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it

Al

H @K A FERRILFEE Z0E - & RoR iR R TEHSE - KR ETHBE4S 525
SN - MHEHREWEZ R (TRELY » 2007 ) © [TATARAEEE - BRIk A 2R R PR R o
Feplg Sl AR B3R (R RN E - SHEYAERNEREOCRR RIVRE T - vE
S{ERFREEDE SR UV 5 G it 4 & FE(auxin ) 7 Z( gibberellin, GA )~ K25 25 2 A fi( brassinolide,
BR) HYEHREE R E ¢ fIHEARL (jasmonicacid, JA) KoK#lk (salicylic acid, SA) HI(SHREHE K S
fE > [FIEYEA R4S (L (Ballaré and Pierik, 2017; Shafiq et al., 2021; Song et al., 2019 ) » iZ £ %[
FESHTE Fy ket & (Shade avoidance syndrome, SAS) o BERE%H A UMM I E - MEFARUE - Hhai
o HHES - SRR E S TIREBE A R - KOREYS - BiRIMERDURR - ERRTEER

(hyponasty ) ~ =/ ZALNNEE © (EY)TRGESARIFEIERESE - 0] A 8 - Rkt b BT T &0 &R oy
Ao » (R RZFIRE] S YR ZS0H5S » 5 Episs =53 (Ballaré and Pierik, 2017 ; Courbier
and Pierik, 2019; Fittinghoff, 2008; Formisano ef al., 2022; Lin, 2002; Liu et al., 2021; Morelli and Ruberti,
2000 ) - EL R R 2R R HIRVE SRR » B EoR e N OB LELEIEE - B A e
BEPRAREEEL - BOEEREEERATS - TSR - IR REBEEME - R B
H R EFEE -

HHY M RE U R A ' 5 B - RS B S 4 v L ER SR AR B DAl i B R o
W AT M4 e VB RS SR R B 8 - RERS - WIS s AR & NE &
B FREORE AR & o Ttk e (E5 - 2018) - B OE Bl —fxES (LED - light-emitting
diode) £y RLAVHELIR - LED B—EFEEDLIE - BARCRS ~ ik - NEBHEEEEE » AHRE
FOLIE (RN - SEREYIE) EECRE TREEEIRSERS » R EEER (57 0 2013) - Hi AW
FEBURE IR ESE t LED fpEHYRCREL 0 Craeie (: - AMHEDEEAE T » Bl tva S IRIAAEEL » =
BREATEE AL LED Y NAVEE-FBEBIEI N0 - 405 EAERYEE8AE (270 pmolm™s™) /Y H (15
JEREEREN - FER AU R (PAR) s (570 pmolm™s™) i/l 30% (Cammarisano ef al.,
2021) - fEAHEER T » 4ALEEHE R LED ( A P:451 ~ 634 71665 nm ) FRERFTERAYAE R K B (i JerEHY
—¢ (Cammarisano e al., 2021 ) o B8R FHEL - 4185 5% LED BRI T 095 EATER R 2F RARSHE
& (root collar diameter ) FIZE T A » B E LAV ARAEER - SNLEIVRE « REZE TR
nnE fE# (Dickson quality index, DQI)  BHZEIEAN » & EAIEH AN e Y AF eZ EEMIAEHZE B = (Silvaeral,
2016) « LA4I5% LED WY & Bl it EEiff st 0 @ eEg i 25% (Hernandez-Adasme et al.,
2022) -

RERFOCEEHEYIMEIRE TSR » SF MR BRI OGS TEY AR R E AR - 40
CLERETYE ~ BEE ~ EFISHE LED TS » B MInIANE & BRI - AR B4 EIvEER 8
BMEGER S RBII0 - & - “otRBALE RN B S L (Sueral,2014) - B N ERIVEA LN
{19 Rubisco 44455 » rea ~ rbeS il rbeL. ({33 « Fv/Fm 1 PSIL 6 T-HBAT R TR0 LIS R

(Suetal,2014) - 415% LED Frl gE R IIBULAE AR » B55% LED FRdi s B R RV EAT B H &
HERHE - DIUREEIIRZESAVEAL (Akbarian et al., 2016) - Fi{E/KiganfE IR1552  (REE) 1 TS10

