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Abstract: The aim of this work was to evaluate the effect of fi ve light qualities [fl uorescent 
lamps (FL); white (WL), red (RL), blue (BL), or red/blue LEDs (RBL)] and two types of fl ask 
sealing (with or without porous membranes) in the in vitro germination and growth 
of two Capsicum frutescens cultivars (Espaguetinho and Cayenne). For this, two seeds 
were inoculated per fl ask (350 mL) containing 50 mL of MS medium with 100 mg L-1

myo-inositol, 30 g L-1 sucrose, 6.0 g L-1 agar, and pH 5.8 ± 0.1. The plants were kept under 
culture room conditions (16-h photoperiod, 25 ± 2°C and irradiance of 40 μmol m-2 s-1). 
The experiment was arranged in CRD, 2x5x2 factorial scheme (Cultivar X Light qualities X 
Sealing type). At 42 days, the following traits were evaluated: percentage of germination; 
root and shoot length; number of green leaves, senescent leaves and nodal segments; 
and fresh and dry weight. Plants grown under RL and BRL, showed greater number of 
green leaves, and longer shoots and roots. The use of porous membranes remarkably 
reduced the number of senescent leaves. Thus, the use of porous membranes, RL and 
BRL are recommended since they improve growth and development of pepper in vitro.

Key words: Pepper, Light-emitting diodes (LEDs), porous membranes, gas exchange.

INTRODUCTION

Pepper (Capsicum sp.) is a horticultural crop 
cultivated in tropical and temperate regions. 
Besides its high ornamental and medicinal value, 
its fruits are used in jellies, in the manufacture 
of preserved foods, sauces, spices or powdered 
for seasoning (Sanatombi & Sharma 2007, Valnir 
Júnior et al. 2015, Swamy et al. 2017). Among the  
uses of these plants, the medicinal application 
due to the high contents of capsaicin alkaloid in 
the fruits, which confers the pepper pungency 
of dihydrocapsaicin, homodihidrocapsaicin 
and homocapsaicin, all known as capsaicinoids 
(Davis et al. 2007, Mueller-Seitz et al. 2008). 
The capsaicinoids are synthesized in the fruits 

placenta and some factors such as temperature, 
nutrient availability, nitrate fertilization and 
carbon availability may affect the accumulation 
of these substances (Garruña-Hernandez et al. 
2013, Aguilar 2016). 

Usually, the propagation of Capsicum plants 
is performed sexually. However, this seed-based 
propagation method can be limited by several 
pathogens, such as fungi, nematodes and 
viruses. So, in vit ro propagation stands out as 
an alternative to allow a rapid production and 
multiplication of this genus, generating uniform, 
large-scale and disease-free plant material 
(Sanatombi & Sharma 2007, Chandra et al. 2010). 
Considering the susceptibility of peppers to 
diseases and pests, the improvement of tissue 
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culture techniques is very important. However, 
some authors report recalcitrance of the genus 
Capsicum for in vitro regeneration, which may 
hinder the applicability of genetic improvement 
techniques and molecular biology (Kothari et 
al. 2010, Mohamed & Alsadon 2011, Batista et al. 
2017, Gammoudi et al. 2018). In addition, some 
authors report that this recalcitrance has a 
positive correlation to ethylene levels produced 
during in vitro growth and development, making 
it a limiting factor for species such as pepper 
(Santana-Buzzy et al. 2006, Batista et al. 2013, 
Gammoudi et al. 2018). Also, among the factors 
required for the success of in vitro regeneration, 
are the genotype, the light regime and the effect 
of gas exchange (Dabauza & Peña 2001, Ochoa-
Alejo & Ramirez-Malagon 2001, Mohamed & 
Alsadon 2011, Batista et al. 2017). Especially in 
peppers of the genus Capsicum, the physiological 
responses are extremely genotype-dependent, 
which makes necessary studies directed to 
the cultivars of interest (Dabauza & Peña 2001, 
Steinitz et al. 2003).

