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ARTICLE INFO ABSTRACT

Article history: BACKGROUND: Studies about remote sensing have been performed approaching the
Received 12 October 2017 object response to radiation, in which soil and vegetation are most investigated in
Accepted 22 December 2017 agricultural science. OBJECTIVE: This study aimed to compare reflectance levels
Available online 31 December 2017 from Eucalyptus grandis Hill ex Maiden leaves through spectral measures in population

with two ages. MATERIAL AND METHODS: Trial was carried out at FEPAGRO
experimental plot, located in Santa Maria — RS. Experimental design was completely
randomized with population in two ages as treatment (44 and 20 mo) in which were

Keywords: evaluated in North, Center, East, West and South direction. The FieldSpec®3
eucalyptus, reflectance, remote spectrophotometer was used to estimate the reflected radiance from adaxial surface of
sensing. leaves in three spectra, visible spectrum (VS, 400-700 pum), near infrared (NIR, 700-

1000 pm) and mid infrared (MIR, 1000-1250 pum). Kruskall-Wallis test was applied
using R statistical software. RESULTS: For VS, in 550 pm was observed a reflectance
peak associated to total chlorophyll content of leaf, in which the 44-mo population had
the highest peak. For NIR and MIR, the Center, North and West directions had the
greatest leaf reflectance in 44-mo population. Reflectance tends to the same response
through the wavelength of VS, NIR and MIR. CONCLUSION: The response of VS
from Eucalyptus grandis Hill ex Maiden leaves is different regarding the plant age and
different directions of sample collection. The NIR and MIR spectrum have no
reflectance standard response regarding the population ages.

INTRODUCTION

The way as a vegetation are covering a specific area or land has been studied over years, under different
point of view, and distributed along several field science as taxonomy, physiology, botany, etc. When humans
discovered that plants use electromagnetic radiation as energy supply to grow through photosynthesis, that
relation is a target for detailed studies, in which remote sensing is one of the field sciences that undergoes to
analyze the way as a vegetation process electromagnetic radiation (Jensen, 2009). According to Lippert et al.
(2014) variety of materials can be analyzed in different ranges of the electromagnetic spectrum, considering that
each material has specific characteristics according to each radiation range.

Thus, remote sensing plays an important role for geographic data input and analysis, and can facilitate the
comprehension of studies regard to electromagnetic radiation, as well as other environmental research (Ferreira
et al., 2008). Even Earth surface layer suffers interaction with electromagnetic radiation and, depending on
physical, chemical and biological properties of targets occur that energy fractionation (Moreira, 2011).
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On vegetation, the energy fractionation depends on electromagnetic spectrum region, where in leaves occur
a greater solar radiation interaction. Then, the spectral responses of leaves in a specific vegetation have
interference as genetic as by direction. Measuring reflectance levels on vegetation, specifically on leaves, can
promote a curve of spectral for a specific vegetation, providing knowledge about forestry species reflectance of
agronomic interest (Moreira, 2007; Silva et al., 2012).

One of the way to measure the vegetation reflectance is by spectroradiometry technique, which is based on
knowledge how each object of interest respond to phenomena of electromagnetic energy split: absorption,
emission and reflection (Jensen, 2009; Ponzoni and Shimabukuro, 2009).

Eucalyptus genus had an expressive production increase last decades, and due to it was detached on world
scenery including sustainability bias. The specie Eucalyptus grandis plays a great economic role as consequence
of its rapid growth, productivity, adaptation capacity and multiple use, for example to produce farm, cellulose,
or lamination and packing case shop (Gabriel et al., 2013).

Our objective in this study was to evaluate different reflectance levels from Eucalyptus grandis W. Hill ex
Maiden tree leaves using spectral measures on plant population of different ages. Besides, we intended to infer
the greatest period in order to differentiate and emphasize the importance of studying natural variation of
reflectance curve for this forestry specie.

MATERIAL AND METHODS

Area of study:

The experiment was carried out at experimental area of FEPAGRO FLORESTAS — State Agricultural
Research Foundation, Forestry Research Centre, located in Santa Maria, Central Depression physiographic
region, Rio Grande do Sul, Brazil. The Research Center is located at 29°40°31”’S and 53°54°45’W geographic
coordinates regard to Greenwich, 130-m altitude.

