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Abstract

Through its impact on morphogenesis, light is the key environmental factor that alters plant structural development; 
however, the understanding how light controls plant growth and developmental processes is still poor and needs further 
research. For this purpose, a Petri dish and pot experiment was conducted to investigate the effects of different LEDs, 
i.e., white light (WL), red light (RL), blue light (BL), and orange light (OL) on morphology, gas-exchange parameters, 
and antioxidant capacity of Brassica napus. Compared with WL, RL significantly promoted plant growth and biomass, 
contents of photosynthetic pigments, and gas-exchange parameters in comparison to BL and OL. However, RL also helped 
decline malondialdehyde and proline contents and superoxide anion and peroxide production rate. In contrast, BL and 
OL significantly reduced plant growth and biomass, gas-exchange attributes and increased the activities of superoxide 
dismutase and peroxidase in Petri dish as well as in pot experiment. These results suggest that red light could improve 
plant growth in B. napus plants through activating gas-exchange attributes, reduce reactive oxygen species accumulation, 
and promote antioxidant capacity.
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Introduction

Light and temperature are essential environmental factors 
affecting the plant survival, distribution of dry mass, and 
crop yield (Rehman et al. 2017, Saleem et al. 2019b). 
Plants are exposed to a variety of environmental factors 
including low and high temperatures, light intensity, 
alkalinity, acidity, drought, and oxidative damage (Fahad 
and Bano 2012, Fahad et al. 2013, 2014a,b; 2015a,b; 
2016a,b,c,d; 2017, 2018, 2019a,b; Saud et al. 2016, 
2017a,b). Various factors, such as temperature, light, 
pH, aeration, and agitation affecting the production of 
metabolites have been studied extensively (Fukuda et al. 
2008, Haliapas et al. 2008, Janda et al. 2014, Yu et al. 2017, 
Sytar et al. 2019). Specifically, changes in light quality 

due to the spectral properties of tissue pigments strongly 
affect plant anatomical, physiological, morphological, 
and biochemical parameters of leaves (Zhao et al. 2012, 
2018; Saud et al. 2014, Rehman et al. 2017). The sound 
effects of light are diverse and significant to the long-term 
survival of food specialty crop species (Urbonavičiūtė  
et al. 2007, Nanya et al. 2012, Zhao et al. 2013a). Quality 
of light or modulating wavelengths, which are detected by 
phytochromes in plants, can cause changes in morphology 
and development (Kami et al. 2010, Zhao et al. 2013b). The 
spectrum of visible light is formed by red, orange, yellow, 
green, blue, indigo, and violet. Far-red light is essential for 
stimulating flowering in long-day plants (Shimizu et al. 
2011, Kobayashi et al. 2013). Blue light induces stomatal 
opening and deactivates guard cell solute uptake in a 
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wide range of plant species (Evans and Halliwell 2001, 
Trouwborst et al. 2010). Orange light reduces plant growth 
and CO2 assimilation (Wang et al. 2001, Cope and Bugbee 
2013). LEDs are solid-state semiconductors that produce 
a narrow spectrum and noncoherent light and are much 
more efficient than any glass-envelope lamp (Singh et al. 
2015, Rehman et al. 2017). LEDs can have peak emission 
wavelengths from ~ 250 nm (UV) to ~ 1,000 nm (infrared) 
with more efficient performance and longevity well 
beyond any traditional lighting system (Bourget 2008, 
Morrow 2008).

