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Abstract: Light-emitting dicdes (LEDsz) are considered the optimal artificizl light source for plant factories, vet further
research 15 needed to understand the impact of LED light quality on plant growth. This experiment mvestigated 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 lettuee prowth were systematically tracked and recorded, with
comprehensive measurements of growth parameters and photosynthetic characteristics. Empirical fmdings revealed that a
higher red light compenent compared to blue light led to mproved butter lettuce characteristics. These mcluded mereased
leaf length and width, elevated plant height, higher relative chlorophyll content, znd =n mereased net photosynthetic rate
The smdy alzo highlightad that the light quality requirements of lsttuce fluctuate across different growth stzges, allowing
for zdaptzble modulation of lighting conditions to zlign with specific growth stage needs Totzl fresh weight, total dry
weight and dry matter content of letmee reached the highest values m the B3E2 treatment with 80%% red light and 20794 blue
light, =nd the percentzge differences reached 202% 23.1% mnd 13.9%G, respectively. Additionally, the photesynthetic

respectively. In condusion, the experimentsl evidence supperts that zn R3B2 spectrzl composition (30% red and 20% blus

light) m 2 controlled mdoor 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 compenents has proven effective m optimizing plant growth([1]. Currently, this technique
is widely used m horticulture to enhanes the yield and quality of various crops. It achieves this by mducing significant changes in
both primery =md secondary plant metabelizm[2. 3]. Light Emitting Diede (LED) technelogy offers a superior altemative to
traditional lightmg methods, boastmg zdvantages such s high luminous efficzey, minimal ensrgy consumption, low cost, and
reduced heat generation[4]. It is believed that blue light (400-300 nm) and red light (600-700 nm) are paricularly effective in the
process of photosynthesis compared to other wavelengths of light[3]. During photosynthesis, plants primarily utilize red and blue
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light, ezch playing an mdispensable role m the process[6, 7]. LED technelegy optimizes the balance between these essential
wavelengths resultmg i significant improvements m plant growth and development.

Many studies have emphasized the role of blue light m regulating plant growth and merphology as well as the significant
mpact of r=d light m plant growth and development. For example, ressarch has shown that the proportion of blue light i the
spectrum significantly affects the biological cheracteristics of dill plants. Interestmgly, 2 low dose of blue light (20%4) pesttively
impacts the plant's leaf arez(S]. A combination of red and blue light thickens tomato leaves and enhances photosynthesis
compared to monochromatic red light{%]. Stdies have shown that blue light can lead to compact headscarf plants and earlier
flowermg[9]. In zddition, red light has 2 wids range of important effects on the growth and physiological processes of plants[10].
Research has demonstrated that Brassica napus exhibits the highest zhscisimg 2cid (ABA) content under red light conditions[11].
A study conducted by Yasuhito Sakurzba and colleagues revealed that red ltght signaling enhances phu-sphmus uptake i rice by
regulating the expression of relevant genes[12]. Furthermore, 2 pionesting study led by Pavles Ealzitzoglou and his team
concluded that tomate plants grown under artificiz] light lackng far-red (FR) wawelsngths exhibit 2 series of shade-avoidanes
responzes[12]. Specifically, red light sccelerates the growth of tomato stems and petioles, resulting i elongated and loosely
structured plants[13].

Based on the significant effects of red and blue light on plant growth[14], mdoor controlled environment plant factories,
growth chambers, or plant production units using free space optical communication (F30)M13-17] of artificizl light are becoming
mereasingly popular n commercizl leafy vegstable cultivation and research in the fisld of plant science[17, 18], Lettucs (Lactuca
sativa L) 13 widely grown i plant factories becanse of s low cost znd high density of cultivation; ezse of management and short
harvest eyele. Itis 2 model crop for meny researchers to smdy plant responses to different light environments[19].

