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(P<0.05) , 4B H IKIE S5 6 ( GR) SRR A i ( NR) 15 P 73701 1 35 5 % 62. 53% il 36. 69% (P<0.05) . %W CO,
W BT PR A R i I GRS S T P X6 AT 2% 4 1 S A A, AR 30 ek 19 SR T R T e
BN A, 5 CK AL, T AL REF s X 4R o KRS MRS &0 0 0% T B 25.26% .22. 64% |
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Effects of elevated CO, concentration on photosynthetic characteristics,

antioxidant system and active ingredient accumulation in Erigeron brevis-
capus ( Vaniot) Hand.-Mazz seedlings
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HETH: HEARBEIEETH (82360751) ; = M P E 25 KA

U A T H ( 2019YZG07 ) 5 25 16 15 45 3 A A0 Abstract: To investigate the effects of CO, concen-

H ( YNWR-QNBJ-2020-289) tration on the growth and development of Erigeron brevisca-
TEBRA K B (1995-), 2, BN SIR, BHBF 58 A=, BF5E 7 1l pus , this study used E. breviscapus as the experimental ma-
2 RIS A B2 . (E-mail ) 2428892896@ qq.com terial and regulated CO, concentration in an artificial cli-

BIAERE KR i, (E-mail ) 2633822198@ qq.com; B, (E-mail)

chenjia@ ynutem.edu.cn

mate chamber. Two treatments were set up, namely 400

pmol/mol (CK) and 800 pwmol/mol (T). After 60 days of
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treatment, a systematic determination was conducted on various indices of the seedlings, including gas exchange parame-
ters, photosynthetic pigment content, osmotic adjustment substance content, active ingredient content, and enzyme activity.
The results showed that compared with CK, the stomatal density, stomatal length, transpiration rate and stomatal conduc-
tance of E. breviscapus under T treatment decreased significantly by 19.43%, 13.51%, 69.09% and 70.41% , respectively
(P<0.05), while the intercellular CO, concentration and water use efficiency increased significantly by 85.60% and
231.60% , respectively (P<0.05). These findings indicated that under elevated CO, conditions, E. breviscapus reduced
water loss and improved water use efficiency by narrowing or closing stomata. Compared with CK, the malondialdehyde
(MDA) content and ascorbate peroxidase (APX) activity under T treatment increased significantly by 145.74% and
121. 68% , respectively (P<0.05) , the activities of superoxide dismutase (SOD) and peroxidase ( POD) increased signifi-
cantly by 40.66% and 12.78%, respectively ( P<0.05). Whereas the activities of glutathione reductase ( GR) and nitrate
reductase (NR) decreased significantly by 62.53% and 36.69% , respectively ( P<0.05). This suggested that elevated CO,
concentration induces oxidative stress in E. breviscapus by reducing photosynthetic pigment content and inhibiting the activi-
ty of key enzymes involved in nitrogen assimilation, and the plants alleviate membrane lipid peroxidation damage by enhan-
cing the activity of antioxidant enzymes. In addition, compared with CK, the contents of scutellarin, chlorophyll a and ca-
rotenoids under T treatment decreased significantly by 25.26%, 22.64% and 27.87%, respectively ( P<0.05) , indicating

that the content of active ingredients in E. breviscapus decreased significantly under elevated CO, conditions. Overall, the

results of this study provide a theoretical basis for the adaptive cultivation of Erigeron breviscapus.

Key words :

chemistry; scutellarin
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A (T,) M) COMREE(C) SALFEE(G,) MR
DSEAE AT S AE 0T (1K S FIFHECR (WUE)
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1. 5000 r/min5Cr 10 min, BT 8 K uE TR
WA BRIV Y, 75 B A S VR
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(HPLC) YA kT 3846 h A Ol o & 1. R &
XoF B A S S A 10 pL, TEA RO AR
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WKV W (A AR R, BB EEVELAR T 4.0~ 10
min, 12% ~15% B #;10~32 min,15% B #H;32~33
min, 15% ~20% B #;33~60 min, 20% ~22% B #,
FEIR 30 °C,#E 1 mL/min, JEEERE 10 pL, K0 K
53518 335 nm (FH T BB S S B AE ) #1327 nm
(TSR o & Al )

