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HE A Sk M 5 i A T A . AN, A TS R WA LED 41
WO LG MW $ = A S AT T R A . T E A R
eI AE I H BROLR (DLD &4 F, 2096 0§ % 58 5 18 4
e H RS A SRR TR 52 R B RS A
ZIOGIE I B ) B 3 R AR SR A, UL R B A
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ZLHE G AN AR HE O 22 R L Y BB A AKGE  AE 4 A K R A B 0
P, IR U8 A7  5A BTIA B S THAE Y L) A Ak A
AL B RE A TR EH Y.

AR A AR SR . RA MR E RN
MZFFIAE . A MEN TOCIRALA 63k A K 5 R T 5% 114 45
KAEW . PR, RO AS LT H A, —®E
HAE 500~600 pmol » m™* « s "G AR S ZH —E B
BE RIS FESRE G T A O 2 MO TR A
fE, SBOLRLSRE . LEERE TS EM AR ESTIR
A VERREIE . A E R (ROS) . AR, & E
PR 5O BR S A A SR T AL W B RR BRI fE & 42 . Oh %%
W EB ., S5XTRA A, 2263 800 pmol » m™* « s ' [
SEOGTN BS— R AEEM B EY . PR MR, K\ E bER
EERYIR YRR FIRTEDY . Perez-Lopez % i i3 X} 4t i Al
SN A AT I T R I A IO T 0 Y R 1 R O R 2
TR A SR AL A AP AR AR BE T L R AE . 7EOk
S0 e [R] R FH % R] 14 58 ' B8 AR AT D 7E DR SIE AR 9 7 5= 19 [a)
T3 O PR A R A SR

B AR TUER O 1 2w R W AR PR T A R A I 1 3 B
ROEWHEERE, MY SITEWE 5 E AN Z
FRATAE AT ok 56 0, RS 0 oR O I T R 2 i B
Mgk BESEAR . X 5 BB T A P A DO M AR
A G, BB S R R OGS VR AT BG83 M 4
IR oG aa T 0 A PR S B TR A R
BTG . 3 S AL . o A b A S AT R
Pk, ARG AL TR R R E . X PSI OGA
40D R0 RS E DY B RITE SRR
KB A ST B Y A BT AR, R B IR WG T Y AR
Pt o PR, RS I 5 O BE G X AE W 5% o0 R R R

AR T WY SR OGAR B, O S S SR O BRI AE A )
WA BN AR S

AR AT N TOEEY L. SR A MK 451
2y 655 1 456 nm ILLHE 4L & LED Y66 . iz i Rl & 4 5
TR JEF % 51 %% 3 (ICP-AES), $#£%% LED 41 ¥ 41 4 % it
T SR O HR K RO R R A S A K T R oG R B
DA Ay 4 40 50 i D B 0 3R 4 2L 1y B 5 L O

1 SEEe &Ry
L1 HE

AP E AR . VLRI A SE (Lactuca sativa L.
cv. ‘Zishan”) N SRR, 7E A E AW B B Al 8 5 )

Fee g BT T N T T N sE . RAEHE 2.0
emX2.0 emX2.0 em) B, B4 K HHH —.O08, 12 4
H— A AR EREA 101 & 5K A K B 4 (50 cm X 50 em
X5 em) RO AT ORI B, B R WCR I E M 2 A
(mmol + L™ 0.75 K,S0,, 0.5 KH,PO,, 0.1 KCI, 0.65
MgSO, + 7H,0, 1.0 X 107* H,;BO;, 1.0 X 10~* MnSO, -
H,0, 1.0X10 * CuSO, » 5H,0, 1.0X10 * ZnSO, » 7H, 0,
0.1 EDTA-Fe, 5 X 107° (NH, )sMo; O, + 4H,0, 3.0 Ca
(NO;), « 4H,O (pH: 6.3; EC: 1.3 mS =« cm '), X5 #H 1]
MY T MR R (23£3) C, {BJEHN 10%~50%, CO, ¥
FEA BT CO, Wi . LED AT R G4 A2 J6 ik ok v BL B A B
N FIRIF S 9 20 5 204 St 1 6 o B Bt Rl 3 A R A KT ST AR
LM K 50 em X 50 em, 21, ¥ LED W 3% K 4> %1 4 655 I
456 nm, JTARS KGR o BRI R 45 em, 2R LI-1500
o FEBE 0 {SOR LI-190R S5 A7 R0 A9 1 %8s 0 2 JF 119 4%
Fpid B g5 5 em AbGIR ARG .
1.2 RIgit

