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Light Emitting Diodes (LEDs) can be used as a tool to control the quality
of plants in order to meet the requirements of the market by accurately schedule
uniform flowering based on a predetermined market date. The aim of this study was
to investigate the effect of different light qualities of red (R), blue (B), and UV-A
(UV) provided by LEDs, and white light produced by fluorescent lamps (FL) on
growth, morphology and flowering characteristics of African violet (Saintpaulia
ionantha Wendl.). An experiment was conducted in controlled environment
growth chambers at 25 °C. Three ratios of R:B (1:0, 3:1, 0:1) and FL (14 h/d)
were used as all-day treatments and UV LED (2 h/d) was supplemented for three
ratios of R:B (1:0, 3:1, 0:1) and FL (14 h/d) as end of day (EOD) treatment.
Statistical analysis showed addition of B to light spectrum inhibited abnormal leaf
growth and promoted compactness. Flowering under FL treatment was distinctly
inferior as measured by the number of floral buds, full blooms and inflorescences.
However, addition of EOD UV plus R3B1 contributed to higher production of
floral buds and full blooms in a short period of time. Supplementing UV light to
LED treatments resulted in accelerated leaf expansion. Generally, supplemental
UV plus R or B was an acceptable energy-efficient alternative for improving
quality of African violet. Vegetative and reproductive phase of Saintpaulia were a
function of light quality which could assist the predictability of flowering time in o
controlled environment systems. .y
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INTRODUCTION

Light-emitting diode (LED) technology has been recently practiced by some growers
for several purposes such as controlling flowering in photoperiodic plants, maximizing growth
and changing shape of plants. LEDs could be chosen as a versatile and band width adjustable
light source for manipulating vegetative growth, flowering and morphology of the plants or to
plan production of potted plants in order to meet the demand of the market to deliver a uniform
product with desired quality on a specific market date (Bourget, 2008). McCree (1972) reported
that blue (400-500 nm) and red (600-700 nm) are considered primary wavelengths for leaf
photosynthesis. Recent studies have found that the ultraviolet (280-400 nm) radiation also plays
an important role in photosynthesis (Huché-Thélier et al., 2016).

African violet (Saintpaulia ionantha Wendl.) in the Gesneriad family (Gesneriaceae) is
the most popular of the Saintpaulia species, which is used as an ornamental potted houseplant.
African violet is considered as a low-light day-neutral species. Faust and Heins (1993, 1994),
noted that in Saintpaulia, inflorescence arises from the leaf axis when the leaf reaches to a
certain size. They also determined that PPFD and average daily temperature are two primary
factors which control leaf unfolding rate (LUR), leaf extension rate (LER) and flowering in
this plant. Based on their model, decreasing PPFD from 10 to 1 mol m? day' in a shaded
greenhouse, accordingly decreased optimal temperature from 25 °C to 23 °C, which resulted in
a lower LUR. Also, they introduced an inflorescence development phasic scale as a function of
temperature in order to help growers predict the right flowering time considering crop marketing
date. Kwack and Kim (1969) noted that sunlight reduced by half in the greenhouse provides
the best condition for encouraging optimal growth and ornamental quality of African violet
plants. As light intensity was decreased from full sunlight to half and to shade condition, leaf
area increased. Full sunlight induced solarization, chlorosis in leaves or backward leaf curling,
even though it produced higher dry weight. Kim and Sang (1982) argued that light intensity
was critical for four varieties (‘Monique’, ‘Robert O’, ‘Julianne’ and an undefined local variety)
of S. ionantha, as it is considered a semi-shaded plant. They confirmed that a light intensity of
5,000-10,000 lux (6.25-12.50% of natural sunlight in a plastic house) was the best condition
for optimal growth and higher ornamental value as a result of promotion in photosynthetic rate,
flowering percentage, number of peduncles, number of florets/peduncles and leaf area.

B light is important in chloroplast development, stomata number and length of palisade
tissue cells (O’Carrigan et al., 2014). UVA is absorbed by B light photoreceptors (Casal, 2013).
Kong et al. (2019) reported that B + UVA effects were similar to B, but different from R, on
growth and morphology in four microgreen species which slightly varies with light intensity and
plant species. UVA radiation increases stomatal conductance (g ), and improves CO, utilization,
consequently, enhances photosynthetic and transpiration rates (Kang et al., 2018). Verdaguer
et al. (2017) stated that plant response to UVA (315-400 nm) still needs to be clarified. UVA
exposure usually causes positive and negative physiological effects depending on the plant
species and light conditions, while UVB (280-315 nm) effects appear to be primarily negative.
EOD lighting using LEDs still needs further investigations, as they are cost-effective and require
less energy when compared to conventional high-pressure luminaries. The objective of this
study was to understand interactive effects of supplementary UV radiation added to B and R
wavelengths in controlling vegetative and generative development of African violet and finding
possible relationships between these two physiological characteristics with flowering time.
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MATERIALS AND METHODS