Stress conditions can disturb the dynamic equilibrium 
of reactive oxygen species (ROS) production and elimi-
nation under normal growth in plants (Rizwan et al. 
2016) which promotes ROS accumulation, membrane 
lipid peroxidation, and disrupt the structure and function 
of cell membrane system (Sgherri et al. 2007, Quartacci 
et al. 2015, Rehman et al. 2019a, Saleem et al. 2019a, 
Kamran et al. 2020a). ROS, such as superoxide radical, 
H2O2, singlet oxygen (1O2), and hydroxyl radicals (OH) in 
plants are removed by a variety of antioxidant enzymes, 
such as superoxidase dismutase (SOD, EC 1.15.1.1.) and 
peroxidase (POD, EC 1.11.1.x) (Lee et al. 2003, Wu et al. 
2007, Mastropasqua et al. 2012, Rehman et al. 2019b, Rana 
et al. 2020, Saleem et al. 2020c). Rapeseed (Brassica napus 
L.) is sensitive to light quality. The factory production of 
rapeseed seedlings for vegetable use and for transplanting 
in the field requires an investigation of the responses of  
B. napus to light quality (Li et al. 2012, Thiyam-Holländer 
et al. 2014, Zhang et al. 2015, Chang et al. 2016, Wu and 
Ma 2018, Khan et al. 2019). B. napus is the second largest 
oil crop in the world, and China ranks the second place in 
the world in the production of B. napus (FAOSTAT 2013).  
A plant factory with LEDs may provide high precision and 
standardization of B. napus plants for transplanting and 
vegetable cultivation. However, B. napus is very sensitive 
to the light quality (Li et al. 2012, Chang et al. 2016), and 
its responses to light quality should be investigated before 
the LEDs are applied in the plant factory. The aim of the 
present study was to quantify and compare the influences 
of varying light quality on biomass, photosynthetic 
capacity, photosynthetic pigment content, gas-exchange 
attributes, as well as ROS production and antioxidant 
enzyme activities of B. napus plants. Findings from the 
study are needed for better understanding morphological 
and physiological responses of plants to differential light 
quality. Additionally, this research can aid in designing 
the appropriate light environment to promote the growth 
of B. napus plants and to provide a theoretical basis for 
standardized cultivation of oil seed plant.

Materials and methods 

Petri dish experiment was conducted under glasshouse 
environment using different LEDs (100 W, Dongri Optics 
Technology Co., Ltd., Dongguan, Guangdong Province, 
China) with day and night temperature range (2−10°C) 
outside and humidity of 80–90% in Huazhong Agricultural 
University Wuhan, China (114.20'E, 30.28'N; 50 m a. s. l.) 
in October 2017. Ten seeds of ‘Huaza  No. 5’ (released 

from Bast and Fiber Research Center of Huazhong 
Agricultural University) were used for each Petri dish 
(90 mm in diameter). Seeds were surface-sterilized with 
10% (v/v) commercial bleach for 15 min followed by a 
thorough washing in distilled water for the prevention of 
surface fungal/bacterial contamination. Each Petri dish 
was then placed under different LEDs. The wavelengths 
of different LEDs were WL (400 nm), RL (660 nm), BL 
(450 nm), and OL (610 nm) as shown in (Fig. 1) and 
measured by LI6400 (Li-Cor, Nebraska, USA). The Petri 
dish experiment was performed in completely randomized 
design (CRD) with three replicates for each treatment. 
All plants were harvested after 21 d after sowing (DAS) 
and different morphological traits and sampling were 
taken for physiological analysis. All chemicals used were 
of analytical grade, procured from Sinopharm Chemical 
Reagent Co., Ltd., China.

Pot experiment: In late October 2017, a pot experiment 
started using pots (30-cm-tall × 20-cm-wide) having 10 kg 
of natural soil (obtained from different experimental 
stations of Huazhong Agricultural University, Wuhan, 
China). Physicochemical properties of natural soil used 
for pot experiment were of pH 5.6, EC of 1.98 dS cm−1,  
23 mg(organic matter) kg−1, 58 mg(exchangeable K) kg−1, 
39 mg(exchangeable N) kg−1, and 0.16 mg(exchangeable P) 
kg−1. Pots were placed under natural light (sunlight) and 
after germination of seeds (21 DAS), pots were shifted 
under different LEDs. Ten seeds were sown in each pot, 
which were then thinned to three plants and three pots 
were placed under each LED with three replications. N, P, 
and K (complex) were given to each pot as recommended 
by Kamran et al. (2020a). Deionized water was added 
and soil-water suspension was maintained (w/v, 1:2.5); 
thinning and other necessary intercultural operations were 
carried out as necessary. Pots were placed in a glasshouse, 
where plants received natural light, with day/night 
temperature of 2–10°C and day/night humidity of 80/90%. 

Fig. 1. Relative radiance of plastic filter used: WL (white light), 
RL (red light), BL (blue light) and OL (orange light).
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Sampling for different physiological attributes was done at 
60 DAS and all plants were harvested on 5 March 2018. 