(&%) 4L LED B35T 14 d - DRSO CIRN T & 554 & » MEDLEHIHM B & - (5
(R (HE/MRE) xXEYR) 1i&& (Chenetal ,2014) - Bith LED RFGE 4l H4EEE - IS
(EAIFI4ESERIE (L SIS, (Kim e al, 2014) » FAEDERE 200 umolm®s! T » HVEROE T
EEMRRE > 4B (RBP) - 414kt (RBG) FIALEENMEATLY (RBF) FRHER Y B E FERfF IR
EIFEEENATE (RB) I (Li ef al., 2021a) - 75 UV-A RESADEESMRATEE R - Mg
HIFEAE - BESEAI UV-A BRI S T 4h e BB ERIAN e a8 ML A BHEHHIEIE A (Livetal,
2022) -
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IEAR > FoEfE AL GBS LAH SR TR BUR S - AIAEERNADLRRE » A B E DA R A
PR AV B EE ~ BE R oA AR ERE ZRPURME & & SRS 5S (Leeeral , 2023 ) -
EEEELEZ a/b CLEFEEHEE R 2 2 280 LED A T3S0 (Johkan et al., 2010 ) « #EHRE G4 EST LA
H &R R ¥ - 405% LED (R) -~ 5% LED (B) - 4:f LED (G) HEs4&REE > RB 1 RBG &
HERME ML SR AR AV R R N LT > &7 E5% 2 B ~ RB Ml RBG IEEKIL&Yagis - A
ERFLETEN ~ B AR - LA 1 UEBETREEN Fv/FmBAE S R HMEHE (Liu ef al,
2012) - 43¢ LED FIE55% LED Bia RN - RefR iy & - MINRzYE - e EE - B - 3
B/l SPAD {H » BUECIEMHEL » 50%40EEE 50%EE CAH SRR S HzE - Rz BN EEMAIRALE » DA
B (M EERZE (mg) /AR (em) (Jeong et al., 2020 ) - /KIEANETE R RIEH RHVE B LIALEDY
RS EERADCHSECEE S 8K (Cheneral,2014) - RNEIALEEELEHEY) 2 2 8HD,
FHEE - giATELAEEE S ~ 50%410E 50%EEE ~ 30%4T 70%E5 ¢ i85t B pete s N4 EER » Hp
50%E1: S0%EEFEL 30%41 5 T0%EE Y4t F AR E - S EDLIRFRIE T eig i  SEEEE
TFE - = DU 50%E15 50%EEH 7 2 i B i fE (Jeong et al., 2020) « L 75%415¥ 25%8E ez 3 Al
FRAR R ZBAEY)RT T IR BRI S R W IR B AR RS > A B B AE BB 4 B ( Akbarian er al., 2016 )-
EEEER PEEGEE o TEAR b ABSHZEE EWN S EMEZ AL BIRYEY NN - S EEE R IR
HEEHEEE R AR DL 0%40% (100%E55¢) R R  100%A0 R RN - BREE AR R T HGH S
ZHVE R P EEZEET/ER (Cheneral,2021) - [H4h  SEERZE S ZMEREIME » COURIE R
HEE ‘Red Butter HYTEIREERZER ~ M b HGERZ 28 Bt P S0 ERZ B8 BRI - T BRI s B H
18 Yanzhi’ iVAREZEE (Lieral,2021b) - Chen ZE A (2021) $5HIR EHEREE MEYIEADERIEDEELFINT R
JEAFTRE o RIELEERAL B R EEL B AT > FEZEREE S (B STHIFEIE -

RUEHETEK ARG OGRE SN R Bha S E Ry Sk B -
AWFFEFIHATEE P20 LED JEEE RHIELIR - SRETRi B R 408 ¢EEf] (R:B=1:0 ~ R:B=9:1 -
R:B=7:1R:B=5:1R:B=4:1 ~ R:B=3:1  R:B=2:1) & » {4 E B E 5 2 A e BB IE R -

MHEETTE
— B

Lttt © ASUER DR A =] R e ALY R (it sl -
2. /A B E R HER T (ERC TR ¢ #ER 0565005)

