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ABSTRACT: It is known that floriculture is very important for the world economic scenario. Nevertheless, the vase life of cut flowers is
determined by a short time span. This study evaluated the spectral behavior during leaf degradation of lisianthus (Eustoma grandiflorum)
flower stems in the postharvest, in different preservative solutions, and estimating its leaf pigments by hyperspectral data. Lisianthus floral
stems were subjected to preservative solutions with different concentrations of sucrose, glucose, phytohormones and deionized water. Leaves
from these stems were collected every 4 days for further hyperspectral analysis. Spectra was determined in laboratory with a sensor collecting
at the range of 350-2500 nm. In order to analyze the use of the spectra to detect the performance of the preservative solutions, statistical tests
were used at each wavelength. Pigment prediction was assessed by the CAR/CLF ratio (Ratio between Carotenoids and Chlorophyll) from the
spectral curves, using PLSR and RRMSE. The glucose-based solutions registered positive effects on the preservation of floral stems, especially
at the dose of 180 g/L. The solutions based on sucrose and phytohormones registered similarities in the spectral curves among the doses,
demonstrating equality in leaf preservation. The discriminant analyses demonstrated there was statistical difference in the spectral responses in
the doses for each solution used. The CAR/CLF ratio had reasonable coefficients of 0.6 and RRMSE below 6.99%. The hyperspectral analyses
presented a potential for the evaluation of leaf degradation in lisianthus floral stems in different pulsing solutions used in the postharvest.
Key words: spectroradiometry, pigments, senescence.

Analise da degradacdo foliar de Lisianthus (Eustoma grandiflorum) na
pos-colheita por espectroscopia de reflectincia VIS-NIR-SWIR

RESUMO: Sabe-se que a floricultura € muito importante para o cenario econdémico mundial, porém a vida util de vaso das flores de corte ¢
determinada por um pequeno intervalo de tempo. O estudo procurou avaliar o comportamento espectral durante a degradagdo foliar de hastes
florais de lisianthus (Eustoma grandiflorum) na pds-colheita, em diferentes solu¢des conservantes, e estimar pigmentos foliares a partir dos
dados hiperespectrais. As hastes florais de lisianthus foram submetidas a solu¢des conservantes de diferentes concentragdes de sacarose,
glicose, distintos fitormodnios e agua deionizada. Foram coletadas folhas dessas hastes a cada quatro dias para posterior analise hiperespectral. A
fim de analisar o uso dos espectros para detectar o desempenho das solugdes conservantes, foi utilizado testes estatisticos em cada comprimento
de onda entre estas solugdes. Foi avaliado a predi¢cdo de pigmentos através da razdo CAR/CLF (Razao entre Carotenoides e Clorofila) a partir
das curvas espectrais, tendo o PLSR e RRMSE como indicadores da eficiéncia dos resultados. As solugdes a base de glicose registraram efeitos
positivos na conservagdo das hastes florais principalmente na dose de 180 g/L. Ja as solugdes a base de sacarose e fitormonios registraram
semelhangas nas curvas espectrais entre as doses, mostrando-se igualdade na conservagdo das folhas. As analises discriminantes demostraram
que houve diferenca estatistica nas respostas espectrais nas doses para cada solucdo utilizada. A razdo CAR/CLF teve coeficientes razoaveis
de 0,6 e RRMSE abaixo de 6,99%. As analises hiperespectrais apresentaram potencial na avaliacdo da degradacéo foliar de hastes florais de
lisianthus em diferentes solugdes pulsing utilizadas na pos-colheita.

Palavras-chave: espectrorradiometria, pigmentos, senescéncia.

INTRODUCTION Netherlands as the greatest purchaser, followed by

the United States (SOUZA et al., 2020). Ornamental

Floriculture is an important activity in the
world economic scenario. Brazil has, as a result, an
annual growth of 6.26% in the last years, moving
around US$ 750 million per year. In this scenario,
this country exports for 40 destinations, with the
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flowers and plants are commonly sold in vases or as cut
flowers. Eustoma grandiflorum (or E. russelianum)
is an ornamental plant of the family Gentianaceae,
popularly known as lisianthus (LUGASSI-BEN-
HAMO et al., 2010). Among the most cultivated in
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the world (FANG et al., 2021), they are native to the
arid areas of the Southern United States and Northern
Mexico (GOMEZ-PEREZ et al., 2014).

The vase life of cut flowers is determined
as the time interval during which their ornamental
value is maintained (SHIMIZU-YUMOTO, 2018).
Therefore, studies on the physiology and postharvest
technologies are important to assist in the supply of
ornamental flowers with long vase life to consumers
(SHIMIZU-YUMOTO & ICHIMURA, 2010).
One of the techniques to extend vase life is the
use of pulsing solutions, which are preservatives
applied for a period of 12 to 24 hours (HALEVY
& MAYAK, 1981). In this context, hormones such
as abscisic acid (ABA), gibberellic acid (GA,), and
benzylaminopurine (BAP), as well as solutions based
on sucrose and glucose, have been frequently used to
retard plant senescence (WANG et al., 2022; YU et
al., 2009; DIAS-TAGLIACOZZO et al., 2005; DAR
etal., 2014; ZHANG et al., 2012).

Abscisic acid (ABA), in this case, is
directly related to the process of stomatal opening,
being the most important regulator in the water
response of plants (DIAS-TAGLIACOZZO et al.,
2005; DANQUAH et al., 2014). Plants such as the
perennial herbaceous Paris polyphylla treated with
GA, age atarelatively slower pace, and the reduction
in pigments and total protein is significantly retarded
by the treatment with GA, (YU et al., 2009).
Hormones based on BAP (6-benzylaminopurine)
have been demonstrated as efficient in retarding
senescence, especially in leafy vegetables (WANG
et al., 2022). Broccoli and Chinese cabbage, for
instance, presented a significant reduction in both
leaf senescence and chlorophyll degradation with
the use of BAP solutions (WANG et al., 2022; LIU
et al., 2013).

