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Abstract: The use of light-emitting diodes (LEDs) is a recent concerned application in the indoor crop
system of the modern plant production. In our research, we evaluated the influence of four monochromic
LED lights including 100% White (W), Yellow (Y), Red (R) and Blue (B) in comparison to solar lightening
condition (GR) as a control. In this regard, some morphological characteristics and biochemical content of
the common outdoor ‘Iceberg’ lettuce (Lactuca sativa L.) was measured. The results show that leaf length,
leaf area and total head weight were significantly greater in the plants grown under B LED, while all the
other physical parameters were significantly higher in the plants grown under GR environmental conditions.
On the other hand, chlorophyll (Chl), carotenoids (Car), and nitrate content were also influenced by different
light treatments. Plants grown under LED light treatment resulted in significantly higher chlorophyll content
compared to the control. However, significantly greater carotenoid content was in the plants grown under
GR condition. The highest total chlorophyll content was recorded under B and R LED, whereas the lowest
was in the GR condition. The lowest nitrate content in the blade and petiole was recorded in the plants grown
under Y LED, while the highest nitrate content was recorded in the GR. Based on our result, it is possible to
grow and improve some quality parameters of common outdoor ‘iceberg’ lettuce under LED where the solar
light is limited or unavailable. Thus, plants performed better under GR light conditions than monochromic
LEDs; however, some LED lights could improve some quality parameters and biochemical contents in the
‘iceberg’ lettuce variety.

Keywords: LED light, morphological parameters, bioactive contents, common outdoor ‘iceberg’ lettuce
(Lactuca sativa L.), nitrate content.

1. Introduction

The Light spectrum determines most of the
morphological formation and biochemical
content in leafy  vegetables through
photosynthetic apparatus, which gives the vigor
power to the plant (Walters, 2005; Matsuda et

al., 2007). Improvement of vegetable quality
and year-round cultivation with a minimum
cost, safe to the environment and lower energy
consumption is the current interest among crop
growers (Pinho et al., 2012). Scientists have
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shown the photoreceptors like phytochrome,
cryptochrome and phototropin, which have the
main role of photosynthetic efficiency in
plants, are affected by light quality and this
leads to gene expressions through initiating the
signaling cascade (Lillo and Appenroth, 2001;
Giliberto et al., 2005).

In recent years, the new inventions in
lightening as the use of LEDs in horticulture
crop production that has a tremendous
revolution in high-tech greenhouses and this
has inspired continuous development in plant
growth and development (Massa et al., 2008).
Plants require specific light (short and long)
wavelengths depending on the growing cycle,
blue light is needed for the stomatal opening
and chloroplast development (Cosgrove and
Green, 1981; Akoyunoglou and Anni, 1984,
Schwartz and Zeiger, 1984; Takemiya et al.,
2007), CO2 exchange, stem elongation and
phototropism (Blaauw and Blaauw-Jansen,
1970; Cosgrove and Green, 1981). Meanwhile
R light is for seed germination and
photosynthesis apparatus (McAllister, 1937,
Balegh and Biddulph, 1970; Szbg et al., 1995),
flowering stimulation (Deitzer et al 1979), and
internode elongation (Morgan and Smith,
1979). Many studies have shown a positive
influence of the combination of B and R LED
on lettuce growth and development (Yanagi et
al., 1996; Lee et al., 2007; Chen et al., 2014;
Amoozgar et al., 2017; Naznin et al., 2019),
while very limited research on a monochromic
LED light in comparison to the normal light
spectrum has been conducted. The first
suggested research on the combination of R
and B lights on lettuce growth was by Bula et
al. (1991), thereby they found lettuce seedlings
faced etiolation under the influence of the
monochromic R LED. Subsequently, Hoenecke
et al. (1992) mentioned that it is necessary to
mix some blue light with R to get adequate
plant growth in lettuce seedling production.
This is because plants naturally grow under

