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Cultivation measures to improve tomato yield and quality in low light

environment
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Abstract: To improve the yield and quality of tomato in low-light areas, the effect of different cultivation measures including
fertilization, supplemental lighting and pruning methods were evaluated in the sunlight greenhouse of Minjiang Modern
Agriculture Demonstration Park. Tomato (Solanum lycopersicum L., cv Xinlihong) grown in the coconut bran was used
as the material. Six different treatments were set up, including control (CK), different nitrogen and potassium fertilizer
application rates (T1, T2 and T3), top supplemental lighting (T4), and single stem pruning(T5). The results showed that
there were no significant differences in tomato per panicle fruit weight among different fertilization treatments (T1, T2
and T3), which indicated that the variation of nitrogen and potassium application rates in the conventional application
range was not the main factor affecting the yield of tomato. However, the sugar-to-acid ratio of the fruit was increased in
T1 treatment, suggesting decreased the input of nitrogen could improve the favor of tomato fruit. Compared to the control
(CKD), supplemental light treatment(T4) and single stem pruning treatment(T5) had no effect on fruit quality. Fruit yield
per unit area of the supplemental light treatment (T4) (7.39 kg - m™) was significantly higher than that of the control
treatment(CK) (6.93 kg-m™), indicating that supplemental light can effectively improve tomato yield. In summary, proper
supplementary light during tomato growth is the most effective measure to improve tomato yield in low-light areas.

Key words: Low light environment; Supplemental light; Nutrient management; Cultivation model; Tomato yield; Tomato

quality

Yk B EA:2022-11-16; 18 2] B #A: 2023-02-22
EEWB TV HV)I AL E RIS H (2021YFYZ0022) 5 8 SR A 72 b 3 AR A4 2 00 )1 55 22 61 37 FH A L)1 4% B8 (2019)427
T AP AT F AR AR Y YA R L T T H (CARS-23-G32)
YEE RN : TEBL, o, S L0 A, W 70 7 M B SE R o E-mail : yuqiwang0331@163.com
BIEEE R AL 20 BT 0L, WE LT M A E 375 B H T . E-mail : liangashuang@outlook.com
SRR, 5 BIBTAL G, BF 977 M N i 2. E-mail : zhangzj127@163.com

.59.



X ISR 5T

FOE R XK

H#36%:

B i (Solanum Iycopersicum L) F& —FAE 2 FR G
NIz M T TR BRI RS EY . P E R R
5K IR 7 A 7 A 2 R 2 —  iRAR A AR R
H L (FAO) Gi i1, 2020 4 A [B 2 Fifi {1 Fh i ] AR 0A
1.11x10° hm?, 4E 77 & 6.49 x107 t, [ 20 {2 80
SEARTFIR R T BT e iR = BRI H AR LA
oK, ] 5t U = A AN T A R, it R B T A AR
BrE AR AN

i A — P NEAE A » it FH A [F) R () e ) 2
XoF 7 A I AR B T AR 7 AR S, T 5 0 7 A 1)
FEEAMGR . ThEPERENRAE R, E
FRIRIC 77 A 8 E R 2R S B A
JRA R KRS . H FT A5 J0 T 35 8 IR 7 K
%2 0 R LR S R 5 B A S SRR T
KETCHR B I HER R, PR E R
5l A 6~20 mmol - L', £ 2 1 ¥k £ Y6 B N
3~10 mmol - L', ZpiitE =i E IR EC(HF3)
18— B HILE 1.6~5.0 dS-m™™, R PR EC fH i =4
X AR LT T R I T R = A 1 TS 1A S AT 52 1 R 420
Je G R K A FUE IR T4 o AR R DL R R s
KRB AR 5506 T8 IR ZEUIE A A
(1) P DA BB IR ) BC B 2 0 7= B R b ol 1R 52
M A gt — B AL