X — & E 5 AJEALIE . BN 500 pmol e m - s 'Y
5856 Chigh light, HL) 43 3 75 % #L G B (150 pmol « m™? -
s G E B S 0 h(CK), 0.5 h(HLO0.5), 1 h(HL1),
2 h(HL2) Fil 4 h(HLA) , SGBAHDE G #4524 4R « 1B, 16/8
h, AbFLREIA 20 dCILER D),

1 KE—ERLEAR

Table 1 Light supply modes of experiment 1

s 31 Hik/(pmol e m ™2 « 57 1) s BRI [

FEA G B FE A B
CK 150 - 6:00—22:00 -

HLO. 5 150 500 6:00—13: 45; 14:15—22:00 13:45—14:15
HL1 150 500 6:00—13: 305 14:30—22.:00 13: 30—14:30
HL2 150 500 6:00—13:00; 15:00—22.00 13:00—15:00
HL4 150 500 6:00—12:00; 16:00—22.:00 12:00—16:00

o« CK: SOGALFE 0 hy HL: sioG

I T E 4 D ASEOEAL A 1 AN LG I A B (NL,
s FEREOLHE A, 1 h BRI (500
pmol « m™* « sTOFEFWIA A HIH B 1 W (AD 3K (A3), 6

170 pmol * m * -«

WCAG) AT 12 K (A12), K HE5R K 150 pmol » m™* « s~ '
W43 O FH A5 (B IR] B . % B AT % R 4 51 Dl 4R+ 1B, 16/8
h, AbFREE S 20 K LE 1),
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Fig. 1 Light supply modes of experiment 2
1.3 BEENERE

AL FREE ST, A AL I BE LI 3 Ak Az 3 N 2K JE T 4y
I, A AL (L1-3100, Li-Cor Biosciences, Lincoln, Ne-
braska, USA) W AR, JH 43 B RS- FR B b 35 Rt T 35
BT, M54SR 105 CRARTE 15 min, 80 CHET H{E®E, FRI
THE,

T 5 R AT i T A SRR S 5 0 B a7 i SR T i
W43 566 BT CATC-006) Fl L IR & 25 8 T 1A BT AL (ATC-
155 %E K, P, Ca, Mg, Fe, Mn, Cufill Zn ¥ & & . Bi& %
BE RS W FRIRO. 3 o BIF B i 0% S R RE A T A E P L nA

60 %6 = SRR R AN R TR A R F 180 “Cm#A>12 h, WMt )5
Jim10 mL MR EL 12 1 HCL, 55 & & %) 50 mL % &
AL E . SRR TR C RN & R AR be- IR 0 K 43 i
AT E . REM A vario PYRO cube JC 2 43 HT N FE 3 78
AL B AL (920 CHRRKE, A JE I8 B I S 14 7R 3E
I S NS Rk N, i CO, (650 °CH, BEJE. N fl
CO, Tl 33 B L W W5 A W B A 43 B9, AR5 RE A TR AL
T (IRMS) 947 [R5 2 43 #r0°
1.4 HiEshE

X Microsoft Excel 2013 # {4 % ¥t ¥ #t 47 AL 3, R
SPSS 25. 0 g8 i+43 #7145 X £ 38 35 47 25 S5 3 PR A B (LSD
%, «a=0.05),

2 #iR5iHe

2.1 BXARBENKMEFERNEN

MR 2 A, B RGBS A I 0, A SE b b R
JEHRIGW/N . 5 CK AL FE A . HLL A1 HL2 &b 3T A4 3¢
Mo B FRAEE o BB T 21 M 12%. A, 5 HLO.5 AN
HL4 Ab#AH EE . HL1 20 3R A= S 00 w1 B R H b 3 ff 5
EHm AARGE L B RRAL. AT A S FI T EE RN
WL AR FRWT, e A SR O R A AT L 7 R K B RE 4 15
TR AR, HLA bR A4 Se AR T R 6 L 5 . M b
TR L, IR IR DN, X5 AT gE — B, B SR O
W38 R A K G A SRR R O TR T I SR R0, T e v AR s
ADOT R A K 7E AR KRR BE B R T AR W O K A
DLIM S 4 40K 58 22 (19 A5 9 0 43 e 81 3t 30 i AR 2 AR 3
GG ER IR, e A KEE R EE R, AR
Be AN EL, R EERE RS I, AR S BOBHIR RIR AL, X B
S A 3 b L S 0 T A I R O HE S N R R S 8
SRR T e () 5 O RE SR AR S o AR RN Bl b S e SR Y 35
A RE S A BRI DL [ B i B i 45 5% . 55 —Jr e, nh
T AR A8 b B 5 e AR, AR IR B vp A S I e I Y AR
At 2 55 o AR A Ak S — B, DT A O BE S I ) Y
e DK e U W AV R N W 93 IS N A R NS
WSt R DB R A S i A R T A 58 ' RS T LA 5 O
A BRI AR SR A A G DT AR R