Sucrose-based  solutions have also
expanded postharvest life, retarding flower
senescence. EASON et al. (1997) reported that,
besides the delay in senescence, the flowers on
sucrose-treated stems were larger, firmer, with greater
amounts of carotenoids and carbohydrates, and with
brighter colors than the flowers treated with only
deionized water. Studies using sugars to regulate
senescence in the flower of Dianthus chinensis L have
demonstrated that sucrose was efficient in increasing
flower longevity in five days, whereas glucose
improved longevity in only three days (DAR et al.,
2014). Nonetheless, flowers treated with glucose
present a greater vase life, in addition to suppressing
ethylene production at the initial stage of the plant
(ZHANG et al., 2012).

Leaf degradation in the floral stems is related
to the pigments of the leaf, which are mainly represented
by chlorophyll and carotenoid. Besides being essential
for plant development, photosynthetic pigments
(chlorophylls a, b and carotenoids) are responsible
for capturing the solar energy used in photosynthesis
(TAIZ & ZEIGER, 2013). Therefore, strategies with
spectroradiometry play an important role in functional
links among physiological and chemical processes and
spectral features, especially the information related
to the chlorophyll content in the leaf (HOUBORG
et al., 2015). Remote sensing, in this case, by optical
reflectance sensors, tends to become an alternative in
the identification of the flower senescence stages in the
postharvest. Besides this technique being promising
in nutritional and turgidity studies, it offers faster and
non-destructive estimates in comparison with laboratory
analyses (MAHAJAN et al., 2014).

Other studies reported that remote
sensing by spectroradiometry presents a potential for
pigment prediction in the postharvest of fruits and
vegetables, such as the anthocyanin from the pericarp
of lychees (YANG et al., 2015), peach chlorophyll
(SUN et al., 2017), and the ripening of strawberries
(ZHANG et al., 2016) and spinach (DIEZMA et al.,
2013). Nevertheless, studies on spectroradiometry
in the region of VIS-NIR directed to the segment
of floriculture have not been identified, especially
regarding flower maintenance by the use of
preservative solutions.

Therefore, it is believed that it is possible to
identify the spectral properties in the leaves of flower
stems capable of indicating degradation in relation to
pigment concentration, dehydration and the changes
in the internal structure. Thus, this study evaluated
the spectral behavior during leaf degradation of
lisianthus floral stems in the postharvest, in different
preservative solutions, and to estimate the leaf
pigments from the hyperspectral data.

MATERIALS AND METHODS

The stems of lisianthus (Eustoma
grandiflorum) cv. Flare Deep Rose were obtained
from a commercial production in the municipality
of Paranapanema, SP, Brazil (23°23°19” S and
48°43°22” W, altitude: 610 m). The study was
conducted as three experiments where the stems were
stored in a protected environment. The period of the
experiments was three months, lasting 12 days each,
with a spectral reading every four days, with a total of
three reads for each experiment, on days 4, 8 and 12
after the first cut of the crop.
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Data acquisition and processing

The stems were harvested when they
presented from two to three open flowers, and they
were transported to the Laboratory of Postharvest
Physiology. They were standardized in 50 cm
in length and the leaves of the first 15 cm of the
inferior part of the stem were removed, and then
they were randomized for the application of the
treatments. Subsequently, they were placed in pots
with pulsing solutions for 12 hours, according to the
three experiments and their respective treatments,
as presented in table 1. The solutions were based on
sucrose (Experiment 1), glucose (Experiment 2) and
hormones (Experiment 3). In the treatments where
hormone bioregulators (70 uM BAP, 5 uM GA3 and
15 uM ABA) were applied, preliminary longevity
experiments were performed testing doses of ABA,
GA3 and BAP. Those with the best performances
were used in the experiment.

After the application of the pulsing
solutions, the floral stems remained in recipients
containing solutions of distilled water and
the germicide Startcolor® based on sodium
dichloroisocyanurate (0.2%), which were substituted
every four days. Every day of leaf harvest, recipients
with three unique floral stems were used to compose
each plot, totalizing 12 floral stems in each treatment.

The experiments were set in a completely
randomized design, in a 4 x 3 factorial scheme,
using four different preservative solutions (Table 1)
and three dates of evaluation (4, 8 and 12 days after
applying the solution). The plants were standardized
with 50 cm in length and had their leaves removed,
when they were located in the range of 15 cm of
the inferior end of the stem. Three leaves from the
region of the middle third of each of the floral stems
of each plot were collected and stored in plastic bags
identified and placed in a refrigerated thermal cooler
box, to maintain the turgidity of the leaves (Figure 1).

To obtain the hyperspectral data, the
spectroradiometer FieldSpec® (ASD — Analytical

Spectral Devices Inc., Boulder, CO, USA) was
employed, using a computer with the software
RS? of the same company. The spectroradiometer
collects data in the spectrum between the
wavelengths of 350 and 2500 nm, thus covering
the visible, near-infrared and short-wave infrared
regions, with spectral resolution of 3 nm in the
range of 350-1000 nm and of 10 nm between 1000
and 2500 nm (ASD, 2010).

The spectral curves were obtained in
terms of reflectance using the software ViewSpec
Pro (ASD - Analytical Spectral Devices Inc.,
Boulder, CO, USA) and exported to the software
Microsoft Excel. A pretreatment of the spectral
data was performed with the exclusion of responses
caused by noise at the ends of the spectral curves,
thus resulting in a spectral curve from 450 to 2450
nm. Furthermore, outliers were removed using the
principal component analysis (PCA) in the software
Unscrambler (version 9.7).

Pigment acquisition

After performing the spectral reads, the
leaves collected from each experimental unit were
involved in aluminum foil for further freezing in
liquid nitrogen and maintenance in a freezer at -20 °C.
Subsequently, the samples were freeze-dried in the
freeze-dryer Liotop model L108 and macerated with
a crucible. Following the methodology of HISCOX
& ISRAELSTAM (1979) with modifications, 3.0
mg of freeze-dried leaf sample together with 5 mL
of the solvent dimethylsulfoxide (DMSO) were
placed in a test tube, and stored for 48 hours in a dark
environment, for chlorophyll extraction.

Subsequently, the solution was collected
and transferred to cuvettes in order to perform the
reads in the spectrophotometer Biochron model libra
S22. Chlorophylls a and b were analyzed at 665 nm
and 649 nm; respectively, and carotenoids at 433 nm.
The quantifications of the pigments were performed
following WELLBURN (1994).

