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1.1 Rew

PR P B4 3 (Lactuca sativa 1. var. roma-
na) ¥ i Takaii P A AR,

BIEW K H A Otsuka B FEW . 1 OAT-
aguri A A R4,

$CATWG B Toshiba 23 /), 41, ¥ LED 4]
H H 4 Shibasaki 2 Al .
1.2 RXWHF*E

I T 2016 4F 4—8 ATEHARTHRFMZ
R X AR AR R U D AT . B TSR

A = BRI A3 R B A K ENH (AD Fia: &
JE B3 B, BB ER 14 d,
1.2.1 Tl

K. AR 5 om FAMBRIEE,
Fi 20 CHI/K¥E TR A MBI IR , R 5 K lpL i
FRBEARR L, R B R GEE, 7E R B L B
LBt SR, BB AR 48 h, MFEARH
JEHRER A 150 pmol « m™” « sT IR IEITIE R
SETE e BB ] SR 16 h, 25 A 0 1B B 1 o 4
55%~65%, H RIREHEHIAE (252 °C, B iR
EEEHIAE (222 2)C B FWCR A HA Otsuka B
FWLECHEHHN 2.0 mS « em ', pH 6.8, THRE
—WEREW., B U dE, BBEKSE M
B AT AL F AR,
1.2.2 AKFHIA RAERKEH B LR

e AB BT ERACEE, BE S AR 2 25 cm.,
AT (FLOAE R B EIR 20 (R) . (B)LED
JTVE AR, UL ALB IR R 6T R
SRR (FL) , 5 E 4 e Fab B . A iHiifn B
AR FELT 6 (FLRR) 5 A B B #h FE 405 . B A 1
AL (FLRB) ; A B i #b S W% . B B b 72
£IG(FLBR) ; A Fi B B #i¥5%b 52 8O (FLBB) ,
%o BRI Y58 R 150 pmol « m™* « s71 A
SEERIA S CATOEIRA 120 pmol » m™ « s, LED
JTH A 30 pmol « m™ « 571, HERE&HS
HHBRRE—3. 3AETET ARARILE 1,

*1 FARIEREEBS BT G LG
Table 1 Proportion of different light qualities in per light source %
IR SEiE W Wavelength/nm
Light source Light intensity/(pmol + m™2 « s71)  300~400 400~500 500~600 600~700 700~800 R:B
W F 150 2 23 50 20 5 0.84
VAT F+H4T LED 150 1 17 39 41 2 2.33
I6AT P+ LED 150 1 32 41 23 2 0.72
1.3 ImBNE B RERNE; fAaEARE(LMA =T
gy =2 ] ) o= AT S
1.3.1 ARAhrmae SR/ AR A, DA B $E AR E I 5 MR AL SRt
N FTIE , PO
BTN A A B s s Tk 10 BOTAIE.
1.3.2 WHRGEMNE

P IRE R BV R S T o 5 SRS A
fadt, 76 80 CHLA AL 72 h /R T A ; KK
F 2 cm WBAE— it THE M 8 Sk it TR
i L1-3000C At i 4% (Li-Cor Inc. , Lincoln,
NE, USA) il & ; ¥ /=5 A A ik 238 21 A= S iR

7E A BRI B IS5 S 2 B0 R
a SRR b MR atb EE IHTRHEER
a/b, BEHURH—BUNAESE, MRk A SELBUA A 1]
SN IR — o B D BB, A I A AR ) R 462
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SR a/b=MGER a/IHHE b, AP,V R
BURAR (L) , S SRR Fr 1 -,
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I, REEA R C Atk B A (8 #55X0
REEE RQ flex 10 (Merck, Darmstadt, Ger-
many) W&, BEH RQ i, & fEIR £k % & M fim
ANFENBIK AT o U8 J5 PR IR S I 4R B
TR 0 W A B 5 X S SO B RQ flex 10
(Merck, Darmstadt , Germany) Jll %€ , 528 RQ {H1,
1.4 HUESHH

FH Microsoft Office Excel 2013 #4347
BORREAITE., M SPSS 20 #4454 83 4617
ERBEED.
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Fig. 1 The pictures of transplant and harvest
BERTX R, SR 20.8%F 21. 9%, FL-
BR # FLBB 4 3 T #f i & 5 % B8 fl FLRR,
FLRB it R ARE . F4HEETHREEFA
B3 . FLRR Ml FLRB 4B F i B K, 4 31
Xt B3R B 22.1% F1 16.8%., {H 5 FLBR I
FLBB #h# X B %25 . LMA 7£ FLBR A3 F
B, B &S TF FLRR f1 FLRB. 4 H| 85 T
20. 8% 17. 7%, £ 6L BT ¥k & A1t 3K
TEEER.
2.2 AREEKH BT ISR 4 A K ISR
KEH T

