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Abstract

Urban green areas produce benefits such as reduced air pollution, climate mitigation, reduced wind action, less noise
pollution, shelter for fauna, and increased water uptake from the soil as well as increased water infiltration to the soil. This
work carried out a floristic survey related to its diverse and characterized habit and dispersion, and also related to the origin
of the species existing in four public squares within the municipality of Campestre, Minas Gerais. Thus, the floristic and
ecological aspects of trees and shrubs were surveyed in four urban green areas of the municipality. All arboreal and shrubby
individuals were marked and identified. Each identified species was classified according to habit, dispersion, and origin.
In total, 313 tree individuals, shrubs, and palm trees were registered and distributed among 73 species, (62 genera and
30 botanical families). When considering all squares, Shannon’s diversity was 3.72, and Pielou’s evenness coefficient was
0.87. Lower values of diversity and evenness were observed for each public square. There was greater richness and number
of individuals of native species compared to exotic ones. The yellow ipe (Handroanthus serratifolius) was the only species
present in all studied squares. Sassafras (Ocotea odorifera) and pau-brasil (Paubrasilia echinata) are endangered species
and underrepresented. The most represented forms of dispersion were zoochory and anemochory.

Keywords: Urban afforestation. Urban Ecology. Landscaping. Ornamental plants. Floristics.

Introduction Today, however, cities still have few
green spaces. In Brazil, the urban population
of approximately 180 million added to the
disorderly growth caused by the rural exodus
in the 50s/60s and continued in the following
decades, transforming cities into large concrete
blocks, with a loss of quality of life arising

from environmental degradation of its public

Urban afforestation is a science, sometimes
treated as an art that works with the management
of trees and the physiological-social-economic
aesthetic aspects, aiming at the well-being of the
urban population. Thus, improving the quality of
life (ELIAS, 2020).

In a global context with the industrial
revolution of the 18th century, we can say that
accelerated and disorderly urban growth began,
and it led to the recognition of the importance of
green spaces and the good use of public space
for the quality of life of the urban population. The
landmark for urban afforestation was the urban
reform of Paris in the 19th century which served
as an example for other cities in the world on how
to carry out urban intervention and afforestation
planning (ARAUJO, 2020).

spaces. Therefore, promoting adequate socio-
environmental management and sustainable
development of urban spaces has become an
urgent challenge in Brazil (BORGES et al., 2020).

According to Buckeridge (2015), existing
trees in urban green areas can reduce the
incidence of light on the ground by up to 90 %.
It can regulate the flow of water between soil and
atmosphere via transpiration together with the
evaporation of water from free surfaces. It can
also form atmospheric moisture fluxes in which

VA
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water vapor moves from one region to another
improving the microclimate, and consequently
providing better environmental conditions for
the population.

Environmental quality in urban areas
is connected to the quality of life, since it is
impossible to promote improvements in one
without the other also improving. The concern
with people’s contact with green areas in
cities has gained strength from the concept of
sustainability which goes beyond the economic
aspect, prioritizing the rational use of natural
resources and the ways to restore them (when
possible). The green theme and its recomposition
appear in the Urban Land Parceling Laws,
which provide for a green space area in the
urban perimeter, but are often confused with the
creation of gardens or free areas. Some master
plans reach environmental protection areas, but
there are not guarantees of the creation of green
areas (ROCHA, 2019).

Urban areas including buildings that
keep their landscape and ecological resources
preserved offer a place for recreation and social
interaction, as they are normally spaces belonging
to the public authorities with unrestricted
access for the population where individual or
group activities can be carried out. As a leisure
area, they offer opportunities for physical and
mental well-being in addition to carrying out
civic activities by adding better conditions of
functionality, health, and sociability to the urban
environment (MENEZES, 2019).

According to Vidal et al. (2020), people
who have accessibility and proximity to green
spaces and contact with nature have improved
mental health (reduction of stress and symptoms
of depression, improved mood etc.) when
compared to groups not exposed to these areas
when the space is built in a satisfactory manner
allowing the performance of various activities.
Such floristic survey could be carried out related
to its diversity and characterization regarding

the habit, dispersion, and origin of the species
existing in four public squares in the city of
Campestre, Minas Gerais, providing information
that can support proper management of these
urban green areas in the region.

Material and methods
Studied area

The municipality of Campestre is located
in the south of Minas Gerais, at latitude
21°42'40" S and longitude 46°14'47" W
(FIGURE 1), and altitude ranging from 1,076 m
to 1,300 m. It has an area of 578.7 km2. The
region is part of the Semideciduous Seasonal
Forest domain within the Atlantic Forest biome
(IBGE, 2004). The average annual temperature
in the city is 19.1 °C; the maximum monthly
average temperature is 21.4 °C; the minimum
monthly average temperature is 15.9 °C; and the
average annual rainfall is 1,730 mm (CLIMATE-
DATA.ORG, 2018).

The study was carried out in four Urban
Green Areas (Plazas/Public Squares) of the city,
namely: Praca Delfim Moreira (21°42'39. 4"S/
46°14'51.47"W; 1,075 m of altitude and
6,200 m? of area), Praca Brasil (21°42'42. 4"S/
46°14'44.27"W; 1,081 m of altitude and
1,600 m? of area), Praca Nossa Senhora
Aparecida (21°42'51.4"S/46°14°'27.17"W;
1,112 m of altitude and 1,100 m? of area) and,
lastly, Praga Ana Simao Zenum (21°42'48. 91"S/
46°14'26.19"W; 1,113 m of altitude and
980 m? of area). According to what is seen in
FIGURE 1. All public squares are located within
downtown neighborhoods and are used by the
community as leisure spaces.

Floristic survey and ecological information on
species

All arboreal and shrubby individuals were
marked and identified. The APG IV (2016) plant
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classification system was adopted. Taxonomic
identification, specialized literature, and online
consultations on herbaria were used. The
botanical synonyms were updated according to
the Flora do Brasil 2020 s website from Rio de
Janeiro Botanical Garden (FLORA DO BRASIL
2020, 2021).

In order to analyze the diversity of the urban
green areas studied, the Shannon Diversity Index
(H) (BROWER; ZAR, 1984) and the Pielou
Equability Coefficient (J) (PIELOU, 1975) were
calculated for each area, which measure the
observed diversity proportion in relation to the
maximum diversity expected.

The species were classified according to
i) development; ii) dispersion syndrome and
iii) origin. Therefore, specialized literature was
used such as the website Flora do Brasil 2020
(2021), Lorenzi (2002 a, b), and observation
of reproductive structures (fruits and seeds)
presented in the individuals and sampled during

the study. The types of trees, shrub, and palm
development recorded in Vidal and Vidal (2000)
were considered.

In regards to dispersion syndromes, the
types described by Vidal and Vidal (2000) are:
anemochory (dispersion by the wind), autochory
(dispersion by the explosive dehiscence of the
fruit), barochory (dispersion by the force that
gravity exerts on the fruit or seed) and zoochory
(dispersion by animals) were considered.

Results and discussion

Intotal, 313 individualtrees, shrubs, and palm
trees were registered, distributed in 73 species,
62 genera, and 30 botanical families (TABLE 1).
Five species belong to the Gymnospermae
group: ciprestes (Chamaecyparis lawsoniana,
C. pisifera, Cupressus sempervirens), sagu-de-
jardim (Cycas revoluta) and pinheiro-budista
(Podocarpus macrophyllus).

Figure 1. Location of urban green areas in the municipality of Campestre, southern Minas Gerais.

i P
R {I\y’/ \fi‘\\‘
9 %
/J MINAS GERAIS ,5’&
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e
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e
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Abreviations: A. Praca Delfim Moreira; B. Praga Brasil; C. Praga Ana Simao Zenum and D. Praga Nossa Senhora

Aparecida. (Plazas and Squares)

Source: Prepared by the authors using images from Google Earth and Google Maps from June 2017.
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Table 1. List of species and botanical families containing ecological information (development, dispersion and
origin) of the species sampled in the Urban Green Areas (Public squares) in the municipality of Campestre,
Minas Gerais

FAMILY / Specie Popular Name Des Disp Origin Public Squares
ANACARDIACEAE 1 2 3 4
Astronium fraxinifolium Schot gongaleiro Arv  Ane Brazil 1 2
Lithraea molleoides (Vell.) Engl. aroeira-branca Arv  Zoo Brazil 1
Mangifera indica L. mangueira Arv  Zoo Asia 2
Schinus molle L. chorao Arv  Zoo Brazil 12 1
Tapirira guianensis Aubl. pau-pombo  Arv  Zoo Brazil 1
ANNONACEAE
Annona cacans Warm. aratlcy m- Arv Baro Brazil 1
cagao / Zoo

APOCYNACEAE
Nerium oleander L. espirradeira  Arb  Ane  Mediterranean 6
ARALIACEAE
Didymopanax morototoni (Aubl.) Decne. morototd A 700 Brazil 5
& Planch.
ARECACEAE
Archontophoenix cunninghamiana .
(H.Wendl.) H.Wendl. & Drude dude  Pal Zzoo  Australia 8 1
Dypsis decaryi (Jum.) Beentje & J. palmeira Africa and

. Pal  Zoo
Dransf. triangular Madagascar
Dypsis lutescens (H.Wendl.) Beentje & areca-bambu  Pal  Ane Madagascar 13 1
J.Dransf.

: Caribbean,

palmeira-
Roystonea oleracea (Jacq.) O.F.Cook . : Pal Zoo Venezuelaand 2 6

imperial .

Colombia
Syagrus romanzoffiana (Cham.) jerivé Pal 700 Brazil 11 5 1
Glassman
Washingtonia robusta H.Wendl. washingténia Pal Zoo USA and Mexico 3
ASPARAGACEAE
Dracaena arborea (Willd.) Link dracena Arb  Zoo Africa 4 4
BIGNONIACEAE
Handroanthus albus (Cham.) Mattos ipé-amarelo  Arv  Ane Brazil 1
Handroanthus chrysotrichus (Mart. ex A .
DC.) Mattos ipé-amarelo  Arv  Ane Brazil 18 3 12
Handroanthus impetiginosus (Mart. ex - .
DC.) Mattos ipé-rosa Arv  Ane Brazil 7
Handroanthus serratifolius (Vahl) S.Grose ipé-amarelo  Arv  Ane Brazil 1 2 2 2
Jacaranda cuspidifolia Mart. caroba Arv  Ane Brazil 3 2 2
Tabebuia roseoalba (Ridl.) Sandwith ipé-branco  Arv  Ane Brazil 2
Tecoma stans (L.) Juss. ex Kunth ipé-mirim Arb  Ane Americas (Brazil 1
except)

Zeyheria tuberculosa (Vell.) Bureau ex bolsa-de- Arv Ane Brazil 1

Verl.

pastor
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COMBRETACEAE
Terminalia catappa L. amendoeira  Arv  Zoo Asia 2
CUPRESSACEAE
Ig‘gﬁmaecypar/s lawsoniana (A. Murr.) cipreste AV 700 USA 1
ggzlmaecypar/s pisifera (Siebold & Zucc.) cipreste AV 700 Japan >
Cupressus sempervirens L cipreste Arv  Zoo Mediterranean 1
P P ' P and Asia
CYCADACEAE
Cycas revoluta Thunb. sagu-de-jardim Arb  Zoo Jagahrilnznd 1
ERYTHROXYLACEAE
Erythroxylum deciduum A.St.-Hil. cocao Arv  Zoo Brazil 2
EUPHORBIACEAE
Alchornea triplinervia (Spreng.) Mill.Arg. tamanqueiro  Arv  Zoo Brazil 1
LAURACEAE
Ocotea odorifera (Vell.) Rohwer sassafras Arv  Zoo Brazil 1
LEGUMINOSAE
Bauhinia variegata L. pata-de-vaca Arv Auto India 4
PauBrazilia echinata (Lam.) Gagnon, . ,
H.C.Lima & G.PLewis pau-brasil Arv  Auto Brazil 1
Cenostigma pluviosum var. Auto
peltophoroides (Benth.) Gagnon & sibipiruna Arv Brazil 14
X / Ane
G.PLewis
Cassia fistula L. cassia-imperial Arv  Ane India
CBiifrv]i;o/ob/um tomentosum Guillem. ex arariba Arv Ane Brazil 1
Delonix regia (Bojer ex Hook.) Raf. flamboyant  Arv /A;(‘;c; Madagascar 1
Inga edulis Mart. inga-de-metro  Arv  Zoo Brazil
Lonchocarpus cultratus (Vell.) S .
AM.G Azevedo & H.C.Lima falso-timbé  Arv  Auto Brazil 11 1
Machaerium villosum Vogel jacaranda-do- .\ ppg Brazil 1
campo

Peltophorum dubium (Spreng.) Taub. canafistula  Arv /AK;[]Z Brazil 12 1

. . Auto .
Schizolobium parahyba (Vell.) Blake guapuruvu Arv / Ane Brazil
LYTHRACEAE
Lagerstroemia speciosa (L.) Pers. reseda-gigante Arv  Ane China / india 2
MALVACEAE
Ceiba speciosa (A.St.-Hil.) Ravenna paineira-rosa  Arv  Ane Brazil 1
Dombeya wallichii (Lindl.) Baill. astrapéia Arv Ane  Mediterranean 1
Pachira aquatica Aubl. castanheira  Arv  Zoo Guyanas 2
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MELASTOMATACEAE

Pleroma granulosum (Desr.) D.Don quaresmeira  Arv  Ane Brazil 10
MELIACEAE

Azadirachta indica A.Juss. neem Arv  Zoo Asian 1

Cedrela fissilis Vell. cedro Arv  Ane Brazil 2

MORACEAE

Ficus benjamina L. b]:;ﬁ}]aer::iar;a Arv  Zoo F!E;jlilgpa;r?gs

Ficus enormis Mart. ex Miq. gameleira Arv  Zoo Bar?]fj”’Afgaerr?ﬁE:y

MYRTACEAE

Callistemon salignus (Sm.) Colv. ex escova-de- Australia and

Sweet garrafa Arv Ane Oceania

Eugenia sp. - Arv  Zoo Brazil

Eugenia sp. 1 - Arb  Zoo Brazil 10
Eugenia uniflora L. pitanga Arv  Zoo Brazil 2
Melaleuca leucadendra (L.) L. melaleuca Arv  Ane Australia 3

Myrcia sp. - Arb  Zoo Brazil 1
Myrciaria sp. - Arb  Zoo Brazil 1

Myrciaria sp. 1 - Arv  Zoo Brazil 1

Psidium guajava L. goiabeira Arv  Zoo Cer?t?gltlsqnedrica

Syzygium cumini (L.) Skeels jameléao Arv  Zoo India 1

Syzygium jambos (L.) Alston jambo-amarelo Arv  Zoo I,\r/]li';;s?:

OLEACEAE

Ligustrum lucidum W.T.Aiton alfeneiro Arv  Zoo Ja’s:na,ar?;l;g}ea 1
PITTOSPORACEAE

Pittosporum undulatum Vent. pau-incenso  Arv  Zoo Australia 12 1
PODOCARPACEAE

Podocarpus macrophyllus (Thunb.) Sweet pgﬂg?;{g_ Arv  Zoo Jag?]rilnznd

POLYGONACEAE

Triplaris gardneriana Wedd. pau-formiga  Arv  Ane Brazil 1
PRIMULACEAE

Myrsine umbellata Mart. capororocao Arv  Zoo  South America 1

ROSACEAE

Eriobotrya japonica (Thunb.) Lindl. néspera Arv  Zoo thlgsae;]nd 2
RUBIACEAE

Palicourea rigida Kunth bate-caixa Arb  Zoo Brazil 3

RUTACEAE

Citrus sinensis (L.) Osbeck laranja-doce  Arv  Zoo Asia and China 1
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Zanthoxylum sp. - Arv  Zoo Brazil 1
SALICACEAE

Casearia sylvestris Sw. guacatonga  Arv  Zoo Brazil 1
SAPINDACEAE

Cupania sp. - Arv  Zoo Brazil 1 1
Total of trees per Public Squares 189 45 29 50

Abreviations: Des = Development; Disp = Dispersion; Arv = Arboreal; Arb = Shrub; Pal = Palm tree; Ane =

Anemochoric; Auto = Autochoric; Baro = Barochoric

; Z00 = Zoochoric; 1 = Delfim Moreira Square; 2 = Praca

Brasil; 3 = Praca Nossa Senhora Aparecida and 4 = Praca Ana Simao Zenum.

Source: Prepared by the authors (2021).

Regarding the diversity analysis of afforestation
in the studied public squares (TABLE 2), the
Shannon diversity (H') was 3.72 and the Pielou
evenness (J') was 0.87. Among the squares, the
greatest diversity was registered at Praca Delfim
Moreira (H'=3.47) and the smallest at Praca Nossa
Senhora Aparecida (H'=1.72). The low diversity
observed at Praca Nossa Senhora Aparecida
is determined by the low richness of species
and the concentration of individuals in a single
species. In this case, the sibipiruna (Cenostigma
pluviosum var. peltophoroides), which has 14 of
the 29 individuals (TABLE 1) at the public square,
reduced the observed value of Pielou’s evenness
(0.75). The greatest diversity was recorded at the
public square with the largest area (Praca Delfim
Moreira) and the least diversity at the smallest
public square (Pragca Nossa Senhora Aparecida)
(TABLE 2), indicating a relationship between
square area and species diversity.

Cabral et al. (2020), when studying urban
afforestation in Diamantina/MG, recorded a
Shannon diversity of 3.70, concluding that
the city’s afforestation has good floristic
diversity and a high frequency of native
species which are aspects recommended for
urban afforestation. In Gurupi/TO, Santos et al.
(2013) found H' = 2.37 in the city’s central
public squares, largely due to the high density
of a single species. The sibipiruna represented
around 40 % of the individuals. This diversity
observed in Gurupi/TO is very close to that
observed in Pracas Brasil and Ana Simao
Zanum (TABLE 2). Almeida and Rondon Neto
(2010) found low diversity values for urban
green areas in northern Mato Grosso, between
1.17 (Carlinda municipality) and 1.76 (Alta
Floresta municipality), values close to those
observed in the present study at Praca Nossa
Senhora Aparecida (TABLE 2).

Table 2. Floristic and diversity indices of Urban Green Areas in the municipality of Campestre, Minas Gerais

Urban Green Areas A ) N H’ J’
Praca Delfim Moreira 5,520 53 189 3.47 0.87
Praca Brasil 1,550 20 45 2.82 0.94
Praca Nossa Senhora Aparecida 975 10 29 1.72 0.75
Praca Ana Sim&o Zenum 1,255 19 50 2.48 0.84
Total - 73 313 3.72 0.87

Abreviations: A = Area in m?; S = Species richness; N = Number of trees; H' = Shannon'’s diversity index and

J' = Pielou’s evenness coefficient.
Source: Prepared by the authors (2021).
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Overall, the families with the highest species
richness were: Leguminosae and Myrtaceae (11
species each), Bignoniaceae (8), Arecaceae (6),
and Anacardiaceae (5), representing 55 % of
all sampled richness (TABLE 1). In the study
by Eisenlohr et al. (2008), held on the Federal
University of Vigosa Campus, Leguminosae
was registered as the family with the greatest
specific wealth. According to Azevedo et al.
(2007), the Leguminosae family is always found
in urban afforestation due to its benefits, and
the main benefit is the fixation of nitrogen from
the air that is assimilated by plants due to the
association of these plants with nitrogen-fixing
microorganisms. Lombardi and Morais (2003),
in a study carried out at the Federal University
of Minas Gerais, registered the Bignoniaceae
families (13 species) and Myrtaceae (11 species)
as the most diverse ones.

At Praca Delfim Moreira (Public Quare 1), 53
species were recorded among trees, shrubs, and
palm trees and a total of 189 individuals. The
species with the highest number of individuals
were: chorao (Schinus molle) (12 individuals),
palmeira-areca (Dypsis lutescens) (13), ipé-
amarelo (Handroanthus chrysotrichus) (18),
cassia-amarela (Peltophorum dubium) (12),
pau-incenso (Pittosporum undulatum) (12)
(TABLES 1 and 2).

At Praca Brasil (Public Square 2), 20 species
were recorded, totaling 45 individuals (TABLE 1;
TABLE 2). The species with the highest number
of individuals is the palmeira-imperial (Roystonea
oleracea) with six. This species had its first
individual planted in Brazil by the Prince Regent
Dom Joao VI in 1809, hence the origin of the
popular name of palmeira-imperial (imperial
palm), being also an icon of the Rio de Janeiro
Botanical Garden (NEPOMUCENO, 2008).

At Praca Nossa Senhora Aparecida (Public
Square 3), low wealth was registered in relation
to other squares, probably due to its reduced
dimensions. In this square, 10 species of trees

were recorded, totaling 29 individuals (TABLE 1;
TABLE 2). The most abundant species is the
sibipiruna (C. pluviosum var. peltophoroides)
with 14 individuals. A research carried out in the
Cerrado Goiano by Ferreira and Herrman (2016)
showed that this species has a huge influence on
the surrounding microclimate, as it is a pioneer
tree, having a high-density crown, among other
characteristics that provide great shading. These
characteristics together mitigate environmental
variables, providing greater thermal comfort.

At Praca Ana Simao Zenum (Public
Square 4), 19 species grouped into 50 individuals
were recorded (TABLE 1; TABLE 2). The species
with the highest density was ipé-amarelo (H.
chrysotrichus) (12 individuals). H. chrysotrichus
is a native plant in Brazil and is related to the
logging trade for the production of high-quality
furniture and even sports items, and can be
found in other parts of the country in different
states (ANDRADE, 2015). The other ipé-amarelo
(H. serratifolius) was the only species present in
the four studied urban green areas.

Out of the 73 sampled species, 31 (42 %) are
exotic while 42 (58 %) are native. Out of the 313
sampled individuals, 119 (38 %) are from exotic
species and the other 194 (62 %) individuals
belong to native species (FIGURE 2). The most
abundant exotic species (14 individuals each) are
the palmeira-areca (D. lutescens) and the pau-
incenso (P undulatum) while the most abundant
native species were the coco-babao (Syagrus
romanzoffiana) (16 individuals), ipé-amarelo (H.
chrysotrichus) (33) and sibipiruna (C. p/uviosum
var. peltophoroides) (19) (TABLE 1).

In a study carried out by Dantas and Souza
(2004) conducted in Campina Grande/PB, more
exotic species (51.2 %) were recorded than
native (48.8 %) and fewer individuals of native
species (32.8 %) than exotic (67.2 %). In the
study carried out by Albertin et al. (2011) in
Nova Esperanca/PR, the authors recorded 75
different species in road afforestation and stated
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that, when compared to other cities of the same
size, the city of Nova Esperanca has considerable
species richness in its urban green areas. Biondi
and Lima Neto (2011) reported that in urban
afforestation of most Brazilian cities it was
found that exotic species generally represent
70 % of the species used contrary to what is
recommended which is preferential planting of
native species.

The use of exotic species should be avoided
since the biological invasion is considered the
second biggest cause of biodiversity loss on the
planet making it difficult to recover natural
ecosystems, changing ecological cycles, and
promoting the local extinction of native species,
causing damage to the natural environment, to
the economy and to health (RAI; SINGH, 2020).
Therefore, native species should be used instead
of exotic ones as they adapt very well to local
climatic and physical factors bringing benefits to
local ecosystems (MATOS; QUEIROZ, 2009).
Additionally, Paiva et al. (2010) highlighted that
the use of native species is recommended to
ensure the maintenance of co-evolutionary and
genetic ecological relationships between plants
and animals. The dispersion of diasporas (pollen,
fruits, and seeds) in the urban space, as well as
for the conservation of autochthonous
genetic material.

As for development, 226 (72 %) individuals
are trees, 53 (17 %) are palm trees and 34
(11 %) are shrubs. In the work carried out
by Cabreira and Canto-Dorow (2016), at the
Federal University of Santa Maria (UFSM)
Campus, a dominance of tree species (64.1 %)
was reported, with shrubs representing 35.9 %.
In urban green areas, such as public squares, it is
recommended that there is a diversity of plants.
However, in beds less than 1.50 m wide, palm
trees or even shrubs should be used because of
their deep roots and smaller volume. They will
rarely cause problems to the physical structures
of these spaces, such as sidewalks for example
(PIVETTA, 2002).

The species pau-brasil (P echinata) and
sassafras (Ocotea odorifera) were recorded with
only one individual at Praga Delfim Moreira. Both
species are threatened with extinction according
to the Official List of Species of the Brazilian
Flora Endangered with Extinction (MMA,
2008). Therefore, they must receive care in the
maintenance of these individuals, especially
when pruning. In addition to recommending the
planting of more of these individuals. Species aim
at population increase and consequently at the
increase in the genetic diversity of the species.
Another plant with only one representative was
the aroeira-branca (Lithraea molleoides), which

Figure 2. Percentage of native and exotic species and individuals of the sampled plants in the Urban Green Areas

of the municipality of Campestre, Minas Gerais

| Exotic
Native | 42%

58%

Source: Prepared by the authors (2021).

Exotic
38%
Native
62%

631
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is normally used for landscaping in urban centers
and gardens, but its use in urban afforestation
requires care as it has substances that can cause
severe allergic reactions (LORENZI, 2002a).

Considering the dispersion syndrome, 43
(58.9 %) species are zoochoric, 22 (30.1 %) are
anemochoric, three (4.1 %) are anemochoric/
autochoric, three are autochoric, one (1.4 %) is
autochoric/zoochoric and one is barochoric/
zoochoric (FIGURE 3A). As for the individuals,
145 (46.3 %) are zoochoric species, 116
(37.1 %) are anemochoric, 33 (10.5 %) are
anemochoric/autochoric, 17 (5.4 %) are
autochoric, one (0.3 %) is autochoric/zoochoric
and one, bacic/zoochoric (FIGURE 3B).

When observing the dispersion syndrome
distribution among the sampled individuals,
each of the studied places had one or two
types of predominant dispersion. Praca Delfim
Moreira (FIGURE 4A) had a predominance of
individuals of zoochoric (44 %) and anemochoric
(41 %) species. At Praca Brasil (FIGURE 4B),
there was a predominance of zoochoric (67 %)
and anemochoric (31 %) dispersion among
individuals. Pragca Nossa Senhora Aparecida
(FIGURE 4C) has a predominance of anemochoric/
autochoric dispersion (52 %). At Praca Ana
Simé&o Zenun (FIGURE 4D), it was verified the
dominance of zoochory and anemochory (50 %
and 38 %, respectively) among its individuals.

Deminicis et al. (2009) stated that the
dispersal of plants is an important fact in
their reproductive cycle and that this dispersal
minimizes predation close to adult individuals,
thus increasing the chances of new germination
and also the colonization of new habitats.
According to the authors Oliveira and Moreira
(1992), anemochory is usually observed
in open regions, and in closed vegetation,
zoochory predominates.

In this study, zoochoric dispersion is recurrent
due to the existence of fruit trees, such as manga
(M. indica), amendoeira (Terminalia catappa),
laranja-doce (Citrus sinensis), goiaba (Psidium
guajava), néspera (Eriobotrya japonica), the
pitanga (Eugenia uniflora) and the coco-babao
(S. romanzoffiana) at these public squares.
They represent an important food and shelter
resource for urban birds that act as an important
disperser of fruits and seeds (BIAGOLINI;
LOURENGO, 2018). Oliveira (2013) reported the
importance of animals in the dispersion of fruits
and seeds in tropical forests where zoochory
is predominant, occurring between 50 % and
75 % of species. Freitas et al. (2015) reported
important environmental services arising from
the mutualistic relationships existing between
plants and animals, such as the consumption
and dispersal of fruits and seeds that carry
out pollination.

Figure 3. Percentage of species (A) and individuals (B) distributed among the types of plant dispersion sampled
in urban green areas in the municipality of Campestre, Minas Gerais

4)

Zoochoric

Anemochoric
Anemochoric/Autochoric
Autochoric
Barochoric/Zoochoric

Autochoric/Zoochoric

Source: Prepared by the authors (2021).
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Figure 4. Percentage of individuals by type of dispersion of trees, palm trees and shrubs sampled at Praca
Delfim Moreira (A), Praga Brasil (B), Praca Nossa Senhora Aparecida (C) and Praga Ana Simao Zenun (D) in the

municipality of Campestre, Minas Gerais
A)

Zoochoric 44%

Anemochoric 41%

Autochoric

Anemochoric/Autochoric

Autochoric/Zoochoric

0O
Anemochoric/Autochoric 52%
Anemochoric

Zoochoric

Autochoric

Source: Prepared by the authors (2021).

Although the use of fruit species in urban
afforestation is a controversial issue (MATOS;
QUEIROZ, 2009), the possibility of offering edible
fruits to the local population becomes an element
capable of awakening a bond of belonging and
care for people with the plants as long as minimal
care planning is done. For example, avoiding the
use of plants that produce medium and large
fruits and that may cause injuries due to falling
fruit such as manga (M. indica). Distancing
these plants from the sidewalks where there is a
greater circulation of people as well as fruits with
pigments capable of causing stains on clothes
and vehicles such as jamelao (Syzygium cumini)
is advised (PAIVA et al., 2010).

Final considerations

High diversity was observed when
considering all public squares. Diversity increases
with the increase in the public square area.

B)

Zoochoric 67%

Anemochoric 31%

Barochoric/Zoochoric 2%
D)

Zoochoric 50%

Anemochoric 38%

Anemochoric/Autochoric 12%

Native species have greater richness and
number of individuals compared to exotic ones.

Zoochory and anemochory were the
predominant dispersion syndromes.

It is recommended that other trees of
endangered species be introduced in other urban
green areas of the municipality and that new
individuals of different native species are planted
at the public squares Brasil, Ana Simao Zenum,
and Nossa Senhora Aparecida to increase the
diversity of species.
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Abstract

The supply of water of adequate quality for irrigation purposes is becoming increasingly scarce, forcing producers to use
restrictive water, such as that with high concentrations of calcium bicarbonate, which is widespread in northern Minas Gerais.
This leads to severe chemical imbalances in the soil and in the plants, which significantly reduces the longevity of the farms.
The objective of the present work was to evaluate the growth and production of ‘Grand nain’ bananas over a production
cycle in response to phosphate fertilization based on simple superphosphate and monoammonium phosphate (MAP) in a
soil irrigated with calcareous water. The doses tested were O, 5, 10, 20, and 30 g P,0, from simple superphosphate (18 %
P,0,) and MAP (48 % P,0,) fertilizers, for a total of nine treatments every three months. Ammonium sulfate and potassium
chloride were used in the monthly fertilization, and boric acid, magnesium sulfate, zinc sulfate, and tanned cow dung common
to all plants were used in the quarterly fertilization. The results show that the simple superphosphate fertilizer provides a
greater productive response of ‘Grand nain’ bananas compared to MAP in most doses tested. Thus, the hypothetical chemical
imbalance caused by irrigation with calcareous water and enhanced by the simple superphosphate fertilizer was not observed
in the first cultivation cycle of the ‘Grand nain’ banana.

Keywords: Musa paradisiaca L. Quality of irrigation water. Phosphate fertilization.

Introduction

The banana tree (Musa spp.) is one of the
most widely cultivated fruit trees in tropical
countries and its fruits are among the most
consumed in the world. Brazil is currently the
fourth largest banana producer in the world,
with an area of 466 thousand hectares and an
estimated production of 6.7 million tons. It is the
most consumed fruit in Brazil and the second
most-produced, after oranges (FAO, 2020).

National productivity is very low compared
to many producing countries, due to the large
technological differences between producing states
and the level of demand from local consumers

(NOMURA et al., 2020). In northern Minas
Gerais, irrigated bananas are grown due to low
annual rainfall and high evapotranspiration rates,
and this crop is the most economically important
in the irrigated areas of the region (VIANA
et al., 2020). In the region, banana cultivation
predominates in latosols, soils that naturally have
a high deficiency of available P, because of the
high adsorption capacity of this element due to
the acidity and high content of iron and aluminum
oxide in these soils (SILVA et al., 2011).

Regarding irrigation, the scarcity of surface
water in northern Minas Gerais led to the use
of water from tube wells, which usually have
high concentrations of calcium bicarbonate and
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originate from karst formations in northern Minas
Gerais (VIANA et al., 2020). However, the use of
irrigation water rich in calcium carbonate leads to
a change in the chemical properties of the soils
with an increase in pH and calcium content, as
reported by Nunes et al. (2008), which triggers
the precipitation of phosphorus, since H,PO, ions
form compounds with very low solubility with Ca
(BROGGI, 2004).

Most of the phosphate fertilizers used in
domestic agriculture are based on calcium-
basic acid phosphate Ca(H,PO,),, whose
most common commercial sources are single
superphosphate and triple superphosphate. Such
P sources can exacerbate the imbalance caused
by excess calcium. Whether they are aware
of it or not, technicians in the region insist on
recommending super single or super triple as P
sources (ALCANTARA et al., 2021).

So, it is necessary to minimize the amount
of calcium transferred in the areas irrigated
with calcareous water. One of the alternatives
is to use calcium phosphate as a source of
phosphorus. It is commercially known as MAP
(monammonium phosphate) and does not
contain calcium in its formulation. Therefore, it
is necessary to conduct studies to evaluate the
benefits of this fertilizer.

The objective of the present study was
to compare the effect of phosphate fertilizers
based on simple superphosphate and MAP in a
‘Grand Nain’ banana-growing cycle irrigated with
limestone water.

Material and methods

The experiment was conducted in 2016
at the experimental site of the Federal Institute
of Education, Science and Technology of the
North of Minas Gerais, in the Januaria campus,
located at latitude 15°27’S, longitude 44°22'W
and altitude of 474 m. This region has an Aw
climate, according to the Koeppen classification
(MOREIRA, 1985), with an average annual
temperature of 27 °C, relative humidity of 60 %,
and rainfall of 850 mm.

A randomized block design with 6 replicates
and 9 treatments was used, each plot consisting
of four ‘Grand nain’ banana families. The
soil of the experimental plot is a Red Yellow
Latosol (Oxisol), whose physical and chemical
characterization before planting the crop is
shown in Table 1.

Treatments  consisted of simple
superphosphate or monoammonium phosphate
(MAP) applied quarterly at doses of 5 g, 10 g,
20 g, and 30 g P,O.. The treatments were
arranged in a randomized block experiment with
three replicates in an incomplete factorial scheme
through the double quadratic experimental
matrix. Therefore, the following treatments
were distributed: Simple superphosphate (18 %
P,O,) at doses of 27.78 g; 55.67 g; 111.11 g;
and 166.67 g; MAP (48 % P,0O,) at doses of
10.42 g; 20.83 g; 41.67 g; and 62.50 g; and
treatment without phosphate fertilization. These
doses were used based on the recommendation
of Borges and Souza (2004).

Table 1 — Chemical and physical properties of the samples taken in the layers of 0 cm - 20 cm and 20 cm - 40
cm depth before the implantation of the experiment. IFNMG, Januaria Campus, MG

pH oM P K Ca Mg Al H+AlI| B Cu Fe Mn  Zn |Sand Silt Clay
dag/kg | mg/dm? cmolc/dm? mg/dm? dag/kg

7,43 09 |976 63 |31 06 00 073|02 08 200 276 64| 75 15 11

747 03 |319 38 |21 04 00 074|102 1,0 22,1 175 2,1 | 74 13 14

Extractors: pH: H,0 (1:2,5); P, K, Zn, Mn, Fe e Cu: Mehlich-1x; Ca™, Mg™:KCl 1 mol L. H+Al: pH SMP; O.M

(Organic Matter): colorimetry.
Source: Developed by the authors (2016).
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Ammonium sulfate (125 g) and potassium
chloride (97 g) were also used in all plots and
applied monthly; boric acid (5 g), magnesium
sulfate (18.75 g), zinc sulfate (10 g), and cured
cattle manure (5 1) were applied quarterly with the
phosphate fertilizer. All these recommendations
were by Ribeiro et al. (1999).

Rhizome seedlings of a mature banana
cultivar ‘Grand nain Cavendish’ (AAA) acquired
from a commercial banana plantation at Fazenda
Triunfo in the municipality of Pedras de Maria
da Cruz, MG, were used for planting. The soil
was prepared by plowing and harrowing, and
holes measuring 50 cm x 50 cm x 50 cm
were excavated at a spacing of 3.0 m x 2.5 m.
During planting, the P,O, doses according to the
treatment and the fertilizers ammonium sulfate,
potassium chloride, and tanned bovine manure
were used in the previously indicated doses. Local
irrigation was carried out with a micro-sprinkler
with a flow rate of 45 liters of water per hour for
four plants, with water from an artesian well.

The experiment was conducted in the first
production cycle and data were collected at
the time of flowering and harvest. At the time
of flowering, between the appearance of the
inflorescence and the opening of the third bract,
the circumference of the plant at the heights of
30 cm and 130 cm, the height of the plant, the
number of green leaves, the width and length
of the third leaf and the date of flowering were
measured. At harvest, the total mass of the
bunch, the number of hands, the number of fruits,
the fruits in the second bunch (from the onset of
the bunch), the mass of the second bunch, the
harvest date, and the fresh sample of the second
bunch with three central fruits were measured.

The fresh sample from the second hand
was dried in the shade and then dehydrated in
an oven with forced circulation at 65 °C until
constant mass (72 hours). The dry mass of the
fruit and hands was then determined.

Given the heterogeneity of variances, the
data were transformed to the variables number
of leaves, hands, fruits in the second hand, and
total fruits of the bunch. The obtained data were
subjected to analysis of variance and regression.
The regression models were selected based
on the significance of the coefficients of the
regression parameters to a probability of 5 %
by the t-test using the System of Statistical and
Genetic Analysis software of the Federal College
of Vigosa (SAEG v.9.1).

Results and discussion

All studied characteristics were not affected
by the MAP dose.

The effect of simple superphosphate (SS)
was quadratic to the circumference of the
pseudostem at 130 cm, with an estimated
maximum of 45.25 cm at the dose of 21.47 g
family! trimester! (20.61 kg ha! year! of
P,O,), a value 5.6 % higher than the control
(FIGURE 1). At the highest dose of SS (30 g
family-1 trimester-1 of P,0,), ‘Grand nain’
bananas had lower growth but still 5 % higher
pseudostem circumference compared to the
control. Above a dose of just under 5 g per
family per trimester? P,0, outperformed SS MAP
as the main source of increasing pseudostem
circumference of banana plants.

The response of the pseudostem
circumference at 130 cm above the soil in the first
cycle of the ‘Grand nain’ banana plant to P dosing
is supported by Robinson and Satico (2010), who
reported that the banana plant takes up most of
the P between three months and nine months after
planting and reduces nutrient uptake by 80 % in
the reproductive phase. Hoffmann et al. (2010)
found that the mother plant of banana ‘Lady
Finger’ accumulates about 22 kg ha of P, which
is transferred to other members of the “family”,
with a percentage of 78 % being returned to the
soil through cultural residues.

O
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Figure 1 — Pseudostem circumference at 130 cm (PSC130) of irrigated Grand Nain banana in northern Minas
Gerais as a function of single superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at
5 % and 1 % probability by t-test. IFNMG, Januéria Campus, MG - 2016.
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Source: Developed by the authors (2016).

Symptoms of P deficiency in bananas are rare
in the field since the plant loses relatively little
through exportation via the bunch (ROBINSON;
SAUCO, 2010). They also indicate that the
nutrient is readily redistributed to the youngest
shoots of the family after a bunch harvest on the
mother plant.

The circumference of the pseudostem at
30 cm showed a positive linear response to SS,
with a maximum value of 59 cm at a dose of
30 g P,O, per family per trimester! (FIGURE 2).
As with the trait assessed at 130 cm, the source
SS outperformed the source MAP as the major
source of P at a dose of 5 g family! trimester! of
P,0, to increase the pseudostem circumference
of banana trees to 30 cm.

Melo etal. (2006) found that the
circumference of the pseudostem at 30 cm from
the soil did not respond to P dosage and attributed
this effect to the high initial P availability, which
may have met the plant’s needs during the first
cycle even without phosphate fertilization. On
the other hand, Silva and Rodrigues (2013)
observed a linear response to phosphate
fertilization in ‘Lady Finger’ bananas irrigated

with calcareous water in northern Minas Gerais
when evaluating pseudostem circumference at
30 cm in the first production cycle. Silva et al.
(2011) also found a positive response to P dose
application in ‘Lady Finger’ banana seedlings
with an increase in pseudostem diameter in soils
with low available P, ranging from 3.3 mg dm-
to 2.4 mg dm-3.

Damatto Junior etal. (2011) reported
the importance of a thigh circumference of the
pseudostem of banana to resist the destructive
action of wind, especially during the reproductive
period when the plant must support the bunch.
Soto Ballestero (2000) observed a significant
correlation between the circumference of the
pseudostem and leaf surface and the number of
fruits and bunches, showing the importance of a
greater value of pseudostem length or diameter
to obtain more expressive production gains.

The dry matter of the third fruit showed a
quadratic response to phosphate fertilization,
with a maximum value of 112.56 g at a
dose of 23.04 g.family-1 quarter-1 of SS
(22.11 kg ha! year! of P,0,) (FIGURE 3). At
all doses, third fruit dry matter was higher when
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Figure 2 — Circumference of pseudostem at 30 cm height of irrigated ‘Grand nain’ banana in northern Minas
Gerais as a function of single superphosphate (SS) and MAP sources and P205 doses. * and **, significant at
5 % and 1 % probability by t-test. IFNMG, Januéria Campus, MG -2016
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Source: Developed by the authors (2016).

SS was fertilized compared to MAP. At the best
dose of SS, the yield increase was 11.15 %
over the control. Different results were obtained
by Crisostomo et al. (2008), who found no
significant effect of phosphate fertilization on
the production of banana Pacovan, although it
had a positive effect on sugar content (reducing
and total) and acidity.

The total fresh mass of bunches had a linearly
positive response to SS doses (FIGURE 4). At the
highest dose from this source, the ‘Grand nain’
banana tree produced 22.88 kg of bunches.
Responses to SS became more effective,
compared to MAP, from doses close to 8 g.family!
trimester! of P,0,. Maia et al. (2003b) found
no significant effect of phosphate fertilization on

Figure 3 — Dry matter of the third fruit of the irrigated ‘Grand nain’ banana in northern Minas Gerais as a
function of simple superphosphate (SS) and MAP sources and P205 doses. * and **, significant at 5 % and
1 % probability by t-test. IFNMG, Januaria Campus, MG -2016
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Figure 4 - Total fresh mass of irrigated Grand Naine banana bunches in northern Minas Gerais as a function of
simple superphosphate (SS) and MAP sources and P205 doses. * and **, significantat 5 % and 1 % probability

by t-test. IFNMG, Januaria Campus, MG -2016
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the production and quality components of ‘Lady
Finger’ banana in Jaiba (MG).

The length of the third ‘Grand nain’ banana
leaf showed a positive linear response to SS,
reaching 196.99 cm at the application of
30 kg ha' year! PO, (FIGURE 5). At all dosages
tested, the source SS MAP outperformed P,O, as
a measure of plant vigor.

Hand fresh weight responded quadratically to
P dosage, with a maximum of 24.29 kg at a dose

of 19.46 g family! quarter! of SS (18.68 kg ha™!
year! of P,O.) (FIGURE 6). The productive
increase at the above dose was 13 % over the
control. Melo et al. (2006) found no effect of
P dosage on the fresh mass of banana cultivar
‘Grand nain’ and explained this by the high P
concentration of 25 mg dm= extracted from
the soil by the P resin extractor. However, Silva
and Rodrigues (2013), who studied phosphate
fertilization in banana cultivar ‘Lady Finger’
irrigated with calcareous water in northern Minas

Figure 5 — Length of the third leaf of irrigated ‘Grand nain’ banana in northern Minas Gerais as a function of
simple superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at 5 % and 1 % probability

by t-test. IFNMG, Januéria Campus, MG -2016
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Figure 6 — Fresh mass of irrigated ‘Grand nain’ banana bunch in northern Minas Gerais as a function of simple
superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at 5 % and 1 % probability by

t-test. IFNMG, Januéria Campus, MG - 2016
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Gerais, found a linear response on bunch fresh
mass in the first production cycle.

The effect of SS on the total number of
fruits per bunch (FIGURE 7) was quadratic,
with a peak of 137.2 fruits at a dose 0of 20.03 g
family! quarter! (19.22 kg ha* year! P,0,).
This production was 9.7 % higher than that
without fertilization. Silva and Rodrigues
(2013) also found an effect of phosphate
fertilization on the number of fruits per bunch
in the first production cycle. However, Maia

et al. (2003b) did not observe a significant
effect of P

The number of bunches per hand showed a
positive linear response to SS (FIGURE 8). At the
highest dose, plants produced 8.65 bunches per
hand. Silva and Rodrigues (2013), who studied
phosphate fertilization in ‘Lady Finger’ bananas
irrigated with calcareous water in northern Minas
Gerais, did not detect a significant response in
the number of bunches in the first production
cycle. Chrysostom et al. (2008) and Maia et al.

Figure 7 — Number of fruits per bunch in irrigated banana in northern Minas Gerais as a function of simple
superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at 5 % and 1 % probability by

t-test. IFNMG, Januéria Campus, MG - 2016
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Figure 8 — Number of hands of irrigated ‘Grand nain’ banana in northern Minas Gerais as a function of simple
superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at 5 % and 1 % probability by

t-test. IFNMG, Januéria Campus, MG -2016
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(2003b) also found no positive effect of phosphate
fertilization on the number of bunches per bunch
in banana cultivars of ‘Pacovan’ and ‘Grand nain’.

The width of the third leaf showed a positive
linear response to the SS doses, reaching a
maximum value of 85.58 cm (FIGURE 9). Probably,
the involvement of P in cell division indicated by
Marschner (1995) explains this response model.
According to Moreira (1999), the area of banana
leaves is directly related to the bunch mass,
and the larger it is, the more photoassimilates
are produced. Silva and Rodrigues (2013), who

studied phosphate fertilization in banana ‘Lady
Finger’ in four production cycles, did not find a
significant effect of the nutrient on leaf width,
attributing this to the fact that the nutrient content
was within the range of nutrient requirements.

The characteristics of plant height, number
of leaves, cycle from flowering to harvest in days,
number of fruits of the second bunch, the fresh
mass of the stem, the fresh mass of the second
bunch, the fresh mass of the third fruit of the
second bunch, total dry mass of the bunches in the
first banana cycle did not respond significantly to

Figure 9 — Width of the third irrigated banana leaf in the north of Minas Gerais as a function of simple
superphosphate (SS) and MAP sources and P,0, doses. * and **, significant at 5 % and 1 % probability by

t-test. IFNMG, Januéaria Campus, MG -2016
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the doses of SS, as MAP (TABLE 2). The average
height of the plants was 211 cm and 210 cm at
SS and MAP respectively. A similar effect was
found by Melo et al. (2006) in a banana perennial
‘Grand nain’. However, Silva and Rodrigues (2013)
found a linear response of this trait to phosphate
fertilization in the first production cycle. Silva et al.
(2011) also found a positive response to P supply
in ‘Lady Finger’ in soils with initially low levels
between 2.4 mg dm= and 3.3 mg dm=.

The average number of leaves obtained on the
banana tree was 15, in response to both SS and
MAP (TABLE 2), a value considered sufficient for
satisfactory production, as described by Rodrigues
et al. (2009). These authors concluded that
at least 12 leaves are required to obtain more
bunches and fruit and, consequently, a greater
mass of hands. In contrast to the present work,
Nunes (2008) found a positive linear response
of the number of leaves to P dosage.

The fresh mass of the second bunch had a
similar mean value of 3.49 kg and 3.50 kg in
response to the fertilizers SS and MAP, respectively
(TABLE 2). The number of fruits of the second
bunch was also not significantly affected by
phosphate fertilization, reaching mean values of
19.5 and 19.0 in the order of the two fertilizers. As
reported by Azevedo (2010), the second bunch is

a reference for several characteristics of the banana
bunch. In Cavendish-type cultivars, there is a well-
established relationship between hand weight
and second-hand weight (JARAMILLO, 1982).
Maia (2003a) also found no significant effect of P
dosage on the number of fruits of the second bunch
in the banana perennial ‘Lady Finger’. The author
explained this by the low phosphorus requirement
of the plant of 6.3 g per plant (excluding rhizome
and roots) in the first cycle, suggesting that a low
dose added to the phosphorus available in the soil
is sufficient for satisfactory production.

The cycle from flowering to harvest averaged
107 days for both SS and MAP (TABLE 2).
According to Silva et al. (2002) and Rodrigues
et al. (2006), the length of the cycle is reflected
in economic profitability. In addition, a shorter
residence time of the hand in the plant reduces
its exposure to pollutants, which translates into
less use of pesticides and improves the biological
quality of production.

As mentioned earlier, it was also the
hypothesis of this work that the use of irrigation
water rich in calcium carbonate could promote
changes in the chemical properties of soils when
fertilized with simple superphosphate. However,
this effect was not observed in the first cultivation
cycle of the banana cultivar ‘Grand nain’.

Table 2 — Mean values for plant height, number of leaves, cycle in days from flowering to harvest, number of
fruits of the second bunch, the fresh mass of the stem, the fresh mass of the second bunch, the fresh mass of the
third fruit and total dry mass of banana cultivars of the variety “Grand nain” irrigated with simple superphosphate
(SS) and MAP sources and P205 doses in the north of Minas Gerais IFNMG, Januéaria Campus, MG -2014

Variables SS MAP

Height of plants (cm) Y= 211,07 Y= 209,70
Number of leaves Y= 14,66 Y= 14,50
Flowering-harvesting cycle fruit (days) Y= 107,08 Y= 107,10
Number of fruits second hand Y= 19,5 Y=19,0

Fresh stem mass (kg) Y= 1,64 Y= 1,70

Fresh mass second hand (kg) Y= 3,49 Y= 3,50
Fresh mass third fruit (g) Y= 538,71 Y= 534,40

Total dry mass of hands (kg) Y= 4,14 Y= 4,20

Source: Developed by the authors (2016).
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Conclusion

The simple superphosphate fertilizer
allowed a greater productive response of ‘Grand
nain’ banana compared to MAP at most dosages
tested. Thus, the chemical imbalance of soil
and plants caused by irrigation with calcareous
water and theoretically enhanced by the simple
superphosphate fertilizer was not observed
in the first cultivation cycle of the ‘Grand
nain’ banana.
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Abstract

Tomato crops have great economic importance in Brazil and worldwide; however, its economic return is dependent on the
control of several diseases, including Fusarium wilt, caused by Fusarium oxysporum f. sp. lycopersici. The control of this
disease is usually based on biological products, which are commonly manufactured with antagonist isolates of Trichoderma
sp. Therefore, the antagonistic potential of Trichoderma sp. should be better studied against other phytopathogens, thus
expanding the biofungicide options on the market. The objective of the present work was to evaluate the antagonistic potential
of different isolates of Trichoderma against the in vitro mycelial growth of £ oxysporum f. sp. lycopersici. Four isolates of
Trichoderma spp. were tested, three collected in litterfall and one commercial isolate (7. asperellum). The Trichoderma spp.
isolates were evaluated for antagonistic potential against F. oxysporum f. sp. lycopersici using the culture pairing technique.
The variables evaluated were: mean colony size (MCS), mycelial growth inhibition percentage (MGIP), mycelial growth rate
index (MGRI) of phytopathogen, and antagonism of isolates of Trichoderma spp. through a scale of grades. All isolates of
Trichoderma spp. tested reduced the in vitro mycelial growth of F. oxysporum f. sp. lycopersici.

Keywords: Antagonism. Fusarium wilt. Biological control.

Introduction among the most important causes of phytosanitary
problems, since they present resistance structures

Brazil is the tenth main tomat duci } .
razil 15 the tenth main fomato producing that ensure their survival under unfavorable

country, responsible for approximately 2.2 % of

tomatoes produced worldwide, after China, India,
Turkey, and the United States of America , that
provides approximately 34.7 %, 10.5 %, 7.1 %,
and 6.0 % of the world tomato production,
respectively (FOOD AND AGRICULTURE
ORGANIZATION CORPORATE STATISTICAL
DATABASE — FAOSTAT, 2019).

The tomato production in Brazil in 2019
reached 3.92 million Mg, which were grown
in an area of 54,540 ha, mainly in the states
of Goias, Sao Paulo, Minas Gerais, and Bahia,
responsible for approximately 72 % of the
national production (INSTITUTO BRASILEIRO
DE GEOGRAFIA E ESTATISTICA — IBGE, 2020).

Tomato crops can be affected by several
diseases during the plant cycle. Root pathogens are

conditions (WONG; AMBROSIO; SOUZA, 2011).

