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The morphological and phytochemical characteristics of two Ocimum basilicum cultivars (Lettuce Leaf, and
Red Rubin-mountain Athos hybrid) under artificial lighting were investigated. Four LED light treatments
[AP673L (high red and high red:far-red), G2 (high red and low red:far-red), AP67 (moderate blue and red
and low red:far-red), and NS1 (high blue and green, high red:far-red and 1% ultraviolet)] with different
colors mixing UV, blue, green, red and far-red, and fluorescent tubes (FL, high blue, green and red:far-
red) as Control were used in the growth chambers for 28 days under PPFD of 200 + 20 pmol m—2 s~! for

ﬁ?r ‘;V:rr;;:m duction all treatments at plant height. G2, Control and AP67 treatments for Lettuce Leaf, and G2 for Red Rubin
LEDs hybrid had higher growth rate. Roots of Lettuce Leaf were significantly longer under AP673L compared to

Basil NS1, while Red Rubin hybrid showed no significant differences. Total biomass was significantly greater
under NS1, AP67 and G2 compared to the Control, for both cultivars. For both Lettuce Leaf and Red Rubin
hybrid, root:shoot ratio (R/S) was favored under NS1, whereas the Control had the lowest impact. Leaf
area of both cultivars was greater under the Control. Root growth capacity evaluation was also assessed.
Seedlings of Lettuce Leaf cultivated under the effect of the Control and AP673L, and seedlings of Red Rubin
hybrid grown under AP673L (mainly) quickly developed new root system. This could offer the advantage
of fast exploitation of larger soil volume after transplanting. Total phenolic content of Lettuce Leaf was
significantly higher under NS1 compared to the rest of the treatments, while in Red Rubin hybrid, NS1
had significantly higher total phenolic content compared to the Control and G2. Our study demonstrates
that LEDs variably affected growth characteristics and increased total phenolic content compared to

conventional fluorescent light for these two O. basilicum cultivars.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Seedling growth
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1. Introduction

Until today fluorescent, metal-halide and incandescent lamps
are used as supplementary lighting for crop production. Even
though these sources induce an increase of daily photosynthetic
flux levels, they are not as energetically efficient as desired. Spec-
tral quality can affect plant growth and development (Schuerger
et al., 1997) and the aforementioned light sources do not offer the

Abbreviations: DWL, dry weight of leaves; DWS, dry weight of shoots; DWR, dry
weight of roots; LED, light-emitting diode; NDWR, dry weight of new roots; NRL,
new root length; RGC, root growth capacity; R/S, root:shoot ratio; TPC, total phenolic
content.

* Corresponding author. Fax: +30 2310929806.
E-mail addresses: radoglou@fri.gr, kradoglo@fmenr.duth.gr (K. Radoglou).

http://dx.doi.org/10.1016/j.scienta.2015.11.014

option of spectral manipulation. Therefore, a light source with high
energy-conversion efficiency that offers the possibility of spec-
tral setting would be of great value. Research has already been
conducted using light-emitting diodes (LEDs) as a primary source
of light irradiation for plant growth chambers in space programs
(Barta et al., 1992). LED light technology presents a number of
advantages including long life, small volume, low heat emission,
adjustable light intensity, high energy-conversion efficiency and
wavelength specificity (Massa et al., 2008; Morrow 2008; Schuerger
et al., 1997). Therefore, several plant species such as sweet basil
and lemon balm (Fraszczak et al., 2014), pepper (Schuerger et al.,
1997), pea (Wu et al., 2007), cucumber and tomato transplants
(Brazaityte et al., 2010, 2009), lettuce (Kim et al., 2004; Li and
Kubota 2009; Lin et al., 2013; Ouzounis et al., 2015) and rapeseed
(Lietal.,2013),as well as ornamental plants such as roses, campan-
ulas, chrysanthemums and Phalaenopsis (Ouzounis et al., 2014a,b)
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Table 1

Spectral distribution and red:far-red (R:FR) ratio for the five light treatments.
Light treatments <400 nm 400-500 nm 500-600 nm 600-700 nm 700-800 nm R:FR
Control (FL) 0% 35% 24% 37% 4% 5.74
AP673L 0% 12% 19% 61% 8% 5.56
G2 0% 8% 2% 65% 25% 2.51
AP67 0% 14% 16% 53% 17% 2.77
NS1 1% 20% 39% 35% 5% 8.16

have already been tested under LED light sources with promising
results, although varying among the different species.