Sampling and data collection: For Petri dish experiment, 
all seedlings were harvested at 21 DAS, while for pot 
experiment, all plants were harvested at 150 DAS. 
Fresh leaves from each treatment were harvested at a 
rapid growth stage during 09:00–10:30 h. The sampled 
leaves were washed with distilled water, immediately 
placed in liquid nitrogen, and stored in a freezer at low 
temperature (–80°C) for further analysis. Plants were 
randomly selected to measure their height, fresh and dry 
mass. Height was measured with the help of measurement 
scale. Stem diameter (mm) was measured by using digital 
Vernier caliper (ST22302SG Tools, Hangzhou, China) 
above 10 cm from the soil surface. The B. napus shoots 
and roots were washed with deionized water to remove the 
adhered soil and dried on filter paper. The fresh biomass of 
shoots and roots was calculated by using a digital balance 
with 0.001 g accuracy. Afterwards, plant tissues were oven 
dried (model 100-800, Memmert GmbH, Schwabach, 
Germany) at 67°C until they reached a constant mass to 
determine dry biomass.

Photosynthetic pigments and gas-exchange parameters: 
For the analysis of chlorophyll (Chl) contents, 0.1 g of fresh 
leaf sample was extracted with 8 mL of 95% acetone for 
24 h at 4°C in darkness. The absorbance was measured by 
a spectrophotometer (Shimadzu UV-2550, Kyoto, Japan) 
at 646.6, 663.6, and 450 nm. Chl contents were calculated 
by the standard method of Arnon (1949) and expressed in 
mg g−1(fresh mass, FM).

Gas-exchange parameters were measured using a port-
able photosynthesis system Li-6400 (Li-COR, Lincoln, 
NE, USA): net photosynthesis (PN), transpiration rate (E), 
stomatal conductance (gs), and intercellular CO2 concen-
tration (Ci). These parameters were measured during 
10:00–11:00 h when all plant parts were fully functional.

Malondialdehyde (MDA), proline, and antioxidant 
enzyme activities: The degree of lipid peroxidation was 
evaluated as malondialdehyde (MDA) contents. Frozen 
leaves of 0.1 g were ground at 4°C in a mortar with 25 mL 
of 50 mM phosphate buffer solution (pH 7.8) containing 
1% polyvinylpyrrolidone (PVP). The homogenate was 
centrifuged at 10,000 × g at 4°C for 15 min. The mixtures 
were heated at 100°C for 15–30 min and then quickly 
cooled in an ice bath. The absorbance of the supernatant 
was recorded by using spectrophotometer (xMark™ 
microplate absorbance spectrophotometer, BioRad, 
USA) at the wavelengths of 532, 600, and 450 nm. 
Lipid peroxidation was calculated using the following 
formula: 6.45 (A532 – A600) – 0.56 A450 and expressed in 
mg(MDA) g−1(FM). The method was followed by Heath 
and Packer (1968). 

Proline contents were measured by using (0.1 g) 
homogenate in 3% of aqueous sulphosalicylic acid and 
distilled water. The proline content was assessed by the 
technique described by Bates et al. (1973) and expressed 
in mg g−1(FM). 

In order to check enzyme activities, fresh leaves (0.5 g) 
were homogenized in liquid nitrogen and 5 mL of 50 mM 
sodium phosphate buffer (pH 7.0) including 0.5 mM EDTA 
and 0.15 mM NaCl. The homogenate was centrifuged at 
12,000 × g for 10 min at 4°C, and the supernatant was used 
for measurement of SOD and POD activities. 

The SOD activity was assayed in 3 mL of reaction 
mixture containing 50 mM sodium phosphate buffer (pH 7), 
56 mM nitroblue tetrazolium (NBT), 1.17 mM ribofavin, 
10 mM methionine, and 100 μL of enzyme extract. Finally, 
reading was taken by using spectrophotometer (xMark™ 
microplate absorbance spectrophotometer, Bio-Rad, 
USA). We followed the method by Chen and Pan (1996); 
SOD activity was expressed as U g–1(FM).