Lettuce, 23 one of the most commen crops, has gamered considerzble attention with respect to the mfluence of light quality
on it growth and development Given the multitude of factors affecting lettuce’s growth and dewvelopment, schelars hawe
presented various perspectives on the effects of different light qualities. Joo Hwan Les and collezgues found that BR-LED
produced faverable results, mcluding mereased crop fresh weight, mereased leaf thickmess, znd mereased content of substances
such 23 ascorbic zcid, resulting m the highest overzll preference. Therefore, BR-LED is considersd to be the best choice for
cultivating lettuce m an artificial environment[20]. Lyubov Yudmz and assoctates concluded that the efficiency of lettues
cultivation can be improved by utilizing light sources with narrow spectral bands[18]. Alovil e Virdil "e's research suggested that
lettuce responses to dynamic hzht strategies are mfluenced by the specific letuce variety beimg grown[21]. The fmdings of
Noriko Ohtzke and their tesm indicated that plents cultivated 1mder ltemating redblne ltght exhibited higher net zssimilation
rates and greater totsl and projected leaf zres (zn mdicator of the proportion of leaf ares that zhsorbs more light) compared to
other lighting conditions[6]. However, Bo-3en Wu and collezgues demonstrated that zmber light outperformed red light m
promoeting photosynthetic activity and plant productivity[22]. The zforementionsd results hold practical relevance m current
agricultural production. This experment specifically focuses on examining the mmpact of LED light with varying red-to-blue
ratios on the growth and development of butter lettuce within real-world apph._auuns Thiz experiment iz the first of its kind to
present the different growth conditions of cream lettuce under multiple gradients of red and blue light mass raties m 2 fully
enclosed artificial light plant factory, comtrelling for other environmental factors that mzy have an mmpact on plant growth
conditions during the plant prowth process to ensure that relizble experimental results zre obtzmed. Unlike other traditional ways
of categorizing light, the purpess of the experiment was to pinpoint the optimal light quality ratio for the growth of cream lettucs
and to pomt out the shortcomings of other light quality raties of differemt gradients i comparison with it, thus providng =
valuzble and mpertant reference for growmng lettuce m plant factories. Koy perameters such s cream lettuee leaf size (length and
width), plant height, relative chlorophyll contsnt and net photosynthetic rate were alse meticulously evzluated to ensure that the
E.'-_perim&utal results could effectively guide production. The primary gozl was to pmpoimnt the optimal light quality ratie for
promoting the growth of butter lettuce and, in tumn, estzblish a standardized light guideline to enhance practical preduction
metheds.

&)

. Methods

(=]

. Plant materials and growth conditions
Experimental materials:The experimentzl material was 200 butter lettuce seeds.

Plenting conditions: The sesds were planted on 2 substrate block by hend sowmg, placed m 2 greenhouse with 30%
humidity and 23 degrees Celsiuz for germination, and after seven days, transplanted mte LED supplemental light zeedbeds,
which were irradizted and supplemented with an LED light source, and cultivated hydropenicelly throughout the growing peried
of the plant.
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Treztment group setting :  Eight control groups were mcduded m the  experimentBIBS(redblus —
2:3)R3B7 R4B6 RIBI F6B4 ETB3 R8B2 ROEI { wavelengths as shown i Figure 13 whers the ratio set for the actual
production of the electricel power of the lamp helder To ensure the zccuwracy of our experimenta] results, we adjusted the LED
light mtensity to sccount for varistions m the photesynthetic photon flux density (PPFD) of different light qualities, mamtaming a
PPFD of over 200 ymol-m-2-3-1 for each type of light.

Plenting position: Lettues seedlmgs were placed on specialized plant filler racks as shown m Figurs 2. Four hele trays were
placed in each layer of the seedbed before planting and ezch tray was plantad with 30 lettce seadlings. After planting, two fozm
plates were placed in each layer, each with 21 lettuce plants. The ambient temperatre (23°C), }11.1.1:|:m11'r5r (30%3), and daily light
hours (16h) were kept consistent for each layer.

