2015,34(2):240-247 xR A K B R FE F R 201542 H

Journal of Agro-Environment Science

T =R BB Xt 2 25 (Solanum nigrum 1.)
e &K KR A BRI

XNFR Y, HETF !, BALR", FHOE, A &
(PN AgME R K e A= Be, R 611130)

B SRR TARKRE Cd(0,10,20.,40,80,160 mg-kg™ )AL T, 3% (Solanum nigrum L)X (N) B (P) A4
(KO WIS ST ATPase Jfi RN . 45 R FHH, HHBURIN Cd YR EE <40 mg-kg™ B i Bt il e 284l i AR K A Wi i A R 5 4 i
TRIN Cd ¥ JE>40 mg - kg™ BPHI IV FINGR ; M4 28 & f B Cd AR BE (3 KT T B, ZERAIRHREE Cd (10 mg-kg™ ) ZbFRRT , @ %42
e E S, B Cd ISR RS8N, AR 25 AR S 4 N 4 P RI4 K S e TR RE(BRZE 4 P ERIRAE ) s ik b i Cd
B, B, Rl I8 RS R S S S (CAT) FE S AL W B AL (SOD ) 15 s A, {H 8 AL Tk s L il (POD ) 1%
PESETHE R s At B (RS i) A (AR &S H-ATP L SH T &5 Ca>—~ATP BEPERE Cd Sk B2 i 38 AN kA%, it B35
Ca®—ATP BEGPENISETHE R . e sesl BRI, Jo 26755 Cd i (=40 mg-kg™) N, AEET PR R AT Cd 25 TR SR s AL Bl
(CAT F1 SOD )i F#AIK POD 55 ATP BT 28X NP AT K (i, TTAZ I Cd Jiikin i s

SRSRIAL 2 s LB BT ATP BTG 5 S A s R

RESZES:X503.23  XEREM:A  XEHS1672-2043(2015)02-0240-08  doi:10.11654/jaes.2015.02.006

Effects of Soil Cadmium on Growth and Physiological Characteristics of Solanum nigrum L. Plants

LIU Shi-liang', YANG Rong-jie', MA Ming—dong", JIANG Pan', ZHAO Yan'

(Landscape Architecture College, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Solanum nigrum L. has been discovered to be a Cd hyperaccumulating species, and is therefore used for phytomining and phytoex—
tracting Cd contaminated soils. In this work, the effects of cadmium on nutrients [nitrogen(N ), Phosphorus(P) and potassium(K )] absorption
and plasma membrane ATP activity in S. nigrum were investigated in a soil culture experiment. Results showed that lower Cd treatments
(<40 mg-kg™') enhanced plant growth and biomass accumulation, whereas higher Cd(>40 mg-kg™") inhibited plant growth. Leaf
chlorophyll a( Chla ), chlorophyll b(Chlh) and total chlorophyll( Chl) contents were increased by 10 mg Cd -kg™, but decreased at higher Cd
doses. With increasing Cd rates, the contents of N, P and K in roots, stems, leaves and fruits firstly increased and then decreased, except P in
the stem, while the Cd accumulation in root, stem, leaf and fruit kept increasing, with leaf>stem>root>fruit. In addition, the content of malon—
dialdehyde (MDA ) and the activities of catalase (CAT) and superoxide dismutase (SOD) increased with increasing Cd doses, while peroxi—
dase(POD) activity showed a upside down “V” trend. However, shoot(leaf plus stem) and root H*~=ATPase activities and root Ca**~ATPase
activity decreased, but the activity of shoot Ca>*~ATPase firstly increased and then decreased as Cd rates increased. Results obtained in this
study suggest that S. nigrum plants may tolerate high Cd( =40 mg-kg™) through accelerating the accumulation of Cd ions in root, improv—
ing antioxidant enzymes (CAT and SOD ) activity, decreasing POD and plasma membrane ATP activity, and enhancing N, P, and K
absorption.
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T Cd 55T A B N A3 T i IR T
P e oy b A ek /) N T B E L VAR ) i DA S
R U] Cd Hhaa AEE S A A . B R R
(ROS) , szt A b o, i HL ek 22 B2 A 2l e
T - A Hyish™ P A ATP il Bl B i
ATP 3K 50 W] 1 5 R A1 P 2 28 TE B s g (H—
ATP i) f555% 5 (Ca™—ATP il ) 55 Jy THIAE ] 2. 30,
Burzynski ZFUMIF5Y & B, 100 wmol - L' Cd Ab Bt £ 2K
(Zea mays )L Z 18 h, HLBT R H*—ATP i % P4 35 5
Cd #b ¥ 3 d 8L )N ( Cucumis sativus )FR 2 AT MR ELF|
JREE H—ATP B PR T3 I R) (7 d) @k B Cd
(100 pumol - L") b FRADBR A HAEH D, &S ) BFFE 45
AL ATP 36 PE7E 48 5% T IR M RS
—o & Cd MBS Y A (N) @ (P) B (K)
R ICR RIS Heis 543, anxd T H 48
(Matricaria chamomilla)® | & %5 (Medicago truncatula )
HIKAE (Oryza sativa)™ , Cd J38 BERRZ HOO 3885 77
JCR WSR2 . (HAEY) 3 1 IR AR AL, Rl
F IR TR IR N ICER F 5 X 4
THPE AT 8 EAS AR A ) X DA 38— S 21 i [
—FE AN (R X o 4 S B 1) At 9 T e A
WYy 22 Sy R R S e