POD activity in leaves was estimated using the method 
of Sakharov and Aridilla (1999) and was assayed using 
guaiacol as the substrate. The reaction mixture (3 mL) 
contained 0.05 mL of enzyme extract, 2.75 ml of 50 mM 
phosphate buffer (pH 7.0), 0.1 mL of 1% H2O2, and 0.1 mL 
of 4% guaiacol solution. The increase in the absorbance 
at 470 nm due to guaiacol oxidation was recorded for 
2 min. One unit of enzyme activity was defined as the 
amount of the enzyme causing a change in absorbance of 
0.01 per min. The specific POD activity was expressed as  
U g−1(FM).

Statistical analysis: All results were presented as 
arithmetic means with standard deviation except otherwise 
defined. One-way analysis of variance (ANOVA) was 
performed with LSD test at p≤0.05 to measure differences 
in variables between the different treatments followed 
by LSD test to compare with treatments means using 
Statistix 8.1. Graphical presentation was carried out using 
SigmaPlot 10. The Pearson's correlation coefficients 
between the measured variables of rapeseed were also 
calculated using R Studio.

Results

The results of present study revealed that different quality 
of lights induced different growth and biomass in B. napus 
seedlings and plants. In Petri dish experiment, different 
morphological traits, i.e., seedling length, root length, 
shoot length, and seedling fresh mass were measured 
(Table 1). The results depicted that seedling length 
increased under RL by 29.2% when compared with WL 
(control treatment). The maximum seedling length was 
8.4 cm when plants grew under RL, while the minimum 
seedling length was 3.38 cm when plants were grown 
under OL compared with WL. In the same way, maximum 
seedling fresh mass was observed in plants when grown 
under RL (3.1 g per seedling), while minimum fresh mass 
was observed in OL (2.0 g per seedling) compared with 
WL. These results suggested that RL improved seedling 
growth and biomass, while BL and OL reduced growth 
when compared with WL. 

In pot experiment, different morphological traits, such 
as plant height, root length, crown length, plant diameter, 
root diameter, number of branches, number of leaves, plant 
fresh mass, leaf fresh mass, plant dry mass, stem dry mass, 
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and leaf dry mass were measured (Tables 2, 3). Maximum 
plant height and crown length was observed in the plants 
when grown in RL and increased by 13.2 and 32.2%, 
respectively, when compared with WL. The maximum 
plant height was 120 cm and crown length was 41 cm in 
the plants grown under RL. Similarly, the highest amount 
of fresh and dry biomass was observed when grown under 
RL and the lowest when grown under OL and BL. The 
maximum plant fresh mass and dry mass increased by 
18.6 and 20%, respectively, when plants were grown in 
RL compared with WL. However, maximum fresh mass 
was 235 g per plant and maximum dry mass was 126 g per 
plant in plants grown under RL compared with WL. 

Different LEDs resulted in difference in the contents 
of total chlorophyll (Chl) and carotenoids (Fig. 2). The 
results from present study depicted that RL significantly 
increased total Chl and carotenoid contents, while BL 
and OL reduced these contents when compared with WL. 
For Petri dish experiment, the contents of total Chl and 
carotenoids increased by 17.5 and 20.4%, respectively, 
under RL, while the contents of total Chl and carotenoids 
were reduced by 9.2 and 15.9%, respectively, under OL 

when compared with WL. The maximum contents of total 
Chl and carotenoids were observed in plants grown under 
RL which were 2.4 and 0.53 mg g–1(FM), while minimum 
contents of total Chl and carotenoids were observed in 
plants grown under OL [1.8 and 0.35 mg g–1(FM)] when 
compared with WL. 

The similar pattern for total Chl and carotenoids 
was also observed in the pot experiment (Fig. 2). RL 
significantly increased total Chl and carotenoids, while BL 
and OL reduced these contents when compared with WL. 
The contents of total Chl and carotenoids increased by 
11.9 and 9.1%, respectively, under RL, while the contents 
of total Chl and carotenoids were reduced by 27.9 and 
53.2%, respectively, under OL when compared with WL. 
The maximum contents of total Chl and carotenoids were 
observed in plants grown under RL, which were 2.72 and 
0.84 mg g–1(FM), while minimum contents of total Chl and 
carotenoids were observed in plants grown under OL, i.e., 
1.75 and 0.36 mg g–1(FM) when compared with WL. 

