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Abstract

The lisianthus culture is demanded to produce cut flowers and pot vases, grown in a greenhouse using advanced techniques. The
present study aimed to evaluate the pigments of different lisianthus cultivars in different photoselective shade nets. The cultivars
Flare Deep Rose (pink), Echo Blue BL (purple) and Allemande White BI (white) were cultivated under light-diffusing polyethylene
film cover and blue and red color photoselective nets with a shading capacity of 30%, in addition to the control treatment, without
the use of the net. The results showed higher values of chlorophyll 4 and total in the red photoselective net, independent of the cul-
tivar. Leaf colorimetry showed the most intense shade of green was from the cultivar Echo Blue BL. On the other hand, the control
showed more intensity, with no significant difference in the leaf green intensity on the blue and red shade nets. In the petals, the cul-
tivar Echo Blue BL showed a more intense blue shade in the red net, however low grade of anthocyanin than in the blue one. In the
anthocyanin pigment, this cultivar had lower levels in the treatment of the red net. The results indicate that the use of photoselective
shade nets in the culture of lisianthus changes the content of the pigments studied, in varying intensity, depending on the cultivar.
Keywords: Fustoma grandiflorum, anthocyanin, floriculture, protected cultivation.

Resumo
Pigmentos em hastes florais de lisianthus sob diferentes telas foto seletivas.

O cultivo do lisianthus destaca-se na cadeia produtiva da floricultura como uma espécie destinada a produg@o de flores de corte e
em vaso, cultivada em casa de vegetagio empregando técnicas avancadas de producdo. O objetivo do presente trabalho foi avaliar
os pigmentos vegetais de diferentes cultivares de lisianthus sob diferentes telas foto seletivas. As cultivares Flare Deep Rose (rosa),
Echo Blue BL (roxa) e Allemande White BI (branca) foram cultivadas com cobertura de filme de polietileno difusor de luz e telas
foto seletivas das coloracdes, azul e vermelha, com capacidade de sombreamento de 30%, além do tratamento controle, sem 0 uso
de tela. Os resultados obtidos demonstraram maiores valores de clorofila b e total em tela foto seletiva vermelha, independente-
mente do cultivar. Na colorimetria das folhas, a tonalidade de verde mais intensa foi do cultivar Echo Blue BL. Por outro lado,
o controle apresentou tonalidade mais intensa, ndo ocorrendo diferenga significativa na intensidade do verde das folhas nas telas
azul e vermelha. No telado vermelho, as pétalas da variedade Echo Blue BL apresentaram tonalidade de azul mais intensa, porém
menores teores de antocianina. Os resultados indicam que o uso de telas foto seletivas na cultura de lisianthus altera o teor dos
pigmentos estudados, em intensidade variavel, dependendo do cultivar.

Palavras-chave: Eustoma grandiflorum, antocianina, floricultura, cultivo protegido.

last three decades. In Brazil, the economic interest in this
species began in the 1990s, as either a cut flower or a potted

Introduction

Lisianthus (Eustoma grandiflorum) is a species belong-
ing to the Gentianaceae family and originates from north-
ern Mexico and the Southeast United States. Its flowers
have different shapes and colors, which look like rose pet-
als, are appreciated and sold worldwide. Thus, the world-
wide demand for lisianthus has been increasing over the

plant. In the year 2018, lisianthus was the sixth most sold
cut flower marketed in Brazil, is widely used in floral ar-
rangements (Backes et al., 2006; Aki, 2018).

The concept of photoselective screens was first studied
in the Middle East, specifically in Israel, because the aver-
age number of sunny days in this region is approximately
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270 days/year (Shahak et al., 2008; Zare et al., 2019). The
mechanism of colored shades is based on the distinct filter-
ing of sunlight together with the incorporation of chromatic
elements during manufacture to provide physical protec-
tion of crops by shading. In this way, plant physiological
responses can be altered, through photosynthetic and pho-
to-morphological processes, by manipulating the radiation
spectrum (Sivakumar et al., 2018; Sampaio et al., 2020).
In Brazil, some regions have a similar average number of
sunny days to those of the Middle East, such as the Cen-
tral West and Northeast regions. In addition to high levels
of the incident light, high temperatures also contribute to
the use of this type of technology in Brazilian horticulture
(Pereira et al., 2017).