artificial light mixtures or normal sunlight
(Kim et al., 2004; Matsuda et al., 2007).
Although, it is confirmed that R and B lights
are the most important lights in the
improvement of photosynthesis, produce
greater biomass, lower nitrate content in lettuce
plant (Lin et al., 2013). Other monochromatic
lights which are in between 400 nm and 700
nm PAR spectral region such as violet, white,
green, yellow, orange and even invisible light
spectrums under 400 as UV and above 700 nm
as infrared has to be tested on the plants too,
since they might have a similar or even greater
result on the plant performance. UV light may
have the same influence as blue light (Senger,
1984), since phytochrome is influenced by a
small amount of far-red radiation (Yorio et al.,
2001). On the other hand, W LED incorporates
R and B lights, so that plants can survive under
W light (Chen et al., 2016), where W LED is
also typically used for general illumination and
cultivation of plants (Lin et al., 2013).

‘Iceberg’ lettuce variety is a common
outdoor cultivated lettuce in the USA and the
Middle East, besides there is no or very limited
research on the plant influences by LED
(Amoozgar et al., 2017). The nature of the
plant reactions for specific light has to be
addressed in the use of modern technology for
plant growth and development. Thus, this
research aimed to investigate the response of a
common outdoor Crisphead lettuce variety
‘Iceberg’ to different LED lightning in
comparison to the GR (control) light condition.

2. Materials and methods

2.1. Experimental
conditions

set-up and growth

Seeds of ‘iceberg’ lettuce were sown in a
tray with 80 cells containing peat-moss only.
Twenty-five days after the seed sowing, the
seedlings were transplanted under the custom-
made lighting equipment. The homogenized
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seedlings were transplanted in four plastic pots
with 25 cm in height and 25 cm in diameter in
the top and 15 cm at the base. Four growth
cabinets with a size of 80 cm height 60 cm
length were prepared in a complete dark
laboratory room to the (four light treatments) or
light-emitting diodes (LEDs). The boxes were
covered with aluminum foil to avoid light
absorption. The light treatments were installed
in four separate cabinets. The LED lamps
generate included 100% White (W) (430 nm
and 582 nm), Yellow (Y) (570 nm), Red (R)
(660 nm), Blue (B) (460 nm). Four pots were
placed under each light treatment and one
seedling was grown in each pot. All the pots
were filled with the same substrate (peat-moss)
under the same environmental condition except
for the control (GR) treatment. Similar to the
LED treatments, four pot seedlings were also
grown with the same size and substrate, but
under the optimal condition in a greenhouse
(GR) as the control. The seedlings under LED
light treatments were supplied the light
treatment of 16/8 (day/night), RH of 65% =+ 5,
and the temperature of 18-20 °C for 22 days,
while plants under control condition rely on the
sunlight 10/14 day/night light duration with the
same temperature 18-20 °C.

2.2. Measurements of plant growth and
morphology

To measure the morphological characters
such as head weight, leaf number, leaf width,
leaf length and leaf area, three plants were
considered on the day of 22 from transplanting
as the replication per light treatment. All the
parameters were directly measured from fresh
leaves on the harvesting day. The millimeter
graph paper method was performed to measure
the lettuce leaf area (cm?) as described by
Pandey and Singh (2011) based on the
following equation:

Leaf area (cm?) = x/y

X: s the weight (g) of the area covered by
the leaf outline on a millimeter graph paper
y. is the weight of one cm? of the same

graph paper

2.3. Determination of nitrate

A simple method and portable apparatus
were performed a quick measure of nitrate
level in fresh lettuce leaf blade (mg kg™?) and
petiole (mg kg™?) using Green test eco with
margin error of about 10% as it is done by
Klemo and Biti (2018).

