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Abstract

Methods based on RGB (Red, Green, Blue) image segmentation may emerge as a new and
low-cost method for estimation the quality of tree seedlings. However, the vast number of
indexes based on the use of the RGB image segmentation and the lack of references in the
literature still hinder the widespread use of this technology. Thus, we conducted a study
aiming to test the relationships between methods based on absorbance and reflectance,
widely used for the estimation of chlorophyll contents and physiological status of trees,
and ten indexes based on RGB component analysis. We used leaves of five tropical tree
species, belonging to different botanical families. Leaf absorbance was measured using the
handheld chlorophyll meter SPAD-502, reflectance was measured using a spectrometer and
the RGB indices were obtained from digitalized images of the leaves using a flatbed scan-
ner. Modified linear regression models including all five species were used to relate RGB
indices to absorbance and reflectance indices. Data collected from leaves of seedlings of
five tropical tree species indicated that digital image processing technology can be a useful
and rapid nondestructive method for assessment of physiological status of tree seedlings at
nursery stage. Among the RGB indexes tested in this study the R, 2R*(G —B)/(G +B) and
2G*(G—B)/(G+B) are the most promising for analysis the tropical seedlings physiologi-
cal status and quality.

Keywords Leaf image analysis - Leaf reflectance - Multispecies regression model -
Portable chlorophyll meters

Introduction

Tropical forests around the world have been degraded by deforestation caused by logging

and conversion of forest remnants into pasture and agricultural land (Wright 2005; Giam
2017). The forest restoration and conservation of remnants appear as alternatives for the
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maintenance of areas covered by forests and has gained increased focus of attention in the
tropics (Lamb 2002; Rodrigues et al. 2009; Calmon et al. 2011). Even though different
procedures are being tested, the plantation of high quality seedlings is often successful for
the restoration of areas previously covered by forests (Holl et al. 2011; Corbin and Holl
2012; Grossnickle 2012; Liu et al. 2012). In this way, the development of simple and accu-
rate methodologies for assessment of seedling quality is an important component for the
procedures of seedling production in forest nurseries, that can help the successful of forest
restoration programs.

The forest nurseries are places designed for the multiplication of seedlings, which aims
to provide superior quality plant material for the forest plantations. Thus, the evaluation
of seedling quality and prediction of its performance in the field are relevant criteria for
directing the operational activities in the forest nurseries (Mattsson 1996; Mexal et al.
2002; Esen et al. 2012; Villar-Salvador et al. 2012; Tsakaldimi et al. 2013; Villalobos et al.
2014). Methodologies for evaluating the quality of seedlings have been discussed in the lit-
erature for a long time (Grossnickle 2012) and different techniques have been proposed, for
instance the evaluation of the Dickson quality index at the whole plant scale (Dickson et al.
1960). Currently, assessments of the physiological status of seedlings, through measure-
ments of leaf water potential, chlorophyll fluorescence, infrared thermography, chlorophyll
content, among others, have been increasingly used and provide accurate evaluations of
seedlings quality (Esen et al. 2012; Liu et al. 2012; Villar-Salvador et al. 2012; Villalobos
et al. 2014). Despite the accuracy of the methods based on the physiological performance,
these techniques require the use of sophisticated and costly equipment. This is particularly
critical in tropical regions, where the cost of the equipment is always a limiting factor.

Chlorophylls are organic molecules responsible for capturing light during the photosyn-
thetic process, being essential for the conversion of light radiation into chemical energy
(Nobel 2009). The chlorophylls are found in all photosynthetic organisms and their abun-
dance varies according to species and environment (Coste et al. 2010; Mielke et al. 2010;
Campoe et al. 2014). Therefore, chlorophyll contents can provide important information
about the physiological status of plants (Sims and Gamon 2002; Blackburn 2007). Moni-
toring chlorophyll content in tree seedlings provides an accurate and direct measure of light
acclimation (Naidu and DeLucia 1998; Naramoto et al. 2006; dos Anjos et al. 2015), nutri-
tional status (Van den Berg and Perkins 2004), senescence (Adamsen et al. 1999; Junker
and Ensminger 2016) and stress physiology (Mielke et al. 2010; dos Anjos et al. 2012).
Because nitrogen is a component of chlorophyll molecules, the estimation of chlorophyll
content is a useful indicator of nutritional status in plants (Van den Berg and Perkins 2004;
Mercado-Luna et al. 2010; Vollmann et al. 2011; Yuzhu et al. 2011; Vibhute and Bodhe
2013).

