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ABSTRACT - Hesperozygis ringens is a species that stands out for the production of essential oil. No reports on the leaf spectral
characterization of the species have been found. This study aimed to determine the reflectance pattern of Hesperozygis ringens
leaves with the aid of Remote Sensing. Therefore, a spectroradiometer that operates in the continuous spectral range from 400
to 900 nm of the electromagnetic spectrum was used, with a resampled precision of 1 nm. The reflectance measurement was
collected in situ. Four records were obtained. A spectral curve was created from the means of measurements in each sample. In
the blue region, reflectance values between 0.0116696 and 0.0399550 were found. In the red region, the reflectance oscillated
between 0.0438487 and 0.1095826. In the green region, the reflectance values ranged between 0.0405677 and 0.1001319. In the
near-infrared region, the oscillation of reflectance values occurred between 0.1163483 and 0.4655269. The results indicate the
effectiveness of the use of geotechnologies to carry out the spectral characterization of the H. ringens leaf. Further studies are
expected to identify and monitor plant populations with Remote Sensing.
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SENSORIAMENTO REMOTO NA CARACTERIZAQAO ESPECTRAL FOLIAR DE
Hesperozygis ringens, UMA ESPECIE AMEACADA DE EXTINCAO

RESUMO - Hesperozygis ringens é uma espécie que se destaca pela producéo de dleo essencial. Nao foram encontrados relatos
sobre a caracterizacdo espectral foliar da espécie. O presente estudo teve como objetivo determinar o padréo de reflectancia das
folhas de Hesperozygis ringens com auxilio de Sensoriamento Remoto. Para isso, foi utilizado um espectrorradibmetro que atua
na faixa espectral continua de 400 a 900 nm do espectro eletromagnético, com precisdo reamostrada de 1 nm. A medida de
reflecténcia foi coletada in situ. Foram obtidos quatro registros. Uma curva espectral foi criada a partir de médias das medidas
em cada amostra. Na regido do azul foram encontrados valores de reflectancia entre 0,0116696 e 0,0399550. Na regido do
vermelho, a reflectancia oscilou entre 0,0438487 e 0,1095826. Na regido do verde, os valores de reflectancia variaram entre
0,0405677 e 0,1001319. Na regido do infravermelho préximo, a oscilagdo dos valores de reflectancia ocorreu entre 0,1163483 ¢
0,4655269. Os resultados encontrados no presente estudo indicam a efetividade do uso de geotecnologias para a realizacdo da
caracterizacdo espectral da folha de H. ringens. Espera-se que os resultados encontrados estimulem futuras pesquisas com 0
intuito de identificar e monitorar as populagdes da planta com Sensoriamento Remoto.

Palavras-chave: curva espectral, espectrorradidmetro, geotecnologias, reflectancia.

INTRODUCTION

Geoprocessing or geotechnologies are terms that
refer to the set of technologies used for collection,
processing, and analysis activities, followed by the
provision of information that contains a geographic
reference (ROSA, 2005). Remote Sensing is part of
geotechnologies and has portable sensors, also known as
spectroradiometers, which are capable of performing
reflectance sampling of targets in different bands of the
electromagnetic spectrum (SOUZA FILHO; CROSTA,
2003). According to these authors, the sampling includes
the wavelengths of the visible regions, as well as the near-
infrared, short-wave infrared, and thermal infrared.

Part of the radiation that reaches the earth's surface
and encounters vegetation is absorbed by the leaf, while part

is reflected; being that these amounts vary between and
within  species (MALLMANN et al, 2015). The
differentiation and the monitoring of vegetation types can
be performed using characterized spectral profiles (LIRA et
al., 2009). The use of Remote Sensing technologies for the
spectral characterization of vegetation has been reported in
the literature (PANDYA et al., 2013; MALLMANN et al.,
2015; MARTINS; GALO, 2015).

Hesperozygis ringens (Benth.) Epling is an
endangered species (GOVERNO DO ESTADO DO RIO
GRANDE DO SUL, 2014), which can be found in
populations located in municipalities of Rio Grande do Sul
State (RS) (FRACARO; ECHEVERRIGARAY, 2006), as
in Santa Maria (PINHEIRO et al., 2018a, 2018b). Studies
have demonstrated the potential of H. ringens leaves for the
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production of essential oil, as well as the chemical
characterization and biological activities provided by the
extractive (TONI et al., 2014; PINHEIRO et al., 2017
PINHEIRO et al., 2021).

In addition to producing essential oil characterized
by the predominance of the oxygenated monoterpenoid
known as pulegone, the H. ringens leaves also produce
classes of constituents such as lipids, oil-resins, proteins,
phenolic  compounds, flavonoids, and alkaloids
(PINHEIRO et al., 2018a). Additionally, the leaves stand
out for their structural characteristics such as the presence
of glandular and non-glandular trichomes (PINHEIRO et
al., 2018b).

