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Abstract: Light-emitting diodes (LEDs) are considered the optimal artificial light source for plant factories, yet further research is needed to
understand the impact of LED light quality on plant growth. This experiment investigated the growth and development of butter lettuce
under varying ratios of red and blue light provided by LEDs. The specific effects of different red and blue light quality ratios on butter
lettuce growth were systematically tracked and recorded, with comprehensive measurements of growth parameters and photosynthetic
characteristics. Empirical findings revealed that a higher red light component compared to blue light led to improved butter lettuce
characteristics. These included increased leaf length and width, elevated plant height, higher relative chlorophyll content, and an increased
net photosynthetic rate. The study also highlighted that the light quality requirements of lettuce fluctuate across different growth stages,
allowing for adaptable modulation of lighting conditions to align with specific growth stage needs. Total fresh weight, total dry weight, and
dry matter content of lettuce reached the highest values in the R8B2 treatment with 80% red light and 20% blue light, and the percentage
differences reached 29.2%, 23.1%, and 13.9%, respectively. Additionally, the photosynthetic chlorophyll content and net photosynthetic rate
exhibited maximum percentage differences of 22.22% and 14.6%, respectively. In conclusion, the experimental evidence supports that an
R8B2 spectral composition (80% red and 20% blue light) in a controlled indoor setting represents the optimal light environment for the
accelerated growth and superior quality of butter lettuce.
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1. Introduction

The manipulation of spectral light components has proven
effective in optimizing plant growth [1]. Currently, this technique is
widely used in horticulture to enhance the yield and quality of
various crops. It achieves this by inducing significant changes in
both primary and secondary plant metabolism [2, 3]. Light-emitting
diode (LED) technology offers a superior alternative to traditional
lighting methods, boasting advantages such as high luminous
efficacy, minimal energy consumption, low cost, and reduced heat
generation [4]. It is believed that blue light (400–500 nm) and red
light (600–700 nm) are particularly effective in the process of
photosynthesis compared to other wavelengths of light [5]. During
photosynthesis, plants primarily utilize red and blue light, each
playing an indispensable role in the process [6, 7]. LED technology
optimizes the balance between these essential wavelengths, resulting
in significant improvements in plant growth and development.

Many studies have emphasized the role of blue light in regulating
plant growth and morphology as well as the significant impact of red
light in plant growth and development. For example, research has

shown that the proportion of blue light in the spectrum significantly
affects the biological characteristics of dill plants. Interestingly, a
low dose of blue light (20%) positively impacts the plant’s leaf
area [8]. A combination of red and blue light thickens tomato
leaves and enhances photosynthesis compared to monochromatic
red light [9]. Studies have shown that blue light can lead to
compact headscarf plants and earlier flowering [9]. In addition, red
light has a wide range of important effects on the growth and
physiological processes of plants [10]. Research has demonstrated
that Brassica napus exhibits the highest abscising acid content under
red light conditions [11]. A study conducted by Yasuhito Sakuraba
and colleagues revealed that red light signaling enhances
phosphorus uptake in rice by regulating the expression of relevant
genes [12]. Furthermore, a pioneering study led by Pavlos
Kalaitzoglou and his team concluded that tomato plants grown
under artificial light lacking far-red wavelengths exhibit a series of
shade-avoidance responses [12]. Specifically, red light accelerates
the growth of tomato stems and petioles, resulting in elongated and
loosely structured plants [13].

Based on the significant effects of red and blue light on plant
growth [14], indoor controlled environment plant factories, growth
chambers, or plant production units using free-space optical
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communication [15–17] of artificial light are becoming increasingly
popular in commercial leafy vegetable cultivation and research in the
field of plant science [17, 18]. Lettuce (Lactuca sativa L.) is widely
grown in plant factories because of its low cost and high density of
cultivation, ease of management, and short harvest cycle. It is a
model crop for many researchers to study plant responses to
different light environments [19].

