansao
agricola ocorrer no estagio inicial de desenvolvi-
mento, antes da industrializacao.

O formato descrito pela CAK é atribuido,
pela literatura, a varios fatores. A forma de “U”
invertido é explicada por Selden e Song (1994)
da seguinte maneira: a) elasticidade de renda
para demanda ambiental, indicando que, quanto
maior a renda, maior serd a atencao para qua-
lidade de vida ambiental que querem desfrutar,
consumindo produtos mais saudaveis; b) efeito
escala, tecnologia/técnica e estrutura/composi-
cao (o efeito escala ou crescimento na produgéo
implica maior consumo de recursos e energia,
contribuindo positivamente na degradacao; quan-
to ao aspecto tecnoldgico, a melhoria de renda
substitui técnicas de producao antigas por inova-
das e aprimoradas para reducao de poluentes; o
fator estrutura ou composicao tende a melhorar
gradualmente com o aumento da renda, optan-
do por atividades sustentdveis (GROSMANN;
KRUEGER, 1991)); ¢) comércio internacional,
sendo um dos fatores principais que explicam a
CAK, entretanto a qualidade ambiental tende a
cair com o aumento do comércio, principalmente
na exportacao; por outro lado, aumentando-se a
economia, eleva-se também a degradacao, to-
davia, esses efeitos podem ser suprimidos pelo
uso da técnica ou efeito da composicao (DINDA,
2004); d) mecanismos de mercado, em que
Shafik e Bandyopadhyay (1992) sugeriram que
a existéncia de um mercado autorregulador en-
dbégeno, para recursos naturais comercializados
no mercado, poderia mitigar os efeitos da degra-
dacao ambiental.

Contudo, é necessario enfatizar que os es-
tudos de Grosmann e Krueger (1991) revelaram
que a CAK, a partir de certo ponto, pode assu-
mir o formato de “N”, o que demonstra que o
crescimento econdmico, por si s6, nao garante
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a inversao da curva. Carvalho e Almeida (2010)
enfatizaram a ideia de que a degradacgdo au-
menta, para depois diminuir, com o crescimento
econdmico; paises em desenvolvimento sao in-
cipientes em se tratando de sustentabilidade, e
faz-se necessario adotar politicas “verdes” para
inverter a trajetdria que segue a CAK.

Segundo Avila e Diniz (2015) e Diniz
(2007), a inversao da trajetdria da CAK nao ocor-
rera se houver predominancia do efeito escala,
uma vez que este sobrepde os aspectos técnicos
e de composicao. O fato de predominar o efeito
escala nos paises em desenvolvimento explica o
porqué de nao ocorrer a inversao da curva, dado
que buscar o crescimento econémico € o princi-
pal objetivo, a priori. Nos paises desenvolvidos,
a relacao é contraria, existe a predominancia do
efeito técnica e de composicao.

Como visto anteriormente, existem fatores
adversos que implicam a convergéncia da CAK.
Neste sentido, sdo aplicadas algumas criticas
em relagdo ao modelo. Stern, Common e Barbier
(1996) apontaram trés problemas na estimacao
da CAK: a) simultaneidade: a CAK deriva de um
modelo de economia em que nao ha feedback
do estado do meio ambiente para o crescimen-
to econdmico; segundo os autores, a poluicao
e 0o desmatamento sdo vistos como nocivos a
qualidade de vida, mas nao ha possibilidade
de producdo; neste sentido, Porter e Van Der
Linde (1995) propuseram uma analise reversa
da CAK, em que a preservacao do meio ambien-
te faz com que haja crescimento econdmico e
técnico, de modo que o fator renda seja enddge-
no, sendo a qualidade ambiental realimentadora
do crescimento econdmico; estatisticamente,
a simultaneidade entre fator producao e dano
ambiental produzem estimativas enviesadas e
inconsistentes; b) comércio internacional: para
Stern, Common e Barbier (1996), paises como
Estados Unidos e Japao reduziram o dano am-
biental, exportando a industrializagcao para

paises em desenvolvimento, o que também en-
viesa as estimativas; c) problemas de dados:
segundo Stern, Common e Barbier (1996),
os estudos de Grossman e Krueger (1991) e
Shafik e Bandyopadhyay (1992) usam dados de
poluicdo de area urbana e desconsideram po-
luentes de ecossistemas naturais, que também
impactam a salde humana. Segundo Shafik e
Bandyopadhyay (1992), os dados usados na
CAK possivelmente darao origem a heterocedas-
ticidade na estimacao, tornando o método de
Minimos Quadrados Ordinéarios (MQO) ineficien-
te, mesmo sendo imparcial.

Com olhar critico de Panayotou (1993), com
relacao a validade da CAK, ainda cabe questio-
nar: i) a qual nivel de renda per capita é o ponto
de virada? ii) quando ocorreu 0 dano ambiental
e como ele poderia ter sido evitado? iii) se algum
limite ecoldgico seria atingido de modo que fos-
se irreversivel com o aumento da renda? iv) se a
melhoria da qualidade do meio ambiente é auto-
matica quando se aumenta a renda ou necessita
de intervencao de politicas “verdes”? v) como
levar os paises em desenvolvimento a atingir o
nivel de qualidade ambiental desfrutada pelos
paises desenvolvidos?

Khanna e Plassmann (2004) também ques-
tionaram que o crescimento da renda em paises
em desenvolvimento pode ocasionar a piora da
poluicao mundial. Ainda segundo os autores,
apenas emissores que atraem interesse publico
pelo nivel de poluicao e impactos conseguem ob-
ter a CAK.

Estudos correlatos

Nesta secado, sao abordados os estudos an-
teriores que tratam da CAK. Foram levantados os
autores, a variavel dependente, a metodologia, o
local estudado, bem como os periodos. Por fim,
verificou-se se a CAK foi encontrada, conforme
Tabela 1.
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Tabela 1 — Estudos correlatos sobre a CAK.

Autores Var. dependente

Metodologia

Amostra CAK

Santos et al.

Dados em Painel

Municipios da AMZ-L

(2008) Desmatamento (Efeito Fixo) (2000-2004) Sim
Oliveira et al. Desmatamento C'%?godsee?ng;rﬁ; Municipios da AMZ-L uy”
(2011) pen (2001-2006) invertido
espacial

Gomes e Braga Desmatamento Dados em Painel Estados da AMZ-L Sim

(2008) (Efeito Aleatorio) (1990-2004)
Pequenas propriedades ao longo

Cal(dzeg,oeg’t)a/. Desmatamento Cross-Section da TransamazoOnica Sim
(1996 e 2000)

Prates (2008) Desmatamento Dados em Painel Municipios da AMZ-L Sim

(Efeito Fixo)

(2000-2004)

Fonte: Elaborado pelos autores (2020).

