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W OE SR B T RRIEE (0.1.10,50 100,200 mg-kg ') FAANFE T i A0 D L5 MR AR AY
A= Wy i 7 A8 R 5 e B AR PO Y B SRR E— 2 e M IR AL B (1 mg - kg™ ) R ARALFE (50 mg-kg ™)
FETEIFAEARAR 25 I rP B AL 2E T2 RO I o s 00 I 40 B 43 A R AE . 45 3R 0, S B <50 mg- ke ™', VRAE i
T TR R A 1 R B A S T I VA AR TR 4 A B B K T b Ry T A LR R A M RE v
R T LB > 50% , LUk A PT  EB 43, e 4 Ab B v 20 L RE | TS 4 T 4R Y 43 TG B ) L ARG e Ak BE B
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Abstract: A pot experiment was conducted to investigate the effects of stress reponses of Cd and
accumulation to Cd for the biomass in the root and leaf of Paspalum vaginatum Sw. with different Cd
treatments (0.1.10.50,100,200 mg-kg™'). Further analysis was conducted for the chemical forms
of Cd in the root, stem and leaf of Paspalum vaginatum Sw., and the subcellular distribution of Cd
in root and leaf with two different levels of Cd treatment. The results showed that the biomass and
tolerance index of the root and leaf in Paspalum vaginatum Sw. did not reduce significantly when Cd
concentration in solution was below 50 mg-kg™". Most of the accumulated Cd was enriched in the cell
wall and soluble fraction. The proportion of Cd located in cell wall is above 50% with the treatment
of 50 mg-kg™'. The proportion of Cd in cell wall of root, soluble fraction and cell wall of leaf was

increased and the proportion of Cd in cytomembrane of root and leaf was reduced. The chemical
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forms. were FNaCl and FHAC. The Cd accumulation percentages in FNaCl and HAC extractable
fractions decreased with the treatment of 50 mg-kg™', whereas FNaCl and HCI in root and HAC and
FNaCl in leaf were increased. It indicated that, the Cd accumulation percentages in FHCI, HAC and
FNaCl extractable fractions increased. Therefore, cell wall binding of root and vacuolar
compartmentalization were supposed to be the main tolerance mechanisms to Cd for Paspalum
vaginatum Sw.. with Cd stress.

Keywords : Paspalum vaginatum Sw, Cd, chemical form, subcellular distribution.

Y A K AR T OCR B GE R RE T B0, Sy i A T 4 2 s S NG 3 e ™ E
MESEITREZ — GRS RO RS Y i g n R R B Tz ok
HER P2 R 0.2 mg-kg ™, TR LR TR B L HETEHLTS Ye v B bRt s 1 4 R Y IAE SR R A
ST Y A ITTE A B X SR T5 T SR W 18 B ROCR B BRI AT 10 A, B2 AR T
TR RABHEY S TR R 0 A0 53 A B A TE 2 e A A B 4 T 1 R N A i L
PO AR B 06T T4 AEAR ) 20 A 4 23 A R AE AL S TE S AT T i 258 BT S0
FERW A FEIAF T ARy, MR PR 32 2 DL SRR USAE A v Fy rp i 32 B LA 25 8 TR 3R IS
PR BGS A7 A XEAE T BE e R W), S e it S vh R 4 T A B I AR 25 £ U IR
PRI B MR IS T Kiipper 55 BIFFE R W BE 58 12 24010 T LRI IF 10 40 A B v SRR R 451 7
F WA 2 B LTV IR R VA IR B0 RS G R AP A7, AR B ) 2 52 LA B B 2500 s A7 A I Se 5 R W
FY) SR AR AR 8 A SAF AL A IR S SR M S Rt R A K.

MM ZAEERARHEY) , 24 K T UOME b BAHaR AT 5 R0 IR i Eh s RE /g , 2
BF VR B R B A R 1 22 g B A ) R AR A M BRI SRR AR S 5 g R R e R
PRSI RO I BT 3 0o e o o 3 0 3R TV 48 B S R O 0—50 mg - kg™ TE I AE KT
255, HAETE 0—200 mg-kg™' T 5E MU St , BA R A SR ERE .

ARSCLLTR A RO AL ATF 5 X e LA ) A 52 ) B T 2 RN R ) o SRR TR IR P A 235
AR O M 22 T D BRI TS AR TR AR AR 25 It v (R 45 45 T 25 S 20 PN B0 I 40 93 A R AR, 15 7
BRI OO A B SRR AR PEALER, S M T2 AE M8 52 B T T ISR LR A Ak 3.

1 #ES 7 ( Materials and methods)

1.1 MR

AR AR SR S E T B A R MR AT L RO (VA HUR = 1:1:1) |, pH 6.53, 3R
PERTS SE M 0.51 mg-ke ™.
1.2 ik
1.2.1 kb B

ATHFFET 2015 4F 3 AW B A B2 B A AR B AR BRI R4 T, IEE 6 MR, 3 IR
4 A CACLr2.5H,0 7K RAL BRI F5 38 5, fff + 3 RAR U235 0 11.,10.,50,100.,200 mg-kg ™", %
AMLIRFE (60 emx45 emx25 cm) , FE 1 ;2015 4E 3 A 10 HRE AR 2 D 22B (K25 em) ,3 1
AT T O AN FR A 3 % 1 UGE K - 5 K s 3 H R K K 2 1 80%—90%,70 d
Je e A YR A AR A AR R Rl ZE R 6:00—7:00 [8) A 48R B B AR AT DR OK , AR
20 d 1 ¥ 1/4 Hoagland 5 3£, [F I )2 1 HE 1—2 em & B A58 F1 SR K, (38 5 Kk R 35 78
60%—70%.
1.2.2  AYEiE