Different gas-exchange parameters for the pot experi-
ment exhibited different response when plants were grown 
under different LEDs (Fig. 3). The maximum value for 

Table 1. Effect of different colors of light on seedling height, root length, shoot length, and total fresh mass in Petri dish experiment on 
Brassica napus. Data are the average of three replications ± SD. Different letters within a column indicate significant difference between 
the treatments (P<0.05 or P<0.01). Relative radiance of plastic filter used: WL (white light), RL (red light), BL (blue light) and OL 
(orange light). 

Light Seedling height [cm] Root length [cm] Shoot length [cm] Total fresh mass [g]

WL 6.50 ± 0.12b 1.53 ± 0.03b 4.97 ± 0.12b 2.70 ± 0.06b 
RL 8.42 ± 0.12a 1.80 ± 0.06a 6.67 ± 0.09a 3.10 ± 0.06a

BL 4.52 ± 0.12c 1.27 ± 0.03c 3.30 ± 0.06c 2.63 ± 0.03b

OL 3.38 ± 0.15d 0.93 ± 0.03d 2.50 ± 0.06d 2.00 ± 0.06d

Table 2. Effect of different colors of light on plant height, root length, plant diameter, root diameter, crown length, number of branches, 
and number of leaves in pot experiment on Brassica napus. Data are the average of three replications ± SD. Different letters within  
a column indicate significant difference between the treatments (P<0.05 or P<0.01). Relative radiance of plastic filter used: WL (white 
light), RL (red light), BL (blue light) and OL (orange light). 

Light Plant height 
[cm]

Root length 
[cm]

Plant diameter
[mm]

Root diameter
[mm]

Crown length
[cm]

Branches
[per plant]

Leaves 
[per plant]

WL 106 ± 3b 11.0 ± 1.0b 10.0 ± 0.1c 10.0 ± 0.3b 31 ± 1b   8.0 ± 0.3b 60 ± 1b

RL 120 ± 2a 16.0 ± 0.4a 10.0 ± 0.1c   8.0 ± 0.4c 41 ± 1a 10.0 ± 0.3a 74 ± 1a

BL   93 ± 1c   9.0 ± 0.2c 13.0 ± 0.3a 12.0 ± 0.5ab 26 ± 1b   7.0 ± 0.6b 51 ± 1c

OL   81 ± 1d   6.0 ± 0.2d 14.0 ± 0.6a 14.0 ± 0.6a 18 ± 1c   4.0 ± 0.3c 34 ± 1d

Table 3. Effect of different colors of light on plant fresh mass (FM), leaves FM, plant dry mass (DM), leaves DM, and stem DM in pot 
experiment on Brassica napus. Data are the average of three replications ± SD. Different letters within a column indicate significant 
difference between the treatments (P<0.05 or P<0.01). Relative radiance of plastic filter used: WL (white light), RL (red light), BL (blue 
light) and OL (orange light). 

Light Plant FM [g] Leaves FM [g] Plant DM [g] Leaves DM [g] Stem DM [g]

WL 198 ± 1b   90 ± 3b 105 ± 2b   9.0 ± 0.1b 10.0 ± 0.2b

RL 235 ± 10a 112 ± 3a 126 ± 2a 11.0 ± 0.5a 12.0 ± 0.2a

BL 176 ± 1b   79 ± 2c   91 ± 4b   8.0 ± 0.1bc   6.0 ± 0.1c

OL 115 ± 3c   51 ± 2d   65 ± 2c   6.0 ± 0.1c   3.0 ± 0.1d
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PN, E, gs, and Ci were observed in the plants when grown 
under RL compared with WL. Under RL, PN increased by 
28.8%, E increased by 14.6%, gs increased by 15.1%, and 
Ci increased by 8.6% when compared with WL. However, 
the minimum value of PN was 6.3 μmol m–2 s–1, E was  
6.3 nmol m–2 s–1, gs was 0.14 mmol m–2 s–1, and Ci was  
204 μmol mol–1 in plants grown under OL compared with 
WL. 

