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RBI LED A EE AR AR ALRSRAES
KIBERERKREF TR REAI R

;HJX%: bz, g&i 229 g&%z

Lo R RSER IR 2 B8 BTIR BTHIR - 843300

2. [ ol B 2 B Al BB 5 TR R SRR SE T, Al A IR M A M B R A A AL T 5 S8 %, JbRC 100081
B E oMM T A MG A R A 3 B SO, HATHE &k A (LED) B O Hl
YT W FEHOEE . MEB LED S 6 A Y T FP A 8 WA 9 0 21 5 5335 324 52 % 18 A i 17 4 AiE
K5 FE S LED 4L 3R L R 005, IR S ARY T) W, RIFK R 7% f ICP-AES
MK A . BF5E T R LED 21 5 % 1% 226 B8 (CL) X A [ )6 B -5 BB 287K 55 4 3828 K % 8 33 0 R WO i1 5%
Wi, FEYCIEHR A 150 pmol » m 2 + s ' F, IRIHE T 3 ML (R DB : 2R : 1B(Q,. 1), 3R 1B(Qs. 1)
AR 1B(Qu ) DI 2 FRATER : 80% YA &l (Naow ) 1 100%0 B A & (Nigow ) o & R F W, CL i, LED
JEIR 58 SR W RIE A AR AR B K B A 3 g b 1 T I BT BRSO L EEE YOAR T I C
%t N, C, P, K, Ca, Mg, Fe, Mn, Cu, Zn & &AM RBYWILEZR M, CLE, XRS5 EHBAILEHIE
AEBEXE KRR E SR T EA B EREW, S T ENER LR EZER, A6 N, PH&E, N,
P, Fe, Zn R BRA R EZ M, CL X/KBEERWAEY R, 0o &R AHEREABEPm, 5 CL it
Lo, Mo b EEE . MREEEE . db T AR T E RN FE SR CE & A R B R R . i CL
BERMT N, P, Fe, Zn &, WX+ C, K, Ca, Mg, Mn, Cu (&R ICEE#H W, CLIYEERS T
N, C, P, K, Ca, Mg, Fe, Mn, Cu, Zn (R &4, &5 LAk, CL i, LED MRS A S AR - TEH
HREHW, MEERTENGELARRABEHREER M, CLJG, LED GRS EE SR T ERLA D
m, XN, PH&HEE N, P, Fe, Zn W BREA B EZMW, Noy Q. MM BN EREE. 5 CL &M
PR, KRS MM Ff s, REEE, M F T E MR T EY RN CL BT N, P, Fe, Zn & &,
WBERET N, C, P, K, Ca, Mg, Fe, Mn, Cu, Zn R &, B, RFER KM Noow Q. AR AT LED
IS IRAS AT IR R KR AR E R TR TR,

XA
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Sl Y A K A E HEEMIRIRR 2 —. F AR ROR I
MFRELAE S HEFEEEY & IR S d . 1 H W
I 1 TR TR AL ) 4 8 g ) 35 1 ALY T AL 28 S A T LA
TG4 7 i i) B 9 5 AL SR T R L B SR TR R
TP 6 A 1 0 o Ak 22 A SR AR ) SR 6 i 2 RT3 DL K 2 T

W EH:
E2WA:
fEER N
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XISCRE, TREM : I A H * J TR RN

W 35 AL T R . BT A ORGSR R A T BT T R
B A — SRR S RE . R WG A B IE XA SR T R
{1 W WA 52 2% 7= 2B B WL, 4% 08 3R WAL BL AR R —P L RO
e % (light-emitting diode, LED){E &5 MUAR HL G TR . EoA 7]
RO W REAE BEdE R M UL FEN O Y ) AR
AN R A N A R i B 2R g B D
PEE, E NS R, NI A AR R R, 4T
WEOGIE A YOG MW ERAEADEIE . J6a1E X & 7
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XUSCRE, 1974 A, AR RE24 BE AR b BRBE 5 T 52 R SR T T T AF ST 51 . B AR R RO L YR B
@caas. cn; Gk FAM, 1993 4E4, o E RO RLF Be RO 35 855 5 R RS2 R R WF 58 BT A+ i 5% 2F