In customary in vitro plant cultivation tight 
sealed flasks have been widely used. Remarkably, 
there is a restricted gas exchange leading to 
accumulation of ethylene and other gases, 
reduced gas exchange, low CO2 concentration, 
high carbohydrate, low photosynthetic and 
transpiratory rates of the plants, lessening 
their rate of multiplication and survival during 
acclimatization (Aragón et al. 2010, Kozai 2010, 
Xiao et al. 2011, Nguyen et al. 2016, Batista et al. 
2018). Notably, to overcome such constraints 
and improve the in vitro environment, porous 
membranes have been used. They promote 
gas exchanges resulting in increased inner CO2 
concentrations, reduced humidity and ethylene 
concentrations, stimulating photosynthesis 
and benefiting explants growth and allowing 
the photoautotrophic propagation (Kozai & 
Kubota 2001, Saldanha et al. 2012). Ultimately, 

it favors to rustify in vitro grown plants during 
acclimatization, which is a delicate step for 
tissue culture.

The development and biological processes 
of the plants are influenced by light spectrum 
stimuli, interfering in the size and number of 
organs, number of shoots, seed germination, 
determination of growth and flowering habits, 
fruiting, among others (Morelli & Ruberti 2000, 
Carvalho et al. 2011). Under in vitro conditions, 
light stands out as an important factor, 
supporting plant growth and development 
(Muleo et al. 2001, Pawłowska et al. 2018). 
Although these plants depend on the sugars 
present in the culture medium as energy source, 
light is still an important regulator of plants 
development (Pawłowska et al. 2018). Advances 
in light technology led the researchers to explore 
light-emitting diodes (LEDs) in tissue culture, 
demonstrating great potential for their use in 
in vitro cultivation due to long lifespan, low 
power consumption, small mass and volume, 
low radiant heat emission, high wavelength 
specificity and capacity of emitting specific 
spectral qualities (Hung et al. 2016, Batista et al. 
2018, Pawłowska et al. 2018).

The wavelengths of red and blue light 
are the focus of current research due to their 
regulatory effects on plant development, since 
they promote photosynthesis (Bantis et al. 2016). 
The red light (660 nm) is efficiently absorbed 
by photosynthetic pigments (chlorophyll and 
carotenoids) and stimulates the phytochrome 
fotoreceptor. The blue light (400-500 nm), 
by its turn, performs a variety of important 
photomorphogenic roles in plants, including 
stomatal opening, stem elongation and 
phototropism (Pawłowska et al. 2018). 

Therefore, this study hypothesis that 
different light qualities and sealing types modify 
the in vitro germination and growth of Capsicum 
frutescens cultivars.
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MATERIALS AND METHODS
Plant material and growing conditions
The experiment was carried out at the Tissue 
Culture and Aromatic Extracts Laboratory of 
the Federal University of Santa Maria, Frederico 
Westphalen, RS, Brazil. 

Seeds from two cultivars of Capsicum 
frutescens namely ‘Espaguetinho’ and ‘Cayenne’ 
(ISLA®) were disinfested in 70% alcohol for 1 
min, followed by sodium hypochlorite (NaClO) 
at 0.8% active chlorine for 15 min, and four 
rinses in autoclaved distilled water. After 
disinfestation, two seeds were inoculated into 
each glass flask (350 mL capacity) containing 
50 mL of macronutrients, micronutrients and 
vitamins of the MS culture medium (Murashige 
& Skoog 1962), with 100 mg L-1 myo-inositol, 30 g 
L-1 sucrose, and 6.0 g L-1 granulated agar. The pH 
was adjusted to 5.8 ± 0.1, prior to autoclaving at 
120 °C, 108 kPa, for 15 min. The cultures were 
kept under culture room conditions with a 
16-h photoperiod, temperature of 25 ± 2 °C and 
irradiance of 72 μmol m-2 s-1 from five different 
light qualities: four fluorescent lamps (FL, Luz 
do Dia Especial, 40 W, Osram, Brazil); two white 
LEDs (WL), red LEDs (RL), blue LEDs (BL) or red/
blue LEDs (RBL, 60 and 40%, respectively), TEC 
LAMP®. In addition, two types of sealing were 
used: rigid metal lids without orifice and rigid 
metal lids with two 10 mm-diameter holes 
covered by porous membranes, which were 
prepared following the methodology proposed 
by Saldanha et al. (2012).

