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Analysis of Energy Use Efficiency and Photosynthesis of Lettuce
under Alternating Red and Blue Irradiation
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(1. Beijing Research Centre of Intelligent Equipment for Agriculture ,
Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
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Abstract ; Aiming at the problem of high energy consumption of artificial light source in plant factory, the
study on improving the energy utilization rate of lettuce and reducing the energy consumption of light
source was carried out through alternating light supply mode. Lettuce was grown in the fully artificial light
plant factory, where adjustable red and blue LED panels were used as the sole light source for lettuce
growth. In the experiment of alternating irradiation mode of red and blue light, the alternating interval in
alternating treatments was 5 min, 10 min, 15 min, 30 min and 60 min, respectively. The simultaneous
RB light was regarded as the control, and also pure red R and pure blue B were set for comparison. The
results showed that, the fresh weight, L. and E, of lettuce in all alternating light treatments were
improved by respectively 18. 6% ~53.6% , 34.3% ~78.6% and 34.6% ~79.4% compared with the
control. The highest fresh weight, L,; and E; were all detected under 30 min treatment, which were
respectively 115.50 g, 5.84% and 1.92% . R/B(30 m) significantly improved the net photosynthetic
P, Ap/Cs, Ty /Cs and E; /Cg, as well as the specific

activity of PSII in lettuce leaves. Lettuce biomass were the highest under monochromatic red light, while

rate, water use efficiency, ¥,, R./C

So

Ly and E; were significantly lower than that under R/B(30 m). P, was the highest under pure blue
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light, while L, and E ; were the lowest or not significantly different with the lowest value. The content of

carotenoids in lettuce under R/B (5m) was significantly higher than that in other treatments. High

alternating frequency of red and blue light better stimulated the synthesis and accumulation of carotenoids

in leaves, which was beneficial for the protection of photosynthetic organs.

Key words: lettuce; plant factory; energy use efficiency; red and blue light; alternating irradiation

photosynthesis
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Tab.1 Light treatments of alternating red and blue lights
g AN =y 1]

R/B(5m) (R5m—B5m)--x9=16h Wi 8 h
R/B(10m) (R10m—B 10m)---x48=16h H5HA 8 h
R/B(15m) (R15m—B15m)--x32=16h 510 8 h
R/B(30m) (R30m—B30m)--x16=16h 5301 8 h
R/B(60 m) (R60 m—B 60m)--x8=16h W5 8 h
R R 16h W53 8 h
B B 16h R 8 h
RB RB 8h 5 8 h K51 8 h

PSR AN =Y (S LS e R N e
1, 7EEK 16 h BOLHBI L, 20 6 E: 5 min 1)
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(60 m) ,16 h S B ) 21 18 ' 38 5 4 2% ) 43+ 1)
b 48 32 .16 .8 WK, 4l Y6 R4l s e b B4 Bl iE A
R.B, 2L #5 6 [ B i 4 B X HE L i2 ok RB, ¢
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WEOCFIBFHDE AR RB BRI 8 h, X &
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Tab.2 Daily integral photons and electric consumption

in treatments

e H Z2H0 R FH (mol-m ) H 58k

AP Wt EOtETH mEs/M)
R/B(5 m) 5.18 0.576 5.756 3.30
R/B(10 m) 5.18 0.576 5.756 3.30
R/B(15 m) 5.18 0.576 5.756 3.30
R/B(30 m) 5.18 0.576 5.756 3.30
R/B(60 m) 5.18 0.576 5.756 3.30
R 11.52 0 11.520 6.82
B 0 11.52 11. 520 5.44
RB 5.18 0.576 5.756 3.30
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Fig.1 Effects of alternating red and blue lights on
LUE of lettuce

HI [ 2 ATAT, B0t IR RB T 5, BT A 38 B AL B
AR E Y S SR 34. 6% ~79.4%
JIFA AL B R/B (30 m) FIAESE E, s, 15
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Fig.2 Effects of alternating red and blue lights on
EUE of lettuce
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Tab.3 Photons and electric power consumption for
producing per unit weight of lettuce

e A SEH

SIS T
Wikt Filtsg TUCR BEEE TR S5

p/(mol-g™") K/ (MJ-g™")