T %& (Solanum nigrum )&= F% EHT it & LAY Cd #
FRZEAEYM, W5 HXT Cd A T ML X 0 18 52
RIERATRITE XFER . Wei HAK,Cd FEEE
TEZEMF, U 25 me-ke™ BFZEFIMFH Cd & 547
514 103.8.124.6 mg-kg™'; Wang ZE2R P Cd ¥ /N
12 mg-kg™ B, M - N ARG ACE IEH 5 Sun £8H
g ZEnt i Cd Mok Cd i 5 HM b i
FFPEIR & i IEAHDG . 6T Cd X535 0l B H:
J i ATP i i BIF TSR R WARGE o PRI, ASBIFFE LA
JeBE Ry A L SR AR I AT 5E Cd i X JE 2%
YIRS BT A A ST ATP il | 4 4
MR E YN E A Cd B PR RRE LA N
P K W ISCRI B ATP g )AL, R A 2 A
Yy e 5 AR AL

1 #R5E7FE

L1 14

e 21 bRt BBt B 245 AR P 0F 52 P 2
A o e AR ET U Rl Ry AT A X A i 9
HEe e (R ), BPBE 4], HP R S AR SRAFIR
JERHRIZ 0~20 em; AL g AR I L AEARSS 5 vhots

Fefit, R SR (CdCL2.5H,0 ) /3 Hr 4k .
1.2 R A *

2013 4 6 Ay, ReRAEMRE 1 AR XTI
W SR WS 5 3k 5 mm i, 4% 1:1CW/W ¥k
P A 3 53TR A BRI -+ B i 2 R I
TR S 5 HERR R 45 o SRR - (T 1+ )%
B4 5.00 kg e NP FERIAREZL (R 4% 20 em, b
F42 30 em, 55 25 em), PFA FiE - B9 FE 78 T 58
IR, AR Cd S T B35 K, 468 1 1 5
S Kk H R K R 60%, Rt 4= (FE ++ & B2 1)
FFEA B R . pH6.8, 2% (N) 0.73 g-kg ™!, 4
(P)0.38 g-kg™, 281 (K) 3.76 g-kg™!, ALK (C) 32.92
g-kg™, &L Cd 0.419 mg kg™,

2013 4= 8 J 15 H B e 26 mhFIH e 5 Fh T C
£ Fralf 4 F e, Pg et H KSR 80
JeZEREAR RS AR R IRHE AL, B4 3 Bk, FIETRE 1.5~
2.0 em, AFOFRAPAEEL, MR AE B BLEEK , 5K
PR KA B2 o A5 2N R, B SR
FEac il b, DAk o 530 i g o Ryl fo HoAth
S7/ipi8 A S W s R Ny (7 SEATRSTB 01 1 o (WP 230
B KM BB e Ry 80% , LI (26+3)°C, % N MG JE
IR AR EE 2R 70% .

MR E ARG, T 2013 4E 9 J1 29 HFF 4G Cd
Jofp 0 A3 AR i R 5 - PR S5 S R o A O ) 1 b
L BTG Y R RIS, RGN Cd AE R 5% B (0 mg -
kg™;CK),Cd Zb /K- 10.20.40.80,160 mg-kg™!
(AEH A, DL Cd™ ), R b3 5 E K, 3L 35 4
105 Bk, #&FEIE Cd AP 45 20 Cd : LA Hr
al AR 5 78K FC i AL 249500 mL 7 2t AR
PR R B RSO B e, B R A
ARG .

