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Abstract

In the production of flowers and ornamental plants, especially in the advanced greenhouse
conditions, it is important to have a good light source and its accurate management. This
study aimed to evaluate the effect of light quality on morphological and biochemical traits of
two Marigold genotypes (Iranian-native and Gitana). This experiment was conducted in a
completely randomized design with three replications. The treatments included five light
qualities mcludlnq red blue, 70% red:30% blue (70%:30%), and white lights with an intensity
of 500 pmol m™ s [photosynthetic photon flux density (PPFD)] and greenhouse natural light
(with an average intensity of 650 PPFD). The results showed that light quality had significant
effects on all studied traits at p<0.01. Genotypes had significant effects on the dry weight of
the aerial parts, the number of open flower, and chlorophyll b concentration. The interaction
effect of light and genotype was significant on the fresh and dry weight of the aerial parts.
Between the two genotypes, the Gitana was significantly superior to Iranian-native genotype
for the content of chl b. Among the light qualities, the highest number of flowers per plant,
chlorophyll b and carotenoid concentrations were observed in plants that exposed to red light.
Increase in all studied traits especially in plant height, total flavonoids and chlorophyll a, b,
total, and carotenoid concentrations were observed in the plants that exposed to red, blue, and
red/blue lights. In conclusion, growing both Marigold genotypes under red, blue and
composition of red/blue light, improves quality and quantity of production of Marigold flower
in the greenhouse condition.
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Abbreviations: LED, Light Emitting Diodes; ROS, reactive oxygen species; TFC, Total flavonoid
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Introduction

Marigold or pot Marigold (Calendula
officinalis L.) is an annual plant from the
Asteraceae  family that has spread
extensively in many parts of the world. This

* Corresponding author, Email: d.naderi@khuisf.ac.ir

plant is grown in Europe, Asia, and America
continents (Muley et al., 2009; Safdar et al.,
2010; Caliskan and Kurt; 2018). Marigold
plant has a stem with 20-50 cm long and
leaves with elliptical and tomentose shapes,
which are green to light brown in color. This
plant grows in western parts of Iran (at an
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altitude of 2500 meters above sea level)
(Moghaddasi and Haddad Kashani, 2012;
Moghtader et al., 2016). It has been reported
that Marigold has an exactly long flowering
period, which is resistance to cold conditions
(Muley et al., 2009). Marigold is used as an
ornamental plant with medicine and cosmetic
purposes (Khalid and da Silva, 2012;
Caliskan and Kurt, 2018). It has been
reported that the mean economic purpose for
the breeding and developing of this plant is
to produce medicine, as active ingredients in
its flowers and petals (Martin et al., 2005).
Various studies have revealed that there are
some compounds including carbohydrates,
amino acids, lipids, carotenoids, terpenoids,
flavonoids, volatile oil, quinines, coumarins,
phytosterols, saponins and other constituents
in leaves, flowers, and roots of Marigold
(Naved et al., 2005; Ukiya et al., 2006;
Kurkin and Sharova, 2007; Khalid and
Teixeira da Silva, 2012; Hernandez-Saavedra
et al, 2015; Ashwlayan et al., 2018).
Marigold is used as a sedative traditional
medicine as well as for wound therapy,
ulcers, herpes, scars, skin damage, frostbite,
and blood purification (Verma et al., 2018).
This plant is mainly used for its various
biological activities as antihypertensive,
analgesic, anti-diabetic, anti-ulcer, anti-
inflammatory,  gastrointestinal  diseases,
gynecological problems, eye diseases, skin
injuries (Ashwlayan et al., 2018), antiseptic,
stimulant, diaphoretic, antispasmodic, and
antipyretic agents (Jan et al., 2017).
Furthermore,  plant  growth  and
developmental stages are depended on
genetic factors, environmental cues, and
their interactions (Shahmoradi and Naderi,
2018; Rao et al., 2006). It has been reported
that light is one of the main important
environmental factors affecting plant
growth (Zhang et al., 2017) and necessary
driving force for its photosynthesis
(Aliniaeifard et al., 2018). This factor can
influence plant growth and development
through its intensity, spectrum, and duration
by producing the ATP and NADPH and by
activating the enzymes involved in

photosynthesis (Brotosudarmo et al., 2016;
Johnson, 2016; Aliniaeifard et al., 2018).
Furthermore, some researchers have shown
that light signal perceives via photo
morphogenetic pigments, which include the
red/far-red light-absorbing phytochromes
and blue/UV light-absorbing pigments
(Cosgrove, 1993). Besides, light stimulates
the production of various nutrients,
antioxidants, and secondary metabolites in
plants and help plants to cope with reactive
oxygen species (Darko et al., 2014).

