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There is a growing interest in cultivating pakchoi under controlled environment 
agriculture. However, research on establishing the ideal environmental conditions 
for growing pakchoi in plant factories remains insufficient. Therefore, in this study, 
we investigated the optimal red-to-blue light ratio for enhancing pakchoi plants’ 
nutritional quality and growth. Five light treatments (B, R2B1, R4B1, R8B1, and R) 
were employed in our study, while white light (W) provided by fluorescent lamps 
was served as the control. The cultivars used were ‘Jingguan No. 1′, a green 
pakchoi, and ‘Ziguan No. 1′, a red pakchoi. After 20 days of treatment application, 
we observed significant improvements in dry weight and leaf area in green and 
red pakchoi plants under treatment R. Specifically, dry weight increased by 14.8% 
in green pakchoi and 26.7% in red pakchoi, while leaf area increased by 41.8% 
in green pakchoi and 81.1% in red pakchoi compared to the control treatment. 
Additionally, treatment R2B1 promoted net photosynthetic rate (Pn) in red pakchoi 
plants and enhanced stomatal conductance (Gs), intercellular CO2 concentration 
(Ci), and transpiration rate (Tr) in both pakchoi varieties. Treatment R4B1 facilitated 
the accumulation of photosynthetic pigments in pakchoi cultivars. On the other 
hand, the control treatment was found to be more conducive to the accumulation 
of glucosinolate concentration (GSc) in both red and green pakchoi cultivars. 
Notably, the concentrations of vitamin C (Vc) and soluble sugar in green pakchoi 
plants under treatment R4B1 increased by 78.5 and 31.4%, respectively, compared 
with those under control treatment. Similarly, the concentrations of Vc, soluble 
sugar, and anthocyanin in red pakchoi plants under treatment R2B1 were increased 
by 31.6, 177.8, and 114.4%, respectively, compared with those under the control 
treatment. These findings indicate that different pakchoi varieties exhibit distinct 
responses to different light-quality combinations.
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1 Introduction

Pakchoi, also known as bok choy, is a nutrient-rich leafy vegetable 
widely consumed in China and other parts of the world. It belongs to 
the Brassica family and is highly valued for its health benefits, 
including a rich content of vitamins, minerals, and antioxidants 
(Kaleri et al., 2020; Dong et al., 2024). In China, pakchoi accounts for 
30 to 40% of the total vegetable production area, making it a staple in 
many households (Wang Y. et al., 2024). Its nutrient profile includes 
dietary fibers, vitamin C, carotenoids, and glucosinolates (GSc), which 
contribute to its popularity. GS, are key bioactive compounds in 
pakchoi and other Brassica vegetables. These sulfur-containing 
compounds, found in the Brassicaceae family, contribute to the 
pungent flavors of these vegetables and offer health benefits, including 
potential anti-cancer and antimicrobial properties (Maina et al., 2020). 
Additionally, glucosinolates and their derivatives play essential roles 
in plant defense and human health protection. Their biological 
activities, such as anticancer properties, bacteriostasis, and biological 
control, make them significant subjects of research in botany, 
medicine, and food science (Connolly et  al., 2021). Pakchoi can 
be harvested at various growth stages, from young seedlings to mature 
shoots, allowing for a prolonged harvest period (Ding et al., 2022). The 
flavor of pakchoi is influenced by glucosinolates (GS), such as 
2-hydroxy-3-butenyl GS and 3-indole methyl G (Yao et al., 2018). In 
previous studies, different Brassica species have shown varying 
concentrations of GSs, with kale exhibiting the highest concentration 
and cabbage the lowest (Liping et al., 2015). This variation is important 
to consider when studying the impact of environmental factors, such 
as light on GS accumulation in pakchoi, as it may help guide the 
optimization of growing conditions for improving its nutritional 
quality. Furthermore, it is worth noting that the concentration and 
composition of GSs, and generally healthy ingredients, can vary 
significantly based on the cultivars, plant organs, environmental 
factors, and cultivation conditions of the vegetables (Podsędek, 2007; 
Kim et al., 2023).

Pakchoi is mainly produced in the open field and only a tiny part 
in greenhouses. These cultivation methods are influenced by the 
external natural environment conditions, leading to long growth 
periods, quality variation, and frequent diseases and pests in pakchoi 
plants (Guirrou et  al., 2023). As the demand for high-quality 
vegetables continues to rise, there is increasing interest in growing 
pakchoi in controlled environment agriculture. The closed plant 
production systems include plant factories with artificial light (PFAL) 
and vertical farming. However, the optimal environmental parameters 
required for cultivating pakchoi plants in a PFAL, especially those 
related to the light environment, have not yet been studied and 
remain unclear.

The rapid development of light-emitting diode (LED) technology 
makes it possible to study the photobiology of plants’ response to 
different light parameters. In addition to light quantity and period, 
many studies have focused on the biological response of plants to the 
light spectral composition in recent years. Light quality and spectrum 
have much more complex effects on plant morphology and physiology 
(Li et al., 2000; Wang et al., 2016).

Typically, red light (620–700 nm) and blue light (400–500 nm) 
are widely utilized for promoting plant growth, primarily due to 
their higher absorption rates by photosynthetic pigments than 
other wavelengths (Olle and Viršile, 2013). As a result, these 

specific wavelengths have been recognized as primary contributors 
to the light spectrum required for plant photosynthesis and 
development under controlled environmental conditions 
(Samuolienė et al., 2013). For instance, Li et al. (2013) studied the 
effects of different light qualities on the growth and morphogenesis 
of rapeseed (Brassica napus L.) plantlets in  vitro. The use of a 
red-to-blue LED light ratio of 1:3 was found to be  a favorable 
combination for cultivating rapeseed plantlets, as indicated by the 
observed differentiation rate, proliferation rate, growth rate, and 
transplantation survival rate. Previous studies have shown that red 
light benefits specific leaf areas and the intercellular CO2 
concentration in tomato seedlings (Zhang et  al., 2022). It also 
promotes pepper seedlings’ stomatal conductance, transpiration 
rate and photosynthetic capacity (Li et al., 2023). Moreover, red 
light also benefits the increase of soluble sugar, crude fiber and acid 
concentration of vegetables (Chen et al., 2009; Ilić and Fallik, 2017; 
Anum et al., 2024a). While blue light can control plant growth, leaf 
expansion, stomatal opening, photosynthesis and pigment 
accumulation (Ramalho et al., 2002). Studies also showed that blue 
light could reduce nitrate content and nitrite reductase activity and 
increase Vc and crude protein concentrations (Bian et al., 2018; Fan 
et al., 2019). A combination of red and blue light can harness the 
benefits of both wavelengths to fulfill the growth requirements of 
plants. Researches indicate that different plant species exhibit 
varying responses to red and blue light combinations (Cervantes 
et al., 2019; Cammarisano and Körner, 2022; Liu and van Iersel, 
2022). For instance, pepper plants showed increased yields under 
a combination of red and blue LEDs, while lettuce demonstrated 
reduced height with higher blue light percentages (Naznin et al., 
2019). According to Kaiser et  al. (2019) and Izzo et  al. (2021), 
adding proper red to blue light was beneficial to enhance biomass, 
leaf area, root activity and chlorophyll content in lettuce and 
tomatoes. Red to blue light can also significantly improve the 
nutritional quality of plants. Zhang et al. (2020) showed that red to 
blue lights could improve soluble sugar, protein, total 
glucosinolates, anthocyanins, flavonoids and antioxidant activity 
in kale.