e 3 A, 253 A BHH, FLR Zb BT #f R
2. g RN mERE, BE KT FLB
A H5XT TR EZ R, Lk FLB b3 & 5T
iR E R 4208 58. 626 F 50. 0%,
FLR 43T bk e K & 53 5t FLB 438 5 %)
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Table 2  Effects of supplemental red and blue LED during different production stages on growth index of lettuce
HERKBrE Aba #EE ThE R4 AR B fr AR B R
Growth stage Treatments  Fresh weight/g Dry weight/g Leaf number Leaf area/m? LMA/(g+m—2) Plant height/cm
B Seedling stage 0.5140.01 0. 040 3£0. 000 9 340. 00 0. 002£0. 01 21.240. 47 1. 40£0.01
FL 11. 87+0. 98ab 0. 79+0. 04ab 12+0. 33a 0.035+0. 001 5a 22.2+0.06a 1. 6340. 08h
A FLR 14. 53+0.73a 0. 85+0. 06a 13+0. 00a 0. 038+0. 000 5a 22.7+0. 38a 2.00+0. 00a
FLB 9.3540.91b 0. 58+0. 05b 12+0. 67a 0. 027+0. 002 2b 22.1+0.05a 1. 6610. 06h
FL. 57.8741.86b 3.914£0. 32a 28£0. 58ab 0.14940. 003 7b 24.0%£1.02ab 3.174£0.03a
FLRR 74.5141.82a 4.01+0.12a 297+0. 33a 0.182+0. 007 1a 22.6+1. 26b 3.37+0.03a
B FLRB 75.1942.03a 4.15+0. 30a 30+0. 33a 0. 174+0. 005 6a 23.2+0.77b 3.10+0.03a
FLBR 65. 36+2. 82ab 4.55+0.09a 277+0. 00ab 0. 159+0. 005 6ab 27.3+0.63a 3.33+0. 10a
FIL.LBB 66. 9012. 28ab 4.454+0.04a 28=£0. 33ab 0. 166£0. 004 3ab 25.040. 46ab 3.174£0.03a
1 AV EAE S A R/NE FEFRR AR 2 5 B3 (P<0.05), TR,
Note: Different lowercase letters in the same column mean significant difference at 0. 05 level among treatments. The same as below.
%3 AEEFH AR A BRI B B HI & KIERIEME 8220
Table 3 Effects of supplemental red and blue LED during different production stages on
growth index increase in A and B period
KB Aba I B R TR g At 5 AR b R 1 &
Growth stage Treatments Increased fresh weight/g Increased dry weight/g Increased leaf number Increased leaf area/m? Increased plant height/cm
FL 11. 3640. 98ab 0. 752£0. 04ab 9.34£0.33a 0.033 14£0. 0015a 0.234£0. 08b
A FLLR 14.0240. 73a 0. 814£0. 05a 10. 040. 00a 0.036 12£0. 004 Oa 0. 60£0. 00a
FLB 8.84+0.91b 0. 54+0. 05b 9.3+0.67a 0.025 1+0. 002 2b 0. 26+0. 06b
FL 46.01+1. 85b 3.1240. 32¢ 16. 010. 58a 0.113 0+0. 003 7ab 1. 5340. 03ab
FLLRR 59.9711. 82a 3.1640. 10he 16. 040. 33a 0.145 0£0. 007 1a 1.3740.03b
B FLLRB 61.6243.09a 3.3040. 02he 17.040. 33a 0.137 0£0. 005 6a 1.1040. 10¢
FLBR 56. 0012. 82ab 3.9740.08a 15. 040. 00ab 0.132 0+0. 005 6b 1.6740.03a
FI.LBB 57.5442.28a 3. 8740. 04ab 16. 040. 33a 0.139 0£0. 004 3ab 1. 50%0. 03ab

33.9% A1 30. 3% ,FLBR b3 () fF 5 & bb Xt R
FEKETZEERST 21.7%, FLBR T F
BRI MRS, BE S T3 FLBR.FLRR
M FLRB 48T K&, 58X BEs
27.2%.25. 6 %1 20. 3%, BB K B4 4
HELEEZST . FLRR 1 FLRB 48 T i mE
FIERKEFRAEEESR. FLBR AABT#R &1
K& 53 5T FLRR A1 FLRB 34K &, 533
T 21. 9% 51. 8%,
2.3 AEAEKMEMIERITERMFEE a M
FE D HEE at+b FEMITFEE a/b T
3R 4 AT, 208 A B, iHa R alb ANt
HKRaThbSEELBEER. &0 BI, R
a 7€ FLBR b3 T & &, 72 FLRR 1 FLRB 4b
B SERACFLBR AM B T K3 R a 58405
b FLRR 1 FLRB &1 47. 0% 34. 4%, W