R/B(5m) 89.19™ 3.97 2.32> 0.10® 1.33"> 0.06*
R/B(10 m) 98.43" 3.81* 2.42" 0.09" 1.39" 0.05"
R/B(15m) 103.74" 4.80" 1.92¢ 0.09" 1.10° 0.05"

R/B(30m) 115.50* 5.06" 1.82° 0.08" 1.04° 0.05"
R/B(60m) 109.54> 4.48" 2.06*™ 0.08" 1.18 0.05"
R 145.40°  8.29* 2.22> 0.13* 1.32> 0.08"
B 108.24> 5.41®  3.41*  0.17*° 1.61* 0.08*
RB 75.18¢  2.83°  3.25° 0.12* 1.86° 0.07"

Vi R RNG 5 3 AL BRI ZE P <0. 05 K T2 5 58 %,
T,
MERHEAE R/B(30 m) A FE T | f KB 2 fe/IME
1.6 ~2. 1 f5, SLEECRI G A FA L, ir
A SRR AL BT A S A T A TR R
BRI 18. 6% ~53.6% .
3.2 BB EABHTEELGRESE

B3 on TSR WS At i
M2 E a b LURRIEE MR &R, SR
BRI AL FE RB A HE, 38 B b BS540 v 1 it
SEFRASAE DRSSO 5 Mz (]
41 OGRS BB 5 min ) 60 min AL FE

HSRM SRR AR S N RS B R IUERCE TS
FaHE R/B(5 m) b HE R4 AR S PR & &
ant4REDb

14r oM4E&Ra

w2k,

& 1.0}
iS

P ISLESTY
K3 SR A3t R (R Bk LA
Fig.3 Effects of alternating red and blue lights on

pigment content



348 | A 1 R A= S ¢

2021 4

Yy, M A 1 AE R/B (30 m) ZEFE N 76
JITA Ab B2 [R)XF AT O 456 N ik R 4R R a i
SFE b e, (H R/B(S m) b HE P4 E a 4K b
TEPSRKMEZ IR E 2R, FE,R/B(5 m)
AP R AT IR AR X
W B LT A B T RB R TR R R
FEM R A AR R
3.3 TEHO EXRBHTERM RN E RS
3.3.1 AT AR R e ARtk

HIZ€ 4 A 0L i ot & 0% 7E RZB(30 m) B
R AR, HK A R/B(60 m) Al B 4bH, =% 2
[B] BB R TC I 2255 A S min 3] 30 min

(LT A R A B B it = 5 ] B A 2B, i il
GHCRA B E r e, aiOt T i 2R
R MR CO MR L R AL S BB i oK, Ho k|
FEME R N 2 T A AT AL B A2 R i 1R
CO, M E ALY FAL, Hrb ] O, e B i 3%
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Tab.4 Photosynthetic parameters of leaves with different treatments

e Hob gt/ A, JaIa) o, W/ SILTE/ KA FI R/
(;Lmol-m’z-s’l) (mmol-m’z-s’l) (umol-mol’l) (mmol-m’z-s’l) %
R/B(5 m) 6.6" 1.95% 494" 130" 3. 38
R/B(10 m) 6.8" 1.73b 475" 1240 3.93b
R/B(15 m) 7.3P 2.21° 480" 127° 3.30"
R/B(30 m) 8.1¢ 1.48° 465° 121% 5.47°
R/B(60 m) 7.7% 2.78" 459* 118° 2.77°
R 6.9" 1.83b 429¢ 107°¢ 3.77"
B 7. 6% 4. 40" 596" 178¢ 1.73¢
RB 7.1° 1.75% 523 140° 4. 06"

3.3.2  A[FACFT A SR 7 2GR

TR 2R R0 AR — e R B e 1
IRBE PR XA 1) 5 M 38 35 X AN [R] R B Z 4 R Bk
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AU PR BE B3 R AL
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W BT AR B A St R YR T 0. 8, U [A] Ak
BT AAEAR IR Z B A K ha . XFR B, S EHORER
ST AR SRR MR I A A O ER B B, VI
BT HESG 2 ms i PSIFA 15 1 4 B g H s B S PR AR
W U ST RS 3 ms B PSIVA T PRS2 O BT
TREE 45 R/B(30 m) #1 B AbFHF PSIHA TG MR
SR GBI R e, R/B(10 m) A1 R/B (15 m)
WZ o R/ Co, 3= Hr T AR 1 S g rp ol i 2800
ZERE R/B(30 m) Ml B ALFR R R./Cy i, —
AR EES AR EE T HAMLE, P, 2N
WO RE Jhy BE il 1O Pk BE 48 AL, R % S I AE )
FeE W EPIRZS, T Py, %0 e 28 30 i 0K
T e, B Py, BN 2 RE 65 BT 4F b S A
XFI A HLAE 7= A 52 W ) 25 A dR A, AR R,