20134£ 10 3 1 HZE 12 H E4F 9:00—11:00 i
PAFAE T 1 e S5 AR I AR R AE £ e DU 2 e — M
W (Na,~EDTA , 20 mmol - L)1 15 min Z=R3
TR BRF25 1 , T2 AR K Bk i, R
1.3 MEFH %
1.3.1 HERKAhR 542 & i e

RO A A BT 4y i, A1 Li-3000C (Li—Cor,
Lincoln, Nebraska , USA ) {5 # 2 i- i ARSI 72 A Rk 19
I AT 5 5 SR AR R RO AR A (AR ) bk
B BAHLEE A Rk R S IR A A AR S
W22 F- 42 a(Chla) b(Chlb) & &, 315 fant4¢
# (Chl) JeM2¢2 a/b(Chla/b),
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FEFE SR AR 25 5 SRS PR A3 (i 25k
A AR R R ) MR PR EEE . 105 °C MR N R
30 min, f57E 75 C T EEE AR 2
- RS R SRR AE
1.3.2 B iR bR S B e AL (Gl il

K H Cakmak S5 72400 7 9 % (MDA ) 75 & .
Z: B8 Patterson 2510 P g 1 A AL A (HL0,) B 5 1

Z: R HE AE M 1R A 3 48U Ak UG (CAT) T
PECEAMR I ), 1 A AL (POD ) 16 P (1 1 A By
) R A AL W AL (SOD ) 3 1 (% DU me S Ak ik
JE) o
1.3.3 i ATPase 3G M i 52

J ARy 25 2 B8 Wang 20 )7 0 ek . B
2.0 g FEARIA 2 65 (W/V ) PR BRI VA B B R 6 2% il
[Hepes—Tris 25 mmol - L™, pH 7.6, H &% 250 mmol - L,
EGTA 5.0 mmol- L, Z %P4 Z, £ (EDTA)5.0 mmol -
L, KCl 10 mmol - L™, 7% 1 3L % 560 (PMSF )2.0 mmol -
L7, 1.5% B 2 M e i (PVP ), 0.5% 4 1L i 25 11
(BSA), #it8AL7# (BHT) 5 pg- L™, K;8,05 5.0 mmol + L,
TR ERE(DTT) 1.0 mmol - L™, vKIRWFIE o WHE I 2
4220, BRI LL 13 000xg 50> 30 min(4
C), BV 60 000xg 250> 30 min, 37 FIH R, UL
VEETET 1.0 mL PBS(Hepes—Tris 2.5 mmol - L™, pH
7.6, H#EEREL 250 mmol- L, EDTA 1 mmol-L",DTT 1.0
mmol L")t | B AN 14 451 B B BEBE (45% .36% Al
22%), 2 70 000xg 5.0 2 h,36% F1 45% [a)4H 7
SR ASRE B I E ATPase 162 . i H—=ATPase
PRI E SR ] Wang S8 5 7 T Ca?~ATPase i
PED 3 2 B S50 i
1.3.4 N Pl K e

(DRI ZR NP ALK E R ZEE F )
RS 60 HT, FREX 0.5 g T T HS0,
8 mL, $EAT A, LY TH & W R B AR A, i
30% H,0, BOR (L) , & B RIC6, 185, &
TICPEA 100 mL 2 HE 2, ¥ET5 5 AL 5E

OZEAFEME 4 N R 10 mL F28005
th, 150 mL = 2% HiBO; 4878 FTE G WK 5
mL :J:%ﬁ'fi‘{/?\{%%%;'{ﬁﬂmﬁ , '&E@ | EZJ: H3BO3 {’ﬁiﬁﬁ 4
emo [AFEZEMIA 20 mL 10 mol - L™ NaOH , 1 H A4 FH
20 50 mL BF5E58 . 5 mmol « L™ HoSO, AR 218 H
T Sk R AR SR 21 2 A RIT]

QB HE g 5 4 P W IREEI 10 mL F
50 mL 25BN, 02, 6- RS SLmE R A, 6 mol - L

NaOH ¥ pH Z NI ¥, i APUVEHERE A7 10 mL,
FKER, #A) . 15 min J50000 6T 450 nm L5,

@KL E 4> K W IAFIR 10 mL F 50
mL 250, B A BRS) IR T EE .