Although structural and histochemical
characterizations of the H. ringens leaf have already been
carried out (PINHEIRO et al., 2018a, 2018b), no studies on
the spectral characterization of the species were found.
Additionally, no reports of spectral characterization of
representatives of the Lamiaceae family were found.

Therefore, this study aims to identify the
reflectance pattern of H. ringens leaves using a
spectroradiometer so that it is possible to evaluate the use of
Remote Sensing for the identification of plant populations.

MATERIAL AND METHODS

To carry out this study, legal authorizations were
obtained, such as the one acquired from Sistema de
Autorizacdo e Informacdo em Biodiversidade (SISBIO,
number 74776-1) for the collection of plant material to carry
out scientific activities with H. ringens. In addition,
authorization for access to genetic heritage was also
obtained from the Conselho Nacional de Gestdo do
Patrim6nio Genético, linked to the Ministério do Meio
Ambiente (SISGEN N. AB0OC2C1), as well as a record of
studies with H. ringens.

H. ringens leaves were analyzed in situ, in a
population located in Santo Antdo, Santa Maria
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municipality, RS. The analysis followed the method
described by Durén et al. (2013). An Analytical Spectral
Device Inc spectroradiometer, FieldSpec HandHeld VNIR
model was used. This equipment operates in the continuous
spectral range from 400 to 900 nm of the electromagnetic
spectrum, in an interval of 1.6 nm and a resampled precision
of 1 nm. This equipment operates in the visible region and
partly in the near-infrared region. Among the components
of the spectroradiometer are the detector unit, a tripod, a
laptop, and a reference board, in addition to accessories such
as a battery and cables for connection (DURAN et al.,
2013).

Since H. ringens is a shrub, for the plant analysis,
the branches of one individual were grouped, so that the
records were obtained only from the leaves, avoiding the
reading of the soil. For leaf sampling, a reflectance
measurement was collected at a height of 50 cm. Four
records were obtained on the spectroradiometer. The data
were reviewed to verify the dispersion of the spectral
curves. For each sample, an average of the measurements
was performed to create a spectral curve. The data
processing, as well as the obtention of spectral curves, were
carried out using the software RS3, FieldSpec, ViewSpec
Pro Vers&05.6, and Microsoft Excel (DURAN et al., 2013).

RESULTS AND DISCUSSION

The lowest reflectance value found in the blue
region was 0.0116696 at 400 nm, while the highest value
was 0.0399550, detected at 499 nm (Figure 1). The
reflectance increased in this spectral range and the average
was 0.0285964. In the green region, an average reflectance
of 0.0790069 was detected. The lowest value found was
0.0405677 at 500 nm, and the highest reflectance detected
was 0.1001319 at 554 nm. Therefore, the reflectance in this
spectral band showed an increase up to the wavelength of
554 nm and a decrease until the end of this spectral band.
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FIGURE 1 - Spectral characterization using a spectroradiometer of the canopy of one Hesperozygis ringens individual located
in Santo Antdo, Santa Maria municipality, Rio Grande do Sul.

The red spectral range showed smaller reflectances
than the green and infrared bands (Figure 1). The smallest

reflectance value detected in the red region was 0.0438487
at 674 nm, and the average reflectance in this region was
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0.0595628. The spectral band of transition from red to
infrared, called RedEdge, showed a marked variation in
reflectance of approximately 0.36% of amplitude. In the
near-infrared region, the minimum reflectance value was
0.1163483 at 700 nm, and the maximum value was
0.4655269 at 891 nm (Figure 1). The average reflectance
found in this region was 0.4042686.

From the spectral characterization of the H.
ringens leaf, the green region stood out in the visible range,
where, in general, there was an increase in reflectance
concerning the blue and red regions. The results suggest the
effectiveness of spectroradiometrics for the characterization
of the leaf of a Lamiaceae species. Using
spectroradiometers, reflectance data can be collected in
situ, which is especially important for endangered species.
In addition to providing information about the spectral
characteristics of the targets, in situ collection makes it
possible to obtain physical values as well (MARTINS;
GALDO, 2015).

Regarding the spectral behavior of vegetation,
chlorophyll absorbs solar radiation in the photosynthetic
process and the reflectance is usually low in the visible
region, while in the near-infrared region, the leaf tissue
reflects solar radiation and the reflectance is usually high
(LIRA et al., 2009). This behavior in the reflectance of the
near-infrared region is in agreement with what was
observed in our study since the referred region presented a
highlighted average value.