KSR ARG AU & i1, Bk D
BRANE « LAAS B4 R BB 5 B (mg/mL) iy A Ak AR
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Table 1 Linear regression equations for the active ingredients of

Erigeron breviscapus

ARURY miEpy s MG FHIE R
SR Y=23 043x-17.352  0.002 1~0.137 5 0.999 9
PR Y=25743x-204.54  0.008 3~0.133 3 0.999 6
SEJRR A Y=34 514x-43.342  0.001 9~0.120 8 0.999 8
SRR C Y=37 705x-64.799  0.002 1~0.137 5 0.999 8

1.8 HIEST
FIF SPSS 19. 0 #K 14 43 #7156 B 4, A1 H
GraphPad Prism 9.0 ZX{4HAE K]
2 RS0
21 CO,REFASITSHEER RIS FLIFE
SEA)
wmE 1 AR, 5 CK AL, T AL BT 246 M- 30 1
G M LA A R A K WA RS T
AEHRIT SRACR R EE 2T CK,
22 CO,REBEASHIZEEMREMSILEFE
A
W% 2 frR 5 CK M H, T AR FRAT A6 M <
L% BE AR AL BE o ) W A 19. 439%
13.51%(P<0.05) ,
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A ;400 wmol/mol CO,( CK) 25 FHIFK AL EFRIEZS ;B 800 wmol/mol CO,(T) £F FHIFkHHE_EFFIEZS ;€400 wmol/mol CO,( Z2) F1 800
pmol/mol CO,(47) £ FAEREAY I - FIES
E1 CO,REXKZEERFKE M

Fig.1 Effects of CO, concentration on the phenotype of Erigeron breviscapus plants

R2 COREMITZLSILEHER M

Table 2 Effects of CO, concentration on the stomatal characteristics of Erigeron breviscapus

: ALEE ALK AALIERE SALTER
Ab3 N 2 2
(4~,1 mm®) (pm) (pm) (pm*)
CK 86.09+13.39a 14.88+1.31a 5.57+0.91a 56.11£10.85a
T 69.36+10.69b 12.87+1.67b 4.99+1.06a 51.01x£10.31a

CK;CO, &1 400 pmol/mol ; T CO, & 800 pmol/mol, [d]—FI#dfa f5 A [ /NG FREFR R 22 5 B 3 (P<0.05)

2.3 CO,REIMTHRESEZIRSE MM 0.05),T AbBEAT SAEM Fr 7.5 G 705 3% FE iR
R 3 PR, 5 CK AL, T AbBRAT S4B R €, 69. 09%F1 70. 41% ( P<0.05)
5 WUE 4y % 8 % T+ 7 85.60% F1 231. 40% ( P<

£33 CO,REMTER|EZIRSHEHZMN

Table 3 Effects of CO, concentration on the gas exchange parameters of Erigeron breviscapus

P, T, c c, WUE
Kb 3 2 2 2
[ pmol/(m* -+ s) ] [mmol/(m* « s) ] [ mmol/mol ] [mmol/(m* « s) ] ( wmol/mmol )
CK 0.67+0a 0.55+0.05a 353.91+3.12b 31.43+2.72a 1.21+0.12b
T 0.69+0.06a 0.17£0.03b 656.85+21.52a 9.30+1.50b 4.01£0.71a

P EOCA R T, 6 C IR COL MR ; G, RALFE  WUE . K/ FI R, CK: CO, 7 #2400 pumol/mol ; T: CO, 75 & 800 pwmol/mol,
[l — B85k 5 AR RN FRER s 25 57 1 3 (P<0.05)

24 CO,REMIZEAGEEIENZN 2.5 CO,REXMMZHSEFTMRESENZIT
W 4 Frow , i ar 3K B RE RS S s 41 ) I R W 2 s, 5 CK M EE, T AR BRAT S5 460 7 m]

ki1, 5 CKAHLL, T BTt Rt a5 MRS i BRI 29. 52% (P<0.05) , T AL HAT
KA N E SRS NEE TR 22.64% M 27.87% AL MDA & & B THE 145. 74% (P<0.05) .
(P<0.05), TACPHAT AL k&2 b At T ARBERERM M E A& S CK A
RO CKAHIEA BEZS(P>0.05), FEF(P>0.05),
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Table 4 Effects of CO, concentration on the photosynthetic pigment content of Erigeron breviscapus

b MERE a i MERE b E i SEUIEES g s FNE PR
(mg/g) (mg/g) (mg/g) (mg/g)