e-mail: liuwenke

e-mail: zhangyubin26(@163. com

e-mail: liuwenke(@ caas. cn



2216 i 2% 5 61 43 Hr

5540 &

MR B . LED Z0 85 63 09 A= BEAE A L BSR40 A e Bl 2 4 3%
Jti e 2 Tz Mg A Tz R . 4R . LED £ 5 % 7 i £
s R R A i 15 0 B L T Yo AR 0 9 0T R R CRE I 1 T
. BIIRFFEIESE, SRET 2~5 d B9 LED 41 i 5% % 50 % IR fg
% 5 35 B R K I AR SR P A R T, A A i A% 1 B
65 A PR . A ORI SO IR K A SR TR TR
W e A0 BB R B B T R DL . R AR EE R . AT AT R
B, KB AR TE A AKES52 R 1T LED 20 #5006 7% 826 18
Xt A S 7 A R B A R TR R, IR R SR W LED 41 85
I 3 B2 RO 7K B A 385 97 00 3 WRIRCRT BB 5 e 0 2 R
FREFAE RN, WG R B A E .

PR AT LED 205 ek 8ok A E K B A R E R &
W ST BRI 5 X 4 R R A K R B SR A 4R S
WIEREA 2 SR RS BA 3, B RN M. i
T LED i 2006 o6 3% . JelsE. WY T /K s
Wi 4R R, TROTE S, WA MRA AR, TRES S
BRITE ML KT, UHRE, 2, 8. MEERTEN
BRI RS R AT A A g
¥, AEROE A AEAEY) T R B R A . R SRR S s
FRICHE S N R A D 1) 8 3R A B T R A R
BRIUET RS AR E VML, H LED 2% A 4%
TARERTEMNTREES TRGIT LAKE. 24,
KRB IRPEERBRARES S LED g E/ELMFT,
Kl LED 2185 i SL e RAT e K B AE SR AE K B FRIT R
AL S R, F, AR ARE AT ENEY T
Y A R 2T 35 41 45 063 LED ok, 32 i idds 4 5
B TR T R 6%k (ICP-AES) , #4587 >R il LED £1.1§
I it 22 e B X R A BUE A 5 LED £1 8 06 Bk 8 4 3210 4k K
BB FROCE U RIFE IR, DL A 3 A 38 97 00 F RIBCRFAE
i 2 1% G200 B LED 21 856 3% 1 2UE 97 5% 1 3 AL ) 24 1k 3
it — A R HA KRS F M ENH Y T R AR X
.

1 SEgEk o

1.1 MR 548

AT 7E AR B2 B AR PR 5 R] R R R 5 B
HWAEY T NER, LLERFIA 3R (Lactuca sativa 1. )R
WM B, PP THFEBERIRP (2.0 emX2.0 cmX2.0
em), 14 d FHAR T IEHEOGHW (16/8 WY LED T4k F # 47
KRG R AL B AL, SR L R, WES
—EERAL B SR 150 pmol » m™7 « sT', 20065 5 G 4H AR L 4
H2:1,3: 1,41, BRBEEFRBAELSKBELIE N
10026 . 8020 fil A% - RAEMWE R 10 mmol « L', EER
R ER e 4 k. B4k 16 d J5 34T 96 h SR AT 7% &L 6 MR Ak B
(continuous light, CL), CL Zb ¥ LED £1 ¥ )% i kb 48 — %
By 41, sy 150 pmol « m™? + s ', CL AbFERHT M 4L 7
S5 BEHIL A 35 A Ak DU 8 AR DG 8 AR, E IR 7 (mmol -«
L "):0.75 K,S0,. 0.5 KH,PO,, 0.1 KCI, 0.65 Mg SO, *
7H, 0O, 1.0X107° H;BO;, 1.0X107* MnSO, *» H,O, 1.0X

107* CuSO, * 5H,0, 1.0 X 107* ZnSO, » 7H,0, 5X107°
(NH,)sMo;O,, *+ 4H,0, 0.1 EDTA-Fe, 4 Ca(NO;), -
4H, O, IR WARAEY LT BRI E A (2521 C/224+D
T, R 60~70%, CO, WENINEKRR CO, Wi . M
LED £7 #5640 4 5T #7 (50 cm X 50 cm) #E 7796 AL BE, £1 85 5%
B4 HH 655 Al 430nm,

R1 HBRPHBFERN LED XRS5
ERRARSERSH

Table 1 Composition parameters of LED light qualities and ni-
trogen forms in nutrient solution during lettuce culti-
vation

pog:it 213K 6 I L 4] A H L/ %
Nson Q2+ 1 2:1 80
Nsou Qs+ 1 3:1 80
Nsow Qi+ 1 4:1 80
Nigoy Q2+ 1 2:1 100
Nioo% Qs 1 3:1 100
Niooy Qu: 1 41 100