Procedimentos Metodoldgicos

Para este trabalho, a metodologia adotada
foi o0 modelo de dados em painel. Este modelo
possui algumas vantagens em relagdo aos mo-
delos de cross-section ou de séries temporais.
As principais delas sao a capacidade de contor-
nar o problema de heterogeneidade dos dados e
a de considerar as variaveis individuais de cada
individuo, neste caso, os estados brasileiros que
compdem a Amazonia Legal (HSIAO, 1986).
Além dessas vantagens, o modelo permite o uso
de maior nimero de observagbes, aumentando
0 grau de liberdade e diminuindo o problema de
colinearidade entre as variaveis explicativas.

O modelo geral para dados em painel é
dado por:

Yit=BOit+'BkX1it+ '"+Bnitxkit+6it (1)

Assim, o subscrito i denota os diferentes in-
dividuos, que, neste trabalho, sdo os estados da
Amazobnia Legal, e t, o periodo que estd sendo
estudado. O S, representa o parametro do inter-
cepto, ja o , corresponde ao coeficiente angular
da k-ésima variavel explicativa.

Portanto, 0 modelo adaptado para este tra-
balho sera o seguinte:

Y, =a,+B,+BPIB, - B,PIB, + BPIB, + X +€, (2)

em que: Y, representa a variavel dependente, que € a area de
desmatamento da Amazénia Legal; a, € o coeficiente do efeito
fixo; B,, 0 intercepto; B, os parametros a serem estimados; X,,
as variaveis explicativas; €, 0 termo de erro.

O vetor de variaveis explicativas (X,) foi com-
posto pelo PIB per capita ao quadrado, sendo
incluido para captar a hipétese da CAK, pois,
segundo a teoria de Kuznets, o desmatamento
tende a crescer a baixos niveis de renda. A partir
do momento em que uma sociedade atinge um
maior nivel de renda, a situacao se inverte e o
desmatamento tende a decrescer, assumindo a
forma de “U” invertido.

Também foi testado o PIB per capita ao
cubo, pois, como mostrado por Grosmann e
Krueger (1991), a curva pode assumir valores
positivos para degradacao novamente, quando a
renda atinge niveis elevados, fazendo com que a
CAK assuma formato de “N".

Além da variavel explicativa PIB, a literatura
ainda aborda diversas outras variaveis para expli-
car a CAK. Para este estudo, foram usadas como
variaveis de controle a densidade populacional
e o rebanho bovino dos estados que pertencem
a Amazobnia Legal. Trabalhos anteriores aborda-
ram essas duas variaveis como influenciaveis
no desmatamento, como o de Marengo (2007),
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Margulis (2003) e Martha Junior, Contini e
Navarro (2011). A densidade populacional é
utilizada em diversas &reas que estudam a CAK,
sendo apontada pelos autores citados como
importante para estudar seus impactos sobre
a degradacao ambiental, portanto, também se
aplica a este estudo. A variavel rebanho bovino é
inserida neste estudo por representar a principal
atividade nos estados abrangidos pela Amazobnia
Legal e apontada como uma das principais cau-
sas do desmatamento (MARGULIS, 2003).

Para a variavel PIB, é esperado um sinal po-
sitivo. Para a forma quadratica do PIB, espera-se
um sinal negativo. No entanto, a forma clbica
pode assumir sinal negativo, como proposto
por Kuznets (1955), ou positivo, como eviden-
ciado por Grossman e Krueger (1991). Para as
variaveis de controle, densidade populacional e
rebanho bovino, o sinal esperado é o positivo.

Os dados utilizados para a pesquisa empirica
foram obtidos do Sistema do Instituto Brasileiro
de Geografia e Estatistica de Recuperacgao
Automatica (SIDRA). Quanto a correcao infla-
cionaria das variaveis monetarias, esta foi feita
com base no indice Geral de Precos (IGP-DI),

Tabela 2 — Estimacao do modelo em dados em painel.

disponibilizado pelo portal da Fundacao Getulio
Vargas (FGV).

Resultados e discussao

Nesta secdo, estdo abordados os resulta-
dos obtidos do modelo econométrico, com base
nos dados coletados no SIDRA. Para a escolha
do melhor modelo a ser adotado na estimacao,
quais sejam modelo de efeito fixo, efeito alea-
tério ou modelo Pooled, foi aplicado o teste de
Hausman (1978), cuja hipétese nula (H,) é que
nao existe diferenca estatistica entre os dois esti-
madores. O resultado do teste possibilitou rejeitar
a hipétese nula ao nivel de significancia de 1 %.
Assim, o modelo adequado para a estimacao foi
o de efeito fixo.

Na Tabela 2, sao apresentados os resulta-
dos da estimacao dos modelos de efeito fixo,
aleatodrio e Pooled, com intuito de demonstrar a
robustez dos coeficientes estimados. Constatou-
se que, entre os modelos de efeito aleatério e
fixo, nao houve variagoes significativas nem tro-
ca de sinais, ao contrario do modelo Pooled. No
entanto, pelo Teste de Hausman (1978), o efeito
fixo foi 0 modelo indicado para estimacao.

Variaveis Efeito Aleatorio Efeito Fixo Pooled
Log PIB 18,087** 19,649** -22,377N
(8,091) (7,810) (17,163)

-1,866** -2,031%* 2,293

Log PIB® (0,838) (0,808) (1,177)
Log PIB? 0,060** 0,066** -0,077"s
(0,082) (0,027) (0,060)

0,607** 1,074* -0,485*

Log DDP (0,331) (0,402) (0,147)
Log Bov 0,712%** 0,5685*** 0,682***
(0,191) (0,323) (0,066)
Constante -60,447** -63,915%* 68,356MNs
(25,862) (24,972) (54,971)

Fonte: Elaborada pelos autores (2020).

Nota: N = n&o significativos; * significativo a 1 %; ** significativo a 5 %; *** significativo a 10 %. Valor entre

parénteses sao os desvios-padrao.
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Pela estimacdo do modelo de efeito fixo,
constata-se que os coeficientes do PIB, PIB? e
PIB3, apresentaram significancia estatistica ao
nivel de 5 %, a densidade populacional foi sig-
nificativa a 1 %, e o rebanho bovino, a 10 %,
0 que corrobora que essas variaveis impactam
diretamente no processo de desmatamento. O
sinal apresentado pelos coeficientes ja era es-
perado. Para o PIB, o sinal positivo indica que
o desmatamento cresceu com aumento da ren-
da, porém o PIB2 com sinal negativo mostra
que o desmatamento tende a reduzir ao atingir
determinado valor na renda. Para o PIB3, o si-
nal torna-se positivo hovamente, indicando que

altos valores de renda provocariam um aumento
no desmatamento.