At present, most studies focused on the effects of red and blue 
light ratios on the plant growth morphology, and photosynthetic 
characteristics of leafy vegetables, including spinach (Gao et al., 2020), 
water spinach (Shuo et al., 2019) and lettuce (Gao et al., 2018) in 
PFAL. However, scant attention has been paid to the effects of different 
red and blue light ratios on the nutritional quality and growth of 
pakchoi plants. Only a limited number of studies have been conducted 
to date, despite the growing interest in optimizing plant growth and 
nutrition through light manipulation (Huang et al., 2021; Mao et al., 
2021; Choi and Choi, 2023). Moreover, it is vital to select a suitable 
light source for improving plant development and nutritional quality 
by reducing the operating costs of PFAL.

The primary objective of this study was to identify the optimal 
light combination for cultivating green and red pakchoi plants in 
PFAL. Specifically, the study aims to investigate the effects of different 
light spectra on the growth, photosynthetic characteristics, and 
nutritional quality of pakchoi plants in a controlled environment. The 
selection of these two cultivars (‘Jingguan No. 1’, a green pakchoi, and 
‘Ziguan No. 1’ a red pakchoi) is important for understanding how 
different red-to-blue light ratios affect them differently under varying 
light conditions.
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2 Materials and methods

2.1 Plant materials

Green pakchoi ‘Jingguan No. 1’ and red pakchoi ‘Ziguan No. 1’ 
(Brassica napus L.) were selected as the experimental plant materials 
provided by the Vegetable Institute of Beijing Academy of Agriculture 
and Forestry Sciences. Pakchoi seeds were sown in a substrate 
consisting of a mixture of peat, vermiculite, and perlite with a volume 
ratio of 2:1:1 using trays with 72 holes. Thirty-six trays were used for 
pakchoi plant cultivation in a plastic greenhouse for 14 days. After the 
second true leaf was fully expanded, the seedlings were randomly 
divided into six groups and transferred to PFAL. The day/night 
temperature was 23/17°C, relative humidity was 60–70%, and the 
concentration of CO2 was 500- 700 μmol mol−1. The LED panels 
(Datang New Energy Technology Co., Ltd., Shenzhen, China) were 
installed on cultivation shelves. The distance between the LED panels 
and the crops was 0.3 m. The modified Yamasaki nutrient solution 
(pH = 5.9; EC = 1.5 mS·cm−1) was applied for plant growth during the 
experiment. Seedlings of pakchoi were irrigated every other day with 
the Yamasaki nutrient solution to prevent moisture loss during 
germination, ensuring optimal growth conditions (Figure 1).

2.2 Experimental design

This experiment involved five treatments with varying red-to-blue 
light ratios, as detailed in Table 1. Each treatment (B, R2:B1, R4:B1, 
R8:B1, and R) was subjected to a total PPFD of 250 μmol m−2  s−1, 
delivered using LED panels (Datang New Energy Technology Co., 
Ltd., Shenzhen, China). As a control, white light (W) was provided by 
fluorescent lamps (TL-D56W; Osram), offering a broad spectrum 
between 380 and 750 nm. A spectrometer (Avaspec-2048CI; Avantes, 
Apeldoorn, the Netherlands) was used to measure the PPFD 
(μmol m−2 s−1) levels for red and blue lights. The spectral composition, 
including the red-to-blue (R:B) ratios, was determined by analyzing 
the intensity of wavelengths within the red (600–700 nm) and blue 

(400–500 nm) regions. The R:B ratio was calculated based on the 
relative photon flux density in these wavelength ranges for each 
treatment. Each treatment was repeated three times to ensure data 
reliability. Plants were harvested and analyzed 20 days post-
transplantation. Figure 2 presents the light spectrum corresponding 
to each treatment.

2.3 Measurements

2.3.1 Plant growth
After 20 days of transplanting, 15 plants were randomly selected 

from each treatment. Total fresh weight was measured using an 
electronic weighing balance. A vernier caliper was used to measure the 
stem diameter and root length. The total dry weights of the plants were 
measured using an electronic balance (Si-234; Denver Instrument, 
Bohemia, NY, USA) after drying the fresh samples in an oven at 80°C 
to a constant weight. Moreover, the total leaf area was measured using 
a leaf area meter (LI-3100C, LI-COR Biosciences, Lincoln, NE, USA).

2.3.2 Photosynthetic characteristics
The net photosynthetic rate (Pn), stomatal conductance (Gs), 

intercellular CO2 concentration (Ci), and transpiration rate (Tr) of the 
second true leaf of 15 pakchoi plants were measured using a portable 
photosynthetic instrument (LI-6400XT, LI-COR Biosciences, Lincoln, 
NE, USA). The measurements were taken under the actual light 
conditions of plant growth with a transparent leaf chamber (6400–08, 
LI-COR Biosciences, Lincoln, NE, USA). The environmental 
conditions of the leaf chamber were maintained at 24°C, with a CO2 
level of 700 μmol m−2 s−1 and relative humidity of 60–70%. The order 
of measurements was arranged randomly for each replication, and 
each treatment was repeated three times.

The chlorophyll a (Chl a), chlorophyll b (Chl b) and carotenoid 
content were measured on day 20 after transplanting. Three fresh leaf 
disks (approximately 3.74 cm2) were taken from the same point on the 
leaf using a leaf perforator and then placed into 10 mL centrifuge 
tubes. These samples were soaked overnight with 7 mL of 95% ethanol 

FIGURE 1

Differentiation in spectral properties of five treatments with varying red-blue light ratios.
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and stored in a dark, cool place at 4°C. The absorbance of the liquid 
extract was measured using an ultraviolet spectrophotometer 
(UV-1800, Shimadzu Corp., Kyoto, Japan) at wavelengths of 665 nm 
(Chl a), 649 nm (Chl b), and 470 nm (carotenoid), respectively. The 
readings were taken immediately after extraction using cuvettes. 
Chlorophyll and carotenoid contents were determined using the 
equations reported by Lichtenthaler and Wellburn (1983). Chlorophyll 
a + b (Chl a + b) was calculated by adding Chl a to Chl b, while 
chlorophyll a/b (Chl a/b) was the ratio of Chl a to Chl b.