Spectroradiometry can be used to analyze canopies
of plant species. A study with soybean observed that the
decrease in chlorophyll provides a decrease in reflectance in
the bands from 450 to 520 nm, as well as from 630 to 690
nm (GROSS et al., 2016). In our study, among the regions
of the visible range analyzed in H. ringens, the average
green reflectance stood out, with the maximum value at 554
nm. This result is possibly related to the strong presence of
chlorophyll in this region.

Our results may serve as a basis for further studies
with H. ringens, such as the use of vegetation indices to
analyze new characteristics of the leaves. Vegetation
indices have been used in several studies to help achieve
different goals such as measuring chlorophyll (LU et al.,
2015), assessing water stress (DEJONGE et al., 2016),
identifying diseases in plants (ODILBEKOV et al., 2018),
and the monitoring of a deforested area (NERY et al., 2014).

Our study is the first report on the use of
spectroradiometrics in H. ringens characterization. Future
research is indicated, such as the analysis of more
individuals of the species, as well as the study of other
populations. These new studies could allow a comparison of
characteristics between places of occurrence of H. ringens
to identify the species with the aid of Remote Sensing.
Geotechnologies can be applied in different fields of
knowledge, and the use of satellite images enables the
analysis of a geographic space, as well as the collection of
information in distant environments considered difficult to
access (FLORENZANO, 2005). The identification and
distribution of plant species can be carried out with the help
of Remote Sensing technologies, and methods such as
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vegetation indices (COELHO et al., 2016; GOERGEN et
al., 2016). Since H. ringens is an endangered species, the
use of Remote Sensing would enable the identification of
occurrence areas and the monitoring of their populations,
aiming at preservation.

CONCLUSIONS

The results suggest the effectiveness of
geotechnologies for the spectral characterization of the H.
ringens leaf, an endangered species. It is expected that this
study motivates further studies on the species, with a larger
sample number and in other geographic sites, aiming to
detect and monitor populations of H. ringens with remote
sensing.

ACKNOWLEDGMENTS

To the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) - Finance Code 001 and
the Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPg/MCTI), process 311374/2019-0.

REFERENCES

COELHO, G.L.N.; CARVALHO, L.M.T.; GOMIDE, L.R.
Modelagem preditiva de distribuicdo de espécies pioneiras
no Estado de Minas Gerais. Pesquisa Agropecuéria
Brasileira, v.51, n.3, p.207-214, 2016.

DEJONGE, K.C.;, MEFFORD, B.S.; CHAVEZ, JL.
Assessing corn water stress using spectral reflectance.
International Journal of Remote Sensing, v.37, n.10,
p.2294-2312, 2016.

DURAN, G.Y.B.; PRADO, D.A.; PEREIRA FILHO, W.
Caracterizagdo da refletancia espectral de materiais urbanos
com wuso de espectroradidmetro. In:  SIMPOSIO
BRASILEIRO DE SENSORIAMENTO REMOTO, 2013,
Foz do lguagu. Anais...Foz do lguagu, PR, 2013.
FLORENZANO, T.G. Geotecnologias na geografia
aplicada: difusdo e acesso. Revista do Departamento de
Geografia, v.17, p.24-29, 2005.

FRACARO, F.; ECHEVERRIGARAY, S. Genetic
variability in Hesperogyzis ringens Benth. (Lamiaceae), an
endangered aromatic and medicinal plant of Southern
Brazil. Biochemical Genetics, v.44, n.11/12, p.479-490,
2006.

GOERGEN, L.C.G.; KILCA, R.V.; NARVAES, |S;
SILVA, M.N,; SILVA, E.A; PEREIRA, R.S.; ADAMI, M.
Distincéo de espécies de eucalipto de diferentes idades por
meio de imagens TM/Landsat 5. Pesquisa Agropecuaria
Brasileira, v.51, n.1, p.53-60, 2016.

GOVERNO DO ESTADO DO RIO GRANDE DO SUL.
Decreto n. 52.109, de 1 de dezembro de 2014. Declara as
espécies da flora nativa ameacadas de extingdo no
Estado do Rio Grande do Sul. DOE, Pal4cio Piratini,
Porto Alegre, RS, 2 dez. 2014.

GROSS, J.A.; SANTOS, F.C.; TONIOLO, G.R.; GAIDA,
W.; PEREIRA FILHO, W.; BREUNIG, F. M. Resposta
espectral de dosséis de soja em fungdo de concentragdes de
clorofilas. Revista Brasileira de Cartografia, v.68, n.7,
p.1397-1409, 2016.

Sci. Agrar. Parana., Marechal Candido Rondon, v. 21, n. 2, apr./jun., p. 212-215, 2022



Remote sensing...

LIRA, V.M.; SILVA, B.B.; DANTAS NETO, J.; FARIAS,
M.S.S.; BEZERRA, M.V.C.; FRANCO, E.S.; CENTENO,
C.R.M. Analise espectral de indice de vegetacdo em area
irrigada com cana-de-aguUcar. Engenharia Ambiental, v.6,
n.1, p.113-120, 2009.

