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WE: A RRAGHEETRERATELY G A ERERAEKATNEH, KALEEN 96T MeVHIHRE TR
BRELXYYE, WETTRANEBHENFEE, ¥5. "thEk. a8%. £9E. KT, WALEEE.
KAERAFERRERB NS E. HRET, SHRBARK, EXHHHNLELTE N 32.82 Gy, 5H
I0GYWEBR TREHAGEXNE®. "THhHE. 2B AEWEHFE I, M30Gy BN AER. EAE
4H 48 & 1k 4 B Ak B8 (Superoxide dismutase, SOD) £ 1§ & b 47 B (Peroxidase, POD) 7 1 3 fm LA 8 4% 48 4T 18 Ak 89
EHEAT. BREOEAN, YR xeeMAEE THRES., BREFIA, 5SHI0OGyERES

HHRRTREEE. B AL REEHMRIRE, 0GyBRRIATEERTREMAELZNMER, ALK
I, 0GYWEB FTREMM* T EZHHMNER, HERBTHYARSEGE. ATRRRTEE TR

HESWLREMFRNE, HBETRELWEA BRI BT AARRERT EARIE.
KRR BX BB TR A EWFRE; AN

FESAS: Q947.9 XEkFRER: A

il

0 35

W5 B BHAE Y (Scutellaria baicalensis Georgi,
SBG), HEHITIRMR, HAHEIRE. 5 KRN %
NI EEEHEMAE. RKNRE, BREZHE
PERSY, R E S HEXA S, w4
WIS B R T, ARG 70% 1) 8 A2 T
SR A ES RO Pl R e =2 =0
FA 254 2 — 31, S 4 SR 1 7 e % v R 24 B v P
B TEZEH. EIRTISHER I 160 RE AT,
A AR B AT+ (4, S5 TR SRR AR K,
ELECN R R FE gk 2 — Bl 35 A4 3 %5 78 R E Ak 75 4>
Tz, ARHE R I B R A2 3 SR A YR T ) P
WL, 4, i EEsk A A TH#E U, HIER

im B HA: 2022-11-15; &2 HEA: 2022-12-27
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B YL s BT S E AR YR AR A R
HATHRIR, G T MR ) R ARAEE, NI AE R
7] s 5 3 R A AR S e AR 4k L, Joep, HE BT A
MURe AR S T 28 32 0T, BRA R BAE R 2% (Lin-
ear Energy Transfer, LET) Fl A X 2 #) 2% &4 ¥ (Relative
Biological Effectiveness, RBE), 7E & Fl 1 R I H A &
Ty AR UUR B R A e e 1013, B
VEMIRIAL SR S T B R PO Okamura 25 [14]
FIRHEE TR X2 Ry 8RR o5, 458 kK
BT R AR AR T 2 e KR T A
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Hase 25 SV B, MILLT v oLk, 180 &5 7 AR 5K
FEFP T REE SR S = (I RAR R, TR 5 A AR 1) RAR
o FEFRE, BT AR AR E e M H T RAIEY
B R4 0], it J 7 % 2 4 rp A R 22 R S
e [E B2 R AR B T T IRAS T AR B R
AR PR 171, Gaol !SI #R 72 7 5 B 74 M /N R 22 IR
MR L 22 R R BR ARG A g2, IR1S2) T
WA R AR, IZEORHIE T N T 25 R
RIHBIHWET, W AR F I ERE 15 1)
MU 35 POV A b 2 b g Rl . SR, TS B R
IHZRH RS B ks A4r, ks T et s P
5 FE DY 5k D202 2%, iR AT BT AR
PR B L RHRIE .