Most of the light sources that used to
enhance plant growth and photosynthesis
processes, have low energy use efficiency
and are not result in the proper plant
functioning (Kim et al., 2004). Therefore,
present light source should be optimized
and should be replaced with other efficient
light sources. Light Emitting Diodes
(LEDs), attracted so much attention because
they have various advantages for plants (Lin
et al, 2013). LEDs can affect plant
morphology and physiology, as well as, can
promote plant growth and development via
manipulating their qualities (color and
wavelength) (Aliniaeifard et al., 2018).
Some studies reported that the combination
of red and blue light spectra have important
roles in leaf development and biomass
accumulation (Stutte et al., 2009; Johkan et
al., 2010; Shengxin et al., 2016; Aliniaeifard
et al.,, 2018). Inoue and Kinoshita (2017)
stated that blue light can keep stomata open
through promoting entering potassium ion
into guard cells and excreting the proton by
activating the plasma membrane proton
pumps. Further, by stomatal opening more
CO; is provided for plants to drive its
photosynthesis (Mott, 2009). Schwartz and
Zeiger (1984) stated that since the opened
stomata are controlled by light blue
receptors, it is possible to increase the dry
weight of the plants by increasing the blue
light ratio in overall intercepted light
spectrum.

Wang et al. (2009) have investigated the
leaf morphology and shoot dry weight under
different ratio of red and blue lights. They
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revealed that the shoot dry weight increases
by higher red/blue light ratios. This occurred
due to increase in the leaf number and leaf
area index. Zhang et al. (2018) in their study
examined the eight spectral LED lights
(white light as control, monochromatic red
light, monochromatic blue light,
monochromatic green light, monochromatic
yellow light, monochromatic purple light and
a combination of red and blue lights with
ratios of 9/1 and 4/1) on the phenotypic and
physiological characteristics of lettuce. They
showed that the light treatments had
significant effects on morphological and
biochemical traits in lettuce so that the
application of red/blue (4/1) light improved
plant height, stem diameter, and fresh weight
of aerial parts; while anthocyanin content
significantly increased under green light
treatment.

Despite the numerous studies concerning
the effects of different LEDs on plants,
there was no comprehensive study about the
effects of LED lights on different varieties
of pot Marigold. Therefore, the present
study aimed to investigate the effects of
various  light qualities on  some
morphological, physiological, and
biochemical traits of two varieties of pot
Marigold.

Materials and Methods

Plant material

In the present study, the effects of five levels
of LED lights on some morphological,
physiological, and biochemical traits of two
varieties of pot Marigold were investigated.
To do so, an experiment was conducted in
May-December 2017-2018 growing seasons
in the research greenhouses of Khorasgan,
Isfahan, Iran (geographical coordinates=
32:38N and 51:45E; 40% relative humidity,
greenhouse temperature with an average of

28 C, and light intensity with an average of
650 PPFD).

Treatments and growth conditions
The research was conducted using a

factorial experiment based on completely
randomized design with five levels of light
qualities, including 100% red, 100% blue,
red/blue with 70/30 ratio, and white
spectrum (400-700 nm, peak at 500 nm) in
incubator, and natural greenhouse light
with an average of 650 PPFD and two
varieties of pot Marigold (Gitana and
Isfahan Native Genotype) that were
provided from the research greenhouses of
Isfahan University of Technology.

At first, two varieties of the Marigold
were planted in research greenhouses of
the Islamic Azad University of Khorasgan
in pots (with a depth of 12 cm and a
diameter of 14 cm). The soil used in this
study contained 20% vermicomposting-
enriched soil (Gilda Company) and 80% of
farm soil. Daily irrigation was performed
to ensure the uniformity in seed
germination. After germination and at
seedling growth stage, the pots were
transferred to an incubator (at 4 to 6-leaf
stage) under aforementioned light qualities
with 500 PPFD with 16 h light and 8 h
dark cycle. In order to prevent any space
limitation for growth of the seedlings, the
size of the pots changed to 2020 cm, and
three seedlings were transferred to each
pot. Plants were grown for three months
under different light spectra. Differences in
plant growth rate and their vegetative traits
were recorded after one month growth
under different light spectra. Following
three months of plant growth, the final
measurements including plant height, leaf
length, leaf width, number of opened
flowers, Chl a, Chl b, total chlorophyll
concentrations, carotenoids, and total
flavonoid content were performed.