The use of photoselective shades in ornamental cul-
tures such as marigold (Calendula officinalis L.) and vi-
olet (Viola tricolor) has been shown to affect vegetative
grown, carotenoid content, and antioxidant activities,
with promising results using the red color shade (Zare
et al., 2019). In foliage such as Codiaeum variegatum
and Aglaonema commutatum, the use of green, yellow,
and red color shades has been evaluated, demonstrating
that high levels of anthocyanin and carotenoids were
obtained using the red color shade (Zare et al., 2020).
The ornamental, Costus lasius, a tropical plant grown
in pots, the use of a black color shade associated with a
dose of 200 mg L' of potassium resulted in the greater
production of flower buds (Sampaio et al., 2020). Lisian-
thus for cut flowers, an increase in the length of the stem
was observed using the red color shade, while using the
blue shade there was a reduction in the diameter of the
stem (Almeida et al., 2016).

Plants’ cultivation under different light spectra, mainly
at 380 nm (blue spectra) and 670 nm (red spectra), causes
more intense morphological differences due to the response
of photosynthetic pigments. The blue spectrum excites chlo-
rophyll into a higher energy state, releasing part of this en-
ergy as heat, which the red spectrum does not (Taiz et al.,
2017). In addition, plants under these light spectrums can be
affected distinctly for each plant species or cultivar (Zare et
al., 2020).
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The flower’s color, in addition to beauty, confers sever-
al important biological functions and is of great importance
in plant evolution (Narbona et al., 2018). The phenotypic
polymorphism in flower pigmentation is manifested by the
variation in pigment intensity, which is determined by the
concentration of the pigment and the variation in the petal
hue (Gao et al., 2016). Anthocyanins are a group of flavo-
noids that give the colors pink, red, blue and purple seen in
flowers. These pigments play an important role in the polli-
nation and dispersion of fruits and seeds, besides, they have
an antioxidant capacity that provides protection to plant tis-
sues against biotic and abiotic stresses (Dini et al., 2019).

Flavonoids are synthesized throughout the develop-
ment of the petals; however, anthocyanins will start to
be synthesized and accumulated shortly before the floral
opening. In lisianthus, the change in color of the petals oc-
curs before the floral bud opens and after it has attained its
final size. Thus, the floral buds remain with a greenish color
throughout their entire development; three days before an-
thesis, the color of the petals begins to change to pink, red,
or purple (Davies et al., 1993).

There is not publish research on the relationship be-
tween the use of photoselective shades and their effect on
the lisianthus plant pigments grown under greenhouse con-
ditions. In the cultivation of lisianthus. Uddin et al. (2001)
observed a direct correlation between luminosity intensity
and anthocyanin concentrations. A low level of luminosity
intensity under 800 Ix during floral anthesis leads to a re-
duction of 30% in the concentration of anthocyanins in the
petals, with a 40% reduction in color intensity.

In view of the foregoing, the present study was con-
ducted to evaluate the effect of photoselective shade nets
on the vegetable pigments in the cultivation of three lisi-
anthus cultivars, Flare Deep Rose (pink), Echo Blue BL
(purple), and Allemande White BI (white).

Material and Methods

The seedling used were of the Flare Deep Rose (pink),
Echo Blue BL (purple), and Allemande White BI (white)
cultivars, supplied by the Ball® Company (Figures 1- a, b, c).
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Figure 1. Varieties: Flare Deep Rose (a), Echo Blue BL (b), and Allemande White BI (c).
Greenhouse view with photoconvert shade nets (d).

The experiment was conducted in a greenhouse of 6.4
m width and 36 m length, north-south orientated, covered
with a new polyethylene diffuser film, with 100% transmis-
sivity. Different photoselective shade nets (Polysak® Plas-
tic Industries Ltd, Negev, Isracl) were hung 3.5 m from the
ground, arranged in the color sequence red and blue, with
a thickness of 5 mm and a shading index of 30% and the
control treatment, without the use of the shade nets. The
photoselective shades were covered during the experiment
and to avoid interference between treatments, the plants
were placed in the geometric center of each area, thus

avoiding direct interference of the light from one treatment
onto another. The greenhouses east side, of each experi-
mental block, were shaded with the corresponding color
shade from ground level up to avoid any influence from the
incident light during the hours shortly after sunrise (Figures
1-d). The greenhouse photosynthetically active radiation
(PAR) data was measured (LI-COR LI-200 Pyranometer),
the same way monthly temperatures (as well as the mini-
mum and maximum) during the experimental period were
measured with the air temperature sensor 1400-101 and
data logger (Sutron Xlite 9210) (Table 1).