YRS HE, A A NS RN R 2,
BT 245 D A R 0 A B 5 T8 7 AR B 0%, e
fts B 407 b T AR 24 PR 0T S S A e AL AR . L 2% 23T
Fo 1Y S ERERIRT 4 Bl AN E S BB A RN, a5 RN,
FTAE f R 1 B SE AL B AL B (Superoxide dismutase, SOD)
WY ST E R B, 5 % (Malondialdehyde, MDA)
S EIEWIGE. Wk PRy SRR O 2 BRI R,
RKIL 60 Gy AbFE 1) 22 3% VM, AR B 2258 R & BB R
BERE. YangPURIL, 25 Gy I8 K v 5 Lbm bt g
PE AL T (2% 2K a (Chlorophyll a, Chl a) 5 4%
% b (Chlorophyll b, Chl b) & & . {HAHLL TR EIEY K&
FAEMIEMEEFL, HEFREEEMEOREZ Y
A3 (1 52 FH AT AR X S 55 o ASHIT 70K 12O AR I B
WIH, PRICE BT AR X B S A AN RN AR )
N ARSI R, FERERN EESAEKKE &
A PREEATESL, DU T AR EE 5 RN 2 AR 244X
R SR A 2 N

1 MREFEE

1.1 SEewHY

TSR TR IR T 7 T AO R E B S BE . 2022
EAH, KESHTE A LS KRB T
B IR M (10 cmx10 cm), B 118 i5 6 8 5 75 44 24+
D °CHik, M. Sl 16 hIn#EBE 8 h, Bik9d)E,
P KBB4 E T & A RIEELNR) 35 mm 7B
BrgRllh, iR N T S AE B T R ST AL EE
12 BRI

5 BE 12COT TR 2% M B T AT B (Heavy lon
Research Facility in Lanzhou, HIRFL) [f] ¥ J2 & & T
A W) R B & S (Terminal 4, TR4) 3R 6t , %] 4f fE &L

967 MeV, B FEM P LET N 34 keV-pm ™!, &
F N 20 Gy'min !, 4F B & 4 BN 5, 10, 20, 30 A1
40 Gy. XFHEZH B T A AR [F] 3R 88 &4k h, (BN
BT R IR AL P
1.3 BREEF

RIS L RS S A AR E S0 FLNEL, REIRE N
BRI BHRA =31, fEEEFRERRTE, YN
FEHE 14 h N ERE 10 h, IREA (21£2) °C. 3 G4
HRETEEMAT (9 cmx9 cm), 4kLLE9E2 9.

1.4 MEIEFRR A
141 FEENZE

ARG AK T 3 ARSI T A E RS
Ko th 2 0 B DA E B4 P e A7 T AR AR -

1.4.2 FSERENE

WE: A ER AL T 3. 6 A9 AR E
LA AT I R, DAY T T 2 2R 40 i T Y B
BN, REACEYE 10 £k,

MR G R RS S AR T 3 6 A9 R
WA ATH B e, AL E 10 Fk.

IR RERS AR T 9 A B4 AT R
Bl g, BB 10 k.

ApE: AR EAK T 3E. 6 MM
ORGP B AL R 5 AR AT, FEE
HARGE LG, BRI 5 ko
143 XEBRIENE

Iy AR S A K 3 L 6 JE R 9 JE ) TR 4 i
TH b 55 X EUH-EAT IR AT EURE 0.05 g, Z IR 3k (2]
PEHU 4% . f# FH bR 1Y (Tecan Infinite 200) Wl 3 665+
649 2 470 nm WA T IR SERE, RIS A Lt E s
fif ¥ [f) Chl av Chl b. & M %t & (Total Chlorophyll,
Total Chl) FIZ&iHEE b2 (Carotenoids, Car) S, THHEATT:

Cena=13.95 X Agss — 6.88 X Agso»

Cenip =24.96 X Agyg —7.32 X Ages »
CTolal Chl — 663 X A665 - 1807 XA649 ’

1 000X Ao —2.05 X Cepa — 114.8 X Ceny
245 ’

CCar =

w=Y 1000,
W

ANF: CANECRIKE (mg/L); AN PEK TR
W o AR E (me/g); VARBURAEF (L);
W RNFEREEEE (g).
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144 MEKEEMR MDA 2 2E
S MBRS R AT 3 6 A AN 9 JE I3 5 i
H R, IRAERE0.] g, TREUEE S B T80 °C
KR IKF A R, HTRSEPIANEE > HT. SODE
P SR FH SR DY 3 2TV s, 3 S AL W I (Peroxidase,
POD) iF R A AmNE 28 e, LA (Catalase,
CAT) i kR it AL A o i P21 2, MDA & &%
FRAR B b 22 5B ik 2OVl e
145 XEERSENE