Soil characteristics

To determine the soil physic-chemical
characteristics, before the experiment, a
sample of the soil used in the present study
was sent to the soil laboratory to determine
its physical and chemical properties. The
results of soil analysis are shown in Table 1.
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Table 1. Physical and chemical characteristics of soil sample
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The plant height of pot Marigold was
recorded by measuring the distance of
crown to end of the plant using a ruler.

Fresh and dry weights of the aerial tissues
To determine the fresh weight, the aerial
parts of the Marigold plant were harvested
and their fresh weight was measured by a
Mettler Toledo scale. Then, the samples
were put in special paper pockets and
placed in an oven (Shimazco model) for 48
hours at 70 °C. After drying the samples,
the dry weight of the aerial tissues was
measured.

Leaf length and leaf width

To measure the dimensions of the leaves, the
average distance from tip to the end of the
leaf was recorded as leaf length and an
average of the widest part of the leaves were
measured as leaves width using a ruler.

Number of opened flower

The number of open flowers (NOF) per
pots was obtained by counting the mean
number of opened flowers (not flower bud)
per pots on 25 July 2017 (102 days after
transplanting).

Photosynthetic pigments

Chlorophyll a, b, and total concentrations
were assayed based on the Arnon (1949)
method. To do so, 0.1 g of fresh leaf tissue
was weighed and was triturated in a mortar
by acetone 80% until a scum was achieved.
Then, the scum was isolated by a filter
paper. The resulting scum was triturated by
acetone 80% and was isolated. Next, the

transferred to a cell and absorbed by a

spectrophotometer (Model U-1800,
Hitachi) at 645, 663 wavelengths.
Furthermore, the  concentration  of

carotenoids was measured based on the
Lichtenthaler (1987) method. Accordingly,
again, the above steps were performed to
determine the content of carotenoids, and
finally, the content of carotenoids was read
at 470 nm wavelength.

In the present test, it is noteworthy that
acetone 80% was used as a Blank solution.
At the end of the test chlorophyll a, b, and
total and carotenoids concentrations for
each sample were determined by using the
following equations, respectively:

[(12.7 X D663) — (2.69 X D645)] X V

= 1
Chia 1000 x W ()
_ [(22.9 x D645) — (4.93 x D663)] x V 5
Chib = 1000 x W (2)
_ [(20.2 x D645) — (8.02 X D663)] X V
Totalchl = 1000 X W (3)
Carotenoids [(1000 x D470) — (1.82 1x9c£;hl. a) — (85.02 x Chl.b)] (4)

V: Final volume of extracts per mL, W:
Tissue weight per gram, D: Optical
absorption

Total flavonoid content

Total flavonoid content in the leaf of the
Marigold plant was determined by
Aluminum chloride complex-forming assay
(Biju et al. 2014). Quercetin was used as a
standard, and flavonoid content was
determined as the quercetin equivalent.
Based on the procedure, at first, the samples
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were dried and were milled. Then, 2.5 g of
each sample was weighted, and 10 mL of
80% methanol was added to them. The
samples were stored at room temperature
for 24 h in the absolute dark. The above
extracts were then centrifuged at 10,000
RPM for 15 min, and the supernatant fluids
dissociated to determine the flavonoid
content. The calibration process was
measured at 510 nm wavelength to draw the
curve. Flavonoids were reported based on
the mg of quercetin per g dry weight of the
sample (mg QUE g™'DW).

Statistical analysis

In the present study, the above traits were
measured based on the average of three
plants in each experimental unite (per pot).
The research was conducted using a factorial
experiment based on the completely
randomized design. The data were analyzed
by SAS software (version 9.4), and to
compare the data mean, the LSD test was
used at p< 0.05. The charts were drawn by
using Microsoft Excel software.