Table 1. Average (minimum and maximum) temperatures (°C), and minimum and maximum temperatures (°C) under dif-
ferent treatments and periods of cultivation (March/June-2016).

March/2016 April/2016 May/2016 June/2016
Average Average Average Average Average Average Average Average
Minimum Maximum  Minimum Maximum Minimum Maximum  Minimum Maximum
Red 20.2 40.8 16.6 38.6 14.2 31.9 9.9 28.8
Blue 19.8 39.9 16.5 38.5 13.8 314 10.2 27.3
Control 19.0 40.5 16.3 38.6 13.6 324 9.5 31.6
Minimum Maximum  Minimum Maximum Minimum Maximum Minimum Maximum
Red 17.5 443 11.4 42.8 10.1 37.5 8.2 34.8
Blue 16.9 42.7 10.1 42.1 9.6 36.8 7.9 31.1
Control 14.3 46.2 7.2 42.7 6.7 40.2 5.2 36.6

The seedlings were transplanted into pot-plant (14.0
cm height x 16.5 cm @ - 2.2 L) containing BASE® horti-
culture substrate (vermiculite, pinus peel, peat moss, coal),
irrigated daily using a drip (100 mL pot') and fertigation
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system daily, as recommended for lisianthus cultivation
(SAKATA, 2021). The fertigation consists of the applica-
tion of 25 g of calcinit (commercial preparation of soluble
calcium nitrate) at planting and from the second week on-
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wards, ten applications of Calcium + Urea (12.5 g Calcium
+ 5.5 g Urea) and Mono Ammonium Phosphate (MAP) +
Potassium Nitrate + Magnesium Sulfate (3.5 g MAP + 10
g Potassium + 7.5 g Magnesium), one application every
two weeks.

The colorimetric assays, chlorophyll and anthocyanin
analyses were performed using leaves and petals imme-
diately collected from commercial stems 65-70 days after
planted (Veiling Holambra, 2020). For quantification of a,
b and total chlorophyll and carotenoids, the methodology
described by Lichtenthaler (1987) was used, with read-
outs in a Biochrom spectrophotometer (Libra S22): 663
nm for chlorophyll a, 646 nm for chlorophyll 5, and 470
nm for carotenoids. Anthocyanin was quantified following
the methodology of Lee and Francis (1972), using samples
previously frozen in liquid nitrogen, ground and weighed,
with 2.0 g of petals for the purple flower cultivar and 10
g for the pink flower cultivar being used for determining
absorbance at 535 nm. The total anthocyanin content was
expressed in milligrams per 100 g petals.

For direct colorimetric analyses of the petals and leaves,
readings were taken using a Minolta® Model CR-400 Col-
orimeter. For analysis of the petals, three petals per flower
(fully open) were used and two readings were taken on the
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adaxial surface of each petal. For the leaves, three leaves
per stem were used (third, fourth and fifth - apex to the
base), with three readings taken from the adaxial surface
of each leaf. The results were calculated, based on the pa-
rameters L*, a*, b* and expressed in Luminosity (interval
between the light and dark), Hue angle (tonality color), and
Chromaticity (color intensity).

The experimental design was entirely randomized with
a 3 x 3 factorial scheme (3 covers x 3 cultivars). The exper-
imental units being the stem pot’, 3 replicates, thus using
8 pots of each replicate for cultivar per treatment totaling
216 pots. The data obtained were submitted to F test of
the Analysis of Variance. When interaction among the vari-
ables was found, we proceeded with comparing the mean
values of the treatments by the Tukey test (p < 0.05).

Results and Discussion

The chlorophyll a and b, and Total and carotenoids lev-
els presented significant differences for the treatment red
shade net, also a significant interaction was observed be-
tween the cultivars and the shade net used (Table 2). The
purple cultivar showed a significant difference when com-
pared to the control only in total chlorophyll.

Table 2. Contents of Chlorophyll a, b, total, and carotenoids (mg/100g) of each cultivar of lisianthus and within each

treatment of shade net.