Soil fungi are among the root pathogens,
which are characterized by surviving for years
under absence of a susceptible host (LOPES;
MICHEREFF, 2018). According to Correia and
Michereff (2018), among soil fungi, the ones
that cause vascular wilting stand out, such as
Fusarium oxysporum, Verticillium albo-atrum,
and Verticillium dahliae.

Fusarium wilt is among the diseases that
most worry tomato growers. It is caused by the
fungus Fusarium oxysporum f. sp. Lycopersici,
and is present in practically all areas where
tomato is grown (INOUE-NAGATA et al.,
2016). This pathogen survives as mycelium or
chlamydospores, commonly found in cultural
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residues. The pathogen can also develop in
tissues of several other plant species, that act as
alternative hosts (BEBENDO, 2018).

According to Inoue-Nagata et al. (2016),
the survival of the pathogen under absence of the
host can be up to eight years, making it difficult
to deploy management actions to reduce the
initial inoculum (MELO; SERRA; NASCIMENTO,
2021). The spread of the pathogen over long
distances occurs due to the use of contaminated
seedlings and seeds and, in crop areas where
the pathogen is present, it can spread due to the
moving of propagules in soil particles, caused
by plowing and harrowing, irrigation, or even
rainwater (BEBENDO, 2018).

The main symptoms of the disease in
tomato crops range from leaf yellowing to
progressive wilting of the aerial part, which can
cause the death of the plants by drying them
out completely. Usually, the infection occurs
unilaterally, by reaching the vascular bundles
from infected root tissues. Plants that have
a poorly developed root system are generally
more attacked by the fungus, contributing to the
progressive vigor loss and shortening of the crop
cycle. The disease usually manifests in the field
in spots, mainly during the growth, flowering,
and fruit maturation phases. In the nursery stage,
or shortly after transplanting, seedlings affected
by the disease may undergo lodging or damping-
off (TOFOLI; DOMINGUES, 2018).

The control of the disease caused by
Fusarium oxysporum can be carried out through
cultural measures and practices involving
adequate and balanced plant nutrition, liming,
use of resistant cultivars, crop rotation, and
deep plowing (INOUE-NAGATA et al., 2016;
MIELNICZUK; SKWARYtO-BEDNARZ, 2020).
Biological control, characterized by the use of
non-pathogenic organisms on the infection site
to limit the pathogen action or increase the
host resistance, has also been used (TOFOLI;
DOMINGUES, 2018).

The use of biological methods to control
plant diseases has grown in recent years. There
has been a significant increase in products made
from microorganisms approved for different
cultures (MEYER; MAZARO; SILVA, 2019). In
Brazil, this agribusiness segment represents 3 %
to 5 % of sales of chemical products (VIEIRA
et al., 2016). Currently, the use of biological
methods is an alternative that is not used only
by agroecological-based farmers. Conventional
farmers are the main consumers of biological
products, as they minimize damages to the
environment and human health; in addition,
farmers are having a greater perception of the
need to diversify tools for disease management
(MEDEIRQOS; SILVA; PASCHOLATI, 2018).

In 2019 alone, 21 Trichoderma-based
biofungicides were approved by the Brazilian
Ministry of Agriculture, Livestock, and Supply
(MinistériodaAgricultura, Pecuéariae Abastecimento
—MAPA), 66 % based on Trichoderma harzianum,
24 % based on Trichoderma asperellum, 5 %
based on Trichoderma koningiopsis, and 5 %
based on Trichoderma stromaticum (MEYER;
MAZARO; SILVA, 2019).

According to Dalacosta (2019), Trichoderma
species have rapid growth in different media
types, facilitating their mass production; thus,
they have been used for biological control of
fungal diseases, mainly for soil fungi, such
as Fusarium oysporum. The different fungus
species can interfere with the phytopathogen
life through different mechanisms of action,
such as competition for space and nutrients,
antibiosis, mycoparasitism, fungistasis, and
induction of resistance, besides stimulating
plants to increase their tolerance to natural
stresses (INFANTE et al., 2011; MASTOURI;
BJORKMAN; HARMAN, 2012).

Tofoli and Domingues (2018) stated that
when the fungus is applied via soil or in the
substrate, in the case of seedling production, it
significantly reduces the occurrence and severity
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of diseases caused by pathogens of the genera
Fusarium, Sclerotium, Sclerotinia, Verticillium,
Pythium, and Phytophthora.

Therefore, the evaluation of new Trichoderma
isolates with antagonist potential against different
phytopathogens may enable the obtaining of
new biofungicides to increase the supply of
biocontrol products.

Thus, the objective of the present work
was to evaluate the antagonistic potential of
different isolates of Trichoderma against the in
vitro mycelial growth of Fusarium oxysporum f.
sp. lycopersici.

Material and methods

The experiment was conducted at the
Phytopathology Laboratory of the Federal Institute
of Education, Science, and Technology of the
South of Minas Gerais, Inconfidentes campus.

The isolate of Fusarium oxysporum f. sp.
lycopersici used in the experiment was obtained
from the mycoteca of the Sakata Company, and
the isolates of Trichoderma spp. (I, 1,, ;) were
obtained by Garcia (2020) from litterfall in the
Olericulture Sector of the School Farm of the
IFSULDEMINAS, Inconfidentes campus, and
were stored in the Phytopathology Laboratory of
the Inconfidentes campus. It was also used an
isolate of the species Trichoderma asperellum,
which was obtained from a commercial
product (Quality®).

The antagonistic potential of the different
isolates of Trichoderma spp. against Fusarium
oxysporum f. sp. lycopersici was evaluated by
the technique of direct confrontation through the
pairing of colonies, according to the methodology
proposed by Dennis and Webster (1971). Disks
of 10 mm diameter with samples obtained from
colonies of the phytopathogen and isolates of
the antagonist were grown for 7 days in potato-
dextrose-agar (PDA) medium and incubated in a

BOD chamber at 25 °C and photoperiod of 12
hours. Petri dishes of 90 mm diameter containing
20 mL of PDA medium (pH 5.7) were used to
set up the experiment. Fusarium oxysporum f. sp.
lycopersici were transferred to the surface of the
culture medium on Petri dishes, at 0.5 cm from the
edge of the plate, and the plates were incubated
in a BOD chamber at 25 °C and photoperiod of 12
hours for 48 hours, according to the methodology
proposed by Dennis and Webster (1971). After the
mycelial growth of F. oxysporum f. sp. lycopersici
for 48 hours, colony disks of the isolates were
picked on opposite sides of the Petri dishes, at
0.5 cm from the edge of the plates. Petri dishes
containing paired phytopathogen and antagonist
colonies were incubated in a BOD chamber at a
temperature of 25 °C and a photoperiod of 12
hours during the experiment.

Each isolate of Trichoderma spp. was
paired with a phytopathogen, and only the
phytopathogen in the Petri dish without the
antagonist was considered as a control, totaling
5 treatments, namely: T1 — Fusarium oxysporum
f. sp. lycopersici % isolate 3 (13); T2 — Fusarium
oxysporum f. sp. lycopersici X isolate 4 (14); T3
— Fusarium oxysporum f. sp. lycopersici X isolate
5(15); T4 — Fusarium oxysporum f. sp. lycopersici
x T. asperellum; TS5 — Fusarium oxysporum f.
sp. lycopersici. A randomized block experimental
design was used, with 7 replications; each plate
was considered as a plot.

Daily evaluations started 24 hours after
the subculture of Fusarium oxysporum f. sp.
lycopersici for 14 days. Daily measurements of
the frontal mycelial growth of the phytopathogen
and antagonist colonies were made with the aid
of a digital caliper. The mycelial growth inhibition
percentage (MGIP) was determined on the 7t
day and 14 day after incubation and calculated
based on the formula described by Menten
etal. (1976):

mean size of control — mean size of treatment x 100
mean size of control

MGIP =
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Mean colony diameter (mm) and mycelial
growth rate index (MGRI; mm day) were also
determined, using the formula described by
Oliveira and Machado (1991):

> (S - Sa)

MGRI = N

At which:

S = current mean colony size;

Sa = mean colony size on the previous day;
N = number of days after subculture.

The antagonism of the isolates of
Trichodermas pp. was evaluated using an
adaptation of the scale of grades proposed by Bell,
Wells and Markhan (1982): 1 — the antagonist
grows completely over the pathogen and occupies
the entire Petri dish; 2 — the antagonist grows on
at least 2/3 of the Petri dish, overlapping the
pathogen; 2.5 — the antagonist grows for at least
2/3 of the Petri dish, but does not overlap the
pathogen; 3 —antagonist and pathogen grow over
half of the plate; 4 — the pathogen grows on least
2/3 of the Petri dish; 5 — the pathogen grows
completely throughout the Petri dish.

The antagonism of the isolates was also
determined on the 7" and 14* day of incubation.

The data obtained in the experiment were
subjected to analysis of variance, and the
means were compared by the Scott-Knott test
at 1 % probability, using the Sisvar 5.6 program
(FERREIRA, 2011).

Results and discussion

The evaluated isolates of Trichoderma (13,
14, 15, and T. asperellum) showed a significant
antagonistic effect on the mycelial growth rate
index (MGRI) when compared to the control,
with no difference between them, even though
they were transferred to the Petri dishes 48 hours
after the transfer of the pathogen (FIGURE 1).
Mycelial growth rate is important for biological
control, since it is connected to the speed of
colonization of the substrate under competition
with the phytopathogen (MEDEIROS; SILVA;
PASCHOLATI, 2018).

The pathogen MGRI was 15.06 mm, 15.08
mm, 15.30 mm, and 15.50 mm in the presence of

Figure 1. Mycelial growth rate index (MGRI; mm day!) of F. oxysporum f. sp. lycopersici (Fol) in the presence
of Trichoderma spp. (13, 14, |5 and Trichoderma asperellum). Inconfidentes, MG, Brazil, 2021

24

22

MGRI (mm/ day)
5 2 & = 8

—_
(=)

Fol x I3 Fol x 14

b

Fol x I5

FolxT. asp.

Treatments

Bars with the same letters are not statistically different from each other by the Scott-Knott test at 1 % probability.

Source: Elaborated by the authors (2021).
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isolates 13, 14, 15, and T. asperellum, respectively,
while the control without the presence of the
antagonist had a MGRI of 20.07 mm dia!, which
shows that the presence of the isolates inhibited
the pathogen mycelial growth. The mean mycelial
growth inhibition percentage of £ oxysporum f.
sp. lycopersici by the isolates was 24%.

Sousa et al. (2017) found potential in vitro
control of R. solani for 7 of the 9 isolates of
Trichoderma evaluated, on average, 33% of the
studied isolates reduced the pathogen MGRI in
40%, and 44% reduced the MGRI in 25%. Sa
et al. (2019) and Soares et al. (2019) confirm
these results in studies with Trichoderma spp. with
reduction in mycelial growth of Fusarium sp. and
Fusarium solani, which were causing damages
to cowpea and watermelon crops, respectively.

The isolates of Trichoderma spp. showed
significant differences in colony size and
MGIP on the 7" and 14" day after the fungi
incubation when compared to the control, with
no statistical difference between the isolates in
both evaluations. The isolates 13, 14, 15 and T.
asperellum inhibited the mycelial growth of F.
oxysporum f. sp. lycopersici on the 7™ day of
evaluation in 40 %, 48 %, 42 %, and 42 %, and
on the 14" day in 62%, 67%, 64%, and 64%,
respectively (TABLE 1).

The evaluations in the 7" and 14 day
after incubation showed no increases in colony
size of F. oxysporum f. sp. lycopersici in the
presence of the isolates, and the isolates did
not differ from each other for the evaluated
parameter. This result can be explained by the
frontal encounter of the pathogen colonies with
the antagonist colonies, denoting its efficiency
in inhibiting the pathogen mycelial growth. The
reduction in mycelial growth of F. oxysporum f.
sp. lycopersici may also be connected to the
release of metabolites, competition for nutrients
in the culture medium, and mycoparasitism
by the antagonist (MATOS et al., 2014). In
addition, each Trichoderma species has its own
mechanism of action to interact with each type
of phytopathogen (RIBEIRO, 2017).

The MGIP increased over the days due to the
continuous growth of £. oxysporumf£. sp. lycopersici
without the presence of the antagonist. The lowest
MGIP of the isolates, compared to the control, was
40 % on the 7" day and 62 % on the 14" day of
evaluation. These values were higher than those
found by Fantinel et al. (2018), who evaluated
the antagonistic potential of different isolates of
Trichoderma and Baciulus thuringiensis against
Colletotrichum siamense and found maximum
MGIP of 32 % and 44.2 % on the 6" and 121"
days, respectively. Hoffmann et al. (2015) found

Table 1. Mean colony size (MCS) and mycelial growth inhibition percentage (MGIP) of £ oxysporum f. sp.
lycopersici (Fol) by Trichoderma spp. (13, 14, 15, and Trichoderma asperellum) on the 7" and 14" day of

incubation. Inconfidentes, MG, Brazil, 2021

Treatments MCS (mm)  MGIP (%)

Day 7 Day 14 Day 7 Day 14

Fol x 13 23.18 a 23.18 a 40 a 62 a

Fol x 14 19.97 a 19.97 a 48 a 67 a

Fol x 15 22.22 a 22.22 a 142 a 57 a

Fol x T. asperellum 22.31 a 22.31 a 1.42 a 57 a
Control 38.77 b 61.66 b 0.30b 0.30b

CV (%) 11.43 10.53 20.18 8.38

Means followed by the same letter by in the rows are not statistically different by the Scott-Knott test at 1

% probability.
Source: From the author (2021)
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that 3 of the 15 evaluated isolates had MGIP of
38.8 %, 44.4 %, and 48.9 % on the 7" day of
pairing, and 12 isolates showed high antagonistic
potential, completely inhibiting the development of
Fusarium sp., with growth inhibition percentages
between 81.2 % and 94.4 %.

According to the Bell, Wells, and Markham
scale (1982), all treatments with antagonist
species differed statistically from the control on
the 7™ day, but did not differ from each other. At
the end of the experiment, the treatments that
showed the greatest antagonism were those with
13, 14, and T. asperellum (FIGURE 2). Therefore,
the evaluation of antagonism using the scale of
grades enabled to differentiate the isolates only
after 14 days of incubation.

The isolate 15 grew over at least 2/3 of the
plate in all replications, frontally meeting with the
F. oxysporum f. sp. lycopersici colony, without
colony overlap, which means it is classified as a
2.5 grade. The results showed that |5 can inhibit
the pathogen growth, since it differed statistically
from the control; however, it was not as efficient
as 13, 14, and T. asperellum, which were graded
as 2. These isolates had mycelial growth that

overlapped the pathogen colony, indicating a
probable mycoparasitism of £ oxysporum f. sp.
lycopersici hyphae by the hyphae of the isolates
(13, 14, and T. asperellum) of Trichoderma spp.
According to Meyer, Mazaro, and Silva (2019),
mycoparasitism is one of the most relevant
characteristics of the Trichoderma genus.

Contrastingly, Milanesi et al. (2013) found
two isolates of T. tomentosum with grade 1 for
antagonism of isolates of Fusarium oxysporum,
i.e., in vitro isolates of T. tomentosum grew
completely over the colonies of Fusarium
oxysporum, denoting the potential for biocontrol
of these species.

Although the results were significant for
vitro inhibition of F. oxysporum f. sp. lycopersici
by the tested isolates of Trichoderma, it is not
possible to affirm that they would be efficient in
vivo. Grigoletti Junior, Santos, and Auer (2000)
pointed out that there are some limitations in the
conduction of in vitro tests for the evaluation of
the antagonistic potential of a fungus, since in
most cases the results obtained under controlled
tests do not match or are sometimes different
from those obtained in the field or in greenhouses.

Figure 2. Mean grades attributed to the paired cultivation of £. oxysporum f. sp. lycopersici (Fol) with different
isolates of Trichoderma spp. (13, 14, 15, and Trichoderma asperellum) on the 7" and 14" day of evaluation
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Therefore, the conduction of in-vivo evaluations
of the isolates evaluated in this work is important
to confirm their antagonistic potential against F.
oxysporum f. sp. lycopersici.

Conclusion

All isolates of Trichoderma spp. tested
reduced the in vitro mycelial growth of Fusarium
oxysporum f. sp. lycopersici.
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Abstract

The Cerrado is the second largest biome in South America and due to its great species, richness, and environmental
degradation, is considered a biodiversity hotspot. Fires in Cerrado can occur both naturally and through anthropic influence.
However, due to the latter, the occurrence of fires has been increasingly frequent, as well as its impact on biotic communities.
Ants’ colonies are widely used in studies of environmental impacts because of their responsiveness to environmental changes
and easiness for their data to be analyzed. Here, the structure of the ants’ community in Cerrado environments at different
areas post-fire times (two and four months, and a control area) in Itumirim, Minas Gerais, Brazil, was evaluated. Attractive
baits were used as sampling methods, and found 48 species of ants belonging to 18 genera. Species richness was the
same in all areas, showing that both two and four months after the fire occurrences seem to be enough to recover the ant
population of these areas. Regarding ant composition, there were important differences, especially between the control area
and the four months post-fire area. Moreover, vegetal biomass and vegetation covers only influenced ant composition. Here,
it was found that species composition seems to be a better indicator of the responses of ant communities to post-fire effects,
and can be used as a tool in monitoring programs.

Keywords: Bioindicators. Attractive Baits. Environmental Disturbance. Species Turn Over.

Introduction PIVELLO, 2000). However, the recent increase
in fire frequency regimes, caused by both human
occupation and agricultural practices in such
areas (MISTRY, 1998; CARVALHO et al., 2009;
GANEM et al., 2013), leads to community
simplification and loss of biodiversity (HIROTA
et al., 2011). In that regard, the presence or
absence of certain organisms can give valuable
information about the environmental situation
of different habitats, which is the reason why
bioindicators have been used to monitor the
changes and evaluate the impacts of anthropic

activities (NIEMI; MCDONALD, 2004).

The Cerrado (Brazilian Savanna) is the
second-largest biome in Brazil, after the
Amazonian rainforest, and the largest one
in South America. It accounts for 25 % of
its national territory (RIBEIRO; WALTER,
1998; CARVALHO et al., 2009; DURIGAN;
RATTER, 2016). The Cerrado is considered a
hotspot due to its enormous biodiversity, high
degree of endemism, and high susceptibility to
human activities (MITTERMEIER et al., 2005;
STRASSBURG et al., 2017). The occurrence
of fires in Cerrado happens both naturally and

anthropically, either influencing directly or
indirectly the characteristics of vegetation and
consequently other biotic factors.

Natural fires are common in the Savannas,
and it is mainly caused by lightning reaching dry
trees during the rainy season (RAMOS-NETO;

Invertebrates are widely used as bioindicators
(SIDDIGetal., 2016) and, in particular, ants have
been used for the same purpose when it comes to
impacts caused by fires (SANTOS et al., 2008;
CANEDO-JUNIOR et al., 2016; PAOLUCCI
et al., 2017; SEMENOV; RAN'KOVA, 2018;
TIBCHERANI et al., 2018). Ants are considered
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to be good environmental bioindicators because
they are found in high richness and abundance,
they can be easily sampled and separated
into morphospecies, and, most importantly,
they are very responsive to environmental
changes (MAJER, 1983; FRIZZO et al., 2011;
TIBCHERANI et al., 2018).

Fire events in the Savanna ecosystem can
promote a high biodiversity of ants by changing
the structure of vegetation (MARAVALHAS;
VASCONCELQOS, 2014). The vegetation has
been proved to have an important role in the
recovery and restoration of communities,
especially herbaceous cover and their biomass
(ARAUJO; RIBEIRO, 2005; FRIZZO et al.,
2012; CANEDO-JUNIOR et al., 2016). After a
fire, some species can be resilient and resistant
and their diversity is quickly restored (COSTA
et al., 2010), and others can be susceptive, and
be replaced by others, which is called turnover
of species (FAGUNDES et al., 2018). This may
happen because different groups of ants may
show different responses to fire, depending, for
instance, if their nest is vulnerable or not to the
direct effect of fire (HOFFMANN, 2013; FRIZZO
et al., 2012; MARAVALHAS; VASCONCELOQOS,
2014). The recovery of the ant community was
previously related to the post-fire time, in which
it was shown that the longer after the fire event,
the greater the similarity with the unburned area
(CANEDO-JUNIOR et al., 2016).

Thus, considering the growing environmental
problems due to habitat loss in Brazilian
savannas (Cerrado biome), and the necessity to
understand the role of environmental structure
and the response of ants at different post-fire
times, this work was developed to evaluate the
richness and composition of ant communities
in a control area and two post-fire areas (two
and four months after fire) in an area of Cerrado.
The following hypotheses were tested: (/) The
longer the post-fire period, the greater the ant

richness; (/i) Ant species composition will differ
depending on the post-fire period; (/ii) Ant species
richness and composition will be influenced by
environmental variables such as vegetation cover
and plant biomass.

Material and methods
Study area

The present study was carried out in
[tumirim — MG, at the coordinates 21°16’30” S
and 44°50'0"W, in the Southern region of Minas
Gerais, Brazil. Its average altitude is 880 m and
the climate is characterized by the transition
between Cwa and Cwb according to the Képpen
classification (ANTUNES, 1986). The average
temperature and annual rainfall are, respectively,
18°-20°C and 1.530 mm. The original vegetation
of the region was composed of a transition forest
and Savanna stricto sensu (MINAS GERAIS,
1980; CARVALHO, 1992), which were replaced
by pasture and agricultural crops, leaving small
fragments only (LOSCHI et al., 2013).

Sampled design

In order to evaluate the influence of different
post-fire times on ant structure composition, three
Cerrado areas were used at least 500 meters
away from each other. The first area was burned
in 2013, being used as a control reference in
this study. The two other areas were burned in
October and December of 2016, respectively
(personal information of the owner of the areas)
(FIGURE 1). In each of these areas three 100 m
equidistant transects, containing five sampling
points with attractive baits, were established.
The baits were positioned 30 m apart, ensuring
the independence of the samples. Ants were
sampled at three different periods (morning,
afternoon, and evening), totaling 15 sampling
points per time period, and 45 samples per area.
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Figure 1 — A: Minas Gerais highlighted in the map of Brazil. B: ltumirim highlighted in the map of Minas Gerais.
C: Location of the sampling sites (Cerrado areas) from where we collected ant species. In Figure 1C, numbers
1, 2 and 3 respectively represent the control area (2013), and the areas burned in October 2016 (four months

ago), and in December 2016 (two months ago)
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Source: elaborated by the authors (2021).
Ant collection

Ants and environmental variables were
sampled in February of 2017. Attractive baits
were used in order to measure ant richness
and composition. The traps consisted of 18 cm
disposable edgeless plates (which facilitate the
arrival of smaller ants) filled with a portion of 10
g of animal protein (sardines with oil) and 15 g of
carbohydrate (honey) placed at the ground level
(SCHMIDT et al., 2005).

The baits were checked three times a day:
in the morning (10:30 am to 12:00 pm), in the
afternoon (2:00 pm to 4:00 pm), and in the
evening (6:00 pm to 7:30 pm). All baits were
replaced before each collection (three times a
day). Five minutes were spent collecting the
ants that were in and around the baits. After
the collection, the ants were taken to the
Federal University of Lavras (UFLA) Ant Ecology

44043!0"“1

44°4730"W

Laboratory, where they were sorted and identified
to genus level according to Baccaro et al.
(2015). This procedure was followed by morpho-
speciation according to the repository acronym of
the Ant Ecology Laboratory.

To measure the environmental variables,
33 cm x 33 cm plots were delimited next to each
sample unit, where all soil herbaceous layer cover
was removed and later taken to the laboratory.
Then, this material was heated and dried at
70 °C for 72 h and weighed with analytical
digital scales. The canopy cover of each area was
estimated using hemispheric digital photographs
which were taken using a camera equipped with
0.20 mm fisheye objective lenses. The camera
was positioned at ground level near the attractive
bait. Later, using these photos, it was possible
to indirectly calculate the vegetation cover
(ENGELBRECHT; HERZ, 2001). The images
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were analyzed using Gap Light Analyzer software,
which provides the percentage of vegetation
coverage (FRAZER et al., 1999). Therefore, two
environmental variables were used in the further
analysis: plant biomass and vegetation cover.

Data analysis

A species accumulation curve was performed
to verify if the sampling effort was sufficient to
use ant community diversity parameters in the
studied areas (GOTELLI, 2009). The observed
number of species was compared with the
expected number of species found using the
Jackknife 1, Jackknife 2, Chao and Bootstrap
species richness estimator.

Generalized linear models (GLM) were
used to assess differences in species richness at
different post-fire recovery times. In this model,
species richness was used as the dependent
variable and post-fire times as the independent

one. Beyond that, in order to identify the
relationship of environmental variables with ant
species richness, another GLM was built with
plant biomass and vegetation cover (and their
interaction) as independent variables. We used
Poisson error distribution in both GLMs. These
analyses were performed in an R environment
(R DEVELOPMENT CORE TEAM, 2016). To
verify differences in ant species composition and
evaluate similarities among sampled areas, we
performed a similarity analysis (ANOSIM) using
the Jaccard similarity index as a distance measure
with Primer 6 and Permutational Multivariate
Analysis of Variance (PERMANOVA), considering
the presence or absence of species (CLARKE;
GORLEY, 2005).To measure the possible influence
of environmental variables (vegetation cover
and plant biomass) on ant species composition
among areas at different post-fire times, we used
multivariate analysis based on distances for linear
models (DISTLM) with Jaccard similarity index
on Primer 6 (CLARKE; GORLEY, 2005).

Figure 2 — Ant species collected by area, Areas 1, 2, 3 respectively correspond to the presence of ants in the
burned areas in 2013, October 2016 and December 2016, different colors were applied for species collected
in different places. Red color represent the species sampled only in area 1, brown only in area 2, blue only in
area 3, Green represents species that were found both in areas 1 and 2, yellow both in areas 1 and 3, and

black in all areas 1, 2 and 3.
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Pogonomyrmex naegelli

Solenopsis invicta
Cyphomyrmex (gr. strigatus) sp. 1

e

Source: elaborated by the authors (2021).
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Results

It was collected 48 ant species, distributed
in 18 genera (FIGURE 2), being the genera
Camponotus (Mayr, 1861) and Pheidole
(Westwood, 1839) the largest number of species
found during the experiment (nine and eight
respectively) (TABLE 1).

Richness estimations of ant species
(TABLE 2) show that the area burnt in October
2016 was the one that had the highest sampling
efficiency regardless of the estimators used
(varying from 80.18 % to 93.5 %), while the
control area burnt in 2013 was the one that had
the lowest sampling efficiency fluctuating from
62.13 % to 83.40 %. Lastly, an intermediate

efficiency in the area burnt in December was
measured, differing from 67.06 % to 86.71 %
depending on the estimator used.

Ant species richness did not differ in the
studied areas (p > 0.05). After the occurrences
of fires in 2013 and 2016 (in October and
December), 37, 34, and 34 ant species were
respectively found. On the other hand, we found
differences in ant compositions among Cerrado
areas with different post-fire times (ANOSIM, R
= 0.169; p < 0.001). The composition of ant
species in the burnt area in December 2016 was
different from the areas burnt in October 2016
and in 2013. However, no significant difference
was obtained between the burnt area in October
2016 and the control area in 2013 (TABLE 3).

Table 1 — Ant species collected in areas with different post-fire times in the municipality of ltumirim — MG, Brazil.

Areas 1, 2, 3 respectively correspond to the presence of ants in the burned areas in 2013, October 2016 and

December 2016
Subfamily Tribe Species Areas
Dolichoderinae Leptomyrmecini Dorymyrmex brunneus Forel, 1908 3
Dorymyrmex sp. 1 1,2,3
Linepithema micans (Forel,1908) 1,2,3
Ectatomminae Ectatommini Ectatomma brunneum Smith, F., 1858 1,3
Ectatomma edentatum Roger, 1863 1,2,3
Ectatomma opaciventre (Roger, 1861) 1,2,3
Gnamptogenys striatula Mayr, 1884 1,3
Gnamptogenys sp. 1 2
Formicinae Camponotini Camponotus blandus (Smith, F., 1858) 1,2,3
Camponotus crassus Mayr, 1862 1,2,3
Camponotus rufipis (Fabricius, 1775) 1,2,3
Camponotus sp. 1 1,2
Camponotus sp. 2 1,2,3
Camponotus sp. 3 1,3
Camponotus sp. 4 1,2,3
Camponotus sp. 5 1,2
Camponotus sp. 6 1,2,3
Myrmelachistini Brachymyrmex sp. 1 1,3
Brachymyrmex sp. 2 1,3

Brachymyrmex sp. 3 1,3
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Subfamily Tribe Species Areas
Myrmecinae Attini Cephalotes angustus (Mayrs, 1862) 1,2,3
Cephalotes atratus (Linnaeus, 1758) 2
Cephalotes pusillus (Klung, 1824) 1,2
Cyphomyrmex (gr. rimosus) sp. 1 3
Cyphomyrmex (gr. strigatus) sp. 1 1,2,3
Myrcocepurus sp. 1 2
Pheidole sp. 1 1,2,3
Pheidole sp. 2 1,2,3
Pheidole sp. 3 1,2,3
Pheidole sp. 4 1,2
Pheidole sp. 5 3
Pheidole sp. 6 1,2,3
Pheidole sp. 7 1,2,3
Pheidole sp. 8 1,2,3
Trachymyrmex fuscus Emery, 1834 1,2,3
Trachymyrmex sp. 1 2
Trachymyrmex sp. 2 2
Crematogastrini Crematogaster sp. 1 1,2
Crematogaster sp. 2 2
Pogonomyrmecini Pogonomyrmex naegelli Forel, 1878 1,2,3
Solenopsidini Solenopsis geminata (Fabricius, 1804) 1,3
Solenopsis invicta Buren, 1972 1,2,3
Solenopsis sp.1 3
Ponerinae Ponerini Neoponera villosa (Fabricius, 1804) 1
Odontomachus chelifer (Latreille, 1802) 1,2
Pachycondyla striata Smith, F., 1858 1,2
Pseudomyrmecinae Pseudomyrmex termitarius (Smith, F., 1855) 1,2,3
Pseudomyrmex pallidus (Smith, F., 1855) 3
6 9 48

Source: elaborated by the authors (2021).

Table 2 - Estimates of ants captured using attractive bait in areas of Cerrado in ltumirim — MG, Brazil, using
the richness estimates Jackknife 1, Jackknife 2, Chao and Bootstrap with their respective sample efficiency
in percentage.

Estimators of Ant Richness

N° of ants species

Areas Jacknife 1 Jacknife 2 Chao Bootstrap
observed
Control 37 52.86 59.55 50.48 44.36
(2013) (70.23 %) (62.13 %) (73.29 %) (83.40 %)
October 34 42.4 37.32 36.36 39.22
(2016) (80.18 %) (91.10 %) (93.30 %) (86.69 %)
December 34 45.2 50.7 45.2 39.21
(2016) (75.22 %) (67.06 %) (72.22 %) (86.71 %)

Source: elaborated by the authors (2021).
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Table 3 — Dissimilarity among ant composition (R values) in burnt Cerrado areas in 2013, October and December
of 2016, obtained with ANOSIM analysis. The greater the R value, the greater the dissimilarity among groups

Dissimilarity of ant composition among the Cerrado areas

Areas Cerrado 2013 Cerrado October 2016
Cerrado October 2016 0.023(-)
Cerrado December 2016 0.089 (*) 0.399(**)

P values: (-) p > 0.05; (*) p < 0.05; (**) p < 0.0001.
Source: elaborated by the authors (2021).

Table 4 — P values obtained from the Generalized Linear Model (GLM) assessing the effect of environmental
variableson ant richness in Cerrado areas with different post-fire times in ltumirim — MG

Effect of Environmental variables on Ant Richness

Variables P values
PB 0.16
VC 0.13
PB*VC 0.086

PB- Plant biomass; VC — Vegetation cover; PB*VC — Interaction between the variables.
Source: elaborated by the authors (2021).

Table 5 — Results of the DistLM analysis used to evaluate the contribution of environmental variables to differences
in ant composition among Cerrado areas with different fire times in Itumirim — MG

Environmental variables effect on Ant Composition

Variables P Value Proportion
PB 0.028* 3.58E-02
Ccv 0.029* 3.58E-02

PB — plant biomass; VC — Vegetation cover; * p < 0.005 (significant results).

Source: elaborated by the authors (2021).

The environmental variables (plant
biomass, vegetation cover and their interaction)
evaluations are not significantly associated with
the ant species richness in the sampled areas
(p > 0.05) (TABLE 4). However, the DistLM
test showed that environmental variables were
associated with ant composition, but with little
explanatory relevance (TABLE 5).

Discussion

The present study assessed the response
of ant communities impacted by fire in Cerrado
after two and four months of ecosystem recovery
and showed that ant compositions have a better

potential to predict impacts caused by fire than
ant species richness. Besides, the same was true
for environmental variables that, even with little
weight, were important in explaining differences in
ant communities and had no effect on ant species
richness. Furthermore, this study evaluated the
response of the ants’ community at different fire
recovery times, in which it was observed that after
two and four months after the last burn, the ant
species richness didn't change. This may occur due
to the resistance of some ant species to fire caused
by natural selection, and also the rapid colonization
of more generalist species that are better adapted
to changes in environmental structure in damaged
areas (ANDERSEN et al., 2006).
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The most abundant genera found in Cerrado
areas were Camponotus and Pheidole, this
result was expected since these genera are
the most representative in the world and have
characteristics that facilitate their dispersion
such as wide geographical distribution, flexible
diet, high colonization ability, and large local
abundance (WILSON, 1976).

In the same way, this result corroborates
those found in previous studies, in which
were observed ants’ rapid recovery after fire
disturbances (RODRIGO; RETANA, 2006; PARR;
ANDERSEN, 2008; CANEDO-JUNIOR et al.,
2016). The rapid recovery of these insects may
be related to the fact that fire has been present for
thousands of years in the Savannas (SALGADO-
LABOURIAU et al., 1997) and, for this reason,
some animals, such as ant species, are adapted
to fire regime. There are two different ways
in which ants can recover from a fire impact:
the first way is avoiding lethal temperatures
by building their nests in the ground, since it
is already known that there is no change in
soil temperature below five cm in Savanna-like
environments (ANJOS et al., 2018). The second
way, for winged species, is dispersing through
flight (ANDERSEN; YEN, 1985).

Ant composition changed depending on
the post-fire period, confirming our second
hypothesis, in which we observed that four
months were sufficient for a total recovery of the
ant composition in the area burnt in October of
2016, whereas two months seems not enough
to fully recover the ant composition in the area
burnt in December of 2016.

The similarity in ant composition between
the control area (2013) and the burned area in
October 2016 may possibly have been caused by
the proximity of the two areas, which probably
allowed the recolonization of ant species present
in the control area to the area burned four
months ago (October 2016). Also, the longer
post-fire recovery time (4 months) compared to

the area burned in December of 2016, that had
less time to recover (2 months) and was further
from the control area. In contrast, the greater
dissimilarity of ant composition between the
areas burnt four and two months (October and
December of 2016) may be related to both the
physical barrier between the two areas caused
by a stream (which would make it difficult
for ant species to recolonize), as well as the
environmental structure of each area, since fire
may have stimulated seed germination (RAVEN
et al., 2007), increasing the complexity of the
environment. This may have allowed the arrival
of other fire-resistant ant species, which would
lead to greater dissimilarity in ant composition
in these areas.

Regarding ant composition, it is important
to note that although most species are common
in the three areas, like Pseudomyrmex pallidus
(Smith, F., 1855), Trachymyrmex fuscus Emery,
1834 and Dorymyrmex brunneus Forel, 1908, for
example, occurred only in area 3, which indicates
that these species have a high resistance to
impacts such as the fire in the Cerrado. Indeed,
the genus Dorymyrmex Mayr, 1866 was previously
associated with disturbed areas and with little
vegetation cover (CUEZZO; GUERRERO, 2012;
ARCUSA, 2017), while there are no records for the
other species (TABLE 1). Moreover, in the area, 2
the occupancy of some generalists genera such as
Mycocepurus, Crematogaster, Ondontomachus,
and Pachycondyla, indicates a recovery of the
previous conditions of this habitat after four
months of the disturbance, since these species
need specifics resources such as fruits, nectar,
carcasses, and seed arils to survive (BACCARO
etal., 2015). In area 1, we had only one exclusive
species, which could indicate this individual is
not tolerant to the impact caused by fire. This
species, Neoponera villosa (Fabricius, 1804),
has arboreal habits, nesting in trees. It forages
on the ground or in trees, looking for extrafloral
nectaries (PAUL; ROCES, 2003). The colonies use
hollow logs and epiphytes for its establishment
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(OLIVA-RIVERA et al., 1990; DEJEAN; OLMSTED,
1997), and for this reason, could not be found in
the other two areas with little vegetation cover.

The similarity in ant composition between
the control area (2013) and the burned area in
October 2016 may possibly have been caused by
the proximity of the two areas, which probably
allowed the recolonization of ant species present
in the control area to the area burned four months
ago (October 2016), and also the longer post-fire
recovery time (4 months) compared to the area
burned in December of 2016, that had less time
to recover (2 months) and was further from the
control area.

In contrast, the greater dissimilarity of ant
composition between the areas burnt four and two
months (October and December of 2016) may
be related to both the physical barrier between
the two areas caused by a stream (which would
make it difficult for ant species to recolonize), as
well as the environmental structure of each area,
since fire may have stimulated seed germination
(RAVEN et al., 2007), increasing the complexity
of the environment. This may have allowed
the arrival of other fire-resistant ant species,
which would lead to greater dissimilarity in ant
composition in these areas.

The environmental variables tested (plant
biomass, vegetation cover) showed no influence
on ant species richness. On the opposite,
they showed an influence on ant composition,
indicating that even though such variables are
among those in which ants respond the most
(PACHECO; VASCONCELOQOS, 2012; QUEIROZ
et al., 2013; SCHMIDT et al., 2013), there
are probably other unmeasured variables that
could explain to a greater extent of differences
in ant composition among these areas, such
as fire intensity, landscape, phytophysiognomy
characteristics, and the proximity to rural roads
observed in our studied area, which are not
possible to measure in this study. While for
richness, environmental variables may have had

no influence due to the arrival of more generalist
and fire-tolerant species after the disturbance
and consequently the turnover of ant species.

Conclusions

In Conclusion, it was observed that fire has
an influence on the ant community; the sampling
method using attractive baits is efficient to
compare the richness and composition of ants
in the Cerrado with different post-fire times.
Furthermore, it is evident that ant composition
has the potential to better predict the impact of
fires in the Cerrado than ant species richness.
Therefore, ant composition can be used as a
potential bioindicator of impacts caused by fire,
helping in the conservation and management of
such an important biome. In addition, although
the fire did not have an obvious effect on ant
richness, the difference in composition between
the evaluated areas indicates that there was a
species turnover, which may have led to a loss
of important ecological functions to maintain
the ecosystem’s structure. Despite the short
post-fire period among the areas, we found a
change in species composition, but we suggest
further studies to better understand the effect of
fire on biological communities in the Cerrado,
especially long-term studies. Making it possible
to predict the reestablishment of communities in
fire-affected areas.
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Abstract

Orchids have morphological and anatomical adaptations that make them able to occupy the most different environments with
the most varied conditions. These adaptations, together with the physiological attributes are essential for the establishment,
growth, reproduction, and colonization of orchids. Therefore, this study was developed to describe the leaf and root anatomy
of Brassavola tuberculata Hook found in a phorophyte located on a rocky outcrop in Campestre, southern Minas Gerais.
The collected leaf and root samples were freehand cut and stained with astra blue and safranin. The histochemical tests
applied wer: sudan Il for lipids and lugol for starch. The leaves are subulate, succulent and grooved containing a continuous
longitudinal cannula. The epidermis has a thick cuticle, stomata with a suprastomatal chamber on both leaf faces and the
mesophyll is homogeneous with aquifer parenchyma in the central portion. In the root, the velamen and cortical tissue are
composed of several cell layers that allow it to store water. There were starch grains in the leaf and root. These xeromorphic
characters found allow to the species to survive in the restricted conditions found in the phorophyte on rocky outcrops.

Keywords: Plant anatomy. Ecological Anatomy. Leaf anatomy. Root anatomy. Orchid.

Introduction terms of size, shape, and color (PABST; DUNGS,
1975). In addition, they exhibit highly specialized
characteristics that serve to attract insects and
favor cross-pollination (DRESSLER, 1993).
Unlike flowers, the organization of its vegetative
parts is notoriously diverse (DRESSLER, 1993),
favoring the variety of growth forms (PABST;
DUNGS, 1975) and providing ample adaptive
power for different environments to this family,

mainly aerial (BENZING et al., 1982).

The Orchidaceae family is home to 7 % of
the planet’s flora species, with 26,454 species
cataloged and distributed in 735 genera (CHASE
etal., 2015). In Brazil, the family is represented
by 217 genera and 2,443 species, of which
more than 60 % are endemic (FLORA DO
BRASIL, 2021). The species of this family are
distributed in almost all regions of the planet with
the exception of the polar and desert regions,

concentrated in humid forests within tropical
and subtropical regions, mainly in Asian and
American tropical forests (DRESSLER, 2005).
They have terrestrial, rupicolous, epiphytic, or
saprophytic habits (MATTIUZ; RODRIGUES;
MATTIUZ, 2006).

The family is recognized for its flowers that
display a uniform arrangement along their floral
whorls among most species. However, they vary in

All plant species basically use the same
resources: light, carbon dioxide (CO,), water,
and nutrients. Therefore, ecological differences
between species arise from different ways
of acquiring and using the same resources
(WESTOBY et al., 2002). This difference is
only possible due to the functional traits that
are anatomical determined and physiological
characteristics. They can command the organism’s
responses to the environment (STERCK et al.,
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2011). Safe to say, the considerable richness of
species and wide distribution find explanations
in the various specialized strategies that these
plants have developed.

The genera Maxillaria (FOLDATS, 1970),
Vanda, and Epidendrum (OLIVEIRA; SAJO,
2001), for example, developed pseudobulbs,
which are water and carbohydrate storage
organs and are generally associated with highly
developed floral organs. The genus Pleurothallis
(OLIVEIRA; SAJO, 1999) does not have
pseudobulbs and its leaves are responsible for
water and nutrient storage functions. In addition
to these reserve structures, orchids have other
adaptations to xeric environments such as the
velamen which has the ability to absorb water
and nutrients, reduce transpiration, and provide
mechanical protection (PRIDGEON, 1986).
They have associations with endomycorrhizal
fungi and Crassulacean Acid Metabolism (CAM)
(OLIVEIRA; SAJO, 2001). Such attributes favor
survival in limiting conditions (NOGUERA-
SAVELLI; JAUREGUI, 2012).

The genus Brassavola, originated in America,
is among the main ones in the Orchidaceae family.
Its distribution occurs from northern Mexico
to northern Argentina (NOGUERA-SAVELLI;
JAUREGUI, 2011). This genus is characterized
by having epiphytic plants, cylindrical stems
(FIGURE 1B) with a single subulate succulent
leaf and inflorescences, and racemose with one
to three flowers. Most plants have similar aspects
in their vegetative and floral characteristics which
has caused conflicts in the delimitation of species
and in the proposed classification systems
(NOGUERA-SAVELLI; JAUREGUI, 2011).

The Brassavola tuberculata Hook species,
popularly known as “silver rain, chives, mouse
tail, and lady-of-the-night orchid” has abundant
and lasting blooms (June to September). Thus,
have a high ornamental value. Its inflorescences
of five to seven flowers are white, slightly yellow
(FIGURE 1C), and exude a slightly sweet odor at

dusk (RECH; ROSA; MANENTE-BALESTIERE,
2010). This plant has epiphytic or rupicolous
habits and a wide geographic distribution occurring
in the five regions of Brazil 's geographic division.
We find them in the phytogeographic domains of
the Caatinga, Cerrado, and Atlantic Forest and are
components of the Cerrado vegetation (lato sensu),
Riparian Forest, Semideciduous Seasonal Forest,
Ombrophilous Forest, Restinga and of the Rocky
Outcrops vegetation (FLORA DO BRASIL, 2021).

Rock outcrops, also known as inselberg (“rock
island”) are territorial fragments that present
geographic isolation, peculiar soil and climate
conditions, and a relative degree of specific
endemism (POREMBSKI; BARTHLOTT, 2000).
Rocky outcrops are frequent in Brazil (ESGARIO
et al., 2008) and have severe environmental
characteristics, such as poor soil, high insolation,
and large temperature fluctuations between day
and night (POREMBSKI et al., 1998). Low water
and nutrients retention, few alternatives for fixing
seeds, propagules, or roots of adult plants tend
to accentuate exposure to wind, light, and heat
(LARSON et al., 2005). This set of environmental
characteristics makes the present flora within the
peculiar and distinct environment surroundings
(LIMA, 2018).

The anatomical characterization of plants
acquired great importance for taxonomy over
time (NOGUERA-SAVELLI; JAUREGUI, 2012).
Along with morphological and/or molecular
characterization, it provides a better basis
for unraveling phylogenetic relationships and
understanding how environmental factors
influence the distribution and functioning of
plants (BENZING, 2000).

It is known that environmental factors
can influence the morphology, anatomy,
and physiology of plants. Thus, anatomical
and ecophysiological studies contribute to
understanding the dynamics of species and
the strategies they present that enable them to
survive in certain environments. Such information
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is of great importance for the conservation of
plant biodiversity as it allows the expansion of
knowledge about the mechanisms adopted by
the species, in the face of environmental changes
increasing the possibilities of preserving them.
Therefore, this developed work has the objective
of describing the leaf and root anatomy of
Brassavola tuberculata Hook found in a rocky
outcrop of Serra da Pedra Grande in Campestre-
MG serving as a basis for future ecophysiological
studies on the adaptive strategies of this species.

Material and methods

We collected leaf and root samples of the
Brassavola tuberculata Hook species belonging

to the Orchidaceae family. The samples were
obtained from a phorophyte located on the
rocky outcrop called Pedra Menor (FIGURE 1A).
A component of the small mountain range, Serra
da Pedra Grande, which is located on the banks
of the Vital Brasil/BR-267 highway, 15 km from
the municipality of Campestre that flows towards
the municipality of Machado, in the south of
Minas Gerais, Brazil. The region is part of the
Atlantic Forest biome (IBGE, 2004) and the
local landscape is predominantly agricultural and
severely fragmented, with only 9 % covering the
original forest and 51 % of pastures (OLIVETTI,
2015). The vegetation in the region is classified
as Montana Seasonal Semideciduous Forest
(IBGE, 2004).

Figure 1. Characterization of the studied area and species. A. Work area, Pedra Menor, seen from the side of
the Vital Brasil highway; B. Leaves and roots on periderm of the phorophyte of Brassavola tuberculata Hook

and C. Flower of Brassavola tuberculata Hook.

Pedra Grande

Source: Prepared by the authors (2021).

Pedra Menor
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After collection, the leaf blade samples were
subjected to measuring the length with the aid of
a ruler using a caliper. The smallest and largest
diameters of the regions of the base, middle third,
and 5 cm from the apex were measured. After
the measurements, the slides were mounted
to perform the anatomical analyzes of the leaf
and root. All procedures were performed at the
Biotechnology Laboratory of the Federal Institute
of the South of Minas Gerais (IFSULDEMINAS) —
Campus Machado.

The samples were selected from the root
and the middle portion of the leaf blade of adult
leaves and fixed in FAA 70 (JOHANSEN, 1940)
for 48 hours and then stored in 70 % ethanol.
Freehand histological sections and paradermal
sections stained with Astra Blue and Safranin
were obtained from these samples (ROESER,
1962). The histochemical tests performed were
lugol for starch (BUCHERL, 1962) and Sudam
[l for lipids (JOHANSEN, 1940). The results
were recorded using photomicrographs, obtained
using a Leica EC3 photomicroscope and Leica
LAS EZ software.

Results and discussion
Leaf characterization

The studied Brassavola tuberculata leaf
is subulate, succulent, and furrowed, having a
continuous longitudinal cannula (FIGURE 1B),
whose limb has the following average dimensions:
22.3 cm long, base diameter 0.50 cm x 0.39 cm
(largest and smallest diameters, respectively);
middle third diameter 0.52 cm x 0.41 cm
(larger and smaller diameter, respectively); and
its apex 0.34 cm x 0.26 cm (larger and smaller
diameter, respectively).

Anatomical analysis revealed that the leaves
are amphistomatic (FIGURES 2C, 2D), with
most stomata of the tetracytic type, randomly
distributed in the epidermis, with ostioles (pores)
always aligned parallel to the largest axis of the leaf

(FIGURE 2E). When considering the subgroups
of the Orchidaceae family, generally, the leaves
are hypostomatic, having stomata only on the
abaxial face (SILVA; MILANEZE-GUTIERRE,
2004), but some species of Neuwiedia and
Apostasia, considered primitive within the family,
also have amphistomatic leaves (STERN et al.,
1993). In the study by Noguera-Savelli and
Jauregui (2011), on the genus Brassavola, all the
species studied had amphistomatic leaves. As
for the arrangement of subsidiary cells, Withner
et al. (1974) concluded that the typical stomata
of Orchidaceae are anomocytic. But the results
observed is consistent with those of Stern and
Carlsward (2009), who pointed out the tetracytic
type as the most common in Laeliinae.

No type of trichome was observed in B.
tuberculata, corroborating the study by Noguera-
Savelli and Jauregui (2011) who did not find
trichomes in any of the species of the genus.
The analysis of the cross-sections showed that
the dermal system is composed of isodiametric,
unistratified, rectangular epidermal cells with
straight, and thin anticlinal walls, slightly convex
and thin external periclinal walls (FIGURE 2C).

On the leaf epidermis of B. tuberculata there
is a thick smooth cuticle (FIGURE 2D). This
characteristic, in most species, is considered a
xeromorphic character (FAHN; CUTLER, 1992)
and is determined by the degree of exposure of
the organ to the sun, which is, then, one of the
characteristics of orchids in sunny environments
(WITHNER et al., 1974; OLIVEIRA; SAJO,
1999; SILVA; MILANEZE-GUTIERRE, 2004).

Analyzes of cross-sections of the leaf of B.
tuberculata showed that the cuticle forms an
expressive prominence over the stomatal pore
contributing to the formation of a suprastomatic
chamber (FIGURE 2D) similar to those observed
by Oliveira and Sajo (1999) and Silva and
Milaneze-Gutierre (2004). For Rasmussen
(1987), this chamber is common in epiphytic
orchids that face high temperatures and low
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water availability contributing to the reduction
of leaf transpiration.

The leaf has a homogeneous mesophyll
composed of 4-8 layers of polyhedral parenchyma
cellsand 18-22 layers of isodiametric parenchyma
cells (FIGURE 2A). Some of these cells have
thickening bars (FIGURE 2B). According to
Pridgeon (1986), thickened cells are common in
orchids and do not have pseudobulbs. They have
the function of storing water and preventing tissue
collapse during drought, thus characterizing the

occurrence of aquifer parenchyma. Noguera-
Savelli and Jauregui (2012) observed this
adaptation in several species of Brassavola (B.
acaulis Lindl. & Paxton, B. ceboletta Rchb.f. and
B. grandiflora Lindl.), however, they did not find
it in B. tuberculata.

The mesophyll is also transpassed by a
large number of bundles of extravascular fibers
(FIGURE 2F) arranged both on the abaxial and
adaxial sides of the leaf. Noguera-Savelli and
Jauregui (2012) also observed that the 11 species

Figure 2. Anatomical sections of a leaf of Brassavola tuberculata Hook located in an arboreal phorophyte on a

rocky outcrop in Serra da Pedra Grande, Campestre, Minas Gerais.

Abreviations: A. Entire leaf limb; B. Mesophyll aquifer parenchyma cells with thickening; C. Epidermis showing
stomata; D. Cuticle stained with Sudam IlI; E. Stomata in paradermal section, stained with Sudam III; F.
Mesophyll and vascular bundle; G. Raphides; H. Lugol-stained starch grains; pa = aquifer parenchyma; es
= thickening; ¢ = cuticle; ep = epidermis; ce = suprastomatal chamber; cs = substomatic chamber; fx =
extravascular fiber; fi = fibers; xi = xylem; fl = phloem; ra = raphides; cm = mesophyll cell; ga = grain of starch.

Source: Prepared by the authors (2021).
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of Brassavola had bundles of extravascular fibers
on both leaf surfaces, differing from the present
study in terms of quantity and arrangement. These
sclerified cells, together with the others, provide
mechanical resistance in case of dehydration
(OLIVEIRA; SAJO, 1999), contributing to the
leathery appearance of the leaves, exerting the
function of supporting the leaf blade (SILVA;
MILANEZE-GUTIERRE, 2004).