Results

Plant height
The results of analysis of variance for the
effects of light, genotype, and their
interaction on plant height showed that it
significantly affected by different light
spectra at p<0.01, but genotype treatment
and light x genotype interaction had not
significant effects on plant height (Table 2).
The tallest plants (37 cm) were observed
under blue light spectrum, which had a
significant difference in comparison with
white and greenhouse light treatments. On
the other hand, the shortest plants (25.33
cm) were seen in plants exposed to
greenhouse light. There was no significant
difference between the plant height of
greenhouse and white light-grown plants
(26 cm). The height of plants under blue
light was increased up to 11.55, 15.63,
42.31, and 46.07% when compared to plant
height of red, red/blue, white, and
greenhouse light treatments, respectively
(Table 3).

Table 2. Analysis of variance for plant height, leaf length, leaf width, fresh weight of the aerial tissue, dry
weight of the aerial tissues, and number of open flower traits in two Marigold genotypes exposed to

different light qualities

Treatments df PH LL LW FW DW NOF
Light 4 14753 951 091 1567.74 9321 116.62
Genotype 1 3630™ 043™ 0003™ 109.94 " 1250 22963
Lightx Genotype 4 413" 392" 072" 287.50 17427 37.72"™
Error (E) 10 15.16 4.88 0.25 64.36 271 9.00
cVv 1268 2812 2161 18.18 22.67 34.67

ns: non-significant; * and **: significant at p<0.05 and p< 0.01, respectively.
PH, Plant height; LL, Leaf length; LW, leaf width; FWAT, Fresh weight of the aerial tissues; DWAT, Dry weight of the

aerial tissues; NOF, number of open flower

Table 3. Effects of light spectra on plant height, leaf length, leaf width, and number of open flowers traits
of Marigold plants exposed to different light spectra

Treatments PH (cm) LL (cm) LW (cm) NOF (Number)
Red 33.17° 6.83° 1.93° 1150°
Blue 37.00°% 9.50 ° 2.63° 7.16°°
Red/Blue 32.002 8.93 % 2.80° 9.83%
White 26.00° 7.11°% 2.20%® 0.33¢
Greenhouse Light 25.33° 6.91° 1.08°" 4.67°
LSD 5.89 1.96 0.61 2.79

Mean of each data fallowed by the non-similar letters have significantly difference at p<0.0
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Leaf length and leaf width

Despite the significant effects of light
quality on the leaf length at p<0.05, the
mentioned trait was not affected by the
genotype treatment and light x genotype
interaction (Table 2). The longest leaves
(9.50 cm), was recorded in the plants
exposed to blue light, which had a
significant difference compared to the leaf
length of plants grown under other light
spectra. The length of the leaf in the blue
light-grown plants was 39.09, 6.38, 33.62,
and 37.48% longer than the leaf length of
red-, red/blue-, white-, and greenhouse
light-grown plants, respectively (Table 3).
Furthermore, there was a significant
difference for the leaf width trait at p<0.01
(Table 2) in plants exposed to different light
spectra, however, the genotype and
interaction of light x genotype did not result
in any significant effect on this trait (Table
2). The widest leaf was observed in plants
grown under 70% red-30% blue (with an
average of 2.80 cm), which was 45.08, 6.46,

27.27, and 41.41% wider leaves compared
to the leaves of red-, blue-, white-, and
greenhouse light-grown plants, respectively
(Table 3).

Fresh and dry weights of the aerial tissues
Analysis of variance showed that light
treatment (p<0.01) and interaction of light
x genotype (p<0.05) had significant effects
on fresh weight of the aerial tissues.
Nevertheless, there were no significant
differences between fresh weight of the
aerial tissues of genotypes (Table 2). The
results of light x genotype interaction
showed that the highest fresh weight of the
aerial tissues observed in Gitana genotype
grown under red light (61.49 g). On the
other hand, the lowest fresh weight of the
aerial tissues (Table 4) was recorded in
Gitana genotype grown under greenhouse
light (12.14 g), which had no significant
difference with the fresh weight of the
aerial tissues of Native genotype grown
under white light (23.63 g).

