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experimental material,adopted the method of greenhouse potting,used portable pulse modulation chlorophyll fluorescence
spectrometer to determine each chlorophyll fluorescence induction kinetics parameters variation characteristics of forsythia
blade under different quality concentration of NaCl stress (0. 00%5,0. 20% ,0. 40%4 and 0. 20%5). The results showed that
with the increase of salt stress, the maximum PSII photochemical efficiency (F,/F,,), the largest photochemical
fluorescence quenching coefficient (g,) value in blades of forsythia appeared the tendency of decrease,and under severe
stress, the difference between forsythia F,/F,, 'q, value and other among treatments were significant (P<<0. 05) ,from the
beginning of the moderate salinity stress, the degree of reaction center of forsythia PS][ opening was reduced, the
photosynthetic characteristics were significantly reduced; while Yypg, of forsythia increased with the salinity stress
intensifying, when the severe stress up to peak value,the ETR of forsythia blades in the process of salinity stress,which
had no significant difference under mild and moderate stress between the CK (P>>0.05);F,/F,, and ETR showed very
significant positive correlation (P<C 0. 01) ,®psy and Yinpgy appeared significant negative correlation (P<C0.05),and g,
and g, had very significant negative correlation with ETR respectively, ETR and Y had significant negative
correlation. In conclusion, it considered that leaf fluorescence technology could be widely used in salt-tolerant plants
screening.

Keywords: Forsythia suspensa (Thunb. ) Vahl;NaCl stress;chlorophyll fluorescence parameters
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REAEH, KRR E—F Cd B ZEY . #
RELAAERIIINT 7 50 K AE Wy ik 4 07 1 30 00 AR el | %
W=+t & K (Sedum spetabilis) F1 )\ £ = K (Sedum
spectabile Boreaw) X148 () it MEAR %, 5 AR St XA LL R
AHERMPLR DIRAFRE S, BB ENE, A KR,
AILUMERE SR Cd EYIEE N AR, BLE M5
T 2 PR RIEARFMREE DA T AR RS,
DAL X SR AHEYEE &R CdEYEBE T r
N7 FHHR BERR AR AR .

1 #R5AZ*
L1 b

L=+ 5 K (Sedum spetabilis) . )\ E 5 K (Sedum
spectabile Boreaw) — A FHH H I HHAM K.

L2 Wik

AR R B A5 AR R 2= 5 20 15, B
HFZ 0~20 em +4E, FERXT G, KBRAR KRR R K
T BR A, B A 3o . S S R Y A O S ik R
150 g/#5IRA) . PPt HVPH% 3 : 2R G HSEM. 1
EAANFREERN LIERHTRIERE., K8 34
AbFH , AL FRE NG Cd B U B 43512 0 G BD L 20,
50 mg/kg,4 WEE . BINHY CdE* L 3CdSO, « 8H, O i
BB A BN P IF RS UIE 7 do

PR B—B R R AR A (30 em X115 cm),
IR AR 2 th, THRENZR, ¥ AEH I,
FE B BR A BRI L, AR K 100 d JF k. B8 10 d TR
SRR b A 250 T A 5 B AR A K B
HEAEOLAE, 3EF R ISR IR R A K AR LAE L .
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Table 1 Physical and chemical properties of the tested soil

£ AYLUR A AR A
Total Organic Available Available
phosphorus matter phosphorus nitrogen

/(g+kg™) /(gekg 1) /(mgekeg 1) /(mgekg 1) /(mgekg™D)

1.70 19.11 22.23 15. 65 207. 62 7.82
L3 THENE
1.3.1 FEMEMER A BB BN E & 10 d W
&2 1 RN\FERXM=LR/KNHE ;& 10 d £ 1 kiakk
HIRE 8, IRIT R RSO B BT /INMER R

Available pH i
pH

potassium
Value

L3.2 MHAEYERKMNE RGBSR,
25 IR 2R BUOMCR I SRS 20 mmol/ L Na,-EDTA
VR IEAR 2R K25 15 min, I BIR R X R K
Cd™, - FH A SR /K MZRIB AR & vh e T35 SR e WA bk
K EBATE 105°C R/ 30 min 5,80 CHLT REEE , #4174
TR ENE I EAR AR, iR
=K A E R/ X IR S AEYET ',
1.3.3 WMENERRAM=LEHERXENNRRESM 4
FREIIR R T ZEMAt . 7 156CTF R H,
80°CTF LT, SR 5 L F Rl e T2 . iz H R F Rk
SIEEERNEAFSEREE. HitE ISR
BERGE MR HEFHERLSAD T Mo EEGRR
B E TFHRREME. SR RE/ T
TR R = CEMRUREE < AT 0 Rk X T
EHILFMIRE <P TEH)/ REBKEXBRTE.
L4 BAESHT

