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Effects of UV-B and far-red light irradiation on the growth and active component

accumulation in Scutellaria baicalensis seedlings

ZHANG Nan" LIU Xiao> WANG Yuanmeng® SI Huaijun' LI Xuehu™
XIN Zhijun** YANG Jiangwei' ZHOU Libin***
'(College of Life Science and Technology, Gansu Agricultural University, Lanzhou 730070, China)
“(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

*(State Key Laboratory of Heavy Ion Accelerator Science and Technology, Institute of Modern Physics, Chinese Academy of

Sciences, Lanzhou 730000, China)

“(University of Chinese Academy of Sciences, Beijing 101408, China)

ABSTRACT To investigate the regulatory role of light quality in the medicinal quality formation of Scutellaria
baicalensis (S. baicalensis), seedlings of S. baicalensis were subjected to four light treatments: control, ultraviolet-B
(UV-B), far-red light (FR), and a combination of UV-B and FR (UV-B+FR). Growth indices, photosynthetic
parameters, antioxidant activity, and flavonoid content in the roots were measured after 10 and 30 days of treatment.
The results showed that after 30 days of treatment, UV-B irradiation significantly inhibited the biomass
accumulation in both leaves and roots but promoted the synthesis of secondary metabolites, with total flavonoid
content increased by 6.57% compared with the control. FR treatment promoted both biomass and total flavonoid
accumulation, increasing root dry weight by 40.90% and raising total flavonoid content by 3.93% relative to the
control. The combined UV-B+FR treatment exhibited a synergistic effect: on one hand, it alleviated UV-B-induced
stress damage, increasing root dry weight by 45.13% compared with UV-B alone; on the other hand, it significantly
enhanced the synthesis of flavonoids, with baicalin and wogonoside contents increasing by 4.30% and 13.85%,
respectively, relative to the control. At 10 days of treatment, UV-B and FR significantly affected antioxidant enzyme
activities and chlorophyll fluorescence parameters; after 30 days, S. baicalensis showed adaptive recovery with
increased chlorophyll content. In conclusion, the combined UV-B and FR treatment regulates the growth and
development of S. baicalensis seedlings and promotes the accumulation of medicinal components. These findings
provide a theoretical basis for manipulating the light environment in the artificial cultivation of medicinal plants.
KEYWORDS Scutellaria baicalensis, Ultraviolet B (UV-B), Far-red light (FR), Growth, Flavonoids
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5 % (Scutellaria baicalensis Georgi) & J& & %ﬁ%ﬁﬁ%ﬁ%i%ﬁ%&ﬁ(ﬁiﬁ%ﬁ
B2 EAZHEY, HE. X TESHIEAL BhEERCEENERY. Hd, HES
BAPR. Ui PUMIBE R IR S 2 M KERFH T2 —, CEBAFHRLS . EYE

AYEYE, RV AR R SRR 1 1% DRI KBRS T AR K, &5
EYEESG TR EARIL, bk ERmX, X BASHBAERERR S, g 280~320 nm 14
HHNNEE X P, BEEIRIKHZ R RNFES: 4B (Ultraviolet B, UV-B) F1700~750 nm [13%
iJL/i E’@EE’%Z’:/)@E}X’EU\%EW% XK, NI 219% (Far-red light, FR) XTHEMAEK . A HE M

BET O R R, AN TERE AT R RA B, UV-BEEREJR

%zEP, Jel. WmE. HRERGRRSPmMES BDEBEAA 4D, HAEY RN R, 98
WRERRM AR, SBAM MRS EAT, MRS . IR, Uv-BREEATH
S i L Bl BEL RS 3 257 Ml RIS T 1 K
MR L, WATEAE R R E R AT LR THERL UV-BRERE, *Ha%%ﬂﬂé}*%fﬁ

O IR I 8 B 5 B AR B L 25 A, 2240 B2 EJHEH T, Mg Uv-B A5,

TH S HIE 5T O R r) B AR B & = B E N ™. SR, UV-BIE{E 3
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PR EYA R A E N, A AT I 2 AR AR AR
R R . I, SEELUV-B R AR
ME S A ERRZWFED IR, X5
PP AR R 2 e E