BER atb TREMEGE a TETEHEMEE,FL-
BR AT & # 5% 5, 7£ FLRR 24038 F & & &K,
FLBR 2bB P4 R a+b F &5 FLRR A
FLRB B85 46. 0% 1 24.6%, MH&GEE b &
H7E FLRR b3 R & S A%, Lo X RS REAR T
21.4%, MERE o/b FERF M B &6 b #
THEREZR.
2.4 FAEEKMEIMIEATEXREERZCS
EfEERLSENT N

H % 5 W1, FLBB fixf By & C & &
B, B B %K F FLBR 4b 38, FLBR 43 5 E
FLBB 4k # 5 X B8 4b # 8 & B % 12.0% 0
13.3%, FLRR, FLRB #1 FLBR b ¥ ¢ § & 2%
5. W#e it 4 27 FLRR,FLRB, FLBR.FLBB
AAEER B E AL TR R, S B REART 34.3%.
50.8%.37.3%.32. 6%,
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Table 4 Effects of supplemental red and blue LED during different production stages on content of chlorophyll
MR a TR HERbER HEE atb FE
ERKRB Kbz HERE a/b
Chlorophyll a content Chlorophyll b content Chlorophyll a+b content
Growth stage Treatments Chlorophyll a/b
/(pg s m=2) /(pg s m~2) /Cug *» m~2)
FL. 27.804£0. 29a 17.68%1. 30a 50. 80%1. 25a 1. 7840.032a
A FLR 29.86+1.41a 16.56+0. 10a 47,4970, 45a 1.79£0.012a
FLB 29.50%1.13a 19. 28+0. 08a 50, 07£0. 17a 1.78+£0.013a
FL 35.1142. 05ab 22.57%+1.19a 52. 3842, 13ab 1. 58+0.010a
FLLRR 27.48+1.70b 17.7340. 90b 45.214£2.61b 1. 5440. 004a
B FLRB 30.05+1. 22b 19.8241. 05ab 52.97%1. 34b 1. 55+0. 020a
FLBR 40, 4012, 06a 19. 58+1. 08ab 66. 0014, 49a 1. 56+0.007a
FIL.LBB 33. 7010. 94ab 21.0440. 30ab 56. 3610. 62ab 1.6140.022a
=5 AEEFHEHTERNEFEFmRATN
Table 5 Effects of supplemental red and blue LED during different production stages on nutritional quality mg « kg™
ERKRB Kbz B®ERCHE RS R
Growth stage Treatments Vitamin C content Nitrate content
FL 2 233. 00£50. 81a 2 405, 3320, 41a
FLLRR 2 009. 33453. 26ab 1 580. 33£22. 20b
B FLLRB 2 020. 33128. 64ab 1184.33£36.11b
FLLBR 1 936. 00£73. 24b 1 507. 00£15. 98b
FI.LBB 2 200. 00+£31. 75a 1620.67X£13. 22b
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Effects of Supplemental Red and Blue Lights During Different Production
Stages on Lettuce Growth and Quality

HUANG Xinli* ,ZOU Zhirong' , TAKAGAKI Michiko? , LU Na? ,DING Juanjuan'
(1. College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100; 2, Faculty of Horticulture, Chiba
University, Matsudo, Japan 271-8510)

Abstract: Romaine lettuce was used as test material, growth stages of romaine was divided into three
stages, seedling period, early growth stage (A) and late growth stage (B), and each period was
14 days. Supplemental red (R),blue (B) LED light based on the fluorescent lamp (FL) was applied
during A and B stage. Five treatments were set, the fluorescent lamps applied during A and B (FL),
which was the control; supplemental red light during both A and B period(FLRR) ; supplemental red
light during A period and supplemental blue light during B period (FLRB) ; supplemental blue light
during A period supplemental red light during B period(FLBR) ; supplemental blue LED light on both
A and B period (FLBB). The growth and nutrition quality parameters of lettuce were determined. The
results showed that supplemental light during A period was more impactful than during B period.
Supplemental blue light in A period promoted dry biomass to accumulated in B period. Under FLLBR
treatment, the increase of dry weight was the highest, significantly higher than that of the FL, FLRR
and FLRB, respectively 27. 2% ,25. 6% and 20.3%. The vitamin C content of FLBR was significant
lower than FLBB and FL by 12.0% and 13. 3%. Supplemental red and blue LED light based on
fluorescent light was able to respectively decrease the content of nitrate 34.3%, 50.8%, 37.3%
and 32. 6%.

Keywords: red and blue light;lettuce; supplemental lighting; growth;nutrition quality



