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Effects of cadmium stress on growth and photosynthetic parameters of Sigesbeckia orientalis L.

XU Xiao—xun, DONG Yuan—-yuan, DENG Yu-lan, HUO Qing-lin, ZHANG Shi-rong’, PU Yu-lin

(College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: The aim of this study is to examine the change of growth and photosynthetic parameters of Sigesbeckia orientalis L. under cadmi—

um( Cd) stress through a soil pot experiment, and to analyze their roles in Cd tolerance. The results showed that the root length, plant length,

biomass and chlorophyll contents have no significant change compared with the control at 10 mg +kg™ Cd treatment, indicating a relatively
high growth adaptation of S. orientalis. The ratio of chlorophyll a to chlorophyll b under Cd stress was not significantly different from that of
the control, which contributed to the Cd tolerance of S. orientalis. With increasing Cd concentration, net photosynthesis rate (Pn ), stomatal
conductance (Gs ), and transpiration rate (Tr) decreased, while intercellular CO, concentration (Ci) increased 2.28%~7.83%, which sug—
gested that the dominant reason for the decline of Pn was non-stomatal limitation. Moreover, the maximal photochemical of photosystem Il

(Fv/Fm), ratio of photochemical quantum yield of photochemical of photosystem Il (®PS I ), rate of electronic transmission of photosynthe—
sis(ETR) and photochemical quenching coefficient (qP) gradually decreased, but non-photochemical quenching coefficient (NPQ ) in—
creased compared with the control. Taken together, the results uncover that the change of Chl a/Chl b, Fv/Fm and NPQ might play important
roles in photosynthetic adaptive ability and Cd tolerance.

Keywords: Sigesbeckia orientalis L.; cadmium stress; chlorophyll contents; gas exchange parameters; chlorophyll fluorescence parameters
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58 (Cd) e — P A A BooR e HAE I E G R
JCRM, T HAE LI BRI M, 25 5 WA Y
WEICAEL R w1 Cd SRR, SR R
P A AP R A ) A PR PR ) 45 A R B (4 3
WL RV BUA 2 BE IR 6B VR R L R AR
PTG, e 2 BUE A AL A T

JAVERTRAR IR L AR A A 1y 5 33 14 Fr b 20T
HEAE TR, Cd XD CE VR R S0 23R
HETIH SR EY S B E S E ROR B
FH ARG G VR RS KRR M0 S5 AN R A %)
Cd BTS2 AR A DG AR I, AEf 2 R G R
(MR a MR b )W ARSI SE (O G R
Pn SALRIE Gs 4" SERIOESE(H 151
R OPS I DB AR R P 55 P56 G Rt
FEARAE Cd [P 2 B 2 AR (HXIREE Cd &
LA RPN & BRI R Cd A A H A
VEFAA R B4, 40 e 2% (Solanum nigrum L.) %
LI # 5% (Viola baoshanensis ) SF1EAR Cd JHHE TN AR
P MR A P AR OG5 & Fv/Fm 55
EIXTBRTC 2 25 S AR AN [T AR R DG AR
W AEH B 25 W, BRAEESE [Rorippa globosa
(Turcz. ) Thell 282K & & B Cd WL TR 2 e T
Je AT A R 3R T S5 R 4 2% B 1 D) S ST T R
I, FIRGEIRERM, Cd B XA FREYIRE AR
AR, AT REAAE RO B AR L . PR, i —
HITRE Cd AR ZAEYI DG ERAEDTFT X e B AN 2R
FEITE Cd A T OGS RE A B L

%t % (Sigesbeckia orientalis 1.) 3 %4 F} 56 & & 1)
FaY, FEFR EHC VLI S L b XA 512 (0 AT o
RIS B, Fl 3 FAT AR R AR R R A
(]I X Cd A 405 Y o 46 ) 75218 Y RE
E—FEER Cd {53 IR BB SRR,
H X5 551 52 Cd AR BEHLHI 5T R A IR A X
1A T Cd 38 T 5 R AR o e 4 A T Y i 7 R
AR, T X A 4 A ARG 1Y S R OGS AR I AE Cd
JE 38T B8 HILAR i R A TSR o R, ASBIF S 4D
U S A r W s 1 N O 75 Al N4 e o S =
BRI ARSI SERT R R NS I B
TR AR R R A2 Cd A4 BRI SRR

| MRS

L1 X5+ #4
R SRR TN BN 2R BAYVRERT X

(26°39'40"N,102°46'11"E ) ,
1.2 RI&i&it
1.2.1 %k

PIEHEFS L7, ] 0.05%NaCl0 323145 30
min, FRFHZE B ACK L v T 5 R TR 2 AR5
PryE R, B3R 4 R EFRE SN (4
M 10, BRER 5~6 em) A
1.2.2 @Ak