AR R O F, R E I O A
X (Yaxin-1102G) I 5€ &) B M- Fv 1) #4065 & %5 (Net Pho-
tosynthetic Rate, Pn), “SfL3% (Stomatal Conductance, Gs),
7% 5 T R (Transpiration Rate, Tr) X i 8] — 4 46 5k 4 /&
(Intercellular CO, Concentration, Ci).
146 SRARESZZENE

SRR R R AR TR O, B4
LR, BT HAE T 60 °C T 48 h, W ERE AR
WA HHL0.1 g FE5E T 50 mL A, A 25 mL
70% .0, FEAREC40 min, 1yE, JEREFINA 25 mL
70% LB, FEFE 40 min, 9E. SIFMIKIER, 7E 60 °C
NG TR BT THER K 70% L€ 45 %8 10 mL,
REI o

PRt 2l VR BCHKEZ Y 0.416 mg/mL ()7 T 5
HER 95% LBEAT. EHL0, 0.2, 0.4, 0.6, 0.8F11.0mL
T AR UETR, 43 N 5% F RS R B 7K %5 % 0.3 mL,
FEiRFE 6 min; I 10% [FIEER 5 /KA 0.3 mL, #
H 6 min; SN 4% S AMBKIER 4 mL, HEE K
ERZE10mL, R RESIEFE 3 min, B OO
JE 508 nm K T IIWOLEE . 13RI FE TR N

Aso3=5.633 9C +0.042 6(R* = 0.998 3),

CxV

==
A ARRPORE; CRRBEIKE (mg/mL): o
FoR B S B (mg/g); VEMRFFINBAR (L), Wk
TNFE N B (g).
147 BEZREENE
1.4.7.1 it

fiH Agilent 5 TC C,g 4154+ (4.6 mm*250 mm, 5 pm);
MBI 0.1% FRIKIETR(A)- L85 (B), RS (0~5 min,
32%~35% B; 5~15 min, 35%~50% B), ¥ii# 1 mL/min;
R K 275 nm; AR 27°C; BEFEE 10 pL.
1.4.7.2 S SR I V) 4%

FREX 3.94 mg # 25 F 0 HES ( L6 0 25 0 6 8 T

w

Fbt, 4R 97.9%, 5 111595-201808) B T 10 mL %
IR, IR AR E A A2 10 mL.
1.4.7.3 AR &

B 1.4.6 A& 1.5 mL,  FH 0.22 pm AL g it
U8, PRV AR SRR
1474 ZMEXREE

53 9 kS % B U RV 0.4, 0.8, 1.2, 1.6, 2.0 mL
BTSN 2mLAEEmSY, MAERES2mLES,
0.22 um FFLIEHE I 38, & H 20 AR R AN [k
MV 10 ul, 3% 1.4.7.1 Tk 2R dh el e . DA
TFARRSME (Y) 6 HR B (X, mg/mL) FEAT 261 A1,
RENEAFFEN

Y =5.486x 10"X +7.194 x 10*(R>=0.9995),

F UL R AE 0.039~0.386 mg/mL [ I Y0 el P 2%
PER R RUF.

1.5 BIRALE

AR E A 3R, IS8 P bR i 2=
Forne 2R WM HTEH SPSS 29 BAF 1 HLIA 3 7 %
43T (One-way ANOVA) ] Tukey i£ 417 . 18 Graph-
Pad Prism 9 B #E47 B 2 U & 22 1A

2 GRS

21 SEERBETFRIBSHEFEENEN
TS LI T 22 AN [ R 2 0 v R R S TR R A S, B
3, HAEKZRIAFFRERRE, o0 7EE
7990.00%, 5 Gy [ 5§ A4 55 0T &) B 1R A7 3% 2 50
ANEEE 1), 10 Gy S EEE R 96.67%, 20 Gy
B G A R BE AL A 87.33%, 40 Gy I TEIE AU A
12.00%. 15T 10 Gy B S AER S 1 45 B
RE: HEEIEFE N 40 Gy I A KA H] BN & 8B &
HARERERR N . R L Z RS = 1—(1—e*%)N ,
WAGER ] Dy=4.247, N=1573, R*=0.928. tRIEHLA
SRR BRI E R 32.82 Gy .
22 SRERBETFRIBESNEE KNI
221 SEERBETFRNESHZMN
e R 25 1 LR SR 0T B B v R A 4 ] 2(a) TS o
G 3, 5 Gy fRSHEE S mPEK, 10 Gy &b FE4H
T S X R 22 S AN 3%, 20 R 30 Gy 4@ S #ii) 1 3%
. WAE 6, 5. 104120 Gy F4b BH 4 1 e
X IR 4 B3 N T 22.63% 16.57% 1 16.11%, 30 Gy
Aab TR 2L T v B O T R LK) 76.98% . HE T IS 9 JE, 20 Al



