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Abstract: In order to explore the effects of different lights on seed germination, total flavonoids synthesis, and related
enzyme activities of Toona sinensis seedlings, LED were applied to the seeds and seedlings of Toona sinensis. The
experimental materials were ‘Hongyou Toona sinensis’. White light (CK), blue light (B), red and blue light 2: 1 (R2B1), red
and blue light 1:1 (R1B1), red and blue light 1:2 (R1B2), red light (R) were used for 15 days respectively, and the seed
germination, total flavonoid synthesis and related enzyme activities in seedlings were measured. The results showed that
compared to the control group (CK), the red light dominated illumination (R, R1B1, R2B1) promoted the seeds
germination, and the dry and fresh weight of the whole plant treated with light (R2B1) increased by 55.06% and 82.86%
respectively, which were the highest among all the treatments. Compared with CK and R, other light treatments
significantly increased the total flavonoid content in Toona sinensis seedlings (P<0.05). Treatment B was significantly
higher than other groups, and the activities of phenylalanine ammonia lyase (PAL), chalcone synthase (CHS), and chalcone
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isomerase (CHI) were also significantly increased (P<0.05), which showed a significant positive correlation with the

changes in total flavonoid. Therefore, the germination of Toona sinensis seeds can be facilitated by the treatment of R2B1,

and a significant enhancement in total flavonoid synthesis can be achieved by the treatment of B for Toona sinensis

seedlings, effectively promoting the activities of PAL, CHS, and CHI enzymes.

Key words: Toona sinensis; light quality; germination; total flavonoids; enzyme activity

et (Toona sinensis) P @& A4, H
AT, JFEBRAR, B FIRSZIH SR S E R R
AT, B W DS 2R . SR R AR T
AR A A 2 RS Sy, e B
AW IR 2RO, B W 25 EEE P, dn
Priafb . PrRD . buig™ 4. Rk, FFEEAA RO
B RRMZ N ER, SRy AR A N E
TR R R Z—, IR, ARIEDGH B2 B ek
(222 AR A 1 2 B A A G, X4 TS IE L
Y& M EEGETERSS MR VEAEYDCEET
FESE, BRI R A 58 RN FEXH
FRFFE R R I, LLHRZH GO CRT TR R A A B
PR EVE . Bt/ NS 40 WFgE A, WAL B T A/
Fsert )R, R BRI, AN R, i
B R A R AR R SR I 2

WSS A W 32 06 BR YR i 45 L4 S BH W,
FEFRH, SRS RN e SR T AR G 1 T
P AT I B ER YA . Guo 45 FEXT /KB 340
B WFSE iR & B S'G PT LAAR BEEE IR 14 5k, BT
XHERAT BB HHIESE T A& G485 (Light-emitting
diode, LED) XA 4% Hh i & B AR R ELA [ 2 i A
YR . SIS S IVE AR R R A
7, SEAH A R I A2 e n U Rl R AR Y, B
BRI oA ) b 32 Z2 Pkl e U, =P s
N & 12 i & B (Phenylaanine ammon-ialyase, PA){E
h BB R, T LI — RIS e S s A
IR -G % (Chalcone synthase, CHS ) VE WAL KESE
ARUEL 20l A B AR T S — DR, HefS
AL T SIS A (Coumaroyl-CoA) 575 L4 it
A(malonyl-CoA ) 45 &A= Bl 8 B 1Y AT AR s 25 2K Bl 5544
fiff (Chalcone isomerose, CHI) 1 A 5 Bl & il id& £45 H
AR AR, T At i R A RER5-F N 3k
JZ AR A PN B SIS TR B A, i — 2B S AN [R]ZE
B ERSE AU, & T LED SGPE3EAE A 6 S A AE
RN EAE FHIEIFSE, Hogewoning 25071 ZE% FE X
w N sz R B CREA 05T PAL G HEF
175 ARG S A S TR X KBRS R e R A ) A
mi] o 2 B X AR AR PN PAL TEPEAR $E4E FH s
Thwe 85U YEFEZ ZEAA AR GRS 0S6 Hh &2 B0 a4
HEXT CHS BfE A BH B AR HEVE H; BREIE 0 BT
KILFEXT =15 CHS BEPE R R i 4T

