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Effects of different LED illumination on physiological characteristics of to-
mato seedlings and flowering and fruiting after planting
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Abstract: The effects of five different light emitting diode (LED) illumination on the growth and physiological char-
acteristics of tomato seedlings and the flowering and fruiting after planting were studied by using tomato variety Qianxi as the
experimental material. The results showed that compared with the white light control ( CK) , the plant height of tomato seed-
lings treated with white light : blue light = 1 : 1 (WB), white light : red light : blue light = 1 : 1 : 1 (WRB), white
light : red light = 1: 1 (WR), red light : blue light = 1 : 1 (RB) decreased significantly. The stem diameter of tomato
seedlings treated with WRB and WR decreased significantly, and the strong seedling index of tomato seedlings treated with

WB and RB increased significantly. The net photosynthetic
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rate, transpiration rate, intercellular CO, concentration
and stomatal conductance of tomato seedlings under WB,

WRB and RB treatments were significantly increased. The
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creased in WB, WR and RB treatments, while the activity of catalase (CAT) was significantly decreased. The content of

malondialdehyde (MDA) in tomato seedling leaves increased significantly in WR treatment, while the content of MDA in

tomato seedling leaves decreased significantly in WB treatment and WRB treatment. WB, WRB and RB treatments signifi-

cantly increased the initial flowering stage, early yield, total yield, soluble sugar content, titratable acid content and sugar-

acid ratio of tomato seedlings after planting. In summary, WB, WRB and RB treatments had different degrees of promotion

effects on tomato seedling growth and strong seedling cultivation, as well as the initial flowering period, yield and quality of

tomato plants after planting, and the promotion effect of WB treatment was the best.
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(AR = 5 6 R (CK) Al B 4 i) i 3 R AIG 24, 90%
11. 13% \26. 75% .28. 42% ( P<0.05) ; WRB . WR 4b
FRFEARL T 2SS CK A 20 1) 35 PR AR 8. 94%
F121.79% (P<0.05) , 1fii WB RB 4k F % i 4 1 25
M5 CK ML 2 %A W2 (P>0.05) ; WRB Ak %
TG B F IR 5 CK A L W& 3 18. 89%
(P<0.05) i WB WR RB 4 & 4h i~ A4
JE5 CK M2 54 8.3 (P>0.05) ; WR AL B i
MK S CK M H W IR /N 21.49% (P<
0.05) ,WR RB ZbHEF il 4l i 58 5 CK AH Lk 43 531
B REAR 9.94% F 8.07% (P<0.05), T WB Al
WRB &b 3 7 it 40 v AR < R 98 5 CK AH L JE i
FEZF(P>0.05) ; WRB Hl WR &b 2 i 4 v 1) i
K5 CK AH Eb 43 ) i 3 B AIK 10. 1% 1 18. 12% (P<
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Table 1 Effects of different LED illumination on growth indexes of tomato seedlings

s B £ FIEK i i it g
(em) (em) (em) (em) (em) (em)
CK 34.13+1.06a 3.58+0.06a 6.14+0.35b 13.73+1.29a 5.74+0.46a 3.22+0.22a
WB 25.63+1.26¢ 3.65+0.07a 5.92+0.36b 13.75+1.62a 5.73£0.17a 3.56+0.21a
WRB 30.33+1.45b 3.26+0.05b 7.30+0.49a 13.78+0.99a 5.16+£0.22b 3.28+0.37a
WR 25.00+0.55¢ 2.80+0.10c 6.24+0.41b 10.78+0.55b 4.70+0.29¢ 2.90+0.22b
RB 24.43+0.75¢ 3.62+0.14a 5.84+0.79b 12.05+1.20ab 5.33+0.17ab 2.96+0.13b

CK: FDEXT A WB: FDE = #D=1: 1 4B, WRB. 6 : 4006 = #Dt=1:

R, RIFVEEEE AN F/NE TR R A B E] 25 53 1.3 (P<0. 05)