Analyzed characters
After 42 days of in vitro cultivation the following 
characters were evaluated: percentage of 
germination, root and shoot length, number 
of green leaves, number of nodes, fresh and 
dry weight, number of senescent leaves and 

photosynthetic pigments (chlorophyll a, b and 
carotenoids).

Quantification of photosynthetic pigments
Three 3 mm-diameter leaf discs were removed 
from the second and third leaf of the apex 
towards the base and incubated in 3 mL of 
saturated dimethylsulfoxide (DMSO) with CaCO3, 
following the modified methodology proposed 
by Santos et al. (2008). The discs remained in 
glass tubes covered with aluminum and kept 
in the dark for 48 hours at room temperature. 
After this, the absorbance of the samples was 
determined using a 10 mm quartz cuvette 
of optical path in Bel Photonics® SP 1105 
spectrophotometer. The wavelengths and the 
equations to calculate chlorophylls a, b, and 
carotenoids concentrations were based on the 
methodology described by Wellburn (1994).

Experimental design and statistical analysis 
The experiment was arranged in a completely 
randomized design (CRD), in a 2x5x2 factorial 
scheme (two cultivars, five light qualities and 
two types of sealing), totaling 20 treatments, 
with 10 replicates each. The experimental unit 
consisted of two plants per flask. 

For the photosynthetic pigments analyzes 
three replicates were used, each one composed 
of a test tube containing three leaf discs. The 
data was submitted to Shapiro-Wilk’s test and 
the growth parameters (root length, shoot 
length, number of green leaves, number of 
nodal segments, fresh weight, dry weight and 
number of senescent leaves) were transformed 
to y = square root of x+0.5, to meet the normality 
assumptions (data is presented with non-
transformed means). Data were submitted to 
analysis of variance by F-test and regression 
analysis for the quantitative data (days after 
inoculation). For qualitative data, the means 
were compared by the Tukey’s test at 5% 
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significance level. All statistical analyzes were 
performed using the statistical program SISVAR 
(Ferreira 2011).

RESULTS

By the results of analysis of variance, root 
length, fresh weight and dry weight differed 
for the triple interaction among cultivars x 
light qualities x types of sealings. For the 
number of green leaves and number of nodal 
segments, there was a significant difference 
for cultivars x types of sealings and for light 
qualities. For number of senescent leaves, there 
was a significant difference for light qualities 
and types of sealing. For shoot length, there 
was a significant difference only for the light 
qualities. For percentage of germination, there 
was difference only for light qualities x types of 
sealing and for days after inoculation for both 
cultivars (‘Espaguetinho’ and ‘Cayenne’) (p<0.05, 
data not shown).

Growth characters
For percentage of germination in the 
‘Espaguetinho’, it was possible to infer that the 
red LED with membrane was significantly higher 
than other light qualities, and no difference 
was observed in the type of sealing without 
porous membranes (Figure 1h; Figure 2a). For the 
‘Cayenne’, there was a significant difference only 
for red/blue LEDs without porous membranes, 
where the highest percentage of germination 
was observed (Figure 2b; Figure 3e).

The red and red/blue LEDs were showed 
more senescent leaves compared to the blue 
LED (Figure 4a), and plants produced under 
these blue light conditions generated reduced 
amount of green leaves (Figure 4c). Also, plants 
grown without membrane have more senescent 
leaves than those cultivated in flasks with 

membranes (Figure 4b). The number of green 
leaves formed under red LEDs and red/blue 
LEDs was significantly higher as compared to 
white and blue LEDs and fluorescent lamps 
(Figure 4c). For cultivar x types of sealing, the 
‘Espaguetinho’ without membrane showed more 
leaves than with membrane, while the ‘Cayenne’ 

Figure 1. Plants of Capsicum frutescens cv. 
‘Espaguetinho’ cultivated in vitro under different light 
qualities and types of sealing: Fluorescent (FL) without 
(a) and with porous membranes (b); White LED (WL) 
without (c) and with porous membranes (d); Red/blue 
LED (RBL) without (e) and with porous membranes (f); 
Blue LED (BL) without (g) and with porous membranes 
(h); Red LED (RL) without (i) and with porous 
membranes (j). Bars: 1 cm.
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did not differed between the types of sealing. 
(Figure 4d).