FERR R A A K KB N EERER T2
— L FEDY )X, BT 42 1R H R A, (545
T MR ESOEH B T AR, S~ 22 3
PR RS I8 R AR T A B A AR
i E Bt T A F A T RO, R E R AR R
B, A [ 14D 5 D Y6 IS T) DL B AN [ 228 1) S 5 34
SRR PR B S . RIS s SO TR
9 AN TEANF B X Fe A gh i AR KA R,
AN FELLIE NG S A BT 3 0 40 AR R AR KRN AR
MENRR, LEHAHETHE TR S &R
o 2R ZEAEIRE T R B, 1R RN G 1 e 30 1 3 i
SRR (R ZE MR, (5 A R B sk, 3 4 R
SR = eI e 2 X (S I |= A il N TS N 2
SEEER T AT, F5 a0 R 1 aF
FEW AT B TR E &AL
RALZ B R A= B . Ah R LA
0] DA 5 A i SR S R A A AL R AR [ A
ATV A HLER AT M R A OB R L,
G2 2N LRI N 6 B G oD P N IR S i)
BOXE 3 e m R R S AT TR AT, 45 R AR
B, 4B AT AT 5 h AT AN RO R e i . R BT I OB AT

- 60 -

T AT (HPS) VAR 41 85 Y6 e L ) LED 4T . 5%
AT SEAN [F) B GRS B 2 Al 6 & AR
AP 52, RIS e esRAL Lo 4.901 11
LED AT 5% 412 ey 3 i 77 i fe A RUOR

e 0B AL 7 32 B2 AR AR 1 IR R, kT
S R PR TR0 B VR D B 2% 52 R 5 66 1D 7 R
. RSP )RR 7 AT, R
FAT B SR T AR & D 3 5 R Em iR
e MR [R5 R AR S I SR B, RUFF S L
FAFT R B R S R A

KERF TG RR Y, KL MR R 5
B 7 3P 2 5 M 7 i 0 77 B R0 5, AELTE 55 6 3R
2 2 A% T ] b AR 2 it K 3 g 7 R R R (1) S
BN IR B RIE . R, 2858 DA o i o B
ZLR SR, B 5T DG )1 4 ZE 5506 55 A A TR K AR
B AN E i By O0) 2 B R o T 5
M), PR 78 52 i 5506 X IR =5 AR 8% B it 7 I i,
A 5 55 06 DX iR 2 B A% 7 A e 7 o o R B A B R
W

1 ARSIk

11w

TRIR Hh A5  DY 148 JE LUV IAR A M o Y
(X 3L Y R R 5, R PO 2% b o b ) 2
A oA e BLZT, H RR B ) G e 40 BE AR A BR
AT CRED . B8R0 LED Y6l N3N iRl 4N
LT 638 N 3E % Ji (Megaphoton, fif 22 , #8677 20K
TiAN
1.2 Rt

e 0 ) E RIS ) Ry 2021 4F 9 H 28 H . Wi
L E 6 AMAET R (CK, 5 U IR A [ i JIE ik
HECT1.T2 A1 T3) TR G AR FE (T4) L BLFT BE AL 4b B
(TS, HABr 7 TS AP PR 7 SO AT,
il b B 351 SR SURF B A, B A7 Ak 2 35 5% FH R R 2% Kk
B THRN G A B RN T 20 R AT N AL
LED 4T GE¥ i W 1), Hodh LED 4T 406 i e
(1) B2 EL A Dy 401, MO TE] 2 10:00—15: 00,
ARG I FE AN BB ]2 2021 4F 11 A 15 H
22022 42 H 21 H, & i #h e bk ) 2 1R
A 130 umol - m? - s, & H A 5 N
100 umol-m”-s' (& 1), EIFRWAL /7 25 111 E 7
WAVERG 2B TR, REIJCRAL T WK 2, Hid CK.
T4 F1 TS5 AR —FE F2 WAL /7, T1L T2 F T3 {3
AN [E) A8 R R T CRUTE AN A fy e F 222 DA &% LAl