H: Nsoy Fl Nugoys 43 M RR BIE S PSSR A, Q1y Qi1 Al

Q1 A3 AR LW 6 TP 41 5 L 4]
Notes: Ngoy and Ngoy stand for nitrate nitrogen proportion in nutri-
ent solution, and Qs: 1, Qs:1 and Q.. act for ratios of red

light to blue light

1.2 BESNERSZE

#E CL A5 43 i BORE N 58 A K 38 4% . B4~ 4 B B LB 3
B A 3 N ZEFEIRA4TFF - ARECH b3 4 £ B J5 8 A 3% 105 CF
A% 15 min, 80 CHLTHEEE, RITE, #T WD
FH 20 SR 5 245 BF IS R RS G R BRI L g AT B R,
A AR AR MIRAIRT 180 CHA, RHAICHAFHAT
MET TR & SRR F R 66 3 (ATC-006) Al
R SR 4 2 B TR A (AT C-155) I SE # R e 2 4 ik,
1.3 HELE

S Microsoft Excel 2013 k1 % $ 48 #4740 B, R
SPSS 25. 0 Ge i+ 43 #7 1 f £ 4 #E 47 22 5 W 3 1 K 35 (LSD
7, @=0.05),

2 HERSHE

2.1 FELED AFREEFRBEHBETESZLBUKEER

EMERESERIFME

1% 2 A0, CLORG, J6 545 8 77 U &5 AR A XK
Bz ETE, HmARAEFREZH. KA, Nos Q.
5 Nooy Qe s ETHES HMAMAAREER. LT
H, Noow Qoo TR 1.46 g5 Naoy Qs T e/hAy 1.06 g,
HixPiA~ b e BA W 3% 2% 5. CLAT, Juii 58 R ATE
AR A OO K B S A b R AR R T A
FHRW . CLJG . SGB S B 57 W AT 25 AR A 3 %) K 8 A 3¢
MR EEE SR T EARFEZW . HP . Ny Q. T HIMR S
HHAE A BE SR, RN 2.53g, Naw Qo Fi/h A
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itk 5 g 4 A 2217

1.30g. Nigoy Q1 Fll Nigoy Q.1 T WY AR 6 T 5 H. {1 4b ¥ AL A
WEZER. Nux Qo PR T EH/NHN 0.15g, Ny Q-1 F
MR TERKN0.22 g, CLJF, A5 ERBRAES EAE
Sk BT K B A S 0 M b N T ER A R B . [
— R EERWAESLHE T, CL XK RN S A

— M, CL 5. KEARM LafE &8, RTEHH
—ERREER I, Nioy Qs By CL X /KEFAESR MM b T &
AAREZW., CLJ5, & A F R EZ RN, CL XK
FAE SRS B0 W . BR Naow Q.1 Fh, CL X H Al 4b
PLAHE T E A ik%‘ﬁLf/Ffﬂ Nigor Qz 1 Fl Nigors Qs+
Ty CL XK B A SRR T H H A B3,

®2 ATELED EREEFRREESTESERLR
MAKFEREMEN M (g)
Table 2 Effects of continuous light on the biomass of hydropo-
nic lettuce under different light qualities and nitrogen
forms of LED (g)

ESX7/RT pOE:) % 226 IR AT ELDCE
Nsoy Q2+ 1 32.73a 32. 30a
Nsoy Qs+ 1 22.63a 34.73a
) Nsgoy Qi : 1 27.13a 38. 87a
worggE
Nmu% Qz: 1 25.56a 39.47a
Nigoy Qs+ 1 26.90a 38. 87a
Nioo% Q1+ 1 27.06a 38. 70a
Nso% Qz £ 2. 06a 1. 30b
Nsow Qs : 1 2. 10a 1. 79b
§ Ngo Qi : 1 2. 20a 2.10b
AR fif 5 -
Nigoy Q2+ 1 2.50a 1.97b
Nigoy Qs+ 1 2.67a 2.53a
Niooy Qi+ 1 2.23a 2. 04b
Ngoy Qz: 1 1. 46a 1. 95a
Ngo% Q3 s ] 1. ()Gb 1.77a
. Ngou Qu + 1 1.12b 2.15a
Mo T
Nigoy Q2+ 1 1. 16a 2.22a
Nioo% Qs+ 1 1. 18a 2.17a
Niooy Qs+ 1 1. 20a 1. 77a
Nsoy Q2+ 1 0.12a 0.15b
Ngo Qs+ 1 0.12a 0.17b
. Ngoy Qi+ 1 0.12a 0. 16b
LSS RN
Nigoy Q2+ 1 0. 14a 0.22a
Nigow Qs : 1 0. 14a 0.21a
Nigoy Q11 0. 13a 0.17b
H e FLING 8 Caub) FR AL I 2 0. 05 K b 02 5 %4
=3)