TrkE IR =6, °T LU S 6 i B s
AR, $R S AR EIRMER . BRI 241, 7T LLE
TEGTRTE 0 T L IR 1 S =TT a5, B egeny

BEAEFAE T, SCELEAREAEN . LED FEN AT A K
P E R O CUE, ARSI ARV
RE, A E RN 1P,  HETE A S5
AL A B M AR SIS R i I I A L, AR
SCRTERRGT G A 2l i v S R R 2R 5 A G Rf
IWEPERZ MY E 2R, Il N [RGB LA FR, A A
BEE AR A= MO GRS PR AR
1 MRIEREE
1.1 MRS

Tl (LR 2T, KRBT 2B 5
BH T AN E s Al A KB il (CHS ) B fdie 53 Ar
TR AE A A K S AR (CHID BERE Sa2s 534 i)
VLIRS E R AT BR S Al 5 2R DN SR i 2 il
(PAL)IRF & . 2T (4lifFE>98%) TRty T
FREFFTIT

730 EANMTICCRETT I BEATRL R R
Z3H]; AR224CN HLFRF7 BAZEH AR (1) AR
N R RSO HL. MuitiskanGO 4% K fiff
PRA FEBR R BF AT A Fl 5 KHLG-260B-
3LED FERGHEERFAE  UNSIEA RS A PR A
1.2 L7k
1.2.1 FHEFFI LR SEBOR/N—30 FRRiif
W B ICH AL EAERF. BFFFH 1% NaClo ¥
=2 0.5 h, Jg FHICREZK vhisk 3~5 WK, M85 e i Fh 1
B 25 C /KN 12 h SEplIE R BHR RS &G
FhF43M 6 4H, B35 IR LN I S0 8 55 kifh 1,
BT 25 °C 0 LED 53548 1, A6 (B) . 2106
J6=2:1(R2B1). £I0%: #E56=1:1(R1B1) . €00\
=1:2(R1B2) ., ZIYG(R)ACER N #EA 7R 4 25056,
LG (CROPE T IE
1.2.2 FREE AR S AR SR M s BU
BT 30 Bk, FHE T 25 °C 19 LED 535454
Fro FEAKSREAS, HIHBEYG(B) . 46 #oh=
2:1(R2B1) . €106 #ot=1:1(R1B1) . £15%G : §EG=
1:2(R1B2) . £I6(R)S5 FCAFRDGTA A WAL EE 15 d,
BEFEHAE ARG 24 h PE—10K .
1.2.3 FFEFF R M AN BT B Fahnill e 7E7
WP FREE 3 d Geit b7 & 2880 1R R 2F
P FEFPFIEFREE 7 dIMRER TR ZER . SR
R s, BEITHEE 15 d MU AR ZERL, I 28 E
B, W HIFEEL. GEE T 15 d, BEPLIER 15 BRI
— BN A TEEE | ke S T EWNE o IR
5 R4 P BOARK T, 1/10000 <SP 4)5 1 ) fef E
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A, HrpHESAERET4E 105 °C FARTT 30 min,
SRIGAE 55 C MHEEEFESFRE. THEAZE:

K3 ARl TR R

2 EIAGE(%) = 100
K HEHGE(%) e X
- R T 1A
HGR(%0) = 100
RIHOROD =~ ol <

R EFEHGI = (Gt/Dt)

TEJIHEH = GIx S

Ko GI N EZEFEEG Gt RTERTTE]Y ¢ H s %
0, Dt SHAHXT R T Z HELG S A9 )E .
1.2.4 FFFEYIH EEEAL G WP O S il e 7E
S22 RN ER AP ik i 3Rl AR . RS AR R
B 0.2 g FMEN v, BT N TR S 3K .
2.5 mL. 75% ZEEAERT 55 °C, 80 W R IR 12
B 80 min, BFHEEU T 10000 r/min E5.C»> 10 min, HX
ST 4 °C MMREEFE A LS T RbrEss Zstilbr
HEMNZL, 76 510 nm T 0 s W 6 B B0, 45 1) S
vy 5 T E x (mg/mL) 3% & #2809 [0 )3 J5 72 .
y=0.7207x+0.0025, R*=0.9993, ¥ SYeAE A B =H Ty
A I B R S S TR
1.2.5 FFFEYI I S B 2S5 W6 BURE DG Bt P
RE R FHAR DN R i 2 B e a0 S A T AR AR
FHi PAL BEEEPEINAE o SR FHABES A 21K R S A4 T
S PE TR & T CHI PRI . SR A RS
Tt B EK G2 150 it A T CHS B PRI 2 o
1.3 B