2.4. Pigment measurement

Fresh lettuce leaf (0.5) g was grounded in a
mortar and pestle. The grounded leaf was
submerged in 10 ml of 80% acetone till the leaf
color turned to white. The homogenized
extracted juice was then centrifuged in 80-2
tabletop low speed centrifuge 4000 rpm for 15
min at 4 °C. The solution mixture was analyzed
for chlorophyll a (Chl a), chlorophyll b (Chl b),
total chlorophyll (Chl a+ Chl b) and
carotenoids (Car) content in UV/Visible
spectrophotometer at A663.m Chl a, A646nm
Chl b, and A470,m Car. Then the achieved data
was calculated based on the following
equations by Sumanta et al. (2014) (Table 1):

Chla =12.25A663 — 2.79A646

Chl b = 21.5A646 — 5.1A663

Total Chl (a+ b) = 7.15(Ass3) +18.71(Asas)

Car = (1000A470 — 1.82 Chl a — 85.02 Chl
b)/198

2.5. Statistical analysis

The data were analyzed using one-way
analysis of variance (ANOVA), combined with
Duncan’s multiple range tests at the confidence
levels of p < 0.05 using SPSS statistical
analysis software version 25.0. The mean value
and standard errors were expressed in Excel
software.
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Table 1. Spectrophotometric determination of absorbance for Chlorophyll a, Chlorophyll b and
Carotenoids using 80% acetone as a solvent

Light treatment | Chl a (Asssnm) | Chl b (Asssnm) | Car (Aszonm)
GR 0.229 0.161 1.367
W LED 0.532 0.298 1.184
Y LED 0.878 0.599 1.144
R LED 0.594 0.433 1.144
B LED 1.209 0.535 1.150

Note: Ch a = Chlorophyll a, Ch b = Chlorophyll b, Car = Carotenoids

3. Results

3.1. Plant morphology and growth
characteristics

The morphological characteristics of
lettuce were statistically influenced by the light
spectra treatments. Based on the data from
(Table 2), plants grown in the GR condition
responded greater than under the artificial light
(LEDs) condition. Leaf number, for example,
was significantly higher in the plants grown
under the GR (13.25) than under LEDs. Plants
also reacted positively under different LED
treatments themselves, for example, plants
under 430, 582 nm (W LED) formed
significantly more leaves (10.63), while the
least leaf number was under the longest
wavelength 660 nm R LED (7.62). The greatest

positive influence of 460 nm Blue light was
found on the leaf expansion (leaf length) and
leaf area at 17.03 (cm) and 74.84 (cm?)
respectively, while the lowest result was for the
plants grown under W LED at 14.50 (cm) and
24.96 (cm?) respectively. Significant greater
leaf width was for the plants under GR light
condition followed by W, B, Y and R LED
light treatments. Significantly greater head
weight was recorded in the plants grown under
GR and B LED at 8.19 and 8.18 (g), while the
lowest head weight was in the plants grown
under W, R and Y LED at 4.56, 5.17 and 5.63
(g) respectively. Significantly bigger fresh head
weight was under GR growth condition rather
than LED light treatments (Table 2).

Table 2. Influence of light quality on leaf number, leaf length, leaf width, leaf area, and head fresh
weight of Iceberg lettuce 22 days after transplanting

Light Peak Parameters
treatment | Wavelength Leaf Leaf length | Leafwidth | Leafarea | Head weight

(nm) number (cm) (cm) (cm?) (9)

GR 13.25 12.93 7.58 51.65 8.19
+1.282 +1.21° +1.252 +3.09° +0.73%

W LED (430, 582) 10.63 14.50 5.34 24.96 4.56
+1.92° +2.38% +0.88° +3.05° +0.42°

Y LED 580 8.63 14.53 4.38 44 .84 5.63
+1.30° +1.95% +0.92% +5.673° +0.34°

R LED 660 7.62 15.00 3.43 49.43 5.17
+1.60° +1.16° +0.76° +1.82° +0.70°

B LED 460 8.50 17.03 4.61 74.84 8.18
+1.85° +2.262 +0.99° +7.72% +1.16%

Note: Mean values = SD with same letter are not significantly different at p > 0.05 with Duncan multiple
range test; Values in each column are mean £ SD (n=8). GR is the control (Greenhouse), W LED is WHITE
light, Y LED is YELLOW light, R LED is RED light, B LED is BLUE light
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3.2. Chlorophyll and carotenoid contents