Note: The lowercase letters in the same column indicate the signifi-
cant difference between treatments at 0.05 level and the CL

treatments at 0. 05 level(n=23)

2.2 EZXBETRAELED XRS5EFRBELE T KE
EXREFTESENRN

EIRICR MY E KR B2 0w E R B, Ay

HRETER ., PRITERMBEITR. £ 3 X 4 252 LED

R3 FARLEDAREEFHERSTEERXLR KIELE
RKAEMHETESENHM(g- 100g7")

Table 3 Effects of continuous light on the contents of large and
medium elements in hydroponic lettuce under differ-
ent the light qualities of LED and nitrogen forms of
nutrient solution (g« 100g™")

R R TR R JUE: HEEOLIE EZOLRE

Nsoy Q2+ 1 5.51a 4.12ab

Ngon Qs+ 1 5.07a 4. 63ab

N Nsoy Q1+ 1 5.49a 5.43a
Nigo% Q2+ 1 5.33a 4. 48ab

Niooy Qs+ 1 5.29%a 4. 30ab

Nioo Qu : 1 5.63a 3.63b

Ngoy Q2 : 1 44.87a 45.55a

Nsoy Qs+ 1 45.15a 44.73a

. Ngo Qi1 43.72a 44.01a
¢ Nigoy% Q2+ 1 44. 34a 44.40a
Nioo Qs+ 1 43.73a 44.57a

Nigoy Qi1 42.58a 45. 15a

Nsoy Q2+ 1 0. 78a 0.55b

Ngon Qs+ 1 0. 76a 0.55b

p Ngou Qs : 1 0. 76a 0. 80a
Nigoy% Q2 : 1 0. 76a 0.59b

Nioo Qs+ 1 0.67a 0.56b

Nioo% Qi+ 1 0. 75a 0. 48b

Nsoy Q2+ 1 4.67a 4. 54a

Nsoy Qs+ 1 3. 80a 4. 89%a

K Ngoy Qi+ 1 4. 48a 4.47a
Niooy% Q2 : 1 5.21a 3.45a

Nioo Qs+ 1 4.91a 3. 38a

Niooy Qi+ 1 5.35a 3. 54a

Nsoy Q2+ 1 0. 83a 0. 89a

Nsoy Qs+ 1 0.78a 0.79a

. Ngov Qi+ 1 1.02a 0. 94a
e Nigoy Qz+ 1 0. 99a 1. 14a
Nioo Qs+ 1 1. 10a 1. 15a

Niooy Qi+ 1 0.97a 1. 00a

Nsoy Q2 : 1 0. 37a 0. 34a

Nsoy Qs+ 1 0. 35a 0. 32a

Mg Nsoy Q1+ 1 0. 38a 0. 39a
Nioow Q2+ 1 0.41a 0. 43a

Nioo% Qs+ 1 0. 39%a 0.45a

Nioo Qi+ 1 0. 38a 0.43a

TE: [k 2
BEEFBRAES TS KR EER, PREITER

1?&575?3%9’95»”]’] CL i, LED Ju 5t 5§ & R M A IB B X
N, C, P, K, Ca, Mg ¥¥%AH BF % . CLJ5., A LED
T 5 B R AL B £ R i ST R A AN [ R

M, Hom, New Qo THIN S ERE N 5.43 g+ 100 g7 ',
Ny Qi:1 B N & il 3.63 g« 100 g ', H P HL[H A
HHEZES. Now Qi FIWPITE S RN 0.80 g« 100
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o %40 &