O modelo de efeito fixo mostrou que para
a variavel PIB, quando elevada ao quadrado e
ao cubo, obtém-se uma curva em formato de
“N”, que a diferencia da forma de “U” invertido,
como proposta pela Curva Ambiental de Kuznets
(1955), ou seja, a renda, ao atingir determinado
valor, fez com que houvesse diminuicao do des-
matamento (FIGURA 2). Ao passo que a renda
continua a aumentar, ocorre uma nova inversao
da curva, mostrando que o desmatamento volta
a crescer. Esses resultados assemelham-se aos
encontrados por Grossman e Krueger (1991).

Figura 2 — Formato da Curva Ambiental de Kuznets encontrada.
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Fonte: Dados da pesquisa (2020).

Resultados obtidos da estimativa pelo
modelo de efeito fixo mostraram que, inicial-
mente, quando o PIB per capita aumenta 1 %,
o desmatamento apresentou um incremento de
19,64 %. Entretanto, a trajetdria crescente do
desmatamento com relacdo ao PIB per capita
nao é continua, ela tem uma inversao que ocorre
quando o PIB per capita é elevado ao quadra-
do. Assim, as estimativas mostraram que, para
cada 1 % de aumento no PIB per capita, houve
uma reducao de 2,03 % no desmatamento. Isso

T

2
Log do Produto Interno Bruto

implica que a CAK ¢é verdadeira e que é possi-
vel crescer sustentavelmente até certo valor de
renda, uma vez que, quando o PIB per capita
¢ elevado ao cubo, ocorre novamente uma in-
versao, porém, desta vez, com menor impacto,
sendo que o0 aumento de 1 % no PIB per capita
aumenta o desmatamento em 0,62 %.

Com relacao as variaveis densidade popu-
lacional e rebanho bovino, existe uma relagao
positiva com o desmatamento. As estimativas
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apontaram que o aumento da densidade po-
pulacional de 1 % provocou um incremento de
1,07 % no desmatamento. Para a variavel reba-
nho bovino, o crescimento de 1 % resultou em
um acréscimo de 0,58 % no desmatamento. Tais
resultados corroboram as analises estatisticas
apresentadas anteriormente e nota-se, claramen-
te, essa relagao positiva, principalmente entre os
estados do Mato Grosso e Para, onde a popula-
cao tem maior dispersao e o mercado de bovinos
tem se expandido rapidamente.

No primeiro estagio da CAK, é esperado
qgue, a medida que ha aumento na densidade
populacional, na produgao agropecuaria e no
PIB, também cresca a degradacao (efeito esca-
la). Entretanto, é possivel mitigar os impactos
do crescimento com o uso do efeito técnica e
composicao (CARVALHO; ALMEIDA, 2008;
GROSSMAN; KRUEGER, 1991). A medida que
a sociedade atinge certo valor na renda, ha uma
ideia que, supostamente, ela estaria disposta a
pagar por produtos de menor custo ambiental,
sugerindo que, para produzir produtos “verdes”,
é necessario operar pelos efeitos composicao e
tecnologia. Aplicando essa teoria a AMZ-L, a
tendéncia é que, com o aumento na renda per
capita, também ocorra sofisticacao no sistema
de producao, otimizando o uso do solo. Isso ten-
de a ocorrer pelo fato de existir pressao social por
produtos de origem sustentavel (efeito composi-
cao) (STERN, 2004).

Entretanto, para garantir que os efeitos da
renda nao sigam paralelos ao desmatamento
(efeito escala), é necessario empenho tecnolé-
gico na atividade, especialmente agropecuéria,
predominante na regiao da AMZ-L (efeito compo-
sicao), reduzindo as margens de desmatamento,
a medida que a renda aumenta, pela otimiza-
cao da produgao, conforme teoria de Torras e
Boyce (1998).

Existe um questionamento tedrico quanto a
validade da CAK. A duvida baseia-se na possi-
bilidade de exportacao de industrias poluidoras

para paises em desenvolvimento e na importacao
de matéria-prima ja semiprocessada. Por esse
motivo, paises ricos tém obtido a CAK em forma
de “U” invertido (CARVALHO; ALMEIDA, 2008).
Se essa suposicao for verdadeira, dificilmente, no
caso da AMZ-L, a curva se sustentara, explican-
do o formato de “N” encontrado. Tais resultados
refletem os estudos de Cole (2004). Segundo o
autor, mesmo que todos os paises em desenvolvi-
mento atinjam alto nivel tecnolégico, a dinamica
em que a riqueza diminua a degradacao ambien-
tal tende a acabar.

Os resultados encontrados sao paralelos
as afirmacoes de De Bruyn, Van Den Bergh e
Opschoor (1998), em que a CAK nao se sustenta
no longo prazo, assim, o formato de “U” invertido
seria apenas na fase inicial entre o crescimento
econdmico e a sustentabilidade. De fato, neste
estudo, os achados apontam que, apds altos ni-
veis de renda, a curva terd uma nova inversao,
assumindo formato de “N”.

Uma possivel explicagao para que a curva
assuma formato de “N”, como mostrado pelo
modelo econométrico, esta ligada aos limites
dos recursos tecnolégicos. A medida que os re-
cursos tecnoldgicos tendem a se esgotar, para
sustentar o crescimento, é necessario que haja
maior exploracdo dos recursos naturais, ou seja,
o primeiro fendbmeno da CAK é temporario, como
explicado por Biage e Almeida (2015). Com rela-
cao ao segundo estagio, a explicagao é orientada
pelo estudo de Opschoor (1990), no qual se
entende que a inversao da curva de forma cres-
cente pode ser resultado de um déficit alcancado
no processo de melhorias tecnoldgicas ou, ainda,
que o custo para implantacao da tecnologia aos
meios de producao se torne oneroso.

Estudos da CAK anteriores, como o de
Santos et al. (2008), ja registravam que me-
Ilhoras tecnoldgicas para a Amazobnia Legal,
apo6s determinado ponto, provocariam degrada-
cao ambiental. Assim, o modelo de producao
agropecuario e os efeitos de colonizagao podem
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apresentar limites tecnolégicos, que contribui-
riam para a segunda inversao.

Em contrapartida, sobre as suposicoes da
segunda inversao da CAK, mostrada no presente
estudo, os autores Roca e Serrano (2007) levan-
tam um questionamento para validade da curva,
dizendo que nenhum pais alvo de estudos da
CAK atingiu niveis de renda per capita tao altos a
ponto de fazer com que a curva tenha a segunda
inversao, mostrando que na pratica nao é possi-
vel saber se isso ocorreria de fato.

Por se tratar de um estudo empirico que
mostra a possivel relagao entre crescimento e
degradacao ambiental, em que a curva assuma
formato de “N”, o desmatamento tende a ser
menor com niveis de renda mais altos, como
mostram os resultados apresentados. Da mes-
ma forma, afirmou Beckerman (1992) que, por
mais que a degradacdo ambiental cresca com o
aumento de renda no primeiro estagio, a opcao
que possibilita menores impactos ao meio am-
biente é tornando o pais rico.