The climate is classified as Cfa type, denoted by 19°C annual mean temperature, 1,769 mm annual mean
rainfall and 82% relative humidity according to Képpen (Moreno, 1961). The natural vegetation is predominant
Campos, represented by native vegetation with gallery development over water stream (Abrdo et al., 1988). Soil
is classified as argisol red-yellow dystrophic arenic (Silva et al., 2006).

Experimental design:

The experimental design was completely randomized and treatment consisted in two eucalyptus forestry
area, where area 1 was composed by Eucalyptus grandis W. Hill ex Maiden population with 44 months aged
and area 2 composed by Eucalyptus grandis W. Hill ex Maiden population with 20 months aged.

For area 1, two dominant trees were sampled in north, south, east, west and center direction, summing 10
trees. For area 2, a sole dominant tree were sampled in each direction and population plot, summing 20 trees by
block.

Plant sample collection was analyzed using the FieldSpec®3 spectroradiometer at Remote Sensing
Laboratory — CCR — UFSM. Reading procedure using the equipment started one hour after plant sample
collection. That spectroradiometer performs irradiation and solar radiance measures, can be used on field and
laboratory, records from 350 to 2500 um electromagnetic spectrum, as well as has a 10 pum spectral resolution
and capacity to collect up to 10 spectra by seconds. Data recorded from the procedure comprised wavelength
and reflectance ranging from 400 to 1,250 um amplitude split in three bands namely visible spectrum (400-700
pum), near infrared (700-1000 um) and mid infrared (1000-1250 pm).

Statistical analysis:

Will-Shapiro and Levene tests were applied to data recorded regarding different treatments in order to
verify the normality and homoscedastic (Ott and Longnecker, 2010). Data had no normality and homoscedastic,
even after transformation, then, data were submitted to non-parametric test (Kruskal-Wallis) for each spectrum
regarding variation sources described above. Statistical analysis were performed by R software, version 2.0.

RESULTS AND DISCUSSION

The reflectance in visible spectrum for east, north, west and south directions were greater (P<0.01) in
population aged 44 month. Trees aged 20 months had greater reflectance only in north direction (Table 1).

Observed difference between populations could be associated to proportion of leaf pigment, and mainly to
chlorophyll content accumulated on leaf sampled. According to Ponzoni et al. (2015), pigments present in leaf,
with great proportion of chlorophyll, define the reflectance in that spectrum band. Furthermore, in each band of
the electromagnetic spectrum the electromagnetic radiation interacts with the vegetation in a different way,
being the leaves the part of greater contribution for the reflection to be detected by the sensors (Brandelero et
al., 2012).
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Table 1: Reflectance (p) on visible spectrum (400-700 um) in eucalyptus population with different ages and directions.

Direction Age (months) P-Value
44 20
Center 0.063 + 0.014 0.067 + 0.030 0.001
East 0.064 + 0.014 0.058 + 0.011 0.000
North 0.072 +0.018 0.064 + 0.017 0.000
West 0.066 + 0.015 0.063 + 0.014 0.012
South 0.068 + 0.018 0.063 + 0.012 0.020

Associate the sward with a response is not possible due to the spectrum reflectance had been detected from
isolated healthy leaves. Then, leaves from young trees could synthetize greater chlorophyll amount able to
absorb large quantity of radiant energy. Similar response was reported by Goergen et al. (2016) that sampled
Eucalyptus urograndis aged 3 and 5 years.

Regarding the reflectance response on visible spectrum band, independent of direction (north, center, east,
west and south), a similar trend is observed about both populations ages (Figure 1). The blue spectrum (~450
pm) had the lowest reflectance, and the peak was on green spectrum nearby 550-um wavelength with
reflectance varying from 8 to 11%. This response can be associated with total chlorophyll present in leaf
(Schepers et al., 1996). The highest peaks were reached for north, west and south directions.
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Fig. 1: Reflectance (p) regarding wavelength from 400 to 700 um, in Eucalyptus population, with different ages
(1= 44 months; 2= 20 months) and directions
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In the visible spectrum end, comprising 650-um wavelength, there was another reflectance increase which
went over near infrared. Similar responses were observed by other authors studying Eucalyptus (Silva et al.,
2012), and other species (Jensen et al., 2009; Hunt Jr. et al., 2013; Jiménez-L06pez et al., 2015).