Basil (Ocimum basilicum L.) is an annual culinary and medicinal
herb originating from India and Southeast Asia. Apart from being
cultivated in Asia, Africa and South America it is also cultivated in
the Mediterranean countries (Makri and Kintzios, 2008). It is also
cultivated as an ornamental plant and its leaves are used as a sea-
sonal food in dry and fresh form (Lee et al., 2005). Basil is rich in
phenolic compounds such as rosmarinic, caffeic, chicoric and caf-
taric acids (Kwee and Niemeyer, 2011; Lee and Scagel, 2009; Zgorka
and Glowniak, 2001) One of the most important cultivars is “Let-
tuce Leaf” (O. basilicum var. crispum). Its large crinkled leaves have
a sweet sense which makes it ideal for salad and cooking use. “Red
Rubin” basil (O. basilicum var. purpurascens) is a purple-leaf cultivar
with strong flavor. Its leaves are edible and are also used in cooking.
Although basil is an important culinary and medicinal herb only a
few studies have been conducted using LEDs as a lighting source.

Little information is available regarding the relationship
between the light absorbed by basil and the mechanisms underly-
ing the physiology and secondary metabolism under the influence
of different light spectra. Secondary metabolites are formed in order
for the plant to overcome potential stressful conditions. In plant
tissues such as stems and leaves, the secondary metabolite synthe-
sis can change due to environmental, physiological, biochemical
and genetic factors (Wink, 2010; Zhao et al., 2005) with light being
one of the most influential factors (Kopsell et al., 2004; Kopsell
and Sams, 2013). One of the main groups of secondary metabolites
is the phenolic group. This group is among the most ubiquitous
groups of secondary metabolites in the plant kingdom and repre-
sents an example of metabolic plasticity enabling plants to adapt
to biotic and abiotic environmental changes (Wink, 2010). Their
concentration depends on season and varies at different stages
of growth and development (Seigler, 1998; Wink, 2010). Pheno-
lics are pigments exhibiting radical scavenging activity, as well
as protective activity against fungi, bacteria, viruses and insects
(Lattanzio et al., 2006; Seigler, 1998). Physiological changes are
triggered by exposure to varying wavelengths (Samuoliene et al.,
2013). Red light is the primary light source affecting biomass pro-
duction and elongation through the phytochrome photoreceptor
(Sager and McFarlane, 1997). Blue light also affects photomor-
phogenic responses (e.g., regulation of leaf flattening and compact
appearance) through phototropins and cryptochromes acting in an

Table 2

independent and/or synergistic manner with the phytochromes (de
Carbonnel et al., 2010; Kozuka et al., 2013).

The research hypothesis was that pre-cultivating basil seedlings
under the effect of lights with varying irradiation wavelengths
would differently affect morphological and phytochemical prop-
erties. In addition, different LED spectra would trigger various
morphological and phytochemical reactions among different basil
cultivars. The objective of this research was (1) to investigate the
effect of LED lighting on morphological and phytochemical charac-
teristics of two basil cultivars during pre-cultivation in mini-plug
containers, (2) to determine the best light quality treatment for pre-
cultivation of two basil cultivars, and (3) to evaluate the transplant
success.