PR -G R L, R A U4 BRI VL IX
(30°43'04"N,103°52'13"E) . +3 pH {HN 7.12, 2K
FA LTS 3N 1.28.21.32 g-kg™ , BRAE A A XN
R Ay B h 75.35.16.79 14543 mg -kg™,Cd & i
7 0.13 mg-kg™ , MU SR R Hr 40.8% KK 33.7%
Kk 25.5% .,

FKEFXZE L (0~20 cm), B2 X T JEHE, o 5 mm
i 5 28 FH o e ARy BH (30 emx20 em ), Fi A 2
6.0kg +, #E 54 CdAbBI¥EE(0,10.50,100,150
mg-ke™), FHMGHEE 3 AEE ., Cd L CICL-
2.5H,0 MBS S IAR] L3, [FE A4 4.0 g
45 A NP (N:P,0:K,0=17:17:17,, LA NH,NO, F1 K,HPO, [¥J
AL ), By Cd Ak A IErE £ e iR A
I E 4 M ESE Cd & o &P SR EPEERIRES
T4 R T 2014 4 3 AJTFHAE | .4 1]
JEIEIBAC B 56 54 (4 1 1.0) 3784, &
1l 3 P, B Ab 3R B 9 k.
1.3 MERB R FiE
1.3.1 Al Cd i

AR AR IR , Se HZE IR IR R R
M Re ik, SRJETE 20 mmol - L7 2 & PU 2,
iz — 4N (EDTA-Na,) i T 52 4 30 min, LERIR R %
AT B P , e P 25 8 Tk T34, FHIROK 40K 26
KT, K55 BB A T2 1,105 CF
ARE 2h,RIETE 60 CTH T 2 H &, FRimIfid k.

K FAAS-M6 J5i WS N 43 60 B I
FE I T AR AN B Cd i, Cd JBA 60 d J5 6
LT 05 SRR () 1T SR AN b 35840 TR A BURE , 43
BIFREL 0.300 g T 50 mL #EIEHEH, AIA 12 mL JR#2
(¥ HNO5-HCI0,=5:1) 3233 i, i H i 2 B 1
M, R8P B S 50 mL 580, AR5 A
TR R THIE Cd 5=,
132 eFtea

Cd Jirif 60 d Ji5 , W] — 057 AE S OAER 1R
JRETT I 1) B 5 5.6 1 - fa B LA R I ) I
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RAIMERF 2R EIRRE T R

FAMBFRE S 3 W M, Peigt B3t i By
PRIRATJE FREX 0.05 g, FHR ZGRGHATES , A 10 mL 80%
PN AR AT, 12 38 2 R 2 2150 70 1 PR iR 4
WA, 80% N E 25 2 10 mL, LA 80% ) A Fif
Jas A, AR AL (UV-2010 %Y, &[5 43 5]
W2 IR R 7R I K 663,645 470 nm A5 %5 BE OD
B, AR BRI R,
1.3.3 SIS

Cd Wrif 60 d J& , FEAS[A) b B A A AR I, 35 B
Rt R R RE M UEf ARl RS ORI e AL
(Li6400, USA ; £T #5565 i 22 )W e Anic it - 6 &
B (Pn) AL T (Gs) ZEIE R (Tr) MR ] — 4
et B (COM 53 A (DM A B S FLR HIME
(Ls )20 0 22 FEREAERG K 119 9:00—11:30 #F17, i
B[] — P57 PR o CAAES — S it ) R 4956 5.6
PR R AT R I I , A IS I S 9 #

Ls(SALIR$IME )=1-Ci/Ca (1)
K Ca WFEIE COWREE
1.3.4 M RENSHNE

PSR E 7 k2 I T BRI )y g UK
THSHONELE G, e EoeemE e eE N i
PRNBE, PO EAR E R, FT B2t (GE5R300
pmol - m2-s™, W5 109 )M EFa 2 (Fs ) FDGIE L
T KAEIE(Fm' ), [FEHT IR 20 YE AR EIE b R wlih
PWH(Fo')o WEIEN T HFE ST 2 H B , X
2 h(BEE N 7850 ) 5 TFIR , SR Pfb 22 B R 4%, 4
BESHRAIIYE (<0.5 mol » m2- s B #4456 5% Fo, B
HESFPARL Ak i (6800 pumol »m™+s™,0.8 ) P75 i 1 Fi
K Fmo AR SE @ A (2)~AX ()i
BRI ARSOE (Fy) e KL T = (Fv/Fm)
b TR (OPS 1T ) JefbA VK 2 5(qP) JEE