e \ . N o N T TS Z

5 TR, % 50 R A R R OB X BT HF T
4r ——CK ——HPS 05  ——CK ——LED 4r —CK HPS+LED

o o 04 o

23 o 23

= = g

= = 03 | =

=} =} =}

E el £ 2

:g & 0.2 %

= ;f =

! 0.1 | ol
0 - 0 : : 0 e N
200 700 1200 200 700 1200 200 700 1200

WA/ nm Be/nm WA /mm

1 B

ANFD , AP E IR EC {68 2.0~3.0 mS-cm™,
BT A8 FR R SRR R R BRI, %
L Ui 85 R VR C 7 BC 11 KRR R 7K, A P B R B
AALEN I E FRT pH & 5.6~6.0. " IR LA E
T AT HEWE, TR 2 (12 m KOAE 51
TESk , PhAE 3 RR T MG . B IR O R A (A oM
09 : 00-17:00, & 1 h ¥ 5 min, Kk H /K &
N 20 mL - min™.
F1 B EAREILRE
FREEE/(umol - m? - s™)

b3 -
A K (300~1100 nm) PAR(380~710 nm)
CK 85.76 41.46
HPS 179.04 109.89
LED 107.87 62.30
LED&HPS 213.05 139.43

A OGIEET 2022 4F 11 H 15 HNSE , W 5E A B AN N7
2 MR AR, AN B AR 3 s e I TE R S BE . PAR (pho-
tosynthetically active radiation) Y656 %485 -
#z2 TEVEBHEFRES
c(KE76%)/(mmol-L ")

BT L 1 e
CK 20.46 1.32 7.93 3.0
T1 12.00 1.50 7.50 2.0
T2 16.00 1.50 9.50 23
T3 18.00 1.50 9.50 25
T4 20.46 1.32 7.93 3.0
TS5 20.46 1.32 7.93 3.0

VE:CK AN BB ALF, T1.T2 F1 T3 AN [H) i e AL 8, T4y THk
FeALER, TS AT R Ab R,
1.3 MEmMBSAE
T 25 iR €2 A B8 2 A DN s S S o &, 2 0t 1)
4,68 B HUFEIT A 43 99 v 2022 4F 1 H 6
H.1 H 24 HA12 H 21 H, 844 FEAEEAN ] S B
ML HL 40 A 5 S A Ui An R R 5 B A2 A AL A%

(REAMAEFRIL T 120 DMFEASD , FH aHD? Al P2 51 R
SRR, Ho D RoR AR SRS, H R iR
SN a NG R BRI i E AT A
a=0.0752, PRUR T E A 4.6.8 R i &
Fon, FARYE S 4,68 R 1 LT = B A7 T
FEE . T ER 4 AEF A AR SR AT T O B AR
FEO W e , AN AR EE 6 AN HE AT, R % 46 6l L U
(ATAGO, PAL-BX/ACID F5, )"~ 13l 52 7 it 52 1)
CIRR cAEFIZY/INCI R D el =W e S e
7 P BT 2R (K B RN AR B Ui A R e SR
St R EMRESANREWER. H b
(Avaspec-2048-USB2-UA , Avantes B.V., faf =) Jll &
AN AT ek, 52 AR T % 3 48 (Hoogendoorn , fif %)
W AR IR Z LR S IR VIR R DA S CO, W B SR IR 8
.
14 HEGITS SR

X F Microsoft Excel 2010 {45 # 5 4 , K F
SPSS 26.0 B AFHEAT MK Gt it 73 M, K Al GraphPad
Prism 9 #4-1E K, K ] Adobe Illustrator X & i3t
1T 9 o

2 R0

2.1 EMEKAMERIES

AR A ) I = A SRR O, s IR
FEFN CO WU 2 Bz, A 2021 4F 10 H HF- 8RR
FEIEE IR B E R PR, — B E 2022 4 2 A
ARG 45 R, 48 IR 2P =T 2021 £ 9 A,
LHAJE LT A ZER R S R R B T 55X . iR
IR R] W HE S 2R 80% i A, ex it — D %
B R . 7RI N T = N 1 H R R
YJIRERT 10 °C, S AR R EE 2974 80% , CO, -
By E N 778 pmol - mol™, 1 B A A AE K.