P JESTHEDGAL IR fok, B35 s T HAB AL B, i
TEAGLLCAL T B/, 0 35 R T Al A 2, XUl
WA M T EOL S U TERES B, ZZEOLAL
P15 .30 .60 min b PR TR P, BE KT
5.10 min (440 1, 3 7] BE 13 B 5 000 8 8 AN A
TIHEIM A Bz, BRKFE, B F
BRI RB T 5, R/B (30 m) b BT AR 38 A
W, R/ Cs, Py I RFER

x5 ARAXTEALETERMHERERAENNFSHY

Tab.5 Chlorophyll fluorescence parameters of lettuce

leaves under different treatments

OB @ Vi v,

RC/CSU Plalvs

R/B(5 m) 0.87*  0.53*  0.47" 145.51" 2.11°
R/B(10m)  0.87°  0.50™  0.50® 114.89¢ 2.00°
R/B(15m)  0.87°  0.51™  0.49® 143.51> 2.25"
R/B(30m)  0.85"  0.48"  0.52° 160.35% 2.25"
R/B(60 m)  0.87° 0.52*  0.48" 107.68* 2.18"
R 0.86"  0.56° 0.44"  108.75% 1.67¢
B 0.87*  0.48"  0.52° 159.33* 2.85%
RB 0.86>  0.54° 0.46"  141.56" 1.83«

N T I R B [RDEAR B A SO
o BOMOGRER M FE AL e DL SR AR O, A
WFFEINSE VA T O6S HLA Y IS 1, BB A2 5 T
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Co)ERER TRLRSE, 4R EM (%K 6),R/B
(30 m) AP R A,/Cy T,/ Cs  Ey/Cs D,/ C ¥ H5t
i, EHOR R T o 1518 8 T80 E,,/C
Fir T HABAL R X T EFK B, 30 min (8] B Y 525
OLIMBA SO TR PSIES ML AY L
PEo Xt Ay/Cy T/ Cs Dy /Cs 5 Ey/Cy W] LLK
B, KA AEHR | JCRERI MU AR A% 18 LUK FARE
RIS 5 B —Ea e Wt 2 UL REZ RIAL B,
— BT S AR RDLAE JH T TR Y LS R
PCRESE S, (R ALDGAL IR AR 3Rt i e &
AT HFAZEREDERE R TR E,,/ CH AR T W,
FHARAFER AR XK A, a1 R Ey/ CN
A TS X RV, LD, SR TR RE R
AT HEA SRS H T EE T,
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Tab.6 Effects of alternating red and blue lights on energy

flow allocations in reaction center of PS II

Lb B Aps/Cs D,,/Cs T/ Cs Eq,/Cs
R/B(5 m) 3970 52.19% 344. 81" 160. 64¢
R/B(10 m) 368" 48.92" 319. 08" 158. 08¢
R/B(15 m) 396" 52.50% 343.50" 167. 18¢
R/B(30 m) 440° 66. 35° 373.65° 195.27°
R/B(60 m) 310° 40. 46° 269. 54° 130. 661
R 317¢ 44. 05" 272.95°¢ 119.93¢
B 401* 52.98% 348. 02" 181. 67"
RB 410 57.04% 352. 96" 163.05°¢

4 iTig

o1l nt A A AL B RB AR L, BT A 28 8
AL (A S b b BB A Ly, B YR TR
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AT D 3 A2 R R ke 1 Y i R 9 )R 4 ) AR
2 SHIMOKAWA 2" #F 58 h , AN[A] R/B A2 %
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A R A R KA FIRRCR P, R/C, |
P Aw/Co To/Co Ey/C Y3 i 28 H 5 % kb
R PS I YGA UKL B TGP 3 A de 5, 31X 7T BE X
AEPER A SR Ly, B BERIERZ —, 54
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