Conventional methodology for determination of chlorophyll content requires destruction
of leaves (Wellburn 1994). Although destructive methods for chlorophyll content analysis
are quite accurate, they also use expensive equipment and are time consuming. Currently,
there are several technologies for non-destructive leaf pigments estimates, most of them
are based on reflectance (Richardson et al. 2002; Sims and Gamon 2002) and absorbance
(Richardson et al. 2002; Coste et al. 2010). In the first, reflectance measurements are done
using portable spectroradiometers, which allow the application of remote sensing tech-
nology in levels of leaves or branches (Gamon and Surfus 1999; Sims and Gamon 2002;
Blackburn 2007; Steele et al. 2008; Mielke et al. 2012; Vieira Silva et al. 2016). In the
second, portable chlorophyll meters perform measurements of the absorption of electro-
magnetic radiation in regions of the red and near infrared (Markwell et al. 1995; Uddling
et al. 2007). Several handheld chlorophyll meters are available on the market, which have
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been used to estimate leaf chlorophyll in a large number of temperate and tropical trees
(Richardson et al. 2002; Torres Netto et al. 2005; Coste et al. 2010; Mielke et al. 2010,
2012; Vieira Silva et al. 2016).

Increased focus has been placed on testing the use of digital image technology to esti-
mate chlorophyll content (Kawashima and Nakatani 1998; Ali et al. 2012; Riccardi et al.
2014; Rigon et al. 2016; Putra and Soni 2018). Methodologies using image process-
ing techniques are based on the segmentation of leaf color image in RGB (Red, Green,
Blue), and RGB indexes have highly significant relationships with chlorophyll (Yadav
et al. 2010; Ali et al. 2012; Riccardi et al. 2014) and nitrogen contents (Mercado-Luna
et al. 2010; Vollmann et al. 2011; Yuzhu et al. 2011; Vibhute and Bodhe 2013). The use
of RGB indexes requires digital images, which are taken from digital cameras (Vollmann
et al. 2011; Li et al. 2010; Riccardi et al. 2014; Wang et al. 2014; Junker and Ensminger
2016; Putra and Soni 2018), smartphones (Gong et al. 2013; Rigon et al. 2016) and scan-
ners (Ali et al. 2012; Murakami et al. 2005; Dey et al. 2016). In addition, the segmentation
of images in RGB indexes can be done using softwares available for free download on the
internet (Abramoff et al. 2004). The great advantage of the use of RGB indexes in com-
parison with methods based on absorbance and reflectance is the low cost and flexibility,
since the instruments (digital cameras, smartphones and scanners) can be used for other
purposes. Nonetheless, the variety of RGB indexes available in literature makes the com-
parison among data in literature difficult. Moreover, most of the published articles on the
use of RGB image segmentation method are focused on agronomic plants (Kawashima and
Nakatani 1998; Yuzhu et al. 2011; Ali et al. 2012; Li et al. 2010; Vibhute and Bodhe 2013;
Riccardi et al. 2014; Wang et al. 2014; Dey et al. 2016; Rigon et al. 2016), which limits the
use of this method and data comparison in the study of tropical tree species.

Based on these advantages, digital image processing may emerge as a new method that
can be used to estimate chlorophyll contents in tree seedlings at the nursery stage and to
monitor seedling performance following planting. However, the vast number of indexes
based on the use of the RGB image segmentation method and the lack of references in the
literature still hinder the widespread use of this technology. Thus, we conducted a study
aiming to test the relationships between methods based on absorbance and reflectance,
widely used for the estimation of chlorophyll contents, and ten indexes based on RGB com-
ponent analysis. Additionally, aiming the application of this technology for monitoring the
quality of tree seedlings in tropical nurseries, we used leaves of five tropical tree species,
belonging to different botanical families. In this study we did not directly relate chlorophyll
contents to RGB indices. Instead, we used as reference the methods based on reflectance
and absorbance, which are already well established and widely used for estimating the con-
tents of chlorophyll and nitrogen in leaves of temperate and tropical trees (Richardson et al.
2002; Torres Netto et al. 2005; Coste et al. 2010; Mielke et al. 2010, 2012; Vieira Silva
et al. 2016).