+ 6] -



X ISR 5T

FOE R XK

H#36%:

2500

2000

1500

1000

500

JeEERERAY (U em®)

0 X v ,
20214294 17H 202141 1H6H 20214E12H26H 202242H14H

100
90

80

AHXS PR /%%

70

60
20214E9H17H 202141 1H6H 20214F12H26H 20224F2414H

2
22 ARLEAXGERFENRRFN
22,1 TR & Efm M eRh M
KIMUEFEH, T2 0B EHEHKERES T
CK.T1 F1 T3 k¥, T1 A1 T3 4B 2T K JF 5 CK
A KBS HZE AR CK 2 A

g /eC

CO, K £/ (umol - mol ™)

0 1 1 1
20214E9117H 202 FE11H6H 20215E12/9261H 202242H14H

1500

1000

500

O 1 1 1
20214F9 1 17H 202141 1H6H 202 14FE12H26H 20224:2H14H

EfnEKIRREI RS RERIEE GEEM COKE

BEEET TILT2 A1 T3 k¥, CK WK KT
Fofth 3 ANAbEE, T2 AbHE M A 5, B35 /N T CK,
5 T1 J T3 4 ¥ TG 3 2 57 s T2 AR A B AR &%
AN, 4 AKEHELTE B S T3 A E BB R AROK,
T2 Kb AR R B /N 4 MR R AR .

#®3 AR E AR RAY R
AeFE AT em  EATEAA/mMm R em  RUER/mm BEURG R g wOTIEEETEYD /% wOiTEERR) Y% HERREL
CK  9.59:0.19b  11.45+0.10a  6.00:0.17a  4.89+0.05a  385.19+521a 4.46+0.12a 0.65+0.03 a 7.04+0.24 b
Tl 9.90£022b  10.99+0.09b  5.57+0.15ab  4.90+0.09a  382.88+6.61a 4.23+0.05a 0.65+0.03 a 6.61+0.30 b
T2 1056x021a  10.34x0.08c  5.19£0.15b  4.67x0.08a  379.27+7.17a 4.46+0.10a 0.56+0.03 b 8.01+0.32 a
T3 9.72#023b  10.72+0.11b  5.63+0.18ab  4.70+0.08a  392.53+6.12a 4.28+0.15a 0.58+0.02 ab 7.35+0.26 ab

T RS EARNG FRER IR AN RIALFRAE 0.05 7K 22 53t 8 2 CREARFN ™ S HE AR n=40, T4 FUHEAR n=6). IR,

AN TR] it R Ak R ] 2 Aom RT3 P [ 4 A T R 3
S {H 3 AT R BRATAE — i £ 5%, CK O FIFE R4
PREMHFATOHREM M ER SEEEST T2 &
T2 APEFHERR LU &5 3% = T CKORI T1 Ab#E .
MIEEASER 3 BT 1 45 S vT LUE Y, AS TRt A Ak
R, BB BN AR EER, KWL

R0 H IR RH A ER e e P o Rt P 3 R P AR Ak
XA R R I . T I A IR IRA
BRG], 75 BRAR BRSNS R S TSR, A B
THETH B A PIRE R L, DT 502 25 70 1 ko

222 ANRAEM T XA & T E AR RO H
o) M 4 ATLLE Y, T4 A FEZEFF B4R RN K

R4 AAMBERARXNENR~EM MR

e R ZEFTEARY R RWER BERmR R/ wCrlEE wOil R ERRD/ -

cm mm cm mm g (kg-m™) VD% %
CK 9.59+0.19b 11.45+0.10b 6.00£0.17b  4.89+0.05b  385.19£521¢  6.93+0.00 b 4.46+0.12a 0.63+0.01 a 7.04+0.24 a
T4 10.55£0.21a 11.61£0.10b  6.10+0.16 b  4.77+0.05b  410.54+4.32b  7.39+0.00 a 4.66+£0.08 a 0.65+0.03 a 7.18+0.35 a
T5 9.11£0.17b 13.04+0.11a 7.10£0.18a  5.72+0.05a 614.34+11.78 a 5.53+0.00 ¢ 4.44+0.11a 0.62+0.03 a 7.22+0.25 a