Table 4. Effects of interaction between light quality and genotype on fresh and dry weights of the aerial
tissues of Marigold plant

Treatments
LEDs Genotypes FWAT (q) DWAT (q)
red Native 55.25 2 8.04 ™
Gitana 61.49 2 9.08%
Blue Native 59.76 2 9.43 2°
Gitana 50.28 % 7.29 bed
. a bcd
Red/Blue Ngtlve 54.69 ) 7.23 Ny
Gitana 53.37 6.79
. cd e
White Ngtlve 23.63 ) 3.64de
Gitana 33.70 4.56
. bc a
. Native 36.79 11.17
Greenhouse light .
use g Gitana 12.14¢ 4.43 %
LSD 14.60 2.99

Mean of each data fallowed by the non-similar letters have significantly difference at p<0.05
FWAT, Fresh weight of the aerial tissues; DWAT, Dry weight of the aerial tissues

Analyzing the effects of LEDs,
genotypes, and light x  Genotype
interaction on the dry weight of the aerial
tissues of Marigold showed that genotype,
and light x genotype interaction significant
influenced this trait. Highest dry weight of
the aerial tissues was achieved in native

genotype of Marigold grown under
greenhouse light (with an average of 11.17
g), and the lowest dry weight of the aerial
tissues was obtained in the native genotype
of Marigold grown under white light (with
an average of 3.64 g).
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Number of open flowers

The results of the analysis of variance
(Table 2) showed that the number of open
flowers was only affected by the single
effects of light and genotype treatments at
p<0.01. The highest number of open flower
was observed in red light-grown plants
with an average number of 50.11 flowers
per pot. The lowest number of open
flowers was observed in white light-grown
plants with an average number of 0.33
flowers per pot (Table 3). The native
genotype (with an average number of 9.47)
had more open flowers (+140.97%) than
the Gitana genotype (with an average
number of 3.93) (Fig.1).

Photosynthetic pigments

Analysis of variance showed that the
effects of light quality was significant for
the Chlorophyll (Chl) a, Chl b, total Chl

14

=~}
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10 [
8 \

Number of open flowers
&~ o

[\

and carotenoid concentrations at p<0.01,
but no significant difference was observed
for the genotype treatment and interaction
of light x genotype for the Chl a, total Chl,
and carotenoid concentrations. Moreover,
there was a significant difference for Chl b
at p<0.05 between the genotypes (Table 5).
The highest concentration of Chl a (1.22
mg g ' FW) was observed in red light-
grown plants, which was significantly
different from greenhouse light-grown
plants. On the other hand, the lowest
concentration of Chl a was recorded for
greenhouse light treatment (0.51 mg g™
FW), which was significantly different
from other treatments. Chl a concentration
under red/blue treatment was increased by
3.28, 15.60, 27.27, and 147.06%, compared
to its concentration in plants grown under
red, blue, white, and greenhouse light
conditions, respectively (Table 6).

Native genotype

Gitana genotype

Fig. 1. Effects of Marigold genotype on number of open flower

Table 5. Analysis of variance for Chlorophyll (Chl) a, Chl b, total Chl and carotenoid concentrations and
total flavonoid content in two Marigold genotypes exposed to different light qualities

Treatments df Chl o Chl b Total Chl CAR TFC
LEDs 4 054 044 089 0.001 10012.72
Genotype 1 010™ 0.36 0.26 ™ 0.0001 ™ 1713.78 ™
Lightx Genotype 4 0.08"™ 0.014 ™ 016" 0.0007 "™ 74952 ™
Error (E) 10 0.03 0.005 0.06 0.001 402.81
cV 18.43 25.69 19.48 18.90 17.21

ns: non-significant; * and **: significant at p<0.05 and p< 0.01, respectively.
Chl o, Chlorophyll a; Chl b, Chlorophyll b; Total Chl, Total chlorophyll; CAR, Carotenoids; TFC, Total flavonoid content
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Table 6. Effects of light spectra on Chlorophyll (Chl) a, Chl b, total Chl and carotenoid concentrations
and total flavonoid content of Marigold plant

Chl o (mg.g* Chlb(mg.g®  TotalChl CAR (mg.g* TFC (m
Treatments F\SV)g ’ F\§V)g D (megirw) F\(N)g ’ QUE.g‘g ow)

Red 1222 0.37° 1592 0.199 ® 148.66 °

Blue 1.092 0.28 2 1.37° 0.194 % 151.252
Red/Blue 1.26% 0.35% 1.61% 0.21% 138.40%
White 0.99% 0.28% 1.27° 0.16" 67.09
Greenhouse Light 0.51° 0.15° 067° 0.11° 77.61°
LSD 0.30 0.11 0.400 0.03 49.97