FH3< 2 AT, WB WRB . WR .RB b3 i 4
M 5B &f 5 CK A Eb 43 5] FE K 15.93%
19. 64% 58. 66% 19. 72% , Hrt WR &b B [ {I% & 4

11 AEBE, WR. DG - 2006=1: 1 AbB,RB. 206 - Wt=1: 14k

B ; RB ALBRFR AR LB (A b T 0k o b CK I 35 4
Jin25.47% (P<0.05) , 1 WR ARG 40 8 A ML T
HREFEFE S CK AH Eb 2 35 B A 36. 79% ( P<0. 05) ; WR
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Ak BT Al 40 P LR R B S CK A E Y
5] 5 REAR 54. 63% F1 70. 00% (P<0.05) ; WB RB
b BT AL T ROAL TR A CKORT 531t 25 38

&2 AFE LED XBMEMSE TYWRRRMEHEEHHHZ M

20. 83%F1 16. 67% ( P<0. 05) , i WR b3 F i 4 i
P %S CK AH b i 2 FEAIG 62. 5% (P<0.05) .

Table 2 Effects of different LED illumination on dry matter accumulation and strong seedling index of tomato seedlings

BT (g) T (g) e
b3 : \ _ \ A HirH B
1 1 13 1
CK 11.61+£1.33a 1.06+0.10b 1.08+0.09ab 0.100+£0.030a 0.24+0.01b
WB 9.76+0.77ab 1.05+0.02b 1.10+0.05a 0.110+0.005a 0.29+0.02a
WRB 9.33+1.48ab 1.01+0.03b 1.17+0.03a 0.105+£0.014a 0.25+0.01b
WR 4.80+0.62¢ 0.67+0.14¢ 0.49+0.09¢ 0.030+0.0170b 0.09+0.02¢
RB 9.32+0.50b 1.33+0.10a 1.02+0.08b 0.100+£0.010a 0.28+0.01a

CK; DM M WBL DG - W6=1: 1AM, WRB. DG : 2006 : #06=1:1: 1B, WR. DG : 400%6=1: 1 A3, RB. 2006 : Wt=1: 14

B RIFVEEE G A RN TR R R A B E] 22 53 B3 (P<0. 05)

22 7A[E LED YtERAEXHFA L&A 1E AR
¢ 3 Al %1, WB WRB ,WR RB &b BH % it 4l
PG B S CK A H 2 0l 3 38 n 37.85% .
62.15% 34. 19% 49. 51% (P<0.05) ; WB ,WRB WR ,
RB Ab3H 2 735 41 1 1) 28 s TR A58 CK 43 03] I 3 14
28.40% .66. 67% .29. 63% . 65. 12% (P<0.05) ; WRB

%*3 A [E LED XBXEMLEHMNF X ESHENZ T

I WR ARBEFR G40 E 97K 3 AR AL CK o i 2
FEAIC 30. 00% ,25. 00% ( P<0.05) ; WB WRB RB b
T Al B AR ) CO, e B A CK A3 Sy ek 35 4
6.34% 9. 14% 8.07% (P<0.05) ; WB ,WRB ,WR ,RB
Qb it 4 AL S B CK A3 ) 3
20. 08% ,12. 44% \11. 66% ,15. 38% (P<0.05) ,

Table 3 Effects of different LED illumination on photosynthetic characteristics of tomato seedling leaves

. ML AR KA WAl CO, et AL
Lol (w? - )] [mumol/(m? - 5) | (%) (pmol/mol) [mol/ (nr* - 5)]
CK 11.23+1.17d 3.24+0.08¢ 0.40£0.08a 356.82+4.04b 177.55+7.28d
WB 15.48+0.93bc 4.16+0.04b 0.35£0.06a 379.45+0.58a 213.20+8.49a
WRB 18.21£0.54a 5.40+0.12a 0.28+0.08b 389.42+7.84a 199.63+2.26¢
WR 15.07£0.49¢ 4.20+0.63b 0.30+0.08b 364.03+8.60b 198.25+3.98¢
RB 16.79+0.42b 5.37+0.48a 0.35£0.05a 385.63+6.72a 204.86x1.77h