2.3.3 Nutritional quality and active components 
analysis

Leaf samples were collected on day 20 after treatment application, 
quickly frozen with liquid nitrogen, and then stored at −80°C prior to 
measurement to preserve pigment integrity. The concentrations of Vc, 
soluble sugars, crude protein, anthocyanins, and glucosinolates (GSs) 
were measured. The concentration of Vc was determined following 
national food safety standards GB 14754 (Fecka et al., 2021). The crude 
protein concentration was assessed according to the Association of 
Official Analytical Chemists method 976.05 (AOAC, 2000). Anthocyanins 
were quantified using NYT 2640 (Lee et al., 2005), while soluble sugar 
content was determined based on Zhang et al. (2021) and GSs were 
evaluated using the HPLC method as described by Nieto et al. (2023).

2.4 Data analysis

All tests were carried out in triplicate, and the data were exhibited 
as mean ± standard deviation (SD). The statistical software SPSS 25.0 

was used to analyze variance (ANOVA). Significant differences 
between treatments were determined using Tukey’s post hoc test at 
p ≤ 0.05. All figures were generated using Origin 8.0 software.

3 Results

3.1 Plant growth and morphology

As shown in Table 2, the plant height of green pakchoi (Jingguan 
No. 1) under treatment R4B1 was the largest, measuring 1.3 times 
greater than that under the control treatment. Plant height under 
treatment R increased by 13.0% compared to the control treatment. 
Significantly higher stem diameters were observed under treatments 
R2B1 and R compared to those under the other treatments. No 
significant difference in root length was found between treatment R4B1 
and the control, but it was higher than that under the other treatments. 
Compared to the control, leaf area increased by 17.7 and 14.8%, 
respectively, under treatments R2B1 and R. The highest dry weight of 
pakchoi plants was recorded under treatment R.

Different from the response of various red-to-blue (R/B) ratios in 
red pakchoi, the highest plant height was observed under treatment 
B, which increased by 27.3% compared to the control treatment 
(Table 3). The stem diameter under different red-to-blue ratios was 
significantly greater than that under the control treatment. Except for 
treatments R2B1 and R4B1, the root lengths under treatments B, R8B1, 
and R were 1.0, 1.3, and 1.2 times higher than that under the control 
treatment, respectively. The pakchoi plants’ leaf area and total dry 
weight were highest under treatment R, increasing by 41.8 and 81.1% 
compared to the control treatment, respectively. No significant 
difference in total dry weight was found among treatments B, R2B1, 
R4B1, R8B1, and W.

3.2 Leaf photosynthetic characteristics

3.2.1 Leaf photosynthesis
According to Table 4, the Pn of green pakchoi leaf was the highest 

under treatment R8B1, followed by that under treatment W. Moreover, 
the Pn under treatment R and B showed the lowest data. The Gs, Ci and 
Tr under treatment R2B1 were the highest, which were 2.4, 1.3 and 2.0 
times higher than that under control treatment, respectively. On the 
other hand, Gs, Ci, and Tr under treatment R4B1 were the lowest, 
decreasing by 66.7, 18.3, and 65.2%, respectively, compared with those 
under control treatment.

As shown in Table 5, the photosynthetic rate (Pn) of red pakchoi 
leaves was highest under treatment W, followed by treatment R2B1. 
There were no significant differences among treatments B, R4B1, R8B1, 

TABLE 1 Overview of the treatment combinations applied to pakchoi plants in the experiment.

Light treatments Total PPFD (μmol m−2 s−1) Red light (μmol m−2 s−1) Blue light (μmol m−2 s−1)

B 250 0 250

R2B1 250 167 83

R4B1 250 200 50

R8B1 250 222 28

R 250 250 0

FIGURE 2

The concentrations (μmol·g−1 DW) of total glucosinolates (GSs), the 
aliphatic GS group, and the indole GS group in Green Pakchoi 
(Jingguan No. 1) assessed on day 20 after treatment application 
under varying red-blue light ratios in a controlled environment. 
Different lowercase letters indicate significant differences at the 0.05 
level between treatments.
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TABLE 2 The growth and morphology of Green Pakchoi (Jingguan No. 1) were assessed on day 20 after treatment application under varying red-blue 
light ratios in a controlled environment.

Treatments Plant height 
(m)

Stem diameter 
(mm)

Root length 
(m)

Leaf area 
(cm2)

Total fresh 
weight (g)

Total dry 
weight (g)

B 0.8 ± 1.1c 1.5 ± 0.03b 1.06 ± 1.13d 31.2 ± 0.9b 1.9 ± 0.02a 0.12 ± 0.01c

R2B1 0.8 ± 2.9c 1.9 ± 0.05a 1.05 ± 0.22d 32.6 ± 0.7a 1.5 ± 0.01 bc 0.10 ± 0.01d

R4B1 1.0 ± 1.0a 1.7 ± 0.05b 1.69 ± 1.50a 29.8 ± 0.5c 1.6 ± 0.04b 0.15 ± 0.01b

R8B1 0.8 ± 1.5c 1.7 ± 0.08b 1.17 ± 1.43c 28.4 ± 0.81d 1.5 ± 0.02c 0.13 ± 0.00c

R 0.9 ± 2.1b 1.9 ± 0.14a 1.29 ± 1.56b 31.8 ± 0.4ab 1.9 ± 0.03a 0.19 ± 0.01a

W 0.8 ± 2.1c 1.7 ± 0.05b 1.68 ± 1.25a 27.7 ± 0.9d 1.5 ± 0.02c 0.15 ± 0.01b

Different small letters in the same row indicate significant differences among treatments (p < 0.05).

TABLE 3 The growth and morphology of Red Pakchoi (Ziguan No. 1) were assessed on day 20 after treatment application under varying red-blue light 
ratios in a controlled environment.

Treatments Plant height 
(m)

Stem diameter 
(mm)

Root length 
(m)

Leaf area 
(mm2)

Total fresh 
weight (g)

Total dry 
weight (g)

B 0.9 ± 0.5 a 1.7 ± 0.04 b 1.4 ± 0.96 c 17.5 ± 0.93 c 0.67 ± 0.02 cd 0.034 ± 0.003 b

R2B1 0.6 ± 0.2 f 1.7 ± 0.02 a 1.0 ± 0.60 f 14.0 ± 0.63 d 0.65 ± 0.02 d 0.033 ± 0.008 b

R4B1 0.7 ± 0.6 e 1.6 ± 0.03 c 1.1 ± 0.95 e 18.6 ± 0.60 bc 0.75 ± 0.05 c 0.040 ± 0.011 b

R8B1 0.8 ± 0.8 b 1.5 ± 0.02 d 1.7 ± 0.90 a 19.5 ± 0.90 b 0.84 ± 0.05 b 0.046 ± 0.018 ab

R 0.8 ± 0.5 c 1.6 ± 0.05 c 1.6 ± 1.01 b 24.5 ± 0.94 a 1.22 ± 0.07 a 0.067 ± 0.023 a

W 0.7 ± 0.7 d 1.4 ± 0.02 e 1.3 ± 0.62 d 17.3 ± 0.97 c 0.73 ± 0.04 cd 0.037 ± 0.009 b

Different small letters in the same row indicate significant differences among treatments (p < 0.05).