The vascular system is composed of closed
collateral bundles arranged in a central arch. The
main bundles and the four arches of secondary
vascular bundles from which three are subjacent
and one overlying the central arch are zig-zag
spread across the mesophyll (FIGURE 2A). The
xylem is oriented towards the adaxial surface and
the abaxial phloem, and fiber sheath developed
more next to the phloem (FIGURE 2F). This
type of vascular bundle, surrounded by fibers
is also commonly found in many orchid species
observed by Pridgeon (1982), Oliveira and Sajo
(1999), Stern and Judd (2001), and Silva and
Milaneze-Gutierre (2004).

Cellular inclusions of the calcium oxalate
crystals type present in the raphids form
were observed in cells close to the epidermis
(FIGURE 2G). According to Silva and Milaneze-
Gutierre (2004), this is another very common
feature among orchids, but its functions are still
unknown and it is believed that the crystals act
as a protection mechanism against animals or,
alternatively, as a removal mechanism of oxalic
acid excess from the plant system.

The lugol test showed the presence of starch
in the mesophyll parenchyma cells (FIGURE 2H).
Viera (2005) in his study observed this same
characteristic in orchids of the genus Pleurothalis
found in similar conditions.

Root characterization

The studied root is adherent and has
an irregular surface (FIGURE 3A). The roots

are relatively long, thick and very branched
(FIGURE 1B). From the periphery to the central
portion, the root of B. tuberculata is composed
of: i) velamen, ii) cortex with clearly differentiated
exoderm and endoderm, and iii) central cylinder
surrounded by the pericycle, which was
also differentiated (FIGURE 3A). This tissue
organization is common to other orchid species,
as verified by Benzing et al. (1982), Pridgeon
(1987), and Morales et al. (2002).

The root velamen of B. tuberculata is made of
4 to 5 cell layers with irregularly thickened walls,
thus configuring the longitudinal and sometimes
intertwined striations (FIGURE 3C), common to
many orchid species (POREMBSKI; BARTHLOTT,
1988). Just below the velamen, the exodermis
is formed by longitudinally elongated cells with
thickening in the anticlinal and external periclinal
walls forming a thickening wall in the shape of
a “U” (FIGURE 3C). This velamen-exodermis
complex has the function of mechanical
protection of the roots and prevention of water
loss by the cortex (DYCUS; KNUDSON, 1957).
Benzing et al. (1982) evidenced the contribution
of this complex in mineral nutrition in epiphytic
species when they reported the velamen'’s ability
to imbibe with solutions deposited on the roots.
The solutes are able to pass through the cells and
through the exodermis.

Below the exodermis, forming the cortex,
there are 10 to 13 layers of rounded cells of
varying sizes with thin walls (FIGURE 3D).
Some of these cells have cellulose-thickening
bars (FIGURE 3B). Using the Lugol test, the
presence of starch in cortical cells was detected
(FIGURE 3F), thus evidencing the reserved
character of the root. Vieira et al. (2010) in their
thesis also describe this character in Acianthera
teres (Lindl.) Borba and Epidendrum xanthinum
Lindl, which are found in the altitude field of
Serra do Brigadeiro State Park (MQG).

The endoderm is formed by groups of 4
to b cells with “O” thickening, alternating with
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Figure 3. Anatomical sections of the root of Brassavola tuberculata Hook located in an arboreal phorophyte on
a rocky outcrop in Serra da Pedra Grande, Campestre, Minas Gerais.

e

Abreviations: A. Whole root; B. Cells with thickening bars; C. Velamen; D. Cortex; E. Vascular cylinder; F. Lugol
stained starch grains; pa = aquifer parenchyma; es = thickening; ve = velamen; ex = exoderm; ct = cortex;
in = endoderm; cv = vascular cylinder; fi = fibers; xi = xylem; fl = phloem; m = marrow; cc = cortical cell;

ga = grain of starch.
Source: Prepared by the authors (2021).

2 to 3 thin-walled cells, called endodermal
passage cells (SILVA; MILANEZE-GUTIERRE,
2004), positioned on the pericycle cells which
are also non-sclerified, and on xylem elements
(FIGURE 3E). Morales et al. (2002) diagnosed
this alternating pattern of cells around the central
cylinder in all orchid species analyzed. However,
they emphasized that secondary wall depositions
can also occur in the passage cells with the
maturation of the roots, thus preventing their
distinction from the others.

The central cylinder of B. tuberculata
roots has 12 to 15 groups of phloem cells
interspersed with xylem cells, thus configuring a
polyarch root. In the central portion of the root
the medullary tissue is formed by thin-walled
cells (FIGURE 3E). Orchids are characterized by
polyarch roots (SILVA; MILANEZE-GUTIERRE,
2004). Therefore, the roots of B. tuberculata
contribute to the economy of water by viewing
the various layers of velamen and cortical tissue.

Final considerations

The following xeromorphic characteristics
were observed in the leaf and root of B.
tuberculata: succulent leaf, stoma with
suprastomatal chamber, thick cuticle, large
amount of fiber bundles in the mesophyll, aquifer
parenchyma with thickening in the leaf and
root, vascular bundles involved by fibers and the
pluristratified velamen.

These characteristics allow the survival of
B. tuberculata in the restricted environmental
conditions of the rocky outcrop.
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Abstract

The dissemination of Remotely Piloted Aircraft (RPA) in the agricultural sector made it possible to map crop failures and
disease incidence. This work aims to estimate crop failures. For that purpose, we conducted three experiments with a
soybean crop at the IFSULDEMINAS school farm - Inconfidentes Campus, by carrying out an aerial survey with an RPA,
which generated an orthophoto of the area of interest. To quantify the failures existing in the experiments, we carried out
a supervised classification to distinguish the soybean plants of the exposed soil. After the classification, the kappa index
was calculated to verify whether the classification was satisfactory. With this, it was possible to calculate the percentage of
failures obtained in each plot of the experiment. Finally, we analyzed the variance to verify if the percentage of failures of
each plot had significant differences between them. We observed that in two experiments, there was a statistical difference

in the number of failures, and in one experiment there was no difference.

Keywords: Crop failures. Aerophotogrammetry. Supervised classification.

Introduction

Currently, Remotely Piloted Aircraft (RPA)
has been adopted in photogrammetry/remote
sensing studies, as it has proved to be a low-
cost way of obtaining high spatial and spectral
resolution data compared to human-crewed
aircraft or orbital satellites. Another advantage
of collecting data with RPA platforms is their
excellent temporal resolution, as they can be
obtained at any time, including being repeated
more than once on the same day, unlike images
obtained from orbital satellites (CHAVES; LA
SCALEA, 2015).

In Brazil, the RPAs have been increasingly
used in farming, especially in geotechnology.
This sector has been using RPAs with high
spatial and temporal resolution images that can
accurately map crop failures and incidence of
diseases and compare the plant distribution
patterns in the images, among other applications
(CATANI, 2018).

Identifying crop failures helps the rural
producers determine the number of existing
plants and consequently estimate the production.
The quantity of plants per hectare is an important
component of productivity. Furthermore, the high
spatial resolution makes it possible to identify
diseases and invasive plants that contribute
to those failures. This work was developed to
quantify failures present in three experiments in
soybean cultivation.

Material and methods
Study area

We selected an area containing the soybean
crop from the IFSULDEMINAS school farm,
Inconfidentes/MG Campus, with its central
location at coordinates 22° 18 21" S and
46° 20" 3" W (FIGURA 1).
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Figure 1 - Study Area Location Map
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Source: Prepared by the authors (2021).
Base Experimentation

We analyzed three experiments with
soybean: VCU1 - Precocity, VCU2 — Precocity,
and VCU2 - Productivity.

The VCU1 - Precocity experiment contained
12 commercial varieties F3:6 PREC 10, F3:6
PREC 15, F3:6 PREC 9, F3:6 PREC 13, F3:6
PREC 17, F3:6 PREC 14, F3:6 PREC 8, F3:6
PREC 95R51, F3:6 PREC M 5947 IPRO, F3:6
PREC M 6410 OPRO, F3:6 PREC TMG 7067
IPRO, F3:6 PREC BMX Desafio RR.

The VCU2 - Precocity experiment contained
16 commercial varieties SO:3 Prec 1, SO:3 Prec
2, S0:3 Prec 4, SO:3 Prec 5, S0:3 Prec 6, F3:5
Prec 27, F3:5 Prec 28, F3:5 Prec 31, F3:5 Prec
33, F3:5 Prec 45, Test ANTA 82, Test 95R51,
Test M6410, Test NS 7300, Test M5917,
Test M5947.

The VCUZ2 - Productivity experiment
contained 16 commercial varieties SO: 3 PROD
1, SO: 3 PROD 2, SO: 3 PROD 3, SO: 3 PROD
5,S0: 3 PROD 10, F3: 5PROD 73, F3: 5 PROD
85, F3: 5 PROD 97, F3: 5 PROD 98, F3: 5
PROD 139, Test CZ 48B 32 IPRO, Test PO98Y30,

Test PO8Y12, Test P98Y11, Test TMG2185,
Test M8210.

The experimental design used was
randomized blocks (RBD) with three replications,
consisting of four rows of five meters in length
and spacing of 0.50 meters between rows.

Aerial survey

We planned the aerial survey with the
following flight parameters: height of 60 m, a
longitudinal cover of 85%, a lateral cover of
75%, and a speed of 15 m/s. The aircraft used
was the Phantom 4 Pro V2 drone provided by
the Land Surveying and Cartography Sector of
IFSULDEMINAS - Inconfidentes Campus.

Besides the flight parameters, we also
defined four control points intended to provide
external guidance. According to Coelho and
Brito (2009), the primary objective of external
orientation is to obtain the position and attitude
of the camera at the time of the capture. Using
the spatial resection through the collinearity
equations (equations 1 and 2), it is possible to
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define the six elements of the external orientation
of a photograph (X, Y, Z,, k, @, w) from at least
three non-collinear control points.

, . mi11(X—-Xo)+m12(Y-Yo)+m13(Z—Zo)

X = m31(X—-Xo)+m32(Y-Yo)+m33(Z—Zo) O1)
r_ m21(X—Xo)+m22(Y-Yo)+m23(Z—Zo)

y = Cm31(X—Xo)+m32(Y—Y0)+m33(Z—Zo) (02)

In which:

c: camera constant — focal length (image space);
X, Y, Z: coordinates of points in object space;

XYy Z,: coordinates of the perspective center in

object space;
Mij: elements of the rotation matrix (k, ¢, w)
X', y': coordinates of the points in the image space;

Then, we positioned four control points
(TABELA 1- points 1 to 4) in the study area and
two checkpoints (TABELA 1- points 5 and 6).
Control points were placed at the ends of the
terrain. Checkpoints were positioned between the
control points. The control and checkpoints
(TABELA 1) are in the UTM projection system in
the time zone 23 and the southern hemisphere,
using SIRGAS2000 as a reference system.

After the aerial survey, we used Agisoft
Photoscan Version 1.42 for the orthophoto. The
control points were used to process the images
(TABLE 1). Then, the homologous points present
in the photographs were aligned and triangulated,
generating the digital surface model and, later,
the orthophoto of the study area.

TABLE 1 — Control and Checkpoints

Supervised classification

Subsequently, the supervised classification
was carried out in the QGIS 3.10.0 software
using the minimum distance method, making it
possible to identify crop failures.

For the learning of the supervised algorithm,
20 samples were collected for classification, and
12 samples were taken to check the classes of
interest. We selected two classes, one of them
for the identification of the soybean crop and the
other for the failures. The failures correspond to
the exposed soil since the plants were in the final
growth stage; so, we could not visualize the soil
between the planting rows, as shown in Figure 2.

To validate the classification performed,
we generated the confusion matrix and, using
equations 3 and 4, we calculated the Kappa index
and global accuracy. The coefficients calculated
by the Kappa index are qualified based on the
table developed by Landis and Koch in 1977
(MOREIRA, 2001) (TABELA 2).

— NXiq %ii= Yo (i X4)
K= NZ= i1 (Xip*24) (3)

in which:

K = Kappa coefficient;

N = Number of observations (sample points);
r = Number of rows in the error matrix;

X, = Observations in row i and column i;

X., = Marginal total of row i;

X,; = Marginal total of column i.

Point West (m) North (m) a(lat(iet(:Jnd]:t(r;rc;) dev?at?ircl):alt:d(m) dev?:?ig:al:ld(m) dev?:?i::arrld(m)
1 362615.326 7532686.034 938.651 0.003 0.004 0.007
2 362528.377 7532687.702 938,621 0.004 0.004 0.006
3 362594.085 7532761.747 929.264 0.003 0.003 0.008
4 362503.832 7532751.198 930.503 0.002 0.006 0.011
5 362583.128 7532686.661 938.645 0.004 0.004 0.009
6 362564.280 7532756.762 929.477 0.003 0.004 0.006

Source: Prepared by the authors (2021).
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Figure 2 — Verification of vegetation cover
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EG = 24100 (4)
N

in which:

EG = Global accuracy;

A = Overall hit (Sample points with hit);
N = Number of sampling points.

Table 2 — Kappa index adapted from Moreira (2001)

Concordance
Poor, Bad
Weak, Reasonable
Moderate, Good
Very Good
Excellent

Kappa Index Variation
Less than 0.20
Between 0.21 and 0.40
Between 0.41 and 0.60
Between 0.61 and 0.80
Between 0.81 and 1.00

Source: Prepared by the authors (2021).

Failure identification

At the end of the classification, we divided the
classified image. An image was created for each
plot of the three experiments (VCU1 — Precocity,
VCU2 - Precocity, and VCU2 — Productivity).

We then developed an algorithm using the
Octave software, version 6.3.0, which scanned
the images of the plots of each experiment,
identifying the number of pixels classified as soy,
and the number of pixels classified as a failure.

This identification allows us to generate the
percentage of failures present in each plot.

Analysis of Variance (ANOVA)

After the quantification of failures in each plot
for each experiment, we performed an analysis
of variance (ANOVA), comparing the means by
the Scott-Knott test (1974) at 5 % probability,
using SISVAR 4.3 software (FERREIRA, 2011).

Results and discussion
Aerial survey

An orthophoto with a spatial resolution of
1.15 cm was generated at the end of the aerial
survey (FIGURE 3).

In this way, it was possible to perform
the supervised classification by the proposed
method. With the classification completed, we
verified, for the entire study area, that the class
with soybean (FIGURE 4- Green Color) is in
74.84 % of the area, and the other 25.16 %
have failures (FIGURE 4 - Red Color).

However, seeking to consolidate the results
and validate the orthophoto classification, we
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Figure 3 — Study area
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Figure 4 — Classified Study Area (Green: Soy; Red: Failures)
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generated the confusion matrix (TABELA 3)
and, consequently, the kappa index and the
global coefficient.

The kappa index resulting from the
classification was 0.9777. According to Moreira

Table 3 — Confusion Matrix (Values in pixels)
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(2001), Kappa values between 0.8 and 1.0
are considered excellent. The global coefficient
that indicates the classification accuracy
was 98.92%, which was also coherent and
satisfactory, and the closer to 100%, the better
the global coefficient.

Soybean Probing Soil Probing Total
Soybeans 90.487 87 90.574
Soil 1.618 65.015 66.633
Total 92.105 65.102 157.207

Source: Prepared by the authors (2021).
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Failure identification

After performing the classification and
validation of the classification, the classified
orthophoto was subdivided into three blocks
(FIGURA 5), the red color represents the VCU1
experiment — Precocity, the magenta color
represents the VCUZ2 experiment — Precocity, and
the blue color represents the VCU2 experiment
— Productivity, so the percentage of failures was
counted for each of the plots of each experiment.

Analysis of Variance (ANAVA)

When evaluating the percentage of failures
for the VCU1 - Precocity experiment, we found
significant differences (TABELA 4). There was
a variation of 24.18 % in failures. The varieties
F3:6 PREC 95R51, F3:6 PREC M 6410 OPRO,
F3:6 PREC 10, F3:6 PREC 13, F3:6 PREC BMX
Desafio PR, F3:6 PREC TMG 7067 IPRO, F3:6
PREC 8, F3:6 PREC 15, F3:6 PREC 17 and F3:6
PREC 9 had the lowest percentage of failures.
Varieties F3:6 PREC M 5947 IPRO and F3:6
PREC 14 had the highest percentage of failures.

When evaluating the percentage of failures
for the VCU1 - Precocity experiment, we found

significant differences (TABELA 5). There was a
variation of 27.19%. The varieties S0:3 Prec 2,
F3:5 Prec 33, F3:5 Prec 27, F3:5 Prec 45,
and S0:3 Prec 4 showed a lower percentage of
failures, and varieties Test M6410, F3:5 Prec 31,
Test M5917, Test 95R51, Test ANTA 82, S0O:3
Prec 1, F3:5 Prec 28, Test M5947, Test NS
7300, S0:3 Prec 6 and SO:3 Prec 5 had a higher
percentage of failures.

When evaluating the percentage of failures
for the VCU2 - Productivity experiment, no
significant differences were found between them
(TABELA 6). There was a variation of 26.08 %.

Conclusion

Experiment VCU1 — Precocity had the lowest
means of failures when compared to the other
experiments, having a percentage of failures of
19.66 %, while experiment VCU2 — Productivity
had an intermediate percentage of 26.05 %, and
experiment VCU2 — Precocity had a percentage
of 28.25 %, being the largest of the three
experiments. However, the VCU2 — Productivity
experiment was the only one that did not present
significant differences between the plots.

Figure 5 — Study Area Division (Red: VCU1 — PREC; Magenta: VCU2 — PREC; Blue: VCU2 — PROD).
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Table 4 — Means of the percentage of failures for the VCU1 experiment — Precocity

Treatments Means Test results

F3:6 PREC 95R51 14.07 % A
F3:6 PREC M 6410 OPRO 14.12 % A
F3:6 PREC 10 14.70 % A
F3:6 PREC 13 15.40 % A
F3:6 PREC BMX Desafio RR 15.44 % A
F3:6 PREC TMG 7067 IPRO 16.09 % A
F3:6 PREC 8 16.62 % A
F3:6 PREC 15 19.95 % A
F3:6 PREC 17 20.63 % A
F3:6 PREC 9 22.58 % A
F3:6 PREC M 5947 IPRO 31.64 % B
F3:6 PREC 14 34.65 % B

General Mean 19.66 %

CV (%) 30.20

*Means followed by the same letters in the columns do not differ from each other at the 5 % probability level
by the Scott-Knott test (1974).

Source: Prepared by the authors (2021).

Table 5 — Means of the percentage of failures for the VCU2 experiment — Precocity

Treatments Means Test results
S0:3 Prec 2 15.71 % A
F3:5 Prec 33 15.95% A
F3:5 Prec 27 19.62% A
F3:5 Prec 45 20.37 % A
S0:3 Prec 4 21.04 % A
Test M6410 26.44 % B
F3:5 Prec 31 27.19 % B
Test M5917 28.13 % B
Test 95R51 28.80% B
Test ANTA 82 29.41 % B
S0:3 Prec 1 29.81% B
F3:5 Prec 28 32.94% B
Test M5947 36.11% B
Test NS 7300 38.29% B
S0:3 Prec 6 39.21% B
S0:3 Prec 5 42.90% B
General Means: 28.25%
CV (%) = 28.53

*Means followed by the same letters in the columns do not differ from each other at the 5% probability level
by the Scott-Knott test (1974).

Source: Prepared by the authors (2021).
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Table 6 — Means of the percentage of failures for the VCU2 experiment — Productivity

Treatments Means Test results
Test P98Y30 15.16% A
Test TMG2185 20.07% A
Test PO8Y11 20.68% A
Test PO8Y12 20.94% A
F3: 5 PROD 139 21.46% A
F3: 5 PROD 85 21.55% A
F3: 5 PROD 73 21.85% A
Test CZ 48B 32 IPRO 22.99% A
SO: 3PROD 1 25.53% A
Test M8210 25.80% A
SO: 3 PROD 2 27.66% A
F3: 5 PROD 97 28.63% A
S0: 3 PROD 10 29.12% A
F3: 5 PROD 98 33.90% A
SO: 3 PROD 3 40.25% A
SO: 3 PROD 5 41.24% A
General Means: 26.05%
CV (%) = 36.33

*Means followed by the same letters in the columns do not differ from each other at the 5 % probability level

by the Scott-Knott test (1974).
Source: Prepared by the authors (2021).
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Abstract

Nitrogen is a fundamental nutrient required in large quantities for carrots, which raises concerns about the right time and
doses to be used. Although irrigation is also an essential practice for crop success, the deficit or excess of water can provide
unfavorable conditions for the development of carrots. This work was carried out aiming at evaluating the effect of nitrogen
fertilization on topdressing and soil water replacement levels on carrot yield. The experiment was conducted at Federal
Institute of Education, Science, and Technology of the Triangulo Mineiro (IFTM) — Uberaba Campus, MG, Brazil, ina 4 x 4
factorial and randomized blocks involving four nitrogen doses applied to the topdressing (O kg hal, 42 kg hal, 84 kg ha’l,
and 126 kg ha!) and four water replacement levels (70 %, 100 %, 130 %, and 160 %) based on the estimated values of
the ETc of the crop. The interaction was significant only for the root diameter variable. Among the results, we can see that
the N dose for the 119.4 kg ha! topdressing was the one that provided the maximum number of commercial roots, while
soil water replacement of 86.94 % induced maximum total productivity.

Keywords: Daucus carota. Irrigation management. Production.

Introduction Due to the interest in supplying the market
and the consumer’'s demands, the cultural
management of vegetables has been increasingly
improving, a fact that also occurs in the carrot
culture, highlighting the management of

fertilization (LIGHT et al., 2009).

The carrot (Daucus carota) is a vegetable of
the Apiaceae family, belonging to the tuberous
roots group. It has much food importance due
to its high nutritional value, being an important
source of vitamin A. In addition, it has a

large amount of vitamin C, vitamin E, vitamin
B1, vitamin B2, fiber, and minerals such as
potassium, phosphorus, calcium, magnesium,
and iron (NICK; BOREM, 2016).

In Brazil, the main producers are the states
of Minas Gerais, Sao Paulo, Rio Grande do Sul,
Parana, Bahia, and Goias, which, together, are
responsible for 90 % of the national production,
equivalent to approximately 760 thousand tons
in an area of 24 thousand hectares and average
productivity of 30 t ha'. These results show
the great importance of culture to the Brazilian
horticultural sector (IBGE, 2017).

Nitrogen appears as a fundamental nutrient
among those required by the culture, being used
in large quantities, which worries producers as to
the moment and the correct doses to apply to the
crop. This nutrient has an essential character and
is a constituent of many components of the plant
cell; hence, its deficiency impacts directly on the
inhibition of plant growth (TAIZ et al., 2017).

Besides fertilization, irrigation is an essential
practice for crop success since the development
of carrots is strongly influenced by soil moisture,
which can affect both the increase in productivity
and the quality of the roots. However, the deficit or

)
O



Nitrogen fertilization on topdressing and soil water replacement levels on carrot crop yield

excess of water can provide unfavorable conditions
for the development of carrots and cause a drop in
productivity (LIMA JUNIOR et al., 2011).

In Brazil, particularly in the regions where this
vegetable is grown in Minas Gerais, information
on carrot production, especially the ideal time
and amount of irrigation and fertilization, are still
quite controversial.

That said, this work was carried out with
the objective of evaluating the effect of nitrogen
fertilization on the topdressing and soil water
replacement levels on carrot yield.

Material and methods

This research was developed at the
Fruticulture sector of the Federal Institute of
Education, Science, and Technology of the
Triangulo Mineiro, located in the municipality
of Uberaba/MG, at 795 meters above sea
level, latitude 19°39'19”S and longitude
47° 57" 27" W, average annual rainfall of
1,600 mm, average annual temperature of
23.2 °C, and average relative humidity of 68 %
(VALLE JUNIOR etal., 2010). The climate
is classified according to Képpen as AW, hot
tropical, with cold and dry winters.

The soil of the experimental area was
classified as dystrophic red latosol (EMBRAPA,

2006), with a sandy loam texture, whose
chemical characteristics are shown in Table 1.

The experiment was arranged in a 4 X 4
factorial in randomized blocks (RBD), with four
replications, the treatments were the combination
of four doses of nitrogen in topdressing (O kg ha!,
42 kg hal, 84 kg ha!, and 126 kg ha') and
four levels of water replacement in the soil
(70 %, 100 %, 130 %, and 160 %) from the
estimated values of the ETc of the crop), in a total
of 64 plots. Each plot consisted of two beds of
1.1 meters x 3.0 meters each, containing two
planting rows spaced 0.20 meters apart. The
useful plot was constituted by the central meter
of each bed of the plot, in a total of 2.2 m?.

The cultivar used was Natuna, a winter
cultivar widely distributed in the producing
regions of Minas Gerais. Its cycle lasts from 125
to 135 days, and has extremely smooth and
cylindrical roots, an orange color, and excellent
tip closure. Its good foliar architecture facilitates
cultural treatments and mechanized harvesting
(BEJO, 2019).

The sowing was on July 9, 2019, with
a density of 80 seeds per meter. During the
development of the culture, we thinned the bed
to reduce the density to 20 plants per meter.
Harvest took place on October 26, 2019, 110
days after sowing.

Table 1. Results of the chemical analysis of the soil used in the experiment.

pH in H,0O Al3+ Ca?+ Mg?* H+ AL SB t T
cmol .dm=
6.5 0.0 2.7 0.8 1.4 3.9 3.9 5.3
K P P_rem \ m M.O Sand Clay
mg.dm-3 —mg.L! - (%) — dag.kg! - (%)
145 49.9 29.8 73.4 0.0 1.7 73.0 17.0

*Analysis performed by the EPAMIG Soil Analysis Laboratory. SB is the sum of exchangeable bases; t is the
effective CTC; T is the CTC at pH 7.0; V is base saturation; m is the aluminum saturation.

Source: Elaborated by the authors (2019).



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

The planting fertilization was carried out
before sowing with 36 kg ha? of nitrogen,
64 kg ha' from K,O is 240 kg ha' from P,O,.
We fertilized the topdressings using doses
of 42 kg ha!, 84 kg ha!, and 126 kg ha'!
of nitrogen (treatments) and 96 kg ha! from
K,O, both divided at 20 and 40 days after
crop emergence.

We collected meteorological data with
a digital thermohygrometer and a Sao lzidro
model rain gauge installed at the experiment site.
Irrigation was carried out by four micro-sprinklers
installed in each plot, with an application intensity
of 8.32 mm hL. The reference evapotranspiration
was estimated using the Hargreaves model
(Equation 1) and the evapotranspiration of the
crop and raw water blade was obtained through
equations 2 and 3.

ETo = 0.0023 (Tmed + 17.8) x (Tmax -

Tmin)%5 x Ra x 0.408 (1)

ETc = ETo x Kc X Ks (2)
__FTe

LB = Ea x CUD @)

at which:

ETo = reference evapotranspiration (mm day!);

Tmin = minimum temperature (°C); Tmax = maximum
temperature (°C); Tmed = mean temperature (°C) and
Ra = radiation at the top of the atmosphere (MJ m2day-1);
ETc = crop evapotranspiration (mm day!); Kc = crop
coefficient; Ks = moisture coefficient; LB = gross irrigation
depth (mm); Ea = system application efficiency (decimal)
and CUD = system uniformity coefficient (decimal).

Figure 1. Daily values of ETo and ETc
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[\*)
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Source: Elaborated by the authors (2019).

ETc (mm)

The radiation values at the top of the
atmosphere were obtained following the
recommendation of Doorenbos and Pruitt
(1975). The adopted crop coefficient was
proposed by Oliveira et al. (2002). During
the entire experiment period, a value of 1 was
assumed for the soil moisture coefficient; for
the parameters of application efficiency and
coefficient of uniformity of the system, values of
0.90 and 0.78 were adopted, respectively.

Table 2 shows the total values of the
blade applied in each treatment. It is also
possible to observe the daily values of
reference evapotranspiration (ETo) and crop
evapotranspiration (ETc) until the end of the
experiment (FIGURE 1).

In a study carried out by Santos et al. (2009)
in the Pernambuco agreste, a total blade value of
811.84 mm was found for a 98-day cycle.

Table 2. Values of the total blade applied in each
treatment

Levels of water replacement Blade Applied
(%) (mm)
70 486.18
100 694.54
130 902.90
160 1111.3

Source: Elaborated by the authors (2019).
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Figure 2. Maximum, minimum, and average temperature values and precipitation
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Source: Elaborated by the authors (2019).

During the application of the treatments,
there was accumulated precipitation of 157 mm.
At 89 days after the sowing, there was a
precipitation of 54 mm, and the precipitations
were more frequent at the end of the crop cycle.
On rainy days, the precipitation was discounted
from irrigation management values. In the period
evaluated, the temperature ranged from 8.8 °C
to 40.7 °C, with an average of 26.25 °C. Vieira
and Pessoa (2008) recommend temperatures
between 10 °C and 15 °C to help root elongation.
Temperatures above 21 °C stimulate the
formation of short roots. Also according to the
authors, temperatures above 30 °C reduce the
vegetative cycle of the crop, a fact that occurred
in the experiment, showing a reduction from 125
to 135 days to 108 days (FIGURE 2).

The characteristics evaluated were:
diameter and length of the roots; the total
number of roots; the number of commercial
roots; total productivity; commercial productivity;
commercial classification of roots; pH and shoot
dry mass.

We measured the diameter and the length,
and identified the commercial classification of
the roots using 20 randomly selected roots per
plot. The diameter was measured with the aid
of a digital caliper with millimeter precision, the
length was measured with the aid of a ruler,
and the commercial classification of the roots
was performed according to Table 3 as per
CEAGESP (2019).

o]
o

iy
o

o

Precipitation (mm)
N
o

35 45 55 65 75 85 95 105
Days after sowing (DAS)

For the total number of roots, we considered
all roots harvested from the useful area of each
plot. For the number of commercial roots, we
considered all the roots of the useful area of each
plot that was longer than 10 cm and free from
cracks, bifurcations, mechanical damage, rot,
and green shoulder.

Total productivity was expressed in t ha*
and was constituted by the mass of all the
roots harvested from each plot. Commercial
productivity was also expressed in t ha' and
consisted of all the commercial roots of each plot.

The dry mass of the aerial part was obtained
by 20 plants randomly selected from the useful
plot at the time of harvest. We got the pH variable
by taking the same 20 roots we used to obtain
root diameter and length in the laboratory.

All parameters were submitted to analysis of
variance through the statistical program Sisvar
version 5.6 (FERREIRA, 2014). Treatment
effects, when significant at 5 % probability, were
studied by regression analysis.

Table 3. Commercial classification of carrots in terms
of length

Class Length (cm)
10 10to 14
14 14t018
18 18 to 22
22 22 to 26

Source: Adapted from CEAGESP (2019).
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Results and discussion

For the variables: total productivity,
commercial productivity, root length, root
diameter, and numbers of commercial roots,
there was a statistical difference (p < 5 %).
There was an interaction between the levels of
soil water replacement and the nitrogen doses
only for the root diameter variable. The total
number of roots, shoot dry mass, and pH did
not show any significant difference between the
treatments studied.

Total productivity was influenced by soil
water replacement levels and nitrogen doses
when studied separately. The water replacement
level of 86.94 % provided the highest total
productivity, 29.69 t ha! (FIGURE 3).

In work conducted by Silva et al. (2011)
with irrigation levels of 30 %, 60 %, 90 %,
120 %, 150 %, and 180 %, we found that the
level of 180 % provided the best productivity
result (67.4 t ha). Silva (2016), adopting
irrigation levels of 60 %, 80 %, 100 %, and
120 %, found that the replacement level that
provided the highest total productivity value was
120 %, obtaining an average increase of 48 %
to more in productivity.

For topdressing nitrogen doses, a linear
increase in total productivity was observed as a
function of the increase in the doses (FIGURE 4).

Figure 3. Total productivity as a function of soil water
replacement levels

~ 32 1~ y =-0.0009x? + 0.1565x + 22.89

-E 31 A ° R2=0.8309

= 30 1

z 29

2

3 28 - o

g 27 -

c:; 26 A g

B 25 . . .
70 100 130 160

Soil water replacement (%)

Source: Elaborated by the authors (2019).

For each kilogram of nitrogen applied, there was an
increase of 38.5 kg ha'! in the total yield of carrots.

When evaluating the effect of nitrogen dose
in the topdressing in summer carrots, Avila et al.
(2016) found that 73 kg ha! reached maximum
productivity of 36.7 t hal. According to the
authors, a higher dose had a deleterious effect.

Colombari et al. (2018), when evaluating
different doses and forms of splitting, found
that 102 kg ha' and 138 kg ha! doses
caused the highest yields of 107.7 t ha! and
117.66 t hal, respectively.

Commercial productivity was influenced
only by the topdressing nitrogen doses, showing
a linear increase as a function of the nitrogen
addition (FIGURE 5). For each kilogram of

Figure 4. Total productivity as a function of topdressing
nitrogen doses

s 35 -
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Source: Elaborated by the authors (2019).

Figure 5. Commercial productivy as a function of
nitrogen doses applied to topdressing
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Source: Elaborated by the authors (2019).
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nitrogen applied, there was an increase of
34.3 kg ha! in commercial productivity.

When testing doses of NPK 20-0-20 fertilizer
on topdressing, Light et al. (2009) observed that
229.1 kg ha' showed maximum productivity of
27.5 t hal, which is higher than the result found
in this work, in which the maximum commercial
productivity found was 23.78 t ha'l.

The root length variable was influenced only
by the soil water replacement levels, observing
a linear decrease as a function of the increase
in replacement levels (FIGURE 6). For each unit
increase in the soil water replacement level, there
was a 0.1 % reduction in root length.

Palharin etal. (2012), in Cascavel/PR,
observed an increase in commercial root length
in response to increasing water replacement. This
result differed from that found by Cunha et al.
(2016), for whom replacement levels of 50 %,
75 %, 100 %, and 125 % did not significantly
influence root length.

Regarding the commercial classification of
the roots, we verified that the plants irrigated
with the water replacement levels studied
produced class 14 roots (14 cm to 18 cm),
with lower levels producing greater length
values and greater levels producing smaller
length values.

Figure 6. Root length as a function of soil water
replacement levels
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Source: Elaborated by the authors (2019).

According to Lana and Vieira (2000), the
Brazilian market prefers roots from 15 cm to
22 cm in length; therefore, the average length
of 17.16 cm obtained in this work is within the
standards of carrot marketing in Brazil.

For the variable root diameter, there was
an interaction between the levels of water
replacement in the soil and the doses of nitrogen
on topdressing. This result was significant for
replacement levels when evaluated at O kg ha
dose and for topdressing nitrogen doses when
studied at the replacement level of 160 %.

At a dose of O kg ha'!, the replacement level
of 108.33 % provided a maximum root diameter
of 34.83 mm (FIGURE 7).

At the water replacement level of 160 %,
we can observe a linear increase in the diameter
of the roots as a function of the increase in the
nitrogen doses in topdressing (FIGURE 8).

When studying nitrogen doses and soil
water tensions in the sweet pepper crop, Santos
(2019) observed that the fruit diameter variable
showed a significant difference only for soil
water tensions.

The number of commercial roots was
also influenced only by topdressing nitrogen
doses, and the rate of 119.4 kg ha! provided a
maximum number of commercial roots of 54.8

Figure 7. Root diameter as a function of soil water
replacement levels at a dose of O kg N ha!
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Source: Elaborated by the authors (2019).
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Figure 8. Root diameter as a function of topdressing
nitrogen doses at 160 % soil water replacement level
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Source: Elaborated by the authors (2019).

(FIGURE 9). From this dose onwards, there was
a decrease in the number of commercial roots.

Light et al. (2009), testing doses of NPK
20-0-20 fertilizer in topdressing, reported a
linear growth in the number of marketable roots
as a function of increasing doses of fertilizer.

Just like the one found by Luz et al. (2009),
who tested doses of NPK 20-0-20 fertilizer in
topdressing, in the present work, there was no
effect of topdressing fertilization on the total
number of carrot roots.

The variable dry mass of the aerial part was
not significantly influenced by the treatments
studied, with an average of 7.50 g plant?.
Colombari et al. (2018), evaluating splitting
and topdressing nitrogen doses, found similar
results, obtaining maximum values of 6.77 g
and 9.42 g per plant at the highest rates of the
splitting used. Different results were obtained
by Silva et al. (2011) who, studying soil water
replacement levels of 30 %, 60 %, 90 %,
120 %, 150 %, and 180 %, found an increase
in shoot dry matter with increasing water
replacement levels.

The pH also did not change depending on
the treatments studied, with an average of 6.14.
Colombari et al. (2018), when evaluating the
splitting and doses of nitrogen in topdressing, in

Figure 9. Number of commercial roots as a function
of topdressing nitrogen doses
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Source: Elaborated by the authors (2019).

the splitting 1/3 + 1/3 +1/3, also did not find a
significant difference in pH as a function of the
doses, with an average of 6.22.

Conclusion

Commercial productivity showed a linear
increase as a function of the increase in
nitrogen doses, and 119.4 kg ha' was the
dose that provided the maximum number of
commercial roots.

The replacement level of 86.94 % provided
maximum total productivity, and the length of the
roots increased linearly with the addition of water
replacement levels.
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Abstract

The problems of storage of agricultural products are an object of permanent study. The objective of this work was to survey
some stages of production, mainly storage, by interviewing producers in Mahelane, Namaacha district, in Mozambique. We
conducted semi-structured interviews with 40 producers, selecting those who work with the District Services of Economic
Activities - SDAE, in a total area of 44 ha of production of various crops, especially corn. Respondents were selected through
a non-probabilistic sampling, the “snowball” technique. The parameters evaluated were: the interviewees’ characterization,
mean grain moisture, number of weevils, grain mass, and primary post-harvest operations run by small producers. Women
represent the largest percentage of labor in the maize production fields in the Mahelane area. The stored maize moisture
rate ranges between 14.5 % and 16.4 %, and storage time is between 9 months and 12 months. The maize in Mahelane
is mostly stored on the cob, 65 %, and with straw, 75 %. The interviewed producers have several problems regarding the
post-harvest of maize, requiring technical assistance and training, especially the local population, who need guidance on
the best way to store the grain and the seed.

Keywords: Grain/cob. Moisture. Weevil. Family farming.

Introduction In Mozambique, the traditional knowledge
about managing its local seeds in the post-
harvest phases and during storage is dispersed
among small farmers. Most storage structures are
traditional and built with low-cost local materials
(FAO, 2014). Therefore, there are several materials
used in construction in different provinces because,
in all structures, the fundamental objective is to

ensure the longevity of the grains (PINTO, 2000).

In family farming, post-harvest, especially
in the storage phase, is seen as one of the most
important and indispensable phases, as the
annual rate of loss of agricultural products at
this stage can reach 100 % of total production
(SILVA et al., 2021).

In many cases, family producers have
created their own methods to store and conserve
agricultural products (SILVA et al., 2021). Some of
those traditional methods are quite efficient, often
requiring only minor improvements (FAO, 2014).

On the other hand, the surplus of the crop,
together with changes at the market level,
increases the need to adopt other storage methods
to reduce losses (ANDRADE et al., 2020). It

Most of the time, however, traditional
methods cannot eliminate the high rates of
storage losses, requiring new tools. Therefore, in
searching for reduced losses of stored products,
it is important that farmers use new technologies
to help traditional techniques (RODRIGUES
etal., 2018).

is extremely important to know the optimal
environmental conditions for the storage of each
product, to avoid the favoring and proliferation of
pests (LORINI, 2015).

The storage problems of agricultural products
are an object of permanent study, aiming to
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maximize the quality of the stored products,
whether seeds or grains, avoiding unnecessary
losses in stored grains, which could greatly
minimize hunger worldwide (LORINI, 2015).

In this context, it is opportune to investigate
the traditional methods that are still being
applied, reproduced, and valued since they tend
to be lost if they are not strengthened. Thus, this
work surveyed some stages of production, mainly
maize storage, through interviews with producers
in Mahelane, Namaacha district, Mozambique.

Material and methods

The research was conducted in the geographic
region of Mahelane, the administrative post of
Changalane, in Namaacha district, southern
Mozambique. The place is at the altitude: 376
m, latitude: 26°20'46.12"S, and longitude:
36°15'39.9”L (GOOGLE EARTH, 2017).
The prevailing climate is dry tropical, with an
average annual temperature of 21 °C and an
annual rainfall of 751.1 mm (MINISTERIO DA
ADMINISTRACAO ESTATAL — MAE, 2005).

The region was chosen based on the maize
crop, cultivated by the local population for several
years, and its agricultural history (II1AM, 2009).

Semi-structured interviews were carried out
“through a previously prepared script” (MANZINI,
2004) with 40 producers that work at the District
Services of Economic Activities (SDAE), in a total
area of 44 ha of several crops, with emphasis
on maize.

The interviews began in April and ended in
May 2017, coinciding with the availability of
maize in the barns. Respondents were selected
using a non-probabilistic “snowball” sampling
technique, which consisted first of interviewing
group representatives or key informants, who, in
turn, indicated others who fitted into the intended
profile for interviews in this study (BALDIN;
MUNHOZ, 2011).

The parameters evaluated were: the
interviewees’ characterization, average grain
moisture, number of weevils, grain mass,
and primary post-harvest operations run by
small producers.

To characterize the small producers, the
following variables were measured: gender
participation in agriculture and level of education
(TOMAS et al., 2012).

We made three repetitions of moisture
measurement with a moisture meter in a sample
of corn grain. The grains were introduced into the
meter, which provided the moisture content of
the sample. After that, we counted the number of
weevils after we threshed the corn cobs. Finally,
we weighed 1,000 grains (ABICHANDEO, 2002).

Information on the primary post-harvest
operations run by small producers and
the main causes of post-harvest losses in
storage were obtained through questionnaires
applied to 40 small producers in the locality
(ABICHANDE, 2002).

For data analysis, we used the following
analysis methods: content analysis and inductive
analysis. By means of statistical packages for data
processing, the SPSS 13.0 software was used.

Results and discussion
Characteristics of the interviewed producers

According to the results of the interviewees’
characterization, the informants’ profile in the
category of gender participation in agriculture
can be seen in Figure 1.

The gender category was subdivided
according to its link to farming, in which: men
and women represented 60 %; men, women,
and other family members, 5 %; women, 35 %.
The research also found that the men did not
participate in farming activities. In the work
carried out in Angola by Tomas et al. (2012),
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Figure 1. Gender participation in farming, in Mahelane
5%

60%

Source: Elaborated by the authors (2017).

research data showed that gender participation
in agricultural activities was divided into men,
12 %; men and women, 41 %; men, women,
and children, 15 %; women, 32 %.

Both surveys showed a large percentage
of women'’s participation in farming in different
regions of the African continent.

The profile of respondents in the education
level category is shown in Figure 2.

The level of education in the region was
low. As shown in the figure above, 40 % of the
respondents do not have any level of education,
and the other 60 % are at the elementary level
of education, while no data about the secondary
level of education was found. Those data are
similar to Come and Cavani’s (2014) research
in Manhica District, in Mozambique, where the
range of small producers interviewed was: non-
educated: 30 %; elementary education: 61.5 %.

35%

= Man, woman and other family members
= Woman
Man and woman

In general, the low level of education of
the population in the place is due to the local
conditions of teaching and learning, which are
still very precarious. This scenario could be
mitigated through government policies.

According to Figure 1 - Gender participation
and Figure 2 - Level of education, women
participate more in farming than men, which
can be explained by the low insertion of women
in schools, which contributes to their low level
of schooling. Another important issue that
must be taken into account is the culture of the
place, which preaches that women should be
responsible for household chores and work in
the fields.

This scenario can also be seen in other
countries, such as Brazil, where we can affirm
the presence of sexist ideas, according to which
men and women do not have the same mental
capacities (STASCXAK; SALES, 2020).

Figure 2. Level of education of the producers in Mahelane

40%

Source: Elaborated by the authors (2017).

m Basic level
m No level

60%
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Analysis of corn grain samples

Mean moisture (MU), the number of weevils
(NG), and grain mass (MG) can be seen in
Table 1.

The corn stored by the interviewed family
farmers has mean moisture between 14.5 % and
16.4 %. In Abichande’s (2002) research done
in the village of Muecate, in Nampula province,
in Mozambique, the percentages ranged from
11.1 % to 12.9 %, showing that, in our work,
the moisture percentages for Mahelane are above
those recommended, which may imply a greater
susceptibility to pests and diseases of corn stored
in granaries (TABLE 1).

The same results for grain moisture were
found in the work by Tembe (2000) in Namapa,
in Nampula province, in Mozambique.

The stored grain moisture must be 13 %
over one year and 14.5 % for the range of 6
months to 9 months (BOXALL et al., 1997).

The number of weevils was between 12 and
98, and the mass of 1,000 grains was 204 g
to 239 g. Similar data were found in Tembe’s
work (2000).

Corn drying methods

The results showed that about 100 % of
the interviewed family farmers dry the corn in
the field while still in the plant to prevent them
from rotting, losing germination power, and being
attacked by insects. Respondents stated that this
kind of drying is not very safe because production
is subject to pest attacks while still in the field.
These results are comparable to the researches
from Abichande (2002) and Boxall et al. (1997),
conducted in the village of Muecate district,
Nampula province, in Mozambique, and in
India, in which about 93 % and 94 % dry their
products in the field.

Reasons for drying corn

The respondents mentioned several reasons
for choosing to dry their products. All of them
said they dry their production. Of these, 47 %
answered that they dry the maize to prevent it
from rotting, about 18 % dry the crop to avoid the
attack of insects, 15 % dry it to avoid the attack of
weevils, and about 20 %, to have the seed better
preserved and maintain the germinative power of
the seeds (FIGURE 3). These results are similar
to Abichande’s (2002) data, in work done in the

Table 1. Means of moisture (MU), numbers of weevils (NG), and grain mass (MG), in Mahelane

Number of corn cobs MU (%) NG (uni) MG (g)
1 14.7 12 236
2 14.5 23 239
3 14.5 46 206
4 16.0 78 207
5 14.9 30 210
6 16.0 98 204
7 14.6 48 230
8 16.2 81 220
9 15.4 17 212
10 16.4 39 222

N=40.
Source: Elaborated by the authors (2017).
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Figure 3. Reasons for drying corn, according to the interviewed producers in Mahelane

18% 20%

15%

47%

Source: Elaborated by the authors (2017).

village of Muecate District, in Nampula province,
in Mozambique, where most smallholders store
the maize to prevent it from rotting, while about
82 % let the maize dry in the field.

Corn storage method

The results reveal that the interviewed
family producers store more corn on the cob
with straw: 75 %, than without straw: 25 %,

m Greater conservation and germination power
= Avoid rot

Hinder attack of weevil
m |nhibit insect attack

so that the grains are not susceptible to insect
attack and are not affected by environmental
conditions, such as precipitation and light,
which can damage the grain and impair
seed germination when exposed outside the
warehouse (FIGURE 4; FIGURE 5). Family
farmers store their production with unthreshed
corn cobs, as they consider that the grain stored
in this condition is less prone to pest attack
(GWINNER et al., 1997).

Figure 4. Maize storage method by the interviewed producers in Mahelane

75%

Source: Elaborated by the authors (2017).

25%

m Corn without straw

= Corn with straw

Figure 5. Maize storage method by the interviewed producers in Mahelane

10%

25%

Source: Elaborated by the authors (2017).

m Corn grain
m Corn cob
The both ways

65%
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Figure 6. Storage period at Mahelane
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Source: Elaborated by the authors (2017).

Corn storage period

According to the results, about 5 % of family
producers store their products between 1 and 3
months and approximately 20 %, from 3 to 6
months, 25 % from 6 to 9 months, 35 % from 9
to 12 months, and 15 % more than 12 months
(Figure 6). These data are similar to Abichande’s
(2002), in a study carried out in the village of
Muecate, in Nampula province, Mozambique,
which also obtained the same results for maize
storage in a range from 3 to 12 months and
over 12 months. In Gustafsson and Ljungberg's
(1998) study carried out in the districts of Boane
and Marracuene in Mozambique, the cereals
resulted in a range from 2 to 12 months. The
storage period at the small farm level generally
lasts between 6 and 12 months (GEWINNER
etal., 1997).

Conclusions

Women represent the largest percentage of
the labor force in the maize production fields in
Mahelane area.

The stored maize moisture rate ranges
between 14.5 % and 16.4 %.

35%
25%
15%
6a9 9al? > 12
Months

Maize storage time in Mahelane ranges from
9 and 12 months.

The maize in Mahelane is mainly stored with
cob, 65 %, and straw, 75 %, which is the best
form of storage.

The interviewed producers have several
problems related to the post-harvest of maize,
requiring technical assistance and training,
especially for the local population, who need
guidance on the best way to store the grain and
the seed.
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Abstract

The Brazilian flora is highly diverse, with the Cerrado biome featuring as the savanna with the highest richness of species in
the world. Furthermore, the use of medicinal plants is a common and traditional practice among the Brazilian population.
In that regard, it is expected that the populations of historical cities located in the Cerrado should have vast ethnobotanical
knowledge. From this perspective, this study aimed to record the medicinal plants used by the inhabitants of Luziania
(GO), Brazil, and evaluate their socio-economic profiles. The inhabitants (18 from the urban area and 20 from the rural
area) were selected by the ‘snowball’ technique and underwent semi-structured interviews that addressed socio-economic
and ethnobotanical aspects. Among the interviewees, 74.4 % were women, with adults and older adults constituting the
main connoisseurs, and 71 % had incomplete primary education. Most interviewees cultivated medicinal plants in their
backyards and cited using leaves as the main plant organ for medicinal purposes. The interviewees from the urban and rural
areas differed with regard to the form of obtaining knowledge (c?= 10,367; p < 0,05) since its origin was attributed to
family transmission, reading, and from third parties in the urban area, whereas the rural inhabitants reported mainly family
transmission. The interviewees cited 95 species, with no statistical difference between exotic and native species. However, the
mentioned species were predominantly exotic. Lamiaceae, Asteraceae, and Fabaceae were the most representative families,
and herbs were the most common type of medicinal plant. The most used species were Lippia alba (lemon balm), Mentha
arvensis (mint), Dysphania ambrosioides (mastruz), and Plectranthus barbatus and Plectranthus grandis (boldo). The main
health problems treated with medicinal plants were cold, indigestion, stress, and respiratory problems.

Keywords: Cerrado. Family knowledge. Backyard cultivation. Exotic medicinal plants.

Introduction tested native Brazilian species with uses similar
to European species. Finally, the Africans also

Medicinal plant te health . . ) . .
edicina’ plans can promote nea incorporated their plants into the list of medicinal

(ANTONIO et al., 2013) and are used as

an alternative treatment for various diseases
(MIRANDA, 2021). A large part of the world
population (70 % to 80 %) meets their basic
health needs by administering different plant
species, with around 53 thousand species having
been used to treat diseases since the early times
of human history until the present days (QADIR;
RAJA, 2021).

The use of medicinal plants is a traditional
practice in Brazil as its indigenous peoples
already used them to cure diseases even before
the arrival of the Portuguese (AMOROZO0, 2002).
With colonization, the Europeans brought their
medicinal species to be cultivated in Brazil and

species used in Brazil (LORENZI; MATQOS, 2011).

In addition to the historical context, which
justifies the vast diversity of medicinal plants
used in the country, Brazil contains the largest
plant diversity in the world (BFG, 2015).
Therefore, the possibility of identifying products
with potential medicinal use among the native
vegetation is gigantic since plants constitute
the primary source of active ingredients, with
11 % of the 252 drugs considered essential
by the World Health Organization (OMS) being
acquired only from plants (BRAGA et al.,
2021). However, the intensive deforestation
observed in Brazil (GONCALVES-SOUZA et al.,
2021) causes a significant loss in biodiversity
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(BLUM et al., 2019), with excessive plant
extraction and the destruction of natural habitats
resulting in high risks to the perpetuation of
medicinal species (RASHID et al., 2021). In this
scenario, the degradation of the Amazon rainforest
in Brazil is one example of an intervention that
has reduced the availability of some medicinal
plant species (SHANLEY; LUZ, 2003).

Approximately 10.9 % of the Brazilian
territory covered by natural vegetation (939.050
km?) has been already devastated, with about
a third of this loss (338.774 km?2) occurring
in Cerrado, which is proportionately the most
impacted Brazilian biome (GONCALVES-SOUZA
et al., 2021). Even thoug, there is significant
devastation, Cerrado is classified as an area of
high priority for conservation since it comprises a
large number of species and endemism (MEYERS
et al., 2000). Furthermore, Cerrado shows
many plant species with food, ornamental, and
medicinal potential, many of which are still
unknown to science (SOUZA et al., 2018).
Therefore, ethnobotanical surveys are essential to
know the native medicinal flora used by Cerrado
communities (SOUSA et al., 2020, given the
significant number of species traditionally used
for that purpose, e.g., pau-santo (Kielmeyera
coriaceae), barbatimao (Stryphnodendron
adstringens), baru (Dipteryx alata), jurubeba
(Solanum spp.), mama-cadela (Brosimum
gaudichaudii), and ipecacuanha (Carapichea
ipecacuanha) (SOUZA et al., 2018).

