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Effects of light quality with different red and blue ratios on photosynthetic
characteristics and flavonol content of Ginkgo biloba seedlings

WANG Zheng', WANG Gaiping' ", ZHAO Qun', ZHAI Jinting’, YU Pengfei’
(1 Co-innovation Center for Sustainable Forestry in Southern China, College of Forestry and Grassland, Nanjing Forestry
University, Nanjing 210037, China; 2 Jiangsu Yancheng Forest Farm, Yancheng, Jiangsu 224000, China; 3 Suining County Run

Enterprise Investment Co. , Xuzhou, Jiangsu 221200, China)

Abstract [ Objective] The study aims to investigate the effects of light quality with different red and blue
ratios on the growth, photosynthesis, flavonol accumulation, and antioxidant capacity of Ginkgo biloba ,
select the light quality suitable for the growth and flavonoid accumulation, and provide a theoretical basis
for improving the medicinal value of G. biloba leaves. [ Methods ] Two-year-old G. biloba seedlings were
used, and four light quality treatments with red and blue ratios of 1 ¢ 1 (1IR1B), 1 : 3 (1R3B), 1: 5
(1R5B), and white light (W, control) were set up. The growth, photosynthetic physiology, flavonol con-
tent, and antioxidant capacity of G. biloba after 20 days of treatment were analyzed. [ Results] Different
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ratios of red and blue light reduced the biomass of G. biloba leaves, which was not conducive to the
growth of plant height and ground diameter, but was conducive to the improvement of leaf length, width,
and area and photosynthetic gas exchange parameters. 1R5B treatment increased the total chlorophyll con-
tent of leaves. 1R1B treatment promoted the accumulation of total leaf biomass. The chlorophyll fluores-
cence parameters, antioxidant capacity, carotenoid, and total flavonol contents of leaves under 1R3B were
the highest. [Conclusion] The appropriate proportion of red and blue light had a significant effect on the
growth and photosynthetic characteristics of G. biloba ,» and significantly increased the content of flavonols

and antioxidant capacity. 1R3B red and blue light quality was the most conducive to the accumulation of

flavonoids.
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W is white light treatment (control) , 1R1B,1R3B, and 1R5B stand for light quality treatments with red and

blue ratios of 1 # 1, 1: 3, and 1 3 5, respectively. The same as below.

Fig. 1 Treatments of G. biloba seedlings under different light quality
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Fig. 2 Spectra of different LED light treatments
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SRR R LR S REZ =HE ST EZ MM
2.51 1. DPPH M L3 RS % 5w s oy
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B BOR L iNA 2 mL 0. 04 mg/mL DPPH % ,
RSB H E 30 min, ZEPE K 517 nm AR E BE &
WOEAE AL HE 70 %6 £ 43 53 A 85 2 4 HUBCRT DP-
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PEITEAE B35 25 5 (P<<0. 05) , [t W Ab B i B 8 hn 1
76.6% . WA R G, MFRIA 1RIB,1RSB Ab # i
F T 1R3B AL HE, TGP 26U W 2 L 4 il
Lt WA G SN 54, 7% R 50, 9% . AR A C
6 IRSB AN T i . JF 5 1IR3B.W Ab 3 22 53 i 2,
He W Ab B ZE I 26. 1% (P <<0. 05),
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Table 1 Growth of G. biloba seedlings under different ratios of red and blue light
e 2 i 4% 46 B . o =
Je Ak 3 F’ln'jnlfJ }iliiihr Groﬁ%ljili?aictcr RS 5 W IR I Wy it Ly it
Light . g . ’ Leafl length Leal width Leaf area Leaf biomass Total biomass
increment increment P
treatment / , /em /em /cm /g /g
cm /em
w 0.80=£0. 20a 0.99+0.18a 7.80+0.17b 9.00+0.92b 38.48=+1.71b 4.4740.56a 19.81+0. 47bc
1R1B 0.70=+0. 10a 0.94+0. 25a 8.68+0. 48ab 10.16+0. 31b 46.96+7. 48b 3.65+0.74ab  21.73+0.75a
1R3B 0.5520. 05ab 0.44-+0.11b 8.53740.65b 9.33+0.59b 46.33+1.21b 4.34-0. 45a 20.76=40. 69ab
1R5B 0.35+0.17b 0.91+0. 21a 9.67+0.71a 11.63+0. 74a 56.2144.13a 2.734+0. 30b 18.98+0. 48¢c

U < RPN R /NG S8 320 Ab PR A 22 53 4 35 (P<<0. 05) . Rl

Note: Different lowercase letters in the same column indicate significant differences between treatments at 0. 05 level (P <C0. 05). The

same as below.
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Fig. 3 The photosynthetic gas exchange parameters of G. biloba leaves under different ratios of red and blue light treatments
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R A B S 2R o A O B3 n B S 8 n S s
/N HE TR3B Ab R 3k B a5 ey, 1 B 4 R B b
E R o A LR I TP =
2.5 AELGIAEXANBETEMBERES SN
BRAT I A R R LR B S R R
FRAEARMLECFAAT THARRREERE T W
AEFR, HAE IR3B Al 1IRSB Ab FE T 3 i 44 3k 21 i 3%
AP TR1B Ak 3 5 i B 2% G B R e 2 o 4 I
KB T R EAKV (R 4, Hp B il RS
A IR3B AL M B (1. 85 mg/g) H & T HA
LB, R IRSBLIRIB, = F 40 9 e W b3 i 3%
ST 1%, 52%, 49% .7 1R5B 5 1R1B &b #i >
IR EES BT RERSTEYL IR3B
A IRSB AL i 2 45 7 (P <<0. 05), IR1B, W 4b 3§
g A IR = R SN L R SR N TIPS S =N ]
BN BT b 2 s R A A L AT
AL I Wb 3 5 4R L O DL 1R3B Ab B
7 (15 mg/g) , 1R1B,1R3B.1R5B kb3 43 51 b W Ab
FE(11.31 mg/@) WEHE T 14%, 330, 3100 (P<
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Table 2 The chlorophyll fluorescence parameters in leaves of G. biloba seedlings under