- 610 - B F %Y iR 540 %
120
90 ¢
té 60 |
s
30t
o . . . . 5Gy 10Gy 20Gy 30Gy 40Gy
0 10 20 30 40 50
Dose/Gy
BT B T A S BB 4 A 3 AR K s e (TR )
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® Tk (@ Thak] o
= 9 weeks weeks
300 4 AABB st ge 4 a8 ¢
L a a
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g 20T ¢ £30 L #
IE A i A A b c
=IT! E/E*é—é\g = g/éﬂ_g\g =
15 oF
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L a a W
0 b b b ab be a b a
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0 5 10 20 30 0 5 10 20 30 0 5 10 20 30
Dose/Gy Dose/Gy Dose/Gy
B2 T SR S X A [ o ) 3 55 4 P T S S
(a)~(c) RIRFR R T R I R ORI 4 B4
30 Gy Ab P 2H B = B AK, 40 ) D o6k B4 1K 90.59% A1 HHJE 3 R, 20 F1 30 Gy 45 Hb 13543 Al kb 35 40 i =

57.14%. UVLEHTERR S 5 B 1N 3 ), BT 10 Gy
AEEREAL, SRS I PR RS 6 AR
(520 Gy) il 7 B A K MR RO /), BT
FER L P S R AR Y, R T . B
WAL WA A FFEN RS FRES G, WA
e B AR AR A . SR, BESRS A 5%
IS T () S, AU TR e L P A AR v 5 0 R P v
Felt, w2 0 A 2 2 B
222 BEEERBE TR A BMSREHZN

R BE DS T AR S S I AR K o R B i
BT 520 [ 2(0) 1 (c)]. AR 3 H, 20 Gy b FEAH (1
A BEAG. FEEE 6 8, 30 Gy MIALFR AL M A0
A, EEEHE 9 R, 5 Gy FREHMH AL, S0 Gy
ALFR AL 3 BB N, 1 30 Gy Kb EE 4L 1K 2 B K0
AR R ZH ) 42.86% [ 14 2(c)]. BERE, 10 Gy a4
JE B 4l A 15 % BRIy B R
223 ERERETFRMEYERIRELHZ N

B AR B AL b e L M R e
FAR 7 LU ) A b B A 5 B I 5 7R TR A % (B 3). 4

AR 10 Gy FRS R T3S Enisim; 5, 10120
Gy A PR AR & LR AL T B M, 30 Gy ab#
A IR AR TR B O B ZH B AIC [ 18] 3(a)~(c)]. %R IS 6 i,
5~20 Gy 4& 51 Ja [ Hh 35 0 it R 3B o SE 3 m, ik —
A i B ARG 57 B A A R T AR E AR R [ 3(d) A (e)]-
WG9S, 5 Gy AT A LR, 1 30 GyfE i
Pl T AR K RN T 20 Gy IR 6 e At TR 41T
REZER, 30 Gy AR L RIR PR [ 3(g)~()]. 4
REH, 5H110 Gy MK E58 5 B A R £V &
FLRMIR

SERBTFRIBZHNENELREKLMDASE
A

RS S BUB YA P IE % (Reactive Oxygen Species,
ROS) &, MBS PUAAET RS LAERR ROS. A
FRIL, FEHIE3 . 6 A9, SOD i b i &
THEa %, H 10 Gy ABRZH ) SOD i M i [ Kl 4(a)].
POD FITEHEERR ST 5 3 8 & 6 J8 4y vh S 30 HA B 77
Thim G AR ST E &S, 4S9 4 POD i 14
B 7 S PR S Ty . HLZEAHRIE (R PY, 30 Gy ab3 4