AR ZEU(NPQ) AV E HL T R (ETR )P,
BEH ] — (L ARE i OISR — A I 1) R RURES 5.6
PR SRR RERT JIE , B M AE PRI E 9 #k.

Fv=Fm-Fo (2)

Fv/Fm =(Fm-Fo)/Fm (3)

®PS I =(Fm'-Fs)/Fm’ (4)

qP:(Fm’—Fs)/( Fm’'-Fo’) (5)

NPQ=(Fm-Fm’)/Fm (6)

ETR=(Fm’-Fs)/Fm'xPARx0.84x0.5 (7)
1.4 HiEAIE

iz i Microsoft Excel 2016 #4758 4b 78 A1 & 2%
R, BT A 45 2R 2 o =k 2 B s 1P 248, IBM
SPSS Statistics 20 X {4F#E1T BRI K J5 22 (ANOVA) £
5, >R DUNCAN £ Ak o6 22 55 o 1k, ;K
Sk P<0.05,

2 FER5HMH

2.1 Cd imEXFHEEKNEEF Cd SER RN

4 Cd WEZ D 10 mg-kg™ B, 56 %A 1< CIRAS Bk
f AR e ) 5 6 BE AR H G I8 35 M 25 5% (P>0.05) , B
& Cd WEHE— T kA K TR S e R 28
W BRI AR 1), Cd A xR K s Ak
A B, 7E Cd=50 mg-kg™ B, = H 0 2%
KT B8 76 Cd W BE Ky 150 mg-kg™ BF, 43 1) Hb X BE
FEAR T 59.16% .33.02% .33.09%F1 29.84% .,

M 1 IERTLAE H, FEREHD T EBFIHE 38 Cd 7%
RIS Cd W TR g, 7€ Cd ¥R 150
mg- ke {5, Mo ERANM B Cd & E ik B e, 4
WK 251.49 mg-kg™ F1 288.75 mg-kg™ . Hu T HBFIHE |
T Cd Fri s Cd MR M B IE A OG MO R B r
53510 0.948 F110.991, #5403 F3F Cd S aE & T

x| EMENHEE KPR

Table 1 Effects of cadmium stress on the growth of S. orientalis

Cd 4b3E Cd H4E Root length/  #fm Plant high/ A=Yt Biomass/g-plant™ DW Cd &4t Cd concentration/mg- kg™
treatment/mg-kg" Cm'Plamil cm 'Planrl ﬂﬁ‘F%ﬂ Root i{ﬂi%ﬂ Shoot iﬂ]:F%ﬂ Root i{ﬂi%ﬁ Shoot
0 46.35+5.40a 117.12£2.50a 8.31+0.83a 26.91+2.76a 0.61+0.06¢ 0.7520.05¢
10 44.02+4.40a 114.08+4.04a 7.92+0.73a 22.69+4.16ab 24.48+8.84c 67.05+4.50d
50 27.39+1.05b 101.55+2.48h 6.31+1.23h 20.50+4.00b 95.16+41.42h 141.24+20.02¢
100 21.90+4.04bc 85.48+1.32¢ 6.13£0.41b 19.84+1.05b 213.26+36.85a 238.05+9.22h
150 18.93+0.82¢ 78.45+2.69d 5.56:0.38h 18.88+0.93h 251.49+39.54a 288.75+21.63a

T R B A I AR ERE (n=3) , AR/ NG F B OR [Al— ] hOR [ R B ) 22 53 . 25 (P<0.05) . R Il

Note: The data in the table is the mean standard deviation(n=3),and the different small letters indicate significant difference(P<0.05) between different

concentrations. The same below.
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RS, FE A A R A ) - E Cd RE
22 CdphEMHRRXERESENTM