LU, S,; LU, X.; ZHAO, W.; LIU, Y.; WANG, Z.; OMASA,
K. Comparing vegetation indices for remote chlorophyll
measurement of white poplar and Chinese elm leaves with
different adaxial and abaxial surfaces. Journal of
Experimental Botany, v.66, n.18, p.5625-5637, 2015.
MALLMANN, C.L.; PRADO, D.A.; PEREIRA FILHO, W.
indice de vegetacdo por diferenca normalizada para
caracterizacdo da dindmica florestal no parque estadual
Quarta Coldnia, estado do Rio Grande do Sul-Brasil.
Revista Brasileira de Geografia Fisica, v.8, n.5, p.1454-
1469, 2015.

MARTINS, G.D.; GALO, M.L.B.T. Caracterizacdo
espectral da cana-de-agucar infectada por nematoides e
Migdolus fryanus por espectrorradiometria de campo.
Boletim de Ciéncias Geodésicas, v.21, n.4, p.783-796,
2015.

NERY, C.V.M.; MOREIRA, A.A.; FERNANDES, F.H.S,;
ALMEIDA, L.S.; ALMEIDA, R.P. Utilizacdo do modelo
linear de mistura espectral e NDVI para avaliagdo do
comportamento de area desmatada no municipio de Rio
Pardo de Minas/MG. Caminhos de Geografia, v.15 n.49,
p.104-112, 2014.

ODILBEKOV, F.; ARMONIENE, R.; HENRIKSSON, T.;
CHAWADE, A. Proximal phenotyping and machine
learning methods to identify Septoria tritici blotch disease
symptoms in wheat. Frontiers in Plant Science, v.9, n.685,
{s.p.], 2018.

PANDYA, M.R.; SHAH, D.B.; TRIVEDI, H.J;
LUNAGARIA, M.M.; PANDEY, V.; PANIGRAHY, S;;
PARIHAR, J.S. Field measurements of plant emissivity
spectra: an experimental study on remote sensing of
vegetation in the thermal infrared region. Journal of the
Indian Society of Remote Sensing, v.41, n.4, p.787-796,
2013.

PINHEIRO, C.G.; BIANCHINI, N.H.; BATISTA, B.F;
PAVLACK, A.S.; MUNIZ, M.F.B.; PAVANATO, M.A.;
GOUVEIA, F.N.; REINIGER, L.R.S.; HEINZMANN,
B.M. Hesperozygis ringens (Benth.) Epling essential oil:
antifungal activity and effect on ergosterol content of wood-
decay fungi. Journal of Essential Oil Research, v.33, n.3,
p.265-275, 2021.

PINHEIRO, C.G.; OLIVEIRA, JM.S.; HEINZMANN,
B.M. Histological and histochemical characterization of
leaves and petals of the endangered native Brazilian species
Hesperozygis ringens (Benth.) Epling. Flora, v.239, p.1-10,
2018a.

PINHEIRO, C.G.; OLIVEIRA, J.M.S.; HEINZMANN,
B.M. Structural characterization of vegetative organs of the
endangered Brazilian native species Hesperozygis ringens
(Benth.) Epling. Anais da Academia Brasileira de
Ciéncias, v.90, n.3, p.2887-2901, 2018b.

215
PINHEIRO, C. G. et al. (2022)

PINHEIRO, C.G.; AMARAL, L.P; ROLIM, JM,;
LONGHI, S.J.; MACHADO, S.L.O.; HEINZMANN, B.M.
Essential oil of the Brazilian native species Hesperozygis
ringens: a potential alternative to control weeds. Journal of
Essential Oil Bearing Plants, v.20, n.3, p.701-711, 2017.

ROSA, R. Geotecnologias na geografia aplicada. Revista
do Departamento de Geografia, v.16, [s.n.], p.81-90,
2005.

SOUZA FILHO, C.R.; CROSTA, A.P. Geotecnologias
aplicadas a Geologia. Revista Brasileira de Geociéncias,
v.33, suplemento 2, p.1-4, 2003.

TONI, C.; BECKER, A.G.; SIMOES, L.N.; PINHEIRO,
C.G.; SILVA, L.L.; HEINZMANN, B.M.; CARON, B.O.;
BALDISSEROTTO, B. Fish anesthesia: effects of the
essential oils of Hesperozygis ringens and Lippia alba on
the biochemistry and physiology of silver catfish (Rhamdia
quelen). Fish Physiology and Biochemistry, v.40, n.3,
p.701-714, 2014.

Sci. Agrar. Parana., Marechal Candido Rondon, v. 21, n. 2, apr./jun., p. 212-215, 2022