Table 1 - Components of the pulsing solutions applied in Lisianthus “Flare Deep”, in each of the experiments, which are: I. Glucose; 1.
Sucrose; and III. Hormones based on BAP (6-benzylaminopurine), GA; (gibberellic acid) and ABA (abscisic acid).

Treatment

I. Glucose
Control (deionized water)

Experiments

Control (deionized water)

II. Sucrose III. Hormones
Control (deionized water)

45 g/L glucose solution 20 g/L sucrose solution 70 uM BAP solution
5 uM GA; solution

15 uM ABA solution

90 g/L glucose solution 30 g/L sucrose solution

180 g/L glucose solution 40 g/L sucrose solution

Ciéncia Rural, v.54, n.9, 2024.
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Figure 1 - Process of experiment set up and the respective treatments (A), identification of the leaves of the middle third of the floral stems
(B), collection of three leaves per plot (C) and storage of the leaves in thermal boxes (D).

Statistical analysis

The data were analyzed using the analysis
of variance (ANOVA), and when significant, the
post-hoc Tukey’s test was applied at P < 0.01 of
significance, to test each wavelength in pairs, as
performed by CARVALHO et al. (2013). The analyses
were performed as a function of the treatments in
each experiment.

For the study of separation of the groups
as a function of the preservative solutions, a linear
discriminant analysis (LDA) was performed. This
analysis obtainslinear combinations ofthe independent
variables of the previously defined groups, in order
to obtain higher discrimination, which was reached
by the maximization of the correlation between the
distance among the groups and the distance inside the
group (GARRIDO-NOVELL et al., 2012).

To evaluate the potential of separation of
the groups obtained by LDA, the centroids of the
groups were obtained and an ANOVA followed by the
Tukey’s test at P <0.05 was applied to these values, the
centroids being the mean values of the discriminant
scores (DIAS et al., 2014). These statistical analyses
were performed in the environment R (version 3.4.3).

The spectral and biochemical data
obtained from experiments 1, 2 and 3 were used in
the ratio of carotenoids and chlorophyll, CAR/CLF.
This quantification was performed using partial
least squares regression (PLSR) in the software
Unscrambler (version 9.7). The model PLSR was
used to find the hyperplanes of maximum variance
between predictable and observable variables, and it
develops a linear model. In the validation, the method
leave-one-out (LOOCYV) was used, which is based
on the use of a single observation for the validation
of the model, while the others are used as data for
training, and this process is repeated using each of

the observations as a validation set (NEVALAINEN
etal., 2014).

To evaluate regression precision, the
coefficient of determination (R?*) was employed,
which is frequently used in the literature, and the
relative root mean square error (RRMSE) that is not
influenced by the dimensionality of the data and is
less sensitive to outliers (RICHTER et al., 2012).

RESULTS

Effect of the different preservative solutions treatments
on spectral curve

The spectral responses of each treatment in
the three days of analysis are presented in figure 2, 3 and
4, of experiments 1, 2 and 3, respectively. Additionally,
the post-hoc Tukey’s test at P < 0.01 of probability
is demonstrated for each wavelength, each point
demonstrating the treatments which differed statistically.

On the 4% day of the first experiment
(Figure 2A), the solution of 90 g/L presented the
highest reflectance in the whole spectral curve. Thus,
it can be inferred that the application of this solution
led to a worse leaf preservation on the day analyzed.
Nevertheless, the treatment which presented
significantly lower reflectance values was the one of
180 g/L of glucose, thus indicating that this solution
had leaves which were initially more conserved.

The control and the solution of 90 g/L,
followed by 90 and 180 g/L, registered the highest
significant differences, in virtually all wavelengths;
on the other hand, the comparison between the
pairs control and 45 g/L, followed by 90 and 180
g/L, did not differ in any point of the spectral curve
(Figure 2A). Conversely, on the 8" day, the treatments
presented virtually equal reflectances in almost all
wavelengths of the spectrum, with an exception in
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Figure 2 - Spectral curves of the treatments of the pulsing solutions with Glucose in Lisianthus Deep Flare,
on the 4™ (A), 8" (B) and 12% (C) days of analysis. The graph of the spectral curves represents the
post-hoc Tukey’s test at 1% of significance among all treatments analyzed two by two, each point
representing that the pair of treatments analyzed differs statistically.
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the region of blue (450 to 500 nm), which had the
pulsing solution of 180 g/L of glucose and the control
statistically different (Figure 2B).

On the last day of analysis of the first
experiment, 12" day (Figure 2C), the treatment
which presented the spectral curve with the lowest

reflectance was the solution of 45 g/L of glucose,
suggesting more preserved leaves, followed by
the solution of 180 g/L. In the control solution, a
worse leaf preservation was observed, since this
treatment presented a statistically higher reflectance
in the whole spectral curve. Furthermore, the control
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post-hoc Tukey’s test at 1% of significance among all treatments analyzed two by two, each point
representing that the pair of treatments analyzed differs statistically.
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with the solution of 180 g/L registered a significant
difference, especially in the mid infrared region.
The spectral response of the leaves reveals that the
glucose-based solutions generated a longer flower
vase life in comparison with the control (deionized
water), and on the last day of analysis (12" day)

the curves of the glucose doses registered a lower
reflectance in the region of visible (450 to 680 nm)
and SWIR (1450 nm), indicating more conserved and
turgid leaves.

On the three days of analyses (4%, 8% and
12"), the mid infrared region, especially in the range
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of 1400 nm, showed better preservation of water in
the leaves using the solution of 180 g/L of glucose, an
aspect which can be seen by the low reflectance factor
in the range of 1400 nm, a region known by the high
capacity of electromagnetic energy absorption by the
water content in the leaf (Figure 2).

In the second experiment (Figure 3),
the control solution and the different sucrose

concentrations were statistically similar in almost all
days of analysis, only presenting differentiation in
parts of VIS and SWIR on the 12" day. On the 4" day
of analysis of the second experiment (Figure 3A), it
was observed that all treatments presented similar leaf
preservation, since there was no statistical difference
among the reflectances of any of the solutions applied.
On the 8" day (Figure 3B), there was only significant
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difference between the treatment of 30 g/L and the
treatment of 40 g/L in the red-edge region, where the
spectral curve of the solution of 40 g/L presented a
higher shift to longer wavelengths.