Materials and methods

Data was collected from the seedlings of five Neotropical rainforest tree species belong-
ing to different botanical families: Brosimum rubescens Taub. (Moraceae), Cytharexyl-
lum myrianthum Chamido (Verbenaceae), Eriotheca macrophylla (K. Schum.) A. Robyns
(Bombacaceae), Inga capitata Desv. (Fabaceae) and Tapirira guianensis Aublet. (Anac-
ardiaceae). The seedlings were between 2 and 4 months-old and were grown under 50%
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artificial shading, at the nursery of Floresta Viva Institute (www.florestaviva.org.br), Serra
Grande, Uruguca, Bahia, Brazil. For this study, we used 28-30 leaves from each species,
with a total of 145 leaves. Fully expanded leaves, with preserved edges and without her-
bivore damage or disease symptoms were used. Leaf absorbance was measured using the
handheld chlorophyll absorbance meter SPAD-502 (Minolta Inc., Osaka, Japan). Leaf
reflectance of the adaxial leaf surface was measured with an USB4000-UV-VIS spectrom-
eter using a LS-1 tungsten-halogen light source (Ocean Optics Inc., Dunedim, FL, USA).
Based on the values of reflectance at 705 nm (R;y5) and 750 nm (R5,), normalized dif-
ference reflectance index (ND,5,) were calculated as ND;ys=(R;50—R705)/(R750+ R+gs), in
according with Gitelson et al. (2003). We performed one measurement per leaf for each
device, always in the same place, at the middle of the leaf blade. Just after the measure-
ments described above, the leaves were digitalized with a HP 2400 scanner. The digitalized
images were saved in the TIFF format and segmentation of each image in R, G and B were
done using the software ImageJ (Abramoft et al. 2004). From the R, G and B values ten
RGB indexes available in the literature were calculated (Table 1).

Modified linear regression models were used to relate RGB with absorbance and reflec-
tance indices. The models were selected according to the best quality of fit measured by the
coefficient of determination (R?) and the diagnostic graphics provided by the routine Im
of the statistical environment R (R Development Core Team 2010). When no suitable fits
were obtained using the variables in their original scale, transformations of variables and
predictors were tested. When the most common transformations (Sokal and Rohlf 1995)
were ineffective, a Box—Cox transformation was used (Box and Cox 1964). We used the
‘boxcox’ function of the MASS library (Venables and Ripley 2002) available in statisti-
cal environment R (R Development Core Team 2010). The predictive performance of the
regression models was validated using the cross-validation method (Efron and Tibshirani
1993). The data was randomly divided into k=5 groups and the model was adjusted k
times, so that every time a different k group was used as test set for the model, which
was adjusted with corresponding training sets (the remaining n—k data division of each
data set). The relative difference between the error of the full model and the estimated
error in cross-validation, the prediction error (PE), was used as a measure of the predictive
accuracy of the fitted model (Maindonald and Braun 2003). The best RGB indexes were
selected based on the highest R? values and lower values of RMSE and PE.

Results

The lowest and highest values of RGB components (R, G and B) were measured in B.
rubescens and C. myriantum, respectively (Fig. 1). Considering average values including
all five species, the great contrasts among RGB components were observed for R, followed
by G and B. The values of R ranged 84 units (Fig. 1a), G ranged 72 units (Fig. 1b) and
B ranged 29 units (Fig. 1c). The values of SPAD index and ND,s varied from 10.3 and
0.089, for leaves of E. macrophylla, to 75.8 and 0.708, for leaves of B. rubescens, respec-
tively (data not shown).

The highest R? values for the regressions of RGB with SPAD (Table 2) and ND;s
(Table 3) were obtained for the indexes 2R*(G — B)/(G+B), 2G*(R—B)/(R+B) and
R, whereas the lowest R? values were obtained for B. In general, the highest values of
R? and PE were obtained for the relationships between RGB indexes and ND,s, with
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Table 1 List of RGB indexes tested in this study