Parameters recorded: Ezch laver of measured datz position lettuce was labeled 23 1.2.3 4, and the plant replenizshment lamp
holder was numbered 2z A B, C, D E. F. G, Haccording to the order of the red and blue l‘lEht guzlity ratio (from F2B3 to F9B1),
and then the growth data of the lzbeled plamts were mezsured once every 2 days starting on the 3th day after the planting of
lettuce, and then once every 2 days after the planting of lettuee (on the 18th day after the planting), and once every 2 days on the
20th, "':uﬂ:t 28th, 32nd, md 37th d:ﬁfs zfter the planting of lettuce. After planung; (18th day after planting), the EID‘.‘L‘ﬂ:l data of the
lzbeled plants were measurad on the 20th, 25th, 28th, 32nd, and 37th days, respectively. Four letuce plants were measursd for
ezch light quality ratic, and the data measured for each lettuce plant were rﬂpuatﬂ-d three times, and the average value was taken
a5 the refersnce data At the fmal harvest, we measured net photosynthetic rate ._l:llumph}]l mdex, mtercellulzr CO2
concentration, and stomatal conductance using the same methods. Each parameter was measured three times, and the average
value was taken 2s the fimal measursment.

Figure 1
Spectrograms with different light mass ratios
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Figure 2
A picture of lettuces growing under LED lamps

2.2 Light environment design

2.2.1. Light source design

The Light source design is 2 cmcizl element of supplementsl aquipment to cater to the specific demands of practical
zpriculturzl production. Current ressarch primarily emphzsizes the utilization of rad and blue light[23, 24]. Red light plays 2
pivetzl role m enhancing plant growth by promoting reot morphogenesis, stem elongation, and leaf growth. Additonally, it
regulates plant metzbelism, leading to meressed zccumulation of photosynthetic products. On the other hand, blue light
contributes to sturdier and more compact plant structures, elevates chlorophyll content, and stimulates nitrogen metzbelism[24].
In order to determine the optimal red and blue light ratio for lettuce prowth[23], in this experiment, 2 high spatial light uniformity
plant supplementzl light stand was used to supplement light for cream lettucs m 2 fully enclosed artificizal light plant factory, and
the supplementzl light stand used was zble to control the light quality, light mtensity, and light environment so that the plant
could be stzbly located m the optimal external growth environment, which selved the constrzmts of the unsuitzble light
environment on the plant's preduction activities. This resezrch zims to shed light on the ideal belance between red and blue light
wavelengths to maximize the growth potentizl of lettuce plants.

2.2.2 Opftical uniformity design

To mitigate the mpact of uneven lighting on experimental accuracy and ensure uniform light supplementation, sach layer of
the seedbed was equipped with 12 LED light bars. We conducted measurements of the photosyathetic photon flux density (PPFD)
of these light sources at the surfzce of the seedbeds, and the distribution of planting plane light uniformity iz shown m Figure 3.
To guatantee uniformity, PPFD readings wete taken at 15 evenly selected peints on the seedbed, positionsd 30 cm away from the
supplemental light source. This meticulous appreach asimed to maintzin consistency i the light distribution, thus enhancing the
precision znd relishility of the expermmentsl outcomes.
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Figure 3
Light intensity distribution in lettuce planting plane
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2.3 Methods of measurement

Mezsurement of prowthLettuce plant height, leaf length, and leaf width wete mezsured with 2 straightedge.

Mezsurement of dry and fresh weight: For fresh weight, letmee was picked to remove decayed and dried portions of the
leaves and then immedistely mezsured using =n aceurate slectronie scale. For dry weight, lettues was placed m 2 drying oven for
24 hours and then weighed using an accurate electronic scale[24].