2. Materials and methods
2.1. Plant material, growth conditions and light treatments

Seeds of “Lettuce Leaf” basil (LL) and “Red Rubin” basil culti-
vars were supplied from a nursery (Geniki Fytotechniki of Athens,
Athens, Greece) in 2012. Additionally, basil seeds were collected
from mountain Athos, Greece in 2012. The “Red Rubin” and “moun-
tain Athos” cultivars were hybridized (RR). The experiment was
held in November and December 2013. In total, 100 basil seeds per
cultivar and treatment were hydrated for 24 h and two seeds were
transferred into each cell of the mini-plug containers. After three
days the germination rate of the “LL” cultivar was 85%, whereas the
“RR” had a 55% germination rate. One week after the sowing, exces-
sive seedlings were removed leaving one seedling per mini-plug
cell (50 per cultivar and treatment). The mini-plug plastic container
trays (QP D 104 VW QuickPot®, Herkuplast-Kubern, Germany) with
identical dimensions (310 x 530 mm, density: 630 seedlings/m?;
27 cc) were filled with a stabilize peat (Preforma PP01, Jiffy® Prod-
ucts, Norway) containing a binding agent in order to facilitate the
process of transplanting.

We examined the application of conventional fluorescent light-
ing (FL) or LED lighting for the first four weeks after sowing. In
total, 50 seedlings per cultivar and treatment were used. After sow-
ing, basil seedlings were transferred to environmentally controlled
growth chambers for 28 days under five different light treat-
ments as described in Table 1. The white fluorescent lamps (Osram,
Fluora, Munich, Germany) were used as the Control treatment.
Valoya (Valoya Oy, Helsinki, Finland) LED lights generate a wide

Morphological and developmental parameters of Ocimum basilicum “LL” and Ocimum basilicum “RR” grown under the five different light treatments with the same abbrevi-
ations as in Table 1. Average values (n=10, £SE) followed by different letters within a row differ significantly (a=0.05).

Cultivars Parameters Light treatments
Control (FL) AP673L G2 AP67 NS1
Ocimum Shoot height (cm) 3.22+0.192 2.34+0.26° 3.52+0.16% 3.42+033?2 2.43+0.13°
basilicum“LL” Root length (cm) 4.03+ 0.12% 5.69+0.672 4.50+0.26% 4.52+0.36% 3.73+0.34°
Root/Shoot ratio 0.09+0.01¢ 0.29+0.02° 0.26 +0.03b¢ 0.35+0.09° 0.57 £0.042
Leaf area (cm?) 10.02 +0.39° 6.56 +0.54° 6.56+0.38° 6.91+0.64° 5.70+0.38P
Ocimum Shoot height (cm) 4.09+0.25b¢ 3.50+0.28¢ 5.46+0.222 5.08 +0.28 3.93+0.30
basilicum“RR” Root length (cm) 4.59+0.44° 6.23+0.422 4.42+0.372 4.94+0.36% 6.53+0.782
Root/Shoot ratio 0.16£0.03¢ 0.49+0.112 0.34+0.03b¢ 0.46 +0.04%° 0.61-+£0.042
Leaf area (cm?) 8.25+0.80% 5.59+0.36° 6.70 +0.44% 6.05+0.29° 7.05 +0.39aP
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Fig. 1. Growth rate from the 7th, 14th, 21st and 28th day of Ocimum basilicum “LL”
(A) and “RR” (B) seedlings grown under the five different light treatments with

the same abbreviations as in Table 1. Data are mean values (n=10) +SE. Error bars
represent the SE.
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Fig. 2. Dry weight of leaves (DWL), shoots (DWS) and roots (DWR) (g) of Ocimum
basilicum “LL” (A) and “RR” (B) seedlings grown under the five different light treat-
ments with the same abbreviations as in Table 1. Data are mean values (n=10) +SE.
Error bars represent the SE. Bars followed by a different letter within a parameter
differ significantly (a=0.05).
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Fig. 3. Total phenolic content (TPC) of Ocimum basilicum “LL” and “RR” seedlings
grown under the five different light treatments with the same abbreviations as in
Table 1. Data are mean values (n=5) +SE. Error bars represent the SE. Bars followed
by a different letter within a cultivar differ significantly (a=0.05).
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Fig. 4. New root length (NRL) and new dry weight of roots (NDWR) of Ocimum
basilicum “LL” (A) and “RR” (B) seedlings after 31 days in the RGC water bath after
grown under the five different light treatments with the same abbreviations as in
Table 1. Data are mean values (n=6) £SE. Error bars represent the SE. Bars and dots
followed by a different letter within treatments differ significantly (a=0.05).