2.3
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[ POD 35 14 e e s 58 51 5 6 J& Y POD i 1 27 Le 48 5 )
3 K9 Rl [ Bl 4(b)]o TERI—BTHIN, 401 CAT BT
PEAAE SR I /5 3 8] 52 B Bl 70 & 5 PR AR T s i
Mg E6 KA LR EER . HEEREN)E 64,
4y ¥ POD [ 3% P4 25 B 48 O )5 3 A A 9 A AIG [ 4(b)].
MDA % 5 = 1% s BT 20 f I 5 AR B, FEFE O S
3. 6EA 9K, SHI10 Gy A4 ) MDA & & 5 %f
HRAH ) 2 52 AN K [ B 4(d)], 1 20 130 Gy ¥ MDA & &
TR, U R R TS ) T A A R i T Y
s, HAEKER RN A2 E

24 SRERBTROESEM B XA EREN

SEERE TR XA B REENEM
Ha RS EAERSE3IAM6E, AR TE
(I E BRSS9 i 5 X A 2H 22 e A W3 (1E5).
SR 3, AN 20 F130 Gy 44/ Chla. Chlb }% Total Chl
T EBO ML P, TG AR A 2 o0 R 2 A
BE. WA 6, 1120 Gy 41/ Chl a fl Total Chl 5
ERIRARFK. 859 R, 5SH110 Gy A4 Chla
1 Total Chl & &80 FAL T &, 1 20 F1 30 Gy &b HE4H
PN 2R 2R S R S TR X UL R A B AR A S 1%
IE SR A B AR R I S R e R . TR
WA NRIEFES S 3 A6, 4 JITE 20 130 Gy Ak

24.1
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i) A__A A A
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= c
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_ 3 A A
¢ c
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E A A A A
: W
I
ﬁ 1.5+¢+ a >
al
1_ ab be
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0.0 . : . . .
0 5 10 20 30
Dose/Gy

K s

ZH e HRZEL BRI, 1 A 20 1 30 Gy 771 & Bk 25 1 58
SO PEAR ST R A 12 RS MR R . (BAER S
JEWOR), SBMHAKEAY PESELREER,
T BF T b 00 o B0 5% 2 o o o T T PR A2
242 BEREHREFRAMHHEAESIERNZMN

TR S, S R RS ER 20
s (E 6). 5110 Gy AbHZH 115 6 A3 % (Net Pho-
tosynthesis Rate, Pn) BO0HRZHEET S, 5lbEE 1 49.89%
F144.63%. 20 130 Gy &b H 21 f) Pn 5 5 TR LA &%
ZE 5. 5110 Gy Ab#EZH )AL 3 & (Stomatal Conduct-
ance, Gs) thAEOW IR AH 525 TH i, 70 0 1 38.31% Al
36.84%, 20 Gy 4&51 5 1) Gs 5XTHRALANY, {230 Gy4H
RN R A R . MY A A AL IR IR (Intercellular
CO, Concentration, Ci) {5 7| & e ARG 5. (HAEW
JHU% (Transpiration Rate, Tr) 7555 Kb EE2H [A] % B 5 %2
o MR E, (RFE (5110 Gy) 540 1 E 51
A HEMSILGE.
25 SHEBRBTFRNBEZTYELARARESZSEN

Al

re A E B PR MG T B AR KE, B
s T AR R . 5 Gy iS5 3SR A
TR & B EAC T 8.55%; 10 Gy kb 4H i) & 5 i & & T+

1.0
o8} )
g B B B
Qi
“osl AB AB AD
. B
i
E—\ a ab
8.421 ab ab b
0.0T
0.3
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Biological Effects of High-Energy Carbon Ion Beam Irradiation on
Seedlings of Scutellaria baicalensis

GE Linghui’?, WANG Yuanmeng!?, LIU Xiao>>, DU Yan>>, CHEN Jingmin>>, LI Xuehu>3, WANG Man>*,
ZHANG Yifan?, WANG Fusheng®, JIN Ling"">%f, ZHOU Libin!>3-t