On the 12" day of the second experiment,
the spectral curves showed (Figure 3C) that the
control had the highest degradation in relation to
the maintenance of pigments and turgidity, since it
presented a reflectance statistically higher in SWIR
than the treatments of 20 and 30 g/L, and in VIS when
compared to 30 and 40 g/L, which is an indicative
of higher plant degradation when only deionized
water is used. The sucrose solutions provided a
similar preservation, since they presented, in general,
significantly equal reflectances.

In the third experiment (Figure 4), the
phytohormones and the control solution were used.
The spectral responses of each of the treatments,
in general, did not differ statistically in all days of
analysis (Figure 4A and 4B). Nonetheless, on the 12
day (Figure 4C) there was a difference between the
solutions of ABA with BAP and ABA with the control
in the region of 1950 nm, in which ABA presented
a lower reflectance. According to the spectral
response, abscisic acid (ABA) influenced visually
and significantly the region known by the high energy
absorption by water (1450 and 1950 nm), according
to figure 4.

Visually, the substances based on
phytohormones presented greater energy absorption
in the region of Vis and, more expressively, in NIR.
In this case, hormone-based solutions may improve
the conditions of floral stem preservation, especially
some days after flower harvest.

Discriminant analysis

The graphs of the discriminant analysis
of each day of analysis of the three experiments
are presented in figure 5, 6 and 7, as well as the
Tukey’s test of the centroids of the first and second
discriminant functions (LD1 and LD2, in this order),
with their respective loadings. The variation of the
data was explained by LDI1 together with LD2 on
days 4, 8 and 12, in 93.94%, 89.27% and 84.71% in
the first experiment; 82.91%, 76.14% and 79.07%
in the second experiment; and 74.11%, 83.46% and
82.55% in the third experiment.

In experiment 1 (Figure 5), the solution
of 90 g/L of glucose only presented a statistically
different spectral response on the 12" day of analysis,
in the two discriminant equations. Conversely, the
control treatment was differentiated from the glucose
solutions in almost all discriminant equations of the

three days of analysis, except in the LD2 of the 8%
day, thus demonstrating that the spectral response
of the control treatment was characteristic. The
treatments of 45 and 180 g/L presented clustering
on the last day of analysis, since the centroids of
these treatments were significantly equal in the two
discriminant equations.

In experiment 2 (Figure 6), treatments
control and 40 g/L of sucrose were discriminated by
the LD1 and LD2 and the 8" and 12" days of analysis,
being significantly equal only on the 4" day. On the
other hand, the solutions of 20 and 30 g/L presented
opposite behaviors, all being statistically equal in
almost all discriminant equations of the 8% and 12
days, totally differentiating only on the 4 day.

In experiment 3 (Figure 7), the control
treatment was statistically different from all
treatments in the whole experiment. The centroids
of BAP and of GA, were significantly equal in the
LD2 in all days of analysis. In the LD1 of the 4%
and 8" days, the centroids of all treatments were
statistically different; and on the 12" day, BAP
presented similarity in LD1 and LD2 with the ABA
and GA, solutions, respectively.

The loadings of all experiments presented
higher values in the VIS regions, especially in
blue and red, and in SWIR, especially around the
wavelengths 1950 and 2450 nm.

Prediction of CAR/CLF

In the prediction of CAR/CLF, the values
of R? were superior to 0.6 in the 3* experiment and in
general. Conversely, in the 1% and 2™ experiments, R2 of
0.54 and 0.3 were obtained, respectively. Experiments
1, 3 and General (Figure 8A, 8C and 8D) presented
high coefficient values in the region of green (around
530, 522 and 524 nm, respectively). In experiment 2,
the contribution of the visible region in the equation
of the multiple regression was in the region of yellow
(between 560 and 580 nm) (Figure 8B). The region
of the red edge presented an influence in all multiple
regressions proposed, with experiments 1, 2, 3 and
general presenting high coefficient values around the
wavelengths 707, 708, 685 and 690 nm, respectively.

The NIR region also influenced in the
regressions of experiments 2 and 3, since the first
presented high coefficients from 770 to 900 nm
and in experiment 3 the contribution was in the
regions of 763 to 780 nm and 980 to 1000 nm.
Thus, the influence of a great range of coefficients
in NIR may have provided a lower value of
coefficient of determination and the highest
RRMSE in the 2™ experiment.
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the centroids of each treatment for the 4 (A), 8" (B) and 12 (C) days of analysis.

DISCUSSION

Effects of pulsing solutions on spectral curves

Petal senescence in cut flowers is
accelerated by ethylene production, because of a fast
decrease in the sugar contents (KONDO et al., 2020).
Therefore, there is a greater shelf life of the vase
flowers with concentrations of glucose applications

in comparison with flowers maintained continuously
in distilled water (ZHANG et al., 2012).

The results according to reflectance
suggested glucose-based solutions present the
potential for the preservation of lisianthus flowers
(Figure 2). In this study, the glucose concentrations
of 45, 90 and 180 g/L registered the most preserved
leaves, besides presenting significantly lower
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. R reflectance values in the region of Vis, NIR or SWIR property of water promotes the absorption of
‘:‘\‘ . (Figure 2). In this case, by leaf spectra, it was possible radiation; therefore, when water is lost from one leaf,
b ‘,‘ to identify the flowers with the greatest shelf life, since absorption decreases and reflectance tends to increase
N reflectance in NIR increases during leaf senescence, in this spectral range (CARTER, 1991).
because of the increase in the leaf intercellular space According to DIAS-TAGLIACOZZO et
(SINCLAIR et al.,, 1971). On the other hand, the al. (2005), the fact these leaves are better preserved
leaf dehydration that occurs in senescence promotes derives from the sugars provided in the form of
the rise in reflectance in SWIR, since the radiative sucrose or glucose, which contribute to expand the
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life of many vase flowers, applied either in the form
of “pulsing” or continuously as a component of the
solutions in the pots. It is widely accepted that sugars
improve water relations, rising the levels of osmotic
solutes, and they also assist in water loss by the petals
during the senescence of cut flowers (VAN-DOORN
& WOLTERING, 2008). This happens because petal
withering and senescence are intimately related to

water deficit, which is mainly caused by continuous
reductions in water absorption (COSTA et al., 2021).