The municipality of Luziania is located in
the Cerrado, in western Goias, and has 174,531
inhabitants, according to the last census of 2010
(IBGE, 2017), distributed in the urban area
(formed mostly by houses and a few buildings)
(CODEPLAN DF, 2014) and in the rural area
(formed mostly by small farms). The urbanization
rate of Luziania is high (93.28 % in 2010), above
the average of the state of Goias (90.29 %). The
local economy is mainly based on the service
sector (57.2 %), the industrial sector (34 %),

and the agricultural sector (8.8 %). Furthermore,
Luziania is one of the oldest cities of Goias, dating
from the 18th century, where gold was initially
mined and with several colonial buildings, e.g.,
mansions on Rosario Street, the church of Our
Lady of the Rosary, and the Andorinhas Palace
(IMB, 2016). From this perspective, inventorying
the medicinal plants used by the inhabitants
of Luzidnia is a promising endeavor that could
assist in bioprospecting native species still little
referenced in the literature, considering the
location of the municipality in the Cerrado, with
colonial origins and whose inhabitants live mostly
in houses with domestic backyards.

Therefore, the hypotheses tested in this
study were: (1) the inhabitants of the urban and
rural areas of Luziania should have similar socio-
economic profiles and ethnobotanical knowledge
since most of them work in the services sector
and the industry and live-in houses; (2) the
inhabitants of Luziania should have significant
knowledge about medicinal plants, both exotic
and native, since they live in a colonial and
traditional city inserted in the Cerrado. From this
perspective, this study was developed to assess
the socio-economic profile of connoisseurs of
medicinal plants in Luziania (Goias) and list the
medicinal plant species used by them.

Material and methods
Ethnobotanical research

Before beginning data acquisition for the
research through interviews, the project was
submitted to the Brazil Platform and the Research
Ethics Committee of the Federal University
of Goias, which approved it and allowed the
research to proceed (Presentation Certificate
for Ethical Appreciation - CAAE: 17284013.7.
0000.5083).

Potential interviewees were determined by
the ‘snowball’ technique, according to which
the connoisseurs of medicinal plants indicated



Medicinal plants used by urban and rural inhabitants of Luzidnia, Goias, Brazil

other connoisseurs (ALBUQUERQUE et al.,
2010). In order to participate in the research,
the interviewees had to sign the free consent
term (TCLE), one copy of which was delivered
to the interviewees, and the other was stored
by the researchers. There were 38 interviewees
in total, all over eighteen years of age, 18 of
whom lived in the urban area and 20 in the rural
area. The urban interviewees came from different
neighborhoods, and the rural interviewees came
from different regions since the survey aimed to
encompass the largest geographic area possible
in the municipality of Luziania.

The inhabitants were interviewed using
semi-structured interviews with open and
closed questions that addressed socioeconomic
questions (place of birth, level of education, etc.)
and questions about ethnobotanical knowledge
(origin of the knowledge, common names of
medicinal plants already used by the interviewees,
forms of use etc.) (SOUSA et al., 2020). The
interviews also had an interactive nature and
were subject to deepening if the interviewee
wanted to elaborate on the responses or talk
about some life experience (ALBUQUERQUE
et al.,, 2010). Some interviewees also took
the researchers to their backyards, where they
cultivated medicinal plants.

Data analysis

The data of the interviews conducted in
urban and rural areas of Luziania were analyzed
separately. Then, two lists of medicinal plants
were prepared, containing their indications
for each area. Based on the two lists, the
species and family of the medicinal plants
cited were identified using their common
names, pictures, field observations (backyards
visited), therapeutic indication, and the
scientific literature (LORENZI; MATOS, 2011).
Subsequently, the origin of the species, the
correct binomial writing, their authors, their
families, and growth habits was checked in

the Flora do Brasil 2020 website of the Rio de
Janeiro Botanic Gardens (2020, 2021).

All statistical analyses were run with the
software Past 3.18 (HAMMER et al., 2001)
using a b % significance level (o). Chi-squared
(c?) tests were performed to evaluate differences
between interviewees from urban and rural
areas with regard to (1) the number of men and
women; (2) the place of origin; (3) the age range;
(4) the level of education; (5) the occupation; (6)
the origin of the medicinal knowledge; (7) the
organ or part of the medicinal plant most used
to obtain the therapeutic ingredient (root, stem,
bark, leaf, flower, seed, fruit, or whole plant).
The Chi-squared (y?) test and the Kruskal-Wallis
test (H), jointly encompassing both the urban
and rural areas, were performed to compare the
number of native and exotic species cited and
the different locations where the medicinal plants
were acquired.

Finally, the most referenced species and
medicinal indications were determined by
summing the number of citations made by
the interviewees.

Results and discussion

Through this study, it was possible to detect
that the inhabitants of the urban and rural areas
of Luziania had similar socio-economic profiles
and ethnobotanical knowledge and they were
connoisseurs of medicinal plants, both exotic and
native. However, the interviewees used mainly
exotic plants originated from the colonization
process and brought to Brazil by the Europeans
and Africans. The backyards were the main areas
where the species were obtained even though the
interviewees lived closed to Cerrado areas and
could obtain native species for medicinal use.

Among the people who had ethnobotanical
knowledge in Luziania, 74.4 % were females
(TABLE 1). This result was also observed in the
urban and rural areas separately, as the gender
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distribution with regard to knowledge about
medicinal plants was uneven in the two areas
(x> = 3.70; p > 0.05). Sousa et al. (2020)
also highlighted the dominance of women with
regard to ethnobotanical knowledge in the city
of Sobradinho (Federal District), agreeing with
Arnous et al. (2005) and Zeni (2017). According
to Budé et al. (2008), domestic chores and family
care (feeding and health) have been considered
female work since the early beginnings of
human civilization.

Both in urban and rural areas, most of the
interviewees were born in other cities and then
migrated to Luziania, with no difference between
the place of birth in the two areas (3> = 0.867;

p > 0.05). This fact demonstrates that the
knowledge about medicinal plants in Luziania
was enrichened by the knowledge from other
states, including Rio Grande do Sul, Minas Gerais,
Sergipe, Ceara, Paraiba, and Maranhao, which
was also observed by SOUSA et al. (2020).

Adults (50 % of the interviewees) and older
adults (42 % of the interviewees) had more
ethnobotanical knowledge than the younger
people (8 % of the interviewees), with no
difference with regard to age between the urban
and rural interviewees of Luziania (TABLE 1) (2 =
1.371; p > 0.05). The higher concentration of
medicinal knowledge among adults and older
adults, respectively, refuted the common-sense

Table 1 — Social data of the interviewees in the urban and rural areas of Luziania-GO obtained in the interviews.
N= 38 people, 18 from the urban area and 20 from the rural area

Social data Urban area Rural area Luziania
Man 2 7 9
Sex
Woman 16 13 29
] Luzidnia (GO) 6 4 10
Place of birth
Other places 12 16 28
Young (18 to 30) 3 1 4
Age range Adults (31 to 60) 8 10 18
Elderly (over 60) 7 9 16
[lliterate 0 1 1
Incomplete primary school 7 16 23
) Complete primary school 1 0 1
Education .
Incomplete high school 2 0 2
Complete high school 7 3 10
University degree 1 0 1
Civil servant 2 0 2
CLT employee 7 0 7
. Student 1 0 1
Occupation
Homemaker 2 8 10
Retired 6 8 14
Farmer/herb seller 0 4 4
Family member 17 16 33
o Books and magazines 11 1 12
Origin of the knowledge .
Self-experience 11 1 12
Third party 13 6 19

Source: Elaborated by the authors (2021).
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idea that older people are the main connoisseurs
of medicinal plants (PRADEICZUK et al., 2017)
and corroborated the observations reported
for Sobradinho (Distrito Federal) (SOUSA
et al., 2020), a city close to Luziania, since
the ethnobotanical knowledge was effectively
transmitted from the older to the intermediate
generations in Luziania. However, this fact was
not observed for the youngest generation.

Among the interviewees, 71 % had not
completed primary school, although they were
older than 18 years and were not within the
appropriate age range for regular primary or
high school (TABLE 1). Furthermore, the level
of education was similar between the people
from the two areas (y? = 10.044; p > 0.05),
although there were more interviewees with
complete primary education in the urban area
than in the rural area, whereas most of the rural
residents had incomplete primary education
(TABLE 1). The scarcity of formal education
had already been observed in the population of
Luziania in the survey conducted by CODEPLAN
DF (2014).

The interviewees showed different types of
occupation that strongly differed between rural
and urban inhabitants (y?> = 17.83; p < 0.05)
since most were professionals in the services
sector or retirees living in the urban area. In
contrast, many rural interviewees were farmers
and homemakers, and one of them was an herb
seller. With regard to the urban area, no pattern
could be established between ethnobotanical
knowledge and the type of occupation. However,
in rural area, homemakers verified the history
that women always had a crucial role in
agriculture and the therapeutic care of the family.
According to Budé et al. (2008), both in rural
and urban areas (data obtained in the present
study), the women are responsible for family care
and transmit this knowledge to their daughters
and granddaughters. Furthermore, since farmers
had daily contact with plants, they had more

interest in learning and valuing ethnobotanical
knowledge (SOUSA et al., 2020). Finally, being
an expert on medicinal plants is essential for the
herb seller role since this individual manages
the preparation and use of medicinal plants for
health promotion purposes.

The interviewees from the rural and urban
areas of Luziania differed with regard to the
form of obtaining ethnobotanical knowledge
(x2 = 10.367; p < 0.05), although the level of
knowledge was similar among them, respectively
citing 61 and 60 species. The primary origin
of knowledge for rural residents was family
transmission (TABLE 1). According to Guerra
and Nodari (2003), ethnobotanical knowledge
is primarily generational. In addition to the family
origin, many urban interviewees reported using
books and magazines, their own experiences,
and sharing information with third parties, which
was also described by Messias et al. (2015)
and Sousa et al. (2020). It should also be noted
that, of the six interviewees in the rural area
who signaled third parties as one of the origins
of ethnobotanical knowledge, one was the herb
seller who claimed to have learned his skills with
the indigenous people of the state of Mato Grosso.

Medicinal plants were primarily obtained
in domestic backyards rather than in nature,
commerce or other places (H = 37.95;
p < 0.01), as observed in Ouro Verde (GO) by
Silvia and Proenga (2008) and in the islands
of the Sao Francisco River in Petrolina (PE)
and Juazeiro (BA) by Pio et al. (2019). The
predominance of domestic cultivation to the
detriment of other forms of acquisition is probably
because Luziania is mainly formed by houses
(CODEPLAN DF, 2014), small rural properties,
and a few buildings, although vertical growth
can also be observed. Domestic backyards are
areas around the house where valuable species
are grown, e.g., fruit trees, medicinal plants,
ornamental plants, and some other species
cultivated for food purposes (SALES, 2008).



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

Therefore, urban backyards are essential for the
conservation of the native flora and cultivation
spaces of the agrobiodiversity (WINKLERPRINS,
2002) and play an important role in maintaining
cultural diversity since they are family coexistence
sites (PASA et al., 2005). It should be noted
that the interviewees also cited nature, markets,
open fairs, pharmacies, and other places (public
or private gardens, wastelands, and anthropized
places with ruderal plants) as forms of obtaining
medicinal plants.

Most of the interviewees from the rural
and urban areas of Luziania cited the leaves as
the main plant organ used, with no difference
between areas (y? = 8.063; p < 0.05). Leaves
have also been cited as the most used plant part
in other studies (ZENI et al., 2012; GOMES
et al., 2015; COSTA; MARINHO, 2016; PIO
et al., 2019; SOUSA et al., 2020). According
to Sousa et al. (2020), leaf extraction is less
harmful to plants since it rarely causes the death
of the organism, unlike the extraction of barks
and roots. Moreover, the balanced removal of
leaves also allows plant growth and reproduction
(PILLA et al., 2006). The leaves commonly cited
in this study were usually obtained from exotic
medicinal plants grown in backyards and used to
prepare teas, e.g., rosemary, lemongrass, anise,
and mint. The use of teas is also reported as the
most common way of administering medicinal
plants in other studies (AMOROZO, 2002;
GOMES et al., 2015; ZENIl et al., 2017).

Bark, oils, resins, roots, flowers, fruits, and
seeds were also cited by the interviewees but
in lower numbers, which could be considered
positive with regard to the conservation of
medicinal species that undergo that form of
extraction. The inappropriate collection of
barks, oil, resin or gums can cause plant death
through girdling or large injuries that serve as
entry points for pathogens and pests (FILIZOLA;
SAMPAIO, 2015). Therefore, this type of
extraction can bring conservationist problems to

native species (FELFILI; BORGES-FILHO, 2004)
since many species are collected from nature,
e.g., Stryphnodendron adstringens (Mart.)
Coville (barbatimao - bark), Handroanthus
impetiginosus (Mart. ex DC.) Mattos (purple
trumpet tree - bark), Anadenanthera colubrina
(Vell.) Brenan (angico - bark), and Copaifera
langsdorffii Desf. (copaiba — oil) (data obtained
in the present study).

Therefore, according to Filizola and Sampaio
(2015), barks, oils, gums, and resins are
suggested to be extracted from the branches
of species that accept pruning or, if pruning is
not possible, the recommendation is to collect a
small and vertical bark fragment in relation to the
stem (i.e., the incision should always be longer
than wider), using a healing agent immediately
after collection. This healing can be performed
with beeswayx, clay, mineral oils, and resins from
other trees. In that regard, the study conducted by
Filizola and Sampaio (2015) is recommended for
information about good management practices
(FILIZOLA; SAMPAIO, 2015).

The excessive collection of fruits, seeds,
and flowers/inflorescences is also harmful to
the population since it negatively influences the
recruiting of new individuals (AQUINO et al.,
2008), e.g., in Hymenaea stigonocarpa Mart. ex
Hayne (jatoba) for fruits, Pterodon emarginatus
Vogel (sucupira), in Dipteryx alata Vogel (baru)
for seeds, and in Achyrocline satureioides
(Lam.) DC. (macela do campo) for inflorescences
(data obtained in the present study). Therefore,
collecting only 25 % of the seed production
is recommended for each parent plant to
maintain the species in nature (MEDEIROS;
NOGUEIRA, 2006). Also, the partial collection
of inflorescences and fruits should be performed
in order to maintain the sexual propagation of
the species of interest as well as other ecological
processes, e.g., feeding of the wild fauna, which
is often the dispersing agent of plant species
(AQUINO et al., 2008).
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The interviewees cited 95 medicinal plant
species in Luziania (GO) (TABLE 2). Since it is
a city consisting mainly of houses with small
backyards, medicinal knowledge is conveniently
maintained in the city, as already observed
by Pradeiczuk et al. (2017) and Sousa et al.
(2020). Furthermore, the population of Luziania
is considerably traditional in its habits since it
is a colonial city dating from the 18th century
(IBGE, 2017). The high number of species
cited in Luziania was similar to the observed in
Ouro Verde de Goids, with 98 species (SILVA;
PROENCA, 2008), Alto Paraiso de Goias, with
103 species (SOUZA; FELFILI, 2006), and Jatai,
where 112 species were mentioned (SOUZA
et al., 2016).

Among the cited species, 42.11 % are
native to Brazil and 57.89 % are exotic, with no
statistical difference between the origin of the
species (3?2 = 0.405; p > 0.05), highlighting the
richness of local knowledge with regard to both
Brazilian and exotic species. Our results differed
from those found by Souza & Felfili (2006) in
the community of Alto Paraiso de Goias, which
predominantly used the native biodiversity since
69 % of the cited species were Brazilian. On
the other hand, the results were similar to those
found by Silva and Proenca (2008) since the
exotic species grown in backyards stood out in
absolute numbers in Ouro Verde (GO), similar to
Luziania. However, that difference did not imply
a statistical difference in the present survey.

The 95 medicinal plant species in the city
of Luzidnia were classified into 37 botanical
families, with 36 in the Phylum Anthophyta
(Angiosperms) and 1 in the Phylum Monilophyta.
Among the 10 most representative families,
Lamiaceae, Asteraceae, and Fabaceae were
the most cited, with 16, 14, and 10 species,
respectively (TABLE. 2). These families are often
mentioned in ethnobotanical studies (GUARIM-
NETO; MORAIS, 2003; OLIVEIRA; LUCENA,
2015; SOUSA et al., 2020) since they comprise

a large number of species and favor colonization
and cultivation (SOUZA et al., 2016). In the
family Lamiaceae, the 16 species cited were
exotic to Brazil. In Asteraceae, 8 were native and
6 were exotic. In Fabaceae, 9 were native and
1 was exotic. Therefore, the results highlight the
importance of the European (ex: mint, lavender,
rosemary) and African flora (e.g., boldo and
lemongrass) for Brazilian ethnobotany, especially
with regard to the introduction of Lamiaceae
species, and the potential of the Brazilian flora
for bioprospecting medicinal active ingredients,
mainly the families Asteraceae and Fabaceae.

The predominance of the family Lamiaceae,
the most cited in Luziania, was confirmed to
the genus level since the following taxa were
mentioned more than once for the genus
category: Mentha L. (Lamiaceae), with four
species, and Ocimum L. and Plectranthus
L’Hér. (Lamiaceae), with three species each. The
results also contained indications of Alliaceae,
Amaranthaceae, Myrtaceae, and Rutaceae in the
ten most recorded families (TABLE 2): Allium L.
(Alliaceae), with three species, and Alternanthera
Forssk. (Amaranthaceae), Syzygium Gaertn.
(Myrtaceae), and Citrus L. (Rutaceae), with two
species each.

The exotic medicinal species were the most
used by the population of Luziania (Central-
West Region of Brazil), both in the urban and
rural areas (TABLE 3), despite the eventual
use of many native species. Mint (hortela) and
lemongrass (capim-santo): 22 citations; boldo:
20 citations; lemon balm (erva-cidreira): 18
citations; aloe (babosa): 18 citations; mastruz:
13 citations; and rosemary (alecrim): 12 citations
were also among the most cited plants in the city
of Sobradinho, in the Federal District (Central-
West Region) (SOUSA et al., 2020). Mint: 21
citations; lemon balm: 20 citations; and aloe:
17 citations were also the most cited plants in
the city of Abaetetuba, in Para (North Region)
(GONCALVES; LUCAS, 2017). Boldo: 24
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Table 2 — Medicinal plant species cited by the inhabitants of Luziania (Goias) and shown in ascending alphabetical

order per family

Medicinal plant species Common name Family Habit Origin
Sambucus australis Cham. & Schitdl. sabugueiro Adoxaceae shrub native
Allium sativum L. alho Alliaceae herb exotic

Allium fistulosum L. cebolinha Alliaceae herb exotic

Allium cepa L. cebola Alliaceae herb exotic
Alternanthera brasiliana (L.) Kuntze terramicina  Amaranthaceae subshrub native
Alternanthera philoxeroides (Mart.) Griseb. dipirona Amaranthaceae subshrub native
Dysphania ambrosioides (L.) Mosyakin & Clemants mastruz Amaranthaceae herb native
Myracrodruon urundeuva Allemao aroeira Anacardiaceae tree native
Anethum graveolens L. endro Apiaceae herb exotic
Foeniculum vulgare Mill. erva doce Apiaceae herb exotic
Pimpinella anisum L. erva doce Apiaceae herb exotic
Petroselinum crispum (Mill.) Fuss salsinha Apiaceae herb exotic
Aloe vera (L.) Burm. f. babosa Asphodelaceae herb exotic
Solidago chilensis Meyen arnica Asteraceae subshrub  native
Cynara scolymus L. alcachofra Asteraceae herb exotic

Vernonia polyanthes (Spreng.) Less. assa peixe Asteraceae shrub native
Chamomilla recutita (L.) Rauschert camomila Asteraceae herb exotic
Baccharis crispa Spreng. carqueja Asteraceae subshrub native

Stevia rebaudiana (Bertoni) Bertoni estévia Asteraceae herb native
Helianthus annus L. girassol Asteraceae herb exotic

Mikania glomerata Spreng. guaco Asteraceae climber  native
Artemisia absinthium L. losha Asteraceae subshrub  exotic
Achyrocline satureioides (Lam.) DC. macela Asteraceae herb native
Egletes viscosa (L.) Less. macela Asteraceae subshrub native
Ageratum conyzoides L. mentraste Asteraceae herb native
Achillea millefolium L. mil folhas Asteraceae herb exotic

Bidens pilosa L. picao Asteraceae herb exotic
Handroanthus impetiginosus (Mart. ex DC.) Mattos ipé roxo Bignoniaceae tree native
Bixa orellana L. urucum Bixaceae tree native

Nasturtium officinale R. Br. agriao Brassicaceae herb exotic
Protium heptaphyllum (Aubl.) Marchand amescla Burseraceae tree native
Monteverdia truncata (Nees) Biral folha santa Celastraceae tree native
Calophyllum brasiliense Cambess. mangue Clusiaceae tree native
Costus spicatus (Jacq.) Sw. cana do brejo Costaceae herb exotic
Diospyrus kaki L.f. caqui Ebenaceae tree exotic

Croton antisyphiliticus Mart. pé-de-perdiz  Euphorbiaceae tree native
Euphorbia tirucalli L. avelés Euphorbiaceae shrub exotic
Equisetum giganteum L. cavalinha Equisetaceae  subshrub native
Amburana cearensis (Allemao) A.C.Sm. imburana Fabaceae tree native
Anadenanthera colubrina (Vell.) Brenam. angico Fabaceae tree native
Copaifera langsdorffii Desf. copaiba Fabaceae tree native
Dipteryx alata Vog. barl Fabaceae tree native
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Medicinal plant species Common name Family Habit Origin
Hymenaea stigonocarpa Mart. ex Hayne jatoba Fabaceae tree native
Myroxylon peruiferum L.F. balsamo Fabaceae tree native
Pterodon emarginatus Vogel sucupira Fabaceae tree native

Senna occidentalis (L.) Link fedegoso Fabaceae subshrub native
Stryphnodendron adstringens (Mart.) Coville barbatimao Fabaceae tree native
Tamarindus indica L. tamarindo Fabaceae tree exotic
Lavandula angustifolia Mill. alfazema Lamiaceae herb exotic
Melissa officinalis L. erva-cidreira Lamiaceae subshrub  exotic

Mentha arvensis L. hortela Lamiaceae herb exotic

Mentha pulegium L. poejo Lamiaceae herb exotic

Mentha X villosa Huds. hortela Lamiaceae herb exotic

Mentha spicata L. alevante Lamiaceae herb exotic

Ocimum carnosum (Spreng.) Link & Otto ex Benth. alfavaca Lamiaceae subshrub  exotic
Ocimum basilicum L. manjeirao Lamiaceae herb exotic

Ocimum gratissimum L. alfavaca Lamiaceae subshrub  exotic
Origanum vulgare L. manjerona Lamiaceae subshrub  exotic
Plectranthus amboinicus (Lour.) Spreng. m?é\iﬁodo Lamiaceae subshrub  exotic
Plectranthus barbatus Andrews boldo Lamiaceae subshrub  exotic
Plectranthus grandis (Cramer) R. Willemse boldo Lamiaceae subshrub  exotic
Rosmarinus officinalis L. alecrim Lamiaceae subshrub  exotic

Salvia officinalis L. salvia Lamiaceae herb exotic

Tetradenia riparia (Hochst.) Codd mirra Lamiaceae shrub exotic
Cinnamomum zeylanicum Blume canela Lauraceae tree exotic
Laurus nobilis L. louro Lauraceae tree exotic

Persea americana Mill. abacate Lauraceae tree exotic

Linum usitatissimum L. linhaca Linaceae herb exotic

Punica granatum L. roma Lythraceae shrub exotic

Malpighia emarginata DC. acerola Malpighiaceae tree exotic
Abelmoschus esculentus (L.) Moench quiabo Malvaceae shrub exotic
Cochlospermum regium (Mart. ex Schrank) Pilg. alcgjgdczonzggo Malvaceae shrub native
Gossypium hirsutum L. algodao Malvaceae shrub exotic

Hibiscus sabdariffa L. hibisco Malvaceae subshrub  native
Waltheria communis A.St.-Hil. ddoéj gdn'qnp%a Malvaceae herb native
Dorstenia cayapia Vell. carapia Moraceae herb native
Eucalyptus globulus Labill. eucalipto Myrtaceae tree exotic
Psidium guajava L. goiaba Myrtaceae tree exotic

Syzygium aromaticum (L.) Merr. & L.M. Perry cravo Myrtaceae tree exotic
Syzygium cumini (L.) Skeels jambolao Myrtaceae tree exotic
Phyllanthus niruri L. quebra pedra Phyllanthaceae herb native

Plantago major L. trancagem Plantaginaceae herb exotic
Cymbopogon citratus (DC.) Stapf capim-santo Poaceae herb exotic
Polygonum hydropiperoides Michx. erva de bicho  Polygonaceae herb native
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Medicinal plant species Common name Family Habit Origin

Rubus sellowii Cham. & Schtdl. amora Rosaceae tree native

Morinda citrifolia L. noni Rubiaceae tree exotic

Uncaria guianensis (Aubl.) J.F. Gmel. unha de gato Rubiaceae shrub native

Citrus aurantium L. laranja Rutaceae tree exotic

Citrus limon (L.) Burm. f. limao Rutaceae tree exotic

Ruta graveolens L. arruda Rutaceae subshrub  exotic

Camellia sinensis (L.) Kuntze cha preto Theaceae shrub exotic

Lippia alba (Mill.) N. E. Br. erva-cidreira Verbenaceae  subshrub native

Cissus verticillata (L.) Nicolson & C. E. Jarvis insulina Vitaceae climber  native

Zingiber officinale Roscoe gengibre Zingiberaceae herb exotic

Curcuma longa L. acafrao Zingiberaceae herb exotic

Source: Elaborated by the authors (2021).
Table 3 — The most cited medicinal plant species by the inhabitants of Luziania (GO)
The 10 most cited medicinal plants Urban Rural Urban + Rural Occurrence

Lippia alba (lemon balm) 11 8 19 native
Mentha arvensis (mint) 13 6 19 exotic
Dysphania ambrosioides (mastruz) 13 3 16 native
Plectranthus barbatus and P. grandis (boldo) 9 6 15 exotic
Rosmarinus officinalis (rosemary) 11 2 13 exotic
Aloe vera (aloe) 7 5 12 exotic
Cymbopogon citratus (lemongrass) 5 7 12 exotic
Ocimum carnosum (alfavaca) 2 6 8 exotic
Gossypium hirsutum (upland cotton) 8 2 10 exotic
Foeniculum vulgare (common fennel) 5 4 9 exotic
Mentha pulegium (pennyroyal) 5 4 9 exotic

Source: Elaborated by the authors (2021).

citations; mint: 14 citations, and common fennel
(erva-doce): 11 citations were also largely cited
in the city of Ascurra, in Santa Catarina (South
Region) (ZENI et al., 2012). Furthermore, mint,
boldo, common fennel, lemongrass, rosemary,
and pennyroyal (poejo) had the highest relative
frequency values in the city of Ouro Preto, in
Minas Gerais (Southeast Region) (MESSIAS
et al.,2015). Therefore, there is a common
everyday use of the same medicinal plant species
in different regions of Brazil.

Herbs were the predominant type of
medicinal plant cited (TABLE 4) since they are
traditionally grown in backyards. This type of

grown habit comprises several easily managed
herbs that occupy small species, as observed by
Zeni et al. (2017). Furthermore, among the 10
most-cited medicinal species (TABLE 3), six were
herbs: common fennel, mastruz, lemongrass,
mint, pennyroyal, and aloe. Trees were also
widely mentioned since many were exotic fruit
species grown in domestic backyards (avocado,
West Indian Cherry, persimmon, orange, and
lemon) (LORENZI; MATOS, 2011), in addition
to larger native trees collected in the Cerrado
(angico, diesel tree, barbatimao, baru, jatoba,
purple trumpet tree, and pink trumpet tree)
(FLORA DO BRASIL 2020, 2021).
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Table 4 — Growth habits observed in the medicinal
plant species mentioned by the population of Luziania
(Goias)

Habit Percentage of the habit type
Herb 35.79 %
Tree 30.53 %
Subshrub 20.00 %
Shrub 11.58 %
Climber 2.11 %

Source: Elaborated by the authors (2021).

According to the interviewees, several of
the native tree species used in Luziania were
mainly collected from nature, highlighting the
importance of cultivating medicinal tree species
of the Cerrado and providing training courses to
(1) teach sustainable extraction methods and (2)
share forms of cultivating and using medicinal
plants native to the Cerrado by the population
of Luziania.

The main symptoms treated using medicinal
plants in Luziania (TABLE 5) were those
considered less severe or quick diseases, e.g.,
cold and digestive problems (FIGUEREDO et al.,
2014). Allied to those health problems, other
symptoms were also cited: insomnia, stress,
and respiratory problems (asthma, bronchitis,
and cough). Cold symptoms and digestive and
respiratory problems are usually treated in the
domestic environment, as already reported in
other surveys conducted in several regions of
Brazil (ALMEIDA; ALBUQUERQUE, 2002;
PILLA et al., 2006; ZENI et al., 2017; SOUSA
et al., 2020), unlike the ethnobotanical survey
conducted in the islands of the Sao Francisco
River (PE and BA), in which intestinal infections,
diarrhea, and worms were the most common
problems treated with medicinal plants (PIO
et al., 2019).

Finally, the socio-economic profile of
connoisseurs of medicinal plants in Luziania
(most with low education levels, several retirees,
and homemakers) corroborates the wide use of

Table 5 — Main use indications for medicinal plants
in Luziania (Goias)

Use indications Percentage of the use

indication
Cold 16.2 %
Indigestion 15.49 %
Stress and insomnia 12.44 %
Respiratory problems 8.22 %
Sore throat 493 %
e mieon 469
External wounds 3.76 %

Source: Elaborated by the authors (2021).

medicinal species to treat common diseases
since this is a less expensive treatment than
purchasing pharmaceutical drugs (FIGUEREDO,
2013). Therefore, this study demonstrated
the social importance of this ethnobotanical
knowledge in treating common diseases.

Final considerations

The present study demonstrated the
importance and tradition of medicinal plants
used by the population of Luziania (GO) as both
urban and rural inhabitants were connoisseurs
of medicinal plants, especially women, people
with less formal education, and homemakers or
retirees. These results are probably related to
the fact that family care is a traditionally female
activity, and Luziania is a city whose population
has low education levels, and treatment
with medicinal plants is less expensive than
purchasing pharmaceutical drugs.

Furthermore, most inhabitants cultivated
medicinal plants in their backyards, which
is directly related to the type of plant used,
predominantly species of easy maintenance and
small size. The inhabitants of Luziania also knew
several native medicinal species even though
they used more exotic species to treat symptoms
and health improvement, e.g., lemongrass, mint,
mastruz, and boldo. Finally, the frequent use of
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medicinal species to treat the most common
health problems, e.g., colds, digestive problems,
stress, and insomnia highlights the social
importance of ethnobotanical knowledge for the
population of Luziania.
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Abstract

The objective of this paper is to assess the changes in soil physical and chemical properties resulting from the conversion
of native forest to pasture and pasture to secondary forest in the state of Santa Catarina, Brazil. Seven forest—pasture
successional stages were identified using aerial photographs and satellite images acquired in 1957, 1978, and 2008.
Successional stages were coded as FFF, FPF, PFF, PPF, FPP, FFP, and PPP, where the first, second, and third letters refer to
the land uses (P, pasture; F, forest) practiced in 1957, 1978, and 2008, respectively. Soil samples were collected by layer
at depths of 0-10, 10-20, 20-40, 40-60, 60-80, and 80-100 cm. Clay contents, soil bulk density (D,), macroporosity
(MP), microporosity (mP), pH, Aluminum (Al), cation exchange capacity (CEC), calcium (Ca), potassium (K), phosphorus
(P), total organic carbon (TOC) content, carbon stock, and 8'3C abundance were quantified. Conversion of forest to pasture
increased soil B, K, Ca, D,, and mP; and reduced MPF, TOC content, and carbon stocks. The largest carbon stocks occurred in
sites occupied by forests but previously used as pastures. Forest and pasture age influenced §'3C values, resulting in different
isotopic signatures for different sites, confirming the transition from C, to C, plants. In 50-year-old pastures, about 66 % of
soil TOC is still derived from the primary forest biomass.

Keywords: Carbon stocks. Soil use conversion. '3C natural abundance. Soil fertility.

Introduction properties is one of the major processes leading
to the loss of soil structural quality and increased
water erosion. In view of its importance for the
sustainability of agricultural systems, soil physical
quality needs to be closely monitored. Each soil-
health goal requires a different set of parameters
to be monitored, compared with reference states

when appropriate and managed (LEHMANN

Alterations in ecological systems previously
in equilibrium, such as the replacement of native
vegetation by pasture or the succession from
meadow to secondary forest, imply changes in
soil properties. Such changes are influenced by
several factors, including climate, soil type, crop
cultivation, and land management practices.

Because soil chemical, physical, and biological
properties may vary greatly, soils under native
vegetation are commonly used as a reference
in the study of local soil quality. And the soil
quality assessment should specify the functions
and ecosystem services (BURGI et al., 2017;
BUNEMANN et al., 2018).

Soil’s physical and chemical properties are
important indicators of changes resulting from
land conversion. Degradation of soil physical

et al., 2020; ALAWAMY et al., 2022).

Several studies have assessed soil chemical
properties to identify which types of land use have
the least impact on the environment. It is expected
that changes in land use and management or
application of agricultural waste will affect carbon
(C) stocks in soil, but their effects are limited
(TORU et al., 2019; ALAWAMY et al., 2022).
There is a limit to C saturation and loss in soil,
as losses or gains occur until the system achieves
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C stock stabilization. That is, soil carbon stocks
depend on the inputs and outputs of C in the soil.
(DIGNAC et al., 2017).

Natural isotopic tracers can be used to
better understand the complexity of landscape
transformations. For instance, !'3C natural
abundance measurements can reveal the origins
of soil organic C and the plant material from
which is derived (BALLESDENT et al., 1987;
VOLK et al., 2018). 13C variations can be used
to examine the effects of time on the structure
of anthropic ecosystems (SENA-SOUZA et al.,
2019; SMITH; CHALK, 2021).

Isotopic analyses have also been used to
study organic matter cycling in the medium
term in tropical regions where forests (C,
photosynthetic cycle) have been replaced by
crops (C, photosynthetic cycle) (MACHADO
etal.,2019; LIMA et al., 2020). Compared with
C, plants, C, plants discriminate less between
C isotopes and are more enriched in '3C; as a
result, 5!3C values range from —6 to —19%o
(mean of —13%o) in C, plants and from —20 to
—34%. (mean of —27%.) in C, plants (SMITH;
CHALK, 2021). C isotope ratios were used to
study changes in soil caused by alterations in the
Amazon forest cover (SILVA et al., 2021).

Based on the above considerations, this
paper aimed to assess the changes in soil
physical and chemical properties resulting from
the conversion of native forest to pasture and
pasture to secondary forest in Santa Catarina
state, Brazil.

Material and methods

This study was conducted in an area
of 25,824.83 ha located in the Camboril
River Basin (between geographic coordinates
26°57'15" and 27°9'20"S and 48°33'30" and
48°48'45"W), in the municipalities of Camboriu
and Balneério Camboril, coastal region of Santa
Catarina, Brazil (FIGURE 1). The local climate is

humid subtropical with hot summers (Cfa in the
Kdppen system). The area belongs to the Dense
Ombrophilous Forest region, Submontane Forest
Formation, with a vegetation cover characterized
by a large number of plant species that develop
in four distinct strata (SANTA CATARINA, 1986).
The dominant soils in the region are Acrisols,
Cambisols, and Gleysols (WRB, 2015). In the
Brazilian Soil Classification System (EMBRAPA,
2018), the soils are Argissolo Vermelho-Amarelo
Distréfico tipico, Cambissolo Haplico Distrofico
tipico, and Gleissolo Haplico Tb Distréfico
tipico. However, for this study, three areas were
selected, all in the middle third of the slope and
under the same soil class (Acrisol — Argissolo
Vermelho-Amarelo Distréfico tipico), as described
in Dortzbach (2015). The decimal coordinates
and altitude of the collection points are shown
in Table 1.

Changes in land use and cover were
analyzed using georeferenced panchromatic
aerial photographs taken in 1957 and 1978 at
a 1:25,000 scale and orthorectified synoptic
satellite images acquired by QuickBird in 2008
with a spatial resolution of 60 cm. Sites were
represented by polygons generated by vectoring.

Crosstab analysis of thematic images on
consecutive dates was performed using ArcGIS®.
Combinations were performed among all uses
and dates to select the most representative
successional stages. Seven successions related
to forest and pasture use were selected (FFF, FPF,
PFF, PPF, FPP, FFP, and PPP), which together
represented more than 75 % of the changes
in land use during the studied period. Sites
were coded with three letters, where the first,
second, and third letters denote respectively the
land uses practiced in 1957, 1978, and 2008
(FIGURE 2). F represents forest, and P indicates
cattle pasture sites with a mean stocking density
of 1.5 animal units ha=! throughout the year.
FFF represents areas with Submontane Dense
Ombrophilous Forest, either non-degraded or in
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Figure 1. Location of the municipalities of Balneario Camboritl (SC) and Camboriti (SC), and collection points of soils
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Table 1. Location and altitude of collection sites in each of the areas evaluated in Camborit (SC)

Sample Site 1 Site 2 Site 3
FFF Latitude (°) -27,124223 -27,073517 -27,108475
Longitude (°) -48,696132 -48,727235 -48,787928
Altitude (m) 31 44 33
PFF Latitude (°) -27,100626 -27,092556 -27,065794
Longitude (°) -48,713436 -48,699781 -48,718768
Altitude (m) 31 32 33
FPF Latitude (°) -27,094953 -27,070376 -27,070374
Longitude (°) -48,735210 -48,729755 -48,729753
Altitude (m) 79 25 25
FFP Latitude (°) -27,068070 -27,094953 -27,054437
Longitude (°) -48,729538 -48,735210 -48,681542
Altitude (m) 24 79 28
PPF Latitude (°) -27,082313 -27,107025 -27,105217
Longitude (°) -48,733386 -48,773840 -48,770616
Altitude (m) 47 60 109
FPP Latitude (°) -27,067879 -27,069620 -27,105010
Longitude (°) -48,723862 -48,729646 -48,745899
Altitude (m) 25 24 44
PPP Latitude (°) -27,092311 -27,092556 -27,079366
Longitude (°) -48,701035 -48,699781 -48,729220
Altitude (m) 31 32 37

F=forest, P=pasture.
Source: Elaborated by the authors (2021).
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Figure 2. Representation of the composition of the treatments FFF, PFF, FPF, FFP, PPF, FPP and PPP in relation
to time of use of land, > 70 years, 50 years, 25 years, until the year 2013 (year of soil collection)
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Source: Elaborated by the authors (2021).

an advanced stage of regeneration. In other sites
coded with an F, the original forest vegetation was
completely cleared for pasture implementation.

Land use successions were considered as
treatments, mapped, and plotted for identification
in the field. Three sample collection points
(repetitions) were defined for each treatment on
the basis of map observation and interviews with
local residents. In secondary forest sites (FPF,
PFF, and PPF), collections were performed in
areas of intermediate succession (FIGURE 2).

Disturbed and undisturbed soil samples
were collected by layers at depths of 0-10 cm,
10-20 cm, 20-40 cm, 40-60 cm, 60-80 am, and
80-100 cm. Disturbed samples were a composite
of three individual samples for each soil depth.
After collection, samples were identified, packed
in plastic bags, and transported to the laboratory.
Then, samples were air-dried, ground, and passed
through a 2 mm mesh sieve to obtain air-dried fine
earth (ADFE) for analysis. The following chemical
properties were evaluated: pH in water, Ca®*, Mg?*,

K*, P A3+, and cation-exchange capacity (CEC) at
pH 7.0 (TEIXEIRA et al., 2017).

Undisturbed soil samples were collected
using metallic volumetric rings (5 cm height and
6 cm diameter). Soil bulk density, total porosity,
microporosity, macroporosity, and granulometry
(clay fractions) were determined by the pipette
method (TEIXEIRA et al., 2017).

Total organic carbon (TOC) and isotopic
abundance (8'3C) analyses were performed at the
Center for Nuclear Energy in Agriculture (CENA)
of the University of Sao Paulo (USP), Piracicaba,
Brazil. 5!3C values were determined in 300 mg of
ADFE, previously milled and sieved through a 100-
mesh sieve. Measurements were performed with
a precision of 4 decimal places. Then, samples
were packed in tin capsules and subjected to
continuous-flow isotope-ratio mass spectrometry
using a Finnigan Delta Plus mass spectrometer
coupled to Carlo Erba EA 1108 elemental analyzer.
Isotopic results are expressed in relation to the Pee
Dee Belemnite (PDB) standard.
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Organic C stocks were calculated by layer
using the equation proposed by Veldkamp
(1994) (EQUATION 1):

CS=TOCX Dy, XL +10 (1)

at which: CS is the organic C stock (Mg ha=!) in the soil
layer, TOC is the total organic C content (g k=!) in the soil
layer, D, is the soil bulk density (Mg m~3) of the soil layer,
and L is the thickness (cm) of the soil layer.

After calculation, C stocks were corrected
for soil equivalent mass (SISTI et al., 2004),
using FFF soil as a reference. This procedure was
necessary because, after compression, pasture
soil samples, for example, cannot be directly
compared with forest soil samples collected at
the same depth. Correction for soil equivalent
mass is used to minimize the effects of soil use
and management on soil bulk density, according
to Ellert and Bettany (1995).

The percentage of C derived from pasture
(C,) and forest (C) was obtained by calculating
the isotopic dilution, as shown in Equations 2
and 3:

878 + 100

G =5, 2)

Cf == 100 - Cp (3)

at which: & is the 513C value of the soil sample, §_is the §!3C
value of C, plants (—12.4%.), (BALBINOT, 2009), and &,
is the 8'3C value of forest soil.

Means were compared at p < 0.05 by
Tukey’s test. Pearson correlation analysis and
linear regression were performed. Statistical
analyses were conducted using Assistat version
7.7 beta (2011) and Microsoft Excel.

Results and discussion

Clay contents did not differ significantly
between sites (FIGURE 3a), with a tendency to
higher levels in pasture sites. It is probable that
pasture sites were subjected to intense erosion,
facilitated by the land slope. Therefore, coarse

grains were carried off from surface horizons
and fine grains remained in subsurface layers. In
landscape points with greater slope, surface water
runoff is intensified, leading to selective removal
(loss) of clay particles from surface horizons by
erosion, characterizing the specific pedogenetic
process of elutriation, which results in a relative
increase in clay content in depth (KAMPF;
CURI, 2012). In all areas evaluated, there was
a significant increase in the clay content at depth
(Figure 3a), which is due to the pedogenetic
process of Argiluviation, with subsequent
formation of the textural diagnostic horizon B
(KAMPF; CURI, 2012). In all areas of this study,
we have the class of Acrisols (Argissolos).

Soil bulk density varied significantly between
sites and soil depths (FIGURE 3b). At the
0-10 cm depth layer, the bulk density of sites
that were last covered by forest (FFF, PFF, FPF,
and PPF) was significantly lower than that of sites
last covered by pasture (FFP, FFP, PPP). In forest
sites, bulk density ranged from 0.79 Mg m—3
to 0.92 Mg m=3; and in pasture sites, from
1.12Mgm=3 to 1.20 Mg m=3. The higher
density in the latter is likely due to mechanical
pressures from cattle trampling (FIGURE 3b).
Similar results for pasture sites were observed
by Freitas et al. (2012). The authors assessed
the bulk density of orthic Quartzarenic Neosol
under four land uses: native forest, pasture,
agroforest, and cropland (recently converted).
Pasture sites were shown to have the highest
soil bulk density, attributed to long-term grazing
by cattle and horses at a stocking rate of 1.30
animal units ha=!.

Machadoetal. (2019) evaluated the soil bulk
density in three areas of Seasonal Semideciduous
Forest, with different successional stages (initial-
stage forest — ISF, medium-stage forest — MSF,
and advanced stage forest — ASF), located in
areas of the middle third of slopes in Pinheiral
(RJ). The authors found lower values of bulk
density in the ASF area, and these results are
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due to the constant deposition of plant residues
on the soil surface in this area. Prior to the use
of forest, all areas were used for pasture. These
results corroborate those found in the present
study, in which 25 years of forest cover following
pastureland use (FPF and FFP) led to reductions
in soil bulk density.

At the 10-20 cm depth layer, differences
between pasture and forest sites became less
evident. The highest bulk density was observed
in PPP. which differed from the other sites,
except PFF. PPP had the highest bulk density
at all depths, but no differences were observed
between sites in the 80-100 cm depth layer.

The lower values of soil bulk density in the
Forest areas are due to the fact that this area
is in good edaphic conditions, with greater
biological diversity, and higher content of
organic matter, which is characterized as one
of the factors responsible for maintaining the
physical conditions of the soil, and which also
has more influence on the reversal of the state
of soil compaction. The higher values of soil
bulk soil for the surface layers of pasture areas
are a consequence of animal traffic, poor soil
management due to overgrazing, and other forms
of pressure, which favored greater compaction
(Santos et al., 2020).

There is a progressive increase in soil bulk
density values with increasing depth for all areas
evaluated (FIGURE 3b). This pattern was also
observed for clay values (FIGURE 3a), which
suggests that this increase in soil bulk density
may be associated with the soil type (Acrisol),
which presents a block structure in the subsurface
horizons, and an increase in the clay content due
to the clay translocation process. This usually
causes higher soil density values. As reported
by Padua et al. (2015), the eluviation of clay
particles and the presence of a block or prismatic
structure tend to favor the highest values of soil
bulk density at depth. And this is due to the
lower macroporosity, under similar texture and

mineralogy conditions. These results corroborate
the highest values of the micro/macroporosity
ratio in areas with pasture (3d).

The total porosity of surface layers
(FIGURE 3c) at all sites was in accordance
with the considered ideal for most crops, i.e.,
above 50 %. According to Camargo and Alleoni
(1997), for most non-irrigated crops, soils
should ideally have a pore volume of 50 %, of
which, at field capacity, 33.5 % is occupied
by water and 16.5 % by air. The higher total
porosity observed in FFF is probably due to the
environmental balance made possible by the lack
of anthropogenic disturbances. In addition, the
contribution of soil organic matter and biological
activity in the soil aggregation process is added,
as reported by Machado et al. (2019) and Toru
et al. (2019).

FFF had a higher macroporosity than FPP and
PPP in surface layers, although the differences
were not significant (FIGURE 3d). All values were
higher than the minimum required for good air
and water flow, 0.10 dm3® dm=3 (HILLEL, 1998).
Pore volume to microporosity was higher than
macroporosity (FIGURE 3e). Clay soils tend to
have a predominance of micropores, whereas
sandy soils have a predominance of macropores
(BRADY; WEIL, 2013). In the surface layer,
the micropore volume of PPP and FFP was
significantly lower than that of other sites. In the
deepest layers, the highest values were found in
FPP (FIGURE 3e).

Microporosity/macroporosity ratios indicated
that, in most sites, soil conditions were adequate
for agricultural crops; that is, the ratio was close
to 2:1 (BRADY; WEIL, 2013). PPF, FPP, and PPP
had less favorable soil properties, particularly
in the deepest layers (FIGURE 3f). According
to Kiehl (1979), under ideal conditions, two-
thirds of the pore volume should be formed by
micropores and one-third by macropores.

The results show that the conversion of forest
to pasture had negative effects on soil’s physical
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Figure 3. Values of the physical properties of the soil at depths of 0-10 cm, 10-20 cm, 20-40 cm, 40-60, 60-
80 and 80-100 cm, in treatments FFF, PFF, FPF, FFP, PPF, FPP and PPP
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Source: Elaborated by the authors (2021).

properties. The reduction in macroporosity and
total porosity and increase in microporosity
and soil density can alter the flow of water and
nutrients in the soil, affecting crop development
and erosion processes. In addition to the effect of
converting the forest to pasture, the increase in
microporosity and soil density, with a consequent
decrease in macroporosity and total pore volume,
may also be related to the increase in clay content
at depth (FIGURE 3a), due to the eluviation
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process. It is also due to the decrease in organic
carbon contents at depth (FIGURE 5a), which
causes a decrease in biological activity.

Soil chemical properties varied greatly
between sites because of the differences in soil
management systems. For instance, pasture
sites are fertilized and limed. Nevertheless, the
changes in soil properties resulting from land-use
conversion were evident.
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Soil pH was higher on the surface horizon
of FFP and FPP than of sites last covered by
forest (FIGURE 4a). This result can be attributed
to lime application, used to increase pasture
productivity. Secondary forest sites converted
from pasture (PFF, FPF, PPF) and FFF had
similar pH levels, indicating that, with time and
without anthropogenic activity, soil pH levels
decrease and tend toward levels found in non-
degraded soils. The differences in pH between
sites became less prominent in deeper layers.
Below the 60 cm depth, no differences were
found between pasture and forest sites.

Soils with high pH also had low Al levels,
although no significant differences were found
between sites (FIGURE 4b). In surface layers,
Al content was highest in FFF and lowest in FFP
and FPP. In general, Al levels increased with
depth, surpassing 4 mol_dm~3, a concentration
that is toxic to plants.

Cation exchange capacity (CEC) levels had
similar behavior to pH levels: values were higher
in surface layers and decreased with depth,
except for the PPP site (FIGURE 4e). This result
may be related to the presence of organic matter,
as the highest total organic carbon (TOC) values
are found in the surface layer, with a consequent
decrease in-depth (FIGURE 5a). Ca levels were
much higher in FPP, followed by PPF and PPP,
than in FFF and PFF (FIGURE 4c). The high levels
of Ca in pasture sites were due to the application
of lime, a major source of Ca. The highest levels
were found in the 0-10 cm depth layer in all sites.

All sites had higher K levels than FFF,
resulting from soil fertilization. This shows that
K is persistent in soil, as, even in sites with more
than 50 years of secondary forest cover (PFF), the
levels of K were much higher than those in FFF
(FIGURE 4d). However, significant differences
between FFF and PPP and FPF were only
observed in the 0—-10 cm depth layer. Overall,
K levels did not differ significantly with depth.

The highest P level was found in the surface
layer of PPP (FIGURE 4f), which differed
significantly from other sites. Low values were
observed in secondary forest sites with a
history of pastureland use (PFF, FPF, PPF), but
P contents were higher than that in FFF. Even
after long periods of land abandonment and the
establishment of secondary vegetation, P levels
did not decrease to levels found in sites without
anthropogenic disturbances (FFF), although
differences were not significant.

The PPP area stands out from the others
in relation to the highest levels of P and K in
the surface layer of the soil (FIGURES 4d; 4f).
In addition to the effect of fertilization, forage
grasses are efficient in cycling nutrients, as
well as favoring soil aggregation, which favors
soil fertility. Added to these factors, there is
the deposition of bovine feces and urine on the
surface of the pasture soil, which also favors the
contribution of P and K (ZIN BATTISTI et al.,
2018). The higher values of CEC in the PPP
site in depth are due to the high values of Al
(FIGURE 4b).

Sites differed in TOC content only in the
surface layer. The highest values were observed in
PFF, FFF, and PPF (FIGURE 5a), demonstrating
that forest cover increased organic matter
deposition, except in FPF, which had lower TOC
contents. The results for PFF and PPF suggest
that regeneration for more than 25 years can
favor TOC recovery after deforestation. However,
TOC recovery was not observed in FPF, in which
pasture was maintained for 25 years, followed
by secondary forest development. It is possible
to assume that FPF sites had low natural fertility
or another impediment, which consequently
affected pasture crop productivity and organic
matter input, leading to land abandonment.

Other studies have shown that TOC content
is higher in forest sites than in pasture sites
(Cardoso et al., 2010; Machado et al., 2019),
as the organic matter input is higher in the
former. The highest levels of TOC in PFF and
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Figure 4. Values of the chemical properties of the soil at depths of 0-10, 10-20, 20-40, 40-60, 60-80 and 80-
100 cm, in treatments FFF, PFF, FPF, FFP, PPF, FPP and PPP. 4a. pH; 4b. Aluminum (cmol_dm=); 4c. Calcium
(cmol_ dm=); 4d. Potassium (mg dm?); 4e. cation exchange capacity — CEC (cmol_dm=); 4f. Phosphorus
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Source: Elaborated by the authors (2021).