Mean of each data fallowed by the non-similar letters have significantly difference at p<0.05
Chl o, Chlorophyll a; Chl b, Chlorophyll b; Total Chl, Total chlorophyll; CAR, Carotenoids; TFC, Total flavonoid content

0.4
0.35
0.3
0.25

——

0.2
0.15
0.1
0.05

Contration of Chlb (mg g'! T'W)

Native genotype

Gitana genotype

Fig. 2. Effects of Marigold genotype on concentration of Chlorophyll (Chl) b

Also, there was a significant difference
between the concentration of Chl b of
plants grown under different light spectra.
The highest content of Chl b (0.37 mg g™
FW) was achieved in plants grown under
red light, without significant difference
with its concentration in blue light- (0.28
mg g FW), red/blue light- (0.35 mg.g™
FW), and white light- (0.28 mg.g* FW)
grown plants. On the other hand, the lowest
concentration of Chl b (0.15 mg g* FW)
was observed in plants grown under
greenhouse light, which was significantly
different from other treatments (Table 6).
Concentration of Chl b in Gitana genotype
(0.32 mg g FW) was 28% more than its
concentration in native genotype (Fig.2).

The highest total Chl concentration
(1.59 mg g FW) was obtained in plants
grown under red light. On the other hand,

the lowest total Chl concentration (0.67 mg
g™ FW) was achieved in plant grown under
greenhouse light. There was a significant
difference  between the total Chl
concentration in plants grown under
greenhouse light compared to the other
light treatments (Table 6).

The highest carotenoid concentration (0.21
mg g™ FW) was obtained in the red/blue light-
grown plants and the lowest carotenoid
concentration (0.11 mg g FW) was detected
in the plants grown under greenhouse light.
There was no significant difference between
the carotenoid concentration of plants grown
under red and blue lights, while there was a
significant difference between the carotenoid
concentration in  plants grown under
greenhouse light in comparison with the
carotenoid concentration in other plants
(Table 6).
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Total flavonoid content

Total flavonoid content was influenced by
the effect of light spectra at p<0.01. There
was no significant difference between the
genotypes and among the interactions of
light and genotype (Table 5). The highest
total flavonoid content was achieved in blue
light-grown plants (151.25 mg QUE g™
DW). On the other hand, the lowest total
flavonoid content (67.09 mg QUE g* DW)
was detected in white light-grown plants
(Table 6), without significant difference
with plants grown under white and
greenhouse lights (77.61 mg QUE g™ DW).
Blue light caused 1.74, 9.28, 125.44, and
94.89% increase in total flavonoid content
compared to its content in red-, red/blue-,
white-, and greenhouse light-grown plants,
respectively (Table 6).

Discussion

Light is one of the most effective and
stimulatory factors for plant growth and
development (Hogewoning et al., 2010;
Curreyand Lopez, 2013). It is also an
energy source for plant photosynthesis and
a regulator factor for plant physiological
activity (Son and Oh, 2013; Aliniaeifard et
al., 2018). Nowadays, artificial lights are
used in greenhouse and laboratory
experiments to reduce the adverse effects
of unfavorable radiation and to provide
favorable growth conditions for plants. For
this purpose, the development of LEDs has
been suggested to optimize radiation use
efficiency of the crops (Gruda and Tanny,
2014). It has been reported that responses
of plants to the application of different
light spectra, such as blue and red, are not
the same in different environments
(Randall and Lope, 2014). These photo-
responses are of valuable significance in
agricultural sciences, due to their effects on
plant growth, development, and nutritional
quality (Linet al., 2013). Furthermore, it
has been shown that light quality, intensity,
and photoperiod influence morphological,
physiological, = metabolic  traits and
nutritional quality of plants (Ward et al.,

2005; Perez-Balibreaet al., 2008; Liu et
al.,, 2011; Zhanget al., 2018). In the
present study, our results indicated that
light quality had significant effects on
morphological and growth traits in the
Marigold plant. In a way that, the best
growth performance was obtained under
blue, red and red/blue treatments (Table 3).
In agreement with our results, Fukuda et al.
(2011) found that blue light promotes the
stem elongation in the petunia plant. On
the other hand, Steele (2004) revealed that
plants under the red light treatment had
more height compared to the other light
treatments. Furthermore, some researchers
believed that different lights, such as blue,
have different effects on stomatal opening,
photosynthesis process, leaf physiological
responses, and thus, provides the CO, for
the proper plant growth (Frechillaet al.,
2000; Muneer et al.,, 2014; Miaoet al.,
2016). In the present study the biggest
leaves were obtained under blue light, and
in confirmation of the positive impacts of
blue light on plants, similar studies
revealed that blue light is essential light
spectrum for leaf expansion, and for
increase the leaf area (Liet al., 2010;
Johkanet al., 2012). Therefore, it is
possible that the morphological traits of the
Marigold plant under blue light, such as
plant height, leaf area, and leaf width, may
depend on the effects of this light on
physiological activity of the plants.

