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ABSTRACT - The response of lettuce (Lactuca sativa), cucumber (Cucumis sativus) and sweet pepper (Capsicum annuum)
seedlings to light spectral quality when grown under continuous illumination was investigated in relation to the growth, dry
matter, and seedling quality index. Different light quality treatments were applied during the germination and plant growth
steps, using cool-white fluorescent bulbs (CWF) or red and blue light-emitting diodes (LEDSs) at an fluence of 30 and 25 umol
m™ s photosynthetic photon flux density (PPFD), respectively. Treatments were arranged in a completely randomized design
in a 3x2 factorial: three vegetable species (lettuce, cucumber and sweet pepper) and two light quality treatments (white
fluorescent light or red and blue LEDs), with four replications. Results showed that the vegetables had distinct growth
responses to different light-quality treatments. Number of leaves was significantly greater under blue and red LEDs light
compared to the CWF lighting, for the three vegetable species. Shoot length and root collar diameter of lettuce and sweet
pepper were significantly greater under blue and red LEDs light compared to the CWF light, while cucumber seedlings showed
no significant differences. Root length, root dry matter and Dickson quality index (DQI) of the cucumber seedlings was
significantly greater under blue and red LEDs light compared to the CWF light, while lettuce and sweet pepper seedlings
showed no significant differences. Shoot dry matter (SDM) and total dry matter (TDM) of the lettuce and cucumber seedlings
were greater when grown under blue and red LEDs light. The lighting with blue and red wavelengths from LEDs resulted in
better quality cucumber seedlings compared to the cool-white fluorescent light. The shoot growth rate of lettuce seedlings was
favored by blue and red LEDs light. Different spectral qualities have little effect on growth and development of sweet pepper
seedlings.
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PRODUCAO DE MUDAS DE ALFACE, PEPINO E PIMENTAO EM FUNCAO DA
QUALIDADE DO ESPECTRO LUMINOSO

RESUMO - A resposta de mudas de alface, pepino e pimentdo a qualidade do espectro luminoso em condi¢des de iluminagdo
continua foi investigada em relagdo ao crescimento da planta, produgdo de matéria seca e indices de qualidade das mudas. Os
diferentes tratamentos de qualidade de luz foram aplicados durante as etapas de germinacdo e crescimento de mudas,
utilizando lampadas fluorescentes brancas ou diodos emissores de luz (LEDs) vermelha e azul & uma fluéncia de 30 e 25 umol
m? s de densidade de fluxo de fétons fotossintéticos, respectivamente. Os tratamentos foram dispostos em um delineamento
experimental inteiramente casualizado em esquema fatorial 3x2: trés espécies de hortalica (alface, pepino e pimenta doce) e
dois tratamentos de qualidade de luz (luz fluorescente branca ou LEDs vermelha e azul), com quatro repeti¢Ges. Os resultados
mostraram que as hortalicas possuem distintas respostas de crescimento para os diferentes tratamentos de qualidade de luz. O
namero de folhas foi significativamente maior sob luz de LEDs azul e vermelha em comparacéo com a luz fluorescente branca,
para as trés espécies de hortalicas. O comprimento da parte aérea e o didmetro do coleto das mudas de alface e pimentéo foram
significativamente maiores sob luz de LEDs azul e vermelha em comparacdo a luz fluorescente branca, enquanto as mudas de
pepino ndo apresentaram diferencas significativas. O comprimento das raizes, a matéria seca de raizes e o indice de qualidade
de Dickson (1QD) das mudas de pepino foram significativamente maiores sob luz de LEDs azul e vermelha, enquanto as
mudas de alface e pimentdo ndo foram afetadas significativamente. A matéria seca da parte aérea (MSPA) e a matéria seca
total (MST) das mudas de alface e pepino foram maiores quando cultivada sob luz de LEDs azul e vermelha. A iluminacao
com comprimentos de onda azul e vermelha com LEDs resultou em mudas de pepino de melhor qualidade em comparacéo
com a luz fluorescente branco fria. O crescimento da parte aérea das mudas de alface foi favorecido pela luz de LEDs azul e
vermelha. As diferentes qualidades do espectro luminoso tém pouco efeito no crescimento e no desenvolvimento de mudas de
pimentéo.
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INTRODUCTION

The quality of seedlings used is a major factor
that determines the success of vegetable production. The
survival of seedlings, growth performance, length of
production period, and yield and quality of vegetables
produced are greatly influenced by the quality of seedlings
transplanted (SOUZA et al., 2008; MEDEIROS et al.,
2008). Thus, the seedling production step can be
considered as one of the most important stages in the
cultivation of vegetables.