(2) e NP Al K JU7E -

O PRI E 4 N BUXT B4l 60 H i
A 0.3 ¢ TIHAE I HS0, 8 mL FEATHIHE . L
HAZFWAM R 22 KA )5, HE Lh
R, ERAGE

QA AR E 4 P AL K MERFREURE b
0.25 g TERHIA AL T4 2 ¢ NaOH, T il s g
FHELZE 400 CHHE {5 15 min, J5FHE 720 CIE£EE 15
min 2%, Il 80 C7K 10 mL R P i I Joibi ki
A 100 mL 25,3 mol - L™ H,S0, %% 10 mL Fl7K
ZR VeI T4 T, 8, A . U 10 mL F
50 mL ¥ &, A RSB R R A, FF A 10%
Na,COs ¥ 2 NI 2508 . A 5 mL AH BT it
FILFRAT EAS  #E 30 min, 2MEIEEETT 700 nm Ak
t,

1.3.5 Cd i g

(1) -3 Cd % - BLEAF 0.5 ¢ T 30 mL R PU5A
ZARHE B PY, A 10 mL 4k & (HF) #1 5 mL HNO,-
HCIO4(3:1, V/V )IRA W, CE 5, AP VHIR IR (100 °C
PLTFO)IHAE 1 h, FHE(250 CLLTF ) 462244k % HClO,
KAEE M, A 5 mL HF FIVR-A BRI, 1194k 2= HCIO0,
FAEBEMWET, BN 5 mL HNO; 4 255250, %
HIERZ 25 mL 3%,

(2)FEPRH Cd W : FREL 0.1 g FEPIFE S ZE L
bRAbE  #E 550 CE R T K4k 6 h,5 mL 6 mol -
L HCl %%, #19§,0.1 mol+ L™ HCl E 45 50 mL, ]
ECd i,

IR Cd 0 3R D WS D' o B (SHI-
MADZU AA-6300, Kyoto, Japan )l 5E .

1.4 BEEST

K F SPSS 17.0 G o0br, BRI R Ty 22500
(One—way ANOVA) Fllfge/ )M i &M 22 5 (LSD ) K 5,
Microsoft Excel 2013 | FAE K], B EPEKEREN a=
0.05, Fr ¥y 3 Yot i - F- 1 1E .

2 HRESW

2.1 Cd X ZE4E AR
10 mg-kg™ Cd AL 4y 5 550 4G v 5 K i
W CK 43 5 20.2% 14.1% 11.7%F110.9% ,
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HBEE Cd WIS THE R, 50 KA SE e
20 mg-kg™! ALFRIHA SR A (R 1) ARKBEH Cd A
FEJE AR SR T SE TH R R R AR, 10 mg kg™ AR PR ARG
IRFER, B CK PRI R 22.3%,10~80 mg-kg™ Ak
HRA) 22 5 2 (P>0.05) o bk i AR ML R 4 A
KSR, WBE Cd A B g e ske. 5
CK AbFRAHEL ,10 mg-kg™ AbFR T RRE 5 HICH B 22
S, TR RN 22 53 2 s ARSI 1E 20 mg-kg ™! A0 FHTR
RF K, T HEAEHITE 10 mg- kg™ ARFRI kR K
22 Cd W RZEEMER M

Bl Cd ek B, AR S FOAR 2 i A
PR E BT REAG ;25 R SRR E TS
TR ST HAE 10 mg-kg™ ARBRREARR2, BE)R SETT
Gk, 5 CKARLL AR EE Cd AbFH (10 mg-kg™') 25

AR, 10 mg ke ZbFE T A3 s, 160 mg ke AbFET
FARMIET CK), i Chla/b ZEfEEHA—(F 3), 10mg:
kg AL FER ,Chla Chlb Chl &A% CK AL FE 4> 542 5
18.2% 34.6%#11 23.0 %, Chla/b £ CK fiERI% 13.0%.
24 CAMEER _BEESHENEEERNZIT

3 4 IR MDA R Cd JPhia ik B 3G A3
K,160 mg-kg™ AbH T i5% K, 20,40,80,160 mg-kg™
Rb PR & CK 4 9 5 80.2% (153.7% 239.6%
318.7%, 1M 10 mg-kg™ AbPRYE CK [A]Z2 AR E . [F]
Bt CAT 5 SOD Bl Cd ¥k B % A i 4 4, 10,20 mg »

K3 CARETREEHEMHERSERMER ob TH
Table 3 Chlorophyll content and chlorophyll a/b in leaves of