Lettuce, as one of the most common crops, has garnered
considerable attention with respect to the influence of light quality
on its growth and development. Given the multitude of factors
affecting lettuce’s growth and development, scholars have presented
various perspectives on the effects of different light qualities. Joo
Hwan Lee and colleagues found that BR-LED produced favorable
results, including increased crop fresh weight, increased leaf
thickness, and increased content of substances such as ascorbic
acid, resulting in the highest overall preference. Therefore, BR-LED
is considered to be the best choice for cultivating lettuce in an
artificial environment [20]. Lyubov Yudina and associates
concluded that the efficiency of lettuce cultivation can be improved
by utilizing light sources with narrow spectral bands [18]. Akvilė
Viršilė’s research suggested that lettuce responses to dynamic light
strategies are influenced by the specific lettuce variety being grown
[21]. The findings of Noriko Ohtake and their team indicated that
plants cultivated under alternating red/blue light exhibited higher
net assimilation rates and greater total and projected leaf area (an
indicator of the proportion of leaf area that absorbs more light)
compared to other lighting conditions [6]. However, Bo-Sen Wu
and colleagues demonstrated that amber light outperformed red light
in promoting photosynthetic activity and plant productivity [22].
The aforementioned results hold practical relevance in current
agricultural production. This experiment specifically focuses on
examining the impact of LED light with varying red-to-blue ratios
on the growth and development of butter lettuce within real-world
applications. This experiment is the first of its kind to present the
different growth conditions of cream lettuce under multiple
gradients of red and blue light mass ratios in a fully enclosed
artificial light plant factory, controlling for other environmental
factors that may have an impact on plant growth conditions during
the plant growth process to ensure that reliable experimental results
are obtained. Unlike other traditional ways of categorizing light, the
purpose of the experiment was to pinpoint the optimal light quality
ratio for the growth of cream lettuce and to point out the
shortcomings of other light quality ratios of different gradients in
comparison with it, thus providing a valuable and important
reference for growing lettuce in plant factories. Key parameters
such as cream lettuce leaf size (length and width), plant height,
relative chlorophyll content, and net photosynthetic rate were also
meticulously evaluated to ensure that the experimental results could
effectively guide production. The primary goal was to pinpoint the
optimal light quality ratio for promoting the growth of butter lettuce
and, in turn, establish a standardized light guideline to enhance
practical production methods.

2. Methods

2.1. Plant materials and growth conditions

Experimental materials: The experimental material was 200
butter lettuce seeds.

Planting conditions: The seeds were planted on a substrate block
by hand sowing, placed in a greenhouse with 80% humidity and 25
degrees Celsius for germination, and after seven days, transplanted
into LED supplemental light seedbeds, which were irradiated and

supplemented with an LED light source, and cultivated
hydroponically throughout the growing period of the plant.

Treatment group setting: Eight control groups were included in the
experiment, R2B8 (red/blue—2:8), R3B7, R4B6, R5B5, R6B4, R7B3,
R8B2, R9B1 (wavelengths as shown in Figure 1), where the ratio set for
the actual production of the electrical power of the lamp holder. To
ensure the accuracy of our experimental results, we adjusted the
LED light intensity to account for variations in the photosynthetic
photon flux density (PPFD) of different light qualities, maintaining a
PPFD of over 200 μmol·m−2·s−1 for each type of light.

Planting position: Lettuce seedlings were placed on specialized
plant filler racks, as shown in Figure 2. Four hole trays were placed in
each layer of the seedbed before planting, and each tray was planted
with 50 lettuce seedlings. After planting, two foam plates were
placed in each layer, each with 21 lettuce plants. The ambient
temperature (23°C), humidity (80%), and daily light hours (16 h)
were kept consistent for each layer.

Parameters recorded: Each layer ofmeasured data position lettuce
was labeled as 1,2,3,4, and the plant replenishment lamp holder was
numbered as A, B, C, D, E, F, G, H according to the order of the
red and blue light quality ratio (from R2B8 to R9B1), and then the
growth data of the labeled plants were measured once every 2 days
starting on the 8th day after the planting of lettuce, and then once
every 2 days after the planting of lettuce (on the 18th day after the
planting), and once every 2 days on the 20th, 25th, 28th, 32nd, and
37th days after the planting of lettuce. After planting (18th day after
planting), the growth data of the labeled plants were measured on
the 20th, 25th, 28th, 32nd, and 37th days, respectively. Four lettuce
plants were measured for each light quality ratio, and the data
measured for each lettuce plant were repeated three times, and the
average value was taken as the reference data. At the final harvest,
we measured net the photosynthetic rate, chlorophyll index,
intercellular CO2 concentration, and stomatal conductance using the
same methods. Each parameter was measured three times, and the
average value was taken as the final measurement.