One variable that has been shown to affect plant
growth and seedling quality is light spectral quality. Light
is an essential environmental factor in the growth and
development of plants. It has been proven that plants
exhibit a high degree of physiological, morphological and
anatomical plasticity to changes in spectral quality
(HOSSEN, 2007). Plant leaves have highly absorb light in
the blue and red regions of the spectrum, high reflectance
in the green and far-red regions and high transmittance in
the far-red region (LARCHER, 2000). The red and blue
wavelengths correspond to the absorption peak of
chlorophyll a (660 nm) and chlorophyll b (460 nm) (TAIZ;
ZEIGER, 2010).

Plant cultivation experiments are using light-
emitting diodes (LEDs), which are potential light sources
for fully controlled plant production factories
(TAMULAITIS et al., 2005; HOSSEN, 2007; JOHKAN et
al., 2010). The use of light-emitting diodes (LEDs) as a
radiation source for plants has attracted considerable
interest in recent years because of its high potential for
commercial application (HOSSEN, 2007; MASSA et al.,
2008; JOHKAN et al., 2010; HOGEWONING et al., 2010;
JOHKAN et al., 2012; LI et al., 2013; KOKSAL et al.,
2015). The LEDs have features which are better than the
commonly used radiation source-fluorescent, metal halide,
high pressure sodium and incandescent lamps. The most
attractive features of LEDs are small mass, volume, low
energy consumption, solid state construction and long
lifetime (BROWN et al., 1995).

Previous studies showed that the combination of
red and blue light was an effective light source for several
crops. Matsuda et al. (2004) found that rice plants grown
under a combination of red (660 nm) and blue (470 nm)
LEDs sustained higher leaf photosynthetic rates than did
leaves from plants grown under red LEDs only. This result
was due to higher nitrogen content of the blue light-
supplemented plants. Similarly, strawberry plantlets had a
higher growth in 70% red + 30% blue LEDs (NHUT et al.,
2003). It is known that red light is important for
shoot/stem elongation, phytochrome responses,
photosynthesis and changes in plant anatomy
(SCHUERGER et al., 1997). In contrast, blue light is
important in chlorophyll biosynthesis (SCHUERGER et
al., 1997), stomatal opening, phototropism, maturation of
chloroplasts, and for inhibition of hypocotyl elongation,
and plant gene activation, among others (TAIZ; ZEIGER,
2010). However, the spectral light changes evoke different
morphogenetic and photosynthetic responses that can vary
among different vegetables species.

447

SILVA, E. M. et al. (2016)

This research was carried out to investigate the
effects of light spectral quality on the production of lettuce
(Lactuca sativa L.), cucumber (Cucumis sativus L.) and
sweet pepper (Capsicum annuum L.) seedlings grown
under continuous illumination. The hypothesis is that
seedlings would grow best and faster when provided red
and blue LEDs lighting than a plant grown under white
fluorescent light.

MATERIAL AND METHODS
Plant material, growth conditions and light treatments
Seeds of lettuce (Lactuca sativa L., cv. Quatro
Estacdes), cucumber (Cucumis sativus L., cv. Aodai) and
sweet pepper (Capsicum annuum L., cv. Rubi Gigante)
were planted in 128-cell expanded polystyrene trays filled
with substrate composed from 30% cattle manure, 30%
soil, 20% sand, and 20% vermiculite. Two seeds were
sown per cell, and three days after emergence, they were
thinned to one seedling per cell. Seedlings were grown in
two plant growth chambers under continuous illumination:
one chamber provided light from cool white fluorescent
bulbs at an fluence of 30 + 2 umol m? s™ photosynthetic
photon flux density (PPFD) and the other chamber
provided red (620-630 nm) and blue (455-475 nm)
wavelengths at the ratio of 90% (red) and 10% (blue) from
light-emitting diodes (LEDs) at an fluence of 28 + 2 umol
m? s’ PPFD. Temperature in both chambers was
maintained at 24 °C (£ 2 °C) during all period. The
treatments were arranged in a completely randomized
design in a factorial 3x2: three vegetable species (lettuce,
cucumber and sweet pepper) and two light quality
treatments (white fluorescent light or blue and red lights),
with four replications of ten seedlings.