5 UV-BHE IR, FRAE NG BB 24
Iy, ATARME YR B R, ST
ARG, ORI Z A Y Bt
FRI, NG ST FREBEMG NS L0, ma
JCHAE N R, IS SFHEY A B R G618, R
PN k25 Y. db4h, FROTAEY)
AR AAMEEER ", filn, FRAEME e
Bk B A itk ThD AR B RN ZE A T,k AT g gk B A
HRERKRE M. 5 UV-BIH AR RN
ANF, FRAEAZHEAED AEK B FIR, ReigdiRr 5
RIFAEERR .

HT O TR AR A AR ) S R B R 2
RETHR BB, Bh= 2000 R X8 1) RS0t
FC . UV-B M FR X 38 %5 (0 1 2 ML 18 R L 2R G4k
E, ZEWEEAXNGHEDEK. GEMEK
AR RS2 i A AS B i . A F il e B S
H R %t (Photosynthetically active radiation,
PAR) X, H—UV-BEEM . H—FRAEM & UV-
B+FR A A AL HE 4 FpLIAEE, X E B4 R KR
B AR PR RS R EERARRY S &
BTG A, BAERPIUV-B S FR . — R4LE
i RO R B R AR AR AR RS, 2
TR S 2R G0 PR AE IR B8 B S BEAR AR -

1 MREEE

1.1 #R5EE

B R YR T 5E 7 T AL R 2 A AT B
1202448 F, L FORLIE I . K/ANE A R
PR 5090 . FEIRE R (26+3) °CHIR = H
B4R fMriARE, EEKBE SN
#HTF 10 cmx10 cmx40 em (KxBExE) KT E W
B, BEEE2MK, LR ESEFRA4E, DL
A HAE 9 JE SR SER A R S5 i F AR A
G 2, 2-TF-W (3-LFEIRFFBEME-6-TH IR ) 4%
E (ABTS). 1, 1-ZRF-2-FE kA (DPPH) .
BPUEMEE ] (T-AOC) K7 &, DA B S
SIS B = BN oS L D) sy N U e T
(A AL T 98%), DL EFA30 B A6 Rk E
BHECARA A LT OB T ai OB, W

HRETE FREAL THRAR; HEE. LIEM
R it all, W3 bt iiasaRHEA R AR .
12 (UE58%F

BUM T B e 2 RLF A BR 2 5 (1 58 406 40 by
% Hi+ TECAN A &) 42 7 [f] Infinite M Nano £ 1]
RE TR FLAR B AR AN TR SUTT T S A BR 54T A H
() DHG-9140A FE AR IR SR T 1A 38 B IRRR
A AP I Waters 2695 1 G (A5 s IRIETR
P e R IR A R A I R A FE 2 R
Bl s AbxD ARRA F #) PB-10 24 PH ALK ;
7[5 Walz 23 7] 2 77 () DUAL-PAM-100 [ 43 % 5%
FA; KIPWCES COHUXER A BR 2 7] 427 1) TDZS-
WS & AR B 0L
13 7%
131 %3Me 4

Wil = NI A K 8 Ji 5 B 4 i i # 2ok
MR IR RE %, e B M B O OE R 14 /2R IS
10h, R 4ERTE (252) °C, PAR G W4T 42
At PAR /E Nt R 4H, AbBEALAE PAR 6 IR 3L AL 4y
BN FE UV-B4E IR (30 W UV-B AT, U6 {1 W iz i
K 313nm). FREEM (30 W FRAT, U§AE WU
K 730 nm), PAASE#EAT 6 h FREEMSHE4T 8 h
UV-B 45 {2 A A0 2 . AR5 Ai7 A 70 S 56 45 SR o
WIS . UV-B 4B E A 8 hd (15: 00 -
23: 00), FREEHEEIEA6h/dd (9: 00 - 15: 00).
JERALER AN, EMRE TOEET, EEHER
45 cm. AN G 2 A A & UV-B 48 I8 7
B K FRJGFHEE%E, UVBHl &N
1152kl/(m>d , FR % 7 @ & % & K
0.791 mol/(m*d) o P sLi I B 3 HAEY ¥ &
=
1.3.2 A KA <