S. nigrum seedlings under Cd treatments

Cd #efE G migga B Db BFEER g ab
RS M 8 B2 40 0 T 135 73.9% 41 23.9% . A e H AR S conccentration/ Chla/mg+g™  Chlb/mg-¢”  Chl/mg-¢”  Chla/b/mg-
THEMRARER 829 21.2%, 25 I AHPRSE L 2 mg;)kgil 1 59F\:)V()8} 0 55F(\)V 05he 2 13F(\))V 061 22?(5?9
. +0). ) . +0. )C . +0. C . +0). (6]
20 mg-ke™ FIERR, B CK IM5ITHH 97.5% 35.7% 10 1.88+0.15a  0.74%0.05a  2.62+0.12a  2.54x0.04e
1 46.6%, HLEEFEAE 40 mg-ke AR R AR, B 20 1.63:0.09b  0.60£0.05b 2.22+0.13b  2.73x0.12d
CK F+55 98.0%(# 2). 40 149+0.06bc  0.59£0.07b  2.09+0.12be  2.53+0.19%
23 Cd WEEHGFZSERNZM 80 1.52+0.08bc  0.48+0.05¢d 2.000.09cd  3.210.05h
Wi Cd i vk B F  Chla Chlb F1 Chl 42 160 1.40£0.06c  0.42£0.09d 1.82+0.08d  3.50+0.05a
F1 CdRETRENERKRKR
Table 1 Growth of S. nigrum seedlings under Cd treatments
Cd % Cd H-% Leaf Number/ I 4K Petiole 55 R R A4 H Basal
concentration/mg -kg™ J+Plant™ Leaf length/cm length/cm Leaf width/em Root length/em  Plant height/cm diameter/mm
0 41.33+£2.08cd 8.21+0.60bc 3.16+0.65ab 5.62+0.34bc 26.69+3.11b 41.83+6.66¢ 4.59+0.74b
10 49.67+3.51ab 9.37+0.40ab 3.53+0.55a 6.23+0.25b 32.65+2.38a 45.66+3.74bc 6.16+0.73a
20 54.67+2.52a 10.37+0.33a 3.39+0.51ab 7.28+0.35a 34.30+1.98a 57.43+5.06a 6.30+0.58a
40 46.33+3.06bc 8.46+1.00bc 3.16+0.62ab 6.26+0.83b 33.90+2.66a 51.47+5.62abc 6.92+0.64a
80 38.67+7.09de 8.35+1.08bc 2.94+0.54ab 5.29+0.26¢ 30.50+0.87ab 54.27+2.40ab 4.54+0.51b
160 32.33+1.53e 7.96+0.42¢ 2.40+0.32h 4.96+0.06¢ 26.07+2.90b 40.65+8.50¢ 4.09+0.31b

T RPEEN P AR EDR , [R5 e AN ) - B2 om Ab L) 22 53 i 25 (P<0.05) . Rl

Note: Data in table are means + SE . Different letters within a column indicate significant differences hetween treatments(P<0.05). The same below.

R2 CAAABTREGEAEREHEMTENTL
Table 2 Fresh and dry weight of different parts of S. nigrum seedlings under Cd treatments

Cd ¥ Cd #2 Root 2% Stem I Leaf AL Fruits Ttk Plants
concentration/ fif g FW/ T8 DW/  fif# FW/ T8 DW/  fif& FW/  T& DW/ fif& FW/  T&E DW/  fif& FW/ & DW/
mg-kg™! g-plant™ g-plant™ g-plant™ g-plant™ g-plant™ g-plant™ g+ plant™” g+ plant™ g-plant™ g-plant™

0 5.58+0.28a  1.34+0.38a 8.49+0.36e 3.38+0.43ab 9.56+0.46b 1.62+0.17ab 6.05+0.34cd 1.93£0.07a 29.67+0.21d 8.27+0.40a

10 5.12+0.19b  1.49+0.14a 14.76+1.75b 3.86+0.76a 10.95+0.74b 1.85+0.20a 5.95+0.41cd 1.52+0.13b 36.77+1.81c 8.73+0.40a

20 5.23+0.11b  1.64+0.07a 16.77+0.83a 3.12+0.16ab 12.97+1.89a 1.80+0.24a 8.52+0.44b 1.78+0.05a 43.49+1.27a 8.34+0.05a

40 4.60+0.11c  1.32+£0.29a 12.95+0.60c 3.99+0.86a 10.14+0.26b 1.44+0.05b 11.98+0.63a 1.83+0.12a 39.69+1.48b 8.58+0.76a