REEYE R F IBM SPSS statistics 19 4 #1740
434 Rk A Excel &% .
2 BREHSW
2.1 @XTRRINEIE A B

AbFE 30 d J& , N F R KA =L R KA MU k-
FIDGZE AR A, YR B R AR R B B R AR X
MEER, BRI BERN B, WERR K
X HRFEA AR L , 20 mg/kg 1 50 mg/kg 4b P 2H F)AH
BRAR R4, FEARYE 50, R B & /> H 5 Wi, B AL BRVR B
Y IR SRR A 48
2.1.1 BEREREm BE 1, 7E CdRE
20 mg/kg HI&H T, \EEXA=LEXKE S5
MRS LR TR & 252 Cd ¥ B 50 mg/kg
B, N5 RAE MR MR R 5 0 BRAE MR bR & L3 TE I 2 22
5 =B FRME R R 2K T X BEAE B (P<<0. 05) , Bk
i FRESRCN 19.96% .,
2.1.2 @R RFEMEm BE 2 UES,E
Cd ¥& R 20 mg/kg M2 T, 3X 2 FpE KA R 5 %t
FEAERRRT B3 LA o B & 22 57 5 Cd YR BE o 50 mg/kg A,
J\FE B RAERERT R B0 255 T X BRAEAR i 40T B
8. 74% 1 =L R RAEMRN B 805 o BRAE AR BB L
2.1.3 @XM ERBARMEN HE 3TLUEH &
Cd ¥ BE A 20 mg/kg BT , N FE K RIEH B &K
T HRAE K, BLAEEC R 36. 3020, =L R R RAESL
B EART X BRAE AR BB T B3R 38.56%0;Cd Hk &
4 50 mg/kg B, /\ 58 5 KA AR AL B 2% T X BR AR
Bk, BAEBUTF RNy 27. 56 %, = b B RAEMR AL B
T X} BEAERE , RAE BT RN 35.97 %,
2.1.4 WA TRRAERMZE NE4FTUES, &3
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Fig. 1 Effect of Cd on height of S. spectabile (left) and S. spetabilis (right)
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Fig. 2 Effect of Cd on leaf number of S. spectabile (left) and S. spetabilis (right)
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Fig. 3 Effect of Cd on flower number of S, spectabile (left) and S. spetabilis (right)
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Fig. 4 Growth curve of S, spectabile (left) and S. spetabilis (right) under Cd stress
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BES5 X AR MR AR L K B R R KR8, HEE
10.20,30.40 K FR&Z4>51K 4. 18 % F1 16. 84%.5. 39 %
1 15. 49% .6. 40 % F1 16. 44 % .8. 93 % F1 19. 96 %,

2.1.5 mMEXEYENERN BE2ITH, \EHEX
FEREHL EEB5 T ER T E YR Cd ¥k BE W 3 Jin i PR A,
55t HRAR L VR R (20 mg/ke) 1 3854 F T &
SrBITRET 12.8%F0 17. 3%, FitE RECHK 0. 85; MR E

T (50 mg/kg)Hh 354 FHFE 3 TFET 35.5%
1 30. 9% Btk R B K 0.67, HE2EAH, =LHEXR
FERkH b 3B5 3R 5T R Y RE Cd Hk B R 18 I i FR AR
55t HRA M R (20 mg/kg) i 35 F T &
ABITFRET 12. 7% 5. 1%, FitERECN 0. 92; MK E T
(50 mg/kh FE S5 T HFEH B FRET 27. 0%
25. 3% FiERECH 0. 74,

x2 CdMN\NEEXM=tEXEVENZMI
Table 2 Effect of Cd on the biomass of S. spectabile and S. spetabilis
i Cd e g b BT E b T E TR T E W R TE TR BAEYR TR
Vuu. Cd concentration Shoot dry weight  Decline rate of shoot dry weight  Root dry weight  Decline rate of root dry weight Total biomass Resistance
ariety
/(mg + kg™1) /g /% /g /% /g coefficient
R 17.2+1.8a 13.9+0. 9a 3l.1+2. 4a
J
20 15.0+2.0a 12.8 11.5+1.2b 17.3 26. 5+2. 2b 0. 85
S. spectabile
50 11.1+0. 9b 35.5 9.6+1. 6b 30.9 20. 8+ 1. 2¢ 0. 67
0 6.3+1. 5a 9.941.6a 16.2+1. 6a
=E/RX
20 5.5+1. 1a 12.7 9.440.9a 5.1 14.940. 9a 0.92
S. spetabilis
50 4.6+0. 2a 27.0 7.4+0.4b 25.3 12. 040. 5b 0.74