CK 1.06+0.12a 0.39£0.15a 1.4620.27a 53.29+6.96a

T 0.82+0.03b 0.23+0.03a 1.08+0.06a 38.44+2.08b

CK:CO, & 400 wmol/mol;T;CO, ¥ 5 800 pmol/mol, [F—FIE G A F/NE 71 F£R 22 573 B3 (P<0.05)

_ A = ] . 0257 _a 167 a
» L O i RN | g T
L b = 2 T Elal
pi 1 & 3 = 0I5F £
41 o i) E s
= w2 ffm 0.10 &1 b
# of = & & T
5 @ If = 005F oA
= = = iy
0 CK T 0 CK T 0 CK T 0 CK T
Qb Qb2 b3 Qb
CK:CO, & & 400 wmol/mol;T:CO, ¥ & 800 pmol/mol, I ARFE/NE FhEF/RZEF 8.3 (P<0.05) ,
B2 CO,REIMTEEEEATYREENZM
Fig.2 Effects of CO, concentration on the osmotic adjustment substance contents of Erigeron breviscapus
2.6 CO,REXTKT = EEE IR 12. 78%F1 121. 68% (P<0.05) , T AL FIT S 461 A

WE 3 R, 5 CK ML, T BT SBEH KIS JREE (GR) Al FRIE JFEE (NR) 715 1 4 31
A E LG (SOD) A AW EE (POD) ik BEEFEMR 62. 53%F1 36. 69% ( P<0.05)
Rt B AL W i (APX) 15 1 43 ) 3 T i 40. 66% |

32 a 280 0.121
b i fesal # " a
ual HI H=
e &= 2007 =® 009t
g S . & g
Sz 16 = 40 -2 ®E 006
< E & =3
WS 5 ¥ £ 2
2 sk B 70F 73 003
0 0 0
1 20 0.04 020 a
= o : T
1.6} a = #
£ T Ho= 0.03F $T . 0.15F
ST ool P -4 T
W g & 8 0.02 ;\ o0 0.10F
#E ost b =< 23
&3 T =i b =2
2 E o04f = & 001 T Z 0.05F
K= &
B 0 0 0
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Ab Qb Ak

CK:CO, & & 400 pmol/mol;T;CO, & &t 800 wmol/mol, FE#E L ANF/ING FHEFRIR 27 B3 (P<0.05) ,

B3 CO,REXTAT =L EGE R R0

Fig.3 Effects of CO, concentration on the enzyme activities of Erigeron breviscapus

2.7 CO,REMITEHEIRTSENZ TEFER SRR C S ERAREER., TR

e 5 s, A EEAT 35 78 M 3 0 Al T 38 AEHL T T4 A G 0 1) 7 v 5 T AL BRAT 2548 3 I



TR COLMRBE TR XTT SRAES HOLA ik TR RSB ATBOR IR R A 37

WP B R A i S IR T CK (P<0.05) , CK Al
T ACHAT A0 T 30 FER AR A SR B E ST

K5 CO,REMNZHAHES FEHNZM

M E#E5> (P<0.05) . 5 CK AHEG, T AbBRAT 25 46 4
AR P R i 3 R R 25.26% (P<0.05)

Table 5 Effects of CO, concentration on the active ingredient content of Erigeron breviscapus

b3 AL LRIFRR i (%) WEFER(%) SHERA (%) SEERCTR(%)

CK Hb 34y 0.09+0.02a 0.95+0.11a 0.12+0.02b 0.08+0.01a
RS 0.12+0.03a - 0.3020.11a 0.09+0.01a

T b b5 0.09+0.02a 0.71x0.18b 0.1720.06b 0.09+0.01a
RSy 0.11£0.01a - 0.34+0.03a 0.09£0.01a