F2 BARFEKNEXREKNFIE
Table 2 Effects of high light duration on the growth of lettuce

/g

TH/g

T AR/ HontHE/

e WL H T IR T em? g+ dm ©) e
CK 19. 8bc 4. 34b 1. 34a 0. 24b 584bc 2. 0b 0.22b
HLO. 5 18. 9¢ 5.33a 1. 29a 0. 28ab 518cd 2.0b 0. 29a
HL1 23.0a 4.38b 1. 42a 0. 25b 659 a 2.0b 0.19b
HL2 22. lab 5. 36a 1.51a 0. 26ab 636ab 2.0b 0. 24ab
HL4 17.9¢ 5. 36a 1. 27a 0. 32a 470 d 2. 2a 0. 30a

T as by oo d SRR AR BRI 22 5 3 PE(p<T0. 05) 5 CK: 3OGARHY 0 hy HL: SOG4 B

2.2 BARSFEKMEXREFTEZSENERENZM
F 3 M 4 500 5 ARG AL IR A 3 BT R 1Y

R BEUE, rTRUE AR G R & R R O BT A R
W3 E B As b e #, HL2 kb ¥ R A N, P, Fe,
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Cu Fl Zn 1 & &IHMLT H A4 ¥R, CK ALFET A4 32 K, Mg Fi
Mn B & L F HAB AL I, Cu Hl Zn 1Y & 139 & F i b
#, HLO. 5 AT A3 P, Ca, Mg il Mn JSTHE & i fie . H
FKAWLUED, £EHRPEITRN, C, P, K, Ca, Mgy
FR LYY B 2 TR R e B 1 = B S 8 0 S K Y
B, HL2 T AW AP ETE Ffakm, CK AT
B, ML T CK 42, HL1 4b B0 i 25 3 5 A 38 1y Fe 2
i, HLO.5 #1 HL2 4b 3 B 2548 & 4 X 1 Mn 2B &,
HLO.5, HL2 FI HL4 4b 30 5 35 BEARAE SRR Cu BB R, &40
HRAESR Zn BRI TR E 25 . A5 A K

HOUR BRI AU b AR A i — AR Bl D' IR S I (] A4 5E
KA S NG FEARR & 3, RBIBROL IS T A3 e o R E
ZH E T E AR, IR AT LR A S A A SRR A
ANy TR IR R SRR 19 BB . TR MU e
KRBy &N A id 286 A (ROS) . TLIEPIE BRI
ROS 251 H Y 1 AR R0 7 145 07 9 kA2 e 40 240 M A4
WU B | B A2 S AR T S0 3R 00 R
S, A SR N B SR O0 R S R B g — P I ROG A
HIREARFIOE & 48 B R0 3 . R 52 5 8 5 Wk B2 T g 2 42
O BN R AR I R

x3 BARHHEKWEXEFRTEZRRIENZMN
Table 3 Effects of high light duration on the nutrient contents of lettuce
s N/ C/ P/ K/ Ca/ Mg/ Fe/ Mn/ Cu/ Zn/
(g+100g 1) (g=100g 1) (g+100g 1) (g+100g ') (g+100g ') (g+100g ') (mg+kg ') (mgrkg ') (mg-kg ') (mg-kg 1)
CK 5.27 ab 43.78 a 1.08 a 6.91 a 1.21b 0.24 a 134.50 ab 132.25 b 18.33 a 45.75 a
HLO. 5 5.35a 13. 80 a 1.13 a 7.11 a 1.38 a 0.26 a 130.00 b 169. 25 a 10.07 b 44.27 a
HLI 5.36 a 43.62 ab 1.10 a 7.51 a 1.24b 0.25 a 151.50 a 136.25 b 11. 85 ab 41. 08 ab
HL2 5.17 b 44,07 a 1.06 a 7.08 a 1.21b 0.25 a 106. 25 ¢ 142. 00 ab 6.83 b 31.25 b
HL4 5.33 a 43.02 b 1.12 a 7.56 a 1.28 ab 0.25 a 118.13bc 144. 75 ab 8.26 b 38.58 ab
o CK: BOBALFE 0 hs a, by oo d RRALTRA 25 B EN
F4 BABRHRKNEXERTZERENZW
Table 4 Effects of high light duration on nutrient accumulations of lettuce
Kb 3 N/mg C/mg P/mg K/mg Ca/mg Mg/mg Fe/pg Mn/pg Cu/pg Zn/pg
CK 68.19 a 567.03 b 13.90 a 89.29 a 15.61 a 3.07 a 173.59 b 170.15 b 23.74 a 59.05 a
HLO0. 5 73.10 a 598.51 ab 15.46 a 97.62 a 18.90 a 3.56 a 177.74 b 230.91 a 12.82 b 57.88 a
HL1 78.27 a 636. 66 ab 16.07 a 109. 25 a 18. 14 a 3.66 a 222.12 a 199. 70 ab 17.51 ab 60. 20 a
HL2 81.16 a 692.72 a 16. 69 a 112.05 a 18.98 a 3.85a 166. 98 b 223.16 a 10.74 b 49.00 a
HL4 72.58 a 586. 09 ab 15.18 a 102.67 a 17.40 a 3.40 a 160.73 b 195.02 ab 11.31 b 52.76 a