continuous spectrum with a mixture of ultraviolet (UV, <400 nm),
blue (B, 400-500 nm), green (G, 500-600 nm), red (R, 600-700 nm)
and far-red (FR, 700-800 nm). It is worth mentioning that G2 emits
high proportion of red and far-red light which makes it unpleas-
ant to the user’s eyes when working inside the growth chambers.
Environmental conditions in the chambers were set ata 20°C/15°C
day/night temperature, air relative humidity (RH) of 80 £ 10% and
14 h photoperiod. Photosynthetic photon flux density (PPFD) was
maintained at around 200 =+ 20 wmol m—2 s~ for all treatments at
plant height. Watering was applied every day with automated
water sprinklers and the containers were rotated frequently in
order to ensure equal growth conditions.
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2.2. Morphological and developmental measurements

Height growth rate measurements were conducted during the
four-week experimental period (28 days). Specifically, shoot height
was measured on a weekly basis with the first measure taking place
7 days after sowing. After the four-week experimental period 10
randomly selected seedlings per cultivar and mini-plug container
were sampled. Morphological characteristics such as leaf number,
shoot height, root length, leaf area, leaf dry weight (DWL), shoot
dry weight (DWS) and root dry weight (DWR) were measured.
Additionally, root:shoot dry weight ratio (R/S) was estimated. The
samples were dried in a drying oven for three days at 80 °C before
weighing and the leaf area (cm?) of every plant was measured
on fresh leaves by leaf area meter LI-3000C (LI-COR biosciences,
Lincoln, USA).

After four weeks six randomly selected seedlings for each treat-
ment were transferred in containers placed on top of stainless
steel boxes (35 cm x 26 x cm x 8 cm) having a 1:1 mixture of peat
and sand and placed in a water tank in order to assess root
growth capacity (RGC) (Mattsson, 1986). The water tank is used
in order to maintain a stable temperature (20 + 1°C) for the root
system. Environmental conditions in the RGC room were set at
20°C temperature; air relative humidity (RH) of 604 10% and
14 h photoperiod. Photosynthetic photon flux density (PPFD) was
maintained at around 300 wmol m—2 s~ for all treatments at plant
height. Watering was applied every two days. Seedlings were har-
vested after 31 days. The characteristics measured were new root
length (NRL) and dry weight of new roots (NDWR) after a three-day
stay in a drying oven at 80 °C. The shoot height and root length, as
well as the NRL were calculated with a Powerfix (Milomex, Pullox-
hill, UK) digital caliper.

2.3. Quantification of total phenolic content (TPC)

Four weeks after initial germination, basil shoots and leaves
were stored in polyethylene bags at —80 °C until processed. Specif-
ically, five samples of shoots and leaves from four-five seedlings
per cultivar and treatment were used (1g fresh basil per treat-
ment). TPC of the extracts was measured using the Folin-Ciocalteau
colorimetric assay (Singleton and Rossi, 1965) with gallic acid as
calibration standard, by a UV-vis spectrophotometer (Shimadzu
Scientific Instruments, Columbia, MD, USA). Shoots and leaves
weighing 1g were ground using a mortar and pestle and then
extracted into 10 mL of 80% aqueous methanol. This was followed
by centrifugation at 16,000 x g for 15min and at 4°C. Aliquot of
2.5mL of Folin-Ciocalteau’s reagent was added and the mixture
was vortexed for 20-30s. Aliquot of 2 mL of 7.5% sodium carbonate
solution was added after 1 min and the mixture was then vortexed
for 20-30s. Samples were incubated in a thermoblock for 5 min
at 50°C. The absorbance of the colored reaction product was mea-
sured at 760 nm versus a blank consisting of 500 L of methanol,
2.5mL of Folin-Ciocalteau’s reagent and 2 mL of 7.5% aqueous
sodium carbonate. The TPC in the extracts was calculated from a
standard calibration curve obtained with different concentrations
of gallic acid (correlation coefficient: R?2=0.998) and the results
were expressed as mg of gallic acid equivalent per g (mg GAE/g)
of fresh basil.