2.2. Light environment design

2.2.1. Light source design
The light source design is a crucial element of supplemental

equipment to cater to the specific demands of practical
agricultural production. Current research primarily emphasizes the
utilization of red and blue light [23, 24]. Red light plays a pivotal

Figure 1
Spectrograms with different light mass ratios
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role in enhancing plant growth by promoting root morphogenesis,
stem elongation, and leaf growth. Additionally, it regulates plant
metabolism, leading to increased accumulation of photosynthetic
products. On the other hand, blue light contributes to sturdier and
more compact plant structures, elevates chlorophyll content, and
stimulates nitrogen metabolism [24]. In order to determine the
optimal red and blue light ratio for lettuce growth [25], in this
experiment, a high spatial light uniformity plant supplemental
light stand was used to supplement light for cream lettuce in a
fully enclosed artificial light plant factory, and the supplemental
light stand used was able to control the light quality, light
intensity, and light environment so that the plant could be stably
located in the optimal external growth environment, which solved
the constraints of the unsuitable light environment on the plant’s
production activities. This research aims to shed light on the ideal
balance between red and blue light wavelengths to maximize the
growth potential of lettuce plants.

2.2.2. Optical uniformity design
To mitigate the impact of uneven lighting on experimental

accuracy and ensure uniform light supplementation, each layer
of the seedbed was equipped with 12 LED light bars. We
conducted measurements of the PPFD of these light sources at
the surface of the seedbeds, and the distribution of planting
plane light uniformity is shown in Figure 3. To guarantee
uniformity, PPFD readings were taken at 15 evenly selected
points on the seedbed, positioned 30 cm away from the
supplemental light source. This meticulous approach aimed to
maintain consistency in the light distribution, thus enhancing the
precision and reliability of the experimental outcomes.

2.3. Methods of measurement

Measurement of growth: Lettuce plant height, leaf length, and
leaf width were measured with a straightedge.

Measurement of dry and fresh weight: For fresh weight,
lettuce was picked to remove decayed and dried portions of the

leaves and then immediately measured using an accurate
electronic scale. For dry weight, lettuce was placed in a drying
oven for 24 hours and then weighed using an accurate electronic
scale [26].

Measurement of photosynthetic characteristics: photosynthesis
meter (LICOR LI-6400). Net photosynthetic rate, stomatal
conductance, intercellular carbon dioxide concentration, and
transpiration rate were measured. SPAD assays were performed
using a chlorophyll analyzer on the largest leaves of lettuce in an
environment with a temperature of 23°C and a humidity of 80%.

Statistical Analysis: The experiment utilized a fixed block
design with 32 samples per group to determine the growth
parameters of lettuce. Statistical analyses were performed using
IBM SPSS Statistics 27 (Amonk, New York, NY, USA). The
experimental results were analyzed through analysis of variance
and Tukey’s test.

Figure 2
A picture of lettuces growing under LED lamps

Figure 3
Light intensity distribution in lettuce planting plane
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3. Result and Discussion

3.1. Lettuce growth and morphology

The changes in the plant height of lettuce plants under various
light quality ratios are illustrated in Figure 4. The figure reveals that
during the initial stages of lettuce growth, an excessively high
proportion of blue light inhibited plant height. Specifically, on
days 8 and 12, when the proportion of blue light exceeded that of
red light, the plant height of lettuce plants was notably lower
compared to the experimental group with a higher proportion of
red light. By the 20th day, lettuce plants were divided, and the
leaves were in the recovery phase from wilting, resulting in
decreased measured plant heights. Subsequent measurements on
the 28th and 32nd days indicated that the effects of different light
quality ratios on plant heights were not significant after the
division of lettuce plants.

As depicted in Figure 5, during the initial phase of plant growth,
the length and width of plant leaves exhibited insensitivity to
variations in light quality ratios. There were minimal differences
observed on the 8th, 12th, 16th, and 20th days of growth.
However, after the splitting of lettuce, indicating the later stage of
lettuce growth, different light quality ratios significantly
influenced leaf growth. Notably, on the 37th day, the
experimental group with a higher proportion of red light than blue
light displayed greater length and width of plant leaves compared
to the group with a higher proportion of blue light. Remarkably,
the plant leaf length and width reached their peak when the
photomass ratio was R8B2, aligning with the findings of Rūta
Sutulienė et al. [27]. The reduction in red and blue photomass
ratios could have triggered the response of leaf area to highlight
intensities, consequently reducing leaf length and width [28]. This
outcome is associated with blue light’s ability to limit cell
extension and differentiation [29]. Leaf extension is regulated by
different genes in vertical and horizontal directions, and blue light
induces an imbalance in the expression of these genes, leading to
the suppression of leaf extension [30]. Moreover, red light alone
can decelerate leaf growth [31], emphasizing the essential need

for an appropriate proportion of blue light. Previous studies have
indicated that the combination of red and blue light has the most
positive impact on the growth, development, and physiological
processes of leafy vegetables such as lettuce [32]. This highlights
the fact that monochromatic blue or red light alone cannot
adequately support normal plant growth [33].