« 62 -



5551

FRBL & 550 IR Bl B AN K BRI B

XIS R 5T

AT PERE T & AT R IR & VB IR EL 5 CK AH
L3545 n , (5 2 7R B 2 ZERF K L SRR i
= VAR ES R E ST CK. TS A3 i
FEEFEE EWKE RWERYEZES
T CK: 2R 1 A AR 7 & (5.53 kg - m™) i EAIK
T CK(6.93 kg-m™) s AJ 1 [T & & 0T € TR
GEMERLL SR LEEZR., U ESER
T R TT DU KR R 7 i e R, {EL X 3 i
JRBEA 2 5
23 FEmMEKMERKESRIRERMBEXED

K A 3 i (PC AT 72 & i A K IR
TR 2 AR 28 R S HOW AN [R) A 3 () S . F
3-A TTLLEH, FEAFEAE A BT, PC1 A1 PC2
PN T2 70 T DA R R 7 ZE 1 76.56% » HL i Sk Xf M.

PC1(50.46%)

() Ji 46 AR B 45 5 B 7K P 7 In) B 38 K T #6531 2
L7 ) A, U BH 5 6 A8 B 5 8 — 2 Ay B A O
B8, PC1(+) 3 AU HE RN ELAT  FR A AL T & L AW
K ZEFFEAR,PCL() EEARE AR, R
EMKESE—F s EAMES, HRTEY S
F—ER RIEASG. DL bgh R, A [F AR
AFRTR , e AH AR S AN B R R LR
HEARIEMX, 5ERKE R MM,

& 3-B AT LLE ), 7E CK T4 1 TS5 43 T,
PC1 M1 PC2 2 A>T 0 o] AR 7 22 1) 77.12%,
L Sk B 1 i 6 7% e 45 5 31 7K S 1) IR 3 K
TR B E 7 1 A, W R E 55— K
I3 WA G M B 58, PC1(+) E B FE AT K, PCL
OFEAFERWER PR E BWKE .2

psil

® CK
T4
® 715

-6 -4 -2 0 2 4
PC1(54.78%)

3 FEAETEMERKERSRIREEMRD DT

FREAR, BT BR Z2AT K5 3 — 2 s 2R R
Sh, AR REE S — Ry 20K, BLESR
R, LRI Tt AAS [F) B b 07 0T, 2 0 2R
KRS RWER RRKE M EREEMX,
HEMKEZ MR,

3 W4

T e — P E K E LB AR, iR & A 2
SRS T I IR AR KR E 1 I it A TR £ A
RECEHR] 26, 3 HL I 2 0 2R S it i, S 3 A
BRI R A AR E B E IR RS, 7
EH AT, AR AR AL (T1.T2 A T3)Z e
S R, BB R ES CK ML H B E
o SXTIEALL, FRAREESRAN 41%(TD , B FHRK
EC {5 F#AR BEE L3 m, RsL i AR RE T
Bé, 150 B 55 6 2% A T I > AU i & A 2

XoF 2 o 7 R 3 R S R, 2 ek D AEURHBE N B L 4
BT FH 25023 1A 25

HEAE M A= J 3, 2 2 2 4R
DRI 2R RH R AR R 2= A B ol L £E S2 e A 00 & 1 1)
B AR R, S IR B PR AR S RFHE
BRAMIMEZERER. el O E IS 5]
WA BRI A A 7K ST (R AR Ak, AT S AR A T A5 R0 T
fe. DY)IZh & ZRE956,2021 4 10 H & 2022 4 2
H s 2 A KB 4R SHE AR T 1000 T - em™, 17 3 A
G e SR B, AR SR BAFRSHE NAE 1000 J-cm?
PL_b 4 e 2 B AR bR ) IR 3 AR K o AN 2
HIAE OL T 5 SRR G4 Tt B 8 A 28 PO R )
R FppAEL B0 TR AN AT (HPS) 2 58 3 AR B BB IR ,
DL e BN AT A N IR R A A7 %0, BR AR SR A
HIGE AR AT 4 iy 5 S5t o A= e, i 4
FREAE MREAEE R EEHEY S 3 M B

