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AELLEE LED HEXIFEMM AR EXL 4515
a5 BY 20 K2 T RETEA
O K BAR BRAL XML MR Ak

LB RN R B ERSEWI ST, FIR 210014 2 o B ROV RFF B AR RS 5 AT RR 4 R RGBT, A4 b3
A TIT BORE =, dbat 100081)

B OE: Oy THSRIES B BRI R R USRS B, RIAL L BRI L5 2 i R 2006 (R
660 nm + #% (B) 450 nm ) LEDA BUAIZ0G (R) 630 nm + #)% (B) 460 nm [¥) LEDB #Y6, &EFk
JEIRWCE R/B 4050 6. 8 I 10 1 3 Fpibfil, AbsErHBESE ., 45K W: LEDA # 5 LEDB AU R AL
e B e AR . IR AR, Ml CO, WkE. 4/EER C. BRI & =L B %%
S, AT IR O D B TORA MR . WROLIEAR R/B AR R 4RbR AR A2,
YR R/B =8 Iff (LEDA2. LEDB2) #fl, b LEDA2 4b¥E b5tk db B & s 42 0 38%, 4iA:
EC SR 8.3%, MRihs FEEML 9.2%; LEDB2 AMHLH Y6 & R LT 48%, fiffRh & EI4K 6.5%.
LEDA AUGURACFR 4¢3 a. b A (a + b) & B3 AT LEDB ADGEAEE, H Ry LEDA3
LEDB2 &b B o A, XOLIEEF RN TH AR, LEDB DG I AR FE i & [ LEDA %!
FIgSed] O A48 53.3%H1 27.7%. DRIk, 21, W Seii% 5508 630 nm + 460 nm (414 LED &
Ui, R/B=8MAAFT, FE3&m it 5 E O A R R T L A PRARRE i 3 AN 7 TR AR 34

XEIR: HEE; AR R TE; LED; JHE; R/B
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Influence of Combined Lighting with Different Red and Blue LED on
Photosynthetic Characteristics and Quality of Lettuce and Evaluation of
Energy Consumption

WEN Jing'*", YANG Qi-chang’, WEI Ling-ling’, CHENG Rui-feng®, LIU Wen-ke?, BAO Shun-shu?,
and ZHOU Wan-lai’
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Abstract: To research the energy-saving and high-efficiency lighting parameters suitable for lettuce
growth, LEDA and LEDB lighting were used. LEDA lighting was composed of red with peak at 660 nm
(R) and blue with peak at 450 nm (B), LEDB lighting was composed of red with peak at 630 nm (R)
and blue with peak at 460 nm (B) . Treatments with R/B ratio of 6, 8, 10 were performed with LEDA and
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EEWHE: BHGTERAEESIH (2010DFB30550); ANVES 948° TiH (2011-Z27)
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LEDB respectively. Results showed that photosynthetic rate of lettuce was significantly higher under LED
lighting than under fluorescent lamp. There were no significant differences in photosynthetic rate,
transpiration rate, stomatal conductance, intercellular CO, concentration, vitamin C, total sugar and nitrate
content of lettuce between LEDA and LEDB. All those indices showed the same change trend with R/B,
and they were the best at the R/B ratio of § (LEDA2, LEDB2) . Compared with fluorescent treatment,
photosynthetic rate and vitamin C content increased 38% and 8.3% respectively, while nitrate content
decreased 9.2% in LEDA2 treatment, and photosynthetic rate increased 48% and nitrate content decreased
6.5% in LEDB2 treatment. The content of chlorophyll a, b and (a + b) were significant higher under LEDA
lighting than under LEDB lighting, and were the highest under LEDA3 and LEDB2 treatments,
respectively. In addition, results of power consumption of lighting device showed, compared with LEDA
lighting and fluorescent, the power consumption per plant of LEDB lighting decreased 53.3% and 27.2%,
respectively. Thus, LED lighting composed of red with peak at 630 nm and blue with peak at 460 nm,
while R/B = 8, not only could improve photosynthesis rate and quality, but also is more energy-saving than
other treatments. The aim of efficient and energy-saving was achieved from above three aspects.