Consideracoes Finais

O modelo econométrico aplicado neste tra-
balho demostrou que, inicialmente, de fato,
existe uma forma de “U” invertido, ou seja, o
desmatamento cresce a partir do aumento da
renda, entretanto, ao atingir certo nivel de ren-
da, o desmatamento tende a diminuir, conforme
a teoria da CAK.

Quando aplicada a forma cubica ao modelo,
a CAK apresenta uma nova inversao, sugerin-
do que, em altos niveis de renda, os indices de
desmatamentos tendem a continuar aumentan-
do, apresentando formato de “N”. Isso mostra
gue o crescimento econémico, de forma isola-
da, nao garante que havera reducao nos niveis
de desmatamento, havendo necessidade de
acgoes exogenas.

E preciso enfatizar que politicas publicas sao
necessarias para neutralizar a segunda inversao

da CAK, assim como as “leis verdes” e demais
acoes por toda sociedade, que colaboram para
mitigar os impactos causados pela acao huma-
na. A suposta eficiéncia dessas acoes pode ser
observada no comportamento do desmatamen-
to, quando a intervencao governamental, por
meio da introducado de leis ambientais, fez com
que houvesse uma queda gradual nos niveis
de desmatamento.

Este trabalho ainda incluiu duas variaveis,
a densidade populacional e o rebanho bovino,
ambas com impacto positivo para o desmata-
mento da Amazonia Legal. O clima e a topografia
favoraveis a expansao do rebanho bovino criam
ciclos realimentadores da economia local e, con-
sequentemente, expansao da populacéo e da
exploracao pecuéria, atraidas pela forte agao do
comércio. Para trabalhos futuros, sugere-se ex-
plorar a influéncia do comércio internacional e
da legislacdo ambiental sobre o desmatamento
da Amazobnia Legal.
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Resumo

As condigbes climaticas e hidrogeoldgicas do semidrido brasileiro demandam solugdes hidricas sustentéveis e eficientes. Os
programas de monitoramento das aguas subterraneas sao ferramentas que subsidiam a tomada de decisdo neste sentido.
No estado do Ceara, o monitoramento dos aquiferos da bacia sedimentar do Araripe é importante para o desenvolvimento da
regiao. Neste cenario, o presente trabalho objetivou estudar o nivel de dgua subterranea por meio da analise exploratéria de
séries temporais. A &rea de estudo compreendeu a porgéo leste da bacia sedimentar do Araripe, no municipio de Milagres,
no estado do Ceard. Como objeto de estudo, foi obtida a série mensal de nivel estatico médio em um pogo monitorado pela
RIMAS/CPRM e instalado no Sistema Aquifero Médio. Foram aplicados métodos gréficos e numéricos para identificacéo e
descrigao das principais caracteristicas da série temporal. Dados de precipitacdo na area de estudo foram utilizados para
avaliar a recarga do sistema. Os resultados foram discutidos segundo os aspectos ambientais da area de estudo. Como re-
sultados do estudo, foi possivel a identificagdo e a descricdo de padroes como tendéncia e sazonalidade da série por meio
dos métodos aplicados. Destacam-se ainda o rebaixamento acentuado do nivel estético ao longo da série, refletindo o estado
quantitativo do sistema aquifero, bem como a recarga do lencol freatico durante a estagao chuvosa da regido, evidenciada
no estudo da sazonalidade da série em conjunto com dados de precipitagao.

Palavras-chave: Bacia Sedimentar do Araripe. Recursos hidricos. Semiarido.

Introdugéo como solucao hidrica; e as rochas sedimenta-
res, com potenciais reservas de agua subterranea
(REBOUGAS, 1997). No estado do Ceara, predo-
mina o embasamento cristalino, correspondendo
a cerca de 75 % do territério e localizado na
sua grande regiao central. Entretanto, na extre-
midade sul e no litoral do estado encontram-se
formacdes sedimentares com maior potencial
em recursos hidricos subterraneos (TEIXEIRA,
2003). Em especial, ao sul do estado, na di-
visa com os estados de Pernambuco e Piaui,
esta localizada a Bacia Sedimentar do Araripe,
uma area de relevante interesse hidrogeolégico
pelo seu potencial de qualidade e quantidade de
aguas subterraneas (CPRM, 2009).

Na regiao do semiarido brasileiro, a pro-
blematica hidrica tem sido objeto de estudos e
intervencoes desde o século 19. A regido é mar-
cada por altas temperaturas, fragil hidrografia
e irregular distribuicdo temporal e espacial das
chuvas. Essas condicoes climaticas, aliadas as
secas periddicas incidentes no semiarido, cons-
tituem um problema estrutural com implicactes
econdmicas e sociais. Neste contexto, a obten-
cao de agua para abastecimento humano e uso
em irrigacao e industria na regiao se deu histori-
camente pelo represamento da agua superficial
em acgudes ou pela perfuracdo de pocos para
captacao das aguas subterraneas (REBOUCAS,
1997; GARJULLI, 2003). A Bacia Sedimentar do Araripe é a maior
reserva de agua subterranea do estado do Ceara
e esta inserida geograficamente na regiao do
Cariri cearense. A regidao do Cariri é abastecida
em quase sua totalidade por aguas subterraneas

A hidrogeologia do semiarido é caracteriza-
da por dois contextos distintos: o embasamento
cristalino, cujas formacoes rochosas de baixa per-
meabilidade ensejam o uso eficiente dos agudes
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de pogos de captacao ou fontes. Neste cena-
rio, estao incluidos os municipios de Crato,
Juazeiro do Norte e Barbalha, que exercem
forte centralidade no desenvolvimento regio-
nal. O crescimento populacional e econ6mico
tem levado a um aumento da exploragcao das
aguas subterraneas para consumo humano e
uso na industria e irrigacao (VERISSIMO, 1999;
MOURA-FE et al., 2019).

O Sistema Aquifero Médio € o mais perfu-
rado e explotado da regiao do Cariri, e a recarga
do aquifero ocorre em maior parte por conta da
chuva, havendo ainda contribuigao das fontes
localizadas no sopé da chapada do Araripe.
Considerando a sua importancia para o desen-
volvimento da regidao, o aquifero encontra-se
exposto a uma série de fatores que ameagcam
as suas aguas. A perfuracao indiscriminada de
pocos, a geracao de residuos poluidores por
parte das atividades agricolas e industriais,
e a contaminacgao das aguas superficiais sao
fatores de risco que, aliados as elevadas ex-
plotacoes das aguas subterraneas, ressaltam
a importancia das ferramentas de monitora-
mento, diagnéstico e gestao (COGERH, 2009;
VERISSIMO, 1999).