+ 63 -



X ISR 5T

FOE R XK

H#36%:

W 25, 32 BRI )1 (600~700 nm) 1 #5 Y (400~
500 nm) , 136 F WG 60T R P - 1 R AR
K CA R AR N AL B I A A S & T TR A
FEREHC, 5 AR B, 406 DU &
il S S B, W T DA T A g SR S T, £ AN
WS 11 4 A T DA iy AR U A OC B 1Y) 3 sk 7 A
ZIB R — e G R 1T M (R SRR A
TR R RE AR P AR BRI B2 TH 3 A /P, HPS 1)
Sk 32 B HR LR T L I K O (500~700 nm) X
5, 6 R SR BAK, 1T LED BRI R sl 7
I I ORI SO LA R ) A ER R T
DRI L2135 LED 1B A 20 YR 7 8 0 70 Hp g
ZAE R R/ N T A5 AR IR = K P
F LED 41 ¥ 5% )6 i #h %, vl DL 38 42 T4 35 i =
B, EAR LED ML F s R AN KT B A e nr i
PE AN S K R ARG A PR e e A A
1L AT P AR 5 P 5 R 7 T BEAE S B AR e o
J&. HPS HI LED M &8 A2 M4 Rl s A& 5B R
A, KR E 45 SRR, HPS 5 LED &
T DUE 25 3R B A A S PR ', AR
RG6 HF K F HPS+LED YR & MY IR RN 8 it SR &
Tt 3k A7 T Ol b B, G065 SR AR B, TR Ol b B
(TFES CK A A AL KPR 5 2 A5t 5 54 T AR
FeE T, S AT N R A A R B U TR 5
J6 X K F HPS+LED B & #6177 3, T DL 2548
A S

HG 5 2 B PR E A A KRt e R
SO, EH AT R TS N AT R Ah , AR A ER
R BEAY, BT BE A A P (T5) 5 %) HE A 3 (CKO
L, BRI B A EA B KRR E S
B R E R H o A T AR P B R R, SR R
A L XURT B A B A ) T 2 AR AR PR (1) A K, 3 i
FAREARL P 5 AR T 1 A A AL AR R R 2
SN, ORGSR [ G Y 5 T I ST A
S50 — B, AT RS f T B R R A T A R ) AR K A
(K, 13 B R 7 2, 7R iR 7 2 , B DA 2K
RO RSB R EK R E AR R (H 2
TE AR T A R R4 DL, XCFF 3 7 B - i T
MERAME R E S, SR AR B E S,
AT SH XU A 14 B A7 T A 7 1 B vy, A S b 7 i
WAE Y,

A, RS RS RN EA R TR
B RIEMSG, 5EFFKE R UM, R AT RE & 2%
FEE S K AR, 5 R LFEFRS T

c 64 -

P, RS Z IR T BUR S5t &g, 545 R mT
S B AR 7 e R R 2 TR I E ZE AT BAR NG AR
TR A W B ™ AR AR A . AEDUI[HBIX, £E 4
ZCAERKIAE T, W 2 b %k BUIE N 5
PR B S Y A5 %o 7 i R S B IR A 3 R
{3 i 11T LAAS 21 B 2 (42 T, HPS+LED 4ot
AT DL S R i X A =R Al
S

[1] FAO. FAOSTAT Database: Agriculture Production[EB/OL].
(2020- 10- 20) [2022- 11- 16]. https://www.fao.org/faostat/zh/
#home.

[2]  Z=HW,WEAR, B2, & = AR ERE A IR R
B[] R E 3, 2021(2):13-20.

(31 FEEH. P EE AR % 2 PTE[]. 55, 2016(6) 1 1-4.

[4] X3 BARSE F G LR BOR M. AL 5T rh RO R A
2001.