Key words: lettuce; photosynthetic characteristics; light emitting diode; LED; peak wavelength;
R/B

RICZHE (Light emitting diode, f&jFK LED) 1 A A&V AU 4 1 —Fiogr B4 TGI8 1E 2% 52 K0
LED EATWREM LR A K RBUN, R0 5 TG 2855 VF 2 A e Ii A L& (e AT,
TERE A O AR A A A6 S0 R IR R AT (RS 45, 20065 ZRAR T 45, 2007; FEHE 4%,
2008)

AR, Z0HB TR TR R, R EHE, fmbidaE; B RAMH
ZERR, BEhHAR, SR ETAEIA5EAE T (Tennessen et al., 1994; BREAL 45, 1998, BFEMR 2%, 2001;
WE 25, 2005; Janet, 2005; Enrique & Paul, 2008). £ ¢GRI 54 1 A= P (R 5
TRHZDCE R CE R, Emrta w58 fEN G 58, 2007, 20105 22520k 5%, 2010).
LA A R A AR TR AR KT, ARPHEYR L CH AT ZEAR, T
RS 4R A I8 % AT 18 (Yanagi et al., 1996a, 1996b; Okamoto et al., 1996, 1997; Nhut et
al., 2003; sKWIEK %%, 2007). #eAb, EHAWTTT, ARG BIERA A A LR, Hhaon %
HEHTE 660 nm, WG 440 2] 480 nm %45 AN[A] (Puspa etal., 2008; fEHE %5, 2009; {R4lfH 2%,
2009; BATE A, 20100, (R WA A RIS FEY) A KR B R mkIE . AP LED AR
AL BRAPE R 22 5w, IX LR LED B RJGRAe AFERL & (BRJTAT, 2007), X LED el k-
(A Rt B A E s, (DG JLAS [R5 A A F e RE 10 A WLARIE

FE A GRS AEAE 660 nm AT 450 nm PRI & (Okamoto et al., 1996; Fang et al., 2002;
J7 MiAVpe A, 2004; Tamulaitis et al., 2005; I 55, 20065 XIZKEH, 2007). {Hat H FigEEAs
660 nm (ZL{4) F1450 nm (€D ¥ LED /= @fil, Mg & ot migm LA Mgk, WEe
A ZE T IR 20 RN {4 LED 353 591k 630 nm Al 460 nmo. (R, AR5 [ I3 T 660 nm + 450
nm () LEDA %Y1 630 nm + 460 nm ) LEDB A% CGésmf& F17746, 20000, FIH My 4 JsE 47 i
P E AR AR, BRI R IE T AR R/B (9 LED YU 188 B Ak KR B s, Jh4s
A ANF LED SGUR I EAENG 00, SR B0 A - H 88 EAE K I e = 2 LED J6IEZ4L, b LED Ot
JEAE I B8 BRSSP R R
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QY VR SRS DARES

1.1 kiRt SH

LEDA AR LEDB A4 A4 K6 IR A BL 4 B Al PR35 5 n] RE 42 8 it 72 ir 5+ 16 B
R SR ST A AT . LEDA BUGYEER %44 660 nm 14056 LED 5 450 nm [F#56
LED 4%, LEDB iR 44 630 nm R4 LED 5 460 nm [#5)G LED 2l PHFHGIRY)
A DARR R0 75 2R T LL DG L A A RO E TR R G R ATAGEEYI M i B . LED O
PRI R G AR AR B R AR e, BEAS 120 em x 60 em (R3] P DG IR AR B ] o AR 17 39 5¢
JEAT G IRRES, O E A RO E T B ILF] 300 pmol - m™ - 8™ RV AT i A 4 IS = MR