2.2 HMFMEERAT 2 ERAFASERE R
2.2.1 MREERHET 2HRERRABEE hAE
5 AT, L3 Cd ¥ 20 meg/ ke I, \ERERARFH
CdEHRBBERT=LRRAIRAF Cd &, L G
WeBEHy 50 mg/kg F, NFERRRAF CdFEBET=L
RRMEF CAFR IR ENZS,

14+ B I\E5K S.spectabile

o~ 12} BZ=EFRK Sspetabilis b
ig b
» g) 10
I# =
< 8F
{2
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8 4t
=
S b
0
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E5 HEREREHMET2HEXRRAEZCISE
Fig. 5 Cd content in roots of both Sedum under

same Cd concentration
2.2.2 MHFEEERBMHAT 2 RRZPHITE NE
6 ATLIE Y, Lafrh Cd ¥R 20 mg/ kg if, \FERKZE
HPCESRS=LRREP A EFELREEESR. L+
Herp CA ¥ 50 mg/kg B, \EFRRZEF CdEEE
ZLERRETCASTELREEER,
2.2.3 MHFEMEERET 2 REXTRBEE K7
KU, L CA BN 20 me/ke i, NEFXMF
CAdEREERT=tH®XMHRH CdEE, 1EHh Cd
W 50 mg/kg I, \ERKMHAFH CdEEHT=L
SR Cd & IR EEER.
2.2.4 MHFEVEERBMHAT 2 HRRREFHSTE NE
8 ATLAFE H, i rh Cd ¥Ry 20 mg/ kg If, NFEFRKIE
FHCSREERT=LEXEF P CdEE, 1%

40 - B )\E X S.spectabile
~ 35+ B =-bgR Sspetabilis
230+
WE 25¢
graﬂg 20 F
O %’ 15

0(CK)
Cdift ¥ Cd concentration/(mg-kg™")
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Fig. 6 Cd content in stems of both Sedum under

same Cd concentration
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Fig. 7 Cd content in leaves of both Sedum under

same Cd concentration

H Cd ¥k 50 mg/kg B, \ERREFH Cd FER
F=EBXETFH CAEREFEBENES.
2.2.5 MAFREEMAT 2 MEXARSERIRRE

HIR 3 AT AR R A T, =L R RN Cd R R
BIWUF R MAESESHF>ETF b FHHRERS
WM BENER 1.06, % 4 KW, BKEHD
B, ZLFXRAEN CdRBRERMIUF R ARR>ZE>
MR >, EIR R R ST AR R R LES
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Fig. 8 Cd content in inflorescence of both

Sedum under same Cd concentration

L26, Uil EIR R B R TH T MRRE,.CdE=L
RRNRTBRRT L TLMENESR Cd KWEMEBE
Frdte R 5 AT LUE R R A T, AEFR R
W Cd FRBREMIGT Ry 22 >0 i >TRF >R R i B FR
MERSHTHRREMLER 494, H3K 6 ATH, B
WA T . \NERKIKA Cd HRBIINF R . 2£>
MRASRASHT i ERHRE ST MR REA L
{6 4. 82, i IR R B R T T A RE,Cd 1E
NEFRRNHEBRAT 1, TUERNESR Cd WiEY)

BEME.
®3  RRE Cd(20 mg/keg) BT
ZEEXRENCAHRREE
Table 3 Accumulation amount of Cd in
S. spetabilis under 20 mg/kg
biAs E e RR
Inflorescence  Shoot Leaf Root
Y& Concentration/(mg + kg—1) 10. 66 19.37  20.37  9.29
F1& Dry weight/(g + B—1) 1.67 206 177  9.44
M E R Accumulation amount/(mg « #k—1) 0.017 0.039 0.036 0.087

®4  BRE CA50 mg/keg) BT
ZtEEXEHN CAHREE

Table 4 Accumulation amount of Cd in
S. spetabilis under 50 mg/kg
biAs E e RR
Inflorescence  Shoot Leaf  Root
Y8 Concentration/ (mg « kg—1) 13.10 25.40  29.40 11.05
F & Dry weight/ (g« #~1) 1. 49 1.74 1.38 7.43
LR Accumulation amount/ (mg « 1) 0.019 0.044 0.040 0.082

£5  (KRE Cd(20 mg/kg) BT
NESXERN CAHREE

Table 5 Accumulation amount of Cd in
S. spectabile under 20 mg/kg
A d E o RAR
Inflorescence  Shoot Leaf Root
¥k Concentration/ (mg + kg—1) 16.92 23.60 29.92 6.14
FE Dry weight/ (g« #—1) 4.42 6. 98 3.62 11.52
H AR Accumulation amount/(mg « #k~1) 0.074 0.164 0.108 0.070
64