Measurements of plant growth and quality indices

All vegetable species were evaluated at 21 days
after plant emergence. Seedlings in all treatments were
removed from the trays and washed with water to remove
substrate adhered to the roots. Posteriorly, the seedlings
were separated into roots and shoots, dried in a forced air
circulation oven for three days at 65 °C, and then weighed.
The results of shoot dry matter (SDM) and root dry matter
(RDM) were expressed in grams per seedling. The shoot
length (SL, in cm) and root length (RL, in cm) were
measured using meter scale (cm). Collar diameter (CD, in
mm) was measured by using a digital caliper with
accuracy of 0.01 mm. From these measurements were
calculated total dry matter (TDM), shoot:root dry matter
ratio [SRR; shoot dry matter (g)/root dry matter ()],
sturdiness quotient [SQ; shoot length (cm)/collar diameter
(mm)] and Dickson Quality Index [DQI = TDM/(SRR +
SQ] (DICKSON et al., 1960).

Statistical analyses

The normality of data was previously tested by
the Kolmogorov-Smirnov test and then data were
submitted to analysis of variance (ANOVA), and means of
treatments were compared by the Tukey test at the 0.95
level of confidence. All analyses were performed using
Sisvar version 5.3 software for Windows (Statistical
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Analysis  Software, UFLA, Lavras, MG, BRA)
(FERREIRA, 2011).

RESULTS AND DISCUSSION

A summary of the analysis of variance for the
measurements of initial seedling growth and seedling
quality of vegetables is shown in Table 1. Analysis of
variance showed that the interaction effects between
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vegetable species and light spectral quality were
significant (p<0.05) for all investigated traits except
number of leaves and sturdiness quotient (Table 1). This
significant interaction between the main effects of
vegetables and lighting quality for most of the evaluated
characteristics indicates that plant species have different
behavior with regard to the quality of the light spectrum.

TABLE 1. Summary of the analysis of variance for the measurements of plant growth and seedling quality of vegetables.

Probability > F

Causes of variation
NLP SL RCD

SDM RDM TDM SRR SQ DQlI

Species (S) <0.000 <0.000 <0.000 <0.000
Light (L) <0.000 <0.000 <0.000 <0.000
SxL 0189 0001 0.008  0.007
C.V. (%) 435 582 595

<0.000 <0.000 <0.000 <0.000 0.081 <0.000

<0.000 <0.000 <0.000 0.506  0.125  0.002
0.011  0.007 0.005 0.011 0332 0.014
6.97 10.98 6.08 14.98 7.79 9.80

NLP: number of leaves per plant; SL: shoot length; RCD: root collar diameter; RL: root length; SDM: shoot dry matter; RDM: root dry matter; TDM: total dry
matter; SSR: shoot:root dry matter ratio; SQ: sturdiness quotient (shoot length/root collar diameter); DQI: Dickson quality index.

Effect of light quality on growth of vegetable seedlings

The vegetables showed distinct growth responses
to different light-quality treatments (Figures 1 and 2).
Number of leaves for the three species of vegetables were
higher when grown under blue and red LEDs light (Figure
1A). The increase in the number of leaves per seedling of
lettuce, cucumber, and sweet pepper was 39%, 17% and
23% with the blue and red wavelengths from LEDs
compared to the lighting with cool-white fluorescent
(CWF) bulbs. This increase in new leaf emission rate
suggests that the development of the seedlings was favored
by blue and red LED lighting. Koksal et al. (2015) also
found that the number of leaves of pansy (Viola cornuta)
was increased by supplemental red and orange LEDs
lighting (40 pmol m™ s PPFD) compared to the control,
at the rate of 47%. However, Johkan et al. (2010) reported
that lighting with blue and red LEDs and white fluorescent
light did not influence the number of lettuce leaves at 17
(mean of three leaves per plant) and 45 days (mean of 17
leaves per plant).