80 3.39+1.54d 0.74£0.10b 10.90+0.43d 2.77+0.40b 9.37+0.27b  0.77+0.20c  6.14+0.31c  1.41+0.11b 29.80+1.08d 5.70+0.21b

160 3.25+0.15d  0.78+£0.03b  9.54+0.44de 2.53+0.37b  8.09+0.16¢ 0.78+0.03¢ 4.71x1.49d 0.81+0.13b 24.97+0.62¢ 4.91+0.27¢
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Table 4 Changes of MDA content and antioxidant enzyme activities of S. nigrum seedlings under Cd treatments

Cd WefiEhmg kg 9Ot pamol - FW SR ARG LRI AL LR
Cd concentration MDA content CAT activity/U-g FW+min”  POD activity/U-g” FW+min"  SOD activity/U+g" FW +min’!
0 4.34+0.48¢ 67.086.70d 113.65+3.02d 40.45+6.06h
10 5.59+0.97de 76.54+3.26¢d 126.33+3.52¢ 46.43+7.99h
20 7.82+1.12d 83.94x7.79¢ 163.92:11.83b 49.90+8.18b
40 11.010.64c 108.23+6.08h 180.23+6.35a 83.66x12.20a
80 14.74x1.49h 115.86+2.49ab 102.676.30de 86.14£12.87a
160 18.17+0.83a 121.96+5.65a 91.99+5.71e 88.67+10.30a

kg 5 CK 4 LA K2 40.80,160 mg-kg™ 4b 3 8] 2%
A2 1 POD U Bt 36 5 B 14 588 JE T )5 B L 40 mg -
kg™ AbFET AR K, 38 CK $215 58.6%, 160 mg-kg™ 4k
PR A%, BAR T CK.
2.5 Cd M ERAR ATP BRI 5200

FiE Cd We s pgsehn, o B (R )EBAE H—ATP
P T 3 Ca®—ATP il i M2 8 3 1%, 160 mg -kg™
SRR IRAG, 2051138 CK F#AIK 63.7% .65.5%F1 73.9%
1Mt F 3 Ca*~ATP BEE PESeTH 5 B, 20 mg-kg™ Ab
PR kR (8% CK THE 21.9% ), 10 mg-kg™ AbFETF
i B CF)EBJE I H*-ATP fl Ca>-ATP 645 CK
SLFRE IO % 2 5 (R 5).
2.6 Cd 3t #ZEN P K5 Cd ARSI

Bifi Cd M EERE S MR 25 RIS NP K R
T (BRZE P AN BT ERE(SR 6) 28 N Al P FLE D)
JA i RS N AT K BRI 20 mg-kg™ AbBE
IRB K TAR LRI R S P AR R TE 40 mg-kg™
AEFRTA R 5 CK A3 HIEE B 24.5% 37.1%H 63.5%,
22 K BURGEFH Cd W FEHE KRR, 160 mg-kg™ 4bFH
R/, B CK FRAIG 40.2%, [R]IsHBE Cd #k BERE A, 4
HASE Cd FREZWE K, 2 160 mg-kg™ AbFAR K,
3 CK FH# 34.4%~127.1% . MilA] Cd ¥ EE TR i Cd FH1
Pk (166.33~291.41 mg-kg™), 257k (92.90~
198.29 mg-kg™), J57 2 {15 (42.82~97.22 mg-kg™),

HARIINIBF Ay« > ZES M SRS
3 itig

3.1 Cd BB X 2K R R R R 2200
MRV fih -3 Cd W AR, Ay
Cd> HA A AE I, RE A% 18 1 AR 40 i e ) 25 1D 1 ik
(GSH)EL & B Ak & WE A iU 5 PIREAIR Cd AR
HEEF o AWFIE P e 3E EARK 2Rk 1 %00
SR B W BE Cd R 20 R | 1 58 58 457 A
HETENE, X Cd™ g4 e AR 2R 75, WF5E
WM 2R i BOR S Cd FRER GRS Cd W RYEE R
TG, w5 TR AR AU 35 (Picris divaricate )™,
{BAS T H 28 (Matricaria chamomilla)®, 5 R A, A]
AEZ o T AR Cd BT 32 i PR A7 AE 22 5 X Cd
Griap ity 930 N [T PO [ A =X 7/ s 1240 A S SR 7/ DS E oy
BT PG L, ST P R ZEAR (25 i SRS R ik fif
() HIYKE Cd WBEHE R ML =417 . Gonzaga 55
o M TE G AT 0w S AR W i 4
P55 R R O = R A IR A 9 1050 FC AN [) P 454 1 2
[ A I S DA R SO Tl R 20 22 A A= Al M w2
%, R R & TRV 2 AR R MY S
B AN EER N Z —, J3—J7 T, bR AR
Y E K E SRR, e SRR S R AT
(Pennisetum hydridum A4 17T ( Dianthus chinensis )™