- ’ LZJ‘E’HE@IEE\‘%‘E%%%? NIOO% QalflETJ‘ P AE@’T&%

0.48 g+ 100 g ', LED M JE 58 F AL S # % C

Ca, Mg iﬁ/&k?ﬁﬁ';&%ﬂﬂ CL HiJ5, LED JtJ 'ﬁgz%{ﬁzfm‘b

AL FRX i TR i 2 T W

x4 AELED XREERRARSTELZ LR KEE
EHETESEHHNE (mg - kg_')

Table 4 Effects of continuous light on microelement contents

of hydroponic lettuce under different LED light quali-

ties and nitrogen forms(mg « kg™')

(& SIERIES b3 B8 R ESORIRG
Ngoy Q2+ 1 153. 00a 95. 80a
Ngou Qs+ 1 148. 00a 142. 90a
Nsou Qu + 1 181.67a 180. 50a
Fe Niooy Q2+ 1 152. 00a 109. 25a
Niooy Qs+ 1 185. 33a 101. 90a
Niooy% Qi1 151. 00a 126. 50a
Nsoy Q2+ 1 24.10a 30. 75a
Ngon Qs : 1 25. 46a 36. 55a
Mn Ngow Qi+ 1 46.43a 30. 70a
Nioo% Q2+ 1 50. 73a 51. 95a
Nioo% Qs+ 1 72.30a 50. 85a
Nigo% Qi+ 1 57.13a 46. 30a
Nsoy Q2 : 1 5.37a 5.10a
Nsou Qs+ 1 7.95a 3.43a
. Ngoy Qi+ 1 6. 83a 4. 69a
cu Nioo% Q2+ 1 8.27a 8. 25a
Nigow Qs : 1 12. 19a 7.18a
Nigoy Q11 9.62a 6. 64a
Nsoy Q2+ 1 46. 50a 29.15a
Nsou Qs+ 1 48. 40a 36. 35a
. Nsoy Qi+ 1 51.73a 55.00a
o Nioo% Q2+ 1 52.03a 38. 30a
Niooy Qs+ 1 49. 03a 31.00a
Nigo% Qi+ 1 48. 23a 33.50a
W2

2.3 EGARAIELED ERS5ERRAHEX KIFEERY
BRTEREENIMN
mi3k 5 f#k 6 15, CL . AR LED 65 & R A
A N, C, P, K, Ca, Mg, Fe. Mn, Cu, Zn fJFfH &
Eﬂﬁiﬁf&@’ﬂ[’] (‘L}: N%"/Qw- %ﬂ NmoV Qi ‘F N E@ l:l
Bt 43 T S 4 Ak B E] A B R AH N B /M. 4300 R 11585 Al
64.96 mg, HiX iR E EAEEZS; Ny Qi Fs P
MR R BB R 17. 05 mg. Nioy Qi Ty PR RIK N
8.60 mg, HM MM AAREXR. CLJE, LED R S5E
FWAL B4R Co K, Cas Mg, Mn, Cu iR HTE 2 ¥
PEFZM . Neoy Qio1 F» Fe JLE MR B 384. 86 ng
S5HMAMAEEEZER. Ny Q. N Fe i E B B I
iy 218.80 pge Neow Qi Ty Zn TR M A E K& A
116. 84 pg, SHAMATAAG BE XS, Ny Q-1 F Fe LR
R R i AN 60. 95 g . CLJG  LEDOG B 5 & 9% Wl A B

RS ARLEDAREEFHAERSTEERLR KIELE
KAEMPETEREENZ N (mg)

Table 5  Effects of continuous light on the accumulation of

large and medium elements in hydroponic lettuce un-

der different light qualities of LED and nitrogen

forms of nutrient solution (mg)