Mezsurement of photosynthetic characteristics: photosynthesis meter(LICOR LI-6400) Net photosynthetic rate, stomatal
conductznee, mtercellular carbon dioxide concentration, and transpiration rate wers messured SPAD assays were performed
using 2 chlorophyll anzlyzer on the largest leaves of lettuce m an environment with a temperature of 23°C and 2 humidity of 30%.

Statisticel Amnslysis: The experiment utilized z fixed block design with 32 samples per group to determine the growth
parzmeters of lettuce. Statistical analyses wers performed usmg IBM SPSS Statistics 27 (Amonk, New York, NY, USA). The
experimenta] results were analyzed through analysis of variance (ANOVA) and Tukey's test.

3. Result and Discussion

3.1. Lettuce growth and morphology
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Figure 4
Schematic diagram of lettuce plant height growth under different light quality ratios
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The changes m the plant height of lettuce plants under various light quality ratios zre illustrated m Figure 4. The figure
reveals that durmg the mitial stages of lettuce growth, an excessively high propeortion of blue light inhibited plant height
Specifically, on days 8 and 12, when the proportion of blue light exeeeded that of red light, the plant height of lettuee plants was
noetzbly lower compared to the experimentz] proup with 2 higher proportion of red light By the 20th day, lettuce plants wers
divided, and the leaves were in the recovery phase from wilting, resulting i decreased measured plant heights. Subsequent
mezsurements on the 28th and 32nd days indicated that the effects of different light quality ratios on plant heights were not
significant zfter the diviston of lettuce plants.

Az depicted m Figure 5, during the mitizl phase of plant growth, the length and width of plant leaves exhibited msensitivity
to variztions i light quality ratios. Thers were minimal differsnces chserved on the 3th, 12th, 16th, and 20th days of growth.
However, after the splitting of lettuce, mdicating the later stage of lettuee growth, differemt light quality ratios significantly
mfluenced leaf growth. Notzbly, 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 comparsd to the group with 2 higher propertion of blue light. Bemarkably, the
plant leaf length and width reached thetr peak when the photomass ratic was R8B2, sligning with the fmdmgs of Luo et 2l [27].
The reduction m red and blue photomass raties could hewe trigpered the response of leaf zres to highlight mtensities
consequently reducing leaf length and width[28]. This cutcome iz assecizted with blue light's zbility to limit cell extension and
differentiztion[29]. Leaf extension is regulated by different genes m verticzl and horizontz]l directions, and blue light mduces an
mbalanee m the expression of these genes. leading to the suppression of leaf extension[30]. MMorsover, red light alone can
decelerate leaf prowth[31], emphasizing the essential need for an zppropriste proportion of blue light Previous studies have
mdicated that the combination of red and blue light has the most positive impact on the growth, development, and physiclogical
processes of leafy vegetables such as lettuce[32]. This highlights the fact that monechromatic blus or red light zlons cammot
zdequately suppert normal plant growth[33].
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Figure 5
Schematic diagram of lettuce leaf length and width growth under different light quality ratios
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Tablel

Values of relative chlorophyll content, net weight, dry weight and drv matter content of lettuce plants with different light
guality 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 SPAD net weight dry weight dry matter
Quality (g) {g) content
R2BS8 30.35+1.95d 45002 94b 1.95+0.03d 4.3540.2%
R3B7 353.92+130c 44 00=2 83bc 1.87£0.04e 4.27£0.33b
R4B6 34 543 35¢ 45 50£3.70b 1.90+0.03e 4.19+0.30bc
R3B> 40.52+2 81a 35.00£2.58a 2.1320.02bc 3.88x0.16¢c
F6B4 4132+151a 34004 244 1.31£0.03f 3.89+0.3%¢
RTB3 39.62+1 31ab 44 00=1.83bc 2.09+0.05d 4.76x0.25a
REB2 39.02£2 27be 36.25+1.26a 2.5420.04a 4.51£0.09ab
RO9B1 39.97+2 26ab 40.753x1.71c 1.95=0.04b 4.77£023a