different ratios of red and blue light treatments

65 b 3 e RPN B PSIl fie Kot 2= 30% PSII & 1E 16 1 Tk 2= R R AL
Light treatment F, F_/F F./F, qP
w 721.3337+44.546a 0.796=40.013b 3.91840. 309b 0.15340. 005a
1R1B 739.000+45. 574a 0.80840.014b 4,23340.393b 0.15840. 009a
1R3B 746.667+56.323a 0.84040.010a 5.27240.387a 0.16440.009a
1R5B 741.667+64.825a 0.83440.012a 5.043740. 443a 0.160+0.011a
K3 FAALGIOIEXLETRETAXGRBES=S
Table 3 The photosynthetic pigment content in leaves of G. biloba seedlings under
different ratios of red and blue light treatments mg/g
e Ak B Mo a g% b BRI IsYURS S
Light treatment Chlorophyll a Chlorophyll b Carotenoid Chlorophyll (a+b)
w 0.94=0.03b 0.31£0.01b 0.38+£0.00c 1.2540. 04b
1R1B 1.014+0.03b 0.30%0.01b 0.407+0.01c 1.3140. 04b
1R3B 1.2040.08a 0.40+0.02a 0.44+0.01a 1.5940. 10a
1R5B 1.1940.02a 0.4370. 06a 0.417£0.01b 1.6240.07a
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Fig. 4 The flavonol content in leaves of G. biloba under treatments with different ratios of red and blue light
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Table 4 The effects of different ratios of red and

blue light on antioxidant capacity of flavonoid

extracts from G. biloba leaves %
6 Ak 7 DPPH 7 B % ABTS Bk %
Light Scavenging rate Scavenging rate
treatment of DPPH radical of ABTS radical
W 39.11£0.00c 56.2140.04b
1R1B 41.674+0.02b 61.36+0.01b
1R3B 47.0040.01a 68.06+0. 04a
1R5B 40.6740. 01bc 59.64=+0.02b

K, N DPPH 1 ABTS [ i 535 B R b 456
JoAb A AR Ak AT LU L O S5 R O E Y
BT AR A I B T IS B O I B SR RE T SR R
JE /N, FFELL 1IR3B Ab B 50
2.7 AEAXBRXMBEMH AN EZWOERD D
52450

WA EER Y L5 E R
H YRR HOH 2 0 25 I (. AR A b i AL AR
i OGA R Y IS i P AR RE )R AN
FHARAS 25 AN A0 2k Hl . RIS B 548
AR AL o AR oA R PSR
bR KA MRS E BT SRRE SR L
M 5 DPPH [ 50 BR M ABTS H 2 i
B3R 9 AR AR AE A IR 50 19 4% 0 8 B 2R AT 3 4
OIMT . RIS AEME R T 1 AYJE, 4R T 2 A E
Ay, H R BTRk AR ik 84. 803 % (% 5), Hifb, 4 1
F AL O A R PSITHR KO b 22 30K 25
N AR AR AR R B & & DPPH,
ABTS [ H 305 B 26, 3 2 R W AR AF O & A48 314
M 5 2 3 B4 2 b T AR I A e R T
BRI A K R 5 AR IR AR i B IO 3 R oy
BAOEMRALG AR AR (F=0.627F, +0. 221F,),
TR BAC AL B LR 5155, 0 B R BVNHEIF
G5 6 PR, 4 G HEHE 4 i SRR IR
4 1R3B.1R5B.1R1B. W,
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Table 5 Principal component analysis of nine core
indicators under different ratios of red and

blue light treatments

SN LEXI:S Variance Cumulative
Principal . o oo
. ot Eigenvalue contribution contribution
componen rate/ % rate/ %
1 5. 645 62.722 62.722
2 1. 987 22.081 84.803

6 AEALGIOIEXVLENEIRSIEEETI RIS
Table 6 Composite scores and rankings of principal
components of different ratios of red and

blue light treatments

E W 43343 Principal component score

Light PNy o
LERR(F) Ranking
treatment Fy F, Synthesis score (F)

w —3.27 0. 39 —1.96 4
1R1B —0.75 —0.08 —0.49 3
1R3B 2.67 1.55 2.02 1
1R5B 1. 35 —1.87 0.43 2

N N

30w

6T R A P A A5 AR R R B R 6 A AR
AR E P A PR AE . ARG R g BRI AR
Ivi) B 31 21 3 O B0 AR A R %) T R L MR A T R
/NiX 5 Zhang %R BE ST 45 R A ML AREETT R
P ARBE T A6 4 W AE A TR LED 2035 404 6 B8 b 33
Ji » Bl O 0T TP O A B R bR v R R AR . FEAR
R, BB W6 g AR R K th R B
B W AR X 5 R g R —5, R 4R
AR IEEWSZ BN, A G T
A I B L AR = T OB L, X Sk
SCARAESS R G A R AR L. X T T X A ) AR
GAENSE- AT UE C U Sy -8 W W N EI N I Fai
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B AR LTS LA 6T L 2006 & bl i 8 A1 1
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W 5% 45 AT .

ST AR W it O G S B0 R 23 RO IR B
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s —3%. B RE R P, 5 G, .C WA
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