FH Excel 2003 X %% 4% 35 47 40 2 5 /E &5 2R
SPSS 26.0 #4750, LIFIEARHEZEROR, IR
[i] Ak 2 ] 1 25 FH PR XL 38 T 252508 (ANOV A) #E4 T
225 W EERE, P<0.05 R B E 25 SR Origin
9.0 B TR 2 o
2 HRE5ESH
2.1 ARERXEESEEKNEN
2.1.1 KEFEFGOHT B 1 BEETHL, R A N E
MR 2RI 3% 13550 T CK 403, 5 CK AH L 351
WEINT 21.25%. 19.23%., HH RIB1 A ZFEH £
ZEIEBI B, 5 CK AL I T 44.34%,

1 AFDEE T FE T 28R

Table 1 Germination indicators of Toona sinensis seedlings
under different light quality

P REFER(%)  REFER(%) oA iy WA R
CK 433£1.94°  86.72+4.39"  28.27£0.66°  393.20+26.77°
B 31.7+£3.69° 75.01+£3.41°¢ 24.34+1.06° 86.30+12.19°¢
R2Bl1 60.0+£2.06% 85.84+4.23% 31.86+0.91° 461.71+33.32*
RIBI 62.5+5.34* 84.43+5.72% 32.25+0.74° 307.70+£22.94¢
RI1B2 48.3+3.78° 81.74+5.19° 29.2540.55° 173.85+21.00¢
R 52.542.45% 79.10+3.78% 29.57+2.78° 468.80+25.76"

TE: FFIAR NG FREFRFE0.05 /KT I HAg 24 5 b vk 322wl

14.08% . AN[FLLBIAILE W CE GACET, TBAGLI
P45 R 2R AR BEL TG EL B 3 i 2L T $, miss
PUEEY ) F e S A D PN e AN =R S DL
HEAT LM R 2, B GG ERSCRE T
YRLTGAE IR, 5 Yang 2529 WFST LSS R—3

2.1.2 FERFFERSHT AR 2 RIHL, BEE LG
BRI, TR RREZ . R AAFEEEY)
TRk B S T HAAL IR (P<0.05), 5 CK A LIRS
T 13.25%; R2B1 4 i iy SE 0T o . T BT s 34 S ok,
S350 CK B HNT 55.06% . 82.86%; B b HE X} FH 4
LI Rk | R T HLAT S R E FH (P<0.05),
H R ap Ve AR 2o pbAh, S5 EEE 15 d
FOFEREL B VR TR0, A A 1 Rl N, BERE B LB
B, gt g g, X RH B S FFEY
AR BT T REFAEE —EXR TR L06TTLL
TRPEFFEL T ZE KA DU T | SRR AR, X
Seryanl DR sE e ik e . TS A AR, #E
SCAT LA A ARAT IR 2R —3K

K2 AREDLECT A4 i SEaliE AR
Table 2 Basic indexes of Toona sinensis seedlings under
different light quality

Qb Fr (em) R P (g) T P (g)
CK 13.96+0.89° 0.0721+0.0011° 0.0070+0.0005°
B 3.53+0.29° 0.0446+0.0025° 0.0062+0.0003°
R2B1 14.54+1.03° 0.1118+0.094° 0.0128+0.0003*
RIB1 9.52+0.72¢ 0.0903+0.0017" 0.01060.0006"
RIB2 5.96+0.72° 0.0563+0.0078" 0.0064+0.0005°
R 15.81+0.92° 0.1055:0.0035* 0.0099::0.0007"