In the second experiment (Figure 3), which
used sucrose concentrations, reflectance in thee three
days of analyses (4", 8" and 12%) did not differ
statistically in almost all wavelengths. However,
on the 12" day of analysis, the curves with higher
doses of sucrose showed higher energy absorption
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in the visible range (400-680 nm), indicating more
preserved plants and a higher photosynthetic rate.
This is because sucrose-based solutions facilitate
water absorption by cut flowers, resulting in better
water balance, freshness, and reduced wilting; as
a result, the vase life of cut flowers was increased
(ASRAR, 2012). Therefore, it is believed that sucrose
solutions can indeed be better for the preservation

compared to water without any other solution in the
mixture, regarding the water balance of the floral
stem (ELHINDI, 2012), which is in accordance with
what was obtained in the spectral curves.

The hormones abscisic acid (ABA),
gibberellic acid (GA,) and benzylaminopurine (BAP),
on the 4" and 8" days of analysis, presented very close
spectral curves, not differing from each other. Only on
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the 12" day of the third experiment (Figure 4C) was
there a significant difference (P < 0.01) between the
solution ABA with BAP and the control in the region
of 1950 nm. The solutions based on abscisic acid
(ABA) presented a greater energy absorption in the
region of visible (450 to 680 nm), and more markedly
in NIR and SWIR (1450 and 1950 nm), suggesting a
greater leaf turgidity (CARTER, 1991). This influence
of abscisic acid (ABA) in the region of the spectrum
of water absorption (1450 and 1950 nm) was already
expected, since ABA, in this case, is directly related
to the process of stomatal opening, being the most
important regulator in the water response of plants
(DIAS-TAGLIACOZZO et al., 2005; DANQUAH et
al., 2014; WOLTERING & PAILLART, 2018).

Discriminant analysis

Each point of the graph of discriminant
analysis corresponds to the projection of each spectral
curve in the two-dimensional discriminative space
encompassed by the discriminant vectors (DIEZMA
etal., 2013).

In this case, the loadings from all
experiments (Glucose, Sucrose and Homonyms)
presented the greatest values in the regions of visible,
especially in blue and red, whereas in SWIR, they were
around the wavelengths 1950 and 2450 nm. This result
suggested the differentiation of the days of analysis
was mainly influenced by pigment concentration, since
in the region of visible the two absorption bands (480
and 680 nm), because of the presence of carotenoids
and related to the process of photosynthesis (ROSA,
2009) and leaf turgidity, are the most sensitive regions
to the variation in the water content in the leaf. Water
considerably absorbs the incident radiation, especially
in the bands of 1450, 1950 and 2700 nm, which also
correspond to the bands of atmospheric absorption
(NOVO, 2010; PONZONTI et al., 2012).

Therefore, the results reveal that the effects
of the preservatives based on glucose, sucrose and
hormones in lisianthus flowers may be better studied
applying hyperspectral sensors, since they affect
leaf spectra in the region of visible, near-infrared
and SWIR, especially in the bands responsive to
the pigments (chlorophyll and carotenoids) and
leaf water content. Thus, they can be tools for new
technologies of non-destructive analysis to evaluate
different causes of stress in the plant.

Prediction of CAR/CLF

In the prediction of CAR/CLF, the R?
values were reasonable (KALACSKA et al., 2015),
superior to 0.6 in the 3% experiment and in the general.

GITELSON et al. (2017) obtained a coefficient of
determination of 0.73 for leaves of tree species and
0.5 for agricultural crops, from the photochemical
reflectance index (PRI), an index that was originally
designed to evaluate the cycle of xanthophyll and LUE
(Light Use Efficiency) in short periods. In this sense,
the indexes reported in this study may have presented
lower values because these analyses were performed
in the postharvest conditions. Regarding the values
of RRMSE, they can be classified as excellent for
all proposed regressions, since they were lower than
10% (RICHTER et al., 2012).

Experiments 1,3 and General (Figure 8A, 8C
and 8D) presented high coefficient values in the region
of green (around 530, 522 and 524 nm, respectively).
In experiment 2, the contribution of the visible region
in the equation of multiple regression was in the region
of yellow (between 560 and 580 nm) (Figure 8B).
The regions green and yellow are also used in the PRI
index, which presents in its equation the wavelengths
531 and 570 nm (GAMON & PENUELAS, 1992).
The region of the red edge presented influence on
all multiple regressions proposed, with experiments
1, 2, 3 and general presenting high coefficient values
around the wavelengths 707, 708, 685 and 690 nm,
respectively. Different studies have also observed that
the regions of visible and red-edge can be used in the
prediction of chlorophyll and carotenoids (KIRA et al.,
2015; YANG et al., 2010; LING et al., 2019; SONG &
WANG, 2022; LIN et al., 2022).

Regarding the NIR region, it is usually
influenced by the inner leaf structure, because of the
spongy mesophiles, which are responsible for the
spread of radiation. When the number of empty spaces
increases, the factor reflectance increases in the near-
infrared region (LIU, 2015). Therefore, the influence
of a wide range of coefficients in NIR might have
provided a lower value of coefficient of determination
and the highest RRMSE in the 2™ experiment.

CONCLUSION

The reflectance spectra demonstrated a
potential to detect the performance of the preservative
solutions onleafdegradation during postharvest, which
may be the way for new studies on the development of
technologies directed to the postharvest preservation
of flowers. Nonetheless, the discriminant analysis did
not define well the different preservative solutions in
each experiment. By the spectral curves, the glucose
and sucrose-based solutions registered the highest
reflectance intensity variations, with a statistical
difference observed between the doses and the control
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treatment. Conversely, the phytohormones registered
a similarity in the spectral curves, showing equality in
leaf preservation.

ACKNOWLEDGEMENTS

To the Fundacdo de Estudos Agrarios Luiz de
Queiroz (FEALQ), for funding the publication of this work. To the
Fundagao de Amparo a Pesquisa do Estado de Sao Paulo (FAPESP),
for funding the project n. 2013/22435-9, to which this work
belongs, and to the Financiadora de Estudos e Projetos (FINEP),
which, by the project PROSENSAP, allowed the acquisition of
the spectroradiometer used in this research. And was financed in
part by the Coordenagdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES), Brasil - Finance code 001.