The datz analysis presentsd m Tzble 1 clearly mdicates significant differences (p = 0.03) m the relative chlorophyll content,
net weight, dry weight, and dry matter content of lettuce plants under different light quality raties. Chlerophylls are pivotal
pigments for photosynthesis, zbsorbing light ensrgy and converting it mto chemical ensrgy to drive plant growth and
development{34]. Conssquently, zssessing the relaive chlorophyll content is crucial for evaluatmg plant photosynthetc
efficiency and overall growth. The net and dry weight of lettuce are mdicative of the plant's water content, 2 vitsl parameter for
stdyimg its drought tolerance and disesse resistance[33]. Additionally, the net diy weight of lettuce serves 23 a significant
mdicator to reflect the plant's growth rate and growth cycle, providing valusble msights mte its growth pattems and thythms. The
experimentz] results mdicate that red light hes 2 more positive impact on the dry matter contsnt. dry weight, fresh weight, and
SPAD of lettuce. Specificelly, mcrezsing the red light ratic has 2 more significant effect on dry matter content, dry weight, and
fresh weight compared to SPAD. The RSE2 light ratio combination resulted m the highest values for drv matter content, dry
weight, and fresh w eight of lettuce. Under this hght ratio, the dry matt&r content, dry w "'IE]:I.T_ and fresh w "'12’]1‘[ of lettuce reached
their maximum valuss, showing a maximum difference of 20.2%, 23.1%, =nd 13 9%, respectively. This observation zligns with
the findings qu}ubm T udma[:nl.’s]_ who demonstrated that the increase i red light intsﬂsit}' was associated with decreased dark
respiration, leading to an mcrezase m lettuce weight. These results also corroborate with studies by Son, KH, Ahmed, H A[37],
which highlighted that red light with wavelengths between §00-700nm iz the most effective range for promoting growth rate and
photosynthesis m lettuce
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Figure 6
{a) Intercellular carbon dioxide concentration at different light qualities. (b) Net photosynthetic rate in different light
gualities. (¢) Stomatal conductance in different light gualities. (d) Transpiration rate under different light quality
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3.2 Physiological activities of lettuce

Intereellular carbon dioxide concentration stands 23 a eritical physiclogical mdicztor for plant growth, and mamtaming =
zpproprizte level is ezsentizl for the healthy development of lettuce plants. If the mtercellular carbon dioxide concentration is
emcessively high, photosynthesis efficiency may decrease. Conversely, if the concentration is too low, it can alse mpact
chlorophyll photosynthesis within chloroplasts. Research has demonstrated that for lettuce growth m controlled environments, an
mtercellular carbon dioxide concentration ranging from 300 to 1000 pmel-mel™ iz optimal, ensuring eptimal plant growth and
production. This experiment i3 conducted i 2 plant factory i an artificial environment, where the ambient carbon dioxide
concentration is kept constant throughout the plant growth process. As depicted i Figure 6, it is evident that under different light
quality ratios, the mtercelluler CO2 concentration of lettuce graduslly decreased as the proportion of red light mereased. The
highest value, represented by the ratio BE3B7, was 21%, 26.1%, and 31.8% higher than R7B3, R3B2, and ROB1, respectively.
Numerous studies have estzblished that CO2 concentration acts 25 2 limiting factor for photosynthesiz and the growth of many
crops cultivated mdoors[38]. Research by Park ot 2l. [39] demonstrated 2 significant merease m photosynthetic rate with nising
CO2 concentration. Moreover, CO2 concentration exhibited 2 negative correlation with the tramspiration rate mdicating 2
decrease i tramspiration rate with mcreasing CO2 concentration. This phenomenon can be atiributed to the rise m CO2
concentration, which led to 2 reduction i stomatsl conductance, zligning with the fmdings of the present sxperiment.