= HBREE

TEFRERERY 128 JURIGIE 4 CERIE 2 d 1% BEIRERS  R E NAE IR L TR E H - ERR
HE{ 4B AT 30 LED #845 (Red 660 nm, Blue 450 nm, ZEECBRIETAIRAE], Z&) BN EAL
BESEEE (R:B) @ 43 H] A R:B=1:0 ~ R:B=9:1 ~ R:B=7:1 ~ R:B=5:1 ~ R:B=4:1 ~ R:B=3:1 ~ R:B=2:1 (JtE &
Sy AsAE—) « JAEEH 08:00-18:00 #E1T 21 d fHyEEEHE < HIRA R ARIEIMEYEZ BERDRE N E IR (58
B RAAE—) - 5BEELET /% RCBD » R 6 EE » GHEE 64 #f - TR & (PPFD)
REUHAT » §7E 83-101 umol-m?-s™ » FRE IR BLLE AFENER — -



18 ANEDERE DGR AL IS E B R
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Fig. 1. The wavelength distribution of LED tube of different artificial lighting treatments.

T~ BRHEIE R B E AR

Table 1. Actual light intensity and light quality distribution of each treatment.

PPFD IR Red Green Blue
Treatment R/B R/IR
(umol'm?-s) (umol'm?-s!) (umol'm?-s!) (umol'm?s!) (umol-m?-s?)

Control 12.57 4.72 4.06 4.25 3.46 1.18 0.9
R:B=1:0 96.47 0.32 92.55 2.39 1.53 62.47 301.5
R:B=9:1 85.45 0.28 72.70 2.20 10.55 6.88 273.9
R:B=7:1 83.18 0.30 68.92 2.25 12.00 5.75 251.7
R:B=5:1 96.78 0.39 79.49 2.07 18.81 4.22 209.3
R:B=4:1 93.40 0.34 70.76 1.89 20.75 3.40 217.5
R:B=3:1 101.06 0.11 73.36 1.68 26.01 282 6787
R:B=2:1 89.94 0.72 55.83 3.02 31.09 1.79 87.6

= REHESMW

ARETERS 21d DER BN - THRER - & - B85 - DUFERENEER - &K - SHREHRE
B RHE AR RSN B AR EE R - LB TR PO ENEE - ZRECTATA ERER W&

HETEITE o RAAEARHS SO°CHLEZ 48 h IR EHZEE - HE M7= T ¢

PRis © RHEARES PR ESR 25 A AR R -

TR ¢ RAEPRER I E R T AR -

R MENERREARER - KRB PRIAERNEER RRVERE (B8 -
R - NEAERRRARVER - KER B PRAMERNEER &R IEE -

R ZeEMEEE lom ML LY EREE -

R MAEERAE TEMERFH 2 RE -

HEE FIRFRR EN R R -

Phl* tE
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HEER - RrERITA TR iR - SOFTA SR B BRI - IH RN E # (L1-3000C Area
Meter, LICOR, USA ) & HI44EEHFF -

86 - HUT RS - DIE TR B8 RS -

MBS~ ST EZEE ¢S SOCCHEEZIE S 48 h 1% LA RV RMHIEHREZE -

AT TR - BRATTEIIR (2007) SRR /OB BT EHREGTE AT [FER (em) /RS (ecm) +Hh N ERZE
(g) M EERFZEE (g) IxBHREZE (g) -

SRR (absolute growthrate © AGR) @ BRAEEE (2002) Uk stEAN2RZE (g) x100/4EFH

HEg -

st ot iE el BaER e 2 EE%ET( Completely randomized design, CRD )» L CoStat 6.4( CoHort Software,

Monterey, CA) #etiihs » T80T i/ NEE =B 37 (Least significant difference, LSD) Rl

IR EABERZR (P<0.05)-

= R
— FTEAEMAEEZBE APH SRETSEIREE

1 ALY ARSI R 2 S IRAE RS &y 4.78 cm > iDEEEHH R:B=1:0 ~ R:B=9:1 A1 R:B=7:1 &
H PR S S P IEAE 0 4380k 5.39 ~ 5.57 i1 5.36 cm  R:B=5:1 ~ R:B=4:1 fil R:B=3:1 HI|H1 a4
fEFE 7S RiB=2:1 JR B 7 #R S 4.20 cm B IR (R =) « &RITH » R T R:B=2:1 £ 3.24 mm
B IR e B 2 A B W R 2 R BB SRR (R - EEH o FrARIDLEEE
BE SR FR 1.97 mm > Hrp Pl RiB=4:1 R 7 ¥R 3.81 mm BHFER S () - FlERER
DAATEE S RERS s AT 2 iR s ~ SRS » (HER g 24 B Pl & -