Kt A LR 2K b3 HELCHT SR
Nsoy Q2+ 1 79. 94a 80. 28ab
Nsoy Qs+ 1 53.99a 92. 62ab
Nsoy Q1+ 1 62. 39a 115. 85a
N Nioo% Q2 : 1 64.13a 99. 45ab
Nioo% Qs+ 1 61. 35a 93. 19ab
Niooy Qa1 67.10a 64.96b
Nsoy Q2+ 1 654. 85a 887.52a
Ngou Qs+ 1 479. 28a 904. 76a
. Nioy Qu + 1 489. 16a 946. 34a
¢ Niow Q-1 514.43a  986.87a
Nioo% Qs+ 1 518. 34a 965. 97a
Nioo Qi1 510. 81a 799. 25a
Ngo% Q2+ 1 11. 27a 10. 67b
Ngoy Q3+ 1 8. 04a 10. 98b
Ngo Qi : 1 8. 68a 17.05a
P Niooy Q2+ 1 9. 40a 13. 04ab
Nioo% Qs+ 1 7.92a 12. 06b
Nigoy Qs+ 1 8.92a 8. 60b
Nsoy Q2+ 1 68. 13a 88. 38a
Nsoy Qs+ 1 40. 49a 97. 32a
Ngo Qi : 1 53.58a 96. 23a
A Nioo% Q2+ 1 63. 60a 76.62a
Nioo% Qs+ 1 57.55a 73.16a
Niooy Q11 64. 80a 63.71a
Ngon Q2+ 1 12.07a 17. 32a
Nsoy Qs+ 1 8. 33a 15. 76a
. Nsow Qi : 1 12. 05a 20. 05a
e Nio%Q::1  11.82a 25. 24a
Nioov Qs : 1 12.71a 24.95a
Nigoy Qi+ 1 11. 95a 17.93a
Nsoy Q2+ 1 5. 36a 6. 63a
Nsoy Qs+ 1 3. 66a 6.31a
Mg Nsoy Qi+ 1 4. 44a 8. 32a
Nioo% Q2+ 1 4. 88a 9. 60a
Nioov Qs+ 1 4. 49a 9. 80a
Nigoy Qi+ 1 4. 65a 7.71a
TE: k2

%k K tlf.%ﬁiﬁ\]%@?%ﬁ%iﬂﬂﬂfgiﬁxlﬁﬁ% SF A0

2.4 RMATEEXBHAKIEEREYE, TRTESER
REEWNZMI

SRACATE S XS K AR e L BE . REEE . b
TEUKMTERABELW, MR 7w, # FEEF, R
ffE, - T E MR T E B RN, SRR I 22 I K
w4 SER N N, C, P, K, Ca, Mg, Fe, Mn, Cu, Zn & &
FRBEEABELN, kS . 5 CLAMEL. 58T
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®6 TELED EFEERREBSTELE LR KEE
RXHMELEZREENTIE (pe)

Table 6 Effects of continuous light on microelement accumula-

tion of hydroponic lettuce under LED different light

qualities and nitrogen forms (pg)

(SO UES b3 B8 R ESORR)G

Ngon Q2+ 1 186. 68a 222.03b
Ngou Qs+ 1 157. 91a 295.67b
Fe Nsoy Qu 1 200. 21a 384. 86a
Niooy Q2 : 1 183. 14a 242.32b
Niooy Qs+ 1 209. 72a 218. 80b
Niooy Qs+ 1 183. 37a 222.01b

Ngon Q2+ 1 34. 81a 59.91a

Nsoy Qs+1 27.21a 71. 84a

Mn Ngow Qi+ 1 58. 16a 65.58a
Niooy Q2 : 1 59. 67a 115. 11a
Niooy Qs+ 1 79. 64a 109. 43a

Niooy Q4+ 1 73.39%a 83.77a

Nsoy Q2+ 1 7.79% 9. 94a

Nsoy Q3 : 1 3.67a 15. 74a

. Nsoy Qi+ 1 8. 15a 10. 14a
e Nioo% Qz + 1 9. 62a 18. 26a
Niooy Qs+ 1 13. 49a 15. 43a

Nigoy Q11 12.15a 12.13a

Nsoy Q2 : 1 56.81a 67.52b

Nsoy Qs+ 1 51.65a 75.45b
70 Nsoy Q1+ 1 57.95a 116. 84a
Nioo% Q2+ 1 63. 50a 84.89b

Niooy Qs+ 1 55. 63a 66. 64b

Nioo% Qi+ 1 58. 5% 60. 95b

TE: k2

ROmWAANFEREMBELES, K CL BEFREIKT N,
P, Fe, Zn W& &, X F C, K, Ca, Mg, Mn, Cu 0 & &
TWEZW, B3R 9 AlH, 5 CLFiAH L, K84 32 i
N, C, P, K, Ca, Mg, Fe, Mn, Cu, Zn ZEHFRITEZNHE

F7T RWETEEAXBINKIEEFEYENHME(g)
Table 7 Effects of continuous light before harvest

on biomass of hydroponic lettuce(g)

e Mo RfEE REFE S WM EtE O RYE
2 IR T 27.01b 1.91b 0. 58b 0.13b
HEEOLIRIE 35.27a 2. 32a 2. 04a 0. 16a
. W2