Plant material

An experiment was conducted on African violet (Saintpaulia ionantha Wendl.) in
controlled environment growth chambers, from July to September 2021. Prior to the start of the
experiment, leaf cuttings of African violet were rooted. African violet plants were transplanted
into 10-cm-diameter plastic pots containing a mixture of 50% perlite, 50% cocopeat (%ov/v)
and were placed inside growth chambers (24+2 °C, 60+10% RH). Plants were sub-irrigated
with nutrient solution (EC = 0.65 mS cm™ and pH of 6.8) twice a week (when the soil was dry
about half inch deep below the surface), consisting of 7.1 mM nitrate, 0.8 mM ammonium, 1
mM phosphate, 3.7 mM potassium, 2 mM calcium, 0.5 mM magnesium and 0.7 mM sulphate.
Plants were relocated randomly inside the growth chamber once a week to minimize the position
effect.

Growth conditions

Experiments were conducted in a custom-built illumination system. The light fixtures
were placed horizontally 15-20 cm above the plant canopy. Each unit consisted of 20 pots.
Growth chambers were illuminated with different light qualities. LED radiation systems
consisted of blue (B; peak at 465 nm), red (R; peak at 650 nm), and ultraviolet (UV; peak at
390 nm). Treatments were provided by LED panels (Getian Opto-electronics, Inc., Shenzhen,
China) and broad-band fluorescent lamps (FL; 4000K, Osram) (Fig. 1). Plants were illuminated
with FL or monochromic R or B or mixed R3B1 (R:B=3:1) for 14 hours a day at a light intensity
of approximately 118 umol m-2 s-1 as all-day treatments and FL or monochromic R or B or
mixed R3B1 (R:B=3:1) (14 h/d) followed by 2-h of UVA radiation at about 10 umol m s as
end-of-day (EOD UV) treatment (Fig. 2). The experiment continued for 8 weeks.

R3B1

Relative photon flux (%0)

Wavelength (nm)

Fig. 1. Relative spectral photon flux distribution of different light sources provided by blue (B), red (R),
UVA (UV) LEDs and fluorescent lamps (FL).
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Fig. 2. Light treatments duration design for Saintpaulia. Treatments comprised of blue (B), red (R),
ultraviolet (UV) LEDs and fluorescent lamps (FL).
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Measurements

Growth parameters were measured after the onset of light treatments. The number of
unfolded leaves greater than 7 mm in length were counted and recorded per plant at 2-week
intervals. Leaf unfolding rate (LUR) was determined by the slope of the number of leaves
regressed over time. On every plant, each leaf's axil was examined two times a week for the
presence of a visible bud (VB) greater than 1 mm. At VB stage the length of subtending leaf of
flower bud was measured and recorded. At least four unfolded leaves were randomly selected
from each light treatment to measure leaf length and width, leaf thickness and petiole length
during the period of lighting treatment, at 2-week intervals. The leaf shape index was calculated
as the ratio of leaf length to the corresponding leaf width (Takenaka, 1994). A digital vernier
caliper was used to measure leaf thickness. At least four plants per light treatment were used to
record the flowering stage, based on a phasic-development inflorescence scale introduced by
Faust and Heins (1994). Stage nine was added as the wilting stage described by the time when
at least 50% of petals started to shrivel. Total inflorescence development was calculated from
the first stage to the full bloom stage. Ornamental flower life time was registered from the full
bloom till the time when more than 50% of petals wilted. At the end of the experiment, plant
height was determined by measuring the distance from the base of the plant to the highest point
of the rosette leaf arrangement. Specific leaf area (SLA) was calculated as unit leaf area per leaf
dry weight from four leaves per light treatment. Leat SPAD index (an indicator of chlorophyll
concentration per unit leaf area) was determined for each plant, using a portable chlorophyll
meter (CL-01, Hansatech Instruments Ltd, Kings Lynn, UK). Digital images were acquired
from front-view and top-view per plant, using a Canon IXUS 155 digital camera and a fixed-
lighting stand. Last measurements of the experiment were carried out when at least 50% of pots
reached their peak of blooming. In this stage, number of floral buds (>3mm), number of fully
open flowers, number of inflorescences and diameter of fully open flowers were recorded for
each plant. Inflorescence length was measured from the leaf's axil up to the fully open apical
flower.