For near infrared spectrum, greater reflectance (P>0.01) was recorded from center, north and west
directions for populations aged 44 months, and from east and south for populations aged 20 months (Table 2). In
that band, the structure of a healthy green leaf is related to reflectance (Ponzoni et al., 2015), regarding that
structural characteristics, mostly mesophyll cells, can vary in function of plant growth conditions, intra and
interspecies (Hunt Jr. et al., 2011).

The leaves selected to analyze different directions had cell structure heterogeneous in function of age,
which was reflected on variability of populations response.

Center East

0.5 0.5
043 045 po—
R —

04 04

2 033 3 033

§ 03 § 03

g 025 20

3 02 3w

0.15 0.15

01 0.1

0.05 0.05

0 0

North West

06 0.5
045 ==

i . 04

03 ——— — % 033

= ot 2 03

= 04 202

g 2 02

g 2 015

= 03 ool

0.03

South

0.3
043
04
033
03
023
02
0.13
0.1
0.03

Reflectance (p)

Wavelenth (um)

— —

Fig. 2: Reflectance (p) regarding wavelength from 700 to 1000 pum, in Eucalyptus population with different ages
(1= 44 months; 2= 20 months) and directions.

Table 2: Reflectance (p) on near infrared spectrum (700-1000 um) in eucalyptus population with different ages and directions.

Direction Age (months) P value
44 20
Center 0.422 + 0.065 0.418 + 0.046 0.000
East 0.398 + 0.068 0.420 + 0.075 0.000
North 0.458 + 0.075 0.413 + 0.063 0.000
West 0.433 £ 0.072 0.411 + 0.068 0.000
South 0.388 + 0.063 0.418 £ 0.071 0.000
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Considering the near infrared spectrum, the population response was homogeneous for different directions
(Figure 2), with reflectance ranging from 40 to 50% in which the north direction had the highest. This response
was constant from about 740-pum wavelength over band.

In function of cell structure of a healthy leaf, the spreading of inner incident radiation keep this condition
until reach the mid infrared band, where a reflexing phenomenon is associated to leaf water content (Ponzoni et
al., 2015). The spectrum trend of our study was similar to reported by other authors who evaluated eucalyptus as
well (Silva et al., 2012).

For mid infrared, the greatest reflectance (P>0.01) was observed for population aged 44 months in center,
north and west direction, which had similar response compared to near infrared (Table 3). That spectrum
features large absorption, mostly by green leaf water, observing typical peaks of vegetation studied (Carter,
1991; Ponzoni et al., 2012; Jimenez-L6pez et al., 2015).

The population response over mid infrared wavelength spectrum had a similar trend, however, the ages
were not uniforms regarding different directions (Figure 3).

Table 3: Reflectance (p) on mid infrared spectrum (1000-1250 pm) in eucalyptus population with different ages and directions.

Direction Age (months) P value
44 20
Center 0.436 +0.018 0.421 +0.009 0.000
East 0.422 + 0.016 0.449 + 0.016 0.000
North 0.468 + 0.023 0.439 +0.012 0.000
West 0.449 + 0.023 0.435 +0.017 0.000
South 0.422 + 0.017 0.436 + 0.019 0.000
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Fig. 3: Reflectance (p) regarding wavelength from 1000 to 1250 pum, in Eucalyptus population with different
ages (1= 44 months; 2= 20 months) and directions.
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Among about 1000 and 1135 um, there was a greater reflectance with band among 42 and 49.5%, in which
north direction had the highest value with regard to population aged 44 months. In this band, denoted
differences among plant species can be noticed, however, those differences intraspecie are related to plant age,
lack of nutrient or plant disease (Pedrali et al., 2016).

Conclusions:

Reflectance keeps the same trend through the wavelength of visible, near infrared and mid infrared spectra.
The visible spectrum response from Eucalyptus grandis Hill ex Maiden leaves is different with regard to plant
age and directions sampled. The near and mid infrared band have no reflectance standard response with regard
to plant population age. About the near infrared spectrum, the direction should be concerned as a factor when
evaluating populations aged differently due to variability observed.
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