AR ERE. U CLAMEFRE TR EHTENH
B,

HEE G IRAT . LED 203005 5 8 SR AU & /R A 3t
KBRS L T LA B S, {E R R e L e R
XEW, OGBSI T 2R A B R, 20 R A
AL TR SR T A SE e B = Rk 4 B R, 3L
i E 2, HTWRELREB, abEd s aRws)
S VER AR AL A PRI AL, 16 ' 0% 3 2 1 5T S Ak
KAV R, iy ED , AR a R R, 5Es
JERE AT A B, SRAT LED 2085 06 % 2006 BB F W 7KK A&
MM FEEE ML T RS MR T E, X 5E AR
SR, EEOLIT SR T T BB B T,
FIHFE B, RAT LED 213 5% % 22 % B8 AT RBJ& @ 8 34 7ok
HYERM B SR TORA T BRIt 5 R Al i 4R
o R = — N RE R .

Rt A S5 G 2R M R A B R 50 et AR R B A 1 R B
R, AN b SRR R P W O 3R R R 2 4
EWEEENEZ—., SELHYFZEREEmER T2
Tl 2 (1 0 4 B T R i B B O R R R MR A S e Ah,
T 6T A 0 e IR A O S A AR R RE AR 1B R
JCE MR R, FHERERNE R oK G’ E LA
. W58 2 WG RE B4 % 87 B G R WA 3 S, AR XS
M5 A 6 5B 5T o0 2 W e A8 B G R I B 9T 4R
A BT B FE A B 25 0 BRI ) g AE K, 35X N, P, Ca 4§
SR K0 3R 1 IR A AN R SR R T, AR i g P i S0k
WEE®RET N, C, P, K, Ca, Mg, Fe. Mn, Cu, Zn (5
P, B EBRAT N, P, Fe, Zn & &, W HS LR
i AEREFROCEM BRI EEE G TA M LT E
RSN . A B 9T L T AR [R5 O L B XS A 3287 I oG 26 I i
MSZ T, KB — 40 {6 3% T 42 3% Ca. Mg, Na, Fe, Mn,
Zn, Cu fl Mo & ¥k K, HIZORIE & T AR A R
%, B 2ou R M BRSO e/ . 0B IE AT ] B 52 i
MY BoCR S EMAY R, NiZmET RoTEREA. K
W St B2 5 B0 A M P 7 A 5 R T AR (ROS) . ROS
RESRE ASEAEY RS TG, SEAYB R, BT
B AR REE T o AN, o R A R Al B A e i R
RGRUUE AN B F B E Y iR OC R R
SEERLHITE, filn Mg B4 £ 4. a5 4
B EE T B Fe'T BOE . WORAER K ST E Mo S
5, b, E8ERT AR RAD HIT R & o0 RS —
BRI B R A R E NG ED . 20N . &
SRR IR AR MO 2 T R OCE DR IE W AR,
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Table 8 Effects of continuous light before harvest on nutrient contents of hydroponic lettuce

KPR R G/ (g 100 g7

MEITTESE/ (mg kg D)

T H
N C P K Ca Mg Fe Mn Cu Zn
3 5 5% BB 5. 39a 44.07a 0. 75a 4. 74a 0. 95a 0. 38a 161.83a  46.01a 7.62a 49. 32a
HEEE G 4. 43b 44.73a 0.59b 4. 04a 0.98a 0. 3%a 126.14b  41.18a 6. 63a 37.22b

i W2
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Table 9 Effects of continuous light before harvest on nutrient accumulation of hydroponic lettuce
Wi g K. PREITEBER/mg iR R R/ pg
. N C P K Ca Mg Fe Mn Cu Zn
4 B FE R 64.82b 527.81b 9.04b 58.02b 11.49b 4.58b 192. 73b 55.48b 9.15b 59. 14b
BRI )G 91.06b  915.12a  12.07a  82.57a  20.2la 8.06a  258.39a  84.27a 13.6la  76.93a
. [k 2

AR, TR BRI 2L I 5 BB A8 B X A2 30 BT 57 4
B W R PE TS, (FCR T 3 S IS B R TR .
BRI, RAT CL AL BIET, LED G J 5 2B X0 4 308 3¢
TR EHE LR REY TR FHRW, HIERA CL A MH)F
LED G 5 A& N, P& & K& N, P, Fe, Zn &
HHAREFEZW, Noyw Qo I Bk, XEI, R
Tl LED L8506 % 220 B8 5 7K 55 6 B R &R 245 4% 8 8] 47 78 1.
PEXRFR . BRI, SRIBUER 850 & 4 4 F0 R i LED 2166 7 220k
MRS G R SR ] DU S K AR SR E R ou R i, Hh XU
Nsoy Qi1 Ab B £