CK: BN I WB DG - #E0%=1: 1 AE, WRB. % : 2006 : B56=1:1: 1B, WR. A% : a00%=1: 1 B RB. 2006 : #5k=1: 14

B[RS A AN RN TR s b B E] 22 5 2 (P<0. 05)

2.3 7[E LED S:ERAMEX & 4h d i S BiE M
pA|

H# 4 Al %0, WB WR . RB &b R i 41 - Fr il
FALYIEALEE (SOD) M5 CK A Hb 431 b 215
106. 93% .157.70% .119. 23% ( P<0.05) ; WB \WRB,
WR RBP4 8 i Frask S AL Y ( POD) 1 7
5 CK #8 H 4% 9 5 3 58 i 239.31% . 191. 84% .
243.60% .159. 58% (P<0.05) ; WB, WRB, WR . RB
b PR 4 T AR A = ( CAT) T 5 CK A
e 23 5 e 3 B AR 69. 39% . 46% | 54.95% | 54. 46%
(P<0.05) ; WR AbFEFE i) Hi i A Z#E (MDA) &

B CK W& 40. 11% (P<0.05) , 1fif WB,WRB
Ab R G4 E M A MDA & & 4y W) O R AR
37.85% 45.21%,
24 AELED XBREEMNEMEKREETHERE
B FEMRRNER

H % 5 Al%0, 5 CK Ab#EAH L, WB \WRB RB 4b
PR e iR PR A AR S Y 46 A6 D) e 3 R T, Hrp
WB Ab T (i 3 7 it A A o AL 1 s 4 0 4 TR
A, FT4E T 6. 34 d; WB . WRB RB 4b P 7 fi #e
PRE HE 5 0 R0 i S CK A L 43 ) 2
43.84% 36.55% .60. 86% (P<0.05) , 1 WR 4L H %
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AR EHLIE B RT 77 1m He CKAH BE i 35 PRI ( P<
0.05) ; WB . WRB ., WR ,RB #b 38 Z i #i # 72 #i 5 1Y
B CK M B3 18 N (P<0. 05) , Hirp WB |
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Table 4 Effects of different LED illumination on antioxidant enzyme activities in tomato seedlings

WRB 4b FRAS 3 A AR AL S 1) B = 3 ik £, 47
Wk 24.85% 16. 13%,

b3 SOD &Pk POD 7.1}1& CAT i;ﬁjrtt MDA 53
(U/g) [ wmol/ (min -+ g) ] [ wmol/ (min + g) ] (nmol/g)
CK 208.61x11.44c 139.11+5.50d 78.32%6.15a 15.88+1.19b
WB 431.67+23.86h 472.02£27.87a 23.97+2.16d 9.87+0.35¢
WRB 208.85+9.94¢ 405.98+31.88b 42.29+3.59h 8.70+0.58c¢
WR 537.59+31.92a 477.98+29.55a 35.28+0.95¢ 22.25+1.88a
RB 457.33+14.94b 361.10£59.54¢ 35.67+2.72¢ 13.84+1.04b
SOD . HBEALYIEALEE ; POD .33 FALYIBE ; CAT .3t AL S HE ; MDA . 78 8 ; CK; FIOEXTIR ; WB, 16 - #6=1: 1 A3, WRB, 1%« 2006 : #
Je=1:1: 13 WR G - ZD06=1: 1 A3 RBZD)E - #Dt=1: 1 b3, FFIEEHE A R/NS FRER R B 22 53 .35 (P<0.05) ,

*5 AELED XBREEMNEMEKREESREH IHE~EME
FERRm
Table 5 Effects of different LED illumination on initial flowering

HH 2% 6 A[ 41, WB  WRB .RB 4035 7% il 5 52 n] %%
PR CK 4000l 3 35 8 55 139. 7% . 147. 94% |

. b S
days, early yield and total yield of tomato plants after 140.95% ( P<0. 05) s WB . WRB.WR .RB ifi%ﬂﬂ%