In the present study, the effect of different LEDs on 
lipid peroxidation, contents of proline, and antioxidant 
enzymes in B. napus were also investigated (Fig. 4). 
The results depicted that plants grown under BL and OL 
significantly increased MDA contents in the leaves which 
indicated that BL and OL induced oxidative damage in  
B. napus. In the Petri dish experiment, the contents of MDA 
increased by 22.6 and 12.2% when plants were grown in 
BL and OL, respectively, compared with WL. In the same 
way, maximum contents of proline were observed in 
plants grown under BL and OL, i.e., 36 and 40 μg g–1(FM), 
respectively, compared with WL. It was also observed that 
enzymatic activities of SOD and POD increased in plants 
grown under BL and OL compared with WL (Fig. 4C,D). 
The maximum activity of SOD increased by 15.1 and 
14.7%, respectively, while POD activity increased by 19.3 
and 17.7%, respectively, when plants were grown under 
BL and OL compared with WL. The minimum activity 
of SOD and POD was observed in plants grown under 
RL, i.e., 62 and 2,200 U g–1(FM), respectively, compared  
with WL. 

In the pot experiment, BL and OL also caused severe 
damage to the membrane of lipids compared with WL  
(Fig. 4A). Results from the present experiment depicted 
that the contents of MDA increased by 20.3 and 17% 
in plants grown under BL and OL, respectively, which 
showed that BL and OL caused oxidative damage in the 
leaves of B. napus. Proline content increased by 68.4 and 
103.6% in plants grown under BL and OL compared to 
WL. The maximum contents of proline were observed in 
plants grown under BL and OL, 41 and 49.7 μg g–1(FM) 
compared with WL. The enzymatic activity was also 
investigated for the pot experiment and results depicted 
that SOD activity increased by 15.6 and 16%, respectively, 
while POD activity increased by 25.7 and 64.3%, 
respectively, in plants grown under BL and OL compared 
with WL. 

The Pearson's correlation analysis was carried out 
to quantify the relationship between various studied 
parameters (Fig. 5). Plant height was positively correlated 
with other growth attributes, photosynthetic pigments, 
and gas-exchange parameters, while negatively correlated 
with total diameter and root diameter of the plant. Total 
diameter of plant was positively correlated with root 
diameter while negatively correlated with all other growth 
parameters, photosynthetic pigments, and gas-exchange 
parameters. This correlation reflected the close connection 
between growth parameters, photosynthetic pigments, and 
gas-exchange parameters in B. napus.

Fig. 2. Influence of different colors of light on chlorophyll a (A), chlorophyll b (B), total chlorophyll (C), and carotenoids (D) of Brassica 
napus. Relative radiance of plastic filter used: WL (white light), RL (red light), BL (blue light), and OL (orange light). Different letters 
indicate statistical differences (P≤0.05) or (P≤0.01) according to an LSD test. Data are the average of three replications ± SD. PET – 
Petri dish experiment; POT – pot experiment.
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Fig. 3. Influence of different colors of light on net photosynthesis (A), stomatal conductance (B), transpiration rate (C), and intercellular 
CO2 concentration (D) in Brassica napus of pot experiment. Relative radiance of plastic filter used: WL (white light), RL (red light), BL 
(blue light) and OL (orange light). Different letters indicate statistical differences (P≤0.05) or (P≤0.01) according to an LSD test. Data 
are the average of three replications ± SD.

Fig. 4. Influence of different colors of light on malondialdehyde (MDA) (A), proline (B), superoxide dismutase (SOD) (C), and 
peroxidase (POD) (D) in Brassica napus. Relative radiance of plastic filter used: WL (white light), RL (red light), BL (blue light), and 
OL (orange light). Different letters indicate statistical differences (P≤0.05) or (P≤0.01) according to an LSD test. Data are the average 
of three replications ± SD. PET – Petri dish experiment; POT – pot experiment.
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Discussion
Light is an important component for the growth of plants 
besides water and oxygen. Various reports confirmed the 
morphological and physiological effects of light quality 
and the responses vary considerably depending upon plant 
species (Dutta Gupta and Jatothu 2013, Simlat et al. 2016). 
In our previous study, it was observed that RL increased 
plant height, biomass, and photosynthetic pigments, while 
reduced ROS production in the cell/tissues of Corchorus 
capsularis plants (Saleem et al. 2020b,d). In the present 
study, we investigated the effects of light quality (white, 
red, blue, and orange) on growth, photosynthesis, and 
ROS production of B. napus in order to determine the ideal 
light emission spectrum for optimal plant growth. 