FE Al AL FER RV EE Cd i T, 56 551k
B EARGREBEIEA -5, ApEE Cd ¥
FEB T, 2% % a(Chl a) H%£ 2 b(Chl b) | G 4%
K (Ch) M MR (Car) B WT TR EHE,
5%k BRAH T 4> B T 8.70% ~32.63% .16.39% ~
38.12% .10.81%~34.17% .15.38%~35.73%. Chl a.Chl
b.Chl 1 Car 5 Cd WREY LM B ERAHE, HXR
Br A9 H-0.947 . —0.862 . —0.958 F1-0.941, 4R, 4%
Ab PRI 2 % a/4% K b(Chl a/Chl b) [ {H 5 X} B He
o B AR (P>0.05) , 78 50 mg-kg™ Cd AbBE T, 4
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¥ o3}
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E g
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g
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t S 0.5+
pac
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R a/l R b K, BT 1037% (&
1D), Chla/Chl b 55 Cd ¥ FE TG AHC M, AHOC R AL
r h0.161,
2.3 Cd BMEXHESKETIRS HH R

Cd e X} Pn Gs Tr F Ls F) 520 Fe A —2, 7
Cd ¥FEH 10 mg-kg™ BF, Fid 4 ARSI S5
Sof B HE TG I 35 2% 5 (P>0.05) , Bifi 5 Cd ViR B (1 14—
A TR S R AR A R B (B 2) . o P X IR
F&AIL 5.86%~51.91% ,Gs &A% 12.50%~56.25% , Tr [
ik 6.94%~45.24% , Ls [ZAIX 6.06%~24.24%, AHIE BT
M, Pn Gs . Tr 1 Ls 5 Cd W E ¥ 2 B F N AHR,
FHIE R B r 23 5920-0.970.-0.905 .-0.835 F1-0.864, [ifi

0.81 B)
= a
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2= 06f L ab
S o T be be
= £
=3
ﬂﬂlﬂf 041 ¢
1z
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S 02k
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0
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Figure 1 Effects of Cd stress on pigment contents of S. orientalis
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Figure 2 Effects of cadmium stress on photosynthesis of S. orientalis with different cadmium concentrations

FH Cd WREERI TR, Ci WIBHHE A, 76 Cd HeE 150 mg-
ke B kTR, SXFIRAR EE T8 T 7.83% (1 2C) . Ci
5 Cd WeFE 2R 2 IEAR G AHC R B r o 0.823,
2.4 Cd BMEXFHEMFERRESEH M

2R R NSHOE M AR A PS TG ()45
B, VR G REFERURFAE 7] 18 3 45 DS B AR A A
AT, fR 2 AT, Cd JPhaa AR SEAR AR I Fv/Fm
®PS I \ETR Fl qP ¥ 5 BUB iR A #a 34, HL55 %) B
AR B 25 (P<0.05) . S5 BEAH EE , Fv/Fm (OPS
I .ETR.qP % 8 4> 31 R 1.25%~6.25% .15.79% ~
57.89% .13.84%~58.76% .10.64%~34.04%, ik 4 /4

ML EDIESHE Cd R EMN B EIMHERR,
FHKE BB r 43 5] -0.983 . -0.988 . -0.835 F1-0.956,,
1 NPQ (A RE Cd Jhirif e BE ) T vy 52 S I e 11
P, HA Cd AbFRH BT (a4 & T X R, 24 Cd ol 50
mg kg™ ZbFET  NPQ E R K, 55X REAH L3 hn T
7.25% FAAMHTRI], NPQ (55 Cd &80 AR
M AR B r R 0123,

3 1tie
PR E SR BT F o S
SR AT TR, SRR A,
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Table 2 Effects of Cd on chlorophyll fluorescence in leaves of S. orientalis

Cd AL Cl weatment/ RAOGAAFREF P4 A F TR 7K R A b b

HMEEERRL qP AR R ENPQ

mg-kg™! Fv/Fm dPSII ETR
0 0.80£<0.01a 0.19+<0.01a 87.26+2.48a 0.47+0.04a 0.69+0.02d
10 0.79+<0.01b 0.16+<0.01b 75.18+4.04b 0.42+0.02b 0.72+<0.01ab
50 0.78+<0.01b 0.14+<0.01¢ 69.68+3.24b 0.38+0.01c 0.74£<0.01a
100 0.76x<0.01¢ 0.11+<0.01d 56.84+3.97¢ 0.35+0.01c 0.72+<0.01ab
150 0.75+£<0.01d 0.08+<0.01e 35.99+3.07d 0.31+0.01d 0.70+0.02cd