[S] DORAI M, PAPADOPOULOS A P, GOSSELIN A. Influence of
electric conductivity management on greenhouse tomato yield
and fruit quality[J]. Agronomie,2001,21(4):367-383.

[6] ROMERO- ARANDA R, SORIA T, CUARTERO J. Tomato
plant- water uptake and plant- water relationships under saline
growth conditions[J]. Plant Science,2001,160(2):265-272.

[77 DE PASCALE S, MAGGIO A, ORSINI F, et al. Growth
response and radiation use efficiency in tomato exposed to
short- term and long- term salinized soils[J]. Scientia Horticul-
turae,2015,189:139-149.

[8] B A S S L B [J]. Ak 5 AR, 2018, 38
(22):66.

[9] &, R, A, 5. P ETT 30 440l U R 2
ARFHE[T] . TS 1 XA 7T, 2015,33(4) :259-267 .

[10] BRESYE , AR, HFE . 55906 AN AR 406 xs & it gl e A K
J M8 30 S B 7] WA ARV 7T, 2018, 14(2)
122-127.

(1] 2%, 0RE AR ANFE RO R (LED) SR AR X R
K AR R A A S R S B A R TR S [0] . YL T AR 22 4
2011,27(6):339-343.

[12] 54,34, 2555 . LED A DGR AN HObi = X F &
i Az e B o A R I B2 0] LE S5 R ML AR5, 2020, 48 (8)
127-134.

[13]  FhGR, 255 BRER, 55 AR 6XF F Gl 5 R A3 il AR ™ it
JRBIEIAT] . R AR, 2014,2003):91-93.

[14] 5 moat, XU 37, FLVE S 45 Ol ) 78 i SR S € o o AR A
PRSI . v AR 273 4, 2005,21(4) : 176-178.

[15] A/ L RN, &5 AN A LED S HE X 2 A S8 s AN
B2 T 00 B A [3]. U0 O ROl 2 4R, 2021, 37 (4)
944-948.

[16] FRas, x5, 5k B 3, 45 ANIR] LED St il 2 A AR sl % €4
mh SR KT IAT] . AL TRE2E 3, 2009, 25(5) : 156-161 .

[17] SKVEARLELE, B A, 25 ANTRNIN BOpk (a1 #h 6xs Gl 2 7 it
PR R B ISR [T] AL R A A4, 2020, 36(2) : 430-437 .



5551

FRBL & 550 IR Bl B AN K BRI B

XIS R 5T

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

MIWLLL, 14 5 g, AR 1, 455 ASIRII Bk et H Gl = 3 i E
Fr 5 R OB R M [3]. 78 b A ol % 4, 2020, 29 (4) -
570-578.

BRATHE, 1 S5, PR, 45 DR s AN [ I BRI 2 it SR sk
m A R PR I ) B2 A [T Al TRE 24, 2020, 36 (8)
188-196.

BRAEPIE AN RN IT X B EE A 7 A AR A A B
SEMAD]. BRI - P ARMRH R, 2018.
TR, E B, e, A AR RO SO0 kA R S
sty P B R BT R R RS A [T] L WL R R ROl b AR
BHERRD ,2021,47(3):347-353.

PR , R , 8 55 AR REROT S AR R 2™ R
SR I]. BUARED 2,2019(11) :3-4.
TEIRR, T35, ZOUI , & AN [ Rl 25 AN A =Rt i
REVERIIGZR[I]. 5i3€,2014(5):21-25.

R AR R, =T, 45 . B B0 i 56 e LAk AR
WEFCRERE[)]. T SR, 2022, 42(7) :61-65.

R B . DL R S MBS A T AR RN ). B3
1991(1):56.

KASHE , SRR, ThHE, 45 . A NI FH o 2 o R Mk 7
T U 5 ) B R B R ROR [0] R AR R, 2017,
45(20):165-169.

PUIEHE , Al i ol B AT 50t 8 T 5 0 1) R A AT 0]
I JIR3,2020,33(1) : 55-58.

TR 5% 5 RS, SRR, A5 U ISC M T 2 6 A i AR A A
W7 R BRI [J] . AR, 2005(4) £ 549-552.