2.4. Statistical analysis

Statistical analysis was performed using SPSS (SPSS 15.0, SPSS
Inc.). Growth rate data were analyzed using repeated measures.
After the four-week experimental period data were analyzed by
analysis of variance (ANOVA). Mean comparisons were conducted
using a Bonferroni test at a=0.05.

3. Results
3.1. Growth rate

The development and morphogenesis of the two cultivars were
variably affected by the different light conditions. On the 7th day
after sowing, LL seedlings grown under the Control and G2 lights
had significantly higher growth rate compared to the rest of the
treatments. Furthermore, AP67 showed significantly greater values
than AP673L treatment. On the 14th day, both NS1 and AP673L LEDs
showed significantly lower growth rate than G2 and AP67 lights.
On the 21st day, the Control and G2 lights exhibited significantly
higher values compared to AP673L. No significant differences were
found on the 28th day between the light treatments (Fig. 1A).

On the 7th day after sowing, RR seedlings grown under NS1 and
AP673L lights had significantly lower growth rate compared to the
Control and AP67 light treatments. On the 14th day, G2 exhibited
higher growth rate than the Control, NS1 and AP673L light treat-
ments. No significant differences were observed on the 21st day
with the Control showing the lowest average values among all the
light treatments. However, on the 28th day, significant differences
were found only between NS1 that exhibited the lowest values, and
AP67 light treatment (Fig. 1B).

3.2. Number of leaves, shoot height, root length, root:shoot ratio
and leaf area

At day 28, leaf number of both cultivars was not affected by
the different light treatments, with LL and RR forming around 4
and 5 leaves respectively (data not shown). Shoot height of LL
was variably affected by the different light treatments. Seedlings
grown under the Control, G2 and AP67 exhibited significantly
higher shoots compared to AP673L and NS1 treatments. Regarding
the root length, significant differences were found only between
AP673L that exhibited the highest average value and NS1 treat-
ment (Table 2). As for RR, significantly higher shoots were observed
under G2 compared to AP673L, Control and NS1 lights, while AP67
promoted higher shoots than AP673L light. Pre-cultivation of basil
seedlings showed no significant effect on the root length at any
of the different light treatments (Table 2). For the LL seedlings the
results revealed significant differences for R/S ratio between NS1
that showed the greatest values, and the rest of the light treat-
ments. Furthermore, the Control showed significantly lower R/S
ratio compared to AP67 and AP673L lights (Table 2). The R/S ratio
of the RR seedlings was higher under NS1 light compared to the
Control and G2. Additionally, AP673L and AP67 lights exhibited
significantly greater values than the Control (Table 2). Regarding
the leaf area, it is reduced by LED light independently from spectra
and cultivar tested. LL had significantly greater leaf area under the
Control compared to all other treatments (Table 2). As for the leaf
area of RR seedlings, the Control fluorescent lamp promoted greater
leaves’ formation compared to AP673L and AP67 lights (Table 2).