The data analysis presented in Table 1 clearly indicates
significant differences (p< 0.05) in the relative chlorophyll
content, net weight, dry weight, and dry matter content of lettuce
plants under different light quality ratios. Chlorophylls are pivotal
pigments for photosynthesis, absorbing light energy and
converting it into chemical energy to drive plant growth and
development [34]. Consequently, assessing the relative
chlorophyll content is crucial for evaluating plant photosynthetic
efficiency and overall growth. The net and dry weight of lettuce
are indicative of the plant’s water content, a vital parameter for
studying its drought tolerance and disease resistance [35].
Additionally, the net dry weight of lettuce serves as a significant
indicator to reflect the plant’s growth rate and growth cycle,

Figure 4
Schematic diagram of lettuce plant height growth under

different light quality ratios

Figure 5
Schematic diagram of lettuce leaf length andwidth growth under

different light quality ratios
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providing valuable insights into its growth patterns and rhythms. The
experimental results indicate that red light has a more positive impact
on the dry matter content, dry weight, fresh weight, and SPAD of
lettuce. Specifically, increasing the red light ratio has a more
significant effect on dry matter content, dry weight, and fresh weight
compared to SPAD. The R8B2 light ratio combination resulted in
the highest values for dry matter content, dry weight, and fresh
weight of lettuce. Under this light ratio, the dry matter content, dry
weight, and fresh weight of lettuce reached their maximum values,
showing a maximum difference of 29.2%, 23.1%, and 13.9%,
respectively. This observation aligns with the findings of Lyubov
Yudina [36], who demonstrated that the increase in red light intensity
was associated with decreased dark respiration, leading to an increase
in lettuce weight. These results also corroborate with studies by Son
and Ahmed [37], which highlighted that red light with wavelengths
between 600 and 700 nm is the most effective range for promoting
growth rate and photosynthesis in lettuce.

3.2. Physiological activities of lettuce

Intercellular carbon dioxide concentration stands as a critical
physiological indicator for plant growth, and maintaining an
appropriate level is essential for the healthy development of
lettuce plants. If the intercellular carbon dioxide concentration is
excessively high, photosynthesis efficiency may decrease.
Conversely, if the concentration is too low, it can also impact
chlorophyll photosynthesis within chloroplasts. Research has
demonstrated that for lettuce growth in controlled environments,
an intercellular carbon dioxide concentration ranging from 500 to
1000 μmol·mol−1 is optimal, ensuring optimal plant growth and
production. This experiment is conducted in a plant factory in an
artificial environment, where the ambient carbon dioxide
concentration is kept constant throughout the plant growth
process. As depicted in Figure 6, it is evident that under different
light quality ratios, the intercellular CO2 concentration of lettuce
gradually decreased as the proportion of red light increased. The
highest value, represented by the ratio R3B7, was 21%, 26.1%,
and 31.8% higher than R7B3, R8B2, and R9B1, respectively.
Numerous studies have established that CO2 concentration acts as
a limiting factor for photosynthesis and the growth of many crops
cultivated indoors [38]. Research by Park et al. [39] demonstrated
a significant increase in photosynthetic rate with rising CO2
concentration. Moreover, CO2 concentration exhibited a negative
correlation with the transpiration rate, indicating a decrease in
transpiration rate with increasing CO2 concentration. This
phenomenon can be attributed to the rise in CO2 concentration,

which led to a reduction in stomatal conductance, aligning with
the findings of the present experiment.

