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Abstract

Light is a vital factor for plant cultivation in space. In this research, the impact of light spectrums
was studied on the growth mechanisms through chlorophyll pigments, enzyme defense system, and
antioxidant metabolite analyses. Seeds were cultivated in Murashige and Skoog (MS) medium and
exposed to different light spectrums of white, red, blue, and red-blue. Results showed that red-blue
lights induced the fresh and dry weight, root length, adventitious roots, relative water content,
chlorophyll content, protein, flavonoids, and antioxidant enzymes of superoxide dismutase and
catalase. Moreover, the highest amount of hydrogen peroxide was observed in seedlings treated
with red light. It seems that red-blue light is a suitable lighting spectrum for M. chamomilla

cultivation in the closed life support system.
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1. Introduction

Plants are key elements in the life support system for space
travel because they can provide food and oxygen for long-
term travel through photosynthesis. Plant growth systems in
the international space station require the use of artificial light
sources for plant growth, and LED lights were designed to
light in weight and generation of little heat. Moreover, they
need less energy in long-term trips compared to traditional
light sources [1]. Matricaria chamomilla L. is a medicinal
plant belonging to the Asteraceae family. It is used in the
pharmaceutical and food industries [2]. So far, few studies
have been conducted on the effect of LED light on the growth,
and antioxidant responses in medicinal plants, and it has not
been investigated in German chamomile. Therefore, the aim
of the current study is to investigate the mechanism of
different light spectrums of white, red, blue, and red-blue light
on the seedling's growth by measuring ROS level, antioxidant
enzyme activities, and plant secondary metabolites.

2. Material and Methods

Plant material

The seeds were put in 10% sodium hypochlorite for 10
minutes, in 70% ethanol for 1 min, and then washed several
times with sterile distilled water. Seeds were cultivated in a
1.2 MS medium and placed under different light spectrums of
white (control), red, blue, and red-blue (respectively with a

ratio of 3 to 1) in the culture room conditions. The seedlings
were harvested after 4 weeks and subjected to various
physiological and biochemical analyses.

The relative water content and pigments

The relative water content and the content of chlorophyll
pigments was evaluated using the method of
Lichtenthaler (1987) [3].

Total sugar and hydrogen peroxide

The total sugar content was measured by the phenol-
sulfuric acid method using a spectrophotometer at 485
nm. Hydrogen peroxide content was evaluated by the
method of DuBois et al., (1956) [4].

Protein, antioxidant enzyme activities, and flavonoid
Fresh leaves (0.1 g) were homogenized in Tris-HCI solution
(1 M, pH 6.8). The protein content was evaluated using the
Bradford method. The activity of superoxide dismutase was
calculated based on the method of Giannopolitis et al.,
(1977) and catalase activity and flavonoid measurement was
done by the Hassanpour et al., (2017) method [5].

Statistical analysis

Statistical analysis was done by ANOVA method using
SPSS (version 21) software. The significant difference
between the means was evaluated by the LSD method at
the level of P <0.05.
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3. Results and Discussion

Growth parameters

Blue and red-blue spectrums caused a significant increase in
the fresh and dry weights, relative water content, and the
number of roots in M. chamomilla seedlings. Blue light

Halimeh Hassanpour

showed a negative impact on the shoot length, (Table 1).
Differences in the growth responses can be related to the
various impacts of spectra on cell division, differentiation
and metabolic states [1].

Table 1. Effect of different light spectra on some growth parameters and relative water content (RWC) of M. chamomilla seedlings

Parameters Light spectra
White Red Blue Red-Blue
Fresh weight (g) 0.065 + 0.0021 ¢ 0.099 + 0.0033b 0.119 + 0.0024 a 0.122 + 0.0036 a
Dry weight (g) 0.0052 + 0.0002 ¢ 0.0089 + 0.0003 b 0.010 +0.0002 a 0.011 +0.0003 a
RWC (%) 61.4+198¢c 78.1+228b 915+345a 83.6 +2.39 ab
Shoot length (cm) 24+031b 3.7+0.18ab 2.1+0.34b 42+0.28a
Root length (cm) 25+0.144 cd 4.2+0.23b 32+0.35¢ 48+0.18a
No. root 27+0.22b 3.2+0.17b 6.4+0.19a 6.7+ 0.28a

Different letters indicated significant (p < 0.05) differences

Photosynthetic pigments and carbohydrates
Photosynthetic pigments increased significantly under
light spectra. Blue and red-blue lights showed the highest
amount of chlorophyll a and b compared to the control
(Figure 1A). On the other hand, the red-blue light showed
the highest carbohydrate content compared to the control
(Figure 1B). Different wavelengths affect the synthesis of
pigments affecting the photo-absorption state of
chlorophyll. Blue light plays an important role in
chlorophyll synthesis and induces chlorophyll synthesis
[4]. The difference in the response of chlorophyll synthesis
and carbohydrate amount can be related to the different
responses of light receptors. Protein content decreased
under red light but increased in the blue and red-blue lights
(Figure 1C). Light spectra can affect the content of proteins
by producing and accumulating ROS. In this study, the
highest content of H,O; and the lowest amount of protein
were observed in seedlings treated to red spectrum (Figure
1D). ROS compounds at high amounts act as a destructive
effect on macromolecules such as proteins, DNA, lipids,
etc. [5].
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Figure 1. Effect of different light spectra on the chlorophyll
(A), carbohydrates (B), protein (C), and H202 (D) content.

Antioxidant enzymes and flavonoids

Enzymatic and non-enzymatic antioxidants play an
important role in ROS detoxification and the protection
of cell damage. Antioxidant enzymes are located in
different parts of the cell and play a role in eliminating
free radicals and reducing cell damage [5]. In this study,
the activity of superoxide dismutase and catalase
enzymes increased under red-blue and blue light
spectrums (Figure 2), indicating the high potential of cells
to scavenge superoxide radicals. Flavonoid content
showed a significant increase under different optical

spectra compared to the control, and the highest value was
observed in red-blue and then in blue light. Flavonoids play an
important role in the ROS scavenging and inhibition of ROS-
producing enzyme systems [1].
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Figure 2. Effect of different light spectra on the SOD (A)
and CAT activities

4. Conclusion

LED spectra showed different physiological and cell defense
responses. Red-blue spectra increased the growth
parameters, which was related to the accumulation of
enzymatic and non-enzymatic antioxidants.
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