CK:CO, %1 400 pmol/mol;T:CO, 7% 800 pmol/mol, [F—FIEHE G A F/ING FEERI/R 225 B3 (P<0.05) . —FRon AN 2% 40

2.8 KT=HEEZIEFREINHEXES T

k6 s ST s4bmt i ALK 506 3R
B EAAI(P<0.05) , ALIEE 5 SALE R B
HOR BPECAY A B W A (P<0.05) , T3
et 7 2R S LR GR TR SRERR S
WA IEAOC (P<0.05) , 5 S 2R 251 1 2 i 2 1 A
K(P<0.05) ; kT840 F Bfla) CO, Wk BE 57K 53 F
FRERFERMI(P<0.05) ; LT ES SRS
HERENHE(P<0.05), SR & B L B FIE
G (P<0.05) , S M H BE B (GR) 16 P 422 B 3
IEAX(P<0.01) o JT3RAEM 7 SRR & i 540
HMGEEEE(GR) TEME SRR & i S o i
BERIIE(P<0.05) B K55 5B #5H
SHEERETFME(P<0.05), JTHMEMH ALY
AR (SOD) M 5 o S A UG (CAT) T 14 2 o 3
IEAHIG(P<0.05) , A W H BE I ( GR) 1 1 5 2k )it
PR o 5 W 25 IEAH G (P<0. 05)

3 e e

WP A KRB 5L SHEEEY AR S A5
LA F 25 50 Mkl o 18 9 T8 S 4R AE L
REMEE AR AT AT 4 SRR, cO, W Tt
E AR IR R A . ARG, B CO,
AEFRAFAT SRR R ARG, A R AR B R
JES MR A NI R R KR B8 3R I I
FR A RIS AR . U CO AL FR AT 42 iy A6 A 75 1
HRADEA R R R CO, Ab 3 a) 4E
e, /INFZ 2K R T [ I B 2 T U /D, B A
232 ORISR, 5 CK AL, T AT S bt Fr
C.5 WUE 435 .2 F+ 25 85.60% il 231. 40% ( P<
0.05),T AbBAT AL A 7.5 G 43 ) 3 P AR

69. 09%F1 70. 41% ( P<0.05) , FWEWHE CO, %
PR AT S 638 2 45 /N sl 3 S P AL K A ok
LT FI R, W2 & B I Wt
AEATERE T AR X R T CO, B I
FETEZE S . CO, MR FE T i K A 8 i it 2 3R & 1 bk
FTECY MR A AR SRR, A
W, 5 CK A EL, T b BT R AR o 5
KEHE DRS00 E T 22.64% 1 27.87%
(P<0.05) .

L 3k B0 25 R AR B AR AR ARISIEE I A B3R
B, VO R A MR R S A AR P SR A
A BT R B B AR AR 2 — 0 AR S &
M, 5 CKAHLG, T AT 35 A6 ml 3 PEpE 5 &
FAIK 29. 52% ( P<0. 05) , T AbFRAT 2461 H- MDA
SR FE T 145.74% (P<0.05) . 5 CK AL, T
AEFRLT B2 AE R AL B AL (SOD) i A Ak
fig(POD) Bidhiln 2 it A ALY B (APX ) 15 P 53 5] i
FETF 5 40. 66% (12.78% F1 121. 68% ( P<0.05) , 3
B CO, YR B T i X AT 3243 B T 480 Ak W38, Al ik i
¥R SOD  POD 1 APX ST E AT 1, £ UE 1%
PRSI B, DT U6k 28 A P oo 40 A X 48 s o 1
i, GEERIA SR (VR ) SR AP AT 2 IR Ak O gk
it , AT NAIFFE A 30, 03 7 30 /K s i s D 0 1 2 B
KA CO R E B i3 . AWz, 5 CK
FHEL, T AFRET 3246 48 e H KGR SRS (GR) 1 1
T E AR 62. 53% (P<0.05) , W CO, e T vl
REARFITAT AL R R RIS,

CO, M B 52 W #0161 A B B R TR
CO, 2 7 A AL SBE I B 2 (R AR (2 a0F 2
HoAth AT R A R R R R €O, g
12 2 FRABL I R BOABUSR S v 2 AR R C AR B b
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