3.3. Dry weights (DW)

For LL seedlings, there were significant differences regarding the
DWL only between AP67 that showed the greatest values and the
Control. G2 induced the highest values for the DWS compared to
the Control, AP673L and NS1 light treatments. DWR of O. basilicum
seedlings benefited under the LEDs, especially under NS1 light
that induced the heavier roots compared to the rest of the treat-
ments. Furthermore, the Control induced lighter roots compared
to AP673L, G2 and AP67 lights (Fig. 2A). Finally, total biomass was
significantly lower under the Control compared to AP67, G2 and
NS1.
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The results showed significant differences between the light
treatments for the DWL of RR. NS1 light induced heavier leaves
than the Control and AP673L lights. As for the DWS, plants grown
under G2 and AP67 lights exhibited greater values than the Con-
trol and AP673Llights, while the Control also induced lighter shoots
than NS1.NS1 also promoted greater DWR compared to the Control,
AP673L and G2 lights. In addition, the Control also induced lighter
roots than AP67, G2 and AP673L lights (Fig. 2B). Total biomass
was significantly greater under NS1 compared to the Control and
AP673L treatments. In addition, the Control induced the formation
of significantly less total biomass compared to G2 and AP67 light
treatments.

3.4. Total phenolic content (TPC)

Differentlight qualities after the cultivation of LLinto the growth
chambers resulted in significantly higher TPC for seedlings grown
under NS1 compared to all other treatments. Further, the Con-
trol showed lower TPC values compared to AP673L, AP67 and G2
lights. Finally, G2 light induced significantly less total phenolics
than AP673L and AP67 lights. The results of RR showed significantly
lower TPC for the Control compared to the rest of the treatments.
Additionally, NS1 light exhibited significantly higher TPC than G2
light (Fig. 3).

3.5. Root growth capacity (RGC)

After 31 days of cultivation LL seedlings exhibited no significant
differences in the NRL formation at any of the different light treat-
ments. The measurements also revealed significantly lower NDWR
for seedlings grown under NS1 compared to those grown under the
Control and AP673L (Fig. 4A). For the RR seedlings, after 31 days in
the RGC water tankNS1 induced significantly lower NRL than AP67,
Control and AP673L. Additionally, roots of seedlings pre-cultivated
under NS1 were found significantly lighter compared to G2, AP673L
and AP67. Finally, Control seedlings formed significantly lighter
new roots compared to G2 and AP673L (Fig. 4B).

4. Discussion

Light spectrum strongly affects plant growth and development
(Whitelam and Halliday, 2007). A great deal of different spectral
distributions has been applied up to now in confined environments
in order to characterize the effect of LEDs on numerous plants (Li
and Kubota 2009; Johkan et al., 2010; Chen et al., 2014; Fraszczak
et al., 2014). In general, the cultural conditions applied during this
experiment for basil proved appropriate, as it was confirmed by the
absence of morphological and developmental abnormalities during
plant growth in the mini-plug containers. In both cultivars, AP673L
and NS1 (the treatments with high R:FR ratio) induced the lowest
growth rate resulting in the formation of the shortest shoots. The
seedlings of the two cultivars grown under the same light treat-
ments exhibited different responses, indicating that shoot height
is species and/or cultivar dependent. Higher shoots were formed
under G2 and AP67 (the treatments with low R:FR ratio) for both
cultivars. It is no surprise that R and FR light have such effects as it
has been reported that R light via R:FRratio on phytochrome affects
stem elongation, leaf area, germination and photomorphogenic
responses of plants (Hogewoning et al., 2010; Sager and McFarlane,
1997). Earlier work has shown that high R:FR ratio reduced dry
weight, plant height and leaf area compared to natural light in
chrysanthemum, tomato, and lettuce (Mortensen and Strgmme,
1987), as well as in begonia and campanula (Mortensen, 1990).
Later work has shown that sweet basil grown for 28 days under
white LED induced shorter plants compared to FL lamps (Fraszczak
et al., 2014). In lettuce plants, R LED lighting induced longer stems

compared to the B, RB LEDs and the FL treatment (Chen et al.,
2014). On the contrary, rapeseed plantlets showed no differences
regarding the aforementioned parameter. However, in the same
experiment rapeseed plantlets grown under RB LED (B:R=3:1 and
B:R=1:1) exhibited greater root length values than plants culti-
vated under R LED and under FL light (Li et al., 2013).