TABLE 4 Photosynthetic parameters, including net photosynthetic rate (Pn), stomatal conductance (Gs), internal carbon dioxide concentration (Ci), and 
transpiration rate (Tr) of Green Pakchoi (Jingguan No. 1), assessed on day 20 after treatment application under varying red-blue light ratios in a 
controlled environment.

Treatments Pn (μmol CO2 
m−2 s−1)

Gs (mol H2O m−2 s−1) Ci (μ mol CO2 mol−1) Tr (mmol H2O 
m−2 s−1)

B 6.05 ± 1.03 c 0.23 ± 0.06 ab 443.33 ± 20.82 ab 2.85 ± 0.47 a

R2B1 3.56 ± 0.09 d 0.29 ± 0.02 a 473.00 ± 4.00 a 3.15 ± 0.33 a

R4B1 4.39 ± 0.84 d 0.04 ± 0.02 d 295.00 ± 46.23 d 0.56 ± 0.23 c

R8B1 10.53 ± 0.55 a 0.20 ± 0.06 b 399.33 ± 20.79 bc 2.39 ± 0.77 a

R 6.90 ± 0.23 c 0.09 ± 0.03 cd 351.67 ± 57.24 cd 1.36 ± 0.09 b

W 9.19 ± 0.39 b 0.12 ± 0.01 c 361.00 ± 4.36 c 1.61 ± 0.12 b

Different small letters in the same row indicate significant differences among treatments (p < 0.05).

TABLE 5 Photosynthetic parameters, including net photosynthetic rate (Pn), stomatal conductance (Gs), internal carbon dioxide concentration (Ci), and 
transpiration rate (Tr) of Red pakchoi (Ziguan No. 1), assessed on day 20 after treatment application under varying red-blue light ratios in a controlled 
environment.

Treatments Pn (μmol CO2 
m−2 s−1)

Gs (mol H2O 
m−2 s−1)

Ci (μ mol CO2·mol−1) Tr (mmol H2O 
m−2 s−1)

B 4.38 ± 0.67 ab 0.14 ± 0.07 ab 432.67 ± 52.08 a 1.78 ± 0.69 a

R2B1 6.14 ± 2.33 a 0.19 ± 0.43 a 438.00 ± 10.82 a 2.44 ± 0.45 a

R4B1 3.95 ± 0.37 b 0.05 ± 0.02 c 364.00 ± 40.73 ab 0.77 ± 0.12 b

R8B1 3.73 ± 0.26 b 0.04 ± 0.01 c 323.33 ± 31.02 b 0.55 ± 0.11 b

R 5.38 ± 0.17 ab 0.06 ± 0.02 bc 326.33 ± 70.59 b 0.88 ± 0.40 b

W 6.43 ± 1.25 a 0.16 ± 0.07 a 416.00 ± 31.22 a 2.06 ± 0.75 a

Different small letters in the same row indicate significant differences among treatments (p < 0.05).
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and R. Compared to treatment W, the Pn under treatments R4B1 and 
R8B1 decreased by 38.6 and 42.0%, respectively. The stomatal 
conductance (Gs), intercellular CO2 concentration (Ci), and 
transpiration rate (Tr) were highest under treatment R2B1, with no 
significant differences observed between treatments B and W. The Gs, 
Ci, and Tr under treatment R8B1 decreased by 75.0, 22.3, and 73.3%, 
respectively, compared to those under the control treatment.

3.2.2 Photosynthetic pigments
Table 6 shows the photosynthetic pigments of green pakchoi as 

affected by different red-to-blue ratios. An increasing trend was 
observed for the Chl a and Chl a + b content of pakchoi leaves, with 
the highest chlorophyll content found under treatments R2B1 and 
R4B1. No significant differences were detected between treatments 
R2B1, R4B1, and W. The lowest Chl a and Chl a + b content were 
recorded under treatment B, which were 21.4 and 35.7% lower than 
those under the control treatment, respectively. Compared to the 
control treatment, the Chl b concentration under treatment B 
decreased by 40.0%, with no significant differences observed among 
the other treatments. The Chl a/b ratio was unaffected by different 
red-to-blue ratios. Different red-to-blue ratios significantly affected 
the carotenoid concentration in pakchoi leaves. The highest 
carotenoid content was observed under treatment R4B1, which 
increased by 33.3% compared to treatment W. There were no 
significant differences between the other treatments and the 
control treatment.

Compared to the response of green pakchoi, a different trend was 
observed in red pakchoi for the Chl a and Chl a + b content. 
Specifically, under treatment R2B1, Chl a and Chl a + b content in red 
pakchoi leaves decreased by 29.4 and 34.8%, respectively, compared 
to treatment W (Table 7). Unlike green pakchoi, the concentrations of 
Chl a, Chl b, Chl a + b, and carotenoids in red pakchoi were highest 

under treatment W. There were no significant differences in Chl b, Chl 
a/b, and carotenoid content under different red-to-blue ratios.

3.3 Nutritional quality

3.3.1 GSs concentration of ‘Jingguan no. 1’
As shown in Table 8, a total of 9 glucosinolate (GS) types were 

detected in green pakchoi, including 5 aliphatic GSs: progoitrin 
(PRO), sinigrin (SIN), glucoraphanin (RAA), gluconapin (NAP), and 
glucobrassicanapin (GBN); and 4 indole GSs: 4-hydroxyglucobrassicin 
(4OH), glucobrassicin (GBC), 4-methoxyglucobrassicin (4ME), and 
neoglucobrassicin (NEO). Different GS types exhibited varying 
responses to different red-to-blue ratios. The concentrations of PRO, 
SIN, and NEO under treatment B were the highest, being 2.0, 2.3, and 
1.4 times higher than those under the control treatment, respectively. 
Treatment R2B1 increased indole GS concentrations while treatment 
R significantly promoted RAA concentration, which was 4.95 times 
higher than that under the control treatment. However, the control 
treatment was more conducive to accumulating NAP and GBN.