PPF indicate that, as a function of the forest
succession time, there is an increase in the
C, which can be attributed to the structural
complexity of the vegetation, mainly in terms
of density and basal area, which in turn may
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influence the deposition and accumulation of litter
(Machado et al., 2019). However, contradictory
results are found in the literature with regard to
soil C stocks in forest and pasture, because this
parameter depends on the initial C stock and the
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soil management strategies adopted in pasture matter deposition has a higher effect on TOC
systems. The results of this study do not agree content in surface layers.

with those of Guo and Gifford (2002), who found
that the conversion of forest to pasture increased
C stocks by 8 %. Alves et al. (2008) argued that
the TOC content of pasture soil may be close to
or even higher than that of forest soil, mainly in
surface layers. C stocks generally increase with
depth in forest soil.

The conversion of natural systems to
cropland alters soil C dynamics, generally
resulting in decreased C stocks. In surface
horizons, FFF, PFF, and FPF differed significantly
from other sites (FIGURE 6). C stocks were
higher in the 0-10 cm depth layer (18.97-
30.31 Mg C ha™!) than in deeper layers, in

The low TOC content observed in pasture accordance to the fact that organic matter is
sites is likely due to soil degradation and lack of deposited at higher concentrations on the soil
adequate management. According to Carvalho surface. In the 10 — 20 cm depth layer, C stocks
et al. (2011) and LAPIG (2021), in Brazil, more decreased by up to 25 % (in FFF) in relation
than half of the pastures used for livestock grazing to the levels of C on the surface horizon, and
are at some stage of degradation, resulting in low significant differences were observed between
production of plant biomass and organic waste and, PFF (24.71 Mg C ha=!) and FFP and FPP.
consequently, TOC contents. Conant et al. (2001), No differences between sites were observed
in an extensive review of the literature comprising in the 50-60 cm depth layer. In the deepest
more than 100 studies conducted in 17 countries, layer (60-80 cm), FFF, FPF, and PPF differed
reported the importance of soil management significantly from PFF, PPP, and FFP. In 80-
strategies aimed at carbon buildup in pasture sites. 100 cm depth soil, C stocks were higher in PFF
The authors concluded that fertilization and the (154 Mg C ha=!) than in FFF (148 Mg C ha™!),
use of adequate animal stocking rates can increase and the lowest C stocks were observed in FFP
C sequestration by up to 0.3 Mg C ha~! year~!. (112 Mg C ha').

In general, TOC content was lower in FFF had the lowest 8'3C values, varying
deeper horizons, as the organic matter input is from —28.35%0c in the 0-10cm depth
normally greater in surface layers (FIGURE 5a). layer to —26.20%o0 in the 60-80 cm depth
In 50-100 cm depth layers, no differences were layer (FIGURE 5b). This result indicates a
observed between sites, showing that organic predominance of C, plants (FIGURE 4f).

Figure 5 — Values of the carbon (g kg, 5a) and natural abundance of 6'3C (%o, 5b)
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Figure 6. Soil carbon stocks (Mg C ha!) for the treatments FFF, PFF, FPF, FFP, PPF, FPP and PPP at different depths
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Source: Elaborated by the authors (2021).

Similar findings were reported for Atlantic
Forest sites (MACHADO et al., 2019) and other
Brazilian biomes (LOSS et al., 2014; PEREIRA
et al., 2020).

313C became enriched with depth in all
sites, corroborating literature data. According to
Ballesdent et al. (1987) and Smith and Chalk
(2021), the enrichment of 8'3C with depth is due
to the following factors: microbial decomposition
of organic substrates may involve a normal
isotope effect; thus, microbial products may
become more enriched in 8'3C than substrates;
the 513C of plants and organisms may have inter-
and intramolecular variations; global and local
climatic variations may modify 8'3C over time;
and humification increases soil organic matter
313C values.

In sites other than the native forest, soil
organic matter was composed of two types of
residues of plant material, that of C, plants (—21
to —35 %) and that of C, plants (=9 to —17 %).
When comparing the '3C values of FFF and PPP,
it is possible to observe the influence of land use
on the predominant vegetation. §!3C values were
much higher in PPF, covered by C, plants, than
in FFF, covered by C, plants. Differences between

sites were more expressive in the surface layer
(8.36 %) but remained detectable up to the 80—
100 cm depth layer (2.19 %). In the site used
for pasture for more than 50 years (PPP), 48 %
of the C content in the surface horizon, 60 % in
the 10-20 cm depth layer, and up to 84 % in
the deepest layer originated from previous forest
cover (TABLE 2).

In PFF, FPF, and FFP, all of which had a
short history of pastureland use, no significant
differences in C composition were observed
in any depth. No differences were observed
in 8!3C signature between PFF, covered by
secondary forests for the past 50 years, and
FPF, covered by secondary forest for the past
25 years (TABLE 2). These results indicate
that a 25-year period of pasture interspersed
with periods of forest cover is not sufficient
to afford significant differences in the 5!3C
signature, mainly because of the presence of
native forest C. The storage of C in soil may
be due to the low rate of C loss observed in
forest remnants, the physical characteristics of
soil (texture and structure), and the low rate
of soil organic matter decomposition resulting
from low microbial activity. Therefore, only long
periods of pastureland use promote significant
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Table 2 — Percentage of C from forest (F) and pasture (P) at different depths

Depth FFF PFF FPF FFP PPF FPP PPP
F P F P F P F P F P F P F P

CM mmmmmmmmmmmmmmmsommoooooooooooooiooeooe R R R LR LR R
0-10 100 O 97 3 95 5 88 12 91 9 66 34 48 B2
10-20 100 O 98 2 97 3 90 10 83 17 73 27 60 40
20-40 100 O 99 1 96 4 95 5 85 15 80 20 73 27
40-60 100 O 98 2 93 7 95 5 87 13 83 17 80 20
60-80 100 O 96 4 94 6 93 7 93 7 86 14 83 17
80-100 100 O 94 6 92 8 92 8 90 10 86 14 84 16

Source: Elaborated by the authors (2021).

differences in the 83C of soil organic matter,
especially if periods of pasture are interposed
between long periods of forest cover. In such
cases, the isotopic signature will reflect values
from old C, plants, C, plants, and new C, plants.

Stable Cisotope analysis of soil is animportant
tool for the detection of C isotopes from different
systems, such as forest and pasture (TARRE
et al., 200; PEREIRA et al., 2020). However,
pasture age is not solely responsible for changes
in 8'3C values; soil management techniques,
predominant vegetation, and environmental
characteristics must also be considered.

Conclusions

Forest conversion to pasture increased soil
P K, and Ca levels, pH, soil bulk density, and
microporosity, while decreasing macroporosity
and soil C stocks. After more than 50 years of
pasture use, 48 % of the TOC content in the soil
surface layer is still derived from the original
forest vegetation.
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Resumo

As areas verdes urbanas produzem beneficios como reducao da poluigéo do ar, amenizagéo climatica, diminuicdo da agéo
dos ventos, minimizacdo da poluigao sonora, abrigo para a fauna e aumento da captacéo e infiltragdo de agua no solo.
Este trabalho foi executado com o objetivo de realizar o levantamento floristico, a diversidade e a caracterizacdo quanto
ao habito, a dispersdo e a origem das espécies existentes em quatro pracas do municipio de Campestre, Minas Gerais.
Desta forma, foi realizado o levantamento floristico e de aspectos ecoldgicos das arvores e arbustos em quatro areas verdes
urbanas do municipio. Todos os individuos arbéreos e arbustivos foram marcados e identificados. Cada espécie identificada
foi classificada segundo o habito, a dispersao e a origem. No total, foram registrados 313 individuos arbéreos, arbustivos e
palmeiras, distribuidos em 73 espécies, 62 géneros e 30 familias botanicas. Considerando todas as pracas, a diversidade
de Shannon foi de 3,72 e o coeficiente de equabilidade de Pielou foi 0,87. Valores menores de diversidade e equabilidade
foram observados para as pragas isoladamente. Verificou-se maior riqueza e nimero de individuos de espécies nativas
comparadas as exoticas. O ipé-amarelo (Handroanthus serratifolius) foi a Unica espécie presente em todas as pragas
estudadas. A sassafras (Ocotea odorifera) e o pau-brasil (Paubrasilia echinata) sao espécies ameagadas de extincao e pouco
representadas. As formas de dispersao mais representadas foram a zoocoria e a anemocoria.

Palavras-chave: Arborizagao urbana. Ecologia Urbana. Paisagismo. Plantas ornamentais. Floristica.

Introducao Hoje, porém, as cidades ainda possuem
poucos espacos verdes. No Brasil, a populacéo
urbana de, aproximadamente, 180.000.000
habitantes somada ao crescimento desordenado
provocado pelo éxodo rural nas décadas de
50 e 60 e continuado nas décadas seguintes
transformaram as cidades em grandes blocos

de concreto, com perda da qualidade de vida

A arborizacao urbana é uma ciéncia, algumas
vezes tratada como arte, que trabalha o manejo
de arvores, incluindo aspectos econdmicos,
fisiol6gicos, sociais e estéticos, visando ao
bem-estar da populagao urbana, refletindo em
melhoria da qualidade de vida (ELIAS, 2020).

Em um contexto global, com a revolugdo
industrial do século XVIII, iniciou-se o acelerado
e desordenado crescimento urbano, levando ao
reconhecimento da importancia dos espacos
verdes e do bom uso do espago publico sobre
a qualidade de vida da populacao urbana. O
marco para a arborizacao urbana foi a reforma
urbana de Paris no século XIX que serviu como
exemplo para as outras cidades do mundo de
como realizar intervencdo urbana e planejamento
de arborizacao (ARAUJO, 2020).

oriunda da degradacao ambiental de seus espagos
publicos. Sendo assim, promover a adequada
gestao socioambiental e o desenvolvimento
sustentavel dos espacos urbanos tornou-se
desafio urgente no Brasil (BORGES et al., 2020).

De acordo com Buckeridge (2015), as
arvores existentes nas areas verdes urbanas
podem diminuir a incidéncia de luz sobre o
solo em até 90 %, regular o fluxo de agua entre
solo e atmosfera via transpiragao e, com a
evaporacgao de agua a partir de superficies livres,
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formar fluxos atmosféricos de umidade por meio
dos quais o vapor de agua se desloca de uma
regiao para a outra melhorando o microclima e
proporcionando melhores condicdes ambientais
para a populacao.

A qualidade ambiental em areas urbanas
esta conectada a qualidade de vida, uma vez que
é impossivel promover melhorias em uma sem
que a outra também melhore. A preocupacao
do contato das pessoas com areas verdes em
cidades vem ganhando forga a partir do conceito
de sustentabilidade, que vai além do aspecto
econémico, priorizando o uso racional dos
recursos naturais e, quando possivel, a busca
de maneiras de recompd-los. A tematica do
verde e sua recomposicao aparecem nas Leis
de Parcelamento do Solo Urbano, nas quais é
previsto um espaco para area verde no perimetro
urbano, mas que muitas vezes sao confundidas
com a criacao de jardins ou areas livres. Ademais,
em alguns planos diretores sao definidas areas de
protecao ambiental ou taxa de permeabilidade,
mas que nunca sao garantias de criagao de areas
verdes (ROCHA, 2019).

Areas urbanas desprovidas de edificacoes
qgue mantenham seus recursos paisagisticos
e ecologicos preservados oferecem local de
recreacao e convivio social, pois, normalmente,
sao espacos pertencentes ao poder publico com
acesso irrestrito para a populacao, onde podem
ser realizadas atividades individuais ou em grupo.
Como éarea de lazer, oferecem oportunidade de
bem-estar fisico e mental além de realizacoes
de atividades civicas ao agregarem ao ambiente
urbano melhores condigdes de funcionalidade,
salubridade e sociabilidade (MENEZES, 2019).

Segundo Vidal et al. (2020), pessoas que
possuem acessibilidade e proximidade a espacos
verdes e contato com a natureza apresentam
melhora na satde mental (reducao do estresse e
dos sintomas de depressao, melhora do humor

etc.) quando comparadas a grupos nao expostos
a essas areas, fato que é amplificado quando
0 espago é construido de maneira satisfatoria,
permitindo a realizacao de diversas atividades.
Sendo assim, este trabalho foi executado com o
objetivo de realizar o levantamento floristico, a
diversidade e a caracterizacao quanto ao habito,
a dispersdo e a origem das espécies existentes
em quatro pragas do municipio de Campestre
(MG), fornecendo informacbes que possam
subsidiar a gestdo adequada dessas areas verdes
urbanas da regiao.

Material e métodos
Area de estudo

O municipio de Campestre esta situado
no sul de Minas Gerais, latitude 21°42'40" S
e longitude 46°14'47" W, altitude variando de
1.076 m a 1.300 m e &rea de 578,7 km2. A
regiao integra o dominio da Floresta Estacional
Semidecidua, dentro do bioma Mata Atlantica
(IBGE, 2004). A temperatura média anual
do municipio é de 19,1 °C; a média mensal
maxima, de 21,4 °C; a média mensal minima,
de 15,9 °C, o indice pluviométrico médio anual,
de 1.730 mm (CLIMATE-DATA.ORG, 2018).

O estudo foi realizado em quatro Areas Verdes
Urbanas (Pragas) da cidade, sendo elas: Praga
Delfim Moreira (21°42'39,4"S/46°14'51,47"W,;
1.075 m de altitude e 6.200 m? de é&rea),
Praca Brasil (21°42'42,4"S/46°14’44,27"W,;
1.081 m de altitude e 1.600 m? de é&rea),
Praca Nossa Senhora Aparecida (21°42'51,4"S/
46°14'27,17"W; 1.112 mdealtitudee 1.100 m?
de area) e, por ultimo, Praca Ana Simao Zenum
(21°42'48,91"S/46°14'26,19"W; 1.113 m de
altitude e 980 m? de area), conforme pode ser
observado na Figura 1. Todas as pracas estao
situadas no bairro Centro e sao utilizadas pela
comunidade como espaco de lazer.
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Figura 1. Localizacao das Areas Verdes Urbanas no municipio de Campestre, sul de Minas Gerais.
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Legendas: A. Praga Delfim Moreira; B. Praca Brasil; C. Praca Ana Simao Zenum e D. Praga Nossa Senhora Aparecida.
Fonte: Elaborado pelos autores com uso de imagens do Google Earth e Google Maps de junho de 2017.

Levantamento floristico e informacodes
ecoldgicas das espécies

Todos os individuos arbdéreos e arbustivos
foram marcados e identificados. Foi adotado
o sistema de classificacao de plantas APG IV
(2016). Para a identificagao taxon6mica foram
utilizadas literaturas especializadas e consultas
a herbarios on-line. As sinonimias botanicas
foram atualizadas de acordo com o site da Flora
do Brasil 2020 do Jardim Boténico do Rio de
Janeiro (FLORA DO BRASIL 2020, 2021).

Para anélise da diversidade das areas verdes
urbanas estudadas foram calculados para cada
area o Indice de Diversidade de Shannon (H’)
(BROWER; ZAR, 1984) e o Coeficiente de
Equabilidade de Pielou (J) (PIELOU, 1975), que
medem a proporcao da diversidade observada
em relagcao a maxima diversidade esperada.

As espécies foram classificadas quanto i) ao
desenvolvimento; ii) a sindrome de dispersao e iii)
a origem. Para tanto, foram utilizadas literaturas
especializadas, como o site da Flora do Brasil
2020 (2021), Lorenzi (2002 a, b) e observagao
de estruturas reprodutivas (frutos e sementes)
presentes nos individuos amostrados durante

a realizagao do estudo. Foram considerados
os tipos de desenvolvimento arvore, arbusto e
palmeira registrados em Vidal e Vidal (2000).

Em relagdo as sindromes de dispersao,
foram considerados os tipos descritos por Vidal
e Vidal (2000), que sao: anemocoria (dispersao
pelo vento), autocoria (dispersao pela deiscéncia
explosiva do fruto), barocoria (dispersao pela
forca que a gravidade exerce sobre o fruto ou
semente) e zoocoria (dispersao por animais).

Resultados e discussao

No total, foram registrados 313 individuos
arbéreos, arbustivos e palmeiras, distribuidos
em 73 espécies, 62 géneros e 30 familias
botanicas (TABELA 1). Cinco espécies sao
pertencentes ao grupo das Gymnospermae:
os ciprestes (Chamaecyparis lawsoniana, C.
pisifera, Cupressus sempervirens), o sagu-de-
jardim (Cycas revoluta) e o pinheiro-budista
(Podocarpus macrophyllus).

Quanto a andlise da diversidade da
arborizagdo das pragas estudadas (TABELA 2),
a diversidade de Shannon (H’) foi de 3,72 e a
equabilidade de Pielou (J'), de 0,87. Entre as
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Tabela 1. Lista das espécies e familias botanicas contendo informagdes ecoldgicas (habito, disperséo e origem)
das espécies amostradas nas Areas Verdes Urbanas (Pragas) do municipio de Campestre, Minas Gerais.
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FAMILIA / Espécie Nome popular Des Disp Origem Pracas
ANACARDIACEAE 1 2 3 4
Astronium fraxinifolium Schot gongaleiro Arv  Ane Brasil 1 2
Lithraea molleoides (Vell.) Engl. aroeira-branca Arv  Zoo Brasil 1
Mangifera indica L. mangueira Arv  Zoo Asia 2
Schinus molle L. chorao Arv  Zoo Brasil 12 1
Tapirira guianensis Aubl. pau-pombo  Arv  Zoo Brasil 1
ANNONACEAE
Annona cacans Warm. aratlcym- Arv Baro Brasil 1

cagao / Zoo
APOCYNACEAE
Nerium oleander L. espirradeira  Arb  Ane Mediterraneo 6
ARALIACEAE
Didymopanax morototoni (Aubl.) Decne. morototd A 700 Brasil 5
& Planch.
ARECACEAE
Archontophoenix cunninghamiana .
(H.Wendl.) H.Wendl. & Drude dude  Pal Zoo Austalia 8 1
Dypsis decaryi (Jum.) Beentje & J. palmeira Africa e

. Pal Zoo 2
Dransf. triangular Madagascar
Dypsis lutescens (H.Wendl.) Beentje & areca-bambu  Pal  Ane Madagascar 13 1
J.Dransf.

almeira- Caribe,
Roystonea oleracea (Jacq.) O.F.Cook P : Pal Zoo Venezuela e 2 6

imperial .

Col6bmbia
Syagrus romanzoffiana (Cham.) jeriva Pal 700 Brasil 11 5 1
Glassman
Washingtonia robusta H.Wendl. washingténia Pal Zoo Estados’ L_lmdos 3
e México
ASPARAGACEAE
Dracaena arborea (Willd.) Link dracena Arb  Zoo Africa 4 4
BIGNONIACEAE
Handroanthus albus (Cham.) Mattos ipé-amarelo  Arv  Ane Brasil 1
Handroanthus chrysotrichus (Mart. ex - .
DC.) Mattos ipé amarelo  Arv  Ane Brasil 18 3 12
Handroanthus impetiginosus (Mart. ex A .
DC.) Mattos ipé-rosa Arv  Ane Brasil 7
Handroanthus serratifolius (Vahl) ipt-amarelo  Arv  Ane Brasil 1 2 2 o
S.Grose
Jacaranda cuspidifolia Mart. caroba Arv  Ane Brasil 3 2 2
Tabebuia roseoalba (Ridl.) Sandwith ipé-branco  Arv  Ane Brasil 2
Tecoma stans (L.) Juss. ex Kunth ipé-mirim Arb  Ane Americas . 1
(exceto Brasil)

Zeyheria tuberculosa (Vell.) Bureau ex bolsa-de- Av Ane Brasil 1
Verl. pastor
COMBRETACEAE
Terminalia catappa L. amendoeira  Arv  Zoo Asia 2 4
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CUPRESSACEAE

ggzmaecy paris lawsoniana (A. Murr.) cipreste Arv  Zoo Estados Unidos 1

Chamaecyparis pisifera (Siebold & . -

Zuce.) Endl. cipreste Arv  Zoo Japao 2

Cupressus sempervirens L. cipreste Arv  Zoo MedltAe;rizneo €

CYCADACEAE

Cycas revoluta Thunb. sagu-de-jardim Arb Zoo JapaoeChina 1 2

ERYTHROXYLACEAE

Erythroxylum deciduum A.St.-Hil. cocao Arv  Zoo Brasil 2

EUPHORBIACEAE

/:/r(;hornea triplinervia (Spreng.) Miill. tamanqueiro Arv  Zoo Brasil 1

LAURACEAE

Ocotea odorifera (Vell.) Rohwer sassafras Arv  Zoo Brasil 1

LEGUMINOSAE

Bauhinia variegata L. pata-de-vaca Arv Auto india 4

Paubrasilia echinata (Lam.) Gagnon, . .

H.C.Lima & G.PLewis pau-brasil Arv  Auto Brasil 1

Cenostigma pluviosum var. Auto

peltophoroides (Benth.) Gagnon & sibipiruna Arv Brasil 14

X / Ane

G.PLewis

Cassia fistula L. cassia-imperial Arv  Ane india

CBiifrv]i;o/ob/um tomentosum Guillem. ex araribé A Ane Brasil 1

Delonix regia (Bojer ex Hook.) Raf. flamboyant  Arv /A;:)g Madagascar 1

Inga edulis Mart. ingad-de-metro  Arv  Zoo Brasil 1

Lonchocarpus cultratus (Vell.) —_ .

AM.G Azevedo & H.C.Lima falso-timbé  Arv  Auto Brasil 11 1

Machaerium villosum Vogel jacaranda-do- - ppe Brasil 1

campo

Peltophorum dubium (Spreng.) Taub. canafistula  Arv /A:;% Brasil 12 1
. . Auto .

Schizolobium parahyba (Vell.) Blake guapuruvu Arv / Ane Brasil

LYTHRACEAE

Lagerstroemia speciosa (L.) Pers. reseda-gigante Arv  Ane China e india 2 2

MALVACEAE

Ceiba speciosa (A.St.-Hil.) Ravenna paineira-rosa  Arv  Ane Brasil 1

Dombeya wallichii (Lindl.) Baill. astrapéia Arv Ane  Mediterraneo 1

Pachira aquatica Aubl. castanheira  Arv  Zoo Guianas 2

MELASTOMATACEAE

Pleroma granulosum (Desr.) D.Don quaresmeira  Arv  Ane Brasil 10 3

MELIACEAE

Azadirachta indica A.Juss. neem Arv  Zoo Asiatica 1

Cedrela fissilis Vell. cedro Arv  Ane Brasil 2

!
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MORACEAE
Ficus benjamina L. figueira- ' 766 india e Filipinas 4
benjamina
Ficus enormis Mart. ex Miq. gameleira Arv  Zoo Brasil, Parggual 1
e Argentina
MYRTACEAE
Callistemon salignus (Sm.) Colv. ex escova-de- Austrélia e
Sweet garrafa Arv - Ane Oceania 4
Eugenia sp. - Arv  Zoo Brasil 1
Eugenia sp. 1 - Arb  Zoo Brasil 1 10
Eugenia uniflora L. pitanga Arv  Zoo Brasil 2
Melaleuca leucadendra (L.) L. melaleuca Arv  Ane Australia 3
Myrcia sp. - Arb  Zoo Brasil 1
Myrciaria sp. - Arb  Zoo Brasil 1
Myrciaria sp. 1 - Arv  Zoo Brasil 1
-, . o América do Sul
Psidium guajava L. goiabeira Arv  Zoo e Central 1
Syzygium cumini (L.) Skeels jameléao Arv  Zoo india 1
Syzygium jambos (L.) Alston jambo-amarelo Arv  Zoo india e Maldsia 1
OLEACEAE
Ligustrum lucidum W.T.Aiton alfeneiro Arv  Zoo AS|~a, Chma/,_ 2 1
Japao e Coréia
PITTOSPORACEAE
Pittosporum undulatum Vent. pau-incenso  Arv  Zoo Austrélia 12 1 1
PODOCARPACEAE
Podocarpus macrophyllus (Thunb.) pinh(_airo— A Zoo  Japéo e China 1
Sweet budista
POLYGONACEAE
Triplaris gardneriana Wedd. pau-formiga  Arv  Ane Brasil 1
PRIMULACEAE
Myrsine umbellata Mart. capororocdo  Arv  Zoo Américado Sul 1
ROSACEAE
Eriobotrya japonica (Thunb.) Lindl. néspera Arv  Zoo  China e Japao 2 2
RUBIACEAE
Palicourea rigida Kunth bate-caixa Arb  Zoo Brasil 3
RUTACEAE
Citrus sinensis (L.) Osbeck laranja-doce  Arv  Zoo Asia e China
Zanthoxylum sp. - Arv  Zoo Brasil
SALICACEAE
Casearia sylvestris Sw. guacatonga  Arv  Zoo Brasil 1
SAPINDACEAE
Cupania sp. - Arv  Zoo Brasil 1 1
Total de Arvores por Praca 189 45 29 50

Legendas: Des = Desenvolvimento; Disp = Dispersao; Arv = Arboéreo; Arb = Arbustivo; Pal = Palmeira; Ane =
Anemocorica; Auto = Autocdrica; Baro = Barocérica; Zoo = Zoocérica; 1 = Praga Delfim Moreira; 2 = Praca
Brasil; 3 = Praca Nossa Senhora Aparecida e 4 = Praga Ana Simao Zenum.

Fonte: Elaborada pelos autores (2021).
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pracas, a maior diversidade foi registrada na Praca
Delfim Moreira (H'=3,47) e a menor na Praca
Nossa Senhora Aparecida (H'=1,72). A baixa
diversidade observada na Praca Nossa Senhora
Aparecida é determinada pela baixa riqueza
de espécies e pela concentracao de individuos
em uma Unica espécie, no caso a sibipiruna
(Cenostigma pluviosum var. peltophoroides),
que possui 14 dos 29 individuos da pracga,
reduzindo o valor observado da equabilidade de
Pielou (0,75). A maior diversidade foi registrada
na praga com maior area (Praga Delfim Moreira)
e a menor diversidade, na menor praca (Praca
Nossa Senhora Aparecida) (TABELA 2),
indicando existir relagao entre a area da praca e
a diversidade de espécies.

Cabral et al. (2020), ao estudar a arborizagao
urbana de Diamantina/MG, registraram
diversidade de Shannon de 3,70, concluindo que
a arborizagao da cidade possui boa diversidade
floristica e alta frequéncia de espécies nativas,
sendo esses aspectos recomendados para
arborizagao urbana. Em Gurupi (TO), Santos
etal. (2013) encontraram H' = 2,37 nas pragas
centrais da cidade, muito em funcao da alta
densidade de uma Unica espécie, a sibipiruna,
que apresentava cerca de 40 % dos individuos.
Essa diversidade observada em Gurupi (TO) é
bem proxima da observada nas Pracas Brasil e
Ana Simao Zanum (TABELA 2). Por outro lado,
Almeida e Rondon Neto (2010) encontraram para
areas verdes urbanas de municipios do norte de

Mato Grosso baixos valores de diversidade, entre
1,17 (municipio de Carlinda) e 1,76 (municipio
de Alta Floresta), valores proximos do observado
no presente estudo na Praca Nossa Senhora
Aparecida (TABELA 2).

No geral, as familias de maior riqueza de
espécies foram: Leguminosae e Myrtaceae (11
espécies, cada), Bignoniaceae (8), Arecaceae
(6) e Anacardiaceae (5), representando 55 %
de toda a riqueza amostrada (TABELA 1). No
estudo de Eisenlohr et al. (2008), realizado
no campus da Universidade Federal de Vigosa,
Leguminosae foi registrada como a familia de
maior riqueza especifica. De acordo com Azevedo
et al. (2007), a familia Leguminosae sempre é
encontrada na arborizacao urbana devido aos
seus beneficios, sendo que o principal beneficio
é a fixacao do nitrogénio do ar que é assimilado
pelos vegetais, isto devido a associacao dessas
plantas com os microrganismos fixadores de
nitrogénio. Por outro lado, Lombardi e Morais
(2003), em um estudo realizado na Universidade
Federal de Minas Gerais, registraram as familias
Bignoniaceae (13 espécies) e Myrtaceae (11
espécies) como as mais diversas.

Na Praga Delfim Moreira (Praca 1), foram
registradas 53 espécies entre arvores, arbustos
e palmeiras e um total de 189 individuos. As
espécies com maior nimero de individuos
foram: chordo (Schinus molle) (12 individuos),
palmeira-areca (Dypsis lutescens) (13), ipé-
amarelo (Handroanthus chrysotrichus) (18),

Tabela 2. indices floristicos e de diversidade das Areas Verdes Urbanas do municipio de Campestre, Minas Gerais.

Areas Verdes Urbanas A S N H’ J

Praca Delfim Moreira 5.520 53 189 3,47 0,87
Praca Brasil 1.550 20 45 2,82 0,94
Praca Nossa Senhora Aparecida 975 10 29 1,72 0,75
Praca Ana Simao Zenum 1.255 19 50 2,48 0,84
Total - 73 313 3,72 0,87

Legendas: A = Areaemm? S = Riqueza de espécies; N = NUmero de arvores; H' = indice de diversidade de

Shannon e J' = Coeficiente de equabilidade de Pielou.
Fonte: Elaborada pelos autores (2021).
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cassia-amarela (Peltophorum dubium) (12),
pau-incenso (Pittosporum undulatum) (12)
(TABELA 1; TABELA 2).

Na Praca Brasil (Praca 2), foram registradas
20 espécies, totalizando 45 individuos
(TABELA 1; TABELA 2). A espécie com maior
nimero de individuos é a palmeira-imperial
(Roystonea oleracea) com seis. Essa espécie teve
seu primeiro individuo plantado no Brasil pelo
Principe Regente Dom Joao VI em 1809, dai a
origem do nome popular de palmeira imperial,
sendo também icone do Jardim Botanico do Rio
de Janeiro (NEPOMUCENO, 2008).

Na Praca Nossa Senhora Aparecida
(Praca 3), foi registrada baixa riqueza em relagdo
as outras pragas, provavelmente devido as
suas reduzidas dimensoOes. Nessa praga, foram
registradas 10 espécies de arvores, totalizando
29 individuos (TABELA 1; TABELA 2). A espécie
mais abundante & a sibipiruna (C. p/uviosum var.
peltophoroides) com 14 individuos. Em uma
pesquisa realizada no Cerrado Goiano, Ferreira
e Herrman (2016) mostraram que essa espécie
tem enorme influéncia no microclima do entorno,
uma vez que é arbérea pioneira, possuindo copa
com alta densidade, entre outras caracteristicas
que proporcionam grande sombreamento.
Essas caracteristicas em conjunto atenuam as
variaveis ambientais, proporcionando maior
conforto térmico.

Na Praca Ana Simdo Zenum (Praga 4),
foram registradas 19 espécies agrupadas em 50
individuos (TABELA 1; TABELA 2). A espécie
com maior densidade foi o ipé-amarelo (H.
chrysotrichus) (12 individuos). H. chrysotrichus
é planta nativa do Brasil e esta relacionada com o
comércio de exploracao de madeira para produgao
de mobilia de alta qualidade e até mesmo
artigos de esporte, podendo ser encontrada em
outras localidades do pais em diferentes estados
(ANDRADE, 2015). O outro ipé-amarelo (H.
serratifolius) foi a Unica espécie presente nas
quatro areas verdes urbanas estudadas.

Das 73 espécies amostradas, 31 (42 %)
sao exoéticas enquanto 42 (58 %) sao nativas.
Dos 313 individuos amostrados, 119 (38 %)
sao de espécies exdticas e os outros 194
(62 %) individuos pertencem a espécies
nativas (FIGURA 2). As espécies exoticas
mais abundantes (14 individuos cada) sao a
palmeira-areca (D. /utescens) e 0 pau-incenso
(P undulatum) enquanto as nativas mais
abundantes foram o coco-babao (Syagrus
romanzoffiana) (16 individuos), ipé-amarelo (H.
chrysotrichus) (33) e a sibipiruna (C. pluviosum
var. peltophoroides) (19) (TABELA 1).

Em estudo realizado por Dantas e Souza
(2004), conduzido em Campina Grande (PB),
foram registradas mais espécies exoticas
(51,2 %) do que nativas (48,8 %) e menos

Figura 2. Porcentagem de espécies e de individuos nativos e exéticos das plantas amostradas nas Areas Verdes

Urbanas do municipio de Campestre, Minas Gerais.

"', Exética
Nativas | 42%

58%

Espécies

Fonte: Elaborado pelos autores (2021).

Nativos

\'. Exoticos
| 38%

62%



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

individuos de espécies nativas (32,8 %) do
que exéticas (67,2 %). Em estudo realizado
por Albertin et al. (2011) em Nova Esperanca
(PR), os autores registraram 75 espécies
diferentes na arborizagao viaria e afirmaram
que, quando comparado com outras cidades
do mesmo porte, a cidade de Nova Esperanca
possui consideravel riqueza de espécies em
suas areas verdes urbanas. Biondi e Lima Neto
(2011) relataram que na arborizacao urbana da
maioria das cidades brasileiras foi verificado que
as espécies exdticas representam, geralmente,
70 % das espécies utilizadas, contrariamente ao
recomendado, que é o plantio, preferencial, de
espécies nativas.

O uso de espécies exodticas deve ser evitado
uma vez que a invasao biologica é tida como a
segunda maior causa de perda de biodiversidade
no planeta, dificultando a recuperagao de
ecossistemas naturais, alterando os ciclos
ecolodgicos e promovendo a extincao local de
espécies nativas, causando prejuizos ao ambiente
natural, a economia e a saude (RAI; SINGH,
2020). Assim sendo, as espécies nativas devem
ser usadas em detrimento das exoéticas, pois se
adaptam muito bem aos fatores climaticos e
fisicos da localidade, trazendo beneficios para os
ecossistemas locais (MATOS; QUEIROZ, 2009).
Adicionalmente, Paiva et al. (2010) salientaram
ser recomendavel o uso de espécies nativas para
garantir a manutencao das relacoes ecologicas
coevolutivas e genéticas, entre plantas e animais,
de dispersao de diasporas (podlen, frutos e
sementes) no espaco urbano, bem como para
a conservacgao de material genético autéctone.

Quanto ao desenvolvimento, 226 (72 %)
individuos sao arvores, 53 (17 %) séo palmeiras e
34 (11 %) sao arbustos. No trabalho de Cabreira
e Canto-Dorow (2016), realizado no campus da
Universidade Federal de Santa Maria (UFSM),
foi relatada dominancia das espécies arboreas
(64,1 %), sendo que as arbustivas representaram
35,9 %. Em éareas verdes urbanas, como pragas,

recomenda-se que exista diversidade de plantas,
mas, em canteiros menores do que 1,50 m de
largura, devem-se utilizar palmeiras ou até mesmo
arbustos pois suas raizes profundas e de menor
volume dificilmente irdo causar problemas as
estruturas fisicas desses espacos, como calcadas
e passeios, por exemplo (PIVETTA, 2002).

As espécies pau-brasil (P echinata) e
sassafras (Ocotea odorifera) foram registradas
com apenas um individuo na Praca Delfim
Moreira. Ambas sao espécies ameacadas de
extingdo segundo Lista Oficial das Espécies da
Flora Brasileira Ameagadas de Extincao (MMA,
2008) e, portanto, devem receber cuidados na
manutencao desses individuos, principalmente
na realizagao de podas, além de ser recomendado
o plantio de mais individuos das espécies
visando ao aumento populacional e consequente
aumento da diversidade genética das espécies.
QOutra planta com apenas um representante foi
a aroeira-branca (Lithraea molleoides), que
normalmente é utilizada para o paisagismo de
centros urbanos e jardins, porém seu uso em
arborizacao urbana requer cuidados por possuir
substancias que podem causar reagoes alérgicas
graves (LORENZI, 2002a).

Considerando a sindrome de dispersao,
43 (58,9 %) espécies sao zoocoricas, 22
(30,1 %) sdo anemocoricas, trés (4,1 %) sao
anemocoéricas/autocoricas, trés sdo autocdricas,
uma (1,4 %) é autocdrica/zoocdrica e uma €
bacérica/zoocorica (FIGURA 3A). Quanto aos
individuos, 145 (46,3 %) sdo de espécies
zoocoricas, 116 (37,1 %) de anemocoricas,
33 (10,5 %) de anemocoricas/autocoricas,
17 (5,4 %) de autocoéricas, um (0,3 %) de
autocorica/zoocérica e um de bacérica/zoocérica
(FIGURA 3B).

Quando observada a distribuicao da sindrome
de dispersao entre os individuos amostrados,
cada uma das pragas estudadas possuiam
um ou dois tipos de dispersao predominante.
A Praca Delfim Moreira (FIGURA 4A) possuia
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predominacia de individuos de espécies zoocdricas
(44 %) e anemocoérica (41 %). Na Praca Brasil
(FIGURA 4B), foi observada predominancia
de dispersao zoocérica (67 %) e anemocdrica
(31 %) entre os individuos. A Praca Nossa
Senhora Aparecida (FIGURA 4C) tem predominio
da dispersao anemocérica/autocérica (52 %). Na
Praca Ana Simao Zenun (FIGURA 4D), verificou-
se dominancia da zoocoria e da anemocoria (50 %
e 38 %, respectivamente) entre seus individuos.

Deminicis et al. (2009) afirmaram que a
dispersao das plantas é um fato importante para
o ciclo reprodutivo delas e que essa dispersao
minimiza a predagao préximo aos individuos
adultos, aumentado as chances de novas
germinagdes e também a colonizacao de novos
habitats. De acordo com os autores Oliveira e
Moreira (1992), a anemocoria € normalmente
observada em regides abertas e, em vegetacoes
fechadas, a zoocoria predomina.

Figura 3. Percentual de espécies (A) e de individuos (B) distribuidas entre os tipos de dispersao das plantas
amostrados em areas verdes urbanas no municipio de Campestre, Minas Gerais.

A)

Zoocérica

Anemocoérica
Anemocérica/Autocérica
Autocérica
Barocérica/Zoocérica

Autocérica/Zoocérica

Fonte: Elaborada pelos autores (2021).
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Figura 4. Porcentagem de individuos por tipo de dispersao das arvores, palmeiras e arbustos amostrados na
Praca Delfim Moreira (A), Praca Brasil (B), Praca Nossa Senhora Aparecida (C) e Praca Ana Sim&o Zenun (D)

no municipio de Campestre, Minas Gerais.
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Fonte: Elaborado pelos autores (2021).
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No presente estudo, a dispersao zoocérica
é recorrente em funcgao de existir nessas pragas
arvores frutiferas, como a mangueira (M. indica),
a amendoeira (Terminalia catappa), a laranja-
doce (Citrus sinensis), a goiabeira (Psidium
guajava), a néspera (Eriobotrya japonica), a
pitanga (Eugenia uniflora) e o coco-babao (S.
romanzoffiana), que representam importante
recurso alimentar e de abrigo para a avifauna
urbana que atua como importante agente
dispersor de frutos e sementes (BIAGOLINI;
LOURENGCO, 2018). Oliveira (2013) relatou a
importancia dos animais na dispersao de frutos
e sementes em florestas tropicais onde a zoocoria
¢ predominante, ocorrendo entre 50 % e 75 %
das espécies. Freitas et al. (2015) relataram
importantes servicos ambientais oriundos das
relagdes mutualisticas existentes entre plantas e
animais, como o consumo e a dispersao de frutos
e sementes e a realizagdo da polinizacao.

Muito embora a utilizacao de espécies
frutiferas em arborizacdo urbana seja um
assunto controverso (MATOS; QUEIROZ, 2009),
a possibilidade da oferta de frutos comestiveis
para a populacdo local torna-se elemento
capaz de despertar vinculo de pertencimento e
de cuidado das pessoas para com as plantas,
desde que cuidados minimos no planejamento
sejam tomados, como evitar uso de plantas
que produzam frutos médios e grandes, como a
mangueira (M. indica), e que possam ocasionar
ferimentos em virtude da queda dos frutos,
distanciando essas plantas dos passeios e
calgadas, onde ha maior circulacao de pessoas,
bem como frutos com pigmentos capazes de
provocar manchas em roupas e veiculos, como o
jamelao (Syzygium cumini) (PAIVA et al., 2010).

Consideracoes finais

Foi observada alta diversidade quando
considerada a totalidade das pracas. A
diversidade aumenta com o aumento da area
das pracas.

As espécies nativas possuem maior riqueza e
nimero de individuos se comparado as exdticas.

A zoocoria e a anemocoria foram as
sindromes de dispersao predominantes.

Recomenda-se que outras arvores das espécies
ameacadas de extingao sejam introduzidas nas
demais areas verdes urbanas do municipio e que
sejam realizados plantios de novos individuos de
diferentes espécies nativas nas pracas Brasil, Ana
Simao Zenum e Nossa Senhora Aparecida para
aumento da diversidade de espécies.
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Resumo

A oferta de 4gua com adequada qualidade para fins de irrigacao tem sido cada vez mais escassa, obrigando os produtores
ao uso daquelas restritivas, como as contendo elevadas concentragoes de bicarbonato de célcio, de forte abrangéncia no
Norte de Minas Gerais, 0 que resulta em severos desequilibrios quimicos no solo e nas plantas, reduzindo a longevidade
das exploragdes agricolas consideravelmente. Objetivou-se com o presente trabalho avaliar o crescimento e a producédo de
bananeira Nanica, ao longo de um ciclo produtivo, em resposta a adubacgéo fosfatada a base de superfosfato simples e
fosfato monoamonico (MAP) em solo irrigado com agua calcaria. As doses testadas foram O g, 5g, 10 g, 20 g e 30 g de
P,0, a partir dos fertilizantes superfosfato simples (18 % P,0,) e MAP (48 % P,0,), totalizando nove tratamentos veiculados
a cada trés meses. Utilizou-se na adubacao mensal de sulfato de amoénio e cloreto de potéssio; na adubacéo trimestral, de
acido bérico, sulfato de magnésio, sulfato de zinco, esterco bovino curtido comum a todas as plantas. De acordo com os
resultados obtidos, o adubo superfosfato simples, comparado ao MAP, permitiu maior resposta produtiva da bananeira Nanica
na maioria das doses testadas. Desse modo, o hipotético desequilibrio quimico induzido por irrigagdo com agua de natureza
calcéria e potencializado com adubo superfosfato simples ndo foi observado no primeiro ciclo de cultivo da bananeira Nanica.

Palavras-chave: Musa paradisiaca L. Qualidade de dgua de irrigacdo. Adubacéo fosfatada.

Introducao em razao da baixa precipitacao anual e da alta
taxa de evapotranspiragao, sendo esta cultura a
de maior importancia econémica em perimetros
irrigados da regiao (VIANA et al., 2020). Ainda
na regiao, a bananicultura predomina em
Latossolos, solos naturalmente muito deficientes
em P-disponivel, pois esse elemento tem alta
capacidade de adsorcao, em consequéncia da
acidez e dos elevados teores de Oxido de ferro
e de aluminio presentes nesses solos (SILVA

etal., 2011).

A bananeira (Musa spp.) é uma das fruteiras
mais cultivadas nos paises tropicais e seu fruto
um dos mais consumidos no mundo. O Brasil é
atualmente o quarto maior produtor de bananas
do mundo, com area de 466 mil hectares e
producdo estimada de 6,7 milhdes de toneladas.
E a fruta mais consumida no Brasil e a segunda
mais produzida, perdendo somente para a laranja
(FAOQ, 2020).

A produtividade nacional é muito baixa
comparada com muitos paises produtores,
devido as grandes diferencas tecnoldgicas entre
os estados produtores e o grau de exigéncia dos
consumidores locais (NOMURA et al., 2020). O
Norte de Minas Gerais produz banana irrigada

Quanto a irrigacao, a escassez de agua
de superficie no norte de Minas Gerais levou a
necessidade de explorar dgua proveniente de
pocos tubulares, e essas normalmente dispdem
de altas concentracoes de bicarbonato de calcio,
oriundo de formacoes carsticas no Norte de
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Minas Gerais (VIANA et al., 2020). No entanto,
0 uso de aguas de irrigacao ricas em carbonato
de calcio promove alteragdes nas caracteristicas
quimicas dos solos, com elevacao do pH e dos
teores de célcio, como relatado por Nunes et al.
(2008), o que desencadeia precipitagao do P, pois
ions de H,PO,- formam compostos de baixissima
solubilidade com o Ca (BROGGI, 2004).

A maioria dos fertilizantes fosfatos utilizados
na agricultura nacional é a base de fosfato biacido
de calcio Ca(H,P0O,),, cujas fontes comerciais
mais comuns sao o supefosfato simples e o
superfosfato triplo. Tais fontes de P podem
aumentar o desequilibrio promovido pelo excesso
de calcio. Sabendo ou nao disso, os técnicos da
regiao insistem em recomendar supersimples
ou supertriplo como fonte de P (ALCANTARA
etal., 2021).

Deste modo, faz-se necessario minimizar
as quantidades veiculadas de célcio em
areas irrigadas com agua calcaria. Umas das
alternativas a serem adotadas € a utilizacao
de fosfato de calcio como fonte de fésforo.
Ele € comercialmente conhecido como MAP
(Fosfato monoaménico) e nao possui calcio em
sua formulacao.

Estudos para avaliar os beneficios que
esse fertilizante pode gerar sdao necessarios.
Objetivou-se com este trabalho comparar o efeito
de doses e fontes de adubos fosfatados a base
de superfosfato simples e de MAP ao longo de
um ciclo produtivo de bananeira “Grand Naine”
irrigada com agua de natureza calcéria.

Material e métodos

O experimento foi realizado em 2016, na area
experimental no Instituto Federal de Educacao,
Ciéncia e Tecnologia do Norte de Minas Gerais, no
campus de Januaria, latitude 15°27°S, longitude
44°22"W e altitude de 474 m. Essa regiao esta
sob um clima do tipo Aw, segundo a classificacao
de Koppen (MOREIRA, 1985), e apresenta
temperatura média anual de 27 °C, umidade
relativa de 60 % e precipitagao de 850 mm.

Foi utilizado o delineamento em blocos
casualizados, com 6 repeticoes e 9 tratamentos,
sendo que cada parcela foi constituida de quatros
familias de bananeira Nanica. O solo da éarea
experimental foi um Latossolo Vermelho Amarelo,
cuja caracterizacao fisica e quimica antes da
implantacéo da cultura encontra-se na Tabela 1.

Os tratamentos foram constituidos conforme
os adubos superfosfato simples ou fosfato
monoamonio (MAP), aplicados trimestralmente,
nas doses de 5 g, 10 g, 20 ge 30 gde P,0, Os
tratamentos foram dispostos em delineamento
de blocos casualizados com trés repeticoes, em
um esquema fatorial incompleto pela matriz
experimental Quadrado Duplo. Sendo assim,
foram distribuidos os seguintes tratamentos:
superfosfato simples (18 % P,0,) nas doses
de 27,78 g; 55,67 g; 111,11 g e 166,67 g;
MAP (48 % P,0,) nas doses de 10,42 g;
20,83 g; 41,67 g e 62,50 g e um tratamento
sem adubacao fosfatada. Essas doses foram
utilizadas baseando-se na recomendacao de
Borges e Souza (2004).

Tabela 1. Caracteristicas quimicas e fisicas das amostras coletadas nas camadas de O cm - 20 cm e de 20 cm
- 40 cm de profundidade, antes da implantacdo do experimento. IFNMG, Campus Januaria, MG.

pH MO P K| Cda Mg A H+AI| B Cu Fe Mn  Zn | Areia Silte Argila
dag/kg mg/dm? cmolc/dm? mg/dm? dag/kg

7,43 0,9 976 63 3,1 06 00 0,73|0,2 0,8 20,0 27,6 6,4| 75 15 11

7,47 0,3 319 38|21 04 00 0,74|0,2 1,0 22,1 175 2,1| 74 13 14

Extratore: pH: H,0 (1:2,5); B K, Zn, Mn, Fe e Cu: Mehlich-1x; Ca**,Mg?*:KCl 1 mol L'. H+Al: pH SMP ; M.O

(Matéria Orgéanica): colorimetria.
Fonte: Elaborada pelos autores (2016)



Crescimento e producdo de bananeira nanica em resposta ao superfosfato simples e
fosfato monoamonico aplicados em érea irrigada com agua calcéria

Utilizou-se também, em todas as parcelas,
do sulfato de amobnio (125 g) e do cloreto de
potassio (97 g), aplicados mensalmente; acido
bérico (5 g), sulfato de magnésio (18,75 g),
sulfato de zinco (10 g) e esterco bovino curtido
(5 L), aplicados trimestralmente com o adubo
fosfatado. Todas essas recomendacoes de acordo
com Ribeiro et al. (1999).

Para o plantio, foram utilizadas mudas de
rizomas oriundas de bananeira adulta da cultivar
“Nanica” (AAA) adquiridas de um bananal
comercial localizado na Fazenda Triunfo no
municipio de Pedras de Maria da Cruz (MG). O solo
foi preparado por meio de aragao e gradagem,
e as covas foram abertas com dimensoes de
50 cm x 50 cm x 50 cm, espagando-as em
3,0 m x 2,5 m. No plantio foram utilizadas as
doses de P,0, conforme tratamento, bem como
os adubos sulfato de amonio, cloreto de potassio
e esterco bovino curtido, nas doses anteriormente
indicadas. Utilizou-se de irrigacao localizada
por microaspersao, COm um microaspersor com
vazao de 45 litros de agua por hora, para quatro
plantas, com &gua proveniente de poco artesiano.

O experimento foi realizado no primeiro ciclo
de producao e os dados foram obtidos no momento
do florescimento e da colheita. No florescimento,
entre a emissao da inflorescéncia até a abertura
da terceira bractea, mediu-se a circunferéncia da
planta nas alturas de 30 cm e 130 cm, a altura
da planta, o nimero de folhas verdes, a largura
e o comprimento da terceira folha e a data do
florescimento. Na colheita, mensurou-se a massa
total do cacho, o nimero de pencas, o nimero
de frutos, os frutos na segunda penca (a partir da
insercao do cacho), a massa da segunda penca,
a data da colheita e a amostra fresca da segunda
penca com trés frutos centrais.

A amostra fresca da segunda penca foi seca
a sombra e em seguida desidratada em estufa
de circulagao forcada de ar, a 65 °C até massa
constante (72 horas). Apbs, obtiveram-se as
massas secas dos frutos e de pencas.

Diante da heterogeneidade das variancias,
os dados referentes as variaveis ndmero de
folhas, pencas, frutos na segunda penca e
frutos totais do cacho foram transformados em

X +0,5. Os dados obtidos foram submetidos a
anélise de variancia e de regressao. Os modelos
de regressao foram selecionados com base na
significancia dos coeficientes dos parametros de
regressao até o nivel de 5 % de probabilidade
pelo teste t, com o auxilio do software Sistema de
Analise Estatisticas e Genéticas da Universidade
Federal de Vicosa (SAEG v.9.1).

Resultados e discussao

Todas as caracteristicas estudadas nao
foram influenciadas pela dose de MAP.

O efeito do superfosfato simples (SS) deu-
se de forma quadratica a circunferéncia do
pseudocaule a 130 cm, com maximo estimado
igual a 45,25 cm na dose 21,47 g familia'
trimestre (20,61 kg ha! ano! de P,0,), valor
5,6 % superior ao da testemunha (FIGURA 1).
Na maior dose de SS (30 g familia® trimestre
de P,0,), as bananeiras Grand Naine diminuiram
o crescimento, mas ainda com circunferéncia
do pseudocaule 5 % superior comparado a
testemunha. A partir de doses proximas a 5 g
familia! trimestre! de P,O,, a fonte SS superou
o MAP como principal meio de o P aumentar a
circunferéncia de pseudocaule das bananeiras.

A resposta da circunferéncia do pseudocaule
a 130 cm do solo no primeiro ciclo da bananeira
Grand Naine as doses de P encontra respaldo
em Robinson e Sadco (2010), que informam
que a bananeira absorve a maior parte do P
entre trés meses e nove meses ap6s o plantio e
reduz a absorcao do nutriente em 80 % na fase
reprodutiva. Hoffmann et al. (2010) verificaram
que a plantamae da bananeira ‘Prata Anad’
acumula em torno de 22 kg ha! de P, o qual
é translocado para os demais membros da
“familia”, podendo um percentual de 78 % ser
restituido ao solo por meio dos restos culturais.
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Figura 1 — Circunferéncia do pseudocaule a 130 cm (CPC130) de bananeira Grand Naine irrigada no Norte de
Minas Gerais em funcao das fontes superfosfato simples (SS) e MAP e das doses de P,0,. e ™, significativos a
5 % e 1 % de probabilidade pelo teste t. IFNMG, campus Januéria, MG-2014.
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Fonte: Elaborada pelos autores (2016).