D e e
RRE WL,

HRPEHEDIXT 610 ~ 720 nm L1 BECHRI RN LT v A AR SO REIY 55%, % 400 ~ 510 nm 1)
W BRI A AR G RERD 8% A (RIKIN, 2007), FFE5A LAty sk,
W T PFOGIRLL RO E A SO E TS, BRGNS WL | fi7n. LEDB &Y
JEIRAL. WOLRI AR RCR L LEDA BOGIE /4 m T 317.9%H1 38.5%, 1fif H LEDB ALtk
LED 4T ER MLt LEDA R6U% /> T 1.8 Number - cm ™,

#1 LED RiEM4EESE

Table 1 Performance parameter of LED light source

BIOCEAROCR T/

FT R H ok 2l 3%
W lg/em O el m2 s RAEREACRLR/% o Wil /g
. (Number - cm™) . . Conversion rate S .
Model Light source Peak of wave LED quantity Maximun photosynthetic of electric energy Lighting area Weight
photon flux density (PPFD)

LEDA 400t 660 1.82 288 6.7 1512 15

Red light

Wi 450 0.20 29 13

Blue light
LEDB 406 630 0.14 256 28 1512 10

Red light

Wt 460 0.11 42 18

Blue light

12 MPEIREEH

TR0 M S A AL o [ RO RE 27 B AE Y B 2 A 50 B B OB TR %, 39°57'63.67"N,
116°1926.51"E).

PAM-HI g8 ‘RIJK ZWAAN Foandrica RZ™ #PEL, 2007 47 12 H 2 H AR T 280084 1) & 1
B, PRSI pH (6.5+0.1), EC (1.3+0.1) mS-cm’], B TIRENEE, HEHH—LO
WA T =AY T N iz T i S e K RS, Bl U & R R
P COL % LU SCE FR AR S AT A Bl Al 28 . 350 R H] DFT (Deep Flow Technique, 4
WRKEEEARD) KPR 720 GEA, 20035 B RIK A, 2005) SEE M E . W5 g Rt
BRI FR N B (25+1) C, Wi (15+1) °C, ¥R 60% ~ 80%, CO,WJE (1500 +30)
umol - mol™, HFEW pH (6.5+0.1). EC (1.3+0.1) mS-cm”, /N E314E# 10 min.

1.3 43
# LED J6U6 & T 00 H 5 B T055 20 em Abo 4IRS FHAA T 36 W —3E(45¢ 64T (YZ36RR6500K,
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JEIRA T DRI BR A R AE KR, ARHEAT & M AN EOR 65, BT 5 T 30 cm
At

WIS VE 6 METRALFLX (% 2) 1 AZEAT IR CROEHN 154 pmol - m™ -7, Hirr 610 ~
720 nm BB KDEE A ROGE TIRE Y 27%, 4 42 pmol - m™ - 5™, 400 ~ 510 nm B GA A Ak
R TFRHEE Y 18%, 28 pmol-m™ - s 6 MNMEHEE 1 AN IS AN 12h-d (7: 00—
19: 000, FEAMAEFY 3 AN/DIX, XWREHEE, fAXK x %94 120 cm x 60 cm, 5% LED JGUEAR
He, Bl E 12 B

R2 ARABAERAETREERE

Table2 Treatment settings of photosynthetic photon flux density / Cumol - m?-s™)
Kb HE Treatment 4[56 LED Red LED (R) W6 LED Blue LED (B) A Total R/B
LEDA1 132 22 154 6/1
LEDA2 136 17 153 8/1
LEDA3 140 14 154 10/1
LEDBI1 131 23 154 6/1
LEDB2 136 17 153 8/1
LEDB3 139 14 153 10/1

XS Control - - _ -

1.4 FEAEWN 54 IR A %

M AR 30d 5, BEPUEIRIE 43 rp 3 bk, BEpkrbin Roe e Irmet v 3 1, Al
FISE I A1) LI-6400 3485 2O A0 G E Fede fridioR . AL T IEANZR G R A A Bl AR . F
AMAEBEER 1 kg SEAFIE AR A G it PR B A I b Ly, RN CL BRI . B
KEPRIEERE 1 g, SRAPLEIEIDE M 2058 (BFGaE 55, 200000 KIS B AR oH R 45 b B
MR R BRI L