Statistical analysis

A completely randomized design (CRD) was employed. Analysis of variance was
performed using SPSS 26.0 software (IBM, Inc., Chicago, IL, USA). Statistical significance
was tested by one-way ANOVA and separated with Duncan test at P<0.05. Correlations were
tested using Pearson’s correlation coefficient.

RESULTS

Light quality significantly influenced the number of leaves (Table 1). The maximum leaf
formation occurred under R3B1 by 0.42 leaves/day, while the minimum occurred under B light
by 0.32 leaves/day. EOD UVA radiation resulted in highest LUR rate (0.2 leaves/day) when it
was added to R daily light, however this parameter averaged to as low as 0.17 leaves/day in
other treatments (Fig. 4). R increased leaf length, petiole length and canopy height significantly.
Addition of 25% of B in the light spectrum reduced these parameters. The plants under B
had the minimum leaf shape index. Supplemental UVA significantly enhanced leaf length and
reduced petiole length under LEDs compared to FL. R3B1+ EOD UV reduced petiole length
by 76.8% compared to the FL+ EOD UV. Monochromic B and monochromic R increased leaf
thickness significantly. Canopy height of the plants grown under R and FL, with or without
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UVA, was significantly higher than RB and B, with or without UVA. With UV, the plants
grown under R3B1 had the highest chlorophyll index and SLA significantly reduced under FL
compared to other treatments (Fig. 5).

Flowering parameters were affected by light quality (Table 1). Leaf blade length at VB
ranged from 32.9 mm in B to 46.5 mm in R and 30.6 mm in R3B1+EOD UV to 34.2 mm in
FL+ EOD UV (Fig. 4). The number of inflorescences was the lowest under B+ EOD UV and
FL, with or without UVA. The number of floral buds was maximum under R3B1 and B with
or without UV and R without UV. B and R3B1+ EOD UV produced maximum number of full
blooms. The largest flowers occurred in FL without UV and the longest inflorescences were
generated under FL with or without UV. Flower development was advanced under B (Fig. 3).
Although, not significant, B plus UV delayed petal senescence by 6 days compared to the FL
plus UV.

Table 1. Summary of one-way ANOVA for vegetative and flowering characteristics of African violet
affected by light treatments.

Traits MS (Treatment) MS (Error) F-test
Leaf number 19.8 1.9 10.4%*
Leaf length 1945.1 76.9 25.3%**
Leaf thickness 0.5 0.04 11.9%*
Petiole length 2430.8 46.5 52.3%%*
Leaf shape index 0.05 0.01 4.02%*
Specific leaf area 33793.9 4325.9 7.8%*

Canopy height 20.7 1.1 18.5%%*
SPAD index 192.2 7.7 24 9%*
Leaf length at visible bud 100.67 3.76 26.8%*
Number of full blooms 435.6 45.1 9.6**

Number of floral buds 2194.4 207.4 10.6%*
Inflorescence number 22.7 6.2 3.6%**

Inflorescence length 551.2 27.02 20.4%%*
Flower diameter 46.6 4.1 11.27%*

**: Significant at P < 0.01 based on the LSD test.
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Fig. 3. Inflorescence development rate of Saintpaulia under R:B=1:0 (R), 0:1 (B), 3:1 (R3B1) LEDs or
FL with or without EOD UV.
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Fig. 4. Effects of light quality on growth and flowering traits of Saintpaulia. Treatments comprised of
blue (B), red (R), ultraviolet (UV) LEDs and fluorescent lamps (FL). Data are means + SD. Data bearing
the same letter are not significantly different at P< 0.05, according to Duncan test.
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Fig. 5. Effects of light quality on growth traits of Saintpaulia. Treatments comprised of blue (B), red (R),
ultraviolet (UV) LEDs and fluorescent lamps (FL). Data are means + SD. Data bearing the same letter
are not significantly different at P < 0.05, according to Duncan test.
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DISCUSSION
Growth responses

UVA significantly stimulated leaf production in monochromic R. It appears that,
supplemental UVA to B added light treatments resulted in accelerated leaf area expansion,
increased leaf shape index and petiole length, indicating that UVA in combination with R and
B LEDs extremely affects leaf morphology and causes rapid growth of African violet. There
is a possible explanation for increased leaf length under R or LED treatments with UVA vs.
FL, it might be that leaf blades of the plants under these treatments expanded in response
to shade avoidance phenomenon. UVA radiation, similar to B, activates phototropins and
cryptochromes which can promote shade avoidance response (Keller ef al., 2011). In consistent
with our results, Chen et al. (2019) reported that supplementing UVA radiation to mixed B, R,
and Fr LED increased leaf area and leaf number in lettuce (Lactuca sativa), which facilitated
light interception and increased biomass production. However, several studies reported that
UVA increased leaf thickness and reduced leaf area in lettuce (He et al., 2021; Hooks et al.,
2021). In tomato plants (Solanum lycopersicum), R light with added UVA increased leaf size
(Khoshimkhujaev et al., 2014; Zhang et al., 2020). However, different intensities of UV-A
added to 3:7 R:B did not change the leaf area but significantly increased leaf number in tomato
plants (Kim and Hwang, 2019). Hence, leaf area response to light quality depends greatly on
plant species, PPFD or spectra combinations. It seems that SLA under FL reduced because
leaves expanded slowly, rather than dry matter accumulation. This was further supported by
individual leaf area and SPAD data which was the least under FL.