The plants cultured in red/blue LEDs showed 
greater number of nodal segments, despite did 
not differ statistically from white and red LEDs 
(Figure 5a). For cultivar x types of sealing, plants 
grown in flasks without membrane had more 
nodal segments than those with membrane for 
‘Espaguetinho’ and for ‘Cayenne’, the types of 
sealing were similar for this feature. ‘Cayenne’ 
had more nodal segments than ‘Espaguetinho’ 
in the treatments with membrane while without 
membrane there was no difference between the 
cultivars (Figure 5b).

Plants cultured in red LEDs developed 
longer shoots, followed by those grown under 
red/blue LEDs (Figures 1; 3; 5c). For root length, 
there was a triple interaction among the factors. 
Considering cultivar x light qualities x types 
of sealing between the ‘Espaguetinho’ and 
‘Cayenne’ in the white LED, the former without 
membrane differed statistically from the one 
with membrane, with greater root length, whereas 
the later did not differed. ‘Espaguetinho’ under 
blue LEDs and without membrane was superior 
from the one with membrane, while to ‘Cayenne’ 
they did not differed (Table I).

‘Espaguetinho’ plants grown under red LEDs 
in with membranes developed longer roots 
than those cultured in other light qualities. 
For the treatments without membrane, there 
was no significant difference between the light 
qualities instead. For ‘Cayenne’ with membrane, 
the lights fluorescent, and white, red/blue and 
red LEDs had longer roots than those grown 
under blue LEDs, the same occurred for the 
treatment without membrane in this cultivar. 
The comparisons among the lights red/blue, 
red and blue LEDs did not varied in root length 
between the cultivars, just as for the types of 
sealing in red/blue, red and blue LEDs (Table I; 
Figures 1e, 1f, 1g, 1h, 1i, 1j and 3e, 3f, 3g, 3h, 3i, 3j).

For fresh weight there was also a triple 
interaction among the treatments and both 
cultivars did not differ when analyzed in the 
fluorescent lamp and blue LED. However, 
‘Espaguetinho’ without membrane differed 
from the one with membrane with greater fresh 
weight, while ‘Cayenne’ did not differ. For both 
cultivars, the treatment without membrane was 
superior from the one with membrane in the 
red/blue LED. In the red LED, ‘Espaguetinho’ did 
not present any significant difference. Unlike, 
for ‘Cayenne’ the treatment without membrane 
produced plants with greater fresh weight (Table 
II).

Figure 2. In vitro germination of Capsicum frutescens 
cv. Espaguetinho (a) and Cayenne (b), evaluated after 
42 days of culture under different light qualities and 
types of sealing. *Lowercase letters in type of sealing 
(with or without membrane), and uppercase letters in 
the same light quality do not differ by the Tukey’s test 
at 5% level.
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For light qualities x cultivar x types of 
sealing, the ‘Espaguetinho’ under the red LED 
was superior only from the white and blue LED 
in the type of sealing with membrane, while in 
the treatment without membrane, the red/blue 
LED was superior only from the fluorescent lamp 
and blue LED. Within ‘Cayenne’ with membrane, 
the light qualities did not show statistical 

difference among the treatments; and for the 
treatment without membrane, the red/blue 
LED produced plants with greater fresh weight 
than all the other light qualities (Table II). When 
compared to membrane treatment between the 
two cultivars, there was no significant difference 
among the treatments in the light qualities. For 
the treatment without membrane, ‘Cayenne’ was 
superior from ‘Espaguetinho’ in the red/blue 
LED and red LED, while the other treatments did 
not differ among themselves (Table II).