R1B2 RI1B1 R2BI1

K1 AREDEBO A4 A KRR
Fig.1 Effects of different light quality on growth of Toona
sinensis seedlings

2.2 AEEMNEESHE S EIS SR

S e B A ZZ R A W s v A 25 BV,
M TR B A S IR E I R b2 —
Pl 2 AT, B A R v R R G LR R
W, Horh B ARFREER & E s, R1B2 IRZ, CK
TG, 1 R 5 CK 2253+ AR 1 35 (P>0.05), HiAth b ¥
BT CK(P<0.05). B 5 R1B2 A 85l & 5
HH 0.5227. 0.3490 mg/g. VLA EEZRILEWIHIE
WSR2 WG sE 4 i 3, 5 SRR AERO B
FRLER—E.
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Fig.2 Effects of different light quality on total flavonoid
content of Toona sinensis seedlings

TE: ARVNE PR 225 3, P<0.05; 5] 3~ 5 A,

2.3 AEBERMEEEIZ S48 XEE M AR
2.3.1 PAL IW&EMHEHT  PAL S22 2R TN Se ik 458 1) G 4
fify, 5 W ERZEY) TG e UIAHSEEY, X4 FL R R
BRI 3 ATAL R ARFE R PAL BEHE PEEAR,
EHELIHT T PAL FREE P B G Ho A A3 v T 22 b
7+, B 4 PAL BfEE M=, B. R1B2, R1B1. R2B1
BT CK, R AL AT CK 2H(P<0.05), 453
FRHMEDOCMLTEE G CE— R L ReE s w4l
Wi PAL BEESTE, M BAIRLT Y CAR P HAT Il fE A .

PALIEE (U/g)
oS

,_.
(=]

[=JN

CK B RIB2RIBI R2BI R
AFDEFAL

B3 AFEDCB ARG PAL BEE PR 0R
Fig.3 Effect of different light quality on PAL enzyme activity
of Toona sinensis seedlings

2.3.2 CHS ifitESHr  HIE 4 vl 50, 5 CK Ak, B.
R1B2, R1B1 &b# R EFAEM 19 CHS BE A B35
25 (P<0.05)., BALFET CHS 7% 5¢ 5, R1B2

CHS#itE: (U/g)

CK B RIB2RIBI R2Bl R
ARDEFAE

Kl 4 RFEDCEN AL CHS B PER
Fig.4 Effects of different light quality on CHS enzyme in
Toona sinensis seedlings

W=z, Ak N B>R1B2>R1B1>R2B1>CK>R.,
B 5 CK AHHIET T 53.35%, =R AR EC FL AU 200
4 6(R1B2. R1B1 ., R2B1)AMBEN T+ CHS g1
Y e dEE A, 5 CK AR L4 Sl 2 7 17 23.21%.
17.33%. 7.01%, iX 5 Thwe 2519 Foe 4k S—a
2.3.3 CHI &40 HRIE 5 7T, 4L Go0ab 3
Yol e S T ARSI D CHI B TS M, B AR 3
CHI B iE Mk Bl i, & T CK 5 R(P<
0.05), {H 5 HAth b F 2= 57 AN i 55 (P>0.05) . BRI
FEANLT s A CAFR T LU = B AL CHI Fil
FAYEME, T EAR LT eA XS HA Fi Ve o

30

a
25 1 ; @ ab

CHIIEE (Ulg)
s o B

W
1

(=]
1

CK B RIB2RIBI R2BI R
AFEFAEEE

K5 AFEDCBX AR CHI BEE PR
Fig.5 Effects of different light quality on CHI enzyme activity
of Toona sinensis seedlings

2.3.4 AHEMEST BB P E N,
A Al F AR T 2R N A RIS 15, PAL 2% H:0)
AR AR A RIS AR AR 4L, T CHS Al CHI J2& &
B A s A A BT B ) SR AT R i, X R
Bl () 5 A 25 EE AR DY, F e 3 mTAL R R 5
5 PAL. CHS A% M35 2 0% i 35 1EAH ¢ (P<0.01),
55 CHS W PEAHC R B0, ik 0.953, FLIRJZ PAL,
ik 0.936, Hibn] %, SeAb BRER = AR I T R R
18 o5 B e A i R A DTG P S B