Furthermore, Figure  2 shows the concentrations of total 
glucosinolates (GSs), the aliphatic GS group, and the indole GS group 
as affected by different red-to-blue ratios. The concentrations of total 
GSs, the aliphatic GS group, and the indole GS group initially 
decreased and then increased with the reduction in blue light 
proportion. The concentration of aliphatic GSs was significantly 
higher than that of indole GSs. The concentrations of total GSs and 
aliphatic GSs were highest under treatment W, measuring 
22.19 μmol·g−1 and 20.41 μmol·g−1, respectively. There was no 
significant difference in total GSs and aliphatic GSs between 
treatments R4B1 and R8B1. However, both blue light and red light alone 
promoted the concentrations of total GSs and aliphatic GSs. 

TABLE 6 Photosynthetic pigments, including chlorophyll a (Chl a), chlorophyll b (Chl b), and carotenoids of Green Pakchoi (Jingguan No. 1), assessed 
on day 20 after treatment application under varying red-blue light ratios in a controlled environment.

Treatments Chla (mg·cm−2) Chlb (mg·cm−2) chla + b 
(mg·cm−2)

Chla/b 
(mg·cm−2)

Carotenoids 
(mg·cm−2)

B 0.011 ± 0.001 c 0.003 ± 0.000b 0.014 ± 0.000 c 3.20 ± 0.25 a 0.003 ± 0.001 c

R2B1 0.017 ± 0.002 a 0.005 ± 0.001 a 0.022 ± 0.002 a 3.18 ± 0.18 a 0.004 ± 0.001 ab

R4B1 0.016 ± 0.002 a 0.005 ± 0.001 a 0.021 ± 0.003 a 3.29 ± 0.30 a 0.004 ± 0.000a

R8B1 0.013 ± 0.001 bc 0.004 ± 0.000ab 0.017 ± 0.001 bc 3.22 ± 0.19 a 0.003 ± 0.000bc

R 0.015 ± 0.002 ab 0.005 ± 0.001 a 0.020 ± 0.003 ab 3.28 ± 0.10 a 0.003 ± 0.001 abc

W 0.014 ± 0.002 ab 0.005 ± 0.001 a 0.019 ± 0.002 ab 2.99 ± 0.11 a 0.003 ± 0.000bc

Different small letters in the same row indicate significant differences among treatments (p < 0.05).

TABLE 7 Photosynthetic pigments, including chlorophyll a (Chl a), chlorophyll b (Chl b), and carotenoids of Red Pakchoi (Ziguan No. 1), assessed on day 
20 after treatment application under varying red-blue light ratios in a controlled environment.

Treatments Chla (mg·cm−2) Chlb (mg·cm−2) chla + b 
(mg·cm−2)

Chla/b 
(mg·cm−2)

Carotenoids 
(mg·cm−2)

B 0.014 ± 0.002 bc 0.005 ± 0.001 b 0.019 ± 0.002 bc 2.80 ± 0.08 ab 0.003 ± 0.000ab

R2B1 0.012 ± 0.001 c 0.004 ± 0.000b 0.015 ± 0.001 c 2.96 ± 0.18 a 0.003 ± 0.000ab

R4B1 0.015 ± 0.003 ab 0.005 ± 0.001 b 0.020 ± 0.004 ab 2.88 ± 0.08 ab 0.003 ± 0.000ab

R8B1 0.013 ± 0.001 bc 0.004 ± 0.001 b 0.017 ± 0.002 bc 2.95 ± 0.07 a 0.003 ± 0.000ab

R 0.014 ± 0.001 bc 0.005 ± 0.001 b 0.018 ± 0.002 bc 2.86 ± 0.13 ab 0.003 ± 0.000ab

W 0.017 ± 0.001 a 0.006 ± 0.001 a 0.023 ± 0.001 a 2.69 ± 0.06 b 0.003 ± 0.001 a
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Furthermore, indole GS concentrations under treatments B and R2B1 
increased by 39.3 and 27.0%, respectively, while those under 
treatments R4B1, R8B1, and R decreased by 33.2, 42.7, and 28.1%, 
respectively, when compared with the control treatment.

3.3.2 GSs concentration of ‘Ziguan no. 1’
Similar with ‘Jingguan No. 1’, nine glucosinolate (GS) types were 

also detected in red pakchoi, including five aliphatic GSs and four 
indole GSs (Table  9). Except for sinigrin (SIN) and the aliphatic 
glucosinolate RAA, the concentrations of the other GS types generally 
increased with the increasing red-to-blue light ratio. Treatment W was 
more conducive to the accumulation of GSs in red pakchoi and had 
the highest concentrations, except for RAA. Treatment B significantly 
increased the concentration of RAA, which rose by 290.0% compared 
to that under treatment W. However, no significant differences in the 
concentrations of SIN under different red-to-blue ratios were observed.

As shown in Figure 3, the concentrations of total glucosinolates 
(GSs), aliphatic GSs, and indole GSs in red pakchoi generally increased 
with the rise in the red-light ratio. The highest concentrations were 
observed in the control group, measuring 14.21 μmol·g−1, 
8.71 μmol·g−1, and 5.50 μmol·g−1, respectively, followed by those under 
treatment R. This indicates that red and white light were conducive to 
the accumulation of GSs in red pakchoi.

3.3.3 Anthocyanin concentrations of 
‘Ziguan no. 1’

Figure  4 demonstrates that different red-blue light ratios 
significantly influenced the anthocyanin concentration in red pakchoi. 
At higher blue light ratios, anthocyanin levels increased; however, these 
levels decreased as the blue light ratio was reduced. Despite this decline, 
the concentration remained significantly higher than that of the control 
treatment, reaching a maximum of 735.39 mg·kg−1 under treatment 
R2B1. The increases in anthocyanin concentrations under treatments B, 
R2B1, R4B1, R8B1, and R were 92.3, 114.4, 63.0, 77.5, and 39.4%, 
respectively, when compared to the control treatment. In contrast, for 
green pakchoi, anthocyanin levels were either negligible or undetectable 
under the experimental conditions. As a result, we did not include 
anthocyanin data. The absence of significant anthocyanin accumulation 
in green pakchoi, irrespective of the light treatments, contrasts with the 
notable anthocyanin responses observed in red pakchoi.

3.3.4 Soluble sugar concentration
A similar variation trend in soluble sugar concentration was 

observed in both green and red pakchoi during the experiment 
(Figure 5). The concentration increased at lower red-light ratios but 
decreased as the red-light ratio continued to rise. The soluble sugar 
concentration in green pakchoi was highest under treatment R4B1, 

TABLE 8 GS concentration of the aliphatic group (μmol·g−1 DW) and indole group (μmol·g−1 DW) in Green Pakchoi (Jingguan No. 1) assessed on day 20 
after treatment application under varying red-blue light ratios in a controlled environment.