BEMTSZ AR AR R T, — MR T3
o Cd F ik 3] 3~8 mg-kg™ 1 9.5 mg-kg™ I A
SR AR BEFAE S, AR, 2 Cd W
10 mg-kg™ B AFP) LR DA 6 R 5 1 5 0 BEAR
oI 35 22 5, R WIZ A YRR BE Cd A7 AR 5t 1) i
ZHEST s B Cd(=50 mg-kg™) B B FEAK T &Rt
HERMEGE,AERBZR B EME R 1RE 1),
X 5 SRR SN AR A N R AR R e RO
PERIRFFRAE R —3 SR, Cd A T 4R &R a/it 4R
b A —E R (E 1D), W] Cd X248 b &
BAIHIVE IR TR a0 BIATEXS Cd A R
YIEN ST 2 ( Brassica juncea)™ | %< 1 5 K (Sedum al—-
fredii Hance )™ 17 )ik ( Boehmeria nivea)™ {4 #ff 5%
PR EIEMISE AL 77 AR — I 0 SR R AT R X S
& Jm A B RO E & B A BRI OGS
B A O, MHDG 28R 2 1 A I8 BN by i
PR — g PR BT AR AL PR, VR Cd e
R R ATIREAERR SR IO 28 R /M2 b LU AE, 7T
RE S BT Cd BYREAT 5
-4 3R 9O AE AL BE S B )06 G LA 1 i e R
Ulo ABEFEAH, Cd 8 2L Fv/Fm DPSIL ETR Fl qP
B B R EE 1 T e, ARBAAR 5 0 DB LA
25— E R % . OPSIT A ETR #H K F s il
WS BRGNP AE Cd B T B fe
B (3% 2), 3RMWIFG 2 PS ILSB R e X Cd B
BB, m R Cd SRR A L sk, i PS T
] PS T 4%36 i, R BCER 98D, IS DG SR L 3
5 HAAE ) I B2 SR A — 3 R,
ARG & B4 AbFE Fv/Fm B A L X BR A 1.25%~
6.25% , FLAT AR R /KP4 Cd XA 4 PS
I 2 A5 E 5N, PS T ERERE AR Z 211
MRS . X5 Cd a2 S R R e
I —E, 72 P BEARAG RIS, NPQ 15X BEAH L A7 14
(& 2), F#sEN R PSILA R RERe R AR

A VKA I SO G RERERICH AARE , X I FE RIS 78
HUR RERYRE T W] S I A 2 AR ™, 7E—
PR B4 1 HAHUE Cd B aRIRE ) .

Cd Jia {5 3 S PR Al 27 ROV BCRREIR, 3L
HL A0 2 2], AT S b iy ATP 35 5
IR, X2 S P AR A H 25, ZE 8D A P
REEARR T 68 H AL G P B0 AL B i 4
BRSSO AR SLBR BT 2, R Po (9 R R
PEREE Gy BTt SR ALBR ML A1 R R
TR, EAERIBEIR KB, 280 TR S AEY) N7
ﬁ'z\fﬁﬁﬁ(Phytolacca americana L.) P F155 FRYIH) Pn T R
SEHAERALRRE G, A , BEE Cd b3k i
(T, P (EARAERES Ci THm M Ls (R B, 22
i 3O AR T R B AR SALBR B 5 R 1
Cd Jifri8 5 S50 Sz 7 [ P4 52 34 ], CO, ) 32
i, AT KR BIAE CA<50 mg-kg™ i, Tr 5 %) BEAH
o %25 (B 2 D). XK m Cd A Pn 1y
[ BT, 0 3 I 3 o A AR R 1 () Z8 I A FH AR B
W 278 3700 3R 2 5 NS 3l 33X ] BE 250 S5 52
Cd Wy EHZ—,

4 ZEig

(DM Cd(10 mg-kg™ ) e A il 4 3 45 K
AR SR, MYRMEXT Cd 558 /T 2 68
Fo HEE Cd(=50 mg-kg™) B 5 EIEA R
ISR S BRI 2 RS TR, R vk
JE Cd SRIFR S LR )T, WS EVER, A
- B0 P A K 22

(2)Cd i ffi Pn Gs Tr F1 Ls BT FEAL, 1H Ci
Bl Cd VB T i B i K, R B4R 35 A iR
(1T B AR LR R R 5 R .

(3) R Cd( =50 mg-kg™) Hia T 56 547 RELE
FREm o R o/M 482 b HUE RS Fv/Fm 7KF
A NPQ B, AT fEJE5 511 52 Cd Wit B BT AE
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