O monitoramento da agua subterranea na
Bacia Sedimentar do Araripe é realizado pelo
Servigo Geoldgico do Brasil — CPRM, como par-
te da Rede Integrada de Monitoramento das
Aguas Subterraneas — RIMAS, e pela Companhia
de Gestao dos Recursos Hidricos do Ceard —
COGERH. O monitoramento da agua subterranea
é um instrumento essencial na avaliacao quan-
titativa e qualitativa das reservas, uma vez que,
por meio de observacoes sistematicas de pro-
cessos dinamicos, como niveis e qualidade da
agua em pocgos, permitem o acompanhamento
histérico de importantes variaveis hidrologicas
e fornecem informacdes para planejamento e

gestao (FEITOSA, 2008). Diante disso, forma-
lismos como séries temporais sao ferramentas
importantes na representagao, modelagem e pre-
visao de processos hidrolégicos (MACHIWAL;
JHA, 2012; CHAN; CRYER, 2008).

No estudo de séries temporais, o uso
de ferramentas graficas na andlise dos da-
dos é importante (MORLEY; ADAMS, 1991).
Diversas caracteristicas das séries podem ser
identificadas pela anélise grafica (HYNDMAN;
ATHANASOPOULOS, 2018). Técnicas de decom-
posicao de séries temporais para identificacao
e estudo de padroes como tendéncia e sazo-
nalidade tém sido aplicadas por autores como
Cortes et al. (2018). Em especial, no tocante
ao estudo e avaliacao das aguas subterréneas,
Machiwal, Nimawat e Samar (2011) utilizaram
técnicas estatisticas graficas para avaliar redes
de monitoramento de dguas subterraneas. Ainda,
a abordagem por séries temporais foi utilizada
por autores como Crosbie, Binning e Kalma
(2005), para inferir a recarga do sistema aquife-
ro, Carnier Neto (2006), na avaliagao de redes
de monitoramento, Hu, Zhang e Xing (2001), ao
analisarem as caracteristicas dinamicas anuais
do nivel da 4gua subterranea, e Gouvéa (2009),
para estudar a influéncia da precipitacao e das
caracteristicas do solo nas variacdes dos niveis
d’agua em éareas de recarga.

Diante do exposto, o presente trabalho teve
como objetivo analisar a evolugdo do nivel de
agua subterranea em um poco monitorado no
Aquifero Médio, por meio do estudo de séries
temporais. Neste estudo, as caracteristicas das
séries temporais foram exploradas grafica e nu-
mericamente, e os resultados correlacionados
com dados de pluviometria, a fim de se enten-
der a dindmica regional do aquifero em questao.
Os resultados obtidos foram discutidos segundo
0s aspectos ambientais da area de estudo.
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Material e métodos
Area de estudo

A area de estudo do presente trabalho esta
inserida no municipio de Milagres, onde esté si-
tuado o poco Agua Vermelha, objeto de estudo
deste trabalho. O municipio de Milagres esta
localizado no extremo sul do estado do Ceara, li-
mitando-se ao norte com os municipios de Barro

e Aurora, ao sul com Abaiara e Brejo Santo, ao
leste com Mauriti e Barro e ao oeste com Missao
Velha e Abaiara (IPECE, 2017). Possui uma area
territorial de 579,097 km?e uma estimativa po-
pulacional de 27.462 habitantes (IBGE, 2020).
Esta inserido no contexto da sub-bacia do Rio
Salgado e no contexto hidrogeolégico da bacia
sedimentar do Araripe (COGERH, 2019a). A
Figura 1 mostra a localizacao da area de estudo.

Figura 1 — Mapa de localizacao do municipio de Milagres, Ceara, com destaque para a localizacao do Pogo

Agua Vermelha, 2021.
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Fonte: Elaboracao dos autores (2021).

A hidrogeologia da regiao se caracteriza
pela litoestratigrafia diversificada, que pro-
porciona a ocorréncia de uma alternancia de
aquiferos, aquitardos e aquicludes, com va-
riacoes e descontinuidades espaciais. Dessa
forma, adota-se a seguinte divisao hidrogeoldgi-
ca da Bacia Sedimentar do Araripe: (i) Sistema
Aquifero Superior, representado pelas formagoes
Exu e Arajara; (ii) Aquiclude Santana, caracte-
rizado pela formacao homdnima; (iii) Sistema
Aquifero médio, representado pelas forma-
cOes Rio da Batateira, Abaiara e Missao Velha;

38.80°"W

7.60°S

EPSG: 4674 SIRGAS 2000

(iv) Aquiclude Brejo Santo, definido pela forma-
cao homdnima; e (v) Sistema Aquifero inferior,
determinado pela Formacao Mauriti e parte basal
da Formacéo Brejo Santo (VERISSIMO, 1999).

O poco de monitoramento possui profundi-
dade Util de 70,0 m e estad localizado na cota
topogréfica de 362,34 m acima do nivel do mar.
O seu perfil litolégico envolve camadas de are-
nitos finos, argilitos, argilas e argilas arenosas
(CPRM, 2021). A Figura 2 mostra o poco de
monitoramento analisado.
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Figura 2 — Poco Agua Vermelha no municipio de Milagres, Ceard, agosto de 2012.

)

Fonte: CPRM (2021).

O regime pluviométrico da regiao é carac-
terizado pela grande irregularidade interanual e
pela variabilidade temporal e espacial das chu-
vas. A precipitagado média anual na regiao do
Cariri ¢ de 919,6 mm, com chuvas concentradas
na chamada estacdo chuvosa, compreendida en-
tre os meses de dezembro a junho. Nos meses
de dezembro e janeiro, ocorrem as chamadas
chuvas de pré-estacao, sendo o inicio da qua-
dra chuvosa no més de fevereiro de cada ano
(TEIXEIRA, 2003).

A regiao tem clima tropical quente semiarido
brando, tropical quente e tropical quente subu-
mido. O seu relevo é formado por dois dominios
principais, planalto e depressao, conhecidos res-
pectivamente como a Chapada do Araripe, que
ocupa 73 % da éarea total da Bacia, e o Vale do
Cariri (COGERH, 2009).

Conjunto de dados

O conjunto de dados utilizado no presente tra-
balho consiste na série historica da evolucao do
nivel estatico do poco Agua Vermelha, localizado
ao sul do municipio de Milagres. Os dados foram
obtidos da Rede Integrada de Monitoramento de
Aguas Subterraneas — RIMAS/CPRM, estagdo n°
2300022135 (CPRM, 2021). As medicoes dos
niveis foram obtidas por meio de medidor automa-
tico de nivel equipado com datalogger. Os registros
historicos de niveis estaticos foram obtidos para o
periodo de agosto de 2011 a novembro de 2019.