GS B R2B1 R4B1 R8B1 R W

Aliphatic group 

(μmol·g−1DW)

PRO 4.39 ± 0.04 a 2.32 ± 0.04 b 2.30 ± 0.01 b 2.02 ± 0.05 d 2.33 ± 0.02 b 2.24 ± 0.01 c

SIN 0.07 ± 0.02 a 0.01 ± 0.01 c 0.01 ± 0.01 c 0.01 ± 0.01 c 0.04 ± 0.02 b 0.03 ± 0.01 bc

RAA 0.43 ± 0.02 c 0.25 ± 0.01 d 0.27 ± 0.02 d 0.58 ± 0.01 b 0.94 ± 0.02 a 0.19 ± 0.02 e

NAP 10.55 ± 0.03 c 10.10 ± 0.02 d 9.49 ± 0.04 f 9.90 ± 0.03 e 12.07 ± 0.05 b 14.05 ± 0.05 a

GBN 1.69 ± 0.05 f 2.95 ± 0.05 c 2.74 ± 0.02 d 2.29 ± 0.02 e 3.54 ± 0.04 b 3.91 ± 0.03 a

Indole group 

(μmol·g−1DW)

4OH 0.06 ± 0.01 a 0.06 ± 0.01 a 0.04 ± 0.01 ab 0.03 ± 0.02 b 0.05 ± 0.01 ab 0.04 ± 0.01 ab

GBC 0.22 ± 0.01 b 0.24 ± 0.02 a 0.14 ± 0.01 cd 0.15 ± 0.01 cd 0.13 ± 0.01 d 0.16 ± 0.01 c

4ME 0.16 ± 0.01 c 0.22 ± 0.01 a 0.16 ± 0.01 c 0.17 ± 0.01 c 0.20 ± 0.01 b 0.16 ± 0.02 c

NEO 2.04 ± 0.08 a 1.74 ± 0.05 b 0.84 ± 0.03 d 0.67 ± 0.02 e 0.90 ± 0.01 d 1.42 ± 0.07 c

Different small letters in the same column indicate significant differences among treatments (p < 0.05). PRO stands for 2-hydroxy-3-butenyl-glucosinolate; SIN stands for 2-allyl-glucosinolate; 
RAA stands for 4-methyl-2-methoxybutyl-glucosinolate; NAP stands for 3-butenyl-glucosinolate; GBN stands for 4-pentenyl-glucosinolate; 4OH stands for 4-hydroxyindole-3-methyl-
glucosinolate; GBC stands for Skatole; 4ME-methyl indolyl-3 methyl glucosinolate; NEO for 1-methyl indolyl-3 Methyl Glucosinolate.

TABLE 9 GS concentration of the aliphatic group (μmol·g−1 DW) and indole group (μmol·g−1 DW) in Red Pakchoi (Ziguan No. 1) assessed on day 20 after 
treatment application under varying red-blue light ratios in a controlled environment.

GS B R2B1 R4B1 R8B1 R W

Aliphatic group 

(μmol·g−1 DW)

PRO 0.67 ± 0.04 e 0.67 ± 0.00 e 0.94 ± 0.01 b 0.76 ± 0.01 d 0.85 ± 0.02 c 1.12 ± 0.03 a

SIN 0.009 ± 0.01 a 0.008 ± 0.01 a 0.009 ± 0.01 a 0.010 ± 0.01 a 0.006 ± 0.01 a 0.017 ± 0.01 a

RAA 0.78 ± 0.02 a 0.15 ± 0.03 c 0.18 ± 0.02 bc 0.17 ± 0.02 bc 0.18 ± 0.02 bc 0.20 ± 0.02 b

NAP 0.85 ± 0.05 f 1.75 ± 0.02 e 2.32 ± 0.01 c 2.10 ± 0.03 d 2.92 ± 0.05 b 3.38 ± 0.04 a

GBN 0.81 ± 0.02 f 2.38 ± 0.05 e 2.97 ± 0.02 c 2.56 ± 0.04 d 3.50 ± 0.04 b 4.01 ± 0.05 a

Indole group 

(μmol·g−1 DW)

4OH 0.03 ± 0.01 b 0.06 ± 0.01 a 0.07 ± 0.00 a 0.07 ± 0.00 a 0.04 ± 0.01 b 0.07 ± 0.00 a

GBC 0.69 ± 0.02bc 0.76 ± 0.07 b 0.61 ± 0.02 c 0.88 ± 0.06 a 0.69 ± 0.05bc 0.85 ± 0.04 a

4ME 0.29 ± 0.00 e 0.43 ± 0.01 c 0.33 ± 0.01 d 0.47 ± 0.02 b 0.56 ± 0.02 a 0.54 ± 0.02 a

NEO 1.57 ± 0.07 e 2.14 ± 0.03 d 1.28 ± 0.04 f 2.67 ± 0.08 c 3.02 ± 0.07 b 4.03 ± 0.00 a

Different small letters in the same column indicate significant differences among treatments (p < 0.05).
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which showed an increase of 31.4% compared to treatment W. There 
was no significant difference between treatments R and W. However, 
the soluble sugar concentrations under treatments B and R2B1 

decreased by 57.3 and 13.1%, respectively, compared to treatment 
W. These results indicate that pure blue light and red-blue combination 
light with a low red-light proportion are not conducive to the 
accumulation of soluble sugars in green pakchoi. In contrast, for red 
pakchoi, the soluble sugar concentration decreased as the red-light 
proportion increased, with treatment W showing the lowest 
concentration. The soluble sugar concentration under treatment R2B1 
was 2.78 times higher than that under the control treatment. 
Additionally, the soluble sugar concentrations under treatments B, 
R4B1, R8B1, and R increased by 146.1, 101.7, 85.0, and 28.3%, 
respectively, compared to those under the control treatment.

3.3.5 Vitamin C (Vc) concentration
As shown in Figure 6, the concentration of Vc in green pakchoi 

increased at lower ratios of red light but began to decrease as the ratio 
of red light increased. The maximum concentration of Vc reached 
65.91 mg·100 g−1 under treatment R4B1. The Vc level under treatment 
R8B1 was 34.3% higher than that under treatment W. Conversely, 
treatments B and R resulted in decreases of 28.6 and 16.1%, 
respectively, compared to treatment W. These results indicate that pure 
red and blue lights are not effective for accumulating Vc in green 
pak-choi, while incorporating red light into blue light significantly 
improves Vc levels.

For red pak-choi, the Vc concentrations under treatments B, R2B1, 
R4B1, and R8B1 were 18.0, 31.6, 20.3, and 33.0% higher than that under 
treatment W. Unlike in green pak-choi, the Vc concentrations under 
treatments B and R2B1 also promoted the accumulation of Vc in 
red pakchoi.

3.3.6 Crude protein concentration
The crude protein concentration was significantly higher in red 

pakchoi than in green pakchoi (Figure 7). In green pakchoi, crude 
protein concentration initially increased under all treatments but later 
decreased as the blue light ratio declined. The highest concentration 
was observed under treatment R2B1, which showed a 65.0% increase 
compared to treatment W. In contrast, the crude protein concentration 
in red pakchoi decreased at first but increased again as the blue light 
ratio declined. It reached its peak under treatment B, which was 2.1 
times higher than the control treatment.