The shoot length of lettuce and sweet pepper
seedlings were significantly greater under blue and red
LEDs light compared to the CWF light, while cucumber
seedlings showed no significant differences (Figure 1B).
The general rule is that light causes the developing
seedling to cease rapid elongation and adopt a strategy of
shoot growth appropriate for the light environment.
Exposure to only red LED light resulted in both plant
elongation and reduced dry matter production of lettuce
(HOENECKE et al., 1992). Blue LED light is important
for leaf expansion and enhances the leaf area and dry
matter production (HOGEWONING et al, 2010;
JOHKAN et al., 2012). Bantis et al. (2016) showed that the
treatments with high red:far-red ratio induced the lowest
growth rate resulting in the formation of the shortest

shoots of two sweet basil cultivars (Ocimum basilicum).
The greatest growth of the shoots under blue and red LEDs
light compared to white fluorescent light has been reported
for different vegetable species such as lettuce (KIM et al.,
2004; JOHKAN et al., 2010; LIN et al., 2013), pepper
(SCHUERGER et al., 1997), cucumber (BRAZAITYTE et
al., 2009), tomato (BRAZAITYTE et al.,, 2010), and
rapeseed (LI et al., 2013).

Root collar diameter of the lettuce and sweet
pepper seedlings were significantly greater under blue and
red LEDs light compared to the CWF light, while
cucumber seedlings showed no significant differences
(Figure 1C). The increase in root collar diameter is
important for providing greater robustness to the seedlings.
Root collar diameter has been appointed as the best and
most practical characteristics for classification and
identification of high quality seedlings, and therefore can
be considered a good predictor of outplanting survival.
Iveti¢ et al. (2013) reported that collar diameter was the
most important grading characteristic, followed by root
volume and shoot height.

Root length of the cucumber was significantly
greater under blue and red LEDs light (20.0 cm) compared
to the CWF light (14.2 cm), while lettuce and sweet pepper
seedlings showed no significant differences (Figure 1D).
Root length of cucumber was increased at 41% under blue
and red LEDs lighting compared to the CWF lighting
(Figure 1D). Positive response in the root growth of plants
grown under blue and red LED light compared to the white
fluorescent light has been reported in lettuce (KIM et al.,
2004; JOHKAN et al., 2010), pepper (SCHUERGER et
al., 1997), and sweet basil (BANTIS et al., 2016).
However, Lin et al. (2013) reported that lighting with blue
and red LEDs and white fluorescent light did not influence
the growth of lettuce roots, at 35 days after sowing.
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FIGURE 1 - Effects of light spectral quality on number of leaves (A), shoot length (B), root collar diameter (C), and root
length (B) of different vegetable species. Bars followed by the same lower case letters, for the light quality or same upper case
letters, between the vegetable species are not significantly different by Tukey test at the 0.05 level of confidence. Data refer to

mean values (n = 4) + standard error.

Shoot dry matter (SDM) of the lettuce and
cucumber seedlings were greater when grown under blue
and red LEDs light (Figure 2A). The SDM of lettuce and
cucumber seedlings significantly increased at 125% and
29% with the blue and red wavelengths from LEDs
compared to the CWF light. As for the SDM, seedlings
grown under blue and red LEDs light exhibited greater
values of total dry matter. The TDM of lettuce and
cucumber seedlings were significantly increased at 82%
and 34% with the blue and red wavelengths from LEDs
compared to the CWF light, respectively (Figure 2C). In
turn, the SDM, RDM and TDM of sweet pepper seedlings
were not significantly affected by different spectral
qualities (Figures 2A, 2B and 2C).