3 & 5 PAL, CHS. CHI B AR SCHES BT
Table 3 Correlation analysis of total flavonoid content with
PAL, CHS and CHI enzyme activities

WiH RN Yy PAL CHS CHI
SVHA B i -
PAL 0.936™ -
CHS 0.953™ 0.982" -
CHI 0.700 0.829" 0.794 -
T * R8BI (P<0.05) 5 ** Rl 3540 (P<0.01) .
3 g

3.1 ARERXEEYEEKANEN

A I a5 R, 216A Pl T FHAEM T &
ZF, XL A KA PRV, TG U B 4 )
VER, IZ45 95 Yang &8P 455 —3, 5 CK ML,
LR AR FR S T /A AL L 8
(P<0.05), Hitp R2B1 AbFR 4R & 18 5+ 5 i B
Hio 5 R AL, &G HIFRAEF T A 2R | K2
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P, XA B G EUE O G R ST WG
BE R AT AN I A B, A0S FE R h 4 i AR
PRI B0, B2 -G A PRFR i i A AR T B o L AR
FRIE 155 L R A PRI B AR A R et RO
s BEBAAS GRS A 58 2 S aE 22 RE 4D F 1 3055 v
WS R LT ' RS A B Uy, L Bl AE
A BRSSP R B
3.2 FREPEBRXMEHSASEFEE050

ANFEPDGRANERR , FFE L)1 R B e 5 e B
S BB TS G T, B AR A EEER S AR, R 4k
RO AZ BN . BRI B S S A AR
BB ENFR 2, 5 Gyu &P BFgy—8, NIk, AT
R1B2 & G IRERELIH, A RO G i
PTG A
33 FRERXEERIZE A E BT AR

G 25 I FEHH, PAL I M 22 216 51 1) 52 1 22
S, M AR SR, SRR AR AN it
FELER 3, [FI), e, W o LIRS, 33
MR ARSI T W CAZ AR Y GAE S, BT A
I NEGE S E DI, PAL BRI TR, CHS
VE A A G Igs U i SRR, A IG T oY 45 SR 2 A
CHS BHEPEARE S PAL BSPEG AV #4E. CHI
VER S A SCER MRS, v A KRS A J5 i B it —
A& AN RSB AR LS, BRI R, #%6
Xt CHI B% PEAA 28 AR #EAE A, 2156403 CHI
G e S CK 4 JC i 25 5. AHICHE ST el SR,
kR i PR S e AR A S A S MR AR S A
TEAHDG . REEE N B R A,
A % A AR T 2R PR A IR AR, iRy,
St T AR TP B R A A SR IE T, fEiE T
TG B AT BT A, SRR R T R
R, KEMIFFEUEI] T3 — WL, i) sy a5
Kb = T A BT 5 e A S A 2 R AR DGR A T T
A3HT, 45 R F U R 5 PAL. CHS WIEPEA #5558 109
FHIE M ZERI X WG IR T R SR ST T
SyHT, B PAL FRENEPES N, AT AR U R A R AE
PO 2246 iy g h oA 2R . miase  CHI
it (v v P 5 R B T S A SO AN B T RE R R T
W IR I AT — 2 R 2=k, IR ZE— A i
FERAE RS AL o
4 g

£ PR, SR RS IR AT &, JUH
J& R N EMPDEHRAPE(R, R1IB1, R2B1), Hi R2B1
SRREE RS R RO, 5 CK A s il s T
55.06%. 82.86%. N[EIHC LT S CA BN F A4l
#ith PAL. CHS BffiE A2 8E/EH, o B 4b3
Fm T H AL B, 5 R B S e ) AR A AR B B 2 OE
A3 (P<0.01), [A B} BALBE T & B & B &N
0.5227 mg/g, i W SCHIEL) H H 2E R A =
A T AHSEEE A NETE . AEr= LT LSRR R2B1 4k

BHEG AN AYEARERD T, B ARBEAE R A BOZF SR S AR
W, LM o A b 2 P S A i i B
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