X R AL HE 10 d 130 d S S 4T it AT A K
fatrfodle, BFEKES. ZEE. AL LE
Vi (AR RS R 42 b 43 D B3 4 A T
oy, EE TR R LRI R EIL S, FET60°C
WA TR EEE SRR E) . A EEREALIEEL 10
PRAE AR AT A
1.3.3 AN EHEAR _BASEN L

Sr)T AR B AL HE 10 d A1 30 d J5 R AR S 25 4h 1
R RN A ERBEALIEEL 10 BRI, RERREX
23 FEM, JBEHMO0.1 g ERE . FERAA
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WG, RAFT-80 °CUKF+, HTHA IS
M & 1% (Malondialdehyde, MDA) 5 & f il
E . A A W) B b B (Superoxide dismutase,
SOD) i 14 SR FH 0 Ha DY me v U e« 3k A AL ) g
(Peroxidase, POD) &L A @ G A EY i U %2
W E AL ARG (Catalase, CAT) 4K H i S E
Sy A T E, MDA & &R A AR % R R
ik P .
1.3.4 S AAFEHEAGARN 2

PSR & . 0 THRIRALEE 10 d A1 30 d
Jo, RS ACIRBEALEEL 10 MRS 4N RS, Bk
HEE T 60 °CHFa 11848 h, FIBEART EE ik
Ko FEHEMIE A KRO0.1 g, E T 50 mL 4t
FEH, N 25 mL 70% %, #75 $2E 40 min.
FEHUHR LA 4 000 r/min 250> 10 min, i J€ J5 £ D€
W JEEEE LREIGIFE—IK, & IHFMIKIER .
B A IR IBER T 60 °C HEAG rh ik 45 2 1. AT/
TR AR 70% LBEEFRZ 10 mL, AE AL 5
W, RRAERESCTAT 28 34

H H2EE BRSPS RE /1Ml 5E . DPPH H
HH 255 B B8 /7 14 1C, [H 2 18 Blois " ik (1) 5 vtk
AW, XA S BOEAT RVIB R, 153
0.040 mg/mL, 0.063 mg/mL, 0.098 mg/mL,
0.154 mg/mL, 0.241 mg/mL [{JFE &R, B &%
R 5 45 K R 80 pg/mL DPPH I8 IR &
IR N 30 min J5, PAJG/K T EE A =S AR
£ 517 nm KA ME RO, RN (D HE
DPPH H 3 7E kR % ; ABTS H HEFE KA K
IC,, Z M Re 55 " {7 VAT 58, XAt S VA
Fi B¢ N 0.040 mgmL,  0.063
0.154 mg/mL, 0.302 mg/mL, 0.593 mg/mL [ & %]
WelE, HU14 mmol/L ABTS 20 mL 5 14.8 mmol/L it
T 1 B W 20 mL VR &, WEOB RO 16 h, il 43
ABTS it &30, 1T 95% L BERRE 2O E A
0.7+0.02. 4 ABTS TAF K5 & i B2 I v 55 4 A
BAE, WiEREE6min, PL50% L8N AR,
T 734 nm AR EWROG RS, RSN (2) 1 ABTS
HEHEFHRE, DP9 ] (T-A0C) KA
AR T Bl E . #4180 uL TAEM . 6 pl B 5 HEEY
YIFI 18 WL ZE MK 96 FLAR, iR A R 7E = I
THCE 10 min, T 593 nm AL EWR L . JE i Fe*
PRl 2k (X, pmol/mL) 5FE MK, M4
(3) THHEEPE R

mg/mL,

DPPH [ H1 2375 5 % (%) =[1-(4,-4,)/4,]<100

(D
ABTS H H 5B R (%)=[1-(4,-4,)/4,]%100
2

SPTEARE )T T-AOC (umol/g)=34xX/W  (3)

. 4, NFES 5 DPPH (B{ABTS) [ & WK
HFE: A, %X RAE DPPH (BLABTS) [RIFE A< i
WOGRE ;s A, RN A SRR B2 AWOGREE s X ONFE S
W, umol/mL; WREFEMAE, g.
135 AtseFsEme