o CK: #OUAEHE 0 hs a, by oo d FoRAbBHH 25 5 B35 1
2.3 ERBHIAEMNEFEKMNEM

WML 5 Frs. 76 CK, A3 Fl A12 Ab B R A= S8 Hh b 3R 8
BEBT A6, 5 A6 ATHA L, Al, A3 Al2 2T & 3% 1
T AR TE A, T OA6 LI AR SR L R, b A
AEBRRTE T 3790 ~47 % . NI AL B A SE A M T L M

TETEEEAML M ET R FE R, BRKK - C &R,
R R i) B O IR S5 T AR A SR A AR G HAR T A5 R R
BT 200 O I I A 0 I LA B Y X B AT 28 B MR S s G
X AR AR I R I AR /D - I AT RE S P D 6] A RO A R
i [6] fr) JE S 4 g o 2 Rk

RS OEARHMENEREKNZIG
Table 5 Effects of alternating frequencies of high light on the growth of lettuce
W /g TH/¢g T AR/ "
4h 5 . FiE i U 1
b8 R AR Hh 18 R E cm (g+dm™?)
CK 13.8 a 2. 6a 0. 78a 0.11a 376ab 3.67a 0.19b
Al 13. 3ab 2.4a 0. 74a 0. 10a 382 a 3.47a 0. 18b
A3 14.1 a 2. 5a 0.77a 0.11a 398 a 3.54a 0.18b
A6 11.5 b 2.9a 0. 66a 0.12a 331 b 3.48a 0. 26a
Al12 14.7 a 2. 6a 0. 62a 0.11a 421 a 3.49a 0.17b
W CK: #¥64H 0 hsy a, b, o, d R A0 H] 25 5 g Pk
2.4 BARHGENEXRERTEZLIENMRRENZM Bk, 5 NLAEBAHLL, BT AR COuRE R

6 ML TR0 5 MAEH T AEREEFRTTRN S MR

(S

L
Bm. A3 APINA:3E N Ml Fe JUR B & & B F . A6
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FTRAESE Mn i EM & RBERIN. M A6 A12 3R A4 A Zn o0 K BRE RS, AN AR R EE Al kb3
¥ Ca i EM & B FHEM. S4ME LXK P, K, Mg, Cufll ThE. HEAMAEAREFRTERRRELEE LS.,
InFIUUEMET Y LR ELER. NLAHTAEER Ca, Cu

x6 BARFHENERERTEZLIENZMN

Table 6 Effects of alternating frequencies of high light on the nutrient contents of lettuce

N/ C/ P/ K/ Ca/ Mg/ Fe/ Mn/ Cu/ Zn/
43 -1 —1 —1 —1 -1 -1 —1 -1 -1 —1
(g+100g 1) (g+100g 1) (g=100g 1) (g+100g 1) (g+100g ") (g+100g ") (mgekg ') (mg+kg ') (mgekg ') (mg+kg 1)
NL 5.25b 43.70 ¢ 1.16 a 6.83 a 1.22 a 0.26 a 117.00 b 125.25 b 12.79 a 36. 30 a
Al 5.42 ab 46. 09 ab 1.25a 6.16 a 1.09 ab 0.26 a 119.25 b 143.50 ab 5.18 a 28.68 a
A3 5.54 a 46.23 a 1.22 a 6.26 a 1.11 ab 0.27 a 141.75 a 142.50 ab 9.54 a 35.98 a
A6 5.42 ab 45.27 b 1.26 a 6.52 a 1.03 b 0.26 a 133. 25 ab 164.25 a 6.15 a 32.58 a
Al2 5.31 ab 45.16 b 1.11 a 6.30 a 1.02 b 0.25 a 115.68 b 128.75 b 9.21 a 31.65 a

e oas byoco de FORAE BN 22 5 0 5

KT BARGSMEMNEREFTRERRENTMN

Table 7 Effects of alternating frequencies of high light on nutrient accumulations of lettuce