As shown in Figure 6, there are significant changes in the
interactions between intercellular CO2 concentration, stomatal
conductance, net photosynthetic rate, and transpiration rate under
different light quality ratios. Notably, when the red light ratio
exceeded the blue light ratio (R6B4, R7B3, R8B2), the net
photosynthetic rate of the plants significantly increased compared to
the combinations with a higher blue light ratio (R2B8, R3B7,
R4B6). This increase in net photosynthetic rate resulted in a
decrease in intercellular carbon dioxide concentration, triggering
stomatal opening and an increase in leaf transpiration rate
(Figure 6). These experimental results underscore the pivotal role of
red light in lettuce photosynthesis. Indeed, red light is widely
recommended as the essential spectrum for plant growth, whether in
long-term or short-term cultivation scenarios [40]. Red light
promotes aboveground elongation, enhances leaf number, width,
area, plant height, aboveground fresh and dry weight [41], increases
carbohydrate accumulation, and improves the carbon-to-nitrogen
(C/N) ratio. Both chlorophyll and photosensitive pigments have
absorption peaks in the red light band, making red light a potent
driver of photosynthesis. Red light mediates the movement of
chloroplasts by orienting their broadsides toward light through
photosensitive pigments, affecting the capture of light energy.
Additionally, red light influences the size and number of leaf
stomata; for instance, chrysanthemums exhibit fewer stomata and
larger stomatal areas under red light. Furthermore, red light affects
photosynthesis by influencing RuBisCo activity. Research
conducted by Du Shuang and colleagues on the photosynthetic
properties of eggplant leaves revealed that under red light, the light
absorption coefficient, apparent quantum yield, and maximum net
photosynthetic rate of eggplant leaves are all higher than those
under other monochromatic light treatments.

Simultaneously, stomatal conductance, transpiration rate, and
the net photosynthetic rate of lettuce demonstrated a significant
decrease under the light quality combination of R9B1, indicating
the crucial role of blue light in the physiological processes of
lettuce. Arcel, M. M. et al. [42] discovered that the combination
of red and blue light resulted in a higher photosynthetic rate than
pure red light. Additionally, leaf chlorophyll (chl) content
increased with higher levels of blue light [43]. Blue light is
directly sensed by phototropic pigments, activating plasma
membrane ATPase to pump out protons continuously [44]. This
process creates a transmembrane electrochemical gradient,
promoting K+ uptake by the guard cells. Consequently, this
reduces the intracellular osmotic potential, causing swelling of the

Table 1
Values of relative chlorophyll content, net weight, dry weight, and dry matter content of lettuce plants with
different light quality ratios, values are presented as mean ± standard error. Means with the same letter in

each column are not significantly different at p< 0.05

Light quality SPAD Net weight (g) Dry weight (g) Dry matter content

R2B8 30.35 ± 1.95d 45.00 ± 2.94b 1.95 ± 0.03d 4.35 ± 0.29b
R3B7 35.92 ± 1.30c 44.00 ± 2.83bc 1.87 ± 0.04e 4.27 ± 0.33b
R4B6 34.5 ± 3.35c 45.50 ± 3.70b 1.90 ± 0.03e 4.19 ± 0.30bc
R5B5 40.52 ± 2.81a 55.00 ± 2.58a 2.13 ± 0.02bc 3.88 ± 0.16c
R6B4 41.32 ± 1.51a 34.00 ± 4.24d 1.31 ± 0.03f 3.89 ± 0.39c
R7B3 39.62 ± 1.31ab 44.00 ± 1.83bc 2.09 ± 0.05d 4.76 ± 0.25a
R8B2 39.02 ± 2.27bc 56.25 ± 1.26a 2.54 ± 0.04a 4.51 ± 0.09ab
R9B1 39.97 ± 2.26ab 40.75 ± 1.71c 1.95 ± 0.04b 4.77 ± 0.23a

Journal of Optics and Photonics Research Vol. 00 Iss. 00 2024

05



guard cells and rapid stomatal opening [45]. This effect leads to
decreased resistance to CO2 diffusion. Blue light also influences
leaf photosynthesis by modulating gene expression. The D1
protein plays a crucial role in the photosystem II (PSII) complex,
which is a core component of the photosynthetic machinery in
plants, algae, and cyanobacteria. It is integral to the
light-dependent reactions of photosynthesis, where it participates
in the process of water splitting and oxygen evolution [5].