It appears that UVA could not suppress elongation growth induced by R light. In contrast,
Khoshimkhujaev et al. (2014), reported that addition of high intensity UVA to R reduced the
height of tomato seedlings. Addition of UVA to FL resulted in maximum petiole elongation
which was related to the higher biomass partitioning toward petiole elongation rather than leaf
expansion. Chlorophyll did not form substantially or developed fully under monochromic R
or B with additional UVA. It is reported that in several plant species, addition of B to R light
increased PSII photochemical efficiency (F /F ), quantum yield (@), electron transfer rate
(ETR), chlorophyll a/b ratio and development of photosynthetic apparatus (Heo et al., 2002;
Tesema et al., 2013; Zheng and van Labeke, 2017; 1zzo et al., 2021).

Monochromic R resulted in leaf hyponasty in Saintpaulia. However, the plants grown
under B+EOD UV treatment showed epinasty response (Fig. 6). Similarly, Kwack and Kim
(1969) reported that in full sun conditions of greenhouse, African violet leaves curled backward.
UVA plus B might result in a high energy radiation that led to excessive light stress which
induced photoinhibition responses by activating photoprotective mechanisms in form of leaf
area reduction and irregular leaf shape (Loconsole and Santamaria, 2021). Also, in cabbage,
adding low or high level of UVA to B contributed to some damages in terms of reduced cotyledon
size and irregular cotyledon shape (e.g., broken margins) (Kong et al. 2019). The leaves of
UVA supplemented plants under R3B1 were fully expanded, whereas the margin of leaves that
received R light were curled upward. Kreslavski et al. (2018) suggested that high R/Fr ratio
increased resistance of plant to UV radiation and high-intensity light, due to the increase of
active form of phytochrome (P, ) or phytochrome B (phyB) content. In African violet plants
grown under FL with or without UV, no leaf blade curling was observed.
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Fig. 6. Top view and side view of representative Saintpaulia plants under light treatments at the end
of the experiment. Treatments comprised of blue (B), red (R), ultraviolet (UV) LEDs and fluorescent
lamps (FL). The values after each light-emitting diode type indicate their ratios. The scale bar indicates
5 cm.

Flowering responses

Flowering under FL with or without UVA was distinctly inferior compared to other
treatments. B and R3B1+EOD UV were superior in production of more full blooms. This
can be explained by high photosynthesis and production of carbohydrates which resulted in
flowering promotion. Suppressed flowering in monochromic R and B under UVA conditions
might be related to the low photosynthetic activity, chlorophyll content and/or involvement
of phytochromes and cryptochrome in flower development (Reed et al., 1993; Mockler et al.,
1999; Heo et al., 2002) . It is possible that in African violet multiple photoreceptors were
involved in flower initiation and development. UVA decreased floral bud production under
R. Higher inflorescence production was almost synchronized with higher LUR as there was
an acceptable positive correlation between leaf number and inflorescence number (R*=0.71).
Under UV conditions, the number of inflorescences was more a function of LUR rather than
LER, since leaf expansion rate did not differ among LED treatments. Exposure to UVA reduced
flower diameter under FL and peduncle length under R, probably due to the antagonistic effect
of UVA with R or FL radiations. There was a strong positive correlation between both traits
(R?=0.88). Addition of UVA delayed flower development (Fig. 3). By adding a low level of B
to R light with supplemental UVA, flowering was advanced.

CONCLUSION

In African violet, growth, flower initiation and development vary with minimal variation
in light quality. A small amount of B light was necessary to inhibit abnormal leaf morphology and
excessive elongation. Based on the results, it is possible to regulate vegetative and reproductive
phase of plants by manipulating light quality in accordance with the plant developmental stage
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and predetermined market criteria. Application of EOD UV LEDs were shown to be efficient
for improving quality of African violet. However, the mechanisms of spectral interactions from
B, R and UV on plant physiology and their relations with concomitant light mixes still need to
be further investigated.
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