T LA B R FIALE L BIRD L ER EE M AR RIETE

Table 2. The growth performance of ‘Red Butter’ lettuce seedlings supplemented with different ratios of red and

blue light.
Plant height Stem length Stem thickness
Treatment
(cm) (mm) (mm)
Control 4.78 b* 2.83¢ 197 ¢
R:B=1:0 539a 3.60 ab 339b
R:B=9:1 557a 3.37 ab 327b
R:B=7:1 536a 374a 333b
R:B=5:1 4.83b 3.50 ab 341b
R:B=4:1 4.77b 3.63 ab 38la
R:B=3:1 4.42 be 351 ab 340b
R:B=2:1 420c¢ 3.24 be 3220
Significance¥ ok o .

* Means within each column followed by the same letter are not significantly different at P < 0.05 by the LSD test.
Y#% and *** represent significant at P <0.01 and P <0.001.
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v FEABWAEREE AW SRER EIRREE

B ALY B MEIRER S - RiB=1:0 ~ RiB=9:1 ~ RiB=7:1 ¥l 2 B R S i B HA4H 4.44 cm > H
HLARB=9:1 JRH 7 FEF 5.17 em Fs > 1M RiB=2:1 $ER Ty 3.91 om R {EFYEIIGEH - #CRRR TR
mEERE (k=) - ﬁﬁﬁ%ﬁfnr@ﬁZ%ﬁﬁﬁﬁﬁiﬁ BRI R HIRERY 4.22 1 14.44 om? > IHE DL
R:B=4:1 BRI » 53508 7.00 1 42.63 em? » o3 BIEEEIRAH R 66%FT1 195% (F=)

T= - AELLEDS LB LRI 2 o B ALY R EE A IRE &

Table 3. The leaf trait of ‘Red Butter’ lettuce seedlings supplemented with different ratios of red and blue light.

Treatment Leaf length Leaf width Numbers of leaves Leaf area
(cm) (cm) (No.) (cm?)
Control 4.44 c¢* 3.77 422¢ 14.44d
R:B=1:0 4.97 ab 3.13 6.33b 35.75be
R:B=9:1 517a 3.40 6.78 ab 40.11 ab
R:B=7:1 5.08 a 3.26 6.56 ab 38.35 abe
R:B=5:1 4.51 be 3.17 6.44b 3321c¢
R:B=4:1 440 cd 3.24 7.00 a 42.63 a
R:B=3:1 4.16 cd 3.41 6.78 ab 37.99 abc
R:B=2:1 391d 2.89 6.33b 33.69 ¢
Significance¥ ok ns ok Hak

* Means within each column followed by the same letter are not significantly different at P < 0.05 by the LSD test.
Yns and *** represent nonsignificant and significant at P <0.001.

= - FENBEHICEREZEE ALYH Sttt Xt FEEYSERE

FITA FrI YRR T 2 e T AL e Rt b S s At 0 mz B R = Y B AEY 0317 g £10.0150 g
e P DL RiB=4:1 3 E RS AI FEREZEE 1.144 ¢ 71 0.0734 ¢ i 0 3 IECE HREE I T 261%F0
389% (kM) - fEREE 2 B A A T B MEER 0.039 g R NEBHZER 0.0021 g /& - Hr NEBfiE
BB T EREZEE DA R:B=2:1 BRI = > 7715 0.289 g A1 0.0193 g e HAARRS i 641%F0 819% (KU -
[EAN - B B Rz 28 Bl T B B AT BEpR BEAT e Ll N (EESEIg ) ifd L HAvEss -
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DU ~ R ESLEEEELGIRR R B i B KL e ik e 25 BlR B
Table 4. The fresh weight and dry weight of ‘Red Butter’ lettuce seedlings supplemented with different ratios of

red and blue light.
Treatment Shoot fresh weight Shoot dry weight ~ Root fresh weight Root dry weight
(€] (€9) (€9) (€9)