For dry weight there was also a triple 
interaction. Thus, considering cultivar x light 
qualities x types of sealing, ‘Espaguetinho’ did 
not differ statistically, and the ‘Cayenne’ without 
membrane was superior when compared to 
the one with membrane with red/blue and red 
LEDs, while the other treatments did not differ 
for this cultivar. For light qualities x cultivar x 
types of sealing in the ‘Espaguetinho’ there was 
no difference among the light qualities; the 
‘Cayenne’ in the treatment without membrane 
and red/blue LED produced plant with dry 
weight greater than all the other light qualities; 
while in the treatment with membrane for this 
cultivar there was no difference among the light 
qualities (Table III).

Considering the types of sealing x cultivar 
x light qualities, only the treatment with 
membrane and red LEDs differed statistically 
between the cultivars, showing higher values 
for dry weight, while in the treatment without 
membrane in the white LED, and ‘Espaguetinho’ 
was superior; in red/blue LED for ‘Cayenne’ the 
treatment without membrane was higher. For 
the other treatments in the cultivar Cayenne, 
the types of sealing did not differ statistically 
(Table III).

Photosynthetic pigments
By the analysis of variance, the chlorophyll b 
differed for the triple interaction between 
cultivars x light qualities x types of sealing. 
For the chlorophyll a, there was a significant 
difference for cultivar x light qualities and types 

Figure 3. Plants of Capsicum frutescens cv. ‘Cayenne’ 
cultivated in vitro under different light qualities and 
types of sealing: Fluorescent (FL) without (a) and with 
porous membranes (b); White LED (WL) without (c) 
and with porous membranes (d); Red/blue LED (RBL) 
without (e) and with porous membranes (f); Blue LED 
(BL) without (g) and with porous membranes (h); Red 
LED (RL) without (i) and with porous membranes (j). 
Bars: 1 cm.
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of sealing x light qualities. For carotenoids a 
significant difference was evidenced between 
cultivar x light qualities.

For chlorophyll a only ‘Cayenne’ in the 
blue LED was significantly higher compared to 
‘Espaguetinho’ (p<0.05). Light qualities within 
the cultivar, for ‘Espaguetinho’, the blue LED 
showed inferior results compared to the other 
light qualities, without differences for ‘Cayenne’ 
(p<0.05) (Figure 6a). Still, for chlorophyll a, 
considering types of sealing within the light 
qualities, the treatment with membrane was 
superior compared to the treatment without 
membrane, only in the red/blue LED. For 
light qualities x types of sealing, the blue 
LED treatment was inferior to the other light 
qualities within the membrane treatment, while 
within the treatment without membrane, the 

light qualities fluorescent and white LED were 
superior to the others (Figure 6b).

For ‘Espaguetinho’, cultivar x light 
qualities factorial was superior to ‘Cayenne’ 
for carotenoids only in red/blue and red LEDs. 
And for light qualities within the cultivar, plants 
grown under blue LEDs had less carotenoids 
than the other treatments in the ‘Espaguetinho’, 
while in the ‘Cayenne’ cultivar there was no 
significant difference among the light qualities 
(Figure 6c).

For the variable chlorophyll b, considering 
cultivar x light quality x types of sealing, the 
cultivar ‘Espaguetinho’, only the white LED 
treatment without membrane differed from the 
one with membrane; for ‘Cayenne’ there was no 
significant difference between types of sealing. 
In the types of sealing x cultivar x light qualities 

Figure 4. Growth variables 
of Capsicum frutescens cv. 
Cayenne and Espaguetinho, 
cultivated under different 
light qualities and types of 
sealing. Number of senescent 
leaves for the factor light 
qualities (a) and for the 
factor types of sealing (b); 
Number of green leaves for 
the factor light qualities (c) 
and for the interaction types 
of sealing and cultivars (d).* 
Equal letters (figures a-c), do 
not differ by Tukey’s test, 5% 
level; and lowercase letters 
equal in the same type of 
sealing (with or without 
membrane) and uppercase 
letters for the same cultivar 
(‘Espaguetinho’ or ‘Cayenne’) 
(figure d) do not differ from 
each other by the Tukey’s test 
at 5% level.
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Table I. Root length of Capsicum frutescens cultivars (‘Espaguetinho’ and ‘Cayenne’) cultivated under different light 
qualities and types of sealing.

cv. Espaguetinho cv. Cayenne

With porous 
membranes

Without porous 
membranes

With porous 
membranes

Without porous 
membranes

Light qualities Root length (cm)