Az shown m Figure 6, there zre significant changes in the mteractions betwesn mtercellular CO2 concentration, stomatal
conductance, net photosynthetic rate, and transpiration rate under different light quality ratios. Netably, when the red light ratic
exeeedead the blue light ratic (F6B4, RTE3, B3E2), the net photosynthetic rate of the plants significantly mersased compared to
the combmations with 2 higher blue light ratie (R2B3, B3B7, BE4B6). This mersase m net photosynthetic rate resulted m 2
decrease in mtercellular carbon dioxide concentration, triggering stomatz] opening znd an mcrease in leaf transpiration rate
(Figure §). These experimental results underscore the pivotal role of red light in lettuce photosynthesis. Indsed, red light iz widely
recommended as the essentizl spectrum for plant growth, whether m long-term or short-term cultivation scenzrios[40]. Bed light
promotes shove ground elongation, emhemees leaf number, width zres plant height, shoveground fresh and dry weight[41],
mereases cabohvdrate accumulation, and improves the carbon-to-nitrogen (C/IN) ratio. Both chlorephvll and phetosensitive
pigments have zhsorption pezks i the red light band. making red light 2 potent driver of photosyathesis. Fed light mediates the
movement of chloroplasts by orienting their broad sides toward light through photosensitrve pigments, affectmg the capturs of

9
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light energy. Additionzlly, red light mfluences the size and number of leaf stomatz; for mstance, chrysanthemums exhibit fewer
stomata and larger stomatz] arezs under red light Furthermore, red light zffects photosynthesis by mflusnemg Bubisco zctivity.
Besearch conducted by Du Shumng znd colleapues on the photosynthetic properties of eggplant leaves revesled that under red
light, the light absorption coefficient, apparent quantum vield, and meximum net photosynthetic rate of eggplant leaves e 2l
higher than these under other monechromatic light treztments.

Simultanecusly, stomatsl conductance transpiration rate and the net photosynthetic rate of lettuce demonstrated 2 significant
decreasze under the light quality combination of F9B1, mdicating the crucizl role of blus light i the physiclegical processes of
lettuce. Arcel, M W etal [42] discovered that the combmation of red and blue light resulted m 2 higher photosynthetic rate than
purs red light. Additionslly, leaf chlorophyll (chl) contsnt merezsed with higher levels of blue light[43]. BElue light iz directly
sensed by phototropic pigments, activating plasma membrane ATPasze to pump cut protons continuously[44]. This process
creates a transmembrane electrochemical gradient, promoting B+ uptzke by the guard cells. Consequently, this reduces the
mtrzeelluler osmotic potential, causmg swellmg of the guzrd cells and rapid stomeztal openmg(43]. This effect leads to decreased
resistance to CO2 diffusion. Blue light slso mfluences leaf photosynthesis by modulating gens sxpression. The D1 protein plays 2
crucizl rele i the photosystem 11 (PSID) complex, which 13 2 core component of the phetosynthetic machinery i plants, algas,
znd cyznobacteria. It is mtegral to the light-dependent reactions of photosynthesis, where it participates i the process of water
splitting =nd exvgen svelution[3].

Figure 7
Schematic diagram of the light svstem participating in plant growth

chloroplast stroma

ferredonin-NADP reductase

thylakoid lumen

Photosynthesis i plants comprises three essential processes: the primary reaction (mvelving light ensrgy sbsorption,
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 fimctional unit for light energy shsorption, consisting of the antenna complex and the reaction center
complex. The pigments within the antenna complex, mcluding moest of the chlorephvll 2 and 2ll the chlorephyll b, 25 well as
carotenoids, are responsible for light energy shsorption znd transfer. When these pigments zbsorb light energy, they become
exeited states, and emergy is transferred between them to the reaction center through resonanee transfer. This energy transfer can
occut betwesn similar pigment melecules or between different pigment melecules. Energy transfer efficiency is remarkably high;
for mstanes, carotencids can transfer energy to chlorophyll 2 with an efficiency of up to 90%, and chlorophyll b can transfer
energy to chlerophyll 2 with an efficiency close to 100%. Due to the organized zrrangement of pigment molecules, energy
transfer between differemt pigments follows a pattern where 2 pigment molecule with 2 shorter pezk zhsorption wavelength

10
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transfers energy to 2 pigment melecules with 2 longer pesk zbserption wavelength, ultimately reaching the reaction center. The
reaction center i3 2 membrane protem complex i photosynthetic organisms that facilitates energy conversion during the light-
dependent rezetions of photosynthesis. It contains 2 specific chlorophyll 2 melecule essentizl for this process.