RIGHHE R 3 NESIFME £ badE2, H DPS v3.01 Hdi b B AR BEAT4e vk 200, A
IR EA T A Kb B8] (10 3 1k 22 57 A e

2 HiR 50

2.1 LED @W#iFIEF R/B XM AR EXSISFRAIEI

Wi 3 Jrun, LED JEURACEE i FH s B ol 33y 8 25 i T 98O0 TR, Lk LEDB2 4b
FROCAH AR R T HAB AR ; LEDA2 A8 H % 5 K, {15 LEDB2 i3 %5, Wit
PR T HARAR P, LEDB2 4B/ SAL TR W v T HoAlAb s LEDA2 AbFElR] CO, WS 2
F i T AR AR B BRI, LED Jed Lh e ek o) g sy 1 8% P4 34 %, H LEDA2 5 LEDB2
PR AL BRI 25 IO A Fa b e T Al AL 3

TEREARIKF F LEDA BOGYE AL BRI i F 56 B G 4845 5 LEDB UG JEALBE G % 72 5+ . LEDB
RGPS AR PR A TR bR AR AL B KT LEDA BORYR S AL, (H AR EAAEE, BRI R/B A
8 [MAb¥E (LEDA2. LEDB2) WEILT R/B N 6 Fl 10 HIALEE,
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%3 TRLEHAREMFAAERLE

Table 3 The compare of photosynthetic indexes during different treatments

g A/ (umol - m? - s HIEEZ/(mol - m?- sy AL /(mol - m?-s)  HE CO, WE/(umol - mol™)
Treatment Photosynthetic rate Transpiration rate Stomatal conductance Intercellular CO, concentration
LEDA1 7.63 +0.031 be 2.11£0.114 cd 0.078 £0.0040 d 247.8+7.58d

LEDA2 7.88+0.073 b 3.86+0.613 a 0.165+0.0322 b 332.8+16.98a

LEDA3 7.30£0.177 ¢ 2.42 +0.046 be 0.098 £0.0024 d 294.8+4.66 b

LEDBI 7.57 =0.096 be 1.88+0.036 d 0.053 £0.0027 ¢ 275.9+9.87 ¢

LEDB2 8.44+0.514a 3.62+0.168 a 0.188+0.0126 a 270.2+16.40 ¢

LEDB3 6.45+0.281d 2.58+0.153b 0.137 £ 0.0200 ¢ 295.2+20.18b

X Control  5.70+0.138 ¢ 2.52+0.025b 0.086 +0.0034 d 306.8+1.40b

LEDA 7.60+0.291 a 2.80+£0.932a 0.114+0.0456 a 291.8+42.58 a

LEDB 7.49+0.998 a 2.69+0.876 a 0.126 +0.0682 a 280.4+13.10a

T A RENG FRMRIE P <0.05 7K 13 MRS . LEDA FI LEDB 43 SRR #Fh i A AR T 11 # (K F.
Note: Different letters in the same column indicate statistically significant difference at P < 0.05. LEDA and LEDB indicate overall level of two

wave crest treatments.

2.2 LED A#iKIEFN R/B MBS EMH ZEZ S0

W 4 fin, LED SABH4E2 a. b Al (a + b) MISE SO R %Aa B %25, Hi
LEDA3 &b B4 % a. b Al (a+b) F&ieE, 5 LEDAL il LEDB3 ﬁfﬂ%ﬁﬁm%%m

PEHEARKF | LEDA BOGUEAFE -5 a0 b Al (a + b) S & T LEDB BDGUHALHE,
PARICUE AL BE 2R 3R a b AT (a+b) SERIZMEFAF. X1 LEDA %)k, LEDA3 &bBr:
%% a. b Al (a + b) FEMA, 5 LEDAI fFERE 2R X+ LEDB A6, LEDB2 Ab#
2 a. b (a+b) SEHKE, 5 LEDB3 fAE & %R,

x4 TRELEHARZEHRFHEREE
Table 4 The content of chlorophyll during different treatments