Both for LL and RR, seedlings grown under the Control formed
less total biomass compared to G2, AP67 and NS1 (treatments with
relatively high R light portion) LEDs. Rapeseed plants grown under
BRLED (B:R=3:1andB:R=1:1)also exhibited greater total biomass,
while FL promoted the lightest dry plants (Li et al., 2013). In roses
and chrysanthemums increasing R light ratio resulted in greater
biomass and taller plants (Ouzounis et al., 2014a). For both culti-
vars, G2 followed by the AP67 light recipes (treatments with high R
portion and low R:FR ratio) promoted the greatest DWS. FL light
after 45 days from sowing also induced the lowest DWS in red
leaf lettuce, while the greatest values were found under the B LED
and the BR (B:R=1:1) LED lights (Johkan et al., 2010). Furthermore,
DWR for both basil cultivars was favored under NS1 light treat-
ment (high R:FR ratio and 1% UV). The results are consistent with
red leaf lettuce which also formed greater DWR under the R and the
BR (B:R=1:1) LED treatments and lower under the FL light after 45
days from sowing (Johkan et al., 2010). On the contrary, FL light
promoted the formation of more DWR in lettuce plants compared
to the R, B and RB (R:B=1:1) LED treatments (Chen et al., 2014), as
well as compared to the RB LEDs in hydroponically grown lettuce
(Lin et al., 2013). In chrysanthemums total biomass was increased
with higher B light ratio, whereas in roses more R light induced
the formation of greater total dry weight (Ouzounis et al., 2014a).
All these results indicate that plant responses to LED lighting are
species and/or cultivar dependent.

For both cultivars, leaf area of the seedlings was benefited
under the Control. Studies with hydroponically grown lettuce also
revealed greater leaf area for plants cultivated under FL compared
to plants grown under RB LED (Lin et al., 2013), whereas cool
white FL lamps induced the formation of smaller leaves compared
to RGB treatment but larger compared to the RB LED (Kim et al.,
2004). However, sweet basil after 28 days did not exhibit significant
differences between the FL and white LED treatments (Fraszczak
et al., 2014). In Phalaenopsis greater leaf formation was observed
with increasing R light (Ouzounis et al., 2014b) which has been
also reported for cucumber (Hogewoning et al.,, 2010). In roses
greater leaf area was observed with increasing R light, while in
chrysanthemums and campanulas greater values were observed
under 20%B/80%R and white light respectively (Ouzounis et al.,
2014a). As mentioned in the introduction, R and B lights acting in
an independent and/or synergistic manner, affect photomorpho-
genesis. From the results it appears that leaf area is reduced under
LEDs, whereas DWL is increased. This could be the result of higher
carbohydrates and primary metabolites accumulation suggesting
that LED light affects photosynthesis activity. Previous studies have
shown that combinations of R and B light are favorable for plant
growth and greater carbohydrates production in plants (Yorio et al.,
2001; Ouzounis et al., 2014b).

Seedlings grown under low irradiation elongate quickly and
form compactroot system that does not absorb sufficient water and
nutrients leading to plant growth decrease. Therefore, seedlings
with low R/S ratio are not suitable for active growth (Johkan et al.,
2010). Our results suggest that seedlings grown under the Control
form inadequate roots compared to the plants grown under the rest
of the treatments. In general, LEDs that emit more B light promoted
greater R/S ratio indicating that B light affects this parameter. B
light is reported to suppress stem elongation leading to more com-
pact plants (Folta and Childers, 2008). Results of R/S ratio in the
literature are contradicting. Lettuce plants treated with FL showed
greater S/R dry weight ratio (lower R/S) (Johkan et al., 2010) com-
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pared to the LED treatments, whereas in other studies with lettuce,
RB(R:B=1:1) LED treatment promoted greater S/R dry weight ratio
(lower R/S) compared to the FL light (Chen et al., 2014; Lin et al.,
2013).