Os sintomas de deficiéncia de P em
bananeira sao incomuns no campo, uma vez
que a planta perde relativamente pouco por
exportacéo pelo cacho (ROBINSON; SAUCO,
2010). Além disso, eles indicam que o nutriente
é facilmente redistribuido para as brotagdes mais
novas da familia ap6s a colheita de cacho na
planta mae.

A circunferéncia do pseudocaule a 30 cm
teve resposta linear positiva ao SS, com valor
maximo igual a 59 cm estimado na dose de
30 g familia* trimestre* de P,0, (FIGURA 2).
Semelhante a caracteristica avaliada a 130 cm,
a partir de doses proximas a 5g familia!
trimestre! de P,0,, a fonte SS superou o MAP
como principal fonte de P ao aumentar a
circunferéncia de pseudocaule das bananeiras a

30 cm.

Melo et al. (2006) nao verificaram resposta
da circunferéncia do pseudocaule a 30 cm do
solo as doses de P, atribuindo tal efeito a elevada
disponibilidade inicial de P, a qual possivelmente
supriu as necessidades da planta durante o
primeiro ciclo mesmo na auséncia de adubacao
fosfatada. Por outro lado, Silva e Rodrigues

(2013), avaliando a adubacao fosfatada em
bananeira “Prata ana” irrigada com agua
calcaria no Norte de Minas Gerais observaram
resposta linear a circunferéncia do pseudocaule
a 30 cm no primeiro ciclo de producao. Silva
et al. (2011) também encontraram resposta
positivas a aplicacao de doses de P em mudas
de bananeira “Prata ana”, com aumento no
diametro do pseudocaule em solos com baixo
teor de P disponivel, variando entre 3,3 mg dm-

e 2,4 mg dm?.

Damatto Junior et al. (2011) relatam a
importancia de altos valores de circunferéncia
do pseudocaule de bananeira para que ela resista
a acao destrutiva dos ventos, principalmente
no periodo de reproducdao no qual a planta
deve sustentar o cacho. Soto Ballestero (2000)
observou correlagao significativa entre a
circunferéncia do pseudocaule e da superficie
foliar e 0 nimero de frutos e de pencas, o que
demonstra a importancia de maior valor de
comprimento ou diametro do pseudocaule a fim
de ganhos mais expressivos de produgao.

A massa seca do terceiro fruto teve resposta
de forma quadratica a adubacao fosfatada,
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Figura 2 — Circunferéncia do pseudocaule a 30 cm de bananeira Grand Naine irrigada no Norte de Minas Gerais
em funcgao das fontes superfosfato simples (SS) e MAP e das doses de P,O,. " e ™, significativos a 5 % e 1 %
de probabilidade pelo teste t. IFNMG, Campus Januéria, MG-2014.
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Fonte: Elaborada pelos autores (2016).

com maxima estimativa igual a 112,56 g
na dose 23,04 g familia! trimestre! de SS
(22,11 kg ha' ano! de P,0,) (FIGURA 3). Em
todas as doses, a massa seca do terceiro fruto foi
superior ao utilizar o adubo SS comparado ao MAP.
Na melhor dose de SS, o incremento produtivo
foi de 11,15 % em relagdo a testemunha.
Resultados diferentes foram encontrados por
Crisostomo et al. (2008), que nao detectaram
efeito significativo da adubacao fosfatada sobre
a producao de bananeira Pacovan, muito embora
existisse influéncia positiva dela sobre os teores
de acucares (redutor e total) e acidez.

A massa fresca total de pencas teve
resposta de modo linear positivo as doses de
SS (FIGURA 4). Na maior dose desta fonte, a
bananeira Grand Naine produziu 22,88 kg de
pencas. As respostas ao SS tornaram-se mais
efetivas, comparado ao MAP, a partir de doses
proximas de 8 g familia* trimestre’* de P,0,. Maia
et al. (2003b) nao obtiveram efeito significativo
da adubacao fosfatada sobre os componentes
da producao e da qualidade de bananeira ‘Prata
ana’ em Jaiba (MG).

O comprimento da terceira folha de bananeira
Grand Naine exibiu resposta linear positiva ao

SS, atingindo 196,99 cm com a aplicagao de
30 kg ha'* ano* de P,0, (FIGURA 5). Em todas
as doses testadas, a fonte SS superou o MAP
como medida de vigor das plantas.

A massa fresca do cacho respondeu de
forma quadratica as doses de P, com méaxima
estimativa igual a 24,29 kg na dose 19,46 g
familia! trimestre* de SS (18,68 kg ha! ano™!
de P,0,) (FIGURA 6). O incremento produtivo
com a referida dose foi de 13 % em relagédo a
testemunha. Melo et al. (2006) nao obtiveram
efeito de doses de P sobre a massa fresca de
cacho de bananeira “Grand Naine”, explicando
isso pela alta concentracao de P extraida do solo
com o extrator P-Resina, 25 mg dm-3. Entretanto,
Silva e Rodrigues (2013), avaliando adubacgéo
fosfatada em bananeira “Prata ana” irrigada
com agua calcaria no Norte de Minas Gerais,
detectaram resposta linear da massa fresca de
cacho no primeiro ciclo de producéo.

O efeito de SS apresentou-se de forma
quadratica sobre o nimero total de frutos por
cacho (FIGURA 7), com a maxima estimativa
igual a 137,2 frutos, na dose 20,03 g familia™
trimestre (19,22 kg ha* ano? de P,0,). Tal
producao foi 9,7 % superior aquela obtida sem
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Figura 3 — Massa seca do terceiro fruto de banana Grand Naine irrigada no Norte de Minas Gerais em funcédo das
fontes superfosfato simples (SS) e MAP e das doses de P,O,. " e ™, significativos a 5 % e 1 % de probabilidade

pelo teste t. IFNMG, Campus Januaria, MG-2014.
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Figura 4 — Massa fresca total de pencas de bananeira Grand Naine irrigada no Norte de Minas Gerais em funcao
das fontes superfosfato simples (SS) e MAP e das doses de P,0,. "e ™, significativos a 5 % e 1 % de probabilidade

pelo teste t. IFNMG, Campus Januaria, MG-2014.

O
e ——-- MAP

244

18+

Matéria fresca total de pencas (kg)

19,83 +0,1015°X  R’=0,7955
20,5

SS Y=
7=

0 5 10

15 20 25 30

Dose de P,0, (g familia™ trimestre™)

Fonte: Elaborada pelos autores (2016)

adubacéo. Silva e Rodrigues (2013) também
obtiveram efeito da adubacéo fosfatada sobre o
ndmero de frutos por cacho no primeiro ciclo de
producdo. No entanto, Maia et al. (2003b) nao
observaram efeito significativo das doses de P,

O nuimero de pencas por cacho teve resposta
linear positiva ao SS (FIGURA 8). Na maior

dose, as plantas produziram 8,65 pencas por
cacho. Silva e Rodrigues (2013), avaliando
adubacao fosfatada em bananeira “Prata anad”
irrigada com agua calcaria no Norte de Minas
Gerais, nao obtiveram resposta significativa ao
numero de pencas no primeiro ciclo de produgao.
Crisostomo et al. (2008) e Maia et al. (2003b)
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Figura 5 — Comprimento de terceira folha de bananeira Grand Naine irrigada no Norte de Minas Gerais em
funcéo das fontes superfosfato simples (SS) e MAP e das doses de P,0,. "e™, significativos a 5 % e 1 % de
probabilidade pelo teste t. IFNMG, Campus Januéria, MG-2014.
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Figura 6. Massa fresca de cacho de bananeira Grand Naine irrigada no Norte de Minas Gerais em fungédo das
fontes superfosfato simples (SS) e MAP e das doses de P,O,. " e ™, significativos a 5 % e 1 % de probabilidade

pelo teste t. IFNMG, Campus Januaria, MG-2014.
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também nao encontraram efeito positivo da
adubacao fosfatada sobre o nimero de pencas
por cacho em bananeiras cv. “Pacovan” e “Prata
ana”, respectivamente.

A largura da terceira folha teve resposta linear
positiva as doses de SS, atingindo méximo valor
igual a 85,58 cm (FIGURA 9). Provavelmente

a participacao do P na divisao celular indicada
por Marschner (1995) explica esse modelo de
resposta. Segundo Moreira (1999), a area foliar
da bananeira esta diretamente relacionada a
massa do cacho e, sendo maior, ela aumenta a
producao de fotoassimilados. Silva e Rodrigues
(2013), avaliando a adubacao fosfatada em
bananeira “Prata Ana” em quatro ciclos de
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Figura 7 — Ndmero de frutos por cacho de bananeira irrigada no Norte de Minas Gerais em fungao das fontes

superfosfato simples (SS) e MAP e das doses de P,O,.

teste t. IFNMG, Campus Januéria, MG-2014.
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Figura 8 — NUmero de pencas de bananeira Grand Naine irrigada no Norte de Minas Gerais em funcao das fontes

superfosfato simples (SS) e MAP e das doses de P,0,.

teste t. IFNMG, campus Januaria, MG-2014.
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producao, nao observaram efeito significativo do
nutriente sobre a largura de folha, fato atribuido
aos teores desse se encontrar na faixa de
suficiéncia nutricional.

As caracteristicas altura de plantas,
nimero de folhas, ciclo do florescimento a

colheita em dias, nimero de frutos da segunda
penca, massa fresca do engaco, massa fresca
da segunda penca, massa fresca do terceiro
fruto da segunda penca, massa seca total de
pencas no primeiro ciclo da bananeira nao
responderam significativamente as doses de
SS, a exemplo de MAP (TABELA 2). A altura
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Figura 9 — Largura de terceira folha de bananeira irrigada no Norte de Minas Gerais em funcdo das fontes
superfosfato simples (SS) e MAP e das doses de P,0,. " e ™, significativos a 5 % e 1 % de probabilidade pelo

teste t. IFNMG, Campus Januéria, MG-2014.
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média das plantas foi de 211 cm e 210 cm
respectivamente ao SS e MAP. Semelhante
efeito foi detectado por Melo et al. (2006) em
bananeira “Grand Naine”. No entanto, Silva e
Rodrigues (2013) constataram resposta linear
dessa caracteristica a adubacao fosfatada
no primeiro ciclo de producao. Silva et al.
(2011) também detectaram resposta positiva
na altura de “Prata ana” ao fornecimento de
P em solos com teores originalmente baixos,
entre 2,4 mg dm3e 3,3 mg dm3.

O nuimero médio de folhas mantidas na
bananeira foi de 15, tanto em resposta ao SS
quanto ao MAP (TABELA 2), valor que é tido
como suficiente para uma producao satisfatéria,
conforme descrito por Rodrigues et al. (2009).
Esses autores concluiram a necessidade de ao
menos 12 folhas para mais pencas e frutos e,
consequentemente, uma maior massa de cachos.
Ao contréario do presente trabalho, Nunes (2008)
obteve resposta linear positiva do nimero de
folhas em resposta as doses de P,

Tabela 2 - Valores médios para altura de plantas, nimero de folhas, ciclo em dias do florescimento a colheita,
ntmero de frutos da segunda penca, massa fresca do engago, massa fresca da segunda penca, matéria fresca
do terceiro fruto e massa seca total de pencas de bananeira “Grand Naine” irrigada no Norte de Minas Gerais
das fontes superfosfato simples (SS) e MAP e das doses de P,0,. IFNMG, campus Januaria, MG-2014.

Variaveis SS MAP
Altura de plantas (cm) Y= 211,07 Y= 209,70
Ntmero de folhas Y= 14,66 Y= 14,50
Ciclo do florescimento-colheita Fruto (dias) Y= 107,08 Y= 107,10
N° de frutos segunda penca Y= 19,5 Y= 19,0
Massa fresca do engaco (kg) Y= 1,64 Y= 1,70
Massa fresca segunda penca (kg) Y= 3,49 Y= 3,50
Massa fresca terceiro fruto (g) Y= 538,71 Y= 534,40
Massa seca total de pencas (kg) Y= 4,14 Y= 4,20

Fonte: Elaborada pelos autores (2016)



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

A massa fresca da segunda penca teve
valor médio similar de 3,49 kg e 3,50 kg em
resposta aos adubos SS e MAP (TABELA 2).
Também o nimero de frutos da segunda penca
nao foi afetado significativamente pelas doses de
adubacao fosfatada, atingindo médias de 19,5
e 19,0 na ordem dos dois adubos. Conforme
relatado por Azevedo (2010), a segunda penca
é referéncia para uma série de caracteristicas na
bananeira. Particularmente para cultivares do tipo
Cavendish, ha relacao bem estabelecida entre
a massa das pencas com a massa da segunda
penca (JARAMILLO, 1982). Maia (2003a)
também nao encontrou efeito significativo de
doses de P em relacao ao nimero de frutos da
segunda penca na bananeira ‘Prata Ana'. Este
autor explicou o fato pelo baixo requerimento de
fosforo pela cultura, sendo de 6,3 g por planta,
excetuando rizoma e raizes, no primeiro ciclo,
evidenciando que uma pequena dose aplicada,
somada ao P-disponivel no solo, j& seria suficiente
para uma producao satisfatoria.

O ciclo do florescimento a colheita foi de
107 dias em média, tanto para SS quanto para
MAP (TABELA 2). Segundo Silva et al. (2002) e
Rodrigues et al. (2006), a duracao do ciclo tem
reflexo no retorno econdmico e além disso uma
menor permanéncia do cacho na planta reduz sua
exposicao a agentes causadores de danos, com
reflexo em menor uso de defensivos agricolas,
melhorando a qualidade bioldgica da producao.

Como ja discutido, também foi hipdtese
deste trabalho que o uso de aguas de irrigacao
ricas em carbonato de calcio poderia promover
alteragdes nas caracteristicas quimicas dos solos
quando adubados com superfosfato simples.
Entretanto, esse efeito nao foi observado no
primeiro ciclo de cultivo da bananeira Nanica.

Conclusao

O adubo superfosfato simples, comparado
ao MAP, permitiu maior resposta produtiva da

bananeira Nanica na maioria das doses testadas.
Assim, o mencionado desequilibrio quimico
de solo e de plantas, induzido por irrigacéao
com agua de natureza calcéria e teoricamente
potencializado com adubo superfosfato simples,
nao foi observado no primeiro ciclo de cultivo da
bananeira Nanica.
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Resumo

A cultura do tomate tem grande importéncia econémica em nivel nacional e mundial. No entanto, seu retorno econdémico esta
associado ao controle de varias doengas. Dentre elas, destaca-se a murcha de Fusarium, causada pelo Fusarium oxysporum f.
sp. lycopersici. Para o controle dessa doenca, geralmente empregam-se produtos biolégicos, que comumente séo fabricados
com isolados antagonistas de Trichoderma sp. Sendo assim, o potencial antagénico do Trichoderma sp. deve ser melhor
estudado para outros fitopatdégenos, ampliando as opcoes de biofungicidas no mercado. Deste modo, objetivou-se com o
presente trabalho testar o potencial antagbnico de diferentes isolados de Trichoderma sobre o crescimento micelial de £
oxysporum f.sp. lycopersici in vitro. Foram testados quatro isolados de Trichoderma spp., sendo trés isolados coletados em
serrapilheira e um isolado comercial (T. asperellum). Os isolados de Trichoderma spp. foram avaliados quanto ao potencial
antagdnico contra F. oxysporum f. sp. lycopersici por meio da técnica de pareamento de culturas. Foram avaliados: o tamanho
médio da colbnia (TC), a porcentagem de inibicao do crescimento micelial (PIC), o indice de velocidade de crescimento
micelial (IVCM) do fitopatégeno e o antagonismo dos isolados de Trichoderma spp. por meio de escala de notas. Todos os
isolados de Trichoderma spp. testados reduziram o crescimento micelial de F. oxysporum f.sp. lycopersici, in vitro.

Palavras-chave: Antagonismo. Murcha de Fusarium. Controle biolégico.

BRASILEIRO DE GEOGRAFIA E ESTATISTICA -
IBGE, 2020).

Introducao

O Brasil é responsavel pela producao

aproximada de 2,2 % de tomate em nivel
mundial, ocupando a 102 posicao no ranking de
principais paises produtores, liderado pela China,
india, Turquia e Estados Unidos da América, que
ocupam as primeiras posicoes, correspondendo
a aproximadamente 34 %, 10 %, 7 % e 6 % da
producao mundial, respectivamente (FOOD AND
AGRICULTURE ORGANIZATION CORPORATE
STATISTICAL DATABASE - FAOSTAT, 2019).

No ano de 2019, o Brasil produziu 3,92
milhoes de toneladas de tomate em uma area de
54,54 mil hectares, sendo os estados de Goias,
Sao Paulo, Minas Gerais e Bahia os principais
produtores, responsaveis por aproximadamente
72 % da producao nacional (INSTITUTO

A cultura do tomate pode ser acometida
por vérias doencas durante o ciclo da cultura.
Os patégenos radiculares estao entre os
mais importantes causadores de problemas
fitossanitarios, uma vez que apresentam
estruturas de resisténcia que asseguram a
sua sobrevivéncia em condicoes desfavoraveis
(WONG; AMBROSIO; SOUZA, 2011).

Entre os patdgenos radiculares estdao os
fungos habitantes do solo que se caracterizam
por sobreviverem durante anos na auséncia de
um hospedeiro susceptivel (LOPES; MICHEREFF,
2018). De acordo com Correia e Michereff (2018),
dentre os fungos habitantes do solo destacam-se
0s causadores de murchas vasculares, tais como
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Fusarium oxysporum, Verticillium albo-atrum e
Verticillium dahliae.

A murcha do Fusarium destaca-se dentre
as doengas que mais preocupam o produtor. E
causada pelo fungo Fusarium oxysporum f.sp.
lycopersici e se faz presente em praticamente
todas as areas onde se cultiva o tomateiro
(INOUE-NAGATA et al., 2016). A sobrevivéncia
do patégeno ocorre na forma de micélio ou de
clamidésporos encontrados geralmente em
restos de cultura. O patdégeno também pode
se desenvolver nos tecidos de varias espécies
vegetais, que atuam como hospedeiros
alternativos (BEBENDO, 2018).

Segundo Inoue-Nagata et al. (2016), a
sobrevivéncia do patégeno pode ser de até oito
anos na auséncia do hospedeiro, dificultando, de
certa forma, medidas relacionadas ao manejo
voltado para a reducao do inéculo inicial (MELO;
SERRA; NASCIMENTO, 2021). A disseminagao
do patdgeno em longas distancias ocorre pela
utilizagao de mudas e sementes contaminadas,
enquanto nas areas de cultivo onde ha a presenca
do patdgeno a disseminacgao pode ocorrer a partir
do deslocamento de propagulos com particulas
de solo ocasionados pela aracao e gradagem,
irrigacao ou até mesmo por conta da agua da
chuva (BEBENDO, 2018).

Os principais sintomas da doenga na cultura
do tomate provocam desde o amarelecimento
até a murcha progressiva da parte aérea,
podendo causar morte das plantas, secando-as
por completo. Normalmente, a infeccdo se da
unilateralmente por atingir os feixes vasculares,
oriundos do tecido radicular infectado.
Plantas que possuem sistema radicular pouco
desenvolvido em geral sdao mais atacadas pelo
fungo, contribuindo para a perda progressiva do
vigor e reducao do ciclo da cultura. Em campo,
a doenca se manifesta normalmente na forma
de reboleiras, principalmente durante as fases
de crescimento, floragcdo e maturacao dos frutos.
Na fase de viveiro ou logo apds o transplantio, se

acometida pela doenca, as mudas podem sofrer
com o tombamento ou damping-off (TOFOLI;
DOMINGUES, 2018).

O controle da doenca ocasionada pelo
Fusarium oxysporum pode ser realizado por
meio de medidas e praticas culturais envolvendo
nutricdo adequada e equilibrada das plantas,
calagem, uso de cultivares resistentes, rotacao
de culturas e aracao profunda (INOUE-NAGATA
et al., 2016; MIELNICZUK; SKWARYtO-
BEDNARZ, 2020). O controle bioldgico,
caracterizado pela utilizagdo de organismos nao
patogénicos no sitio de infeccdo, de modo que
limite a acdo do patdégeno ou que aumente a
resisténcia do hospedeiro, também tem sido
utilizado (TOFOLI; DOMINGUES, 2018).

O uso de método biolégico no controle de
doencas de plantas tem crescido nos ultimos
anos. Houve um aumento significativo de
produtos fabricados a base de microrganismos
registrados para diversas culturas (MEYER;
MAZARO; SILVA, 2019). No Brasil esse
segmento do agronegdcio ja representa de 3 % a
5 % das vendas dos produtos quimicos (VIEIRA
et al. 2016). Atualmente, o emprego do método
bioldgico € uma alternativa que nao esta restrita
somente aos agricultores de base agroecologica,
sendo os agricultores convencionais 0s maiores
consumidores de produtos bioldgicos, pois estes
minimizam os danos ao ambiente e a salde,
além de os produtores também terem uma
maior percepcao da necessidade de diversificar
as ferramentas para o manejo de doencgas
(MEDEIRQS; SILVA; PASCHOLATI, 2018).

Somente no ano de 2019, foram registrados
21 biofungicidas no Ministério da Agricultura,
Pecuéaria e Abastecimento — MAPA, a base de
Trichoderma, sendo 66 % a base de Trichoderma
harzianum, 24 % a base de Trichoderma
asperellum, 5 % a base de Trichoderma
koningiopsis e 5 % a base de Trichoderma
stromaticum (MEYER; MAZARO; SILVA, 2019).
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De acordo com Dalacosta (2019), as espécies
de Trichoderma possuem rapido crescimento
em diversos tipos de meios, facilitando sua
producao massal, por isso tém sido utilizadas
no controle de biolégico de doencas flungicas,
principalmente para o controle de fungos de
solo, como Fusarium oysporum. As diferentes
espécies do fungo podem interferir na vida do
fitopatégeno por diversos mecanismos de acao
como a competicdo por espaco e nutrientes, a
antibiose, o micoparasitismo, a fungistase e a
inducao de resisténcia, além de estimular as
plantas a aumentarem sua tolerancia a estresses
naturais (INFANTE et al., 2011; MASTOURI;
BJORKMAN; HARMAN, 2012).

Téfoli e Domingues (2018) afirmam que o
fungo quando aplicado via solo ou no substrato
no caso de producao de mudas pode reduzir
significativamente a ocorréncia e a severidade
de doencas causadas por patdégenos dos géneros
Fusarium, Sclerotium, Sclerotinia, Verticillium,
Pythium e Phytophthora.

Sendo assim, a avaliacdo de novos e
potenciais antagonistas de isolados de Trichoderma
em diferentes fitopatdogenos pode possibilitar
a obtencao de novos biofungicidas visando
aumentar a oferta de produtos de biocontrole.

Desse modo, objetivou-se com o presente
trabalho testar in vitro o potencial antagbnico
de diferentes isolados de Trichoderma sobre o
crescimento micelial de Fusarium oxysporum
f.sp. lycopersici.

Material e métodos

O experimento foi realizado no Laboratério
de Fitopatologia do Instituto Federal de Educacao,
Ciéncia e Tecnologia do Sul de Minas Gerais,
Campus Inconfidentes.

O isolado de Fusarium oxysporum f.sp.
lycorpersici utilizado no experimento foi
proveniente da micoteca da Empresa Sakata, e

os isolados de Trichoderma spp. (l,, I, 1,) foram
obtidos por Garcia (2020) em serrapilheira do
setor de olericultura, da Fazenda Escola do
IFSULDEMINAS — Campus Inconfidentes e estao
armazenados no Laboratério de Fitopatologia —
Campus Inconfidentes. Utilizou-se também de
um isolado obtido do produto comercial Quality®

da espécie Trichoderma asperellum.

O potencial antagbnico dos diferentes
isolados de Trichoderma spp. sobre Fusarium
oxysporum f.sp. lycorpersici foi avaliado por
meio da técnica de confronto direto por meio do
pareamento das col6nias, conforme metodologia
proposta por Dennis e Webster (1971). Para isso,
foram utilizados discos com 10 mm de didmetro
obtidos das coldnias do fitopatégeno e isolados do
antagonista crescidos por 7 dias em meio batata-
dextrose-agar (BDA) e incubados em camara de
crescimento tipo BOD a temperatura de 25 °C
e fotoperiodo de 12 horas. Na montagem do
experimento foram utilizadas placas de Petri de
90 mm de diametro contendo 20 mL de meio
BDA, pH 5,7. Os discos da col6nia de Fusarium
oxysporum f.sp. lycorpersici foram repicados
para a superficie do meio de cultura nas placas
de Petri, a uma distancia de 0,5 cm da borda
da placa, sendo as placas incubadas em camara
de crescimento tipo BOD a temperatura de
25 °C e fotoperiodo de 12 horas por 48 horas,
conforme metodologia proposta por Dennis e
Webster (1971). Apo6s o crescimento micelial
das coldnias de F. oxysporum f.sp. lycopersici
por 48 horas, foram repicados discos da col6nia
dos isolados em lados opostos das placas de
Petri a 0,5 cm da borda das placas. As placas
de Petri contendo colénia do fitopatégeno e
do antagonista pareadas foram incubadas em
camara de crescimento tipo BOD a temperatura
de 25 °C e fotoperiodo de 12 horas durante o
periodo de conducao do experimento.

Cada isolado de Trichoderma spp. foi
pareado com o fitopatégeno e considerou-se
como testemunha somente o fitopatégeno na
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placa de Petri sem o antagonista, totalizando
5 tratamentos, sendo eles: T1 - Fusarium
oxysporum f.sp. lycorpersici x isolado 3 (13);
T2 — Fusarium oxysporum f.sp. lycorpersici x
isolado 4 (14); T3 — Fusarium oxysporum f.sp.
lycorpersici x isolado 5 (15); T4 — Fusarium
oxysporum f.sp. lycorpersici x T. asperellum;
T5 — Fusarium oxysporum f.sp. lycorpersici.
O delineamento experimental utilizado foi em
blocos casualizados com 7 repeti¢oes, sendo
cada placa considerada uma parcela.

As avaliagbes foram iniciadas 24 horas
apos a repicagem do Fusarium oxysporum
f.sp. lycorpersici, sendo realizadas diariamente
durante periodo de 14 dias. Foram feitas
medigoes diarias do crescimento micelial frontal
das col6nias do fitopatégeno e dos antagonistas,
com auxilio de um paquimetro digital. A
porcentagem da inibicdo do crescimento micelial
(PIC) foi determinada no 7° dia e 14° dia ap6s a
incubacao e foi calculada com base na férmula
descrita por Menten et al. (1976), em que:

pic — tamanho médio da testemunha — tamanho medio do tratamento .

tamanho médio da testemunha

Determinou-se também o didametro médio
das colénias em mm e o indice de velocidade
do crescimento micelial (IVCM), expresso em
mm dia!, pela formula descrita por Oliveira e
Machado (1991):

wvem = 2(0-1a)
N

em que:
T = tamanho médio atual da colbnia;

Ta = tamanho médio da col6nia no dia anterior e
N = nlUmero de dias apds a repicagem.

Para a avaliagdo do antagonismo dos
isolados de Trichoderma spp. utilizou-se de
uma adaptacéo da escala de notas proposta por
Bell, Wells e Markhan (1982), sendo: nota 1
— 0 antagonista cresce completamente sobre o
patégeno e ocupa toda a placa de Petri; nota
2 — 0 antagonista cresce por pelo menos 2/3 da
placa de Petri, sobrepondo-se sobre o patégeno;
nota 2,5 — o0 antagonista cresce por pelo menos
2/3 da placa de Petri, porém nao sobrepoe-
se sobre o patdgeno; nota; 3 — antagonista e
patégeno crescem até a metade da placa; nota
4 — o patdgeno cresce pelo menos 2/3 da placa;
nota 5 — o patoégeno cresce completamente
por toda a placa de Petri. O antagonismo dos
isolados também foi determinado no 7° e 14°
dias de incubacao.

Os dados obtidos no experimento foram
submetidos a analise de variancia e as médias
comparadas pelo teste de Scott-Knott a 1 % de
probabilidade, utilizando o software SISVAR,
versao 5.6 (FERREIRA, 2011).

Resultados e Discussao

Observou-se que mesmo sendo repicados
para as placas 48 horas apoés a transferéncia do
patdgeno, os isolados testados de Trichoderma
(13, 14, 15 e T. asperellum) manifestaram efeito
antagbnico significativo em relagdo ao indice
de velocidade do crescimento micelial (IVCM)
quando comparado com a testemunha, nao
diferindo entre si (FIGURA 1). A velocidade de
crescimento micelial é de extrema importancia
dentro do controle biol6gico, uma vez que esta
relacionada a rapida colonizacao do substrato
quando em competicdo com o fitopatdégeno
(MEDEIRQOS; SILVA; PASCHOLATI, 2018).

O IVCM do patégeno foi de 15,06 mm,
15,08 mm, 15,30 mm e 15,50 mm na
presenca dos isolados 13, 14, 15 e T. asperellum,
respectivamente, enquanto na testemunha,
sem a presencga do antagonista, o crescimento
foi de 20,07 mm dia!, o que demonstra que a
presenca dos isolados inibiram o crescimento
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Figura 1 — indice de Velocidade de Crescimento Micelial (IVCM) em mm dia! de F. oxysporum f.sp. lycorpersici
(Fol) na presenca de isolados de Trichoderma spp. (13, 14, 15 e Trichoderma asperellum. Inconfidentes/MG, 2021.
24
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*Médias com letras iguais nao diferem estatisticamente pelo teste de Scott-Knott a 1 % de probabilidade.

Fonte: Elaborada pelos autores (2021).

micelial do patégeno. A porcentagem média de
inibicdo do crescimento micelial de £. oxysporum
f.sp. lycopersici pelos isolados foi de 24 %.

Em estudo realizado por Sousa et al.
(2017), foi demonstrado que 7 dos 9 isolados
de Trichoderma avaliados tiveram potencial de
controle in vitro de R. solani, 33 % dos isolados
estudados tiveram uma redugao média de 40 %
do IVCM do patoégeno e 44 % tiveram uma
reducéo média de 25 % do IVCM. Saetal. (2019)
e Soares et al. (2019) também confirmaram em
seus estudos que Trichoderma spp. reduziu o
crescimento micelial de Fusarium sp. e Fusarium
solani, causadores de danos na cultura do feijao-
caupi e da melancia, respectivamente.

Verificou-se também no 7° dia e no 14°
dia apds a incubacao dos fungos que houve
diferenca significativa tanto para o tamanho da
colbnia quanto para o PIC entre os isolados de
Trichoderma spp. e a testemunha, nao sendo
observada diferenca estatistica entre os isolados
para ambas as avaliacdes. Os isolados I3, 14,
I5 e T. asperellum inibiram o crescimento
micelial de . oxysporum f.sp, lycopersici no 7°

dia de avaliacdo em 40 %, 48 %, 42 % e 42 %
e, aos 14 dias, 62 %, 67 %, 64 % e 64 %,
respectivamente (TABELA 1).

Ao comparar as avaliacoes do 7/° dia e
14° dia apds a incubacao, verificou-se que nao
houve aumento no tamanho das col6nias de
F. oxysporum f.sp. lycopersici na presenca dos
isolados, sendo que os isolados nao diferiram
entre si para o parametro avaliado. Esse resultado
pode ser explicado em decorréncia do encontro
frontal das col6nias do patégeno com as col6nias
do antagonista, denotando de certa forma sua
eficiéncia na inibicao do crescimento micelial
do patogeno. A reducao no crescimento micelial
de F. oxysporum f.sp. lycopersici também pode
estar ligada a liberacao de metabdlitos, pela
competicao de nutrientes no meio de cultura ou
por micoparasitismo pelo antagonista (MATOS
et al., 2014). Além disso, cada espécie de
Trichoderma possui seu proprio mecanismo de
acao para interagir com cada tipo de fitopatégeno
(RIBEIRO, 2017).

Observou-se que, com o passar dos dias,
o PIC foi aumentando devido ao crescimento
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Tabela 1 - Tamanho médio da colénia (TC) e percentual de inibicdo do crescimento micelial (PIC) de F.
oxysporum f.sp. lycorpersici (Fol) por isolados de Trichoderma spp. (13, 14, 15 e Trichoderma asperellum) no 7°

dia e 14° dia de incubacao. Inconfidentes/MG, 2021.

TC (mm) PIC (%)
Tratamentos - - - -
7° dia 14° dia 7° dia 14° dia

Fol x 13 23,18 a 23,18 a 40 a 62 a

Fol x 14 19,97 a 19,97 a 48 a 67 a

Fol x 15 22,22 a 22,22 a 42 a 64 a

Fol x T. asperellum 22,31 a 22,31 a 42 a 64 a
Testemunha 38,77 b 61,66 b Ob Ob
CV (%) 11,43 10,53 20,18 8,38

*Médias seguidas com letras iguais nao diferem estatisticamente pelo teste de Scott-Knott a 1 % de probabilidade.

Fonte: Elaboracao dos autores (2021).

continuo do F oxysporum f.sp. lycopersici,
sem a presenga do antagonista. No 7° dia de
avaliacao, o menor PIC dos isolados em relacao
a testemunha foi de 40 %, enquanto no 14°
dia, de 62 %. Esses valores foram superiores
aos encontrados por Fantinel et al. (2018), que
avaliaram o potencial antagbnico de diferentes
isolados de Trichoderma e Baciulus thuringiensis
sobre Colletotrichum siamense, verificando
no 6° dia e 12° dia um PIC maximo de 32 %
e 44,2 %, respectivamente. Hoffmann et al.
(2015) observaram no 7° dia de pareamento
que 3 dos 15 isolados tiveram PIC de 38,8 %,
44,4 % e 48,9 % e 12 dos isolados tiveram alto
potencial antagbnico, inibindo completamente o
desenvolvimento do Fusarium sp., apresentando
percentuais de inibicdo de crescimento entre
81,2 % e 94,4 %.

Segundo a escala de Bell, Wells e Markham
(1982), no 7° dia, todos os tratamentos
que continham os antagonistas diferiram
estatisticamente da testemunha, mas nao
diferiram entre si. Ao final do experimento, os
tratamentos que tiveram maior antagonismo
foram os que tinham a presenga do 13, 14 e T.
asperellum (FIGURA 2). Portanto, a avaliacao
do antagonismo por meio da escala de notas
possibilitou diferenciar os isolados somente aos
14 dias ap0s a incubacao.

Verificou-se que o isolado |5 cresceu por
pelo menos 2/3 da placa em todas as repeticoes,
encontrando frontalmente com a col6nia de £
oxysporum f.sp. lycopersici, sem que fosse
observada sobreposicdo da colonia, enquadrando-
se em nota 2,5. O resultado mostrou que 0 15, de
certa forma, é capaz de inibir o crescimento do
patégeno, uma vez que diferiu estatisticamente
da testemunha, porém nao é tao eficiente quanto
013, 14 e T. asperellum, aos quais foi atribuida
nota 2. Os referidos isolados tiveram crescimento
micelial que sobrep6s a colonia do patdgeno,
sugerindo provavel micoparasitismo das hifas
de F. oxysporum f.sp. lycopersici pelas hifas dos
isolados (13, 14 e T. asperellum) de Trichoderma
spp. De acordo com Meyer, Mazaro e Silva (2019),
0 micoparasitismo é uma das caracteristicas
mais relevantes do género Trichoderma.

Diferente desses resultados, Milanesi
et al. (2013) observaram em seu trabalho 2
isolados de T. tomentosum que tiveram nota
1 ao antagonismo de isolados de Fusarium
oxysporum, ou seja, in vitro os isolados de T.
tomentosum cresceram completamente sobre as
colbnias do Fusarium oxysporum, evidenciando
o potencial para o biocontrole dessas espécies.

Cabe ressaltar que, apesar de os resultados

N e e

vitro do F. oxysporum f.sp. lycopersici, pelos
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Figura 2 — Média das notas atribuidas ao cultivo pareado de F. oxysporum f.sp. lycopersici (Fol) com diferentes
isolados de Trichoderma spp. (13, 14, 15 e Trichoderma asperellum) no 7° dia e 14° dia de avaliagao.
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*Médias seguidas pela mesma letra ndo diferem entre si pelo teste de Scott-Knott a 1 % de probabilidade.

Fonte: Elaboracao dos autores (2021).

isolados testados de Trichoderma, nao é possivel
afirmar que eles seriam eficientes in vivo.
Grigoletti Junior, Santos e Auer (2000) afirmam
que existem algumas limitacdes com a execucédo
apenas do teste /in vitro na avaliagdo do potencial
antagbnico de determinado fungo, visto que, na
maioria das vezes, os resultados obtidos em
condi¢cbes controladas nao coincidem ou, as
vezes, sao diferentes daqueles obtidos em campo
ou em casas de vegetacdo. Sendo assim, é de
extrema importéncia que se realizem avaliagoes
in vivo dos isolados avaliados neste trabalho para
confirmar seu potencial antagbnico em relagao
ao F. oxysporum f.sp. lycopersici.

Conclusao

Todos os isolados de Trichoderma spp.
testados reduziram o crescimento micelial de
Fusarium oxysporum f.sp. lycopersici, in vitro.
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Resumo

As orquideas possuem adaptagdes morfologicas e anatdmicas que as tornam aptas a ocuparem os mais diferentes ambientes
com as mais variadas condicoes. Essas adaptagdes, com os atributos fisioldgicos, séo essenciais para o estabelecimento,
crescimento, reprodugao e colonizacao das orquideas. Sendo assim, este estudo foi desenvolvido com o objetivo de descrever
a anatomia foliar e radicular de Brassavola tuberculata Hook encontrada em foréfito situado em afloramento rochoso
em Campestre (MG). As amostras de folhas e raizes coletadas foram cortadas a mao livre e coradas com azul de astra e
safranina. Os testes histoquimicos aplicados foram: sudan Il para lipideos e lugol para amido. As folhas séo subuladas,
suculentas e sulcadas, contendo uma canula longitudinal continua. A epiderme possui cuticula espessa, estdmatos com
camara supraestomatica em ambas as faces foliares e o mesofilo € homogéneo com parénquima aquifero na porcao central.
Na raiz, o velame e o tecido cortical sdo compostos por varias camadas de células que permitem o armazenamento de agua.
Foram observados graos de amido na folha e na raiz. Esses caracteres xeromérficos encontrados permitem a sobrevivéncia
da espécie nas condicdes restritas encontradas no fordfito sobre afloramento rochoso.

Palavras-chave: Anatomia vegetal. Anatomia Ecoldgica. Anatomia foliar. Anatomia radicular. Orquidea.

Introducao com relacdo ao tamanho, a forma e a cor (PABST;
DUNGS, 1975), ademais, exibem caracteristicas
altamente especializadas que servem para
atrair insetos e favorecer a polinizagéo cruzada
(DRESSLER, 1993). Ao contrario das flores,
a organizacao de suas partes vegetativas €
notoriamente diversificada (DRESSLER, 1993),
favorecendo a variedade de formas de crescimento
(PABST; DUNGS, 1975) e proporcionando amplo
poder adaptativo para diferentes ambientes a
essa familia, principalmente ao aéreo (BENZING

et al., 1982).

A familia Orchidaceae abriga 7 % das
espécies da flora do planeta com 26.454
espécies catalogadas e distribuidas em 735
géneros (CHASE et al., 2015). No Brasil, a
familia é representada por 217 géneros e 2.443
espécies, das quais mais de 60 % sao endémicas
(FLORA DO BRASIL, 2021). As espécies dessa
familia distribuem-se por quase todas as regioes
do planeta com excegcao das regides polares
e desérticas, concentrando-se em florestas
Umidas de regides tropicais e subtropicais,

principalmente em florestas tropicais da Asia
e das Américas (DRESSLER, 2005). Possuem
habito terricola, rupicola, epifita ou sapréfita
(MATTIUZ; RODRIGUES; MATTIUZ, 2006).

A familia é reconhecida por suas flores que
exibem disposicao uniforme de seus verticilos
florais na maioria das espécies, porém variam

Todas as espécies de plantas utilizam,
basicamente, os mesmos recursos: luz, didxido
de carbono (CO,), agua e nutrientes. As
diferencas ecoldgicas entre espécies surgem a
partir das diferentes formas de adquirir e usar
0s mesmos recursos (WESTOBY et al., 2002).
Essa diferenga s6 € possivel devido aos tragos
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funcionais que sao caracteristicas anatdémicas
e fisiolégicas que podem ser determinadas e
que comandam as respostas do organismo
ao ambiente (STERCK et al., 2011). Desta
forma, a consideravel riqueza de espécies e
ampla distribuicdo encontram explicagoes nas
diversas estratégias especializadas que essas
plantas desenvolveram.

Os géneros Maxillaria (FOLDATS, 1970),
Vanda e Epidendrum (OLIVEIRA; SAJO, 2001),
por exemplo, desenvolveram pseudobulbos,
gue sao 6rgaos de armazenamento de agua e
carboidratos e que, geralmente, estao associados
a orgaos florais altamente desenvolvidos. O
género Pleurothallis (OLIVEIRA; SAJO, 1999)
nao possui pseudobulbos e suas folhas sao as
responsaveis pelas funcoes de armazenamento
de 4gua e nutrientes. Além dessas estruturas de
reserva, as orquideas possuem outras adaptacoes
a ambientes xéricos, como o velame, que tem
a capacidade de absorver agua e nutrientes,
reduzir a transpiracdo e oferecer protecdo
mecanica (PRIDGEON, 1986), associacdes a
fungos endomicorrizicos e Metabolismo Acido
Crassulaceo (CAM) (OLIVEIRA; SAJO, 2001).
Tais atributos favorecem a sobrevivéncia em
condicdes limitantes (NOGUERA-SAVELLI;
JAUREGUI, 2012).

O género Brassavola, originario da América,
esta entre os principais da familia Orchidaceae.
Sua distribuicao ocorre desde o norte do México
até o norte da Argentina (NOGUERA-SAVELLI;
JAUREGUI, 2011). Esse género caracteriza-
se por possuir plantas epifitas, caules teretos
(FIGURA 1B) de uma s6 folha suculenta subulada
e inflorescéncias, geralmente, racemosas
de uma a trés flores. A maioria das plantas
detém aspecto similar em suas caracteristicas
vegetativas e florais, o qual tem causado conflitos
na delimitacao das espécies e nos sistemas de
classificacao propostos (NOGUERA-SAVELLI;
JAUREGUI, 2011).

A espécie Brassavola tuberculata Hook
popularmente conhecida como “chuva de
prata, cebolinha, rabo de rato e orquidea
dama-da-noite” possui floradas abundantes e
duradouras (junho até setembro), tendo, assim,
alto valor ornamental. Suas inflorescéncias de
cinco a sete flores possuem coloragao branca
levemente amarela (FIGURA 1C) e exalam odor
levemente adocicado ao anoitecer (RECH; ROSA;
MANENTE-BALESTIERE, 2010). Essa planta
possui habitos epifiticos ou rupicolas e uma
ampla distribuicao geografica, ocorrendo nas
cinco regides da divisao geografica brasileira.
Sao encontradas nos dominios fitogeograficos
da Caatinga, Cerrado e Mata Atlantica, sendo
componentes das vegetagdes do Cerrado (/ato
sensu), Floresta Ciliar, Floresta Estacional
Semidecidual, Floresta Ombrofila, Restinga e a
vegetacao sobre Afloramentos Rochosos (FLORA
DO BRASIL, 2021).

Os afloramentos rochosos, também
conhecidos por inselberg (“ilha de rocha”),
sao fragmentos territoriais que apresentam
isolamento geografico, condicoes edafoclimaticas
peculiares e relativo grau de endemismo
especifico (POREMBSKI; BARTHLOTT, 2000).
Os afloramentos rochosos sao frequentes no
Brasil (ESGARIO et al., 2008) e apresentam
severas caracteristicas ambientais, tais como
solo pobre, altas insolacOes, grande oscilagao de
temperatura entre o dia e a noite (POREMBSKI
etal. 1998), baixa retencao de agua e nutrientes,
poucas alternativas para fixacdo de sementes,
propagulos ou raizes de plantas adultas, além
de frequentemente acentuarem a exposicao aos
ventos, a luminosidade e ao calor (LARSON
et al., 2005). Esse conjunto de caracteristicas
ambientais tornam a flora presente neste
ambiente peculiar e distinta da flora presente
em seu entorno (LIMA, 2018).

A caracterizagao anatdmica das plantas, com
0 passar do tempo, adquiriu grande importancia
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para a taxonomia (NOGUERA-SAVELLI;
JAUREGUI, 2012). Com a caracterizagdo
morfolégica ou molecular possibilitam melhor
embasamento para desvendar as relagoes
filogenéticas e compreender como os fatores
ambientais influenciam a distribuicdo e o
funcionamento das plantas (BENZING, 2000).

Sabe-se que os fatores ambientais podem
influenciar a morfologia, a anatomia e a fisiologia
das plantas. Assim, os estudos anatdmicos e
ecofisiolégicos contribuem para compreender
a dindmica das espécies e as estratégias que
essas apresentam e que as capacitam para
sobreviver em determinados ambientes. Tais
informacdes sao de grande importéncia para
a conservacao da biodiversidade de plantas,
pois permitem a ampliacdo do conhecimento
sobre 0os mecanismos adotados pelas espécies
diante das alteracbes ambientais, tornando
maiores as possibilidades de preserva-las. Por
isso, este trabalho foi desenvolvido com objetivo
de descrever a anatomia foliar e radicular
de Brassavola tuberculata Hook encontrada
em afloramento rochoso da Pedra Grande
em Campestre (MG), servindo como base
para futuros estudos ecofisiolégicos sobre as
estratégias adaptativas dessa espécie.

Material e métodos

Foram coletadas amostras foliar e
radicular da espécie Brassavola tuberculata
Hook pertencente a familia Orchidaceae. As
amostras foram obtidas de um foréfito situado
no afloramento rochoso denominado de Pedra
Menor (FIGURA 1A), componente da pequena
cadeia montanhosa, Serra da Pedra Grande,
que esta localizado as margens da Rodovia Vital
Brasil/BR-267, a 15 km da sede do municipio
de Campestre em direcdo ao municipio de
Machado, no sul de Minas Gerais, Brasil. A regiao
integra o bioma Mata Atlantica (IBGE, 2004) e
a paisagem local é predominantemente agricola
e severamente fragmentada, possuindo apenas

9 % da cobertura florestal original e 51 % de
pastagens (OLIVETTI, 2015). A vegetacédo da
regiao é classificada como Floresta Estacional
Semidecidua Montana (IBGE, 2004).

Apos a coleta, as amostras do limbo foliar
foram submetidas a medicoes com auxilio de
régua, foi mensurado o comprimento e, com
uso de paquimetro, os didmetros menor e
maior das regides da base, terco médio e a 5
cm do apice. Depois das medicdes, procedeu-
se a montagem das laminas para a realizacao
das anélises anatomicas da folha e da raiz.
Todos os procedimentos foram realizados no
Laboratério de Biotecnologia do Instituto Federal
do Sul de Minas Gerais (IFSULDEMINAS) —
Campus Machado.

As amostras foram selecionadas da raiz e
da porcao mediana do limbo de folhas adultas
e fixadas em FAA 70 (JOHANSEN, 1940), por
48 horas e, posteriormente, estocadas em etanol
70 %. Dessas amostras, foram obtidos cortes
histolégicos a mao livre e cortes paradérmicos
corados com Azul de Astra e Safranina (ROESER,
1962). Os testes histoquimicos realizados foram
lugol para amido (BUCHERL, 1962) e Sudam IlI
para lipideos (JOHANSEN, 1940). Os resultados
foram registrados por meio de fotomicrografias,
obtidas em fotomicroscépio Leica EC3 e software
Leica LAS EZ.

Resultados e discussao
Caracterizacao foliar

A folha de Brassavola tuberculata estudada
¢ subulada, suculenta e sulcada, com uma
canula longitudinal continua (FIGURA 1B), cujo
limbo possui as seguintes dimensdes médias:
22,3 cm de comprimento, didmetro da base
0,5 cm x 0,39 cm (diametro maior e menor,
respectivamente); didametro do terco médio
0,52 cm x 0,41cm (diametro maior e menor,
respectivamente); apice 0,34 cm x 0,26 cm
(diametro maior e menor, respectivamente).
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Figura 1. Caracterizagdo da area e da espécie estudada. A. Area de trabalho, Pedra Menor, vista da margem da
rodovia Vital Brasil; B. Folhas e raizes sobre periderme do foréfito da Brassavola tuberculata Hook e C. Flor da

Brassavola tuberculata Hook.

Pedra Grande

Fonte: Elaborada pelos autores (2021).

A analise anatdmica revelou que as folhas sao
anfiestomaticas (FIGURAS 2C; 2D), com a maioria
dos estébmatos do tipo tetraciticos distribuidos
aleatoriamente na epiderme, com ostiolos (poros)
sempre alinhados paralelamente com maior eixo
da folha (FIGURA 2E). Quando considerados os
subgrupos da familia Orchidaceae, geralmente, as
folhas sao hipoestomaticas, possuem estématos
apenas na face abaxial (SILVA; MILANEZE-
GUTIERRE, 2004), mas algumas espécies
de Neuwiedia e Apostasia, consideradas
primitivas dentro da familia também tém folhas
anfiestomaticas (STERN et a/., 1993). No estudo
de Noguera-Savelli e Jauregui (2011), sobre o
género Brassavola, todas as espécies estudadas
possuiam folhas anfiestomaticas. Quanto a

Pedra Menor

disposicao das células subsidiarias, Withner
etal. (1974) concluiram que os estdbmatos tipicos
das Orchidaceae sao os anomociticos, porém
os resultados observados coincidem com os de
Stern e Carlsward (2009) que apontaram o tipo
tetracitico como o mais comum nas Laeliinae.

Nao foi observado nenhum tipo de tricoma em
B. tuberculata, corroborando o estudo de Noguera-
Savelli e Jauregui (2011) que nao encontraram
tricomas em nenhuma das espécies do género.
A anélise dos cortes transversais demonstrou
que o sistema dérmico é composto por células
epidérmicas isodiamétricas, uniestratificadas,
retangulares de paredes anticlinais retas e finas,
paredes periclinais externas levemente convexas
e finas (FIGURA 2C).
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Sobre a epiderme foliar de B. tuberculata,
ha espessa cuticula lisa (FIGURA 2D). Essa
caracteristica, na maioria das espécies, é
considerada um carater xeromoérfico (FAHN;
CUTLER, 1992) e é determinado pelo grau
de exposicao do o6rgao ao sol, sendo essa
uma das caracteristicas das orquideas de
ambientes ensolarados (WITHNER et al., 1974,
OLIVEIRA; SAJO, 1999; SILVA; MILANEZE-
GUTIERRE, 2004).

Analises das sec¢Oes transversais da folha
de B. tuberculata demonstraram que a cuticula
forma uma proeminéncia expressiva sobre o
poro estomatico, contribuindo para a formacao
de uma camara supraestomatica (FIGURA 2D)
semelhante as observadas por Oliveira e Sajo
(1999) e Silva e Milaneze-Gutierre (2004).
Para Rasmussen (1987), essa camara é
comum nas orquideas epifitas que enfrentam
altas temperaturas e pouca disponibilidade
de agua, contribuindo para a reducao da
transpiracao foliar.

A folha possui mesofilo homogéneo,
composto por 4-8 camadas de células
parenquimaticas poliédricas e 18-22 camadas
de células parenquimaticas isodiamétricas
(FIGURA 2A). Algumas dessas células tém
barras de espessamento (FIGURA 2B). De
acordo com Pridgeon (1986), as células com
espessamento, comuns em orquideas que nao
apresentam pseudobulbos, tém como funcao
armazenar agua e evitar o colapso do tecido
durante a seca, caracterizando, assim, a
ocorréncia de parénquima aquifero. Noguera-
Savelli e Jauregui (2012) observaram essa
adaptacao em varias espécies de Brassavola (B.
acaulis Lindl. & Paxton, B. ceboletta Rchb.f. e
B. grandiflora Lindl.), porém, nao a encontrou
em B. tuberculata.

O mesofilo também é permeado por grande
quantidade de feixes de fibras extravascular
(FIGURA 2F) dispostas tanto na face abaxial
quanto na adaxial da folha. Noguera-Savelli e

Jauregui (2012) também observaram que as 11
espécies de Brassavola estudadas apresentaram
feixes de fibras extravasculares em ambas as
faces foliares, diferindo do presente estudo
na quantidade e na disposicao. Essas células
esclerificadas, com as demais, conferem
resisténcia mecanica em caso de desidratacao
(OLIVEIRA; SAJO, 1999) e contribuem para
o aspecto coridceo das folhas exercendo a
funcao de sustentacdo da lamina foliar (SILVA;
MILANEZE-GUTIERRE, 2004).