Chlorophyll a Chlorophyll b
Cultivar Shade nets Shade nets
Red Blue Control Red Blue Control
Pink 13.00 9.02 8.31 6.23  3.68 3.46
" aA bB cB aA  bB bB
White 11.64 8.75 10.97 5.32  3.60 4.75
bA bB bA bA bC aB
Purple 12.95 12.50 12.17 5.92 548 5.21
P aA aA aA aA aAB aB
HSD 0.983 0.489

Chlorophyll total Carotenoids
Shade nets Shade nets

Red Blue Control  Red Blue Control
19.24 12.71 11.78 4.12 2.65 2.80

aA bB cB aA bB bB
16.67 12.35 15.73 3.71 2.53 3.58

bA bB bA bA bB aA
18.88 17.99 17.30 3.94 3.78 3.72

aA aAB aC abA aA aA

1.452 0.338

Pink (lisianthus cv. Flare Deep Rose), white (lisianthus cv. Allemande White BI) and purple (lisianthus cv. Echo Blue BL).

Treatments followed by different lowercase letters in the column differ at the 5% level.

Treatments followed by different capital letters in the line differ at the Tukey test, 5% level

The purple and pink cultivars differed from the white in
all the variables analyzed, showing higher values of chlo-
rophyll a and b, total chlorophyll, and carotenoids in the
treatment with the red shade net. Within the pink cultivar,
the control shade net demonstrated the lowest chlorophyll
and carotenoids levels of all the shades. On the other hand,
in the white cultivar, the blue shade net presented the low-
est all pigments production, when compared to the other
treatments.

The plant adaptation to the greenhouse light spectrum
conditions is related to the plant’s photosynthetic effi-
ciency. These physiological responses will result in overall
plant development, including flower production, as the in-
crease in petal carbohydrates results in cell expansion that
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induces flowering (Almeida et al., 2004; Norikoshi et al.,
2016). Also, carbohydrates are the main energy source of
plants, and they need an adequate amount of carbohydrates
to flourish (Taiz et al., 2017).

These results differed from those of Lima et al (2010)
when studied Anthurium, cultivated under blue, red, and
black shade nets and a thermo-reflective shade net, they
observed that the highest content values of total chloro-
phyll and chlorophyll a and b were obtained in plants
cultivated under the black shade net, followed by plants
cultivated under a thermo-reflective shade net, and lastly,
those under the red and blue shade nets. Oren-Shamir et
al. (2001), studying Pittosporum variegatum plants culti-
vated under gray, black, and thermo-reflective shade nets;
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and blue, red, and green photoselective shade nets, ob-
served that they presented no significant differences in the
chlorophyll content values. However, Souza et al. (2013)
in the cultivation of Mentha piperita obtained higher con-
centrations of chlorophyll b in the plants cultivated under
red and blue shade nets compared to those cultivated un-
der full sunlight.

Photoselective shade nets realize benefits during green-
house cultivate, however, it must consider that effect on the

539

plant physiology can vary according to species and even
cultivars (Costa et al., 2019).

All the colorimetric variables of the lisianthus flower
petals analyzed (Table 3), presented significant differences
between the three distinct cultivars of lisianthus, respon-
sible for a different petal color (pink, white and purple).
For the variable (b*) tone/hue, significant interactions were
observed between the varieties and the shade nets used
(Table 3).

Table 3. Luminosity variables (L*), red/green coordinates (a*), yellow/blue (b*) coordinates, hue angle hue, and color
purity (chroma) of the petals and leaves of each lisianthus cultivar and within each shade net.