According to the results, we demonstrated that RL 
enhanced plant growth and biomass in B. napus, while 
BL and OL reduced plant growth and biomass when 
compared with WL (Tables 1–3). RL is considered as 
basal component in light spectra and normally considered 
as the best color of light among the light spectra for normal 
growth and development (Simlat et al. 2016, Yu et al. 
2017). A previous study showed that different wavelengths 
of RL, i.e., 660, 670, 680, and 690 nm promoted the 
growth and development in lettuce plants (Kim et al. 
2004). RL wavelengths also encouraged stem growth, 
flowering, and fruit production. RL improves morphology 
(large and compact), higher biomass (fresh and dry mass) 
in Green oak and RL is an efficient source when Green oak 
was cultivated in hydroponic culture (Chen et al. 2014). 
In buckwheat sprouts, RL increased total biomass of the 

plant along with leaf expansion and increase of phenolic 
compounds (Lee et al. 2014). In this study, plants grown 
under BL showed greater plant height but showed reduction 
in biomass and other morphological traits. Similar results 
were shown by Li et al. (2012). Hernández and Kubota 
(2016) proved that leaf area and dry matter increased  up 
to 10% in cucumber seedlings when grown in BL. Godo 
et al. (2011) studied Bletilla ochracea seeds under OL 
and noticed that OL reduced seed germination, while OL 
induced formation of rhizoids. So these results suggest that 
RL promotes plant growth and biomass, while BL and OL 
reduce plant growth and biomass in comparison with WL. 
As a radiation-induced stress, BL and OL can decrease 
plant growth, while RL can increase growth and biomass.

In this study, changes in biomass accumulation in plants 
grown under varying light quality were closely linked to Chl 
contents and gas-exchange attributes. It has been revealed 
that RL plays a significant role in the photosynthetic 
apparatus development and affects morphogenesis by 
light-induced transformations of phytochrome system (Ma 
et al. 2015a). Light energy absorbed by Chl molecules 
can undergo three fates: (1) used to drive photosynthesis, 
(2) dissipated as heat (nonphotochemical quenching), or 
(3) reemitted as Chl fluorescence (Maxwell and Johnson 
2000). Total Chl mainly comprises Chl a and Chl b, where 
Chl a is concentrated in photosystems and Chl b is the most 
abundant in LHC (Venema et al. 2000). Severe damage 
of photosynthetic pigments due to environmental stress 
causes reduction in Chl and carotenoid contents (Shao et al. 
2014, Saleem et al. 2020a). RL significantly increased 
contents of Chl and carotenoids, whereas BL and OL 
resulted in their decrease (Fig. 2). The similar results were 
reported by Yu et al. (2017) who studied Camptotheca 
acuminata seedlings under different LEDs (WL, RL, BL, 
and YL) and noticed that the total contents of Chl and 
carotenoids decreased under BL and YL, while increased 
in RL in comparison with WL. They concluded that 
excess light, i.e., BL and YL, may damage photosynthetic 
pigments in C. acuminata seedlings. Ma et al. (2015b) 
studied Solanum tuberosum under RL and BL and 
concluded that RL increased Chl and starch contents; they 
also noticed that RL improved plant growth and biomass in 
S. tuberosum. One more possible reason for the reduction 
of photosynthetic pigments in plants grown under BL and 
OL is the change in attributes of the electron transport chain 
(ETC) and organization in light harvesting which may 
cause a significant reduction in Chl and carotenoid contents 
in B. napus (Fan et al. 2013). Our results showed that RL 
increases PN, gs, E, and Ci, while BL and OL reduce these 
gas-exchange parameters (Fig. 3). Similar findings were 
shown by Yao et al. (2017) when they studied B. napus 
under the combination of BL and RL LEDs and noticed 
that composition of RL increases photosynthetic pigments 
in B. napus while BL reduces it. The similar results were 
also shown by Shimizu et al. (2011) in lettuce seedlings. 
The decline in gas-exchange parameters under BL and 
OL suggests a decrease in photosynthesis due to stomatal 
closure, therefore decreasing E and Ci (Hogewoning et al. 
2007).