®6 ERE CdEHMET(50 mg/ke)
NESXREN CAHRRE

Table 6 Accumulation amount of Cd in

S. spectabile under 50 mg/kg
biAs E e RR
Inflorescence  Shoot Leaf  Root
¥k Concentration/ (mg * kg—1) 21. 30 32.60 45.20 7.70
FE Dry weight/ (g + #~1) 3.43 522 252  9.62
FHEE Accumulation amount/(mg « #~1) 0. 073 0.170 0.114 0.074

2.2.6 MENERRXA=LEXEANWREN
B9 WA, ZRBEEMTERI BN ERRESHE
W Cd A B> 28> >, i Cd(50 mg/ke) K
EH T &4 E Cd S RIF M >ZE> >4, B 2 Fiikd
HNAAVE IR Cd FrE—2. MFRZE N 50 mg/ke 4
AT AERREB/EANC SEEEE TR, A
10 A%, 22 53 R 2 W, X FR AN Cd(50 mg/ke) &
HTFH=LR®X, SH BRI CdFEH I >ZE>
>, MHFEIEE 50 mg/kg A T =L RRE&HE
W Cd HEBER TR,

é 50 - M Root a
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Fig. 9 Cd content in organs of both S, spectabile under

different Cd concentration
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Fig. 10 Cd content in organs of both S, spetabilis under

different Cd concentration
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X AT RB5 A SR IR R 230 52 B B KBRS O I
TERFEEEAZ B mA X, BkE (50 mg/ke)
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X =R R R A B, X\ E SR R
BREZW, RWEKEMSKRER 2 FRXRER R
ER 2 PR R RAE B D, = SR AR RO B
FETNERK, W =L F XL Cd M HHE
LB E, HVR R B . 2 Mk R A
T2 fhRRAeYEYED, HREBRE B BEE, A
FERRERE GO mg/ k) MMM K B3R, A KR
2208, H4 10.20.30.40 K T REZH451H 2.35%.2.21% .
4.32%.5.58% . = KK (20 mg/kg) &b BHLAE
5 TRk B (50 mg/kg) Ab 3 4 AE A% 5 XoF FE AR BR A LE A #5
WER ARKERYEE, SIRELETTETRE
K, ] DLV B e XA AR AR ) B S AR R
3.2 2FRRELE Cd MR BEMAT
E2FRERLE T N NEREREFCUAFTES=
LREREFCUAESELBERZS. BEAEFEXRMRH
FitEFd Cd &R T =tRRFAEFH Cd & &,
MREF CAdHEBERTFLERIREAPFCUAETE. I
W ERE SRR ERME, =t R XA ER
KAFZE Cd BN & 2K AT it i >ZE> 10
>R, 2MER CAFEEM FIH KT H T,
WX 2 MEXRBAERENEZEN, AAEYER
FvE AR, BAEE XA B B EE S m s
F=EEX BRI EHRIE T (20 mg/ke) , /\EFKH
ZEREXHM EWMHRE ST HREEN E N F]
7 4.94 F 1. 06, FkER A T (50 mg/kg) , \ERK
M=tFmXih PR BE ST IR EREMN LE N
B 4.82F 126, WHNAERRHL=tRXELAE
HEYEE MR T .
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Study on Growth and Accumulation of Two Sedum Under Cadmium Stress

WANG Shan'? ,BAI Ruiqin®
(1. College of Environment and Resource,Inner Mongolia Agricultural University, Hohhot,Inner Mongolia 010018; 2. College of Resource and
Environment Economy, Inner Mongolia Financial University, Hohhot, Inner Mongolia 010018; 3. College of Agronomy, Inner Mongolia
Agricultural University, Hohhot,Inner Mongolia 010018)

Abstract; Taking Sedum spectabile and Sedum spetabilis planted in pots with cadmium as materials, the absorb and
accumulation of Cd in different organs of these two Sedum and the effects of Cd on biomass,height, quantity of leaves and
flowers were studied. The results showed that Cd had toxic effect on these two Sedum,decreased plant height, shorter
and thinner roots, reduced leaf number, changed leave color, and decreased biomass. With the increase of Cd
concentration,Cd content in the organs of both Sedum sp. significantly improved. Cd concentration in different organs
from high to low was leaf>>stem>>inflorescence>root. Cd accumulation above ground was greater than under ground,
which indicated that these two Sedum sp. had strong transport capacity,and had the potential for phytoremediation. The
results had important significance for the application of Crassulaceae plants in Cd phytoremediation in the northern area.

Keywords : heavy medal; Cd; Sedum sp. ; phytoremediation
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