Studies over the last decade have described
distinct responses to spectral quality of light incident on
the plants. Yorio et al. (2001) reported that there was
higher SDM accumulation in lettuce grown under blue and
red LEDs light than in lettuce grown under red LEDs light
alone. Kim et al. (2004) showed that when photosynthetic
photon flux density (PPFD) is kept constant, the lettuce
grown in a combination of red, blue, and green LED light
had larger leaf area and higher SDM than those grown

exclusively under red or blue alone. According to the
authors the interpretation for this result is that although red
and blue light are more effective for promoting
photosynthesis, green light might penetrate plant leaves
more efficiently and increase carbon fixation (KIM et al.,
2004; TERASHIMA et al., 2009). However, different
results were reported by Dougher and Bugbee (2001), who
found that the TDM of lettuce was greater when grown
under blue and red light (0% yellow light) compared to
those grown in light from white fluorescent lamps (17%
yellow light). Lin et al. (2013) showed that the SDM of
lettuce plants were the greatest when grown under blue,
red and white LEDs light, and lowest under lighting of
blue and red LEDs and fluorescent lamps. In turn, the
SDM of lettuce plants irradiated with blue LED light
decreased compared with that of white LED light
(OHASHI-KANEKO et al., 2007). Kim et al. (2004) argue
that this discrepancy might result from the different
cultivars and species used, as well as the differences in the
quality and quantity of lights used. Although the LED light
sources show some promising results, there are still
variations among the different species.
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FIGURE 2 - Effects of light spectral quality on shoot dry matter (A), root dry matter (B), total dry matter (C), shoot:root dry
matter ratio (D), sturdiness quotient (E) and Dickson quality index (F) of different vegetable species. Bars followed by the
same lower case letters, for the light quality or same upper case letters, between the vegetable species are not significantly
different by Tukey test at the 0.05 level of confidence. Data refer to mean values (n = 4) + standard error.

The light quality treatments significantly affected
the root dry matter (RDM) of cucumber, while the RDM
of lettuce and sweet pepper were not significantly affected
by different spectral qualities (Figure 2B). The RDM of
cucumber seedlings were increased at 64% with the blue
and red LEDs lighting compared to the CWF lighting
(Figure 2B). In general, effects of light spectrum quality in
the production of RDM are still very contradictory and
inconclusive. Koksal et al. (2015) found that the RDM of

pansy plants grown under supplemental red and orange
LEDs lighting were increased at 52% when compared to
those ones grown without supplemental light. In turn, Lin
et al. (2013) reported that the RDM of lettuce plants were
not affected by lighting of blue and red LEDs and
fluorescent lamps.

Shoot:root dry matter ratio (SRR) of the lettuce
was significantly greater under blue and red LEDs light
(3.74) compared to the CWF light (1.72), while cucumber
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and sweet pepper seedlings showed no significant
differences (Figure 2D). These results indicate that there
was a lower photoassimilate partition from shoot to the
roots of lettuce seedlings grown under blue and red LEDs
lighting. Bantis et al. (2016) showed that shoot:root ratio
of sweet basil plants was favored under LED light with
high blue and green, high red:far-red and 1% ultraviolet,
whereas the fluorescent tubes had the lowest impact.

Different spectral qualities not significantly affect
(P = 0.125) the sturdiness quotient (shoot length/collar
diameter ratio) for the three vegetable species (Figure 2E).
The sturdiness quotient of seedlings ranged from 2.60 to
3.65. In general, studies on production of nursery seedlings
indicate that a high quality seedling should have a value of
sturdiness quotient ranging from 25 to 3.5, and a
sturdiness quotient greater than 4.0 can be indicative of
etiolating of seedlings.

The lighting with blue and red wavelengths from
LEDs resulted in high quality cucumber seedlings, as
reported by the higher value of the Dickson quality index
(DQI = 0.12) (Figure 2F). The DQI is considered a
promising integrated measure of morphological traits
(JOHNSON; CLINE, 1991) and thought to be a good
indicator of seedling quality as its calculation computes
robustness and dry matter partitioning while considering
several important parameters, such as height, diameter and
dry matter (FONSECA et al., 2002). The higher value of
DQI, the higher the seedling quality and they are more
vigorous when they are transplanted in the field. A value
greater than or equal to 0.10 for the DQI has been cited to
identify seedlings of high quality vegetables (MELLO et
al., 2016).

CONCLUSIONS

The lighting with blue and red wavelengths from
LEDs resulted in better quality cucumber seedlings
compared to the cool-white fluorescent light.

The shoot growth rate of lettuce seedlings was
favored by blue and red LEDs light.

Different spectral qualities have little effect on
growth and development of sweet pepper seedlings.
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