RGB indexes Instrument Estimation ~ Species References
R Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Digital camera  Chlorophyll Barley Hu et al. (2010)
Digital camera  Chlorophyll Quinoa, amaranth Riccardi et al. (2014)
G Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Digital camera  Chlorophyll Barley Hu et al. (2010)
Digital camera  Nitrogen Pepper Yuzhu et al. (2011)
Digital camera  Chlorophyll Quinoa, amaranth Riccardi et al. (2014)
B Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Digital camera  Chlorophyll Barley Hu et al. (2010)
Digital camera  Chlorophyll Quinoa, amaranth Riccardi et al. (2014)
(R-B)/(R+B) Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Portable scanner Chlorophyll Tomato, lettuce, broccoli Ali et al. (2012)
Digital camera  Nitrogen Grape Vibhute and Bodhe (2013)
Digital camera  Chlorophyll Quinoa, amaranth Riccardi et al. (2014)
(G-R)/(G+R) Smartphone Chlorophyll Soybean Rigon et al. (2016)
R/(R+G+B) Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Scanner Chlorophyll Betel vine Dey et al. (2016)
Smartphone Chlorophyll Soybean Rigon et al. (2016)
G/(R+G+B) Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Digital camera  Nitrogen Pepper Yuzhu et al. (2011)
Scanner Chlorophyll Betel vine Dey et al. (2016)
Smartphone Chlorophyll Soybean Rigon et al. (2016)
B/(R+G+B) Video camera Chlorophyll Wheat, rye Kawashima and Nakatani
(1998)
Digital camera  Nitrogen Pepper Yuzhu et al. (2011)
Scanner Chlorophyll Betel vine Dey et al. (2016)
Smartphone Chlorophyll Soybean Rigon et al. (2016)
2G*(R—B)/(R+B) Digital camera  Nitrogen Grape Vibhute and Bodhe (2013)
2R*(G—-B)/(G+B) Digital camera  Nitrogen Grape Vibhute and Bodhe (2013)

exception of R and G (Table 3). Contrary, the highest values of RMSE were always
found for the regressions between RGB indexes and handheld chlorophyll meter
(Table 2). Also, for regressions between RGB and SPAD index the highest and lowest
values of RMSE were obtained for G/(R+G+B) and R, respectively. For regressions
between RGB and ND,ys the highest and lowest values of RMSE were obtained for
(G—-R)/(G+R), and for both 2G*(R —B)/(R+ B) and 2G*(G —B)/(G + B), respectively.
Considering all RGB indexes the best relationships with SPAD and ND,,; were found
for R, 2G*(R —B)/(R +B) and 2G*(G — B)/(G + B) (Fig. 2).
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Fig.1 Red (a), Green (b) and
Blue (¢) components of leaves
of seedlings of five Neotropi-
cal rainforest tree species: TG,
Tapirira guianensis; EM,
Eriotheca macrophylla; BR,
Brosimum rubescens; CM,
Cytharexyllum myrianthum, 1C,
Inga capitata. Continuous lines
inside box plots represent the
medians. The points above and
below the boxes represent the
maximum and minimum values
for each category, respectively
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The values of R, G and B in our study are between the values reported for other plant spe-
cies (Hu et al. 2010; Riccardi et al. 2014). Likewise, the values of SPAD index and ND-
correspond to the range of values reported for tropical and temperate tree species (Richard-
son et al. 2002; Torres Netto et al. 2005; Coste et al. 2010; Mielke et al. 2010, 2012; Vieira
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Table 2 Regression equations, coefficients of determination (R?), relative root mean square errors (RMSE)

and prediction errors (PE) for models relating SPAD-502 index (SPAD) with ten RGB indexes (n=145)

RGB indexes Model R? p RMSE PE (%)
R In(y)=8.72998 — 1.1685In(x) 0.80 0.000 0.040 0.98
G y*3=7.1928 —0.93364In(x) 0.70 0.000 0.044 0.68
B In(y)=6.121 —0.7031n(x) 0.14 0.000 0.177 1.67
(R—B)/(R+B) In(y) =4.4198 —2.8904x 0.62 0.000 0.079 436
(G-=R)/(G+R) y=30.217+62.014x 0.03 0.030 231 1.03
R/R+G+B) In(y)=7.989—12.051x 0.55 0.000 0.093 3.12
G/(R+G+B) y?=—8482 —11870In(x) 0.35 0.000 1,052,846 0.71
B/(R+G+B) y03=1.1313 +24.4669x 0.62 0.000 0.633 3.36
2G*(R —B)/(R+B) In(y) =5.9007 — 0.5852In(x) 0.79 0.000 0.044 2.87
2R*(G -B)/(G+B) In(y) =6.1886 — 0.64591n(x) 0.79 0.000 0.043 271

Table 3 Regression equations, coefficients of determination (R?), relative root mean square errors (RMSE)
and prediction errors (PE) for models relating the normalized difference reflectance index (ND;5,) with ten
RGB indexes (n=145)