(1. Gansu University of Chinese Medicine, Lanzhou 730000, China;
2. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China,
4. Lanzhou University of Technology, Lanzhou 730000, China;
5. Dingxi Academy of Agricultural Sciences, Dingxi 743000, Gansu, China,
6. Northwest Collaborative Innovation Center for Traditional Chinese Medicine Co-constructed by Gansu
Province & MOE of PRC, Lanzhou 730000, China)

Abstract: To explore the effects of high-energy heavy ion beams irradiation on the physiological and growth characteristics
of Scutellaria baicalensis Georgi seedlings, different doses of carbon ion beam with total energy of 967 MeV were selected to
irradiate seedlings to measure the survival rate, seedling height, number of leaves, number of branches, biomass, root-shoot ra-
tio, antioxidant enzyme activity, photosynthetic characteristics and content of secondary metabolites. The results showed that
the semi-lethal dose of seedlings was 32.82 Gy. The seedling height, number of leaves, number of branches, and biomass of
Scutellaria baicalensis increased under 5 and 10 Gy, but decreased under 30 Gy compared with the control group. The activit-
ies of superoxide dismutase (SOD) and peroxidase (POD) in all treatment groups increased to reduce the damage of reactive
oxygen species caused by irradiation. The content of chlorophyll in leaves decreased with the dose within 6 weeks after irradi-
ation; the content of total chlorophyll, net photosynthetic rate and stomatal conductance of leaves increased under 5 and 10 Gy
in 9 weeks after irradiation. In addition, the accumulation of total flavonoids and baicalein in the root were promoted under
10 Gy. These results indicated that 10 Gy heavy ion beams not only stimulated the growth, but also increased the content of
medicinal ingredients in Scutellaria baicalensis. The study explored the contemporary biological effects of heavy ion beams
radiation on Scutellaria baicalensis Georgi, which provides a basis for the follow-up research on irradiation stimulation ef-
fects and radiation breeding of Scutellaria baicalensis Georgi.

Key words: Scutellaria baicalensis; carbon ion beam; irradiation; biological effect; antioxidant enzymes

Received date: 15 Nov. 2022;  Revised date: 27 Dec. 2022
Foundation item: Crop Varietal Improvement and Insect Pests Control by Nuclear Radiation; Youth Innovation Promotion Association of
CAS(Y201974); Ecological Planting and Quality Assurance Project of Daodi Medicinal Materials (China Science and Techno-
logy for Traditional Chinese Medicine[2020]153); China Agriculture Research System of MOF and MARA (CARS-21); Strategic
Research and Consulting Project of Chinese Academy of Engineering(GS2021ZDA06); Dingxi Municipal Science and Techno-
logy Program(DX2021AN10)
T Corresponding author: JIN Ling, E-mail: zyxyjl@163.com; ZHOU Libin, E-mail: libinzhou@impcas.ac.cn


mailto:zyxyjl@163.com
mailto:libinzhou@impcas.ac.cn

	0 引言
	1 材料及方法
	1.1 实验材料
	1.2 辐照处理
	1.3 辐照后培养
	1.4 测定指标及方法
	1.4.1 存活率测定
	1.4.2 形态指标的测量
	1.4.3 光合色素含量测定
	1.4.4 抗氧化酶活性及MDA含量测定
	1.4.5 光合作用参数测定
	1.4.6 总黄酮及黄芩素含量测定
	1.4.7 黄芩素含量测定
	1.4.7.1 色谱条件
	1.4.7.2 对照品溶液制备
	1.4.7.3 供试品溶液制备
	1.4.7.4 线性关系考察


	1.5 数据处理

	2 结果与分析
	2.1 高能碳离子束对黄芩幼苗存活率的影响
	2.2 高能碳离子束对黄芩幼苗生长的影响
	2.2.1 高能碳离子束对苗高的影响
	2.2.2 高能碳离子束对叶片数和分枝数的影响
	2.2.3 高能碳离子束对生物量及根冠比的影响

	2.3 高能碳离子束对黄芩幼苗抗氧化系统及MDA含量的影响
	2.4 高能碳离子束对黄芩幼苗叶片光合作用的影响
	2.4.1 高能碳离子束对叶片光合色素含量的影响
	2.4.2 高能碳离子束对叶片光合作用的影响

	2.5 高能碳离子束对黄芩幼苗总黄酮及黄芩素含量的影响

	3 讨论
	4 结论
	参考文献