Fluorescent lamp 2.98 aBβ 4.16 aAα 5.94 aAα 4,30 aABα

White LED 1.33 bBβ 5.35 aAα 5.24 aABα 3.69 aABα

Red/blue LED 4.34 aBα 5.50 aAα 6.92 aAα 4.88 aABα

Red LED 9.55 aAα 4.38 bAα 8.08 aAα 6.73 aAα

Blue LED 0.49 bBα 3.93aAα 1.71 aBα 2.01 aBα

CV (%) 37.41
*Lowercase letters are equal in cultivars within each level of light qualities and types of sealing; uppercase letters are equal in 
light qualities within each level of cultivars and types of sealing; and Greek letters are equal in types of sealing within each level 
of cultivars and light qualities by Tukey’s test, at 5% level.

Figure 5. Growth variables 
of Capsicum frutescens cv. 
Cayenne and Espaguetinho 
cultivated under different light 
qualities and types of sealing. 
Number of nodal segments for 
the factor light qualities (a) 
and for the interaction types 
of sealing and cultivars (b); 
and shoot length for the light 
qualities factor (c). * Lowercase 
letters for light quality do not 
differ by Tukey’s test, 5% level 
(a-c); Lowercase letters in the 
same type of sealing (with or 
without membranes) do not 
differ the cultivars between 
them, and uppercase letters in 
each cultivar do not differ for 
the type of sealing, by Tukey’s 
test, 5% level (b).
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Table II. Fresh weight of Capsicum frutescens cultivars (‘Espaguetinho’ and ‘Cayenne’) cultivated under different 
light qualities and types of sealing.

cv. Espaguetinho cv. Cayenne

With porous 
membranes

Without porous 
membranes

With porous 
membranes

Without porous 
membranes

Light qualities Fresh weight (g)

Fluorescent lamp 0.036 aABα 0.106 aBα 0.134 aAα 0.092 aBα

White LED 0.021 bBα 0.189 aABα 0.109 aAα 0.107 aBα

Red/blue LED 0.126 bABα 0.284 aAβ 0.180 bAα 0.436 aAα

Red LED 0.198 aAα 0.111 aABβ 0.114 bAα 0.254 aBα

Blue LED 0.093 aBα 0.099 aBα 0.037 aAα 0.099 aBα

CV (%) 10.18

*Lowercase letters are equal in cultivars within each level of light qualities and types of sealing; uppercase letters are equal in 
light qualities within each level of cultivars and types of sealing; and Greek letters are equal in types of sealing within each level 
of cultivars and light qualities by Tukey’s test, at 5% level.

Table III. Dry weight of Capsicum frutescens cultivars (‘Espaguetinho’ and ‘Cayenne’) cultivated under different 
light qualities and types of sealing.

cv. Espaguetinho cv. Cayenne

With porous 
membranes

Without porous 
membranes

With porous 
membranes

Without porous 
membranes

Light qualities Dry weight (g)

Fluorescent lamp 0.010 aAα 0.010 aAα 0.011 aAα 0.014 aBα

white LED 0.010 aAα 0.018 aAα 0.011 aAα 0.010 aBβ

Red/blue LED 0.014 aAα 0.018 aAβ 0.012 bAα 0.029 aAα

Red LED 0.016 aAα 0.013 aAα 0.004 bAβ 0.016 aBα

Blue LED 0.006 aAα 0.001 aAα 0.005 aAα 0.012 aBα

CV (%) 0.89
*Lowercase letters are equal in cultivars within each level of light qualities and types of sealing; uppercase letters are equal in 
light qualities within each level of cultivars and types of sealing; and Greek letters are equal in types of sealing within each level 
of cultivars and light qualities by Tukey’s test, at 5% level.
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Table IV. Chlorophyll b contents of Capsicum frutescens cultivars (‘Espaguetinho’ and ‘Cayenne’) cultivated under 
different light qualities and types of sealing.

cv. ‘Espaguetinho’ cv. ‘Cayenne’

With porous 
membranes

Without porous 
membranes

With porous 
membranes

Without porous 
membranes

Light qualities Chlorophyll b (µg cm-2)