RGB indexes Model R? P RMSE PE (%)
R y%3=2.08 —0.33In(x) 0.77 0.000 0.004 2.26
G y%3=1.997 —0.306In(x) 0.63 0.000 0.006 0.78
B y*3=1.13-0.15In(x) 0.07 0.001 0.016 2.42
(R—B)/(R+B) y=-0.032—-0.323In(x) 0.76 0.000 0.005 2.18
(G=R)/(G+R) In(x)=—1.5+4.6x 0.18 0.000 0.196 3.25
R/(R+G+B) In(y) =4.346 — 14.646x 0.70 0.000 0.073 2.16
G/(R+G+B) y=—-0.632—1.168In(x) 0.24 0.000 0.017 0.00
B/(R+G+B) y=—-0.2367 +3.0805x 0.71 0.000 0.007 1.80
2G*(R —B)/(R+B) y=1.197 —0.203In(x) 0.86 0.000 0.003 0.91
2R*(G—B)/(G+B) y=1.294-0.224In(x) 0.86 0.000 0.003 0.91

Silva et al. 2016). Values of SPAD index between 10 and 80 correspond to chlorophyll
contents between 80 and 1500 mg m~2, respectively (Coste et al. 2010; Vieira Silva et al.
2016).

There are many indexes based on the color segmentation in the literature. In this work
we opted to test only the ten most used RGB indexes, that have been successfully applied by
other authors to estimate chlorophyll (Kawashima and Nakatani 1998; Hu et al. 2010; Ali
et al. 2012; Riccardi et al. 2014; Rigon et al. 2016) or nitrogen (Yuzhu et al. 2011; Vibhute
and Bodhe 2013) in leaves of different plant species. The results published in the literature
are highly variable in relation to the performance of different RGB indexes. For example,
Hu et al. (2010), obtained R? values of 0.727 and 0.851 for regressions between R and G
with the total chlorophyll content in leaves of three barley cultivars, but low Pearson cor-
relation coefficients (r) when the indexes R/(R+B+G), G/(R+B+G) and B/(R+B+G)
were tested. Ali et al. (2012) obtained high r values for the relationship between the index
(R—B)/(R+B) and chlorophyll content in leaves of tomato, but low r values for lettuce.
Riccardi et al. (2014), on the other hand, reported values of R? around 0.62 and 0.42 for the
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Fig.2 Regressions between SPAD-502 index (SPAD) (a, b, ¢) and normalized difference reflectance index
(ND;50) (d, e, f) with RGB indexes for leaves of seedlings of five tropical rainforest tree species (n=145).
Equations are shown in Tables 2 and 3

relationship between the index (R —B)/(R+B) and chlorophyll contents in leaves of ama-
ranth and quinoa, respectively. In our work, the best results were obtained using the simple
index R, as well as with the modified indexes 2R*(G —B)/(G+B) and 2G*(R—B)/(R+B),
which were successfully used by Vibhute and Bodhe (2013), for estimates of N content in
grape leaves.

Chlorophylls are the most abundant pigments in leaves and directly involved in captur-
ing photons for the photosynthetic process (Nobel 2009). Although the chlorophylls a and
b are very abundant in leaves, the contents and the ratio of these leaf pigments in differ-
ent species vary widely (Sims and Gamon 2002). The presence of other pigments, such as
carotenoids and anthocyanins affects the reflectance in different wavelength bands (Gamon
and Surfus 1999; Blackburn 2007), providing changes in the color of leaves (Lee 2007)
and, consequently, in the values of R, G and B. Accordingly, possible discrepancies in the
results described in the literature can be assigned to the pigment composition and spectral
characteristics of the leaves of different species. Nevertheless, in our study we obtained
optimal adjustments for regressions between indices derived from RGB components for a
set of five different tropical tree species. These results indicate that this is a precise, practi-
cal and inexpensive technique, which deserves more attention.

The use of RGB indexes requires digital images, which are taken from digital cam-
eras (Riccardi et al. 2014; Li et al. 2010; Wang et al. 2014; Putra and Soni 2018), smart-
phones (Gong et al. 2013; Rigon et al. 2016) and scanners (Murakami et al. 2005; Ali
et al. 2012; Dey et al. 2016). It is important to maintain similar light conditions when
take the pictures, since light quality and intensity, as well as light reflection on the sur-
face of the leaf, will directly affect the color properties of the image and, thus, the esti-
mation of RGB parameters. Different light conditions can significantly hamper compari-
son among images and among data in literature. It is difficult to evaluate whether the
differences in RGB indexes are due to distinct species, different growth conditions or
due to the different light conditions in which the images were taken. Therefore, in our
study we chose to use scanned images, obtained from a flatbed low cost scanner. Flatbed
scanners in general have the same type of light source and flatten the leaves, avoiding
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inclination and reflections bias. Although this method requires detachment and destruc-
tion of the leaf, it is a good way to obtain homogeneous and comparable data.