Ab P N/mg C/mg P/mg K/mg Ca/mg Mg/mg Fe/pg Mn/pg Cu/pg Zn/pg
NL 40.29 a 335.04 a 8.79 a 52.24 a 9.45 a 1.98 a 90.05 a 96. 48 a 10. 38 a 28.29 a
Al 44.09 a 372.21 a 10. 20 a 49.42 a 8.92 a 2.07 a 100. 88 a 123.22 a 4.54 a 24.55 a
A3 40.09 a 339.75 a 8.66 a 45.19 a 8.01 a 1.94 a 100. 76 a 100. 84 a 6.64 a 25.39 a
A6 37.72 a 315.11 a 8.71 a 45.31 a 7.13 a 1.76 a 92.96 a 115.72 a 4.30 a 22.70 a
Al2 41.04 a 349.14 a 8.57 a 48.76 a 7.88 a 1.93 a 89.37 a 99.43 a 7.13 a 24.41 a

. oa. b, oo d: FRATE LS T

. 5 DLMIR B0 4 E T o 065 S I 6] 060 38 0 43 T 95 47 38 55 o
3.4 ® RIS, BOERE TN C TR, RN AERAEY
R BRI AL R TR M B . B, e
E I 7 v 6] 7 T (5 SR R S AT R T2 S 0 B P b R el ] 0 AT ] e 5 9 O RS 3
(R, A R T2 T £ i BB (R, M R TR
S AR R AR, B0 B T
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Effects of High Light Duration and Frequencies on Growth and Nutrient
Element Contents of Hydroponic Lettuce Cultivated Under LED Red and
Blue Light

SHAO Ming-jie"" ?, LIU Wen-ke' ** , ZHOU Cheng-bo' *, WANG Qi ?, LI Bao-shi''*

1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing
100081, China

2. Key Lab of Energy Conservation and Waste Management of Agricultural Structures, Ministry of Agriculture and Rural
Affairs, Beijing 100081, China

Abstract As the largest band of light absorption of plant photosynthetic pigment, the red and blue spectrum is the main function
spectrum of plant photosynthesis, and red-blue LED has become the mainstream light source of plant factories. The response of
plants to red-blue light and its mechanism needs to be explored. In this study, effects of high light duration and alternating
frequencies of high light supplied with red-blue LEDs on growth and nutrient element content as well as accumulation of
hydroponic lettuce were conducted using ICP-AES analysis technology in an artificial plant factory. Five treatments were set up
in experiment 1: high light (500 pymol * m™* » s™') was irradiated for 0 h (CK), 0.5 h (HL0.5), 1 h (HL1), 2 h (HL2) and
4 h (HL4) in the middle of the light period (150 pmol + m™" « s7'), respectively. In experiment 2, set up one conventional
treatment (NL, 170 ymol * m™* « s7') and four alternate light treatments, in which 1 h high light was separated into four
different alternating frequencies: one time (Al), three times (A3), six times (A6) and twelve times (A12). The light quality
(4R : 1B), photoperiod (16/8 h), and treatment days (20 days) were the same in the two experiments. The results showed that
the biomass production and the accumulation of nutrients of lettuce such as N, C, P, K, Ca, Mg increased first and then
decreased with the increase of high light duration. Compared with the CK. the root dry and fresh weight, and specific leaf
weight of lettuce grown under HL4, increased significantly, and the leaf area decreased significantly. The dry weight of lettuce
and the accumulation of N, C, P, K, Ca and Mg were the highest under HL2. Compared with NL treatment, A6 significantly
reduced the fresh weight and increased the root shoot ratio of lettuce, but there was no significant difference among other
treatments. The alternating light treatments significantly increased the C element content of lettuce, but the alternating
frequencies of high light had no significant effect on the biomass production and the accumulation of nutrient elements. In

conclusion, applying a short-term continuous high light irradiation in the middle of the light period can effectively improve the

accumulation of nutrients and biomass production in lettuce and is more suitable for lettuce cultivation in plant factories.
Keywords ICP-AES; High light irradiation; Hydroponic lettuce; Nutrient absorption
(Received Apr. 26, 2020; accepted Aug. 19, 2020)

* Corresponding author