Petals
L* a* b* Chroma Hue
Cultivar
Pink 61.83a 21.94b 2.82 22.16 b 0.13¢
White 86.01 ¢ -5.19¢ 7.90 941c -098 a
Purple 26.89 b 3486 a -27.98 44.79 a -0.68b
Shade Net
Red 57.39b 18.10™ -5.87 26.33 -0.51
Blue 57.93 ab 16.93" -5.52 24.66™ -0.50™
Controle 59.370 a 16.57™ -5.84 25.37™ -0.52
Test F
Cultivar (C) 2704.57** 777.86** 5728.07** 894.79%* 1669.87**
Shade Net(T) 3.15™ 1.19m 0.57™ 1.95m 0.70m
CxT 0.77" 0.68™ 3.12* 0.44" 2.06™
CvV 4.81 20.86 21.87 11.53 13.58
HSD 1.94 2.487 0.874 2.033 0.048
Leaves
L* a* b* Chroma Hue
Cultivar
Pink 45.50 -13.54b 17.38 b 22.08 b -0.90 a
White 45.63 -13.60 b 17.62 b 22.20b -0.91 a
Purple 46.07 -14.78 a 19.18 a 24.12 a -0.91 a
Shade Net
Red 45.38 -13.78 b 17.73 22.50 ™ -0.90
Blue 4498 -13.69b 17.99 22.45 -0.91
Controle 46.84 -1445 a 18.46 ™ 23.45m -0.90
Test F
Cultivar (C) 0.55 13.63** 7.24** 7.75%* 0.221
Shade Net(T) 6.03 4.81* 1.03m 1.89m 1.94rs
CxT 4.64 0.56"™ 0.76" 0.60" 0.82m
CvV 4.27 6.65 9.86 8.83 2.77
HSD 1.35 0.64 1.23 1.39 0.01

Pink (lisianthus cv. Flare Deep Rose), white (lisianthus cv. Allemande White BI) and purple (lisianthus cv. Echo Blue BL).
Treatments followed by different letters in the column differ at the level of 5%;

* Difference of 5% of probability (p < 0.05);
** Difference of 1% of probability (p < 0.01);
ns Not significant at the Tukey test, 5% probability level (p > 0.05)
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There is an interaction between flower cultivars and
shade nets for the variable b*, only observed in the
purple flower cultivar. The control treatment and the
red shade net produced flowers with a bluer hue when
compared to the treatment with the blue color shade.
Thus, light quality and intensity can affect the hue of
the flower color. Anthocyanidins are molecules without
bound sugars (aglycones) that provide the basis of flo-
ral pigmentation. All anthocyanin pigments are derived
from one of the three aglycones: cyanidin, delphinidin,
and pelargonidin (Khoo et al., 2017; Chaves-Silva et al.,
2018). Flowers with the same types and concentration
of anthocyanidins may have different color intensities
(Figueiredo et al., 1999), depending on the concentra-
tion of co-pigments, vacuolar pH, and the light inten-
sity (Passeri et al., 2016; Gu et al., 2019). Anthocyanins
are very reactive to light intensity (Trojak and Skowron,

PIGMENTS IN FLOWER STEMS OF LISIANTHUS UNDER DIFFERENT PHOTOSELECTIVE SHADE NETS

2017; Zhang et al., 2019). In the present study, the av-
erage light intensity using the red color shade was 291
pumol m? s while a value of 582 pmol m? s was mea-
sured in the control treatment. These results showed that
in the purple cultivar of lisianthus, the light intensity did
not affect b*, but the light quality did.

Analyzing colorimetric variables on leaves (Table 4), in
comparison to the control treatment, significant differences
were observed in the variable L* and a*, in comparison
with the other shade nets, resulting in plants with leaves
of lighter green tone/hue. The leaves of the purple flower
cultivar under the control treatment presented a more in-
tense green color when compared with the other cultivars
that presented lower a* values. With regards to the variable
b*, the pink and white flower cultivars differed from the
purple flower cultivar, because they presented leaves with
a slightly bluish tone/hue.

Table 4. Means of the variable yellow/blue (b*) in petals, luminosity variables (L*) in leaves and petals anthocyanin

within each lisianthus cultivar, and each shade net.

Colorimetry Petals-b*

Shade Nets
Cultivar
Red Blue Controle
Pink 2.65 cA 2.66 cA 3.17 cA
‘White 8.01 bA 7.55 bA 8.16 bA
Purple 28.29 aAB 26.78 aB 28.87 aA
HSD 1.50 1.50 1.50
Colorimetry Leaves-L*
Shade Nets
Cultivar
Red Blue Controle
Pink 45.73 aA 46.09 aA 44.70 bA
‘White 44.88 aB 44 .45 aB 47.55 aA
Purple 45.54 aB 44.40 aB 48.28 aA
HSD 2.34 2.34 2.34
Anthocyanins Petals (mg/100g)
Shade Nets HSD
Cultivar
Red Blue Controle
Pink 4.00 bA 3.33 bA 3.66 bA 2.71
Purple 24.33 aB 28.00 aA 28.66 aA 2.71
HSD 2.18 2.18 2.18

Pink (lisianthus cv. Flare Deep Rose), white (lisianthus cv. Allemande White BI) and purple (lisianthus cv. Echo Blue BL).