R 5 Cd BT RELE H-ATP B 5 Ca-ATP BFFE T
Table 5 Changes of H—ATPase and Ca*—ATPase activities of S. nigrum seedlings under Cd treatments

Cd s H*—ATP [ 4: Ca*~ATP 5 PE

Cd concentration/ H#h E35B Shoot/ R Root/ Hi E3#B Shoot/ i B Root/
mg-kg’ pg Pi-mg™ protein-h™ pe Pi-mg™ protein-h™ pg Pi-mg™ protein-h™ wg Pi-mg™ protein-h™

0 103.25+5.98a 96.01+5.95ab 52.77+6.19b 50.01+4.63a

10 98.76+9.89ab 101.26+4.74a 55.76+3.35b 63.59+2.85a

20 91.30+5.47h 88.49+7.40b 64.30+£5.21a 46.16+6.62b

40 71.91£5.10¢ 60.35+4.32¢ 39.25+4.60c 34.35+2.59¢

80 52.54+4.08d 48.07+1.97d 29.88+5.13d 21.74+3.23d

160 37.50+3.06e 33.17+1.88e 22.50+2.18d 15.17+2.79d
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Table 6 Accumulation of N, P,K and Cd in different parts of S. nigrum seedlings under Cd treatments
s i% AT Clme e
0 10 20 40 80 160
#2 Root N/mg+plant™ 55.98+1.07b 57.87+1.06b 68.91+1.95a 53.00+8.72h 42.39+2.76¢ 42.44+1.39¢
P/mg-plant™ 7.99+0.55h 8.11+0.38h 9.21+0.59a 9.95+0.68a 7.06+0.46bc 6.56+0.81¢
K/mg-plant™ 82.91+0.27a 83.74+0.89a 89.95+5.32a 69.59+6.42b 59.68+6.32¢ 49.07+5.48d
Cd/mg kg™ 73.03+4.26b 76.27+3.96b 79.35+3.35b 89.51+5.95a 90.31+4.34a 98.11+£5.97a
2K Stem N/mg-plant™ 79.83+3.97cd 81.21+6.40bc 92.24+9.88a 90.85+1.97ab 77.79+2.38cd 69.15+6.23d
P/mg-plant™ 17.78+0.73b 17.92+0.65b 20.38+1.01a 15.14x1.44¢ 12.39+1.06d 8.72+1.09¢
K/mg-plant™ 188.09+9.05a 183.37+0.28a 179.29+16.94a 169.53+6.46a 139.55+21.44b 112.45+9.74¢
Cd/mg-kg™ 92.90+6.71c 93.02+3.39¢ 106.02+12.26b 189.51+5.96a 190.22+4.37a 198.29+5.81a
I Leaf N/mg-plant™ 187.84+10.85bc 195.10+10.03b 215.32+10.19a 174.15+7.69cd 160.98+13.01d 132.45+9.12¢
P/mg-plant™ 18.99+0.49¢d 22.06+0.47b 25.83+1.60a 26.03+1.10a 21.34+2.29bc 17.67+1.61d
K/mg+plant™ 112.89+6.79h¢ 129.85+8.67b 176.10+18.07a 122.77+5.81bc 108.39+1.70¢ 91.66+5.66d
Cd/mg-kg™ 166.33+9.89d 173.14+9.32d 186.29+8.05d 229.48+15.55¢ 265.11+14.83b 291.41+5.47a
HSE Fruit N/mg-plant™ 67.87+£0.97he 78.68+2.12ab 88.59+1.57a 70.80£9.57he 61.02+9.32¢ 49.14+6.16d
P/mg-plant™ 58.99+0.49¢ 61.24+1.68¢ 75.87+10.57b 96.48+9.01a 54.52+13.80¢ 54.66+4.20c¢
K/mg-plant™ 73.11+3.75b 86.36+3.97a 92.80+4.62 a 72.52+5.56b 49.23+6.34¢ 30.40+4.58d
Cd/mg-kg™ 42.82+6.82d 44.85+4.72d 59.77+7.46¢ 69.22+5.99¢ 84.93+7.36b 97.22+6.91a