3 5 %k HE AR B 10 d R 30 d B3 5 &) R AT
HURE, AL AR ERBENLILSE 1OPR, B HGT TG 25 2~3
XEM, BAERFE0.1 go R QR IEESE L
R, RBP4 24U N 10 mL 95%
TR CEEH, T4 CCUKFAIGALEL 48 h, EEM
TEREKRH. MG, AR (Tecan Infinite 200)
W32 665 nm 649 nm F1 470 nm 3 K (19
WAL (4~9) 7l it 5t 4% a (Chlorophyll a,
Chla). "M%tz b (Chlorophyllb, Chlb). [fMH-4¢
% (Total Chlorophyll, Total ChD) FIZE#H 8 [ &
(Carotenoids, Car) 7 & AN IH2RE a/b LUAH .

Cepy.(mg/L)=13.95%A4,,.~6.88x4,, (4)
Copn(ME/L)=24.96%A,,,~7.32%A (5)
Total ChI=Chl a+Chl b (6)

C.,=(1 000%4,,~2.05%C,, ~114.8%C,,,)/245

@D)
Chl a/b=Chl a/Chl b (8)
23 25 S B = (O IR < B B A AR /B i
Hx1 000 )

s Agsn Ago M A 73 AR E WK TSR 3R
BRI -
1.3.6 rH&EER ALK Z

Sl THERRRAEE 10 df30d)E, THRBRS
9: 00-11: 00 FEATHGERFOCSEHNME . MHT
N} S S A i HEAT I 3E Y 20 min, 8 A SR 086X
X} A 2 AR BRBE AL IE B 6 R A — B A, B
PRIEFR ) 28 6~7 Fv Bt b AT I &, IIDE S RO6Ak

% % % (Maximum  efficiency of PSII
photochemistry, F/F,) « £ [ % 68 # 1b 2 %

(Actual quantum yield of PSII photochemistry, Y
(I« Safb 2 K R4 (Photochemical quenching
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coefficient, qP) A1 HE )t 1k % % K & %t (Non-
photochemical quenching coefficient, NPQ),
13.7 FHBRAELASHAHEN T

s 2 4 . SR H Waters Xbridge C18 £ 1% £
(4.6 mmx250 mm, 5 pum) AT/ M. FshHH
11 0.1% H /KR (A MZKE (B) 4k, KH
FAEE VR FEFE (0~5 min, 32%~35% B; 5~30 min,
35%~50% B) , it # 1.0 mL/min; £ W 3 K
275 nm; FEiR27°C; HEFEE 10 pl.

Xof HEZHL VR 4% o R AR 51 16.5 mg.
WHEEH 44 mg, HE K39 mg. WEF R
1.8mg, BT 10 mLAEREH, I H B E e 2%
B, R, TSR AR RS A T

BB R A . IS 1.3.4 1 R
1.5mL, 022 pm fALUERIE I8, I8 RD A ALK
VAT o

i 18 il 2% e il o A ol R B UG IR T
02mL. 04mL. 0.8mL. 1.2mL. 1.6 mL, & T
2mLEERS, IWAFEMBERZIEL, BYE
22.0.22 pm WAL IERR I UE . 0 R B 3R A B ) I
W10 pl, % 08§1.3.7 (i S kAT I . DA
WETH AR (D X H R ERE (X, mg/mL)
AT MR, R 0 ~ (13) BEES
. WHES, BE5R. DUESREIHGRE.