Treatments followed by different lowercase letters in the column differ at the 5% level.

Treatments followed by different capital letters in the line differ at the Tukey test, 5% level.

Significant interaction occurred between the cultivars
and the type of covering to produce the variable luminosity
(L). The control treatment presented leaves with a lighter
tone/hue of green when compared to those under the nets,
except the pink cultivar, which presented higher L values
(Table 3). On the floral stem, in addition to flowers, the
leaves may present different tones/hues, which represent a
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complement to ornamentation perception. The possibility
of controlling the shade or intensity of leaf color increases
the options available to the floriculture sector.

For anthocyanin content (Table 4), preliminary analy-
ses demonstrated that in the white flower cultivar minimal
or no anthocyanins were detected, therefore, only the cul-
tivars with purplish-red color in the petals were analyzed,

V.27, N°. 4, 2021 p. 535-543



JULIA MARTELLA DE ALMEIDA et al. 541

namely the cultivars with purple and pink flowers. The two
cultivars showed differences due to their characteristic col-
ors. Thus, the darker the flower color, the higher the antho-
cyanin concentration, therefore the highest contents were
observed in the purple flower.

In the cultivar with pink flowers, no significant differ-
ence was observed in anthocyanin levels between the shade
nets. However, in the cultivar with purple flowers, the an-
thocyanin level under the red shade net was significantly
less than under the blue shade net and the control, with no
significant difference observed between the latter two treat-
ments (Table 4). Blue spectrum promoted anthocyanin ac-
cumulation in petunia petals, as well as a white spectrum,
while red spectrum blocked biosynthesis. According to the
authors, the results suggest that the blue spectrum is a key
factor for anthocyanins biosynthesis and accumulation (Fu
et al., 2020).

In contrast, when evaluating the effect of the different
photoselective shade nets (yellow, red, and green) on orna-
mental species of marigold (Calendula officinalis L.) and
violet (Viola tricolor), Zare et al. (2019) observed an incre-
ment in the concentration of anthocyanins for the Violet
under the green and red shade nets, but no significant effect
of the photoselective shade nets was observed for Mari-
gold. For the lisianthus species, Meir et al. (2010) evaluat-
ed the expression of anthocyanin biosynthesis genes under
varying light conditions. When comparing normal (green-
house) and low light culture conditions (14 pmols m? s),
for lisianthus cultivars ‘Eco blue’ and ‘Eco balboa’, the au-
thors observed lower intensity pigmentation in flowers cul-
tivated under the low light conditions. Additionally, under
low light conditions, the expression of anthocyanin genes
was significantly reduced. In the present study, under low
light intensity (291 pmol m™ s') and the red shade net, the
biosynthesis of anthocyanins in the purple flower cultivar
was decreased compared with the control (582 pmol m™
s"). On the other hand, at an even lower light intensity (206
umol m? s), the same cultivar under the blue shade net
presented anthocyanin levels similar to the control. This
result suggested the light quality affects the anthocyanin
content for the lisianthus purple cultivar.

The average temperature during flower cultivation is
one of the environmental factors that most affect the an-
thocyanin concentration in plant tissues (Kim et al., 2017).
High temperatures reduce anthocyanin concentration,
while at low temperatures, the concentration increases (Na-
katsuka et al., 2019). In our study, the Ball® Company’s
recommendation for the lisianthus cultivars was appropri-
ate for the Brazilian autumn and so that the typical autumn
temperatures (Table 1) should have little or no influence on
the study of pigment production.

In the commercial production of flowers, the color and
tonalities change every year and depend on the tendencies
of fashion and designers. These variations in tone/hue and
intensity of color in the cut flowers provoked by light qual-
ity and intensity may be used by producers as a tool to ob-
tain differentiated products in the cut flower market.
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Conclusions

The results showed that the photoselective shade nets
alter the vegetable pigments of the lisianthus culture. This
is the first report on the effect of photoselective shade nets
on pigments lisianthus culture. Further studies on post-
harvest and the quality of the lisianthus flower grown in
photoselective shade nets must be carried out, until the ef-
fective use of this technique.
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