Unlike green pakchoi, the crude protein concentration in red 
pakchoi significantly increased under treatment B. This suggests that 
red pakchoi may be more responsive to blue light than green pakchoi. 
Compared to treatment W, the crude protein concentrations under 
treatments R8B1 and R decreased by 33.7 and 17.3%, respectively. 
These findings indicate that the accumulation of crude protein in red 
pakchoi is significantly inhibited under treatments featuring pure red 
light and/or a high red-to-blue light ratio.

4 Discussion

4.1 Photosynthetic characteristics and 
growth of pakchoi plants as affected by 
different red-blue ratios

Light is an indispensable factor in the process of plant growth, and 
it is also the source of energy for plant photosynthesis (Trivellini et al., 
2023). Plants show significant improvements in height, root length, 
leaf area, and fresh weight when treated with a combination of red and 

FIGURE 3

The concentrations (μmol·g−1 DW) of total glucosinolates (GSs), the 
aliphatic GS group, and the indole GS group in Red Pakchoi (Ziguan 
No. 1) assessed on day 20 after treatment application under varying 
red-blue light ratios in a controlled environment. Different lowercase 
letters indicate significant differences at the 0.05 level between 
treatments same as below.

FIGURE 4

The anthocyanin concentrations (μmol·g−1 DW) of Red pakchoi 
(Ziguan No. 1) assessed on day 20 after treatment application under 
varying red-blue light ratios in a controlled environment. Different 
lowercase letters indicate significant differences at the 0.05 level 
between treatments same as below.

FIGURE 5

The soluble sugar concentration of both Green and Red pakchoi 
assessed on day 20 after treatment application under varying red-
blue light ratios in a controlled environment. Different lowercase 
letters indicate significant differences at the 0.05 level between 
treatments.
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blue light (Luo et al., 2024). Research indicates that red light promotes 
stem elongation, while blue light helps regulate this growth, leading to 
optimal plant height (Chan et  al., 2024). Our results align with 
previous studies on cucumber seedlings, which demonstrate that the 
combination of red and blue light spectrums enhances root 
development, resulting in improved root length and overall root 
system health, both of which are crucial for nutrient uptake (Wang 
T. et al., 2024). Additionally, both red and blue light contribute to 
increased leaf area; red light encourages leaf expansion while blue light 
enhances chlorophyll production, resulting in larger and healthier 
leaves that can capture more sunlight for photosynthesis (Wang et al., 
2022). The synergistic effect of red and blue light treatments also leads 
to greater biomass accumulation in pakchoi, as previous studies have 
shown that plants grown under these conditions exhibit higher fresh 
weight due to enhanced photosynthetic activity and improved nutrient 
absorption (Trivellini et al., 2023). A combination of red and blue 
lights has been reported to be  effective in driving photosynthesis 
(Wang et al., 2016; Liu and Van Iersel, 2021). In our study, both Pn and 
Chla were promoted under the combination treatments of red and 
blue lights, especially in red pakchoi plants (Tables 4–7). Chlorophyll 
a is the primary pigment responsible for absorbing light energy in 

photosynthesis. It plays a central role in the light-dependent reactions 
by capturing light in the blue and red parts of the visible spectrum, 
with a peak absorption at approximately 430 nm (blue light) and 
665 nm (red light) (Chu et  al., 2023). Our study found that the 
different ratios of red-to-blue light significantly affected the 
photosynthetic pigments in plants, with Chla being particularly 
sensitive to such changes (Tables 6, 7). In addition, blue light under 
the background of red light was a benefit for stomatal opening and 
transpiration rate (Shimazaki et  al., 2007; Wang et  al., 2016). 
Furthermore, chlorophyll plays a crucial role in regulating plant 
development by influencing physiological processes such as stomatal 
opening and gas exchange, which are essential for maintaining 
optimal photosynthetic conditions (Harrison et al., 2020). Moreover, 
the ability of plants to adjust their chlorophyll content in response to 
environmental factors like light quality and availability highlights its 
significance in growth and development (Driesen et al., 2020). In our 
study, Gs, Ci, and Tr of both green and red pakchoi plants were 
observed under treatment R2B1. These results, align with previous 
studies, which have shown that different ratios of red to blue light can 
significantly impact growth parameters such as leaf area, fresh weight, 
and photosynthetic efficiency. For example, a red-to-blue ratio of 
R8:B2 has been found to enhance lettuce growth and quality compared 
to other ratios (Li et al., 2020).

The relative quantum efficiency of red light for photosynthesis is 
higher than that of blue light, as indicated by previous research (Liu 
and Van Iersel, 2021). Our study confirms the superiority of red light 
in promoting photosynthesis, as demonstrated by the highest net 
photosynthetic rate (Pn) observed in green pakchoi in treatment R8B1. 
Distinct trends were observed for the net photosynthetic rate (Pn) of 
plants under different light qualities in the tested cultivars, with the Pn 
of red pakchoi plants being lower than that of green pakchoi plants. 
This phenomenon is consistent with the findings of Dou et al. (2019) 
who observed a lower photosynthetic effective radiation quantum 
efficiency in red basil compared to green basil, resulting in differences 
between the two varieties. The observed differences in Pn between 
green and red pakchoi plants in this study may also be attributed to 
differences in the photosynthetic pigments and their associated light 
absorption spectra and differences in other physiological processes in 
the two plant varieties. Furthermore, red basil had higher anthocyanin 
content and more vital light absorption ability. Therefore, it reduced 
the absorption of light energy by chloroplast, which reduced the 
photochemical energy transferred to the reaction centers (Anum 
et al., 2024b).

This experiment showed inconsistent Pn and growth responses in 
the green and red pakchoi plants (Tables 2, 5). The stem diameter, 
Chla, Chl a + b, stomatal conductance, intercellular carbon dioxide 
concentration and transpiration rate of pakchoi plants under 
treatment R2B1 were significantly increased, while the plant height, 
root length and photosynthetic pigment under treatment R4B1 were 
promoted. For red pakchoi plants, the R2B1 treatment significantly 
increased stem diameter and Chla/b compared to the green pakchoi, 
while the net photosynthetic rate, stomatal conductance, intercellular 
carbon dioxide concentration, and transpiration rate also increased, 
but to a lesser extent. It is important to note that leaf area can affect 
yield, and treatment R increased the leaf area of both cultivars of 
pakchoi, thereby contributing to the increases in fresh and dry weights 
of the plants. However, the chlorophyll, carotenoid content, and net 
photosynthetic rate of red pakchoi were highest when treated with W 

FIGURE 6

The vitamin C (Vc) concentration of Green and Red pakchoi assessed 
on day 20 after treatment application under varying red-blue light 
ratios in a controlled environment. Different lowercase letters 
indicate significant differences at the 0.05 level between treatments.