Fluorescent lamps 18.2585 aAα 18.6498 aBα 13.8718 aAα 9.5292 aAα

White LED 6.8423 bAα 36.7971 aAα 10.0560 aAα 6.0149 aAβ

Red/blue LED 11.0967 aAα 9.5425 aBα 8.2965 aAα 3.7168 aAα

Red LED 10.1240 aAα 7.8317 aBα 7.1692 aAα 4.7372 aAα

Blue LED 4.2678 aAα 8.5907 aBα 8.4236 aAα 8.3783 aAα

CV (%) 20.83
*Lowercase letters are equal in cultivars within each level of light qualities and types of sealing; uppercase letters are equal in 
light qualities within each level of cultivars and types of sealing; and Greek letters are equal in types of sealing within each level 
of cultivars and light qualities by Tukey’s test, at 5% level.

Figure 6. Photosynthetic 
pigments of Capsicum 
frutescens cv. 
Espaguetinho and 
Cayenne, cultivated under 
different light qualities 
and types of sealing. 
Chlorophyll a for the two 
cultivars in different light 
qualities (a); chlorophyll a 
for both types of sealing 
in different light qualities 
(b); Carotenoids for two 
cultivars in different light 
qualities (c). *Lowercase 
letters for the same 
cultivar and uppercase 
letters in the same light 
quality do not differ the 
cultivars from each other, 
by Tukey’s test at 5% 
level (a and c). Lowercase 
letters for the same type 
of sealing and uppercase 
letters in the same light 
quality do not differ for 
the types of sealing, by 
Tukey’s test, 5% level (b).
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among the cultivars in the treatment with 
membrane, there was no significant difference 
between the light qualities; in the treatment 
without membrane only the white LED was 
superior in ‘Espaguetinho’, differing significantly 
from‘Cayenne’(Table IV).

DISCUSSION

This work describes in vitro germination, growth 
and development of Capsicum frutescens using 
different light qualities and gas permeable 
membranes. The use of gas-permeable 
membranes associated with red and red/
blue LEDs, resulted in plants with significant 
differences in growth and morphophysiological 
parameters (Figures 1f, 1h, 3f, 3h, 4, 5 and 6). 
The germination and development of different 
species are affected by intrinsic characteristics 
of seeds or environmental factors such as 
light quality (Victório & Lage 2009); and, in 
this case, the red-light spectrum stimulates 
seed germination of several species (Figure 3g 
and 3h). Similar results were observed in the 
present work, in which the red LED with porous 
membrane presented greater percentage of 
germination for the cultivar ‘Espaguetinho’, and 
the red/blue LED without membrane for the 
‘Cayenne’ cultivar (Figures 1h and 3h).

In this study, the use of porous membranes 
remarkably reduced the number of senescent 
leaves, a constraint in tissue culture systems 
due to either ethylene accumulation or the 
low nutrients absorption from the medium 
due low transpiration rates. Leaf abscission is 
a challenge for in vitro cultivation due to the 
accumulation of ethylene inside the culture 
environment and low gas exchange, which can 
generate physiological anomalies in the plants. 
Gas-permeable membranes have been used to 
provide the maintenance of CO2 concentration, 
stimulate photosynthesis, lessen or inhibit the 

negative effects of this ethylene, reduce the 
relative humidity, increase the transpiration and 
absorption of water and nutrients, stimulating 
the photoautotrophic development of plants in 
vitro (Rodrigues et al. 2011, Xiao et al. 2011). These 
gas exchanges allow ethylene releasing, which 
reduce the effect of leaf senescence (Rodrigues 
et al. 2011). This was also observed in this study 
when porous membranes were used (Figure 4a 
and 4b).

The progress of leaf senescence is 
influenced by physical and/or chemical factors 
in the growth conditions (e.g. temperature, 
precipitation and radiation). There are reports 
claiming that the plant regulates internal factors 
such as oxidative status and sugar levels to 
control senescence (Eldeen & Elgimabi 2017). 
Causin et al. (2006) observed that light quality 
affected oxidative metabolism in wheat leaves 
and senescence was delayed under blue light. 
In our work the blue light quality reduced leaf 
senescence in both cultivars (Figure 4a) however, 
plants produced under these conditions 
generated a reduced amount of green leaves 
(Figure 1i, 1j, 3i, 3j and 4c).