Photosynthesis in plants comprises three essential processes:
the primary reaction (involving light energy absorption, transfer,
and conversion), electron transfer and photosynthetic
phosphorylation, and carbon assimilation. Among these, the
primary reaction and electron transfer/photosynthetic
phosphorylation constitute the light reaction components. In
photosynthesis, the photosystem acts as the functional unit for
light energy absorption, consisting of the antenna complex and the
reaction center complex. The pigments within the antenna
complex, including most of the chlorophyll a and all the
chlorophyll b, as well as carotenoids, are responsible for light
energy absorption and transfer. When these pigments absorb light
energy, they become excited states, and energy is transferred
between them to the reaction center through resonance transfer.
This energy transfer can occur between similar pigment molecules
or between different pigment molecules. Energy transfer
efficiency is remarkably high; for instance, carotenoids can
transfer energy to chlorophyll a with an efficiency of up to 90%,
and chlorophyll b can transfer energy to chlorophyll a with an
efficiency close to 100%. Due to the organized arrangement of
pigment molecules, energy transfer between different pigments

follows a pattern where a pigment molecule with a shorter peak
absorption wavelength transfers energy to a pigment molecule
with a longer peak absorption wavelength, ultimately reaching the
reaction center. The reaction center is a membrane protein
complex in photosynthetic organisms that facilitates energy
conversion during the light-dependent reactions of photosynthesis.
It contains a specific chlorophyll a molecule essential for this
process.

These chlorophyll molecules rapidly absorb light energy,
inducing redox chemical changes, a process known as the
photochemical reaction. This reaction constitutes the core step of
photosynthesis, converting light energy directly into chemical
energy, marking the end of the initial reaction. The content of
chlorophyll directly affects the absorption and transfer of light
energy and the photochemical reaction in plant photosynthesis.
Experimental results demonstrate that when the red light ratio
exceeded the blue light ratio, the SPAD values and net
photosynthetic rate of lettuce (as indicated in Table 1 and
Figure 6) were higher than in combinations with higher blue light
ratios. This finding suggests that red light is more favorable for
plants in the absorption and transfer of light energy and
photochemical reactions, aligning with the results of the current
study. Their arrangement and the steps of electron and proton
transfer are illustrated in Figure 7. PSII hydrolysis releases
hydrogen and releases oxygen. The electron transfer process in
PSII can be divided into two parts: the first part involves
hydrolysis to liberate oxygen before P680 excitation, and the
second part involves electron transfer to PQ after P680 excitation,
ultimately reaching PC. The cytochrome b6f complex is

Figure 6
(a) Intercellular carbon dioxide concentration at different light qualities. (b) Net photosynthetic rate in different light qualities. (c)

Stomatal conductance in different light qualities. (d) Transpiration rate under different light quality

(a) (b)

(c) (d)
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positioned between PSII and PSI, facilitating electron transfer
through diffusible electron carriers. The function of the PSI
complex is to transfer electrons from PC to ferredoxin.
Photosynthetic phosphorylation utilizes light energy to drive
electron transfer, establishing proton motive forces across the
thylakoid membrane. These proton motive forces then synthesize
ATP from ADP and inorganic phosphate. While red light can
significantly enhance photosynthesis, an excessive amount of red
light disrupts the balance between PSI and PSII. Blue light is
necessary to maintain this balance. This also explains that the best
physiological data of lettuce were obtained at the light quality
ratio R8B2.

4. Conclusions

In summary, our study delved into the impact of different light
quality ratios on lettuce growth and photosynthesis. Red light and
blue light emerged as crucial players, each contributing
significantly to the regulation of lettuce growth and development.
The optimal balance between red and blue light proved pivotal,
with our experimental results demonstrating that when the ratio of
red light exceeded that of blue light, lettuce weight, dry matter
content, and net photosynthetic rate were higher than treatments
with a higher blue light ratio. This finding highlights the
preference of lettuce for a higher ratio of red light, indicating its
positive influence on lettuce growth. Notably, the most favorable
growth and development were achieved at a light quality ratio of
R8B2. At this ratio, lettuce weight, dry matter content, and net
photosynthetic rate surpassed the lowest values by 27.5%, 13.9%,
and 14.6%, respectively. Conversely, when the blue light ratio
was too low (R9B1), lettuce weight and net photosynthetic rate
decreased significantly by 27.5% and 9.1%, respectively,
compared to the light quality combination of R8B2. This
underscores the vital role of blue light in lettuce growth and
development. In practical agricultural settings, it is advisable to
utilize mixed light with a higher proportion of red light to
irradiate lettuce. However, it is crucial to strike a balance,
ensuring that the proportion of red light is not excessively high.
This approach provides the most suitable growth environment for

lettuce under artificial light conditions, maximizing its growth
potential and overall productivity.
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