LTS
(g)

ISV s

(g)

planting
o TEFEAAIERT ]
(d)
CK 60.67+0.58a
WB 54.33+0.58¢
WRB 56.33+0.58b
WR 62.00+1.00a
RB 58.00+1.00b

1 419.01+32.69¢
2 041.15+65.53b
1 937.60+43.47b

761.07+£22.37d
2 282.56+65.32a

6 187.10+31.67d
7 724.58+62.90a
7 184.81+54.79b
6 502.51+21.29¢
6 610.75+67.07¢

CK: FIEX IR WB. %« #556=1: 1 408, WRB. % : 4006 : #ok=
121 LA, WR DG« 2D06=1 ¢ 1 403, RB. 206 - #56=1: 1 4038,
[RIFVER G AN R NG R /R Ab PR R 25 57 i 3 (P<0. 05)

&6 AF LED XREFEMEMR IR

Table 6 Effects of different LED illumination on tomato fruit quality

SEYE A IR B RS CK AR EL A 1) e 35 48 51, 03%
22.76% 22. 07% .50. 34% ( P<0.05) ; WB . WRB .RB
AR F i RS HERR t 5 CK A B 43 ) . 35 1
58.26% .100. 92% . 60. 09% ( P<0.05) ; WB, WRB,
WR AbHFR MRS 4iA & ¢ S8R5 CK M /9 i
N 17. 63% 25.39% 17. 52% ( P<0.05) ,

3 1
CA MR R R, AR RS (LED) )t

fham TR {7 R A B A IO
(%) (mg/g)

CK 3.15+0.43b 1.45£0.01c 2.18+0.30c 0.272 9+0.002 8¢

WB 7.54:0.18a 2.19:0.01a 3.45£0.08b 0.321 0=0.015 3b

WRB 7.81£0.44a 1.78+0.01h 4.38+0.26a 0.342 2£0.010 6a

WR 3.46+0.37b 1.77£0.01b 1.96+0.20c 0.320 7+0.010 8b

RB 7.59+0.30a 2.180.01a 3.49x0.14b 0.282 0+0.008 8¢

CK: FIGX G WB: DG < #06=1: 1 AEH WRB. DG < 2006« #Dt=1:1: 1B WR DG - 2006=1 1 0B RB 2100 « =114k

B, R BVEER G AN RN SR3OS A B ] 22 57 1% (P<0. 05) .

MRS AL 40 v A A B TS ), G P 26 R e
PP KR B 3 A eI 40 T DR
PRI ZD6 T LR R A ) R
(I AELAE 25 A8 20 T WO AT LA A 25 1
A EAT AP AR A 2 L 3 Y R S AT

Jet T AR e RO O R A Rk AR
RIGH, FOEH A BIARINZL W OEAb 34 2 2 4
B AR i EE B4l e A B S R e TR R N4
H(WR ALER) FILL 6 (WRB 403 J5 4 S8 % i
LIHE BZE Bl e A B S AR AT X 5 AT e A
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TRBRE T, AW R, 5 CK M, AR L
HAHCAE T (WB WRB WR  RB) Y92 {8 % i 4 i it
F POD 1% N, CAT W&k 58 3 WA, 1 WB
WR RB AbHRI 2 (i 255 4 B 0 - SOD 36 Pk b 2531
T, o WR ACBEFE SR H POD % P fsc i, WB Ab B
Tt B CAT TG, MDA 2 FIWk 4 4n it
R it S AR B P BLAR A, ARDFSE D WR AL BEFE
THGNE A MDA it 5 CK AH L 38 hm, i WB
WRB RB AbFEF AL I A MDA g5 CK AHH
FEAE, UL WRB FII WB AbH 7 5 B MDA & & f
ik, ULHA WR ARFEXS 4l i i T B {45
H MDA &8 TFE, i SOD 1 POD i YER) T J2 7
AR NPT ILEE R GRS N, 28 T P F 4
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