ROS can be generated by the direct transfer of the 

Fig. 5. Correlation of growth, chlorophyll, and gas-exchange 
parameters in Brassica napus. TL (plant height), TD (total plant 
diameter), NOL (number of leaves), NOB (number of branches), 
RL (root length), RD (root diameter), TFM (total fresh mass),  
CL (crown length), RFM (root fresh mass), LFM (leaf fresh 
mass), LDM (leaf dry mass), TDM (total dry mass), SDM 
(stem dry mass), TC (total chlorophyll content), PN (net photo-
synthesis), gs (stomatal conductance), E (transpiration rate), and 
Ci (intercellular CO2). 
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excitation energy from Chl to produce singlet oxygen 
or by oxygen reduction in the Mehler reaction in the 
chloroplasts (Simlat et al. 2016, Saleem et al. 2020e) 
which promotes ROS accumulation, membrane lipid 
peroxidation, and disrupts the structure and function of 
cell membrane system (Rehman et al. 2019a, Saleem et al. 
2020f). The ROS in plants are removed by a variety of 
antioxidant enzymes, such as SOD and POD. ROS, such 
as O2–, OH, and H2O2, may oxidize proteins, lipids, and 
nucleic acids which results in abnormalities at the cellular 
level (Saleem et al. 2019d, Kamran et al. 2020b). The 
SOD catalyzes the dismutation of superoxide to H2O2 and 
molecular oxygen, whereas POD decomposes H2O2 by 
oxidation of co-substrates, such as phenolic compounds or 
antioxidants (Halliwell and Gutteridge 2007, Imran et al. 
2019). In our study, plants under BL and OL not only had 
higher activities of SOD and POD, but also maintained 
higher amounts of MDA and proline than those under 
WL, indicating that oxidative damage to lipid membranes 
occurred in plants exposed to BL and OL (Fig. 4). To protect 
plants from harmful effects of ROS, antioxidant enzyme 
activity increased to reduce the accumulation of free 
radicals (Kamran et al. 2019, Khan et al. 2019, Rehman 
et al. 2019c). Plants exposed to the stress environment 
exhibited the accumulation of proline in their tissues  
(Fig. 4B). Accumulation of proline is an adaptive response 
of plants against stresses. Proline is believed to be regulatory 
or signal molecule activating some physiological and 
molecular responses (Szabados and Savouré 2010). In our 
study, increased SOD and POD activities were found in  
B. napus plants when exposed to BL and OL, whereas they 
were not shown in the RL treatment (Fig. 4C,D). Under 
BL, Stevia rebaudiana exhibited high activity of POD as 
reported by Simlat et al. (2016). Also, similar results were 
shown by Yu et al. (2017) for C. acuminata seedlings. The 
seedlings under BL showed the highest activities of SOD 
and POD while seedlings grown under RL showed low 
activities of antioxidant enzymes. These results depicted 
that plants grown under BL and OL showed high contents 
of MDA which means BL and OL caused oxidative 
damage to the leaves of B. napus. Though high proline 
accumulation in the leaves and high enzymatic activity of 
SOD and POD comes into play to minimize light stress 
induced by BL and OL.

On the basis of these findings, it can be concluded that 
RL promoted plant growth and development by increasing 
plant growth and biomass, photosynthetic pigments, gas-
exchange parameters, and reducing ROS accumulation. 
On the other hand, BL and OL reduced plant growth and 
biomass by increasing the contents of MDA which means 
BL and OL induced oxidative damage in the leaves of 
B. napus. However, accumulation of high contents of 
proline and high enzymatic activities of SOD and POD 
in leaves of B. napus grown under BL and OL reduced 
the environmental stress. This study helped us investigate 
the response of B. napus to various light intensities and 
also the effects of these light sources on morphological, 
physiological, and other mechanisms of seedling and 
plants growth under different LEDs which can increase 
the seed yield of B. napus under greenhouse environment.
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