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare no conflict of interest. The
founding sponsors had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

AUTHORS’ CONTRIBUTIONS

All authors contributed equally for the conception
and writing of the manuscript. All authors critically revised the
manuscript and approved of the final version.

REFERENCES

ASD - Analytical Spectral Devices. FieldSpec® 3 User Manual,
Document ASD 600540 Rev. F; Analytical spectral devices,
Inc.: Boulder, CO, EUA, 2010. Available from: <http://www.
geoinformatie.nl/courses/grs60312/material2017/manuals/600540
JFieldSpec3UserManual.pdf>. Accessed: Feb. 05, 2022.

ASRAR, A. W. A. Effects of some preservative solutions on
vase life and keeping quality of snapdragon (Antirrhinum majus
L.) cut flowers. Journal of the Saudi Society of Agricultural
Sciences, v.11, n.1, p.29-35, 2012. Available from: <https://doi.
org/10.1016/j.jssas.2011.06.002>. Accessed: Feb. 20, 2023. doi:
10.1016/j.jssas.2011.06.002.

CARTER, G. A. Primary and secondary effects of water content
on the spectral reflectance of leaves. American Journal of
Botany, v.78, n.7, p.916-924, 1991. Available from: <https://doi.
org/10.1002/j.1537-2197.1991.tb14495.x>. Accessed: Feb. 20,
2022. doi: 10.1002/j.1537-2197.1991.tb14495 x.

CARVALHO, S. et al. Hyperspectral reflectance of leaves
and flowers of an outbreak species discriminates season and
successional stage of vegetation. International Journal of
Applied Earth Observation and Geoinformation, v.24, p.32-41,
2013. Available from: <https://doi.org/10.1016/j.jag.2013.01.005>.
Accessed: Mar. 05, 2022. doi: 10.1016/j.jag.2013.01.005.

COSTA, L. C. et al. Postharvest physiology of cut flowers.
Ornamental Horticulture, v.27, p.374-385, 2021. Available from:
<https://doi.org/10.1590/2447-536X.v2713.2372>. Accessed: Dec.
14, 2021. doi: 10.1590/2447-536X.v27i3.2372.

DANQUAH, A. et al. The role of ABA and MAPK signaling
pathways in plant abiotic stress responses. Biotechnology
advances, v.32, n.1, p.40-52, 2014. Available from: <https://doi.
org/10.1016/j.biotechadv.2013.09.006>. Accessed: Feb. 05, 2023.
doi: 10.1016/j.biotechadv.2013.09.006.

DAR, R. A. et al. Sugars and sugar alcohols have their say in the
regulation of flower senescence in Dianthus chinensis L. Scientia
Horticulturae, v.174, p.24-28, 2014. Available from: <https://doi.
org/10.1016/j.scienta.2014.04.003>. Accessed: Feb. 05, 2023. doi:
10.1016/j.scienta.2014.04.003.

DIAS, L. G. etal. Single-cultivar extra virgin olive oil classification
using a potentiometric electronic tongue. Food Chemistry, v.160,
p-321-329, 2014. Available from: <https://doi.org/10.1016/;.
foodchem.2014.03.072>. Accessed: Dec. 20, 2021. doi: 10.1016/j.
foodchem.2014.03.072.

DIAS-TAGLIACOZZO, G. M. et al. Fisiologia pos-colheita
de flores de corte. Ornamental Horticulture, v.11, n.2, 2005.
Available from: <https://doi.org/10.14295/rbho.v11i2.48>.
Accessed: Dec. 23, 2021. doi: 10.14295/rbho.v11i2.48.

DIEZMA, B. 1. etal. Examination of quality of spinach leaves using
hyperspectral imaging. Postharvest Biology and Technology,
v.85, p.8-17, 2013. Available from: <https://doi.org/10.1016/].
postharvbio.2013.04.017>. Accessed: Dec. 12, 2021. doi:
10.1016/j.postharvbio.2013.04.017.

EASON, J. R. et al. Physiological changes associated with
sandersonia aurantiaca flower senescence in response to
sugar. Postharvest Biology and Technology, v.12, n.1, p.43-
50, 1997. Available from: <https://doi.org/10.1016/S0925-
5214(97)00040-9>. Accessed: Feb. 05, 2023. doi: 10.1016/
S0925-5214(97)00040-9.

ELHINDI, K. M. Evaluation of several holding solutions for
prolonging vase-life and keeping quality of cut sweet pea
flowers (Lathyrus odoratus L.). Saudi Journal of Biological
Sciences, v.19, n.2, p.195-202, 2012. Available from: <https://
doi.org/10.1016/j.sjbs.2011.12.001>. Accessed: Jan. 16, 2022. doi:
10.1016/j.5jbs.2011.12.001.

FANG, F. et al. Increased substrate availability reveals the potential
of scentless lisianthus flowers in producing fragrant benzenoid-
phenylpropanoids. Physiologia Plantarum, v.172, n.1, p.19-
28, 2021. Available from: <https://doi.org/10.1111/ppl.13264>.
Accessed: May, 22, 2022. doi: 10.1111/ppl.13264.

GAMON, J. A.; PENUELAS, J. A narrow-waveband spectral index
that tracks diurnal changes in photosynthetic efficienc. Remote
Sensing of Environment, v.41, p.35-44, 1992. Available from:
<https://doi.org/10.1016/0034-4257(92)90059-S>. Accessed: Jan.
19, 2022. doi: 10.1016/0034-4257(92)90059-S.

GARRIDO-NOVELL, C. et al. Grading and color evolution of
apples using RGB and hyperspectral imaging vision cameras.
Journal of Food Engineering, v.113, n.2, p.281-288, 2012.
Available from: <https://doi.org/10.1016/j.jfoodeng.2012.05.038>.
Accessed: Feb. 22, 2022. doi: 10.1016/j.jfoodeng.2012.05.038.

GITELSON, A. A. et al. Multiple drivers of seasonal change in PRI:
Implications for photosynthesis 1. Leaf level. Remote Sensing of
Environment, v.191, p.110-116, 2017. Available from: <https://
doi.org/10.1016/j.rse.2016.12.015>. Accessed: Dec. 22, 2021. doi:
10.1016/j.rs¢.2016.12.015.