O sistema vascular € composto por feixes
colaterais fechados dispostos em arco central.
Os feixes principais e 0s quatro arcos de feixes
vasculares secundarios, sendo trés subjacentes
e um sobrejacente ao arco central, encontram-
se espalhados em zig-zag pelo mesofilo
(FIGURA 2A). O xilema estd orientado para
superficie adaxial e o floema abaxial e a bainha
de fibras sdao mais desenvolvidas ao lado do
floema (FIGURA 2F). Este tipo de feixe vascular,
rodeado por fibras, também é comumente
encontrado em muitas espécies de orquideas,
tendo sido observadas por Pridgeon (1982),
Oliveira e Sajo (1999), Stern e Judd (2001) e
Silva e Milaneze-Gutierre (2004).

Foram observadas inclusdes celulares do
tipo de cristais de oxalato de célcio presente na
forma de rafides em células préximas a epiderme
(FIGURA 2G). De acordo com Silva e Milaneze-
Gutierre (2004), essa é outra caracteristica
muito comum entre as orquideas, porém suas
fungoes ainda sao desconhecidas, acreditando-
se que os cristais atuem como mecanismo de
protecao contra animais ou, alternativamente,
como mecanismo de remogao do excesso de
acido oxalico do sistema vegetal.

O teste de lugol evidenciou a presenca
de amido nas células parenquimaticas do
mesofilo (FIGURA 2H). Viera (2005) em seu
estudo observou essa mesma caracteristica em
orquideas do género Pleurothalis encontradas
em condigdes semelhantes.
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Figura 2. Cortes anatomicos da folha de Brassavola tuberculata Hook situada em foréfito arbéreo sobre
afloramento rochoso na Serra da Pedra Grande, Campestre, Minas Gerais.

Legendas: A. Limbo foliar inteiro; B. Células do parénquima aquifero do mesofilo com espessamento; C. Epiderme
evidenciando estémato; D. Cuticula corada com Sudam Ill; E. Estdmatos em corte paradérmico, corados com
Sudam llI; F. Mesofilo e feixe vascular; G. Rafides; H. Graos de amido corados com lugol; pa = parénquima
aquifero; es = espessamento; ¢ = cuticula; ep = epiderme; ce = camara supra-estomatica; cs = camara
subestomatica; fx = fibra extravascular; fi = fibras; xi = xilema; fl = floema; ra = rafides; cm = célula mesofilo;

ga = grao de amido.
Fonte: Elaborada pelos autores (2021).

Caracterizacao da Raiz

A raiz estudada, por ser aderente, possui
superficie irregular (FIGURA 3A). As raizes
sao longas, relativamente grossas e muito
ramificadas (FIGURA 1B). Do sentido da
periferia para a porcao central, a raiz de B.
tuberculata compdem-se de: i) velame, ii)
cortex com exoderme e endoderme claramente
diferenciada e iii) cilindro central envolto pelo
periciclo também diferenciado (FIGURA 3A).
Essa organizacao dos tecidos € comum as

demais espécies de orquideas, como verificaram
Benzing et al. (1982), Pridgeon (1987) e
Morales et al. (2002).

O velame das raizes de B. tuberculata esta
constituido por 4 a 5 camadas de células com
paredes espessadas irregularmente, configurando
as estrias longitudinais e por vezes entrelacadas
(FIGURA 3C), comuns a muitas espécies de
orquideas (POREMBSKI; BARTHLOTT, 1988).
Logo abaixo do velame, a exoderme esta formada
por células alongadas longitudinalmente e com
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espessamento nas paredes anticlinais e periclinal
externa, formando um espessamento de parede
no formato de “U” (FIGURA 3C). Para esse
complexo velame-exoderme é conferida a funcao
de protecao mecanica das raizes e prevencao da
perda de agua pelo cértex (DYCUS; KNUDSON,
1957). Benzing et al. (1982) evidenciaram
a contribuicdo desse complexo na nutricao
mineral nas espécies epifitas ao relatarem
a capacidade do velame se embeber com
solucdes que se depositam sobre as raizes e os
solutos conseguirem atravessar pelas células de
passagem da exoderme.

Abaixo da exoderme, formando o cortex, estao
de 10 a 13 camadas de células arredondadas
de tamanhos variados apresentando paredes
finas (FIGURA 3D). Algumas dessas células
possuem barras de espessamento de celulose
(FIGURA 3B). Por meio do teste de lugol, foi
detectada a presenca de amido nas células
corticais (FIGURA 3F), evidenciando o carater de

reserva da raiz. Vieira et al. (2010) em sua tese
também descreve esse carater em Acianthera
teres (Lindl.) Borba. e Epidendrum xanthinum
Lindl. encontrados no campo de altitude do
Parque Estadual da Serra do Brigadeiro (MG).

A endoderme é formada por grupos de
4 a 5 células com espessamento em “0O”,
alternados com 2 a 3 células de paredes finas,
denominadas células de passagem endodérmicas
(SILVA;  MILANEZE-GUTIERRE, 2004),
posicionadas sobre as células do periciclo,
também nao esclerificadas e sobre os elementos
xilematicos (FIGURA 3E). Morales et al. (2002)
diagnosticaram esse padrao alternado de células
ao redor do cilindro central em todas as espécies
de orquideas analisadas, entretanto, ressaltaram
que podem ocorrer deposicdes de parede
secundaria também nas células de passagem
com o amadurecimento das raizes, impedindo
sua distingdo das demais.

Figura 3. Cortes anatémicos da raiz de Brassavola tuberculata Hook situada em foréfito arbéreo sobre afloramento

rochoso na Serra da Pedra Grande, Campestre, Minas Gerais.

P TE

Legendas: A. Raiz inteira; B. Células com barras de espessamento; C. Velame; D. Cortex; E. Cilindro vascular;
F. Graos de amido corados com lugol; pa = parénquima aquifero; es = espessamento; ve = velame; ex =
exoderme; ct = cértex; em = endoderme; cv = cilindro vascular; fi = fibras; xi = xilema; fl = floema; m =

medula; cc = célula cortical; ga = grao de amido.
Fonte: Elaborada pelos autores (2021).
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O cilindro central das raizes de B. tuberculata
conta com 12 a 15 grupos de células floematicas
intercaladas com células xilematicas, configurando
uma raiz poliarca. Na porgao central da raiz, o
tecido medular encontra-se formado por células
de paredes finas (FIGURA 3E). As orquideas
sdo caracterizadas por raizes poliarcas (SILVA;
MILANEZE-GUTIERRE, 2004). Sendo assim,
as raizes de B. tuberculata contribuem para a
economia de 4gua, tendo em vista as varias camadas
de velame e de tecido cortical que possuem.

Consideracoes finais

Foram  observadas as  seguintes
caracteristicas xeromérficas na folha e na raiz
de B. tuberculata: folha suculenta, estémato
com camara supraestomatica, cuticula espessa,
grande quantidade de feixes de fibras no mesofilo,
parénquima aquifero com espessamento na folha
e raiz, feixes vasculares envolvidos por fibras e o
velame pluriestratificado.

Essas caracteristicas possibilitam a
sobrevivéncia de B. tuberculata nas condigoes
ambientais restritas do afloramento rochoso.
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Resumo

Com a disseminagao do uso de Aeronaves Remotamente Pilotadas (ARPs) no setor agricola, foi possivel a realizagao de
mapeamentos de falhas de plantio e incidéncia de doengas. Neste trabalho foi realizada a estimativa de falhas na cultura,
foram utilizados trés experimentos com a cultura da soja na fazenda-escola do IFSULDEMINAS — Campus Inconfidentes.
Para isso foi realizado um aerolevantamento usando ARP, que gerou uma ortofoto da area de interesse; para quantificar as
falhas presentes nos experimentos, foi realizada uma classificagao supervisionada a fim de distinguir as plantas de soja do
solo exposto. Apds a classificagédo, foi calculado o indice kappa para verificar se a classificacdo foi satisfatéria, com isso,
foi possivel realizar a contabilizagao do percentual de falhas obtidas em cada parcela do experimento, por fim, foi realizada
uma andlise de variancia a fim de verificar se o percentual de falhas de cada parcela possuia diferengas significativas entre
si. Foi observado que em dois experimentos houve diferenca estatistica na quantidade de falhas e em um experimento néao

houve diferencga.

Palavras-chave: Falhas de plantio. Aerofotogrametria. Classificagdo Supervisionada.

Introducao

Atualmente, ousode Aeronaves Remotamente
Pilotadas (ARPs) vem sendo adotado nos estudos
de fotogrametria/sensoriamento remoto, pois
proporciona baixo custo de aquisicdo de dados
de alta resolucdo espacial e espectral quando
comparados a aeronaves tripuladas ou a satélites
orbitais. Uma das vantagens em obter dados
com plataformas de ARPs esta na sua resolugao
temporal que é excelente, pois sao possiveis de
serem obtidos a qualquer momento, inclusive de
serem repetidas mais de uma vez no mesmo dia,
diferentemente das imagens obtidas de satélites
orbitais (CHAVES; LA SCALEA, 2015).

No Brasil, as ARPs vém sendo cada vez
mais utilizadas no setor agricola, especialmente
no setor de geotecnologias, que vem empregando
ARPs com imagens de alta resolugdo espacial

e temporal, as quais permitem mapear com
precisao onde estao localizadas falhas de plantio,
incidéncia de doencas, bem como comparar
padroes de distribuicao das plantas nas imagens,
entre outras aplicagoes (CATANI, 2018).

A identificagao de falhas na lavoura auxilia
o produtor rural na estimativa de producéo
de sua lavoura, uma vez que € possivel
determinar a quantidade de plantas existentes
e consequentemente estimar a producao. O
nimero de plantas por hectare é um importante
componente na produtividade. A alta resolucéo
espacial permite que seja possivel identificar as
doencas e as plantas invasoras, o que contribui
para que haja a existéncia dessas falhas. Este
trabalho foi desenvolvido com o objetivo de
quantificar falhas presentes em trés experimentos
da cultura da soja.
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Material e métodos
Area de estudo

Foi selecionada uma area contendo a cultura
de soja da fazenda-escola do IFSULDEMINAS
Campus Inconfidentes/MG, tendo sua localizagao
central nas coordenadas 22° 18 21" S e
46° 20" 3" O (FIGURA 1).

Experimentacao base

Foram analisados trés experimentos com a
cultura da soja: VCU1 - Precocidade, VCU2 —
Precocidade e VCU2 — Produtividade.

O experimento VCU1 - Precocidade conteve
12 variedades comerciais F3:6 PREC 10, F3:6
PREC 15, F3:6 PREC 9, F3:6 PREC 13, F3:6
PREC 17, F3:6 PREC 14, F3:6 PREC 8, F3:6
PREC 95R51, F3:6 PREC M 5947 IPRO, F3:6
PREC M 6410 OPRO, F3:6 PREC TMG 7067
IPRO, F3:6 PREC BMX Desafio RR.

Figura 1 - Mapa de localizagdo da area de estudo
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O experimento VCU2 — Precocidade conteve
16 variedades comerciais SO:3 Prec 1, S0:3 Prec
2, S0:3 Prec 4, S0O:3 Prec 5, S0:3 Prec 6, F3:5
Prec 27, F3:5 Prec 28, F3:5 Prec 31, F3:5 Prec
33, F3:5 Prec 45, Teste ANTA 82, Teste 95R51,
Teste M6410, Teste NS 7300, Teste M5917,
Teste Mb947.

O experimento VCU2 - Produtividade
conteve 16 variedades comerciais SO: 3 PROD
1, SO: 3 PROD 2, SO: 3 PROD 3, SO: 3 PROD
5, SO: 3 PROD 10, F3: 5 PROD 73, F3: 5
PROD 85, F3: 5 PROD 97, F3: 5 PROD 98,
F3: 5 PROD 139, Teste CZ 48B 32 IPRO, Teste
PI98Y30, Teste PO8Y12, Teste PO98Y11, Teste
TMG2185, Teste M8210.

O delineamento experimental utilizado foi de
blocos casualizados (DBC) com trés repetigoes,
constituidos de quatro fileiras de cinco metros
de comprimento e espacamento de 0,50 metros
entre linhas.

Mapa de Localizagao

250 0 250 500 750 1000 m
e — e — ]

Fonte: Elaborada pelos autores (2021).
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Aerolevantamento

Para a execucao do aerolevantamento foi
realizado um planejamento, onde foram definidos
0os parametros de voo, sendo: altura 60 m;
recobrimento longitudinal de 85 % e lateral de
75 % evelocidade de 15 m/s. A aeronave utilizada
foi o drone Phantom 4 Pro V2 disponibilizado
pelo Setor de Agrimensura e Cartografia do
IFSULDEMINAS — Campus Inconfidentes.

Além dos parametros de voo foram definidos
também quatro pontos de controle, esses pontos
tém o objetivo de realizar a orientacao exterior.
Segundo Coelho e Brito (2009), o objetivo
primordial da orientacao exterior € a obtencao
da posicao e da atitude da camera no momento
da captura. Utilizando a resseccao espacial
por intermédio das equacdes de colinearidade
(equacoes 1 e 2), pode-se definir os seis elementos
de orientacao exterior de uma fotografia (X, Y,
Z,, k, @, w) a partir de no minimo trés pontos de
controle nao colineares.

, m11(X—-Xo)+m12(Y-Yo)+m13(Z—Zo)

X = m31(X—-Xo)+m32(Y-Yo)+m33(Z—Zo) (01)
r_ m21(X—-Xo)+m22(Y-Yo)+m23(Z—Zo)

y = Cm31(X—Xo)+m32(Y—Yo)+m33(Z—Zo) (02)

em que:

c: constante da camara — distancia focal (espago imagem);
X, Y, Z: coordenadas dos pontos no espaco objeto;
Xo,Yo, Zo: coordenadas do centro perspectivo no
espaco objeto;

Mij: elementos da matriz de rotacao (k, @, w);

X',y’: coordenadas dos pontos no espago imagem;

Tabela 1 — Pontos de Controle e Verificacao

Entao foram posicionados quatro pontos de
controle (TABELA 1 — pontos 1 a 4) na area de
estudo e dois pontos de verificacao (TABELA 1
— pontos 5 e 6). Os pontos de controle foram
posicionados nas extremidades do terreno. Os
pontos de verificagdo foram posicionados entre
os pontos de controle. Os pontos de controle
e verificagdo (TABELA 1) estao no sistema de
projecao UTM no fuso 23 e hemisfério Sul, tendo
como sistema de referéncia o SIRGAS2000.

Depois de realizado o aerolevantamento,
utilizou-se do software Agisoft Photoscan versao
1.42 para a confeccao da ortofoto. Os pontos
de controle foram utilizados no processamento
das imagens (TABELA 1) e em seguida foram
realizados o alinhamento e a triangulacédo dos
pontos homélogos presentes nas fotografias,
gerando o modelo digital de superficie e,
posteriormente, a ortofoto da area de estudo.

Classificacao supervisionada

Posteriormente foi realizada a classificagdo
supervisionada no software QGIS 3.10.0 usando
o método Minima Disténcia, o que permitiu
identificar as falhas presentes no plantio.

Para o aprendizado do algoritmo
supervisionado, foram coletadas 20 amostras
para a classificagdo e 12 amostras para
verificagdo das classes de interesse, foram
selecionadas duas classes, sendo uma delas
para a identificacao da cultura de soja e a outra

Ponto Este (m) Norte (m) Altit'f'de D? svio D? svio D?svio
geométrica (m) Padrao E (m) Padrao N (m) Padrao h (m)
1 362615,326 7532686,034 938,651 0,003 0,004 0,007
2 362528,377 7532687,702 938,621 0,004 0,004 0,006
3 362594,085 7532761,747 929,264 0,003 0,003 0,008
4 362503,832 7532751,198 930,503 0,002 0,006 0,011
5 362583,128 7532686,661 938,645 0,004 0,004 0,009
6 362564,280 7532756,762 929,477 0,003 0,004 0,006

Fonte: Elaborada pelos autores (2021).
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para as falhas. As falhas correspondem ao solo
exposto visto que as plantas estavam em fase
final de crescimento, entdo nao foi possivel a
visualizacao do solo entre as linhas de plantio,
como mostra a Figura 2.

A fim de validar a classificagao realizada,
foi gerada a matriz de confusao e usando as
equacdes 3 e 4 foi calculado o indice Kappa
e a exatidao global. Os coeficientes calculados
pelo indice Kappa sao qualificados com base na
tabela desenvolvida por Landis e Koch em 1977
(MOREIRA, 2001) (TABELA 2).

Tabela 2 - indice Kappa adaptado de Moreira (2001)

— NXi %ii= Yo (i X4)
K= N2_2§=1(xi+*x+i) (3)

em que:

K = Coeficiente Kappa;

N = Numero de observagdes (pontos amostrais);
r = NUmero de linhas na matriz de erro;
Observagdes na linha i e coluna i;

Total marginal de linha i;

= Total marginal de coluna i.

Xii
Xi+
X+i

EG = 24100 (4)
N

em que:

EG = Exatidao global;

A = Acerto geral (pontos amostrais com acerto);
N = Numero de ponto amostrais.

Variagao do indice Kappa

Concordancia

Menor que 0,20
Entre 0,21 ¢ 0,40
Entre 0,41 e 0,60
Entre 0,61 e 0,80
Entre 0,81 ¢ 1,00

Pobre, Ruim
Fraca, Razoavel
Moderada, Boa

Muito Boa

Excelente

Fonte: Elaborada pelos autores (2021).

Figura 2 — Verificagao da cobertura vegetal
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Fonte: Elaborada pelos autores (2021).
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Identificacao de falhas

Ao finalizar a classificacao, foi realizada a
divisdo da imagem classificada. Foi criada uma
imagem para cada parcela dos trés experimentos
(VCU1 — Precocidade, VCU2 — Precocidade e
VCU2 - Produtividade).

Foi desenvolvido um algoritmo usando o
software Octave versao 6.3.0, o algoritmo fez
uma varredura nas imagens das parcelas de
cada experimento, foi identificada a quantidade
de pixels classificados como soja e a quantidade
de pixels classificados como falhas, o que
possibilitou gerar o percentual de falhas presente
em cada parcela.

Anélise de Variancia (ANAVA)

Depois de realizada a quantificagao de
falhas em cada parcela para cada experimento,
foi realizada a anélise de variancia (ANAVA) e
as médias comparadas pelo Teste de Scott-Knott

Tabela 3 — Matriz de confusao (valores em pixels)

(1974) a 5 % de probabilidade, utilizando o
software SISVAR 4.3 (FERREIRA, 2011).

Resultados e discussao
Aerolevantamento

Uma ortofoto com resolucao espacial de 1,15
cm foi gerada ao finalizar o aerolevantamento
(FIGURA 3).

Desta maneira, foi possivel realizar a
classificagao supervisionada pelo método
proposto. Com a classificacao finalizada,
verificou-se para toda a &rea de estudo que a
classe com cultura da soja (FIGURA 4 — cor
verde) estd em 74,84 % da area e os outros
25,16 % estao com as falhas (FIGURA 4 -
cor vermelha).

Porém, buscando consolidar os resultados
e no intuito de validar a classificacdo da
ortofoto, gerou-se a matriz confusao (TABELA 3)

Soja verificagao Solo verificagao Total
Soja 90.487 87 90.574
Solo 1.618 65.015 66.633
Total 92.105 65.102 157.207

Fonte: Elaborada pelos autores (2021).

Figura 3 — Area de estudo
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Fonte: Elaborada pelos autores (2021).

Datum: SIRGAS2000
Coordenadas em metros

362570 362580 362590 362600

A



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

Figura 4 — Area de estudo classificada (verde: soja; vermelho: falhas)
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Fonte: Elaborada pelos autores (2021).

e consequentemente o indice kappa e o
coeficiente global.

O indice kappa resultante da classificagao
foi de 0,9777. Segundo Moreira (2001), valores
de Kappa entre 0,8 e 1,0 sao tidos como
excelentes. O coeficiente global que aponta a
exatidao da classificacao foi de 98,92 % que
também foi coerente e satisfatoria, sendo que
qguanto mais préximo de 100 % melhor serad o
coeficiente global.

7532700 7532710

7532690

362570 362580 362590 362600

,A Classificagdo
/ \ [ Soja
Il Falhas

Identificacao de falhas

Apos realizada a classificagao e a validacao
da classificagao, a ortofoto classificada foi
subdividida em trés blocos (FIGURA 5), a cor
vermelha representa o experimento VCU1
— precocidade, a cor magenta representa o
experimento VCU2 — precocidade e a cor azul
representa o experimento VCU2 — produtividade,
entao foi contabilizado o percentual de falhas
para cada uma das parcelas de cada experimento.

Figura 5 — Divisdo da area de estudo (vermelho: VCU1 — PREC; magenta: VCU2 — PREC; azul: VCU2 — PROD).
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Fonte: Elaborada pelos autores (2021).
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Tabela 4 — Médias do percentual de falhas para o experimento VCU1 — precocidade

Tratamentos Médias Resultados do teste
F3:6 PREC 95R51 14,07 % A
F3:6 PREC M 6410 OPRO 14,12 % A
F3:6 PREC 10 14,70 % A
F3:6 PREC 13 15,40 % A
F3:6 PREC BMX Desafio RR 15,44 % A
F3:6 PREC TMG 7067 IPRO 16,09 % A
F3:6 PREC 8 16,62 % A
F3:6 PREC 15 19,95 % A
F3:6 PREC 17 20,63 % A
F3:6 PREC 9 22,58 % A
F3:6 PREC M 5947 IPRO 31,64 % B
F3:6 PREC 14 34,65 % B
Média Geral 19,66 %
CV(%) 30,20

*As médias seguidas das mesmas letras nas colunas nao diferem entre si ao nivel de 5 % de probabilidade pelo

teste de Scott-Knott (1974).
Fonte: Elaborada pelos autores (2021).

Analise de variancia (ANAVA)

Quando avaliado o percentual de falhas
para o experimento VCU1 — precocidade, foram
encontradas diferencas significativas (TABELA 4).
Houve uma variacao de 24,18 % nas falhas. As
variedades F3:6 PREC 95R51, F3:6 PREC M
6410 OPRO, F3:6 PREC 10, F3:6 PREC 13,
F3:6 PREC BMX Desafio PR, F3:6 PREC TMG
7067 IPRO, F3:6 PREC 8, F3:6 PREC 15,
F3:6 PREC 17 e F3:6 PREC 9 tiveram menor
percentual de falhas e as variedades F3:6 PREC
M 5947 IPRO e F3:6 PREC 14 apresentaram
maior percentual de falhas.

Quando avaliado o percentual de falhas
para o experimento VCU2 — precocidade, foram
encontradas diferencas significativas (TABELA 5).
Houve uma variacado de 27,19 %. As variedades
S0:3 Prec 2, F3:5 Prec 33, F3:5 Prec 27, F3:5
Prec 45, S0O:3 Prec 4, apresentaram menor
percentual de falhas e as variedades Teste
M6410, F3:5 Prec 31, Teste M5917, Teste

95R51, Teste ANTA 82, SO:3 Prec 1, F3:5 Prec
28, Teste M5947, Teste NS 7300, SO:3 Prec 6 e
S0:3 Prec 5 tiveram maior percentual de falhas.

Quando avaliado o percentual de falhas para
o experimento VCU2 — produtividade, nao foram
encontradas diferencas significativas entre si
(TABELA 6). Houve variagao de 26,08 %.

Conclusao

O experimento VCU1 - Precocidade teve a
menor média de falhas quando comparado aos
demais experimentos, tendo um percentual de
falhas de 19,66 %, enquanto o experimento
VCU2 - produtividade teve um percentual
intermediario de 26,05 % e o experimento VCU2
— precocidade teve um percentual de 28,25 %
sendo o maior dos trés experimentos. Contudo o
experimento VCU2 - produtividade foi o Unico
que ndo teve diferencas significativas entre
as parcelas.



Revista Agrogeoambiental - v. 13, n. 4, dez. 2021

Tabela 5 — Médias do percentual de falhas para o experimento VCU2 — precocidade

Tratamentos Médias Resultados do teste
S0:3 Prec 2 15,71 % A
F3:5 Prec 33 15,95 % A
F3:5 Prec 27 19,62 % A
F3:5 Prec 45 20,37 % A
S0:3 Prec 4 21,04 % A
Teste M6410 26,44 % B
F3:5 Prec 31 27,19 % B
Teste M5917 28,13 % B
Teste 95R51 28,80 % B
Teste ANTA 82 29,41 % B
S0:3 Prec 1 29,81 % B
F3:5 Prec 28 32,94 % B
Teste M5947 36,11 % B
Teste NS 7300 38,29 % B
S0:3 Prec 6 39,21 % B
S0:3 Prec 5 42,90 % B
Média geral: 28,25 %
CV (%) = 28,53

*As médias seguidas das mesmas letras nas colunas nao diferem entre si ao nivel de 5 % de probabilidade pelo
teste de Scott-Knott (1974).

Fonte: Elaborada pelos autores (2021).

Tabela 6 — Médias do percentual de falhas para o experimento VCU2 — produtividade

Tratamentos Médias Resultados do teste
Teste P98Y30 15,16 % A
Teste TMG2185 20,07 % A
Teste P98Y11 20,68 % A
Teste P98Y12 20,94 % A
F3: 5 PROD 139 21,46 % A
F3: 5 PROD 85 21,55 % A
F3: 5 PROD 73 21,85 % A
Teste CZ 48B 32 IPRO 22,99 % A
SO: 3 PROD 1 25,53 % A
Teste M8210 25,80 % A
S0: 3 PROD 2 27,66 % A
F3: 5 PROD 97 28,63 % A
SO: 3 PROD 10 29,12 % A
F3: 5 PROD 98 33,90 % A
SO: 3 PROD 3 40,25 % A
SO: 3 PROD 5 41,24 % A

Média geral: 26,05 %
CV (%) = 36,33

*As médias seguidas das mesmas letras nas colunas néo diferem entre si ao nivel de 5 % de probabilidade pelo
teste de Scott-Knott (1974).
Fonte: Elaborada pelos autores (2021).
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Resumo

O nitrogénio é um nutriente fundamental para a cenoura, sendo requerido em grandes quantidades, o que gera preocupacao
sobre 0 momento e as doses certas a serem utilizadas. A irrigacdo também é uma pratica essencial para o sucesso da cultura,
no entanto, o déficit ou o excesso de dgua podem propiciar condicdes desfavoraveis ao desenvolvimento da cenoura. Este
trabalho foi desenvolvido com o objetivo de avaliar o efeito da adubagao nitrogenada em cobertura e niveis de reposigao de
agua no solo no rendimento da cultura da cenoura. O experimento foi conduzido no IFTM — Campus Uberaba, MG, Brasil
em um fatorial 4 X 4 e em blocos casualizados envolvendo quatro doses de nitrogénio em cobertura (0 kg ha?, 42 kg ha'l,
84 kg ha'e 126 kg ha!) e quatro niveis de reposicdo de adgua (70 %, 100 %, 130 % e 160 %) a partir dos valores da
estimativa da ETc da cultura. A interagéo foi significativa apenas para a variavel diametro das raizes. Entre os resultados,
pode-se verificar que a dose de N de 119,4 kg ha'! foi a que proporcionou um valor maximo de nimero de raizes comerciais
e a reposi¢ao e a agua no solo de 86,94 % proporcionaram produtividade total méaxima.

Palavras-chave: Daucus carota. Manejo de irrigagdo. Producao.

Introducao Devido ao interesse em suprir o mercado e
também as exigéncias do consumidor, 0 manejo
cultural das hortalicas vem sendo aprimorado
cada vez mais, fato que também ocorre na
cultura da cenoura, dando destaque ao manejo

da adubacéo (LUZ et al., 2009).

A cenoura (Daucus carota) é uma hortalica
da familia Apiaceae e pertence ao grupo das
raizes tuberosas. Possui grande importancia
alimentar pelo seu elevado valor nutritivo, sendo
uma importante fonte de vitamina A. Além disso,

possui uma grande quantidade de vitamina C,
vitamina E, vitamina B1, vitamina B2, fibras e
minerais como potassio, fésforo, calcio, magnésio
e ferro (NICK; BOREM, 2016).

No Brasil, os principais estados produtores
sao Minas Gerais, Sao Paulo, Rio Grande do Sul,
Parané, Bahia e Goias, que juntos sao responsaveis
por 90 % da producao nacional, equivalendo a
aproximadamente 760 mil toneladas em uma
area de 24 mil hectares e uma produtividade
média de 30 t ha'l. Esses resultados evidenciam
a grande importancia da cultura para o setor
horticola brasileiro (IBGE, 2017).

O nitrogénio aparece como nutriente
fundamental entre os requeridos pela cultura,
sendo utilizado em grandes quantidades, isso
gera grandes preocupagdes aos produtores
quanto ao momento e as doses corretas a
serem utilizadas. Esse nutriente possui carater
essencial e é constituinte de muitos componentes
da célula vegetal, sendo assim, sua deficiéncia
tem influéncia direta na inibicao do crescimento
vegetal (TAIZ et al., 2017).

Além da adubacao, a irrigacao é uma pratica
essencial para o sucesso da cultura, uma vez que
a cenoura tem seu desenvolvimento intensamente
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influenciado pela umidade do solo e isso pode
afetar tanto o incremento de produtividade
quanto a qualidade das raizes. No entanto, o
déficit ou o excesso de agua podem propiciar
condicoes desfavoraveis ao desenvolvimento da
cenoura e causar queda de produtividade (LIMA
JUNIOR et al., 2011).

No Brasil e particularmente nas regides
de cultivo dessa hortalica em Minas Gerais,
informacdes sobre a producdo da cenoura,
principalmente o momento e a quantidade ideal
de irrigar e de realizar a adubacao ainda sao
bastante controversos.

Diante do exposto, este trabalho foi
desenvolvido com o objetivo de avaliar o efeito
da adubacao nitrogenada em cobertura e niveis
de reposicao de agua no solo no rendimento da
cultura da cenoura.

Material e métodos

O trabalho foi conduzido no setor de
Fruticultura do Instituto Federal de Educacao,
Ciéncia e Tecnologia do Triangulo Mineiro (IFTM),
localizado no municipio de Uberaba/MG, situado
a 795 metros acima do nivel do mar, com latitude
de 19°39'19” S e longitude de 47°57'27"W,
pluviosidade média anual de 1.600 mm,
temperatura média anual de 23,2 °C e umidade
relativa média de 68 % (VALLE JUNIOR et al.,
2010). O clima é classificado segundo Képpen

como do tipo AW, tropical quente, apresentando
inverno frio e seco.

0 solo da éarea experimental foi classificado
como Latossolo Vermelho Distréfico (EMBRAPA,
2006), apresentando uma textura Franco
Arenosa, cujas caracteristicas quimicas sao
apresentadas na Tabela 1.

O experimento foi disposto em um fatorial
4 x 4 em blocos casualizados (DBC), com 4
repeticoes, os tratamentos foram a combinacao
de quatro doses de nitrogénio em cobertura
(0O kg ha't, 42 kg ha'l, 84 kg ha' e 126 kg ha)
e quatro niveis de reposicao de agua no solo
(70 %, 100 %, 130 % e 160 %) a partir
dos valores da estimativa da ETc da cultura),
totalizando 64 parcelas. Cada parcela foi
constituida por dois canteiros de 1,1 metros X
3,0 metros cada um, contendo duas linhas de
plantio espacadas de 0,20 metros. A parcela
util foi constituida pelo metro central de cada
canteiro da parcela, totalizando 2,2 m?.

A cultivar utilizada foi a Natuna, cultivar
de inverno amplamente distribuida nas regioes
produtoras de Minas Gerais. Apresenta ciclo
de 125 a 135 dias, raizes extremamente lisas
e cilindricas, além de apresentar coloracao
alaranjada e 6timo fechamento de ponta. Por
também possuir boa arquitetura foliar, os tratos
culturais e a colheita mecanizada sao facilitados
(BEJO, 2019).

Tabela 1. Resultados da Analise Quimica do solo utilizado no experimento.

pH em H,0 Als+ Ca?* Mg?* H + AL SB t T
cmol .dm=
6,5 0,0 2,7 0,8 1,4 3,9 3,9 53
K P P_rem \Y m M.O Areia Argila
mg.dm-3 mg.L? (%) dag.kg! (%)
145 49,9 29,8 73,4 0,0 1,7 73,0 17,0

*Anélise realizada pelo Laboratério de Analise de Solo da EPAMIG. SB é a soma de bases trocaveis; t é a CTC
efetiva; T é a CTC a pH 7,0; V é a saturacao por bases; m é a saturacao por aluminio.

Fonte: Elaborado pelos autores (2019).
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A semeadura foi realizada no dia 09 de julho
de 2019 com uma densidade de 80 sementes por
metro. Durante o desenvolvimento da cultura, foi
realizado o desbaste com o objetivo de reduzir a
densidade para 20 plantas por metro. A colheita
ocorreu no dia 26 de outubro de 2019 aos 110
dias ap6s a semeadura.

A adubacgéo de plantio foi realizada antes
da semeadura com 36 kg ha' de nitrogénio,
64 kg ha' de K,0 e 240 kg ha' de P,0..
As adubacbes de cobertura foram realizadas
utilizando doses de 42 kg ha!, 84 kg ha'!
e 126 kg ha! de nitrogénio (tratamentos) e
96 kg ha'l de K,O, ambas divididas aos 20 e 40
dias apds a emergéncia da cultura.

Os dados meteorologicos foram obtidos
por meio de um termohigrometro digital e um
pluvidmetro modelo Sao lzidro instalados no
local do experimento. A irrigacdo foi efetuada
por quatro microaspersores instalados em
cada parcela, com intensidade de aplicagdo de
8,32 mm h-l. Estimou-se a evapotranspiracao de
referéncia por meio do modelo de Hargreaves
(EQUACAO 1) e obteve-se a evapotranspiragao
da cultura e lamina bruta por meio das equagoes
2e3.

ETo = 0,0023 (Tméd + 17,8) x (Tméax —

Tmin)%5 x Ra x 0.408 (1)
ETc = ETo x Kc X Ks (2)
ETc
'B = &% cup 3
em que:

ETo = evapotranspiracédo de referéncia (mm dia!); Tmin =
temperatura minima (°C); Tméx = temperatura méaxima
(°C); Tméd = temperatura média (°C) e Ra = radiagéo no
topo da atmosfera (MJ m2dia-1); ETc = evapotranspiracéo
da cultura (mm dia!); Kc = coeficiente da cultura; Ks =
coeficiente de umidade; LB = lamina bruta de irrigagao
(mm); Ea = eficiéncia de aplicacdo do sistema (decimal) e
CUD = coeficiente de uniformidade do sistema (decimal).

Os valores de radiagao no topo da atmosfera
foram obtidos seguindo a recomendacdo de

Doorenbos e Pruitt (1975). O coeficiente da
cultura adotado foi proposto por Oliveira et al.

(2002). Durante todo o periodo de conducao
do experimento, foi admitido o valor de 1 para
o coeficiente de umidade do solo; para os
parametros de eficiéncia de aplicagao e coeficiente
de uniformidade do sistema foram adotados os
valores de 0,90 e 0,78, respectivamente.

Na Tabela 2 estao apresentados os valores
totais da lamina aplicada em cada tratamento.
Pode-se observar também os valores diarios
de evapotranspiracao de referéncia (ETo) e de
evapotranspiracao da cultura (ETc) até o periodo
final do experimento (FIGURA 1).

Em estudo realizado por Santos et al. (2009)
no agreste pernambucano, foi encontrado um
valor de lamina total de 811,84 mm para um
ciclo de 98 dias.

Durante a aplicacao dos tratamentos, ocorreu
uma precipitacao acumulada de 157 mm. Pode-
se observar que aos 89 dias apds a semeadura
da cenoura ocorreu uma precipitagdo de 54 mm
e as precipitacoes foram mais frequentes no
final do ciclo da cultura. Nos dias que ocorreram
precipitacdo, a chuva precipitada foi descontada
nos valores de manejo da irrigacdo. No periodo
avaliado, a temperatura variou de 8,8 °C a
40,7 °C, apresentando média de 26,25 °C. Vieira
e Pessoa (2008) recomendam temperaturas
entre 10 °C e 15 °C para auxiliar o alongamento
de raizes, sendo que temperaturas acima de
21 °C estimulam a formacao de raizes curtas.
Ainda segundo os autores, temperaturas acima
de 30 °C reduzem o ciclo vegetativo da cultura,
fato ocorrido no experimento, apresentando

Tabela 2. Valores da lamina total aplicada em cada
tratamento.

Niveis de reposicao de agua Lamina Aplicada

(%) (mm)
70 486,18
100 694,54
130 902,90
160 1111,3

Fonte: Elaborado pelos autores (2019).
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Figura 1. Valores diarios de ETo e ETc.
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Fonte: Elaborado pelos autores (2019).

uma reducao de 125 a 135 dias para 108 dias
(FIGURA 2).

As caracteristicas avaliadas foram:
diametro e comprimento das raizes; nimero
total de raizes; nimero de raizes comerciais;
produtividade total; produtividade comercial;
classificagao comercial das raizes; pH e massa
seca da parte aérea.

O diametro, o comprimento e a classificagao
comercial das raizes foram realizados utilizando
20 raizes selecionadas aleatoriamente por
parcela. O didmetro foi medido com o auxilio de
um paquimetro digital com precisdo milimétrica,
o comprimento foi medido com o auxilio de
uma régua e a classificacao comercial das
raizes foi realizada conforme Tabela 3 segundo
CEAGESP (2019).

Para o numero total de raizes, foram
consideradas todas as raizes colhidas da area
util de cada parcela. Para o numero de raizes

Figura 2. Valores de temperatura maxima, minima e
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Fonte: Elaborado pelos autores (2019).
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comerciais, foram consideradas todas as raizes
da area (til de cada parcela que apresentavam
tamanho maior que 10 cm e que eram livres
de rachaduras, bifurcagdes, danos mecanicos,
podriddes e ombro verde.

A produtividade total foi expressa em t ha'
e foi constituida pela massa de todas as raizes
colhidas de cada parcela. A produtividade
comercial também foi expressa em t ha! e foi
constituida por todas as raizes consideradas
comerciais de cada parcela.

Tabela 3. Classificagdo comercial da cenoura quanto
ao comprimento.

Classe Comprimento (cm)
10 10 até 14
14 14 até 18
18 18 até 22
22 22 até 26

Fonte: Adaptado de CEAGESP (2019).

média e precipitacao.
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A massa seca da parte aérea foi obtida
por 20 plantas selecionadas aleatoriamente na
parcela (til no ato da colheita. A variavel pH
foi obtida ao levar para laboratério as mesmas
20 raizes utilizadas para se obter diametro e
comprimento de raizes.

Todos os parametros foram submetidos
a analise de variancia utilizando o programa
estatistico Sisvar versao 5.6 (FERREIRA, 2014).
Os efeitos dos tratamentos quando significativos
a 5 % de probabilidade foram estudados por
meio de analise de regressao.

Resultados e discussao

Para as variaveis produtividade total,
produtividade comercial, comprimento das
raizes, diametro das raizes e nimeros de raizes
comerciais observou-se diferenca estatistica
(p < 5%). Houve interacao dos niveis de
reposicao de dgua no solo e as doses de nitrogénio
apenas para a variavel diametro das raizes. O
nimero total de raizes, massa seca da parte
aérea e pH nao sofreram diferenca significativa
dos tratamentos estudados.

A produtividade total sofreu influéncia dos
niveis de reposicao de dgua no solo e das doses
de nitrogénio quando estudadas separadamente.
O nivel de reposicao de agua de 86,94 % foi
0 que proporcionou maior produtividade total,
sendo de 29,69 t ha' (FIGURA 3).

Em trabalho conduzido por Silva et al.
(2011) com niveis de irrigacao de 30 %, 60 %,
90 %, 120 %, 150 % e 180 %, verificou-se
que o nivel de 180 % proporcionou o melhor
resultado de produtividade (67,4 t ha!). Silva
(2016), adotando os niveis de irrigacao de
60 %, 80 %, 100 % e 120 %, verificou que
0 nivel de reposicao que proporcionou 0 maior
valor de produtividade total foi o de 120 %,
obtendo um incremento médio de 48 % a mais
de produtividade.

Para as doses de nitrogénio em cobertura foi
observado um aumento linear na produtividade
total em funcdo do acréscimo das doses
(FIGURA 4). Para cada quilograma de nitrogénio
aplicado houve um acréscimo de 38,5 kg ha! na
produtividade total da cenoura.

Ao avaliarem o efeito de doses de nitrogénio
em cobertura em cenoura de verdo, Avila et al.
(2016) encontraram a dose de 73 kg ha'!
atingindo produtividade maxima de 36,7 t ha''.
Segundo os autores, a partir dessa dose houve
um efeito deletério na presenca de nitrogénio.

Colombari et al. (2018), ao avaliarem
diferentes doses e formas de parcelamento,
encontraram nas doses de 102 kg ha' e
138 kg ha! os maiores rendimentos, sendo de
107,7 tha't e 117,66 t ha', respectivamente.

A produtividade comercial sofreu influéncia
somente das doses de nitrogénio em cobertura

Figura 3. Produtividade total em fungéo dos niveis de reposicdo de dgua no solo.
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Fonte: Elaborado pelos autores (2019).
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Figura 4. Produtividade total em fungédo das doses de nitrogénio em cobertura.
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Fonte: Elaborado pelos autores (2019).

apresentando um aumento linear em funcao
do acréscimo de nitrogénio (FIGURA 5).
Para cada quilograma de nitrogénio aplicado,
houve um acréscimo de 34,3 kg ha! na
produtividade comercial.

Luz et al. (2009), ao testarem doses
de fertilizante NPK 20-0-20 em cobertura,
observaram que a dose de 229,1 kg ha'!
apresentou uma produtividade maxima de
27,5 t hal. Resultado superior ao encontrado
neste trabalho, em que a produtividade comercial
maxima encontrada foi de 23,78 t hal.

A variavel comprimento das raizes sofreu
influéncia somente dos niveis de reposicao de
agua no solo observando um decréscimo linear
em funca@o do aumento dos niveis de reposicao
(FIGURA 6). Para cada aumento unitario do
nivel de reposicao de agua no solo, houve uma
reducao de 0,1 % no comprimento das raizes.

Palharim et al. (2012), em Cascavel/PR,
observaram aumento do comprimento de raiz
comercial em resposta a crescentes reposicoes
hidricas. Resultado diferente do encontrado por
Cunha et al. (2016), para quem os niveis de
reposicao de 50 %, 75 %, 100 % e 125 % nao
influenciaram significativamente o comprimento
das raizes.

Em relacao a classificagdo comercial das
raizes, verificou-se que as plantas irrigadas
com os niveis de reposicao de dgua estudadas
produziram raizes de classe 14 (14 cm até
18 cm), sendo que menores niveis produziram
maiores valores de comprimento e maiores niveis
produziram menores valores de comprimento.

Conforme Lana e Vieira (2000), o mercado
brasileiro tem preferéncia por raizes de 15 cm a
22 cm de comprimento, portanto, o comprimento
médio de 17,16 cm obtido neste trabalho esta

Figura 5. Produtividade comercial em funcéo das doses de nitrogénio em cobertura.
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Figura 6. Comprimento de raizes em fungéo dos niveis de reposicao de agua no solo.
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dentro dos padrdoes de comercializacdo de
cenoura no Brasil.

Para a variavel diametro das raizes, houve
interacao dos niveis de reposicao de agua no
solo e as doses de nitrogénio em cobertura.
Esse resultado foi significativo para os niveis de
reposicao quando avaliados nadose de O kg ha'e
para as doses de nitrogénio em cobertura quando
estudados no nivel de reposicao de 160 %.

Na dose de O kg ha!, o nivel de reposicao de
108,33 % foi o que proporcionou um diametro
maximo de raizes de 34,83 mm (FIGURA 7).

No nivel de reposicao de agua de 160 %,
pode-se observar que houve um aumento
linear do diametro das raizes em funcdo do
acréscimo das doses de nitrogénio em cobertura
(FIGURA 8).

Santos (2019), ao estudar doses de
nitrogénio e tensdes de agua no solo na cultura

do pimentao, observou que a variavel diametro
de frutos apresentou diferenca significativa
apenas para as tensoes de agua no solo.

O numero de raizes comerciais também
sofreu influéncia somente das doses de nitrogénio
em cobertura, sendo que a dose de 119,4 kg ha'!
proporcionou um numero de raizes comerciais
maximo de 54,8 (FIGURA 9). A partir dessa
dose, houve um decréscimo no numero de
raizes comerciais.

Luz et al. (2009), testando doses de
fertilizante NPK 20- 0-20 em cobertura,
relataram um crescimento linear do nimero de
raizes comercializaveis em funcéo do aumento
das doses do fertilizante.

Assim como o encontrado por Luz et al.
(2009), que testaram doses de fertilizante NPK
20-0-20 em cobertura, no presente trabalho,
ndo houve efeito da adubacdo de cobertura no
nimero total de raizes de cenoura.

Figura 7. Diametro de raizes em funcao dos niveis de reposi¢ao de agua no solo na dose de O kg N ha.
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Figura 8. Diametro de raizes em funcéo das doses de nitrogénio em cobertura no nivel de reposicao de agua

no solo de 160 %.
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Fonte: Elaborado pelos autores (2019).

A varidvel massa seca da parte aérea
nao sofreu influéncia significativa dos
tratamentos estudados, apresentando média
de 7,50 g plantal. Colombari et al. (2018),
avaliando parcelamentos e doses de nitrogénio
em cobertura encontraram resultados
semelhantes, obtendo valores méaximos de
6,77 g e 9,42 g por planta nas maiores doses
dos parcelamentos utilizados. Resultados
diferentes foram obtidos por Silva et al. (2011)
que ao estudarem niveis de reposicao de agua
no solo de 30 %, 60 %, 90 %, 120 %, 150 %
e 180 % verificaram um aumento de matéria
seca da parte aérea com o aumento dos niveis
de reposicao de agua.

O pH também nao se alterou em funcao dos
tratamentos estudados, apresentando média de
6,14. Colombari et al. (2018), ao avaliarem

parcelamentos e doses de nitrogénio em
cobertura, no parcelamento 1/3 + 1/3 + 1/3,
também n&o encontraram diferenca significativa
do pH em funcao das doses, sendo encontrada
uma média de 6,22.

Conclusao

A produtividade comercial apresentou um
aumento linear em funcao do aumento das doses
de nitrogénio e a dose de 119,4 kg ha'! foi a que
proporcionou um valor méximo do nimero de
raizes comerciais.

O nivel de reposicao de 86,94 % foi o que
proporcionou produtividade total maxima e o
comprimento das raizes sofreu um aumento
linear com o acréscimo dos niveis de reposicao
de 4gua.

Figura 9. NUimero de raizes comerciais em funcao das doses de nitrogénio em cobertura.
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Resumo

Os problemas de armazenamento de produtos agricolas constituem objeto de estudo permanente. Objetivou-se com
este trabalho realizar o levantamento de algumas etapas de producéo, principalmente o armazenamento, por meio de
entrevistas com produtores na localidade de Mahelane, distrito de Namaacha em Mocambique. Foram realizadas entrevistas
semiestruturadas com 40 produtores, os selecionados foram os produtores que trabalham com os Servicos Distritais de
Atividades Econdmicas - SDAE, numa éarea total de 44 ha de produgéo de diversas culturas com destaque para o milho.
Os entrevistados foram selecionados usando uma amostragem nao probabilistica, técnica «bola de neve». Os parametros
avaliados foram: caracterizacdo dos entrevistados, médias das umidades do grdo, nimero de gorgulhos, massa de grao e
principais operagdes pés-colheita praticadas pelos pequenos produtores. As mulheres representam a maior percentagem de
mao de obra nos campos de producao de milho na localidade de Mahelane. A percentagem de umidade do milho armazenado
varia entre 14,5 % e 16,4 %. O tempo de armazenamento do milho estd entre 9 e 12 meses. O milho na localidade de
Mahelane é armazenado maioritariamente em espiga 65 % e com palha 75 %. Os produtores entrevistados possuem
varios problemas acerca da pdés-colheita do milho, necessitando de assisténcia técnica e treinamentos, principalmente para
populagao local, para orientar a melhor forma de armazenar o gréo e a semente.

Palavras-chave: Grao/espiga. Umidade. Gorgulho. Produtores familiares.

assim, na busca de menores perdas de produtos
armazenados, € indispensavel a utilizacao
de novas tecnologias auxiliando as técnicas
tradicionais (RODRIGUES et al., 2018).

Introducao

Na agricultura familiar, a pds-colheita,
principalmente na fase de armazenamento, é
vista como uma das fases mais importantes

e indispensaveis, a taxa anual de perdas dos
produtos agricolas nesta etapa pode chegar a
100 % da producao total (SILVA et al., 2021).

Os préprios produtores familiares tém
criado, em muitos casos, métodos para
guardar e conservar os seus produtos agricolas
(SILVA et al., 2021). Alguns desses métodos
tradicionais sao bastante eficientes, necessitando
muitas vezes apenas da introducao de pequenos
aperfeicoamentos (FAO, 2014).

No entanto, os métodos tradicionais, na
maioria das vezes, ndo conseguem eliminar
as altas taxas de perdas no armazenamento,
necessitando de novas ferramentas. Sendo

O conhecimento tradicional em Mogambique,
guanto ao manejo de suas sementes locais nas
fases pos-colheita e durante o armazenamento,
esta disperso entre os pequenos agricultores.
A maioria das estruturas de armazenamento é
tradicional e construida com material local de
baixo custo (FAO, 2014). Portanto, sao varios
materiais utilizados na construcao, em diferentes
provincias, pois em todas as estruturas o objetivo
fundamental é assegurar a longevidade dos graos
(PINTO, 2000).

Por outro lado, o excedente da safra em
conjunto com as mudangas a nivel de mercado
faz com que aumente a necessidade de se
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adotarem outros métodos de armazenamento
de modo a reduzir as perdas (ANDRADE
et al., 2020). E de extrema importancia o
conhecimento das condi¢des ambientais étimas
para 0 armazenamento de cada produto, evitando
o favorecimento e a proliferacdo das pragas
(LORINI, 2015).

Os problemas de armazenamento de
produtos agricolas constituem objeto de estudo
permanente, visando prolongar ao maximo a
qualidade dos produtos armazenados, sejam
de sementes ou de graos, evitando perdas
desnecessarias nos graos armazenados, o que
poderia minimizar, e muito, a fome no mundo
(LORINI, 2015).

Neste contexto, faz-se oportuno investigar
os métodos tradicionais, que ainda estdo sendo
aplicados, reproduzidos e valorizados, visto
que eles tendem a ser perdidos caso nao sejam
fortalecidos. Assim, este trabalho foi desenvolvido
com o objetivo de realizar o levantamento de
algumas etapas de produgao principalmente no
armazenamento, por meio de entrevistas com
produtores na localidade de Mahelane, distrito
de Namaacha, Mogambique.

Material e métodos

A pesquisa foi conduzida na regiao que
geograficamente compreende a localidade de
Mahelane, posto administrativo de Changalane
no distrito de Namaacha, no sul de Mocambique.
O local esté situado a 376 m de altitude, latitude
26°20'46.12"S e longitude 36°15'39,9”L
(GOOGLE EARTH, 2017). O clima predominante
é o tropical seco, com uma temperatura média
anual de 21 °C e uma precipitacao anual de
751.1 mm (MINISTERIO DA ADMINISTRACAO
ESTATAL — MAE, 2005).

A regiao foi escolhida com base na cultura
do milho, que é cultivado pela populacao local
h& varios anos, e também devido a seu histoérico
agricola (I1AM, 2009).

Foram realizadas entrevistas semiestruturadas
“utilizacdo de um roteiro previamente elaborado”
(MANZINI, 2004), com 40 produtores, 0s
selecionados foram os produtores que trabalham
com os Servicos Distritais de Atividades
Econdmicas (SDAE), numa érea total de 44 ha
de produgao de diversas culturas com destaque
para o milho.

As entrevistas tiveram inicio no més de abril
e foram finalizadas no més de maio de 2017,
coincidindo com a disponibilidade do milho nos
celeiros. Os entrevistados foram selecionados
usando uma amostragem nao probabilistica
técnica “bola de neve”, que consistiu primeiro
em entrevistar os representantes dos grupos
ou informantes-chave e estes, por sua vez,
indicaram outros que se enquadravam no perfil
pretendido para entrevistas do presente estudo
(BALDIN; MUNHOZ, 2011).

Os parametros avaliados foram:
caracterizacao dos entrevistados, médias das
umidades do grao, nimero de gorgulhos, massa
de grao e principais operacoes pds-colheita
praticadas pelos pequenos produtores.

Para caracterizar os pequenos produtores,
foram mensuradas as seguintes variaveis:
participacao do género na agricultura e nivel
escolar (TOMAS et al., 2012).