Para o estudo da recarga do aquifero, foram
também utilizados dados de precipitagcao da re-
giao de estudo. As séries histéricas de estagoes
pluviométricas localizadas na area de interesse
foram obtidas no portal da Fundacao Cearense
de Meteorologia — FUNCEME.
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Analise de séries temporais

Séries temporais sao colecoes de observa-
coes realizadas sequencialmente no dominio do
tempo. Seja y, uma serie temporal, tem-se y, =y,
..y, Nostempos t, .., t . A abordagem por séries
temporais tem aplicagcdes em diversas areas do
conhecimento, tais como economia, epidemiolo-
gia, ciéncias hidroldgicas, entre outras, uma vez
gue o seu estudo permite entender a natureza es-
tocastica dos fenémenos, identificar padroes e
realizar previsoes a partir de um histérico conhe-
cido. A analise de séries temporais consiste em
identificar as suas principais propriedades, des-
crever 0 seu comportamento e selecionar modelos
de previsao adequados (CHAN, CRYER; 2008).

A etapa inicial e mais basica da analise
de séries temporais € a visualizagao dos valo-
res da série dispostos graficamente em funcao
do tempo. Analisar o grafico da série temporal
permite identificar padrées, valores incomuns,
mudancgas ao longo do tempo e relagdes com
outras variaveis. Além disso, o calculo de esta-
tisticas descritivas da série também é importante
nessa etapa (KABACOFF, 2015; SHUMWAY;
STOFFER, 2017).

Séries temporais podem exibir diferentes pa-
droes; geralmente, é Util para a analise decompor
a série em componentes que possam representar
esses padroes, como tendéncia, sazonalidade e
variacoes aleatdrias. A decomposicao pode ser
aditiva (y,= S + T ,+ R) ou multiplicativa (y, =S, x
T,xR), em que S, T, e R, representam respec-
tivamente as componentes de sazonalidade e
tendéncia, e uma componente de residuo. A sé-
rie decomposta pode ser expressa também na
formay =S +A,emque A =T, +R _é chama-
da componente ajustado sazonalmente. Assim,
a sazonalidade e o componente A podem ser
analisados separadamente.

A componente de tendéncia captura mudan-
cas no valor da série ao longo do tempo, isto €,
mudancas de direcao positivas ou negativas em

longo prazo. A sazonalidade representa efeitos
sazonais que influenciam os valores da série em
determinados periodos do ano, dia da semana
ou hora do dia. Os graficos de sazonalidade sao
uma ferramenta gréfica Gtil neste sentido, uma
vez que permitem que padrbes sazonais possam
ser percebidos mais claramente. Neste gréfico,
sao mostradas subséries para cada estacao, por
exemplo, em uma série mensal, os valores sao
exibidos por ano e no eixo horizontal sao dispos-
tos os meses. Por fim, a componente de residuo
captura influéncias que nao sao descritas pelos
efeitos sazonais e de tendéncia.

Séries temporais que nao apresentam pa-
droes de tendéncia e sazonalidade, isto é, aquelas
cujas propriedades estatisticas que descrevem
0 seu comportamento nao se alteram ao longo
do tempo, sao séries estacionarias. Contudo,
muitas séries temporais que representam feno-
menos do mundo real sdo nao-estacionarias,
uma vez que exibem tais padroes (HYNDMAN;
ATHANASOPOULOQS, 2018).

Existem diversos métodos de decomposicao
de séries temporais, como a decomposicao tradi-
cional por Médias Moveis, além de métodos mais
sofisticados como a decomposi¢cao Sazonal e de
Tendéncia usando Loess (STL). A decomposicao
STL é um método robusto e versatil desenvolvi-
do por Cleveland et al. (1990). O método realiza
uma decomposicao do tipo aditiva e permite que
parametros como a suavidade da curva de ten-
déncia e as variagoes na sazonalidade possam ser
controlados pelo usuario. Além disso, o método é
robusto em relagao a outliers, de modo que valores
excepcionais nao influenciem a tendéncia e a sa-
zonalidade, mas apenas a componente de residuo.

Por meio da decomposigao da série, pode-
-se medir a forca das componentes de tendéncia
e sazonalidade, segundo método proposto por
Wang, Smith e Hyndman (2006). Em séries com
forte padrao de tendéncia, a componente sazo-
nalmente A ajustada deve apresentar variancia
maior em comparagao a componente de residuo
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R.. Por outro lado, em casos de pouca tendén-
cia, as variancias de ambas as componentes sao
aproximadamente iguais. Desse modo, a tendén-
cia e a sazonalidade podem ser calculadas pelas
Equacoes (1) e (2), respectivamente.

P e 01— var(R,)
T—max(, var(T,+R,) ) (1)
Fe 01 var(R,)
S—max(, - var(S,+R,) ) )

O valorde 0 < F, < 1 e dado a partir da
relacdo entre as variancias da componente resi-
duo e da componente sazonalmente ajustada.
Em relacédo a sazonalidade, pode-se medir sua
forca de forma similar, mas comparando a va-
riancia de uma componente sem tendéncia, isto
€, S, + R.Ovalorde 0 < F, < 1 para séries
com pouca sazonalidade sera proximo de O,
enquanto em séries com forte comportamento
sazonal, serd mais préximo de 1 (HYNDMAN;
ATHANASOPOULQS, 2018).

Uma outra caracteristica importante das
séries temporais é a relacao de dependéncia
existente entre os seus valores. A autocorrelagao
¢ uma medida de dependéncia que mensura a
maneira como as observacdes em uma série tem-
poral se relacionam entre si. Para isto, os valores
defasados da série sao utilizados. Defasar (/ag) a
série significa atrasar o seu valor em um determi-
nado numero k de observagoes. A autocorrelagao,
r. entrey, ey € dada pela Equagao (3).

rz G Y @

k+1

em que: y é a média da série e n 0 numero
de observacoes.

Uma vez calculadas as correlagoes para
diversos valores defasados, pode-se exibi-las gra-
ficamente, por meio da Funcao de Autocorrelacao
(ACF, do inglés Autocorrelation Function). A in-
terpretacao do grafico da ACF pode revelar a
existéncia de tendéncia ou sazonalidade nas sé-
ries (CHAN; CRYER, 2018).

Pluviometria

No estudo da pluviometria de uma regiao,
sao usados dados de estacdes pluviométricas
dentro de uma area de interesse e em suas pro-
ximidades. Entdo, adota-se uma precipitacao
média na regiao, calculada por meio de méto-
dos como o de médias aritméticas, o método dos
poligonos de Thiessen ou das isoietas. Essa pre-
cipitacdo media considerada corresponde a uma
lamina d’agua que cobre toda a area considerada
(TUCCI, 2001).