Ciéncia Rural, v.54, n.9, 2024.

PO

co.

el

-

oo

.,


https://doi.org/10.1016/j.jag.2013.01.005

e S, I

oy,
" oo,

g A

.
Posy

»,

ooy

Lisianthus (Eustoma grandiflorum) leaf degradation analysis in the postharvest by VIS-NIR-SWIR reflectance spectroscopy. 15

GOMEZ-PEREZ, L. et al. Calcium ameliorates the tolerance of
Lisianthus [Eustoma grandiflorum (Raf.)] shinn. to alkalinity
in irrigation water. HortScience, v.49, n.6, p.807-811, 2014.
Available from: <https://doi.org/10.21273/HORTSCI.49.6.807>.
Accessed: Nov. 15,2021. doi: 10.21273/HORTSCI1.49.6.807.

HALEVY, A. H.; MAYAK, S. Senescence and postharvest
physiology of cut flowers. Part 2. Hort. Rev., v.3, p.59-143, 1981.
Available from: <https://doi.org/10.1002/9781118060766.ch3>.
Accessed: Feb. 15, 2022. doi: 10.1002/9781118060766.ch3.

HISCOX, J. D.; ISRAELSTAM, G. F. A. A method for the
extraction of chlorophyll from leaf tissue without maceration.
Canadian Journal of Botany, v.57, p.1132-1334, 1979. Available
from: <https://doi.org/10.1139/b79-163>. Accessed: Feb. 25,
2022. doi: 10.1139/b79-163.

HOUBORG, R. et al. Advances in remote sensing of vegetation
function and traits. International Journal of Applied Earth
Observation and Geoinformation, v.43, p.1-6, 2015. Available
from: <https://doi.org/10.1016/j.jag.2015.06.001>. Accessed: Feb.
05, 2023. doi: 10.1016/j.jag.2015.06.001.

KALACSKA, M. et al. Estimation of foliar chlorophyll and
nitrogen content in an ombrotrophic bog from hyperspectral data:
Scaling from leaf to image. Remote Sensing of Environment,
v.169,p.270-279, 2015. Available from: <https://doi.org/10.1016/j.
rse.2015.08.012>. Accessed: May, 22, 2022. doi: 10.1016/j.
rse.2015.08.012.

KIRA, O. et al. Non-destructive estimation of foliar chlorophyll
and carotenoid contents: Focus on informative spectral bands.
International Journal of Applied Earth Observation and
Geoinformation, v.38, p.251-260, 2015. Available from: <https://
doi.org/10.1016/j.jag.2015.01.003>. Accessed: Nov. 10, 2022. doi:
10.1016/j.jag.2015.01.003.

KONDO, M. et al. Comparison of petal senescence between
cut and intact carnation flowers using potted plants. Scientia
Horticulturae, v.272, p.109564, 2020. Available from: <https://
doi.org/10.1016/j.scienta.2020.109564>. Accessed: May, 22,
2022. doi: 10.1016/j.scienta.2020.109564.

LIN, M. Y. et al. Multi-Species prediction of physiological traits
with hyperspectral modeling. Plants, v.11. p.676, 2022. Available
from: <https://doi.org/10.3390/plants11050676>. Accessed: Nov.
10, 2022. doi: 10.3390/plants11050676.

LING, B. et al. Hyperspectral analysis of leaf pigments and
nutritional elements in tallgrass prairie vegetation. Frontiers in
Plant Science, v.10, p.142, 2019. Available from: <https://doi.
org/10.3389/fpls.2019.00142>. Accessed: Nov. 10, 2022. doi:
10.3389/fpls.2019.00142.

LIU, M. S. et al. Proteomics and transcriptomics of broccoli
subjected to exogenously supplied and transgenic senescence-
induced cytokinin for amelioration of postharvest yellowing.
Journal of Proteomics, v.93, p.133-144, 2013. Available from:
<https://doi.org/10.1016/j.jprot.2013.05.014>. Accessed: Feb. 05,
2023. doi: 10.1016/j.jprot.2013.05.014.

LIU, W. T. H. Aplicacdo de sensorimento remoto. 2 ed. Campo
Grande: Oficina de testos, 2015. 908p. ISBN: 8579751772.

LUGASSI-BEN-HAMO, M. et al. Effect of shade regime on
flower development, yield and quality in 54 lisianthus. Scientia

Horticulturae, v.124, n.2, p.248-253, 2010. Available from:
<https://doi.org/10.1016/j.scienta.2009.12.030>. Accessed: May,
22,2022. doi: 10.1016/j.scienta.2009.12.030.

MAHAJAN, G. R. et al. Using hyperspectral remote sensing
techniques to monitor nitrogen, phosphorus, sulphur and potassium
in wheat (Triticum aestivum L.). Precision Agriculture, v.15,
n.5, p.499-522, 2014. Available from: < https://doi.org/10.1007/
s11119-014-9348-7>. Accessed: Feb. 05, 2023. doi: 10.1007/
s11119-014-9348-7.

NEVALAINEN, O. et al. Fast and nondestructive method
for leaf level chlorophyll estimation using hyperspectral
LiDAR. Agricultural and Forest Meteorology, v.198,
p-250-258, 2014. Available from: <https://doi.org/10.1016/j.
agrformet.2014.08.018>. Accessed: May, 22, 2022. doi: 10.1016/j.
agrformet.2014.08.018.

NOVO, E. M. L. M. Sensoriamento remoto: principios e
aplicagdes. 4 ed. Sao Paulo: Edgard Blucher, 2010. 387p. IBN:
9788521205401.

PONZONI, F. J.; et al. Sensoriamento remoto no estudo da
vegetaciio. 2 ed. Sdo Paulo: Oficina de textos, 2012. 160p. ISBN:
8560507027.

RICHTER, K. et al. Derivation of biophysical variables from earth
observation data: validation and statistical measures observation
data: validation and statistical measures. Journal of Applied
Remote Sensing, v.6, p.063557, 2012. Available from: <https://
doi.org/10.1117/1.JRS.6.063557>. Accessed: May, 23, 2022. doi:
10.1117/1.JRS.6.063557.

ROSA, R. Introducio ao sensoriamento remoto. 7 ed.
Uberlandia: EDUFU, 2009, 264p. ISBN 9788570781246.