AERLAS AR R 07, 2 TR B A Re i b2 i
G354 Ty Cd A2 D LA 240 i 435400

M2 R O i I VR A kT e A AR T
FIbRiE. Cd RE EHE THEMSr R AW G, TR
A HFFREY], 10 mg-kg™' Cd AbFET, i J
Chla Chlb il Chl 745 CK W EHE, i) kA
P38 BN R R FEREAIG, 160 mg -kg™ b3 T £
%, & Cd Pina S8 Chl & & AL AT sE = A N
Cd 52 Z 0 5 (-SH) 45 & S 80 a4k
P L5 R RN T RESZ BIREIR | Bt 22 40 B8
PRI, B e Cd 0 25 AR A BET K A i R
251, H Chlb BBIRFEE KT Chla, Pankovic 25!
K, — W Cd BEM 7] H 2% (Portulaca grandi—
Slora)M Jy 1 Rubisco {1k, FEAIRI-28 R 5 i TR
YA RETT
3.2 Cd BmEX ZEZ AN RERF I

MDA & 5 B /E MAEY 4 ROS ERUKF-Fl
SRR HIMTE bR, OF9EH MDA SR R &k Cd
W EERA RN K . Cd S F AL R EZEAS R, &
CdiEF L A% 2 MDA, IR 40 A b 2 &
AL PREE CA S 4N g5 NS SR B8 A B R AR
B A (—S-S— )P S BUR Bl S5 RN . KR
FEEFOHHFR BAEY) P. divaricate FIRFFEAEE] T AR
4518 . SOD VE AL NG FR ROS (15 LB 4 i, gt

0: - 46 A H,0,, 8 1Ak Fenton [z 1 1M T B 77 A= 1)
W% -OH, EHEEOLT ,S0D 7E Cd Ja T R A KE
[ s g, ST ERE. POD Fi CAT nlfiifk
H,0, JE i HO0, NI ZLBH IE 05 - Fi HyO, FRER . At
e ,CAT 5 SOD i PR Rl Cd ¥ 3% K3 K, 1
POD 5 14BE Cd W FESE RN e 5 R (5 4), SOD
P3G, S i T SOD # 4a 15 ( Cu/Zn-SOD  Fe-SOD
M Mn-SOD)AEAE T4 B, 4 H 32 5 ROS Rl BT,
SXim AL —NH, A 22 57 Y 32 25 40 5 7= 25 A FH,
Fi— 7, CAT EPEZE 55 ] RE T CAT2 JEH &
KPP B0, R RR . Kovacik S8R H 250
FELE RIS TIZ M A . Cd W <40 mg kg™ i,
POD V& MESETHE I, 5 CAT #1 SOD % H,0, fit 1k 1
FEILFE = SMEH; 1 Cd #RE>40 mg-ke™ B, POD
Wl T Cd mHEFMmMALHERER, Xy Rk
B, P AL S 1R A T B AR A 4 A
BEHLAZ —
3.3 Cd BMBXT ZZE R N P 1 K A5

B BIE S B YE TR A R R
BLAEH AR B 5 EAE A KT, Cd #Er R LR
2, 5 S SREE (R RS (-SH-) 2 5, Bk
U Ca Mg . Zn Fll Fe S50  BE IR SRR S5 HY , T4
FEPIRTE SR TC R WAL RS | T AR SR 2R 2B
A EE I WFFE AR 2K RS 4 N P K LR
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ST B A 1 1) T L Ak 2 A0 P A 2 11, ORAIE
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D"JE%TW AE S5 MU Ca P82 (CaM )£ 3, Cd B

1A 3 B N Ca2*7kﬂ?tﬂ, E CaM T [ 1 {51 A
Ca>—ATP BTE e, 7K Ca Tk A R H 4
M, Tl i 5 5 TR I H-ATPase mRNA #%
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3 ATP i (H*~ATPase Fll Ca*~ATPase )% 1= T3
TR, R R Cd Wi B SRR, 154 T AR FEBh
WL, SRR R 3 71

(Ui%%%?iﬁ%%ﬁﬁﬁ%@?ﬁ* Z Cd, Hes

HZZ RN £ e 2R < > 25 M SR 5

(2 VA PR R AR PR S
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K
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