Foram utilizadas 7 estagbes préximas ao
poco estudado. Na selecdo, nao foram conside-
radas estacOes inativas, sem dados no periodo
considerado ou com quantidade de registros in-
suficiente. Para cada estacao, foram obtidas as
séries mensais de precipitacao total no periodo
de agosto de 2011 a novembro de 2019. A pre-
cipitacao média foi calculada para cada més no
periodo estudado utilizando o método dos poli-
gonos de Thiessen, com uma area de influéncia
total de 1.247 km2. Em seguida, foi construida
uma série temporal de precipitagoes.

Na aplicacao do método dos poligonos de
Thiessen, é definida uma area de influéncia para
cada estacao dentro da regido de estudo, e a
precipitagdo média é entao calculada pela média
ponderada das alturas pluviométricas em cada
estacao, de modo que os pesos sao as areas de
influéncia. O tracado das areas consiste em se
tracar linhas retas que unam estaces adjacen-
tes, seguido pelo tragado das mediatrizes dessas
retas. Os poligonos gerados pelas mediatrizes
sao os poligonos de Thiessen (TUCCI, 2001).

Tratamento dos dados e
implementacao computacional

As séries de precipitacao, obtidas do portal
da FUNCEME, e a dos niveis estaticos, dispo-
niveis no portal da RIMAS, foram tratadas em
Excel, a fim de se calcular as séries mensais de
precipitacao total e de niveis estaticos médios,
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respectivamente. O tracado dos poligonos de
Thiessen e o calculo das areas de influéncias foi
realizado em QGIS (QGIS DEVELOPMENT TEAM,
2021), e o estudo das séries temporais foi reali-
zado em ambiente estatistico R (R CORE TEAM,
2013). O preenchimento de falhas nas séries
foi feito por interpolacgéo linear. A decomposicao
STL foi calculada pela funcao st/, utilizando 11
observagdes como janela de sazonalidade (para-
metro s.window = 11) e o método nao robusto
(parametro robust = FALSE).

Resultados e discussao
Analise das séries temporais

A série mensal de nivel estatico médio obti-
da no pogo Agua Vermelha apresentou no geral

um rebaixamento acentuado. O valor de nivel
mais alto registrado foi o primeiro da série, de
10,76 m em agosto de 2011, enquanto o mais
baixo foi registrado em janeiro de 2018, equi-
valendo a 19,25 m de profundidade. Portanto,
a amplitude da série foi de 8,49 m. O rebaixa-
mento, do inicio da série até o Ultimo registro,
compreendeu 8,30 m.

O acompanhamento da evolugao dos ni-
veis das aguas subterrdneas é importante para
a avaliacao da disponibilidade hidrica. Os dados
histéricos de precipitagdo também sao consi-
derados na avaliagdo, uma vez que permitem
mensurar a recarga dos sistemas aquiferos. A
Figura 3 mostra a série mensal de niveis estéaticos
no pogo Agua Vermelha em comparagao a série
mensal de precipitacao total na area de estudo.

Figura 3 — Evolugao do nivel estatico médio mensal no pogo Agua Vermelha vs. Precipitagao na area de estudo,

no periodo de agosto/2011 a novembro/2019.
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Fonte: Elaboracéo dos autores (2021).

Analisando a série de niveis estaticos, per-
cebe-se em longo prazo uma clara tendéncia
negativa de 2011 a 2016, indicando o rebai-
xamento do nivel. Em seguida, no periodo de
2017 a 2019, nao ha variacoes na tendéncia, e

||‘ “I.Jl - o
I I

2016 2017 2018 2019 2020

um padrao de sazonalidade se manifesta, ocasio-
nando um aumento periédico no valor da série no
inicio de cada ano. Essa variagao sazonal tam-
bém se revela nos primeiros anos da série, mas
de forma mais discreta.

416



417

Estudo de séries temporais para avaliacdo do nivel de dgua subterrdnea em pogo de monitoramento

Outra forma de se analisar mais claramente o
comportamento sazonal da série é pelo grafico de
sazonalidade, mostrado na Figura 4. A tendéncia
negativa ao longo de cada ano da série fica evi-
dente, sendo o ano de 2016 o que apresentou
0 maior rebaixamento do nivel estatico. A partir
do ano de 2017, o aumento periédico do nivel

estéatico se inicia no més de fevereiro, atingindo o
valor maximo no més de junho. Nos anos iniciais
da série, também ocorre um aumento discreto no
nivel nesse periodo. De fato, isto se deve ao regi-
me de chuvas da regiao, cuja estacéo chuvosa se
inicia no més de fevereiro e se estende até o més
de maio, apesar da variabilidade interanual.

Figura 4 — Grafico de sazonalidade da série mensal do nivel estatico médio no poco Agua Vermelha, no periodo

de agosto/2011 a novembro/2019.
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Fonte: Elaboracdo dos autores (2021).

Em séries hidrolégicas, a manifestacao de
padroes como tendéncia e sazonalidade ocorre
em decorréncia das variagdes naturais do cli-
ma ou da acao antrépica (KARAMOUZ; NAZIF;
FALAHI, 2012). O estudo individual desses
componentes é Util no entendimento da série
temporal, bem como para melhorar o desem-
penho das técnicas de modelagem e previsao.
A decomposicao STL da série mensal de niveis
estaticos € mostrada na Figura 5. Analisando
separadamente cada componente, percebe-se
gue neste método a sazonalidade é considerada
dinamica, aumentando ao longo dos anos, e 0
grafico de tendéncia evidencia o rebaixamento
do nivel, seguido por um periodo de estabilidade.
As barras verticais de cor cinza, no lado direito

\ T T T T T
Jul Ago Set Out Nov Dez

Més

de cada gréafico, ttm o mesmo tamanho, mas
sao expressas em escalas diferentes. A diferen-
¢a no tamanho das barras implica dizer que as
variacbes nos componentes de sazonalidade e
de residuo sao pequenas em comparagao as va-
riacOes da série original, enquanto na tendéncia,
as variacoes sao grandes em relagao as da sé-
rie original. Isto permite inferir graficamente a
forca da tendéncia e da sazonalidade na série
(HYNDMAN; ATHANASOPOULOS, 2018).

Outra maneira de se medir a presenca
das componentes tendéncia e sazonalidade é
por meio da relacdo entre as suas variancias e
a variancia da componente de residuo. Desse
modo, as Equacoes (1) e (2) foram aplicadas e
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os valores obtidos foram F, = 0,9897 e F, =
0,7166. O valor de F, proximo de 1 € um indi-
cativo numérico da forte tendéncia presente na
série e permite inferir que a tendéncia é a com-
ponente mais importante da série. O valor de F
indica a existéncia de sazonalidade na série, em-
bora se manifeste de forma menor em relagao a
componente de tendéncia.

A autocorrelag@o existente entre as obser-
vacoes da série é outro fator importante no seu
estudo. O grafico da fungao de autocorrelagao
para a série mensal de nivel estatico até a defasa-
gem (lag) 24 é mostrado na Figura 6. No eixo das
abscissas, estao dispostos os valores defasados da
série, isto €, os valores de y,,, em que k é a defa-
sagem, enquanto o eixo das ordenadas é formado
pelos valores da correlagdo entre as defasagens.