FIGURE 7

The crude protein concentration of Green and Red pakchoi assessed 
on day 20 after treatment application under varying red-blue light 
ratios in a controlled environment. Different lowercase letters 
indicate significant differences at the 0.05 level between treatments 
same as below.
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light, aligning with the findings of Zhou et al. (2020). Their study on 
pakchoi reported that white light with low light intensity significantly 
enhanced chlorophyll content. This suggests that the response to light 
quality varies between different leafy vegetables. Other studies have 
also investigated the effects of light quality on pakchoi and found that 
white light increased both chlorophyll content and the photosynthetic 
rate. These studies emphasized that light intensity, when combined 
with the appropriate light spectrum, plays a crucial role in enhancing 
the growth and physiological responses of leafy vegetables like pakchoi 
(Zhu et al., 2017; Zheng, 2018; Frede et al., 2019).

4.2 Nutritional quality of pakchoi

Vc (ascorbic acid), soluble sugar, crude protein, anthocyanin, and 
glucosinolates (GSs), as plant metabolites, have protective effects on 
vegetables and are essential components of plant nutritional quality 
(Sharma et al., 2024). In this experiment, Vc and soluble sugar content 
in green pakchoi were highest under the R4B1 treatment, while the 
R2B1 treatment significantly increased the crude protein content. 
Previous studies, such as those by Trivellini et al. (2023) and Lingwan 
et al. (2023) demonstrated that using a combined light source not only 
increases production efficiency but also enhances the nutritional 
composition of plants by promoting the synthesis of essential 
metabolites. This suggests that optimizing light quality can improve 
both the yield and nutritional value of leafy vegetables. Comparable 
outcomes were observed in red pakchoi, where treatment with R8B1 
led to an increase in Vc content. However, the difference in Vc content 
between R8B1 and R2B1 was not statistically significant. Previous 
studies have shown that blue light is the most effective in regulating 
anthocyanin biosynthesis among various wavelengths in tomatoes (Li 
et al., 2021; He et al., 2022). Furthermore, blue light promotes the 
expression of genes that regulate the anthocyanin pathway (Anum 
et  al., 2024b). In the present study, R2B1 treatment significantly 
increased the concentration of soluble sugar and anthocyanins, 
indicating that a higher proportion of blue light can promote the 
accumulation of anthocyanins in red pakchoi, which is also directly 
related to the increase of sugar concentration. Solfanelli et al. (2006) 
pointed out that the expression of most structural and regulatory 
genes of anthocyanins is regulated by sugar; at the same time, 
treatment B was also beneficial to the accumulation of crude protein 
concentration. Previous studies have reported that blue light, as well 
as a suitable combination of red and blue lights, can enhance the 
concentration of crude protein, soluble sugar, and vitamin C, while 
reducing nitrate concentration in lettuce and cucumber plants 
(Wendong et al., 2015; Xiaoxue et al., 2015). The variations in the light 
environment in each study could also have played a role, as plants 
exhibit different adaptabilities to varying light conditions. Thus, to 
establish optimal light conditions for improving the nutritional quality 
of crops, it is essential to consider the specific plant species and 
growing conditions (Ouzounis et al., 2015).

4.3 GSs concentration in pakchoi

Plant GSs concentration is significantly affected by light 
environment. Previous researches have indicated that plants covered 
with blue plastic film had higher GSs concentration than those 

covered with other colored plastic films (Antonious et  al., 1996). 
Moreover, ultraviolet irradiation has increased broccoli’s total and 
aliphatic GSs concentration (Moreira-Rodríguez et al., 2017).

SIN, RAA and GBC are considered beneficial GSs, while PRO is 
considered harmful. Excessive intake of PRO by a human will lead to 
goiter (Padilla et al., 2007; Verkerk et al., 2009). In this experiment, 
PRO, SIN, NEO and 4OH of green pakchoi were the highest under 
treatment B. However, the treatment B significantly reduced PRO 
concentration and increased RAA concentration in red pakchoi, 
which agrees with the findings of (Zheng, 2018; Park et al., 2019) 
demonstrating that blue light treatment positively influenced the GSs 
concentration and phenolic accumulation in pakchoi shoots. Similarly, 
(Zheng, 2018) found that a higher blue light supplement intensity 
significantly enhanced the GSs concentration in green and red 
leaf pakchoi.

In our study, treatment B significantly decreased the 
concentrations of total GSs and aliphatic GSs in red pakchoi. This 
result contradicts the findings of (Qian et al., 2016), who found 
that blue light increased GSs concentrations in Chinese kale. 
Furthermore, in our study, the concentrations of total GSs and 
aliphatic GSs in green pakchoi, as well as the concentrations of 
total, aliphatic, and indole GSs in red pakchoi, were highest under 
treatment W. Metallo et al. (2018) conducted a study comparing 
the effects of white light and a combination of 5% blue light and 
95% red light on the GSs concentration of cabbage. They found 
that the red and blue light combination increased the total, indole, 
and aliphatic GSs concentration in cabbage. However, our study 
obtained different results, which may be attributed to variations 
in cultivars, cultivation techniques, and the duration of the light 
treatments. It should be noted that the growth, development, and 
nutritional quality of plants are influenced not only by light 
quality but also light intensity and duration, as evidenced by 
changes in photosynthetic pigments, phenolic compounds, Vc, 
soluble sugar, and GSs concentration (Steindal et  al., 2013; 
Brazaitytė et al., 2015).

5 Conclusion

To improve the nutritional quality and growth of pakchoi 
plants, the optimum red-to-blue light ratios were investigated by 
using Green pakchoi of “Jingguan No.1” and red pakchoi of “Ziguan 
No.1” in this experiment. This study demonstrates that different 
light spectral qualities significantly impact the growth, 
photosynthesis and nutritional quality of pakchoi. Treatment R was 
the best for the growth of green and red pakchoi, resulting in a 
significant increase in leaf area and dry and fresh weights. Regarding 
photosynthetic characteristics, treatment R4B1 showed beneficial 
effects on the accumulation of photosynthetic pigments of both 
pakchoi varieties. Additionally, R2B1 treatment increased the Pn, Gs, 
Ci, and Tr of both pakchoi varieties compared with those under the 
control. Finally, regarding nutritional quality, treatment R4B1 
showed a significant increase in the concentrations of Vc and 
soluble sugar of green pakchoi plants. In contrast, treatment R2B1 
resulted in a higher accumulation of Vc, soluble sugar, and 
anthocyanin concentrations in red pakchoi. Notably, both pakchoi 
varieties had the highest glucosinolate concentration under control. 
Therefore, the selection of suitable light quality according to the 
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specific cultivar is crucial for the successful cultivation of 
pakchoi plants.
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