B Mz, VE K A AN IR]E B B SRR T 2 AR
SEIAT]. 1 JR3E,2018,31(12):45-48.

SHAFIQ I, HUSSAIN S, RAZA M A, et al. Crop photosynthetic
response to light quality and light intensity[J] . Journal of
Integrative Agriculture,2021,20(1):4-23.

KIM H J, LIN M Y, MITCHELL C A. Light spectral and
thermal properties govern biomass allocation in tomato through
morphological and physiological changes[J]. Environmental and
Experimental Botany,2019,157:228-240.

Rt RREE , R 8., 45 RO R B v LR AT B RUR IR
50 00]. SRR, 2015(3) :49-51.

W kI, TR, 4 D B LED SBIR S AT BT
AEARF R[] ] L2244, 2018,29(2) :49-52.

CHEN M, CHORY J, FANKHAUSER C. Light signal transduc-
tion in higher plants[J]. Annual Review of Genetics, 2004, 38:
87-117.

CHEN M, CHORY J. Phytochrome signaling mechanisms and
the control of plant development[J]. Trends in Cell Biology,
2011,21(11):664-671.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

LIY,XIN G F, WEI M, et al. Carbohydrate accumulation and
sucrose metabolism responses in tomato seedling leaves when
subjected to different light qualities[J]. Scientia Horticulturae,
2017,225:490-497.

A, MG, R, 55 AN R ST PR B 28 At 7 2 % i J5
PR S WA (] L o8 ok R 27 27 4 CE AR B2 RiD 5 2016, 36 (8)
567-571.

FN, 2 S R A5 2L D6 B A A RUK T A
TN S L RIFRIR U] [ Z5 4, 2017 ,44(4) : 768-776.
ZHENG L, HE H M, SONG W T. Application of light-emitting
diodes and the effect of light quality on horticultural crops: A
review[J]. HortScience ,2019,54(10):1656-1661 .

MA'Y C, XU A, CHENG Z M. Effects of light emitting diode
lights on plant growth,development and traits a meta-analysis[J].
Horticultural Plant Journal,2021,7(6):552-564.

KAISER E,OUZOUNIS T, GIDAY H, et al. Adding blue to red
supplemental light increases biomass and yield of green-
house- grown tomatoes, but only to an optimum(J]. Frontiers in
Plant Science,2019,9:2002.

PAUCEK I, PENNISI G, PISTILLO A, et al. Supplementary
LED interlighting improves yield and precocity of greenhouse
tomatoes in the mediterranean[J]. Agronomy- Basel, 2020, 10
(7):1002.

JUAS BT, AR R, 45 L et bl 245 7 o LED AT 55 AT
[ S P 22 7 PE AT AT 0] R T FE 4R, 2018, 38(7) :17-21.
PGB REMG T S5 BN E XS 75 3 X PR AE 5 " 7
AAEAR BEENAL] . RO AR 2022, 38(1) : 41-45.

DYKO J, STANISAW K. Effects of LED and HPS lighting on
the growth, seedling morphology and yield of greenhouse toma-
toes and cucumbers[J]. Horticultural Science, 2021, 48 (1) :
22-29.

DERAM P, LEFSRUD M G, ORSAT V. Supplemental lighting
orientation and red- to- blue ratio of light- emitting diodes for
greenhouse tomato production[J]. HortScience, 2014, 49 (4) :
448-452.

L, EEZ, IR, 55 7 2O 2 il e 2 R A= B
ISR )] AL B2 ST, 2017,38(2):90-93.

PR, b, £S5z, 45 A R s 20 i 2 i B o
R R R, 2013(6) ¢ 198.

kKM AN O R[] F AL, 2019(18):80.

Wi [RI 5t TKORAE . DO = R AR A i v = T 5 TR A
HBOR]. AL 7772, 2020(3) : 173-176.

A5 i . R AR VEE o 2 30 R i JSUR 7 B K R R S BT (0. T AR
#ll,2021,55(1):12-13.

« 65 -