The handheld chlorophyll meter and the reflectance index used as a criterion of the
performance of RGB indexes for predictions of chlorophyll contents have been largely
successfully used for other types of plant species (Gamon and Surfus 1999; Richardson
et al. 2002; Sims and Gamon 2002; Torres Netto et al. 2005; Blackburn 2007; Steele
et al. 2008; Coste et al. 2010; Mielke et al. 2010, 2012; Vieira Silva et al. 2016). The
SPAD-502 is one of the most popular handheld chlorophyll meters and has been used to
estimate leaf chlorophyll in a large number of temperate and tropical trees (Richardson
et al. 2002; Torres Netto et al. 2005; Coste et al. 2010; Mielke et al. 2010, 2012). The
good relationships between SPAD index and the RGB indexes demonstrate the useful-
ness of using digital image processing technology for estimate chlorophyll content in
leaves of tree seedlings and has an important practical application.

Despite the increasing number of information available in the literature on the use
of RGB image segmentation method to estimate the chlorophyll content in plants
(Kawashima and Nakatani 1998; Yuzhu et al. 2011; Ali et al. 2012; Li et al. 2010; Vib-
hute and Bodhe 2013; Riccardi et al. 2014; Wang et al. 2014; Rigon et al. 2016), there
are no information on using this method for multi-species models. The use of segmenta-
tion of digital images in RGB components to estimate chlorophyll content in leaves is
still a new technique and has as main obstacles the lack of standardization of the proto-
cols to obtain the images and the selection of the best index to be used. Nevertheless, it
is a very promising technique that should receive increased attention for the next years.
To our knowledge, this is the first article where the digital image segmentation in RGB
components was used to estimate chlorophyll in leaves of tree seedlings. Using five spe-
cies belonging to different families and with different leaf morphologies we demon-
strated that it is possible to use RGB images for estimating chlorophyll content.

The estimation of leaf chlorophyll content is important for studies on tropical tree
seedlings ecophysiology, as it is an indicator of physiological performance of plants
(Naidu and DeLucia 1998; Adamsen et al. 1999; Van den Berg and Perkins 2004; Nara-
moto et al. 2006; Mielke et al. 2010; Campoe et al. 2014; Junker and Ensminger 2016).
Currently, there are an increasing number of methodologies based on leaf reflectance
(Richardson et al. 2002; Sims and Gamon 2002) and absorbance (Richardson et al.
2002; Coste et al. 2010) that permits accurate predictions of chlorophyll contents. Such
methods area applied with success in temperate and tropical tree species (Gamon and
Surfus 1999; Richardson et al. 2002; Sims and Gamon 2002; Torres Netto et al. 2005;
Steele et al. 2008; Coste et al. 2010; Mielke et al. 2010, 2012; Vieira Silva et al. 2016).
Despite the accuracy of the methods based on absorbance and reflectance for predictions
of chlorophyll contents, these metodologies require the use of sophisticated and costly
equipment. This is particularly critical in tropical regions, when the cost of the equip-
ment is always a limiting factor. The use of RGB indexes is a low cost recent technology
that has been successfully used for predictions of chlorophyll contents in agricultural
plants (Vollmann et al. 2011; Ali et al. 2012; Gong et al. 2013; Li et al. 2010; Riccardi
et al. 2014; Wang et al. 2014; Dey et al. Dey et al. 2016; Junker and Ensminger 2016;
Rigon et al. 2016; Putra and Soni 2018). Among the RGB indexes tested in this study
the R, 2R*(G—B)/(G+B) and 2G*(G —B)/(G+ B) are the most promising for analysis
the tropical seedlings physiological status and quality. In summary, our data indicated
that good regressions between the widely used methods for estimation of chlorophyll
contents and digital image processing technology can be obtained. The segmentation of
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leaf color image in RGB can be a useful and low costly method for assessment of physi-
ological status of tree seedlings in tropical forest nurseries.
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