It has been reported that both morphological characteristics
and RGC parameters are species dependent (Kostopoulou et al.,
2010). A careful selection of quality seedlings is important for an
increase of the survival rate and the growth rate after transplant-
ing (Radoglou, 2001). Further, selecting high quality seedlings can
potentially mitigate the harmful effects of stressful environmen-
tal conditions resulting in successful establishment in the field,
while using low quality seedlings can lead to unsuccessful trans-
planting even under favorable environmental conditions (Radoglou
et al., 2009). The potential for new root growth is critical for a rapid
absorbance of water and minerals after transplanting. RGC is a per-
formance feature for quality assessment (Mattsson 1996, 1986) and
can be defined as the ability of a seedling to increase the size of its
root system through the formation of new roots and the elonga-
tion of already present roots (Mattsson, 1986). Even though the
NS1 light regime (relatively high B portion with the highest R:FR
ratio and 1% UV) promoted the formation of heavier roots com-
pared to the other light qualities for both cultivars, this was not
the case after the RGC transplant, with NS1 seedlings having less
new root biomass for both cultivars. The quick root system devel-
opment under the effect of the Control and AP673L for LL basil,
and mainly under AP673L for RR basil may offer the seedlings an
advantage regarding the fast exploitation of larger soil amount after
transplanting.

The highest TPC was obtained under NS1 light quality (relatively
high B portion with the highest R:FR ratio and 1% UV) which was
3.9 times higher and 3.7 times higher than the Control’s for the
LL and the RR respectively. In plant tissues, phenolic compounds
are reported to act protectively against UV radiation (Lattanzio
et al., 2006), which might explain the increased total phenolic
formation under NS1 light regime. Previous studies have shown
that secondary metabolites are increased with additional B light,
even though the B LED has been applied only as supplemental
light (Ouzounis et al., 2014a), while secondary metabolites were
reportedly enhanced in carrots and grapes under UV-B radiation
(Gldssgen et al., 1998; Pezet et al., 2003). Our results indicate that
LED applications with high B light portion create a physiological
state that induces the accumulation of phenolic compounds. As
far as concern the mechanism behind the increase of secondary
metabolites under B light, it has been reported that the activity of
phenylalanine ammonia-lyase (PAL, a key enzyme in the phenyl-
propanoid pathway) was stimulated (Heo et al., 2012). Moreover,
PAL gene expression was activated by monochromatic B LED light-
ing in lettuce (Son et al., 2012). However, there are also contrasting
examples in the literature, indicating that the amount of secondary
metabolism under artificial lighting is light and species dependent.
For example, no essential difference was found in pigment content
in Dieffenbachia amoena, Ficus elastica and Boston lettuce (Heo et al.,
2010; Martineau et al., 2012). Consequently, the production of phe-
nolic compounds depends concurrently on the light environment,
the physiological, and biochemical factors.

5. Conclusion

Two 0. basilicum cultivars (LL and RR) were grown under arti-
ficial LED and FL lighting. For both cultivars, total biomass was
increased under LED lighting, while root:shoot ratio was favored
under NS1 (high blue, high red:far-red and 1% UV) in comparison
with fluorescent lighting. Leaf area was favored by the Control in
both LL and RR. The treatments with high red and high red:far-red
(AP673L) and moderate blue and red with low red:far-red (AP67)

triggered greater new root length compared to NS1, but only in RR.
Total phenolic content was also higher in treatments enriched with
blue light. For both cultivars, root growth capacity was variably
affected by the different light treatments. Our study demonstrates
that artificial LED lighting enhanced (even though variably) the
growth and increased total phenolic content of two O. basilicum L.
cultivars compared to fluorescent light, but the effects were cultivar
dependent.
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