Y=2.964x10" X+3.395x10°, R*=0.995 0 (10)

Y=3.760x10" X+3.325x10°, R*=0.994 3 (1D

Y=5.515%10" X-8.456x10°, R*=0.995 0 (12)

Y=4.562x10" X+1.231x10°, R*=0.994 8 (13)

U] S HFLE 0.165~1.320 mg/mL, V355
£ 0.044~0352 mg/mL, ¥ % &£ £ 0.039~
0.312 mg/mL, ¥ FHZFZEAE0.018~0.144 mg/mL 4
AR FE S B P e o6 3R R
1.3.8 EXEASZNE

R R R S 432 mg, BT
100 mL &&=, IIATC/K SRV R IF € 25 2 4
FELR, $RE), HIEFES AR % WRIOZ
% W W 1.0 mL. 12 mL. 14 mL. 1.6 mL.
1.8mL. 2.0mL, ZrHl&E T 10 mLA &S, Ik
KCRERBERZNEL, A, RBRFIKENE
KR EE R . LK GRS AXN R, 1
278 nm Y K Kb I 72 25 b VA TR RO FE P LR
HEE (Y NP BIE, BEEEHRE (X, mg/mL)
ML, el b et 2, 5B A

Y=39.744 X+0.057 6, R’=0.996 8. fEAH[FIZM T,
B 1.3.4 95 70 & A B A, T 278 nm P K
bW e LR RE,  FEAR HE bR AE 4t SR R
B .

1.4  BUEAIE

DL ER A R E 3 HAEFES, B
AT 3 PAT MR AR FR S 56, 45 SR DU 34 {E+
Fr#fEZE (meantSD) FIR. ¥ H Excel 2020 {4k
ITHYEALTE, fd ] SPSS 25.0 A4 ) B IR 2K 2 0y
BTG 56 72 ¢ S 35 1, AH G B3R Origin 2021 3K
24l

2 R

21 UV-BFMFREESHEE KIS

W 1) TR, fEIEAFE10d)E, UV-BEEME
AR 0T BRI 25 PR, 1T FR % R T et
MR 2F 5 25 1800 16.84%, UV-B+FR 414 AbFR Ak =
ExtATEZEER. FEELAI30d/5E, FRIEM
HAkm S BATLREER, KRS AIANKS
PR ELT . RGN, UV-BREET
LR S AR AR T XTI, R UV-B XM R A= K
HAWREMMEIER. fE4M 10 d8, FREZFE
BT RS K, H UV-BHFR 2H 4 b B A% R
T AEXTHRKSE, BN 78 FR )6 1T 22 if UV-B X 4=
I RO o AN [R] ol Ak 3 ) 25 B AR A 77 AR 5
M. @il 1) frx, 4310 di, UV-B+FR4AH
AL AS ZE B AR O IR N T 6.12%. ALEE 30 d i,
FR % M8 4H 25 B AR 500 B3 151 3.29%, 1] UV-B+FR
HEIRHEX IR EE R, R FREEX
A K B G RWMAER . mE 1R, fEk
10 d 130 A, UV-B%E A e f £y B 2E K
TR, R UV-BAREHG] Tt K E. FRAR
HEZH RN UV-B+FR ZH & 4b 38 20 ffy e 1 $50 5 6k B A 8
BEER, RURFLEET FR I 50 5 m
BN mE 1D ME 1) Fian, RN IE,
UV-B % H& 21 (1) b 350 45 RO 350 66 5 35 52 1) Sl 3 410
#il, mHAAAHEHASH R LR EER. XKH
UV-B 7 f8 i E H0i] 7 sE i EAL R, 1 UV-B+
FR 41 & Ab BE AT i B Pk &2 28 56 AP, R FR 4b
HEREE S2 i UV-B X i B AR M sER . iRF
HERME 1OF7R. 410 dE, UV-B. FR &
UV-B+FR H & &b B 4H AR T 3 3 8 2516 T
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FHUH BRI EIER . ALFE30 A, UV-BEEME
AR T HEOKRE 2XIR/KF, 1 FREER AR UV-
B+FR ZH & 4 3 41 A AR T 28 U 5 0 B 40 1) S 25 2

Ctrl Uv-B FR UV-B+FR

—~
g

Seedling height / cm
N w B (62
o o = o
T T T
HH
b o
fo)
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I

o

—
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~

10d 30d
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o
1

Number of leaves
(2]
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T
fo)
(2]

IS
o
T
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£
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©
T

Q
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T
ju)
Q
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==

Fresh weight of roots / g
o
~
T
|

e
N
T

0

7 40.90% F126.67%. X3 B Bk UV-B 4b B X AR
A B0 R i Ak B R A T ek s, K&
HH PR %5 FEU) 2 2 (R 3 s S 4 T R AR &R .