In general, pigment accumulation in the
plant grown under light-emitting diodes
(LEDs) resulted in significantly higher than
under greenhouse conditions (Fig. 1 and 2).
Figure 1 demonstrates that chlorophyll
concentration had a distinct response to
different LED light treatments, too. The Chl a
content in the lettuce leaves is higher than Chl
b in all the light treatments including the GR.
Plants under 460 nm B LED produced
significantly higher Chl a content, while the
control treatment was the lowest Chl a.
However, the main significant difference of the
Chl b was in the plants grown under 580 nm Y
LED and the lowest was under GR treatment.
Total chlorophyll was significantly higher

under 460 nm B LED followed by 570 nm Y
LED at 18.85 and 17.48 (mg. mL%)
respectively (Fig. 1). Figure 2 indicates that
lettuce leaves grown under GR light condition
recorded a significantly greater carotenoid
content at 5.89 (mg. mL1) compare to the LED
lighting conditions.

Different LED colors have also impacted
the carotenoid pigment content. 430, 582 nm W
and 460 nm B LED recorded the highest
carotenoid content 4.081 and 3.395 (mg. mL™)
respectively, whereas 580 nm Y LED was the
most influenced light treatment on the leaf
carotene content by recording the lowest
content followed by 660 nm R LED at 2.09 and
3.02 (mg. mL™) respectively.
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Fig. 1. Chlorophyll content under the influence of various light treatments. Error bars indicate
standard deviation (SD); Similar letters are not significantly different at Duncan multiple range test
p>0.05; GR is the control (Greenhouse), W LED is WHITE light, Y LED is YELLOW light, R
LED is RED light, B LED is BLUE light
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Fig. 2. Carotenoids content under the influence of various light treatments. Error bars indicate
standard deviation; Similar letters are not significantly different at Duncan multiple range test p>.05
GR is the control (Greenhouse), W LED is WHITE light, Y LED is YELLOW light, R LED is RED

light, B LED is BLUE light
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The GR treatment was adverse to
chlorophyll pigment accumulation, while it is
more appropriate to carotenoids.

3.3. Nitrate content in lettuce leaves
(mg. kg™

Nitrate concentration in lettuce leaf blade
and petiole was different between the plant
growth  conditions (GR and LEDs).
Statistically, the lowest nitrate accumulation in
leaf blade was in the 580 nm Y LED at 112.43
(mg. kg?), whereas, there were similar and

non-significantly  different among  other
treatments. Also, the lowest nitrate content in
leaf petiole was recorded in 580 nm Y LED
and GR (control) at 63.33 and 115.00 (mg. kg
1) respectively, while the highest nitrate content
was recorded in the plants grown under B LED
followed by W and R LED at 496.67, 316.67
and 298.67 (mg. kg™) respectively. In general,
nitrate concentration was far much higher in
the leaf petiole than in the blade (Fig. 3A and
B).
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Fig. 3. Nitrate level in lettuce leaf blade (A) and petiole (B) under the influence of various light

treatments. Error bars indicate standard deviation; Similar letters are not significantly different at

Duncan multiple range test p > 0.5; GR is the control (Greenhouse), W LED is WHITE light, Y
LED is YELLOW light, R LED is RED light, B LED is BLUE light