Control 0.317 d* 0.0150 ¢ 0.039 ¢ 0.0021 d
R:B=1:0 0.938 be 0.0554 cd 0.149d 0.0086 ¢
R:B=9:1 0.999 be 0.0577 bed 0.176 cd 0.0097 ¢
R:B=7:1 0.955 be 0.0587 bed 0.164 cd 0.0093 ¢
R:B=5:1 0.876 ¢ 0.0547 d 0.158d 0.0113 ¢
R:B=4:1 1.144 a 0.0734 a 0.231b 0.0161 b
R:B=3:1 1.016 ab 0.0676 ab 0.215 be 0.0144 b
R:B=2:1 0.897 be 0.0649 abc 0.289 a 0.0193 a

Signiﬁcancey sksksk skkk skskosk sksksk

* Means within each column followed by the same letters are not significantly different at P < 0.05 by the LSD test.
Y#** represent significant at P <0.001.

M FEGEHEREE A S SR Re R

B e ALY S S R = B IR 0.0098 Hir DL R:B=4:1+ R:B=3:1 fllR:B=2:1
TR > ARy 0.0949 ~ 0.0819 F10.0903 - Ay ¥fHA4HAY 9.68 % ~ 8.36 f5Fl 9.21 &% (F£FL) °
HIRAHAE B E R 0.061 BE(RR S MDERE > fHEmHE T Ll R:B=4:1 5 0.320 FiE s RyHIEd
£ 5.24 f&% » HIUR RIB=2:1 £ 0.301 » 2HIR4H 4.93 & (RTL) - BEHh > EE ALY ERFDEERE T
%21 d ZERAERER - s52RE —HE= -

R~ AEELEDCEL BRI 2 B B AL e i TR U B A R
Table 5. Seedling indexes and absolute growth rate of ‘Red Butter’ lettuce seedlings supplemented with different

ratios of red and blue light.

Treatment Seedling index” Absolute growth rate
Control 0.0098 ¢ 0.061d
R:B=1:0 0.0504 b 0.228 ¢
R:B=9:1 0.0514 b 0.241 ¢
R:B=7:1 0.0554 b 0.234c
R:B=5:1 0.0610 b 0.236 ¢
R:B=4:1 0.0949 a 0.320a
R:B=3:1 0.0819 a 0.266 be
R:B=2:1 0.0903 a 0.301 ab

Significance* ok ok

*Seedling index : [Stem thickness (cm)/ Plant height(cm)+ Root dry weight (g)/ Shoot dry weight(g)]xWhole plant dry
weight (g). Absolute growth rate : Whole plant dry weight (g)*100/Days.

¥ Means within each column followed by the same letters are not significantly different at P < 0.05 by LSD test.

¥#%* represent significant at P <0.001.
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R:B=1:0 R:B=9:1 R:B=7:1

[ ~ e KL A [FIALE R PIRD e 56 21 d Z kA RSP MR E
Fig. 3. Side view of ‘Red Butter’ lettuce seedlings supplemented with different red (R) and blue (B) light ratios
for 21 days.

#BEHa R:B=1.0 R:B=9:1 R:B=7:1 R:B=5:1 R:B=4:1 R:B=3:1 R:B=2:1

B = ~ KL A [FIALE L PIRD e 56 21 d Z etk RSP I E
Fig. 3. Top view of ‘Red Butter’ lettuce seedlings supplemented with different red (R) and blue (B) light ratios

for 21 days.
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I
—  FRAELEE RS

T AT AR A HRAA R i 82 R:B=5:1 ~ R:B=4:1 1 R:B=3:1 JRIEIRAIEE S » (¥ HHAA %L
fREEE /NSRRI » BB G AL T B R S s A AT (R - EREE
oo ADREEEIES S (R:B=7:1 DL E) Z BRERREREE SN ALYH 2 #fis > RiB=5:1 DUN R AR ks
ZRER () o BRERT AW LAALEE A - S E AR EAL RG] A > Forf 100%41 5%
T SRR A BRI 0.5 cmed ™! 0 bR 0%ATE (100%EE5% ) FEBERE 61.5% (Chenetal.,2021) 45544
B o [E4h > DAALEESE LED fHYGAECLE & B ALY S0 C iR N RBIER/ D 215 - AR tRIE
TIREAI AL AR - Hop DL RiB=4:1 R (R2) © B ReB=2:1 DIAMNIYHGHE I B o] B 0 4L
PR () -