AT 3 LI BRUR G I O RS SR L O A B T LT
BEPEBR SR M BETE 5477 . AWFFE SR TR LED 20 #0%
T S0 HEXTAS ] it 5 B8 87K B AR S AR K CE SR T 2 IR
MR, BIAA TR RO BT 5 BUR AS X R ET LED 4135 % % 2;
B S ROR s A, AR A ARG N B T AR E R TR
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Effect of LED Red and Blue Continuous Lighting before Harvest on
Growth and Nutrient Absorption of Hydroponic Lettuce Cultivated under
Different Nitrogen Forms and Light Qualities

LIU Wen-ke" ** , ZHANG Yu-bin*, ZHA Ling-yan®

1. College of Plant Science, Tarim University, Alar 843300, China

2. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences; Key Lab of
Energy Conservation and Waste Management of Agricultural Structures, Ministry of Agriculture and Rural Affairs, Beijing
100081, China

Abstract Red and blue light are the main active spectra of plants for photosynthesis and photomorphogenesis. Also red and blue
light-emitting diodes (LEDs) have been the dominant light source for plant factory. Therefore. the response characteristics and
mechanism of plants to continuous light of red and blue spectrum need to be explored. In order to realize the application of con-
tinuous lighting in plant factories, effects of LED red and continuous blue light (CL) on lettuce growth and nutrient absorption
before harvesting were studied using ICP-AES technology in an environmentally controllable plant. Under the light intensity of
150 pmol » m™* » s~ ', three kinds of red and blue light were set up: 2R # 1B (Q,.,), 3R 1B (Qy.,) and 4R : 1B (Q,.,), and
two nitrogen forms: 80% nitrate nitrogen (Ngyy ) and 100% nitrate nitrogen (N ). The results showed that: The interaction
between LED light quality and nutrient liquid nitrogen form had a significant effect on the dry shoot weight of hydroponic lettuce
and had no significant effect on the fresh weight of the ground and the dry weight of the root before CL.. There was no significant
effect on the content and accumulation of N, C, P, K, Ca, Mg, Fe, Mn, Cu and Zn before CL. After CL, the interaction be-
tween light quality and nutrient liquid nitrogen form had significant effects on fresh root weight and dry root weight of hydropo-
nic lettuce, and there was no significant difference in the effect of the fresh shoot and dry weight, only the content of N and P,
N. The accumulation of P, Fe and Zn had a significant effect. CL had a significant effect on the biomass, nutrient elements con-
tent and accumulation of hydroponic lettuce. Comparing with pre-CL, the fresh shoot weight, fresh root weight, dry shoot
weight and dry root weight increased significantly. The content of each nutrient element decreased in different degrees, and CL
significantly reduced the contents of N, P, Fe and Zn, the content has no significant effect on the contents of C, K, Ca, Mg,
Mn and Cu. CL significantly increased the accumulation of N, C, P, K, Ca, Mg. Fe, Mn, Cu. and Zn. In summary, LED light
quality and nutrient solution nitrogen form treatment had a significant effect on the dry weight of the ground and had no signifi-
cant effect on the content and accumulation of various nutrients before CL. The light quality of LED and nitrogen form of the
nutrient solution had significant effects on the fresh and dry weight of root and had a significant effect on the content of N and P,
the accumulation of N, P, Fe and Zn after CL.. Compared with pre-CL, the fresh shoot weight, fresh root weight, dry shoot
weight and dry root weight of hydroponic lettuce increased significantly after CL treatment. CL significantly reduced the contents
of N, P, Fe and Zn, but N and C contents were significantly increased. The accumulation of P, K, Ca, Mg, Fe, Mn, Cu, and
Zn were increased. In conclusion, the combination of cultivation light quality & nitrogen form (i. e. Ny Q,.1) with pre-harvest
continuous lighting by LED red and blue light is an optimal strategy for improving contents and accumulation of some kinds of

nutrient elements in lettuce.
Keywords Continuous light; Inductively coupled plasma emission spectrum; Light quality; Biomass; Nutrient elements
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