Ak B M4t a/(mg - g M4t b/ (mg - g M4E% (a+b) /(mg-g') M4 ab
Treatment Chorophyll a Chorophyll b Chorophyll (a+b) Chorophyll a/b
LEDA1 0.81 £ 009 be 0.31+0.02 be 1.12+0.11 be 2.56£0.11 ab
LEDA2 0.91+0.01 ab 0.37+0.02 ab 1.29+0.03 ab 2.45+0.07 ab
LEDA3 1.07£0.20 a 0.42+0.09 a 1.49+£0.29a 2.59+0.13 ab
LEDBI 0.88+£0.01 abc 0.32+0.01 be 1.20 £ 0.01 abc 2.70+0.13a
LEDB2 0.92£0.11 ab 0.37+0.04 ab 1.29+0.14 ab 2.48 £0.25 ab
LEDB3 0.64+£0.26 ¢ 0.28 £0.06 ¢ 0.93+0.32¢ 2.19+0.54b
Xt Control 1.05+0.06 a 0.40+0.02a 1.45+£0.08 a 2.61+0.04 ab
LEDA 0.93+£0.05a 0.37+£0.03a 1.30+£0.07a 2.54+0.07a
LEDB 0.81£0.12b 0.33+£0.03b 1.14+0.15b 247+£0.17a

T FAAR VNS FRMEE P <0.05 KT 38R %: . LEDA il LEDB 43 AR WA AT 1 2 A KT
Note: Different letters in the same column indicate statistically significant difference at P < 0.05. LEDA and LEDB indicate overall level of two

wave crest treatments.
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2.3 LED W#MiKIEFI RB XM MHAREHY S C. SENMERAS ST

W% 5 N, fE%44 L, LEDA AR LEDB BDGTE S AP 4E4: 2 C. MR EL RSB B0 1
Ea b, (HAMEER—E, BRI Y R/B =8 (LEDA2. LEDB2) i, 4% C finpis T

BRI FFARAL Y, AR £R S AR T ) S i A AR B

®5 TELEHARESEER C. SHEIHRASE

Table 5 The contents of vitamin C, total sugar and nitrate during different treatments

A3 Yk 3% C/(mg - kg™ B/ % R/ (2 kg™
treatment Vitamin Total sugar Nitrate

LEDA1 752+22b 0.49+0.074 ¢ 3.61 +£0.072 ab
LEDA2 81.5+2.8a 0.64 £0.028 b 2.96+0.272 ¢
LEDA3 78.5+2.7 ab 0.62+0.027 b 3.31+0.496 abc
LEDBI 67.2+1.5¢ 0.50 £ 0.085 ¢ 3.83+0.190a
LEDB2 80.1+32a 0.71 £ 0.065 ab 3.34 +£0.287 abc
LEDB3 692+25¢ 0.68 £ 0.052 ab 3.75+0.343 ab
X H Control 752+34b 0.76 £ 0.036 a 326+0.217 be
LEDA 784+3.1a 0.58£0.081 a 329+0.325a
LEDB 722+69a 0.63£0.114a 3.64+£0.263 a

Ee FZIRARDNE FERE P <0.05 /KT R34 MRS . LEDA Fl LEDB 43 A2 P4 Al g 1K b B HE 44K T
Note: Different letters in the same column indicate statistically significant difference at P < 0.05. LEDA and LEDB indicate overall level of two

wave crest treatments.
24 ATRERIEANR 2150

M1 K, A SR E R/B AT EG I LED G b 3 - 55 15 B bkoke B 8445 ANfH), LEDA
YR I #E L B35 5 1 LEDB RUOGYRAN 286 %4 B, 1 LEDB2 A1 LEDB3 Ab# (1 FE s dpefik, Lbo¢
ST AT FE R 27.7%, L LEDA BG4 R & 53.3%.