These chlorophyll melecules rapidly absetb light ensrgy, mducing redox chemiczl changes, a process lmown as the
photochemical reaction. This reaction constitutes the core step of photosynthesis, converting light energy directly mto chemical
enetgy, marking the end of the mitial rezction. The contsnt of chlorophyll direcly affects the shsorption and transfer of light
energy and the photochemical reaction i plant photosynthesis Experimental results demonstrate that when the red light ratio
exceeded the blue light ratio, the SPAD values and net photosynthetic rate of lettues (2s mdicated m Table 1 and FtEIJI"' ) were
higher than m combimztions with higher blue light ratios. This fmdmg suggests that red light i3 more favorzble for plants i the
absmpuun and transfer of light energy and phu-tu-._hﬂmual reactions, zligning with the results of the current study. Their
arangement and the steps of electron and proton transfer are fllustrated m Figure 7. PSID hydrelysis releases hydrogen and
releases omygen. The electron transfer process m PSIcan be divided mto two parts: the first part mvolves hydrolysis to liberate
oxygen before PGB0 excitation, and the second part mvolves electron transfer to PQ after P630 excitation, ultimately reaching PC.
The cytochrome b6f complex is positionsd betwesn PSI]and P51, facilitating electron transfer through diffusible electron carriers.
The function of the P31 complex is to transfer electrons from PC to ferredoxin. Photosynthetic phospherylztion utilizes light
energy to drive electron transfer estsblishing proton motive forces zeross the thylzkeid membrane. These proton motive forces
then synthesize ATP from ADP and inorganic phosphate. While red light can significantly enhance photosynthesis, mn execessive
zmount of rad light disrupts the balance between PS1and PSIL Blue light is necessary to maintzn this balance. This alse explains
that the best physiological data of letmes were obtamed at the light quality ratie B3BE2.

4. Conclusions

In summary, our study delved inte the mpact of differsnt light quality raties on lettuce growth and photosynthesis. Fed light
and blue light emerged 23 crucial players, ezch contributing significantly to the regulation of lettuce growth and development
The optimal belance betwesn red znd blue light proved pivotal, with our sxperimentsl results demonstrating that when the ratio
of red light excesded that of blue light, lettuce weight, drv matter content, and net photosynthetic rate were higher than treatments
with 2 higher blus light ratic. This fmding highlights the preference of lettuce for 2 higher ratio of red light, mdicatmg its positive
mflnence on lettuce growth. Notzbly, the most favorzble growth and development were achieved at a light quality ratio of R3B2.
At this ratio, lettuce weight, dry matter content, znd net photosynthetic rate surpassed the lowest values by 27.5%, 13.9%, and
14.6%, respectively. Conversely, when the blue light ratic was too low (ROB1), lettuce weight and net photesynthetic rate
decrsased significantfly by 27.3% and 9.1%%, respectively, compared to the light quality combmation of R3E2. This underscorss
the wvitzl role of blue light m lettuce growth and development In practical agriculturs]l settngs, it 15 zdviszble to utilize mixed
light with 2 higher pru-pu:miu-n of red light to irradiate lettuee. However, it's crucial to strike 2 balance, ensuring that the proportion
of red light is not excessively high. This approach provides the moest suitable growth environment for lettuce under artificiz] light
conditions, MExmMizing its EIG“‘E]:[ potentizl and overall preductivity.
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