SHIMIZU-YUMOTO, H. Postharvest characteristics of cut flowers
and techniques for extending vase life, with a focus on Eustoma,
Gentiana and Dahlia. Agri-Bioscience monographs, v.8, n.1, p.1-
22, 2018. Available from: <http://id.ndl.go.jp/bib/029638019>.
Accessed: May, 23, 2022.

SHIMIZU-YUMOTO, H.; ICHIMURA, K. Postharvest physiology
and technology of cut Eustoma Flowers. Journal of the Japanese
Society for Horticultural Science, v.79, n.3, p.227-238,
2010. Available from: <https://doi.org/10.2503/jjshs1.79.227>.
Accessed: May, 23, 2022. doi: 10.2503/jjshs1.79.227.

SINCLAIR, T. R. et al. Reflectance and internal structure
of leaves from several crops during a growing season.
Agronomy Journal, v.63, p.864-868, 1971. Available
from: <https://doi.org/10.2134/agronj1971.00021962006
300060012x>. Accessed: Nov. 10, 2022. doi: 10.1016/j.
postharvbio.2013.04.017.

SONG, G.; WANG, Q. Developing hyperspectral indices for
assessing seasonal variations in the ratio of chlorophyll to carotenoid
in deciduous forests. Remote Sensing, v.14, n.6, p.1324, 2022.
Available from: <https://doi.org/10.3390/rs14061324>. Accessed:
Nov. 10, 2022. doi: 10.3390/rs14061324.

SOUZA, J. N. C. et al. Economic overview of ornamental
flowers and plants in Brazil. Scientific Electronic Archives,
v.13, n.5, p.96-102, 2020. Available from: <https://doi.
org/10.36560/1352020943>. Accessed: May, 23, 2022. doi:
10.36560/1352020943.

Ciéncia Rural, v.54, n.9, 2024.



16 Barbosa et al.

SUN, Y. et al. Hyperspectral imaging detection of decayed honey
peaches based on their chlorophyll content. Food Chemistry,
v.235,p.194-202,2017. Available from: <https://doi.org/10.1016/j.
foodchem.2017.05.064>. Accessed: Nov. 01, 2022. doi: 10.1016/j.
foodchem.2017.05.064.

TAIZ, L.; ZEIGER, E. Fisiologia vegetal. 5* ed. Porto Alegre:
Artmed, 2013. ISBN 978-84-8421-601-2.

VAN-DOORN, W. G.; WOLTERING, E. J. Physiology and
molecular biology of petal senescence. Journal of Experimental
Botany, v.59, n.3, p.453-480, 2008. Available from: <https://doi.
org/10.1093/jxb/erm356>. Accessed: May, 23, 2022. doi: 10.1093/
jxb/erm356.

WANG, C. M. et al. Physiological and transcription analyses
reveal regulatory pathways of 6-benzylaminopurine delaying
leaf senescence and maintaining quality in postharvest Chinese
flowering cabbage. Food Research International, v.157,
p-111455, 2022. Available from: <https://doi.org/10.1016/j.
foodres.2022.111455>. Accessed: Feb. 05, 2023. doi: 10.1016/j.
foodres.2022.111455.

WELLBURN, A. R. The espectral determination of
chlorophhyll-b, as well as total carotenoids, using various solvents
with spectrophotometers of different resolution. Journal of Plant
Physiology, v.144, n.3, p.307-313, 1994.

WOLTERING, E. J.; PAILLART, M. J. M. Postharvest biology and
technology effect of cold storage on stomatal functionality, water
relations and flower performance in cut roses. Postharvest Biology
and Technology, v.136, n.2017, p.66—73, 2018. Available from:

<https://doi.org/10.1016/j.postharvbio.2017.10.009>.
May, 23, 2022. doi: 10.1016/j.postharvbio.2017.10.009.

Accessed:

YANG, F. et al. Assessing nutritional status of festuca arundinacea
by monitoring photosynthetic pigments from hyperspectral data.
Computers and Electronics in Agriculture, v.70, p.52-59, 2010.
Available from: <https://doi.org/10.1016/j.compag.2009.08.010>.
Accessed: Nov. 10, 2022. doi: 10.1016/j.compag.2009.08.010.

YANG, Y. C. et al. Rapid detection of anthocyanin content in lychee
pericarp during storage using hyperspectral imaging coupled with model
fusion. Postharvest Biology and Technology, v.103, p.55-65, 2015.
Available from: <https://doi.org/10.1016/j.postharvbio.2015.02.008>.
Accessed: Nov. 01, 2022. doi: 10.1016/j.postharvbio.2015.02.008.

YU, K. et al. Senescence of aerial parts is impeded by exogenous
gibberellic acid in herbaceous perennial Paris polyphylla. Journal
of plant physiology, v.166, n.8, p.819-830, 2009. Available from:
<https://doi.org/10.1016/.jplph.2008.11.002>. Accessed: Feb. 05,
2023. doi: 10.1016/.jplph.2008.11.002.

ZHANG, C. et al. Exogenous sugars involvement in senescence
and ethylene production of tree peony’luoyang hong’cut flowers.
Horticultural Science & Technology, v.30, n.6, p.718-724,
2012. Available from: <https://doi.org/10.7235/hort.2012.12089>.
Accessed: May, 23, 2022. doi: 10.7235/hort.2012.12089.

ZHANG, C. et al. Hyperspectral imaging analysis for ripeness
evaluation of strawberry with support vector machine. Journal of
Food Engineering, v.179, p.11-18, 2016. Available from: <https://
doi.org/10.1016/j.jfoodeng.2016.01.002>. Accessed: Nov. 10,
2022. doi: 10.1016/j.jfoodeng.2016.01.002.

Ciéncia Rural, v.54, n.9, 2024.

PO

co.

-

L4
Crid




	_Hlk128042261
	_Hlk138417937
	_Hlk139885678
	_Hlk119793100
	_Hlk139892585
	_Hlk109586627
	_Hlk119793827
	_Hlk109586661
	_Hlk109587197
	_Hlk109587222
	_Hlk92750209
	_Hlk109588339
	_Hlk109588386
	_Hlk119794855
	_Hlk119794659
	_Hlk119794619
	_Hlk119794643