A medicao de umidade se deu por uma
amostra do grao de milho com trés repeticoes,
utilizando um medidor de umidade, os graos
foram introduzidos no medidor, o qual fornecia
o teor de umidade da amostra. Posteriormente,
contabilizou-se o nimero de gorgulho, depois
de realizar a debulha das espigas. Por fim,
foi realizada a pesagem de 1.000 graos
(ABICHANDEO, 2002).

As informac0es sobre as principais operagoes
pbés-colheita praticadas pelos pequenos
produtores e as principais causas das perdas
po6s-colheita na armazenagem foram obtidas por
meio de questionarios aplicados nos 40 pequenos
produtores da localidade (ABICHANDE, 2002).
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Para andlise dos dados, foram usados
os seguintes métodos de analise: analise de
conteldo e analise indutiva. Por meio de pacotes
estatisticos, para o processamento de dados,
utilizou-se do software SPSS 13.0.

Resultados e discussao
Caracteristicas dos produtores entrevistados

De acordo com os resultados da caraterizacéo
dos entrevistados, o perfil dos informantes na
categoria participacao do género na agricultura
pode ser observado na Figura 1.

A categoria género foi subdividida mediante
o seu vinculo nas atividades agricolas, em que:
homem e mulher representaram 60 %; homem,
mulher e outros membros da familia, 5 %;
mulher, 35 %. A pesquisa ainda constatou que
nao houve nenhuma participagao do homem
nas atividades agricolas. No trabalho realizado
na Angola por Tomas et al. (2012), os dados
de pesquisa mostraram que a participagao do
género nas atividades agricolas ficou dividida
em: homem, 12 %; homem e mulher, 41 %;
homem, mulher e filhos, 15 %; mulher, 32 %.

Ambas as pesquisas mostraram uma grande
percentagem da participacdo das mulheres nas
atividades agricolas, nas diferentes regides do
continente africano.

O perfil dos entrevistados na categoria nivel
de escolaridade esta representado na Figura 2.

O grau de escolaridade da regiao foi baixo, pois
dos 40 entrevistados, 40 % nao possuem nenhum
nivel de ensino e os outros 60 % se encontram
no nivel basico de ensino, ndo foi encontrado
nenhum dado referente ao nivel médio de ensino.
Esses dados sa@o similares a pesquisa feita por
Come e Cavani (2014) no distrito de Manhica
em Mocambique, onde a faixa dos pequenos
produtores entrevistados foram: sem nenhum
nivel de ensino: 30 %:; nivel basico: 61,5 %.

Em geral, o baixo nivel de escolaridade da
populagao no local € devido as condigdes locais
do ensino e aprendizado, que sao ainda muito
precarios, esse cenario pode ser amenizado por
meio de politicas governamentais.

De acordo com a Figura 1 — Participacao
do género e Figura 2 — Niveis de escolaridade,
as mulheres possuem a maior participacao na
agricultura em relacao aos homens, esse fato
pode ser explicado devido a baixa insercao
da mulher nas escolas, o que contribui para o
baixo nivel de escolaridade delas, outra questao
importante a se considerar refere-se a questao
cultural do local que prega que a mulher deve
cuidar das tarefas de casa e ir ao campo.

Esse cenario pode ser visto também em
outros paises, como o Brasil, onde pode-se dizer
que ha a presenca de ideias machistas, nas
quais os homens e as mulheres ndo possuem
as mesmas capacidades mentais (STASCXAK;
SALES, 2020).

Figura 1 — Participacdo do género na atividade agricola, na localidade de Mahelane
5%

60%

Fonte: Elaboracao dos autores (2017).

m Homem, mulher e outros membros da familia
= Mulher
Homem e mulher
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Figura 2 — Nivel de escolaridade dos produtores, na localidade de Mahelane

40%

Fonte: Elaboragdo dos autores (2017).
Anadlise de amostras de graos de milho

As médias das umidades (MU), os nimeros
de gorgulhos (NG) e a massa de grao (MG)
podem ser observados na Tabela 1.

O milho armazenado pelos produtores
familiares entrevistados tem uma média de
umidade correspondente a um intervalo de
145% a 16,4 %. No trabalho feito por
Abichande (2002), na aldeia de Muecate
na provincia Nampula em Mogambique, as
percentagens variaram no intervalo de 11,1 %
a 12,9 %, o que mostra que neste trabalho as
percentagens de umidade para a localidade de
Mahelane estdo acima dos recomendados, o
que pode implicar uma maior susceptibilidade

m Nivel basico
= Sem nivel

60%

de pragas e doencgas do milho armazenado nos
celeiros (TABELA 1).

Os mesmos resultados de umidade de
graos foram encontrados no trabalho de Tembe
(2000), em Namapa, na provincia de Nampula
em Mogambique.

A umidade do grao armazenado deve ser
de 13 % acima de um ano e de 14,5 % para
o intervalo de 6 meses a 9 meses (BOXALL
etal., 1997).

O nlmero de gorgulhos ficou entre 12 e 98
e a massa de 1.000 graos foi de 204 ga 239 g.
Dados similares foram encontrados no trabalho
feito por Tembe (2000).

Tabela 1 - Médias das umidades (MU), nimeros de gorgulhos (NG) e massa de grao (MG) na localidade

de Mahelane
Numero de espigas MU (%) NG (uni) MG (g)
1 14,7 12 236
2 14,5 23 239
3 14,5 46 206
4 16,0 78 207
5 14,9 30 210
6 16,0 98 204
7 14,6 48 230
8 16,2 81 220
9 15,4 17 212
10 16,4 39 222

N=40.
Fonte: Elaboragédo dos autores (2017).
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Métodos de secagem do milho

Os resultados mostraram que cerca de 100 %
dos produtores familiares entrevistados secam
o milho no campo ainda na planta, para nao
apodrecer, nao perder o poder germinativo e nao
ser atacado por insetos. Os entrevistados afirmaram
gue a secagem nao é muito segura porque a
producao esté sujeita ao ataque de pragas ainda
no campo. Esses resultados sdo comparaveis aos
de Abichande (2002) e Boxall et al. (1997), no
trabalho feito na aldeia do distrito de Muecate na
provincia de Nampula em Mogcambique e na india,
em que cerca de 93 % e 94 %, respectivamente,
secam os seus produtos no campo.

Razoes para a secagem do milho

Os entrevistados citaram varios motivos por
optarem pela secagem dos produtos, além disso,
todos eles disseram que secam a sua producao.
Desses, 47 % responderam que secam a
producdo dos produtos para ndo apodrecerem,
cerca de 18 % secam para evitar o ataque de
insetos, 15 % secam para evitar o ataque de
gorgulho e cerca de 20 % para ter a semente
melhor conservada e manter o poder germinativo
da semente (FIGURA 3). Esses resultados s&o
semelhantes aos dados de Abichande (2002) no
trabalho feito na aldeia do Distrito de Muecate
na provincia de Nampula em Mocambique, onde
a maioria dos pequenos produtores armazenam
o milho para nao apodrecer e cerca de 82 %
deixam o milho secar no campo.

Método de armazenagem do milho

De acordo com os resultados, observa-
se que os produtores familiares entrevistados
armazenam mais o milho em espiga com palha,
75 %, para que os graos nao fiquem susceptiveis
ao ataque de insetos e nao sejam acometidos
pelas condigbes ambientais, como a precipitacao
e a luz, condicbes essas que danificam o grao
e prejudicam a germinacao da semente quando
exposto fora do armazém (FIGURAS 4 e 5).
Apenas 25 % relataram armazenar o milho sem
a palha. Os produtores familiares armazenam a
sua producao com as espigas nao debulhadas,
pois eles consideram que o grao armazenado
nessa condicao € menos propenso ao ataque de
pragas (GWINNER et al., 1997).

Periodo de armazenamento do milho

De acordo com os resultados, cerca de
5 % dos produtores familiares armazenam seus
produtos entre 1 e 3 meses e aproximadamente
20 %, de 3 a 6 meses, 25 % de 6 a 9 meses,
35 %de9al2mesese 15 % maisde 12 meses
(FIGURA 6). Esses dados sao comparaveis com
os resultados de Abichande (2002) no estudo
feito na aldeia de Muecate na provincia Nampula
em Mocambique, que também obteve os
mesmos resultados de armazenamento do milho
num intervalo de 3 a 12 meses e mais de 12
meses. No trabalho de Gustafsson e Ljungberg
(1998), no estudo feito nos distritos de Boane e
Marracuene em Mogambique, os cereais tiveram

Figura 3 — Razdes para a secagem do milho pelos produtores entrevistados na localidade de Mahelane

18%

15%

47%

Fonte: Elaboracao dos autores (2017).
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= Maior conservacgao e poder germinativo
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Dificultar o ataque de gorgulho
m [nibir o ataque de insetos
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Figura 4 — Método de armazenagem do milho pelos produtores entrevistados na localidade de Mahelane
25%

m Sem palha

m Com palha

75%

Fonte: Elaboragdo dos autores (2017).

Figura 5 — Forma de armazenagem do milho dos entrevistados na localidade de Mahelane
10%
25%

mEm grao
m Em espiga
Das duas maneiras

65%

Fonte: Elaboragdo dos autores (2017).

Figura 6 — Periodo de armazenagem na localidade de Mahelane

40% - 359
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Fonte: Elaboracéo dos autores (2017).

como resultado um intervalo de 2 a 12 meses. Conclusoes

O periodo de armazenagem a nivel de pequenas As mulheres representam a maior
propriedades geralmente dura entre 6 e 12 percentagem de mao de obra nos campos de
meses (GEWINNER et al., 1997). producao de milho na localidade de Mahelane.
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A percentagem de umidade do milho
armazenado varia entre 14,5 % e 16,4 %.

O armazenamento do milho na localidade de
Mahelane esta entre 9 e 12 meses.

O milho na localidade de Mahelane é
armazenado, em sua maioria, com espiga 65 %
e com palha 75 %, sendo a melhor forma
de armazenagem.

Os produtores entrevistados possuem
varios problemas acerca da poés-colheita do
milho, necessitando de assisténcia técnica e
treinamentos principalmente para populacdo
local, para orientar a melhor forma de armazenar
0 grao e a semente.
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Resumo

O Brasil tem flora megadiversa, sendo o Cerrado a savana mais rica em espécies do mundo. Ademais, o uso de plantas
medicinais é pratica comum e tradicional na populagéo brasileira. Por isso, é esperado que populagdes de cidades histéricas,
localizadas no Cerrado, tenham vasto conhecimento etnobotanico. Este trabalho foi desenvolvido com o objetivo de registrar as
plantas medicinais utilizadas por moradores de Luziania (GO), Brasil, e avaliar seus perfis socioeconémicos. Os moradores (18
da &rea urbana e 20 da area rural) foram selecionados pelo método “bola de neve”, realizaram-se entrevistas semiestruturadas
com eles, que abordavam aspectos socioecondmicos e etnobotanicos. Dentre os entrevistados, 74,4 % eram mulheres, sendo
adultos e idosos os maiores conhecedores, e 71 % tinham Educagao Bésica incompleta. A maioria cultivava as plantas em
quintais e citou as folhas como o principal 6rgao utilizado. Os entrevistados da &rea urbana e rural se diferenciaram quanto a
forma de obtengéo do conhecimento (c?= 10,367; p < 0,05), pois a origem do conhecimento deu-se da familia, da leitura
e de terceiros na area urbana e preponderantemente da familia na area rural. Os entrevistados citaram 95 espécies, nao
havendo diferenca estatistica na quantidade de exdéticas e nativas. Porém, as espécies referenciadas eram predominantemente
exoticas. Lamiaceae, Asteraceae e Fabaceae foram as familias mais representativas. O habito herbaceo foi o mais comum.
As espécies mais usadas foram Lippia alba (erva-cidreira), Mentha arvensis (hortelad), Dysphania ambrosioides (mastruz) e
Plectranthus barbatus e Plectranthus grandis (boldo). Os principais problemas tratados com as plantas medicinais foram
resfriado, ma digestéo, estresse e problemas respiratorios.

Palavras-chave: Cerrado. Conhecimento familiar. Cultivo em quintais. Plantas medicinais exéticas.

Introducao Somado a isso, eles também testaram as
espécies nativas brasileiras para usos similares
aos das espécies europeias. Por fim, os africanos
incorporaram suas plantas ao rol das medicinais

utilizadas no Brasil (LORENZI; MATOS, 2011).

As plantas medicinais sao capazes de
promover a salde (ANTONIO et al., 2013),
podendo ser usadas como tratamento alternativo
para varios tipos de doengas (MIRANDA, 2021).

Por exemplo, grande parcela da populacao
mundial (de 70 % a 80 %) atende as suas
necessidades basicas de salde administrando
diferentes plantas, sendo que em torno de 53
mil espécies ja foram usadas no tratamento de
enfermidades desde os primérdios da civilizagao
humana até os dias atuais (QADIR; RAJA, 2021).

O uso das plantas medicinais é tradicional
no Brasil uma vez que os indios ja as utilizavam
para a cura de doencas antes mesmo da chegada
dos portugueses (AMOROZO, 2002). Com o
processo de colonizacao, 0s europeus trouxeram
suas espécies medicinais para cultivo no pais.

Além do contexto histérico, que justifica
a grande diversidade de plantas medicinais
usadas no pais, o Brasil é o detentor da maior
diversidade vegetal do mundo (BFG, 2015).
Logo, as possibilidades de identificacdo de
produtos com possivel utilidade medicinal na
vegetacao nativa ainda sao gigantescas, pois as
plantas constituem a principal fonte de principios
ativos, uma vez que aproximadamente 11 %
dos 252 medicamentos considerados essenciais
pela Organizacado Mundial da Sadde (OMS) sao
adquiridos somente de plantas (BRAGA et al.,
2021). Entretanto, o desmatamento intenso
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no Brasil (GONCALVES-SOUZA et al., 2021)
causa elevada perda de biodiversidade (BLUM
et al., 2019), sendo que o extrativismo vegetal
excessivo e a destruicao dos habitats naturais
acarretam elevados riscos a perpetuacao das
espécies de plantas medicinais (RASHID
et al., 2021). Por exemplo, a degradacao da
floresta amazonica brasileira tem diminuido a
disponibilidade de algumas espécies de plantas
medicinais (SHANLEY; LUZ, 2003).

Em torno de 10,9 % do territério brasileiro
com vegetacao natural (939.050 km?) ja foi
devastado, sendo que quase um terco dessa
perda (338.774 km?) ocorreu no Cerrado, que
é, proporcionalmente, o bioma mais impactado
do Brasil (GONCALVES-SOUZA et al., 2021).
Por compreender elevada riqueza de espécies e
endemismo, porém com enormes devastacoes,
o Cerrado é classificado como uma das areas
com elevada prioridade para a conservacao
(MEYERS et al., 2000). Ademais, o Cerrado
abarca uma grande quantidade de espécies
da flora com potencial alimenticio, ornamental
e medicinal, sendo muitas ainda sequer
conhecidas pela Ciéncia (SOUZA et al., 2018).
Logo, levantamentos etnobotanicos ainda sao
fundamentais para se conhecer a flora medicinal
nativa usada pelas comunidades que vivem no
Cerrado (SOUSA et al., 2020), uma vez que este
bioma conta com elevado nimero de espécies
tradicionalmente usadas como medicinais:
pau-santo (Kielmeyera coriaceae), barbatimao
(Stryphnodendron adstringens), baru (Dipteryx
alata), jurubeba (Solanum spp.), mama-cadela
(Brosimum gaudichaudii) e ipecacuanha
(Carapichea ipecacuanha) (SOUZAet al., 2018).

Luziania esta localizada no Cerrado, no
estado de Goids, e possui 174.531 habitantes
de acordo com o Ultimo censo de 2010 (IBGE,
2017) que estao distribuidos na area urbana
(formada majoritariamente por casas e poucos
prédios) (CODEPLAN DF, 2014) e na éarea
rural (formada principalmente por pequenos

sitios e fazendas). Cabe ressaltar que a taxa de
urbanizacao de Luziania encontra-se elevada
(93,28 % em 2010), sendo superior a média
do estado de Goias (90,29 %). A economia esta
baseada sobretudo no setor de servicos (57,2 %),
setor industrial (34 %) e setor agropecuario
(8,8 %). Ademais, Luziania é uma das cidades
mais antigas de Goids, datada do século XVIII,
onde foi inicialmente explorado ouro, podendo
ser observadas construcbes coloniais, como
casardes na Rua do Rosério, Igreja Nossa Senhora
do Rosario e Palacio das Andorinhas (IMB,
2016). Por isso, acredita-se que o levantamento
de plantas medicinais usadas pelos moradores
de Luziania seja promissor e possa auxiliar na
bioprospecgdo de espécies nativas ainda pouco
referenciadas na literatura, pois é uma cidade
localizada no Cerrado, de origem colonial, cujos
habitantes moram majoritariamente em casas,
com quintais domésticos.

Portanto, as hipoteses testadas neste
trabalho foram: (1) moradores da area urbana e
rural de Luziania devem ter perfil socioeconémico
e conhecimento etnobotanico similares, porque
a maioria trabalha no setor de servicos e de
indUstria e mora em casas; (2) moradores de
Luziania devem ser grandes conhecedores de
plantas medicinais, tanto exéticas quanto nativas,
pois moram em uma cidade colonial, tradicional
e inserida no Cerrado. Desta forma, este trabalho
foi desenvolvido com o objetivo de delinear o
perfil socioeconémico dos conhecedores de
medicinais em Luziania (GO) e conhecer as
plantas medicinais utilizadas por eles.

Material e métodos
Pesquisa etnobotanica

Antes de iniciar o levantamento de dados
da pesquisa por meio de entrevistas, o projeto
foi submetido a Plataforma Brasil, encaminhado
ao Comité de Etica em Pesquisa da Universidade
Federal de Goias, que o aprovou, possibilitando
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0 prosseguimento da pesquisa (Certificado de
Apresentacao para Apreciacao Etica - CAAE:
17284013.7.0000.5083).

Potenciais entrevistados foram determinados
pela técnica de “bola de neve” na qual
conhecedores de plantas medicinais indicavam
outros  conhecedores (ALBUQUERQUE
et al., 2010). Para participar da pesquisa,
os entrevistados tiveram que assinar o termo
de consentimento livre e esclarecido (TCLE),
sendo que uma copia do TCLE foi entregue aos
entrevistados e outra ficou com as pesquisadoras.
No total, foram 38 entrevistados, todos maiores
de idade, sendo 18 moradores da &rea urbana e
20 da area rural. Os moradores da area urbana
eram de bairros diferentes assim como o0s
moradores da area rural eram de regides distintas,
pois o levantamento buscou abranger a maior
area geografica possivel da cidade de Luziania.

Os moradores foram entrevistados por meio
de entrevistas semiestruturadas, com perguntas
abertas e fechadas que abordaram tanto
questodes socioecondmicas (local de nascimento,
escolaridade local de origem etc.) quanto
questdes sobre o conhecimento etnobotanico
(origem do conhecimento, nomes populares
de plantas medicinais que ja foram utilizadas
pelos entrevistados, modo de uso etc.) (SOUSA
et al., 2020). Ademais, as entrevistas também
tiveram natureza interativa, pois estavam
sujeitas a aprofundamentos caso o entrevistado
quisesse detalhar respostas ou contar alguma
experiéncia vivida (ALBUQUERQUE et al.,
2010). Alguns entrevistados também levaram as
pesquisadoras a seus quintais onde cultivavam
as plantas medicinais.

Analise de dados

Os dados das entrevistas realizadas em areas
urbanas e rurais de Luziania foram analisados
separadamente. Depois disso, foram feitas duas
listas das plantas medicinais utilizadas com suas

indicagbes para cada area. A partir das duas listas,
para identificar espécie e familia das plantas
medicinais citadas, foram usados nome popular,
fotografias, observacdo em campo (quintais
visitados), indicacao terapéutica e literatura
(LORENZI; MATOS, 2011). Posteriormente,
origem das espécies, grafia correta dos bindmios
e dos autores das espécies assim como familias
e habito das espécies foram verificados no site
Flora do Brasil 2020 do Jardim Botanico do Rio
de Janeiro (2020, 2021).

Todas as analises estatisticas foram rodadas
no Programa Past 3.18 (HAMMER et al., 2001),
utilizando indice de significancia (a) igual a
5 %. Testes de Chi-quadrado (c?) foram feitos
para avaliar diferengas entre os entrevistados
das areas urbana e rural em relagao: (1) a
quantidade de homens e mulheres; (2) ao
local de origem; (3) a faixa etéria; (4) ao nivel
de escolarizacao; (5) a ocupagao; (6) a origem
do conhecimento medicinal; (7) ao érgao ou
parte da planta medicinal mais utilizado para se
obter o principio terapéutico (raiz, caule, casca,
folha, flor, semente, fruto ou planta inteira).
Teste de Chi-quadrado (c?) e teste de Kruskal-
Wallis (H), abrangendo de forma conjunta
tanto a area urbana quanto a rural, foram feitos
respectivamente para comparar a quantidade de
espécies nativas e exoticas citadas e os diferentes
lugares de aquisicdo da planta medicinal.

Por fim, as espécies e as indicacoes
medicinais mais referenciadas foram obtidas
pela soma do numero de citagbes feitas
pelos entrevistados.

Resultados e Discussao

Por meio deste estudo, detectou-se que os
moradores da area urbana e rural de Luzidnia
possuiam perfil socioecondmico e conhecimento
etnobotanico similares e se mostraram
conhecedores de plantas medicinais, tanto
exéticas quanto nativas. Entretanto, eles usavam
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mais corriqueiramente as plantas exoéticas
procedentes principalmente do processo de
colonizacao, trazidas para o Brasil pelos europeus
e africanos, uma vez que os quintais foram
as principais areas de obtencao das espécies,
apesar de os entrevistados morarem préximos as
areas de Cerrado, onde poderiam obter espécies
nativas de uso medicinal.

Dentre as pessoas detentoras de
conhecimento etnobotéanico, 74,4 % eram do
sexo feminino em Luziania (TABELA 1). Este
resultado também foi encontrado para a area
urbana e a area rural separadamente, tanto
que a distribuicao genérica desigual quanto ao
conhecimento das plantas medicinais foi similar

entre as duas areas (c2 = 3,70; p > 0,05).
Sousa et al. (2020) também demonstraram
a supremacia das mulheres no conhecimento
etnobotanico na cidade de Sobradinho (DF)
assim como Arnous et al. (2005) e Zeni (2017).
De acordo com Budé et al. (2008), as tarefas
de cuidados caseiros com a familia (alimentacao
e salde) sdo consideradas femininas desde os
primdrdios da civilizacao humana.

A maioria das pessoas entrevistadas, tanto
as da area urbana quanto as da area rural,
nasceu em outras cidades e depois migrou para
Luziania, nao ocorrendo diferenca entre o local
de nascimento nas duas areas (c?2 = 0,867;
p > 0,05). Tal fato demonstra que o conhecimento

Tabela 1 — Dados sociais dos entrevistados da &rea urbana e area rural de Luziania-GO que foram levantados
na entrevista. N= 38 pessoas, sendo 18 na &rea urbana e 20 na éarea rural.

Dados sociais Area urbana  Area rural Luziania
Homem 2 7 9
Sexo
Mulher 16 13 29
] Luziania (GO) 6 4 10
Local de nascimento )
QOutros locais 12 16 28
Jovem (18 a 30) 3 1 4
Faixa etaria Adulto (31 a 60) 8 10 18
Idoso (acima de 60) 7 9 16
Analfabeto 0 1 1
Fundamental incompleto 7 16 23
o Fundamental completo 1 0 1
Escolarizacao Lo
Médio incompleto 2 0 2
Médio completo 7 3 10
Superior completo 1 0 1
Servidor publico 2 0 2
Empregado CLT 7 0 7
B Estudante 1 0

Ocupagao
Do lar 2 8 10
Aposentado 6 8 14
Agricultor/raizeiro 0 4 4
Familiar 17 16 33
Origem do Livros e revistas 11 1 12
conhecimento Experiéncia prépria 11 1 12
Terceiros 13 6 19

Fonte: Elaboracao dos autores (2021).
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das plantas medicinais da cidade de Luziania
foi enriquecido com conhecimentos advindos
de outros estados, entre os quais Rio Grande
do Sul, Minas Gerais, Sergipe, Ceara, Paraiba
e Maranhéao, fato também observado por Sousa
et al. (2020).

Adultos (50 % dos entrevistados) e
idosos (42 % dos entrevistados) tinham maior
conhecimento etnobotanico do que jovens (8 %
dos entrevistados), ndo ocorrendo diferenca
nas faixas etarias entre os entrevistados
urbanos e rurais em Luzidnia (TABELA 1) (c® =
1,371; p > 0,05). A maior concentracao do
conhecimento medicinal no grupo dos adultos
e idosos, respectivamente, refutou, para esta
pesquisa, 0 senso comum de que 0s idosos sao
0s maiores conhecedores das plantas medicinais
(PRADEICZUK et al., 2017) e ratificou o
observado em Sobradinho (Distrito Federal)
(SOUSA et al., 2020), cidade préxima a Luziania,
uma vez que o conhecimento etnobotanico estava
sendo eficientemente transmitido das geracoes
mais antigas para as intermediarias em Luziania;
porém, tal fato nao foi observado para a geragao
mais jovem.

Dentre os entrevistados, 71 % nao tinham
completado a Educacéo Basica, embora fossem
maiores de 18 anos, estando fora da idade para o
ensino regular fundamental e médio (TABELA 1).
Além disso, o nivel de escolaridade foi similar
entre as pessoas residentes nas duas areas (c? =
10,044; p > 0,05), apesar de ter sido observado
um maior nimero de entrevistados com ensino
fundamental completo na 4rea urbana do que
na area rural enquanto a maioria dos residentes
rurais nao tinha concluido a Educacao Basica
(TABELA 1). A escassez de estudos formais
ja foi observada na populacao de Luziania no
levantamento feito pela CODEPLAN DF (2014).

Os entrevistados apresentaram diversos
tipos de ocupagao que se diferenciaram
fortemente entre os da area urbana e da area
rural (c> = 17,83; p < 0,05), pois a maioria era

profissional do setor de servigos ou aposentado
na éarea urbana enquanto muitos eram
agricultores, donas de casa, aposentados e um
raizeiro na rural. No que tange a area urbana,
nao foi possivel estabelecer nenhum padrao
entre o conhecimento etnobotanico e o tipo de
profissdo. Entretanto, na area rural, as donas
de casa comprovaram o histérico de que as
mulheres sempre tiveram um papel fundamental
na agricultura e cuidados terapéuticos da
familia. De acordo com Budé et al. (2008), no
meio rural, bem como no meio urbano (dados
obtidos no presente trabalho), a mulher é a
responsavel pelo cuidado familiar e transmite
tais conhecimentos a filhas e netas. Ademais,
os agricultores, por terem contato diario com as
plantas, possuem maior interesse em aprender
assim como valorizam mais o conhecimento
etnobotanico (SOUSA et al., 2020). Por fim,
ser eximio conhecedor de plantas medicinais
é condicao essencial para exercer o oficio de
raizeiro, uma vez que raizeiro é a pessoa que
lida com o preparo e uso das plantas medicinais
para a promogao da salde.

Os entrevistados da éarea rural e urbana
de Luziania se diferenciaram quanto a forma
de obtencdo do conhecimento etnobotanico
(c2= 10,367; p < 0,05), apesar de o nivel de
conhecimento ter sido similar entre eles que
citaram respectivamente 61 e 60 espécies. Para
os residentes da area rural, a principal origem do
conhecimento foi a familiar (TABELA 1). Segundo
Guerra e Nodari (2003), o conhecimento
etnobotanico é principalmente geracional. Além
da origem familiar, muitos entrevistados da area
urbana relataram o uso de livros e revistas,
experiéncias proprias e compartilhamento de
informacoes com terceiros, fato também descrito
por Messias et al. (2015) e Sousa et al. (2020).
Cabe ressaltar que dos seis entrevistados da area
rural que apontaram terceiros como uma das
origens do conhecimento etnobotanico, um foi
0 raizeiro que disse que aprendeu com indios do
Mato Grosso.
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A obtencdao das plantas medicinais
foi preponderantemente feita em quintais
domésticos em comparagao a obtengao na
natureza, no comércio ou em outros lugares
(H= 37,95; p < 0,01), como observado em
Ouro Verde (GO) por Silvia e Proenga (2008)
e nas ilhas do Rio Sao Francisco, localizadas
em Petrolina (PE) e Juazeiro (BA), por Pio et al.
(2019). Provavelmente a ascendéncia do cultivo
domeéstico diante das outras formas de aquisicao
das medicinais se da pelo fato de Luziania ser
formada principalmente por casas (CODEPLAN
DF, 2014), sitios, chacaras e poucos prédios,
apesar de se observar um crescimento vertical.
Os quintais domésticos sao areas ao redor da
casa onde sao cultivadas espécies Uteis, como
arvores do tipo frutiferas, plantas medicinais,
ornamentais e algumas para uso alimentar
(SALES, 2008). Portanto, os quintais urbanos
sao preponderantes para a conservacgao da flora
nativa e espacos de cultivo da agrobiodiversidade
(WINKLERPRINS, 2002) além de serem também
fundamentais para a manutencao da diversidade
cultural, pois neles ocorre a convivéncia da
familia (PASA et al., 2005). Cabe ressaltar que
os entrevistados também citaram a natureza,
compra em mercados, feiras e farmacias e
outros locais (jardins de terceiros ou publicos,
terrenos baldios e locais antropizados onde ha
crescimento de plantas ruderais) como formas
de obtencao das medicinais.

A maioria dos entrevistados da area rural
e urbana de Luzidnia citaram a folha como o
principal 6rgao utilizado, nao ocorrendo diferenca
entre as areas (c> = 8,063; p < 0,05). A folha
também ja foi citada como a parte mais utilizada
em outros estudos (ZENI et al., 2012; GOMES
et al., 2015; COSTA; MARINHO, 2016; PIO
et al., 2019; SOUSA et al., 2020). De acordo
com Sousa et al. (2020), o extrativismo de
folhas € menos danoso para a planta, porque
dificilmente causa a morte do vegetal ao
contréario das coletas de casca e raiz; além disso,
a retirada sem excesso de folhas ainda permite

o crescimento e a reproducao da planta (PILLA
et al., 2006). As folhas comumente elencadas
nesta pesquisa eram obtidas geralmente de
plantas medicinais exdticas cultivadas nos
quintais para a administracao de chas, como
alecrim, capim cidreira, erva-doce, hortela e
malva do reino. O uso de cha também é relatado
como a forma mais comum de administracao
das plantas medicinais em outros trabalhos
(AMOROZO0, 2002; GOMES et al., 2015; ZENI
etal., 2017).

Casca, Oleos, resinas, raizes, flores,
frutos e semente também foram citados pelos
entrevistados, porém em menor quantidade, o
que pode ser considerado positivo no que tange a
conservacao das espécies medicinais que sofrem
tal tipo de extrativismo. A coleta da casca, 6leo,
resina ou goma de maneira errbnea pode causar
a morte da planta por meio do anelamento do
caule ou da formacao de grandes ferimentos
que possibilitem a entrada de patdgenos e
pragas (FILIZOLA; SAMPAIO, 2015). Portanto,
este tipo de extrativismo pode trazer problemas
conservacionistas as espécies nativas (FELFILI;
BORGES-FILHO, 2004), uma vez que muitas
sao coletadas na propria natureza, como
Stryphnodendron adstringens (Mart.) Coville
(barbatimao - coleta da casca), Handroanthus
impetiginosus (Mart. ex DC.) Mattos (ipé-roxo
- coleta da casca), Anadenanthera colubrina
(Vell.) Brenan (angico - coleta da casca) e
Copaifera langsdorffii Desf. (copaiba — coleta do
6leo) (dados obtidos na presente pesquisa).

Por isso, de acordo com Filizola e Sampaio
(2015), sugere-se que casca, Oleos, gomas e
resinas sejam extraidas de galhos das espécies
que admitem podas ou, caso a poda nao seja
possivel, aconselha-se fazer coleta de um
fragmento de casca que seja pequeno e vertical
em relacao ao tronco (i.e., a incisdo sempre
precisa ter maior comprimento do que largura) e
posterior emprego de curativo logo apds a coleta.
Os curativos podem ser feitos com cera de abelha,
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argila, 6leo de copaiba, 6leos minerais, resinas
de outras arvores como a do breu. Sobre esse
assunto, recomenda-se a leitura de boas praticas
de manejo (FILIZOLA; SAMPAIO, 2015).

A coleta excessiva de frutos, sementes e
flores/inflorescéncias também ¢é danosa para
a populagao, pois influencia negativamente o
recrutamento de novos individuos (AQUINO
etal., 2008), como em Hymenaea stigonocarpa
Mart. ex Hayne (jatoba) para frutos, Pterodon
emarginatus Vogel (sucupira) e Dipteryx alata
Vogel (baru) no caso de sementes e Achyrocline
satureioides (Lam.) DC. (macela do campo)
para inflorescéncias (dados obtidos na presente
pesquisa). Por isso, sugere-se a coleta de apenas
25 % da producao de sementes para cada
planta considerada matriz no intuito de que haja
excedentes para a manutencao da espécie na
natureza (MEDEIROS; NOGUEIRA, 2006) assim
como coleta parcial das inflorescéncias e dos
frutos com o intuito de se manter a propagacao
sexual da espécie de interesse e também de
outros processos ecologicos, como alimentagao
da fauna silvestre que muitas vezes é a
dispersora dessas espécies de plantas (AQUINO
et al., 2008).

Os entrevistados citaram 95 espécies
de plantas medicinais em Luziania (GO)
(TABELA 2). Por ser uma cidade com predominio
de casas, onde se observam pequenos quintais,
o conhecimento medicinal é convenientemente
mantido na cidade, como ja comprovado por
Pradeiczuk et al. (2017) e Sousa et al. (2020).
Ademais, a populagao de Luziénia é bastante
tradicional nos seus costumes por ser uma cidade
colonial, datada do século XVIII (IBGE, 2017). O
elevado nimero de espécies citadas em Luziania
foi similar ao observado em Ouro Verde de Goias
com 98 espécies (SILVA; PROENGA, 2008), Alto
Paraiso de Goids com 103 espécies (SOUZA;
FELFILI, 2006) e em Jatai, cidade também de
Goias, onde foram mencionadas 112 espécies
(SOUZA et al., 2016).

Das plantas citadas, 42,11 % sao nativas
do Brasil e 57,89 % exoéticas, nao havendo
diferenca estatistica entre as origens das
espécies (Chi~2 = 0,405; p > 0,05), o que
demonstra a riqueza do conhecimento local em
relacao tanto as espécies brasileiras quanto as
espécies exoticas. Nosso resultado foi diferente
do encontrado por Souza e Felfili (2006) na
comunidade de Alto Paraiso de Goias que usava
predominantemente a biodiversidade nativa, pois
69 % das espécies citadas eram brasileiras. Por
outro lado, foi similar ao encontrado por Silva
e Proenca (2008), uma vez que as espécies
exdticas cultivadas em quintais se destacaram
em nuimero absoluto em Ouro Verde (GO), como
observado em Luziadnia. Porém, cabe ressaltar
que tal diferengca nao repercutiu em diferenga
estatistica no presente levantamento.

As 95 espécies de plantas medicinais na
cidade de Luziania foram classificadas em 37
familias botanicas, sendo 36 do Filo Anthophyta
(Angiospermas) e uma do Filo Monilophyta.
Dentre as 10 familias mais representativas,
Lamiaceae, Asteraceae e Fabaceae foram
as mais citadas, com 16, 14 e 10 espécies,
respectivamente (TABELA 2). Essas familias
sao frequentemente mencionadas nos estudos
etnobotanicos (GUARIM-NETO; MORAIS,
2003; OLIVEIRA; LUCENA, 2015; SOUSA
et al., 2020), por possuirem grande nimero de
espécies e capacidade na colonizacao e cultivo
(SOUZA et al., 2016). Na familia Lamiaceae,
as 16 espécies citadas eram exdticas do
Brasil. Em Asteraceae, oito eram nativas e seis
exoéticas. J& em Fabaceae, nove espécies eram
nativas e uma exoética. Portanto, os resultados
demonstram a importancia da flora europeia (ex:
hortela, alfazema, alecrim) e africana (ex: boldo
e capim-santo) para a etnobotanica brasileira,
principalmente no que tange a introducdo de
espécies de Lamiaceae, assim como o potencial
da flora brasileira especialmente das familias
Asteraceae e Fabaceae para a bioprospecgao de
principios ativos medicinais.
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Tabela 2 - Espécies de plantas medicinais citadas pelos moradores de Luziania (Goias) apresentadas em ordem

alfabética crescente de familia.

Espécies de plantas medicinais Nome popular Familia Habito  Origem
Sambucus australis Cham. & Schltdl. sabugueiro Adoxaceae arbusto nativa
Allium sativum L. alho Alliaceae erva exotica

Allium fistulosum L. cebolinha Alliaceae erva exotica

Allium cepa L. cebola Alliaceae erva exdtica
Alternanthera brasiliana (L.) Kuntze terramicina  Amaranthaceae subarbusto nativa
Alternanthera philoxeroides (Mart.) Griseb. dipirona Amaranthaceae subarbusto nativa
Dysphania ambrosioides (L.) Mosyakin & Clemants mastruz Amaranthaceae erva nativa
Myracrodruon urundeuva Allemao aroeira Anacardiaceae arvore nativa
Anethum graveolens L. endro Apiaceae erva exdtica
Foeniculum vulgare Mill. erva-doce Apiaceae erva exdtica
Pimpinella anisum L. erva-doce Apiaceae erva exdtica
Petroselinum crispum (Mill.) Fuss salsinha Apiaceae erva exdtica
Aloe vera (L.) Burm. f. babosa Asphodelaceae erva exotica
Solidago chilensis Meyen arnica Asteraceae  subarbusto nativa

Cynara scolymus L. alcachofra Asteraceae erva exdtica

Vernonia polyanthes (Spreng.) Less. assa peixe Asteraceae arbusto nativa
Chamomilla recutita (L.) Rauschert camomila Asteraceae erva exotica
Baccharis crispa Spreng. carqueja Asteraceae  subarbusto nativa

Stevia rebaudiana (Bertoni) Bertoni estévia Asteraceae erva nativa
Helianthus annus L. girassol Asteraceae erva exdtica

Mikania glomerata Spreng. guaco Asteraceae trepadeira nativa
Artemisia absinthium L. losna Asteraceae  subarbusto exotica
Achyrocline satureioides (Lam.) DC. macela Asteraceae erva nativa
Egletes viscosa (L.) Less. macela Asteraceae  subarbusto nativa
Ageratum conyzoides L. mentraste Asteraceae erva nativa
Achillea millefolium L. mil folhas Asteraceae erva exotica

Bidens pilosa L. picao Asteraceae erva exdtica
Handroanthus impetiginosus (Mart. ex DC.) Mattos ipé roxo Bignoniaceae arvore nativa
Bixa orellana L. urucum Bixaceae arvore nativa

Nasturtium officinale R. Br. agriao Brassicaceae erva exdtica
Protium heptaphyllum (Aubl.) Marchand amescla Burseraceae arvore nativa
Monteverdia truncata (Nees) Biral folha santa Celastraceae arvore nativa
Calophyllum brasiliense Cambess. mangue Clusiaceae arvore nativa
Costus spicatus (Jacq.) Sw. cana-do-brejo  Costaceae erva exoética
Diospyrus kaki L.f. caqui Ebenaceae arvore  exética

Croton antisyphiliticus Mart. pé-de-perdiz  Euphorbiaceae arvore nativa
Euphorbia tirucalli L. avelds Euphorbiaceae  arbusto  exdtica
Equisetum giganteum L. cavalinha Equisetaceae subarbusto nativa
Amburana cearensis (Allemao) A.C.Sm. imburana Fabaceae arvore nativa
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Espécies de plantas medicinais Nome popular Familia Habito  Origem
Anadenanthera colubrina (Vell.) Brenam. angico Fabaceae arvore nativa
Copaifera langsdorffii Desf. copaiba Fabaceae arvore nativa
Dipteryx alata Vog. baru Fabaceae arvore nativa

Hymenaea stigonocarpa Mart. ex Hayne jatoba Fabaceae arvore nativa
Myroxylon peruiferum L.F. balsamo Fabaceae arvore nativa
Pterodon emarginatus Vogel sucupira Fabaceae arvore nativa

Senna occidentalis (L.) Link fedegoso Fabaceae subarbusto nativa
Stryphnodendron adstringens (Mart.) Coville barbatimao Fabaceae arvore nativa
Tamarindus indica L. tamarindo Fabaceae arvore  exotica
Lavandula angustifolia Mill. alfazema Lamiaceae erva exdtica
Melissa officinalis L. erva-cidreira Lamiaceae  subarbusto exotica

Mentha arvensis L. hortela Lamiaceae erva exotica

Mentha pulegium L. poejo Lamiaceae erva exdtica

Mentha X villosa Huds. hortela Lamiaceae erva exotica

Mentha spicata L. alevante Lamiaceae erva exdtica

Ocimum carnosum (Spreng.) Link & Otto ex Benth. alfavaca Lamiaceae  subarbusto exdtica
Ocimum basilicum L. manjeirao Lamiaceae erva exdtica

Ocimum gratissimum L. alfavaca Lamiaceae  subarbusto exética
Origanum vulgare L. manjerona Lamiaceae  subarbusto exética
Plectranthus amboinicus (Lour.) Spreng. mféYsodo Lamiaceae  subarbusto exotica
Plectranthus barbatus Andrews boldo Lamiaceae  subarbusto exotica
Plectranthus grandis (Cramer) R. Willemse boldo Lamiaceae  subarbusto exdtica
Rosmarinus officinalis L. alecrim Lamiaceae  subarbusto exotica

Salvia officinalis L. salvia Lamiaceae erva exotica

Tetradenia riparia (Hochst.) Codd mirra Lamiaceae arbusto  exotica
Cinnamomum zeylanicum Blume canela Lauraceae arvore exotica
Laurus nobilis L. louro Lauraceae arvore exdtica

Persea americana Mill. abacate Lauraceae arvore exdtica

Linum usitatissimum L. linhaca Linaceae erva exotica

Punica granatum L. roma Lythraceae arbusto  exotica

Malpighia emarginata DC. acerola Malpighiaceae arvore exdtica
Abelmoschus esculentus (L.) Moench quiabo Malvaceae arbusto  exdtica
Cochlospermum regium (Mart. ex Schrank) Pilg. alggdczorilggo Malvaceae arbusto nativa
Gossypium hirsutum L. algodao Malvaceae arbusto  exodtica

Hibiscus sabdariffa L. hibisco Malvaceae subarbusto nativa
Waltheria communis A.St.-Hil. dé)éjgdr%npr:)a Malvaceae erva nativa
Dorstenia cayapia Vell. carapia Moraceae erva nativa
Eucalyptus globulus Labill. eucalipto Myrtaceae arvore exdtica
Psidium guajava L. goiaba Myrtaceae arvore exdtica
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Espécies de plantas medicinais Nome popular Familia Habito  Origem
Syzygium aromaticum (L.) Merr. & L.M. Perry cravo Myrtaceae arvore  exética
Syzygium cumini (L.) Skeels jambolao Myrtaceae arvore  exética
Phyllanthus niruri L. qp“e%br;a Phyllanthaceae  erva nativa

Plantago major L. trancagem  Plantaginaceae erva exdtica

Cymbopogon citratus (DC.) Stapf capim-santo Poaceae erva exdtica
Polygonum hydropiperoides Michx. erbviihdoe— Polygonaceae erva nativa
Rubus sellowii Cham. & Schtdl. amora Rosaceae arvore nativa
Morinda citrifolia L. noni Rubiaceae arvore exdtica

Uncaria guianensis (Aubl.) J.F. Gmel. ungr;iode Rubiaceae arbusto nativa
Citrus aurantium L. laranja Rutaceae arvore exdtica

Citrus limon (L.) Burm. f. limao Rutaceae arvore exdtica

Ruta graveolens L. arruda Rutaceae subarbusto exdtica

Camellia sinensis (L.) Kuntze ché preto Theaceae arbusto  exdtica

Lippia alba (Mill.) N. E. Br. erva-cidreira  Verbenaceae subarbusto nativa

Cissus verticillata (L.) Nicolson & C. E. Jarvis insulina Vitaceae trepadeira nativa
Zingiber officinale Roscoe gengibre Zingiberaceae erva exotica
Curcuma longa L. agafrao Zingiberaceae erva exotica

Fonte: Elaboracao dos autores (2021).

O predominio da familia Lamiaceae, que
foi a mais referida em Luziania, foi confirmado
em nivel genérico, pois os seguintes taxons
para a categoria género foram mencionados
mais de uma vez: Mentha L. (Lamiaceae) com
quatro espécies, Ocimum L. e Plectranthus
'Hér. (Lamiaceae) com trés espécies cada. Por
meio desses resultados, percebem-se também
apontamentos de Alliaceae, Amaranthaceae,
Myrtaceae e Rutaceae no grupo das 10 familias
mais registradas (TABELA 2): Allium L. (Alliaceae)
com trés espécies e Alternanthera Forssk.
(Amaranthaceae), Syzygium Gaertn. (Myrtaceae)
e Citrus L. (Rutaceae) com duas espécies cada.

As espécies medicinais exoticas foram as
mais usadas pela populacao de Luziania (Regiao
Centro-Oeste do Brasil), tanto da area urbana
quanto da éarea rural (TABELA 3), apesar do uso
ocasional de muitas nativas. Hortela, capim-
santo (22 citagoes), boldo (20), erva-cidreira
(18), babosa (18), mastruz (13) e alecrim (12)

também estao entre as plantas mais citadas
para a cidade de Sobradinho, no Distrito Federal
(Regiao Centro-Oeste) (SOUSA et al., 2020).
Hortela (21), erva-cidreira (20) e babosa (17)
também foram as plantas medicinais mais
citadas na cidade de Abaetetuba, no Para
(Regiao Norte) (GONCALVES; LUCAS, 2017).
Boldo (24), hortela (14) e erva-doce (11)
também foram largamente citadas na cidade de
Ascurra, em Santa Catarina (Regiao Sul) (ZENI
et al.,, 2012). Além disso, hortela, boldo, erva-
doce, capim-santo, alecrim e poejo tiveram os
maiores valores de frequéncia relativa na cidade
de Ouro Preto, em Minas Gerais (Regiao Sudeste)
(MESSIAS et al.,2015). Portanto, percebe-se
que em diferentes regides do Brasil ha o uso
corrigueiro das mesmas espécies medicinais.

O héabito predominante das plantas
mencionadas foi erva (TABELA 4), uma vez
que as plantas medicinais mais utilizadas pelos
entrevistados foram aquelas tradicionalmente
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Tabela 3 — Espécies de plantas medicinais mais citadas pelos moradores de Luziania (GO).

As 10 plantas medicinais mais citadas Urbana Rural  Urbana + Rural Ocorrénativacia
Lippia alba (erva-cidreira) 11 8 19 nativa
Mentha arvensis (horteld) 13 6 19 exotica

Dysphania ambrosioides (mastruz) 13 3 16 nativa
Plectranthus barbatus e P. grandis (boldo) 9 6 15 exdtica
Rosmarinus officinalis (alecrim) 11 2 13 exotica
Aloe vera (babosa) 7 5 12 exotica
Cymbopogon citratus (capim-santo) 5 7 12 exotica
Ocimum carnosum (alfavaca) 2 6 8 exotica
Gossypium hirsutum (algodao) 8 2 10 exotica
Foeniculum vulgare (erva-doce) 5 4 9 exdtica
Mentha pulegium (poejo) 5 4 9 exotica

Fonte: Elaboracéo dos autores (2021).

Tabela 4 — Habitos observados nas espécies de
plantas medicinais mencionadas pela populagao de
Luziania (Goias).

Habito Porcentagem do tipo de habito
Erva 35,79 %
Arvore 30,53 %
Subarbusto 20,00 %
Arbusto 11,58 %
Trepadeira 2,11 %

Fonte: Elaboracéo dos autores (2021).

cultivadas em quintais, compreendendo muitas
herbaceas de facil manejo e que ocupam
poucos espagos, como ja observado por Zeni
et al. (2017). Ademais, entre as 10 espécies
medicinais mais citadas (TABELA 3), 6 eram
ervas, como: erva doce, mastruz, capim limao,
hortela, poejo e babosa. O habito do tipo arvore
também foi amplamente mencionado, pois muitas
eram frutiferas exéticas cultivadas nos quintais
domeésticos (abacate, acerola, caqui, laranja e
limao) (LORENZI; MATOS, 2011) assim como
arvores maiores, nativas, coletadas no Cerrado
(angico, copaiba, barbatiméao, baru, jatoba, ipé-
roxo e ipé-rosa) (FLORA DO BRASIL 2020, 2021).

De acordo com os entrevistados, varias das
plantas nativas arbéreas utilizadas em Luziania
eram majoritariamente colhidas na natureza, o

gue demonstra a importancia de criar viveiros
com espécies nativas medicinais arbéreas do
Cerrado assim como de proporcionar cursos
de capacitacao para (1) ensinar métodos de
extrativismo sustentavel e (2) divulgar formas
de cultivo e uso de plantas medicinais nativas
do Cerrado pela populagdo de Luziania.

Os principais sintomas tratados com o uso
de plantas medicinais em Luziania (TABELA 5)
foram aqueles considerados menos graves
ou doencas de ciclo rapido, como resfriado
e problemas digestivos (FIGUEREDO et al.,
2014). Somados a tais problemas de saulde,
outros sintomas foram também citados:
insOnia e estresse (para calmante) e problemas
respiratérios (asma, bronquite e tosse). Os
sintomas de resfriado e problemas digestivos
e respiratérios sdo usualmente tratados no
convivio doméstico, como ja relatado em outros
levantamentos realizados em diversas regioes
do Brasil (ALMEIDA; ALBUQUERQUE, 2002;
PILLA et al., 2006; ZENI et al., 2017; SOUSA
et al., 2020), diferentemente do relatado no
levantamento etnobotanico feito nas ilhas do
Rio Séo Francisco (PE e BA) no qual infecgoes
intestinais, diarreia e vermes foram os problemas
corrigueiramente tratados com as medicinais
(PIO et al., 2019).
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Tabela 5 — Principais indicagdes de uso das plantas
medicinais em Luzidnia (Goias).

Porcentagem de

Indicacoes de uso S
indicacao de uso

Resfriado 16,20 %
Indigestao 15,49 %
Estresse e insOnia 12,44 %
Problemas respiratérios 8,22 %
Dor de garganta 4,93 %
o ason
Ferimentos externos 3,76 %

Fonte: Elaboracéo dos autores (2021).

Por fim, o perfil socioecondmico dos
moradores conhecedores das plantas
medicinais em Luziania (maioria com baixa
escolaridade, muitos aposentados e donas de
casa) corrobora o amplo uso das medicinais
nos tratamentos de doencas comuns, pois
fazer tratamento com plantas medicinais é
mais barato economicamente do que tratar
enfermidades corriqueiras com medicamentos
farmacéuticos (FIGUEREDO, 2013). Portanto, o
trabalho demonstrou a importancia social deste
conhecimento etnobotanico para tratamento de
enfermidades comuns.

Consideracoes finais

O presente trabalho demonstrou a
importancia e a tradicdo do uso de plantas
medicinais pela populacdo de Luzidnia (GO),
pois tanto moradores da area urbana quanto da
rural eram conhecedores das plantas medicinais,
sendo principalmente mulheres, pessoas com
menos estudos formais e donas de casa ou
aposentadas. Provavelmente, tais resultados
estao relacionados com o fato de que o cuidado
da familia é tradicionalmente feito por mulheres
e Luziania é uma cidade cuja populagao tem
baixa escolaridade e, assim, o tratamento com
plantas medicinais é mais vantajoso, uma vez
que é mais barato do que o tratamento com

medicamentos de indulstrias farmacéuticas.
Ademais, a maioria dos moradores cultivavam
suas plantas medicinais em quintais. Tal fato esté
diretamente relacionado com o tipo de planta
mais utilizada, uma vez que eram espécies de facil
manutencao e de pequeno porte. Os moradores
de Luziania também conheciam muitas espécies
medicinais nativas apesar de usarem mais as
exo6ticas para o tratamento de sintomas e
melhoria da salide, como erva-cidreira, horteld,
mastruz e boldo. Por fim, o uso frequente das
medicinais foi significativo para o tratamento
de problemas de salde mais corriqueiros, como
resfriados, problemas digestivos, estresse e
insbnia, comprovando a importancia social deste
conhecimento etnobotanico para a populagéao
de Luziania.
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