4. Discussion

The majority of morphological parameters
(leaf number, leaf width, head fresh weight)
were significantly greater in the ‘Iceberg’
lettuce grown under GR light condition. On the
contrary,  higher  biochemical  contents
(pigments) were obtained in the lettuce leaves
grown under light emitting diodes (LEDS). This
results agree to the result observed by Fan et
al., (2013) where they found the best pigment
accumulation in Chinese cabbage grown under
mixture R/B LED and Dysprosium lamp rather
than monochromic LED lights. Among the
LED light treatments, the greatest chlorophyll
pigments were observed in the seedlings grown
under B and Y LED, whereas carotenoid
pigment under W and B LED. Researchers

agree that blue light is more beneficial to the
pigment accumulation in plants (Kuril¢ik et al.,
2008; Poudel et al., 2008) since plants under
long term blue light improve the ALA-
synthesizing activity (Kamiya et al., 1981).
Plants  cultured under GR  produced
significantly more leaves than  under
monochromic LEDs. Only leaf length and leaf
area were significantly higher under the B
LED. A similar result was recorded by
Hogewoning et al. (2010) where they found
that Cucumis leaf was significantly increased
under blue light irradiation compare to R LED.
Solar light contains all the light spectrums so
that plants having more than a single light can
perform better in improving pigment content,
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biomass and morphological characteristics
(Chen et al, 2014). Lettuce seedlings
responded differently among the LEDs, too.
Some LED lights influenced negatively on
some physical quality parameters, whereas
positive impacts were found for some chemical
contents as nitrate level.

In general, the lowest morphological
parameters (leaf and head biomass) were in the
plants grown under R LED. Brown et al.
(1995) demonstrated that pepper grown under
R LED produced significantly lower biomass
in comparison to those cultured under B LED
and broad spectrum metal halide (MH) lamps.

Lower nitrate accumulation is considered
as a better quality in leafy vegetables
(Santamaria, 2006) since it influences human
health while converted to nitrite. Among the
LED light treatments, we observed that lettuce
under Y LED accumulated significantly lower
nitrate content in both leaf blade and petiole,
whereas the highest nitrate was found in the
plants grown under the B LED (496.67 mg.kg
1 in the leaf petiole, this might be because of
changes in some regulatory mechanism in the
plant (Chen et al., 2014) or the nitrate reductase
genes of messenger RNA in the plant cells
(Lillo, 1994). Matsuda et al. (2007) have also
found that nitrogen level increased per unit leaf
area in Spinach (Spinacia oleracea L.) with
increasing blue-light PFD up to 100 pmol m
st

In our research, leaf morphological
abnormality was found in the ‘iceberg’ lettuce
cultured under red light, while some chemical
contents respond positively with red light such
as total chlorophyll and carotenoids. Y LED,
for example, resulted in the lowest nitrate
content in the lettuce blade and petiole
however, lower fresh biomass was performed
in comparison to other lights including GR
(control). The higher chlorophyll content in the
plants grown under B LED light might be due
to the stomatal opening which B LED is known

for controlling stomal opening in plant leaves
(Sharkey and Raschke, 1981; Zeiger, 1984).
The greater chlorophyll content and leaf area
were found in the cultures irradiated with B
LED. Similar results were recorded by Sabg et
al. (1995) working on in vitro culture of Betula
pendula Roth under red and blue light. Naznin
et al,, (2019) have discovered that pigments
(Chl a, Chl b, and total Chl) in lettuce and basil
increased with the increase of B LED
lightening percentage to R LED. Other research
studies have proven the greater chlorophyll
(Chl) a/b ratio in the plants grown under B light
(Leong and Anderson, 1984; Lopez-Juez and
Hughes, 1995).

In this research, we found significantly
higher carotenoid content in the GR, while the
lowest was recorded in the monochromic Y
LED. Chen et al. (2014) have found

significantly ~ greater ~ chlorophyll  and
carotenoids in the plants grown under
fluorescent light compare to the other
monochromic LED lights.
5. Conclusions

This research shows the potential

irradiation source for indoor lettuce production.
It also demonstrates that not only B and R LED
are important for the modern lettuce production
technics, but other LEDs like Y and W can
positively influence some lettuce quality
parameters and they might be more suitable in
proper combination with other wavelengths of
light. Strategically, light emitting diodes might
be the most appropriate alternative to solar
light. However, monochromic lights are
unprofitable for the morphological parameters
of outdoor lettuce. It is also important to
determine other tests on the influence of LED
on the common outdoor lettuce variety
‘Iceberg’.
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