_ 6
-
25,
< Z2 =
W £ 3
@ 28

5 & 2
2
'L
e

0

LEDA1 LEDA2 LEDA3 LEDB1 LEDB2 LEDB3 X} H#
Control

1 FREAME LED HEFER LR

Fig. 1 The compare of power consumption of LED lighting source during different treatments

N AR MY P B EENE (Suietal., 2010). R, LED YGURALPE K &3 K
W R T POCAT A B, X i T A AE 200 PR AN B A AR 1, LED SRRt T e
K, FrCA2liE LED S 2e it 7S ERDEEME, 5 Goins 55 (1997) WHFUEE AT,
WINNLL, ¥ LED A& DI Rt G2 . ANFJER LEDA 15 LEDB ADGYE AL B H 84 1,
TERAR EIC R 2 5, {Ha2E LEDA AUDGYE T 1) 3 M EDEHE bR IR AL /N, T LEDB BB ALFE
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(AR AR R, D DA AT B 2 RE AN AN [ U PR UM E AN ], RIS T AN [ (R0 ik, AR A Ttk —
AR . 7EA R R/B ALEE, Jehiabaf W24, UiAR R/B Ak A5 B AR B A
TEA, Hrh R/B =8 MY A iRbr B T HALAL R, X 55K (2007) HIWFTLE: RAHTT .

HAX LED JGURA R TG, (R /E MY TG E/ER N 3235, LED A2t
L& a. bR (a+b) MEEILTHIITOEE, KB THLEE as bR (a+b) FREMEEA
B T SN S I R S, X i EREE (2005) HIBFITEE SRAHRL, ORIk 2 th T8Ot fe it
TR ASLIFRG B80T Ml COL ik, (HANRE H 205 LED AFE M) CO, ¥R I3 153
s, BRI A Tk 15T 660 nm + 450 nm () LEDA 56G3EF1 630 nm + 460 nm ] LEDB
B, r50E R/B=10 B R/B=8 B4t a0 b fl (a+b) A, H LEDA BDEJE Fibat
Fa. b Al (a+b) FREIBEAE R/B PG NS, LEDB ROGY 5 30 5639 05 FAR
P UL R0 N 7 ZEANF R/B A BEEAT R Tt 4 2 3. 56+, LEDA BG4
(4t 28 B W 2w T LEDB DG, 179 660 nm + 450 nm ) LEDA #45% 35 Lt 630 nm + 460 nm 1)
LEDB BT AR T 2R 3 S M0, SEARF5 25 3 K6 RO g o

PIFIEUEAREE R, MBS E AR 3R C IR SR FNARE & R AR A —2,  Ya Rk g LED
FEPERT I FH B8 1 S R AR A — 8. LEDA BB Ab R iy A 8% 44 3 C &1 LEDB ZU6iH
AEFE, RYPREE & EAK T LEDB BDEYS AL, i8] LEDA B%IE Lt LEDB R4 I o A5 Al 1 -1 56 15
i s . AN R/B AL R 4E A= 38 Cy BR DA AR R 6 5 & A W 1k, BEWIASTH] R/B X
58 1 s SR R LA A VE R, o R/B =8 I, "E 3R MR R4, HB 3w T 6 H,
X5 A (20060 WA LGS BRI TR m i R SL 44 3 C =g BAEVI&

AL, fERAROCE TR SRR —HMIES T, R/B=38 I, LEDA RJGIH LI AT b #2 =
O A 38%, EEYEER C & 8.3%, MFUAHIREE S 9.2%; LEDB AU St Gl % 48%,
BEARANIR 5 & 6.5%, 4B C SR 5P, PROGIRISREE S HERIE A KR & A A i
Jio [ B R X e B R A5, LEDB BUOGI A AR FE R AT EL OB 14 27.7%, FRAIK
TIBAT AR . K, LED Y6UELE 630 nm + 460 nm (KA A H R/B =8 IR, fEREEA R
T DL S BRARFE LR 3 ANy TARBL T s R0 Re A 3
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