Raju et al. (2013) and Muneer et al.
(2014) stated that the structure and
physiology of plants are regulated by light
signals, and the initial responses of plants
for photosynthesis, growth, and yield
depend on the lighting condition. In this
regard, Lefsrud (2008) and Ramakrishna et
al. (2011) indicated that light quality have
great effects on the contents of pigments.
The highest concentration of Chl o and
total Chl were achieved under red/blue
treatment, and the highest concentration of
Chl b and carotenoids were obtained in
plants grown under blue light. In
accordance with the obtained results of the
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present study, Wang et al. (2009) showed
that the blue and red light spectra had
positive effects on pigments, and as result
the growth and yield of the plants will be
also improved. Zhang et al. (2018)
examined the effects of different LED
sources including white light (control),
purple, blue, red, green, yellow and
red/blue light in 9:1 and 4:1 ratios on the
growth, quality and nitrogen metabolism of
lettuce and showed the purple, blue, red,
green, yellow and red/blue light increase
the mentioned traits in lettuce plants. Also,
they found that the activities of the
nitrogen metabolism-related enzymes were
increased under purple, blue, red, and
red/blue lights. Therefore, it can be
possible that improvement of growth
parameters in the present study has been
linked to the nitrogen metabolism and
enzymatic activity, but more researches in
this context should be done. Furthermore,
it has been stated that plants commonly
show higher photosynthetic properties
under blue light than the red and other
lights (Savvides et al., 2012; Aliniaeifard et
al., 2018). Accordingly, increase in the
concentration of Chl o and other
photosynthetic pigments under blue light
treatments (Table 6) can be related to the
above reason.

Flavonoids are phenolic compounds that
can affect the color and flavor of the plants
(Hichri et al., 2011), and it has been proven
that different light sources can affect the
content of flavonoids (Zhang et al., 2018).
Zhang et al. (2018) showed that the content
of total flavonoid in lettuce increases by
application of blue light. In the present
study, despite of no significant effects of
cultivars on total flavonoid content, light
spectra caused significant differences on
this index so that the highest total
flavonoid content was obtained under blue,
red, and red/blue treatments and the lowest
total flavonoid content was detected under
greenhouse light. Lobiuc et al. (2017)
showed that light quality has different
effects on diverse plant species. They

showed that red and blue LEDs caused
rapid growth and increased phenolic
content in basil, but total phenol content
varied between different basil varieties.
These results are in consistent with the
obtained results of the present study about
the effects of blue light on total flavonoid
content. Based on our results, despite the
positive effects of LEDs on the total
flavonoid content, there was no significant
difference between two cultivars on this
regard.

Lee et al. (2014) examined the effects of
light spectra on buckwheat and reported
that blue and red lights elevate flavonoid
content in buckwheat sprouts. In another
study, Takemiya et al. (2005) showed that
blue light photoreceptors realize the
specific ~ wavelengths and  regulate
photomorphogenic responses. On the other
hand, cryptochrome, as photoreceptors for
blue light, induces expression of the genes
that are involved in flavonoid biosynthesis,
e.g. chalcone synthase gene (Wade et al.,
2001). Therefore, according to the above
studies, it can be probable that there is a
special connection between the perception
of blue light and the biosynthesis of
flavonoids. However, the effects of light
spectrum on the mechanism of the
biosynthesis of flavonoids are not well
known yet (Nam et al., 2017), which can
be investigated by future studies.

Conclusion

In conclusion, application of different light
spectra, in LED forms, was effective in
increasing the growth and yield of the pot
Marigold. Therefore, due to the fact that
there was no significant difference between
different light spectra, it is recommended
to use artificial lighting using LEDs,
especially blue, red, and a combination of
them, for improving growth and yield of
pot Marigold plants.
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