Figura 5 — Série mensal de nivel estatico médio no pogo Agua Vermelha (agosto/2011 a novembro/2019), e as
3 componentes aditivas obtidas por decomposicao STL.
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Figura 6 — Gréfico da Fungdo de Autocorrelagao (ACF) da série mensal de nivel estatico médio no pogo Agua
Vermelha, no periodo de agosto/2011 a novembro/2019.
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O padrao exibido no gréafico é caracteris-
tico de séries com tendéncia, uma vez que a
correlagao € maior e positiva nos /lags meno-
res, enquanto decresce suavemente conforme
maiores sao os /ags. Isso implica dizer que as ob-
servacoes da série tém forte relagédo com o valor
observado nos meses imediatamente anteriores.
Além disso, o valor de correlagéo significativo
no lag 12 indica a sazonalidade anual da série.

Aspectos ambientais da area de
estudo

O rebaixamento dos niveis de agua obser-
vado no pocgo, conforme destacado na Figura 3,
reflete a situagao do estado quantitativo do
Sistema Aquifero Médio. Segundo o Boletim
de Pocos Monitorados no Cariri da COGERH

(2019b), observando-se o comparativo de 10
anos de monitoramento, de 2009 a 2019, a
maior parte dos pocos monitorados pelo 6rgao
apresentaram rebaixamento, por vezes signifi-
cativos, em relacao aos valores iniciais. Quanto
ao estado qualitativo das aguas dos aquife-
ros da bacia do Araripe, autores como Gomes,
Mendonca e Cavalcante (2019) destacam a
vulnerabilidade e o risco de poluigao aos quais
estdo submetidas as reservas.

Inserido no contexto geolégico da bacia se-
dimentar do Araripe, o municipio de Milagres
possui caracteristicas litolégicas que contribuem
para 0 bom armazenamento de aguas subter-
raneas, como pode ser identificado a partir das
suas litologias. A Figura 7 mostra o mapa geolo-
gico do municipio.

Figura 7 — Mapa geolégico do municipio de Milagres, Ceara, com destaque para a localizagcdo do poco Agua

Vermelha, 2020.
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Observa-se no territério municipal que o
contexto geolégico de Milagres se caracteriza
pela existéncia de rochas sedimentares deriva-
das da bacia sedimentar do Araripe. De acordo
com a base geoldgica do Servico Geoldgico do
Brasil (CPRM, 2020), a sua heterogeneidade li-
tologica varia entre folhelhos siliticos (Formacao
Abaiara), arenitos grossos e finos, e conglomera-
dos (Formagao Missao Velha), além de folhelhos,
argilitos e siliticos de cores variadas (Formacao
Brejo Santo), sobrepostos por arenitos de granu-
lometria grossa (Formacao Mauriti).

Com base nesta caracterizagao geral e iden-
tificado a partir do mapa, percebe-se que o poco
estudado esté instalado sobre a Formacao Missao
Velha. Em seus estudos, Camacho (2016) carac-
teriza essa localidade como o espago subterraneo
onde ha as aguas do aquifero médio, situado aci-
ma de um aquitardo derivado da formacao Brejo
Santo. As condicdes litolégicas nas quais esta
situado o poco Agua Vermelha, caracterizadas
por um substrato rochoso do tipo sedimen-
tar, proporcionam as condicOes ideais para o

armazenamento de agua subterranea. Isto se
deve ao tipo de rocha, em que ha uma porosida-
de do tipo intersticial ou primaéria, caracteristica
de ambiente sedimentar com composicao areno-
sa (REBOUCAS, 2013).

O pogo de monitoramento estudado se lo-
caliza em uma érea relativamente distante da
cidade. A Figura 8 mostra a area do entorno do
poco estudado, a partir de imagens do satéli-
te CBERS 4 obtidas da Divisao de Geragdo de
Imagens (INPE, 2021), referente ao periodo de
agosto de 2020. Ao mesmo tempo em que se ob-
serva um distanciamento do poco em relacéao ao
espaco da cidade, identificam-se em suas proxi-
midades areas agricolas. O poco Agua Vermelha
é um poco de monitoramento, de modo que nao
ha bombeamento das suas aguas. Contudo, os
registros historicos da evolucao dos niveis medi-
dos revelam o rebaixamento significativo do nivel
de agua no poco. Isso, por sua vez, indica que
as aguas dos sistemas aquiferos da regiao estao
submetidas a perturbacdes decorrentes de fato-
res climatologicos e de ocupagao da terra.

Figura 8 — Visualizagao do entorno do poco Agua Vermelha a partir de imagem de satélite, agosto/2020.
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No contexto socioambiental, as dguas sub-
terraneas provenientes da captacao de pogos
perfurados sao Uteis no desenvolvimento de di-
versas funcoes, tanto no meio fisico e bioldgico
qguanto no meio social. As aguas subterraneas
sao utilizadas para atividades como producao
agricola, atividades industriais, além do abaste-
cimento populacional (MANZIONE, 2015). Vale
destacar ainda que as aguas subterraneas no con-
texto dos ambientes semiaridos possuem maior
importancia, uma vez que constituem uma das
principais formas de abastecimento de agua. Tal
fato se deve a irregularidade pluviométrica carac-
teristica da regido, bem como a caracteristica de
intermiténcia das bacias hidrograficas, em que
a maioria delas chega a ter fluxo de agua ape-
nas no periodo da estacao chuvosa (TEIXEIRA,
2003; WHEATER; MATHIAS; LI, 2010).

De maneira geral, mesmo detendo impor-
tancia imensuravel para espécie humana, os
ambientes hidricos sao os mais prejudicados pela
auséncia de protecao ambiental, sobretudo, pelo
elevado indice populacional e pelo desordenado
crescimento da ocupagao do solo. Nos mananciais
hidricos superficiais e nos ambientes subterra-
neos, observa-se a contaminacao da agua, que
degrada nao s o espaco fisico e biologico, mas
atinge também a esfera social (SOARES, 2015).

Conclusao

Os métodos explorados no presente estu-
do permitiram a identificacao e a descricao das
principais caracteristicas de séries temporais
analisadas. O poco Agua Vermelha apresentou
rebaixamento significativo nos niveis de agua,
apesar da recarga durante a estagdo chuvosa.
Diante da importancia dos sistemas aquiferos da
bacia sedimentar do Araripe, o estudo da evolu-
cao dos niveis d'agua em pocos monitorados e
a avaliacao dos aspectos ambientais na regiao
permitem realizar o diagnostico dos estados qua-
litativo e quantitativo das aguas subterraneas,
bem como compreender a dindmica regional e o
comportamento dos aquiferos.
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