Plants are dependent on processes that 
involve the action of photoreceptors, which 
control plant development phases and are highly 
responsive to changes in light quality (Jensen 
et al. 2018, Braga et al. 2009). Wavelengths 
between 400 and 700 nm are required for the 
photosynthesis. These spectra were found in 
blue and red LED lamps, causing an increase in 
chlorophyll and carotenoids (Yeh & Chung 2009). 
In studies with Lilium sp., cultivar Pesarounder, 
red/blue LEDs promoted greater fresh and dry 
weight compared to fluorescent lamps (Lian 
et al. 2002). Rocha et al. (2010) also reported 
promising results on the use of red LEDs in 
photosynthetic pigment contents and a higher 
number of shoots in Fragaria x Ananassa plants 
cultured in vitro. These results corroborate with 
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the present work, demonstrating the superiority 
and efficiency of red/blue and blue LEDs 
for fresh and dry weight and photosynthetic 
pigments for both cultivars analyzed.

Regarding the photosynthetic pigments, 
Saldanha et al. (2012) observed an increase 
when plants of Pfaffia glomerata were cultivated 
in flasks with porous membranes. Likewise, in 
the present work, the use of porous membranes 
associated with red/blue LEDs favored the 
increase of total chlorophyll content (Figure 
6a and 6b). Red LED also promoted a greater 
increase in chlorophyll content in Ocimun 
basilicum (Ahlman et al. 2017). Chlorophyll 
molecules absorb blue and red wavelengths 
more efficiently since they correspond to the 
light absorption spectra of chlorophyll and 
carotenoids, which improves the photosynthetic 
metabolism with characteristics associated to 
autotrophic growth in plants (Yeh & Chung 2009).

In this study, the red LED provided an 
increase in root length (Table I, Figures 1g, 1h, 3g, 
and 3h). Hung et al. (2016) also observed that red 
light was better for in vitro rooting of Vaccinium 
corymbosum. The recognition of light qualities 
by plants occurs by the phytochrome. The 
different light spectra increase active forms of 
phytochrome, inducing rooting (Godoi & Takaki 
2005, Victório & Lage 2009). In fact, Pawłowska et 
al. (2018) observed that the red LED resulted in 
the formation of numerous adventitious roots 
with short lengths, which is beneficial during 
the transfer to ex vitro conditions.

As in the present work (Figure 5c), also 
observed a reduction in the growth of tomato 
seedlings cultivated under blue LED light 
compared to those cultivated under other light 
qualities. Pawłowska et al. (2018) also observed 
that the blue light strongly suppressed 
the growth of Gerbera jamesonii, causing a 
significant length reduction and shortening of 
petioles. This characteristic is related to the 

inhibition of hypocotyl elongation, caused by 
cryptochrome signaling, due to the increased 
of blue light absorption by the phototropin in 
hypocotyl cells (Folta & Edgar 2001).

This work is the first report on the influence 
of light quality and sealing type in the in vitro 
germination, growth and development of two 
Capsicum frutescens cultivars. The use of porous 
membranes in the culture flasks is important to 
face frequent problems in conventional tissue 
culture such as leaf senescence. In general, 
the light quality provided by red and red/
blue LEDs substantially improved the growth 
and development parameters of produced 
in vitro plants, which are superior to those 
cultured in fluorescent lamps commonly used 
in conventional cultivation, demonstrating that 
LEDs may be advantageous substituent in the 
cultivation of plants in vitro. Despite the cultivar 
‘Espaguetinho’ showed higher chlorophyll a 
content than ‘Cayenne’, in general there were 
no differences in morphogenic responses 
between these cultivars, showing that the 
recommendations of in vitro culture conditions 
can be standardized for the two genotypes. 
Furthermore, the present study provides a 
basis for future researches and applications 
to anticipate the productive cycle of Capsicum 
frutescens under ex vitro conditions.
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