= FEAELREERA R R

TR CERI M Y R R P2 4 A » & L R BRI (e 5 7 BRI %2 157 Ballaré and Pierik, 2017 )-
ARBFFCAE B R FTA i E PR B e A AU N AL iV SR B B EE IS - Hp DL RiB=4:1 R fE » A
BEARNRADOEER (R=) » DA RS BB LR & B AL YH ek IR TR A - AT ST
e B DL AL s s 4D EL BITEAE ARG I He4h e 3 R %0 (Hernandez-Adasme et al., 2022) - [ 4 EE Y
BRI B R R BEEADCERBIRIRG 0 - BER BHEEE - TR BE S > HpP DL 70%40% (30%
BEY) ~ 80%ETH: (20%EESE) ~ 90%ATE (10%EENE) BRIl B85 Wi A (Cheneral ,2021) - ZREEE
F BB R E S RS 52 0 SR INAL PR AR B B 0 Prunai” (ATEEHTEE ) F1°Quintus’ (FR4R
BE) ZEEE s [ ‘Ferrado’  (JB4%EE) F‘Skyphos’ (AL4REE) WUEHFERIDAEDERIIEE LR IR~ B58y
= (Fra,szezak and Kula-Maximenko., 2021 ) - BE[RITEHS 7T » 45 FREURATA #CREH S RE A 0g in - Ho
WL R:B=4:1 BB HE (=) o IRIBHTAIFEEE ‘Aleppo’ ~ “ Ferrado® ~ ‘Prunai’ ~ ‘Quintus’f1Skyphos’
B DL B S0 B e R A I R (1 SRR AT R R RE A X N EE A (Fra, szezak and Kula-Maximenko.,
2021 ) o DI BRI IR R IRAl S E A E LI 24T LED IR 2 SERFE I 33% » 4TEEE (50%
ALHEEL 50%EE ) IR GTEL A i 22 5 - B IAA 7 BEAITRAIE/D 45% (Johkan ez al., 2010) = 7R
FErEmsiat  HATHRRAE RS LIRS - 4EthOls - SRR - MEEetbplbks - M
FE#/N (5EZE > 2009 ; Hernandez and Kubota, 2014; Son and Oh, 2013 ) » 4#& LA F > BE s LED &0 GHESTRE
BRGNS B LN R R BRI - 1S AL RIS - MAEERITH @ ADEEREE S

(R:B=7:1 DA F) 7 pRIREEREREN (R=) - BRI AR AR 5 B AR AL B AT e b (s = 1
SHVE EEE R IIMEIL (Hernandez-Adasme et al., 2022 ) - fpERE M ERRRPE (=) -

= TRAELHIHENECRE

B RE g HEEELAERAREME RN  [EOBRE T - AIg it L& R > &
o B » iRAERRECD (HEE5R > 2013; Morelli and Ruberti, 2000) - 35345 R ERFTA FOCEEITRE
BEIER ALY HE b R RS B LRy RS B (RIU) > 5 (2015) SRR CE B A (R EIER
S ERR S AREEE SO N ERZE SR AJE A B R - MR B YR 2 SR INAL
LB - (S RBREADE R LB T # R Bz S EAL L E] T (RIEESRLLE EF)
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Mg 3t E3IRE LS (FR0U) - F 3z s DL R:B=4:1 JRI R sy » T 30z s DL R:B=2:1 iz
HHEF R R - H R RiB=4:1 I > BN B ALl R i e A4 R E AT T 2 B LLb il
REE (BRI o B AWRBIREDEEEE S REM IS E A RE » W DME AR R (5 4 i
EIAN (Hernandez-Adasme et al., 2022 ) » RALENE ARG ERN T {REZER £ &  BINERE
KAt K L&Y B85 - WINEEEEE (Azaderal ,2011; Lietal ,2012) - TEE IS HIRE R INE E 4
YRz EE BLEZYE H 5 bk (Hernandez-Adasme et al., 2022 ) « U NERJTTH > 1AM M4 R 2 M )
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