=5
g

-
oo

Stem diameter / mm
>
T
o
o

-
£
1

P
=

Fresh weight of shoots / g
N

} M B
0
()
10d 30d
0.3
S}
; a
5 b
202} a c
5 o3
£ )
o B b | m*
g I_ c I 4.
> 01N L bc
a o |
0

1 UV-BFIFR AL EE X2 B 41 AR K s i CRE 68 I 28 W0 « () Bl s () 22 BLAR s (Ot 4 (Db o B
(MR EFH ; (DR T A [N T FRER IR AL ) 22 5 LA G247 5 L (p<0.05)
Fig.1 Effects of UV-B and FR treatments on the growth of S. baicalensis seedlings (color online): (a) seedling height;
(b) stem diameter; (c) number of leaves; (d) fresh weight of shoots; (e) fresh weight of roots; (f) dry weight of roots;
different lowercase letters indicate statistically significant differences among treatments (p<0.05)

22 UV-BH FR M HEZE 4 E IS WEEE M F
MDA KI5

WE 2@~ fi~, 10 dR, UV-B. FR
A1 UV-B+FR 4 & AL EEf) SOD 3% P . POD i 14 BA &
CAT iE M B m T IR 4R 30 diY, UV-B+
FR 20 A AL PR ¥ SOD 175 PE RN CAT 3 14 45 % R 4 AH Ll
BERR, HROHASRAMLEEEZER.
I o e LIS TR PRS2 b B 2H 1) POD 3 1 44 S
F R, HUV-B AN B RIS T 57.81%.

MDA #& 7% P % (Reactive oxygen species,
ROS) 5S4 M55 7= A= IR R T S8 Ak =4, H&

T A W AT 5 P O T A SR AR AR Y. R
FEALFE 10 A, UV-B+FR 414407 () MDA & &4
TR PR T 42.11%; 4RI 30 dBf, UV-B 41A1
UV-B+FR 41 & b B R AL & B F T, 4
AR T 19.13% F120.10% (B2 (d) ). Xsbsh
AR, ANED oAb 380 3825 4y B 1) B A AL B
PRI i I SRR B B B3 s, Hh UV-BiR
R | ) T o SR A B 4 B O BH 2, T UV-BHFR
HE T B EBOEPUANEE RS, R FR W] fe
B BOEPUEL RIS, e R E LR UV-B
RIS S A .
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(@) 500
400 f a
bc

300 f

200

SOD activity / (U-g™")

100

10 30
Irradiation duration / d
(©) 8oy

o
o

u-g™)
(eon

N
o

CAT activity / (

N
o
Q
[

o

10 30
Irradiation duration / d

(b) 125 Ctrl
[ uv-B
FR
_1oor - UV-B+FR
o a
2 75t
=
= a ab
S s0f P I
[a) ab
o)
a b
25} i
0 i "
10 30
Irradiation duration / d
(d) 015
b
g 0.10 F a
= b b 2 ab 2
g b b
 anf
o
© 0.05}
<
[m)]
s
0 | A | R
10 30

Irradiation duration / d

2 UV-B M FR &S 58 25 )y B L AL B PR A MDA &5 80520 O 6 1L 2530 : (a) SOD i k5 (b)POD i 5 (¢)CAT i
P (MDA & & ; A F)/ING FRER IR AR BRI 22 5738 St it 27 L (p<0.05)
Fig.2 Effects of UV-B and FR irradiation on antioxidant enzyme activities and MDA content in S. baicalensis seedlings (color
online): (a) SOD activity; (b) POD activity; (c) CAT activity; (d) MDA content; different lowercase letters indicate statistically
significant differences between treatments (p<0.05)
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Fig.4 Effects of UV-B and FR irradiation on chlorophyll, carotenoid contents and Chl a/b ratio in S. baicalensis seedlings (color
online): (a) photosynthetic pigments content after 10 days of irradiation; (b) Chl a/b ratio after 10 days of irradiation; (c)
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indicate statistically significant differences between treatments (p<0.05)
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