SrANEL 3 WRAS B AL BRI AR T 25 B K o gk 0 R R R S M AR TR 7E 105 C R
20 min, T 80 CHELTZfHEE , FRECH T 45 o ¥+
1.2.3  Had i e

FFER T 80 CHET RIEE  FRICHEM 0.5 g, BT 100 mL 5 U4 % £ B4Rk A S0 e i v, A
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4 mLASHER (dt1k 65% BV-THH F4%) Al 2 mL BUEK (db1k 30% BV-T i 74 ) , %), d-f7 i1t
T OB IS VS TR B A SRS T JE R FE T R 20 g, FEAITRI I P IR AT R SR I
ALY B 542 B A PR U M RE &, TV 250 U e B I e e 1 i, B AR 350 40 S e T it I
N i 1
1.2.4  HEAE MR FRIM R 20 O 2

K HH Wu 25U Li 2D RS B AR AR I S A R 2E 4, BB T AL B G ) VA VR TR S AR AR B
BU1 g MR, A 10 mL $2 B0 (200 mmol - L™ JEEAE+1 mmol - L™ 5 AR B +50 mmol - L™ +Tris-HC1 2% it
W (pH7.5) ), T 40 1k BE 385 v vk s F 88 22 40 3% il 55 82 2] 50 mL B0 45, 78 o % R B O ML
300 remin”' #5.0> 30 min, PUIE N A MIEEFNGR I (F1) 74 2] FIEW LA 2500 remin™' (HR) 1500 r+min™" (#t)
B9.0 20 min, PLIE R 2> R I A B (AR AR () (F2) 5 EIEWFFLL 15000 remin™ #5.0 35 min, JL3E
MR (F3)  BJa FISW TR Sr (F4) A L BRAE 4 C R HAE.
1.2.5 EMIANRLFIEE M

KRR 2ERF B A R BOE , 2 0 Wang 21 FIE T %07 1905 2 bkt FRECIE T 2= 180 F 19 1
FEPBATIAL (AR 25 1) 45 0.5 ¢ F 100 mL E5.04 H, In ASREGH, #4855 BEIGH 9 EL B 1:100, 76
25 CIR 22 h 7,25 CHR% 1 h, T 5000 r-min~" B0 10 min, B _F R, FHINA 10 mL 2B, §7%%
1 h,5000 r-min”" B0 10 min, 8 H FIER, A IFPIR EERT 150 mL 89 =M, bt B2 LR T,
P KA S SR DL S5 PR EGHLE A 1 S4E H. 80% LW (FE) (B F/K(FW) (1 mol - L7 54
L8 (FNaCl) \2%852 (FHAc) (0.6 mol- L™ YRR (FHCL) | fef5 WER I AS (Fres) s A FALA P BOA [F]
JEBMAILE Y . CRESRIUE IR LS e R LR R E SRR S A AW E SR ; X8 TKIRBUKE
PER— B RR R A MLIR SR 245 B R M E 4 S T E R BUR ISR R S5 W I 25 1 5 4 R 46 5 IR TR $2 B
TARIEBERRER IERERRER SEMES T K A0 4 Jm IR AR s Fh AR PRI MEVS 1Y 4 Jm R R AR 5
1.3 i srr

TP A5 = Ak B A AE B /% BERE 0 19 2E P i X 100% 5 & 4 R 80 = M b 7 i/ R R
i R R = IR B/ R i AR LG = M AT L/ AT EE X 100%.

SCIHE FH Excel 2003 24 HLSCEG KR | 2 A% ; HH SPSS13.0 #4707 2 T i 2 E Lk, F P<0.05
KA TG 2 R 50

2 5 5178 (Results and discussion)

2.1 SR i A W B R

L) A Wy i B R e OO B R B S ACR  HE R A BT AR A R I3 T R AR AR
WY A 2 — , TR T A= 40 T LR S xR 4 S TS e 1 ) 2 8 1S 0 3 X T R AR W Y 5 )
(&1).

R AR TR 4 KIEPR (n=3)

Table 1 Growth index of Paspalum vaginatum Sw under different Cd treatments (n=3)

- Hu R o o X
= ke i = 4 oy
e . Root (RT) Stem and leave ( SL) UL Relative M P4 2
Cd Concentration/ - o - o Root top ratio . Tolerance
Opzibiy Opiily increas
(mg-ke ") T FHA 3 T AR (RTR)/% creases index(TI)
Dry weight/g RI/% Dry weight/g RI/% (RD)/%
0 0.321+0.029 ab — 4.598+0.162 a — 6.982+0.474 b — —
1 0.338+0.020 a 5.30 4.543+0.167 a -1.19 7.463+0.687 b 6.88 0.994+0.066 a
10 0.314+0.006 ab -2.18 4.353+0.189 a -5.34 7.216+0.438 b 3.35 0.95+0.068 a
50 0.300+0.008 b -6.54 3.977+0.386 a -13.51 7.567+0.473 b 8.37 0.871+0.055 a
100 0.236+0.021 ¢ -26.48 2.887+0.615 b -37.20 7.502+1.381 b 7.44 0.704+0.137 b
200 0.148+0.007 d -53.89 1.504+0.192 ¢ -67.29 9.931+0.858 a 42.24 0.335+0.027 ¢

AR TR RRE L 257 (P<0.05) , FIA]. Different small letters indicated P<0.05, The same below.
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SYBTRTAL FRINE N BREGHEEE N | mg- kg™ B N304 W iR e %ot B 0 5.3% , Wt vk B i T i, Vi
AR FI ST A B R TR A FERVRE <50 mg- kg™ B, MR FSORTHE_EAE AR R B
TR, YERIRE R 100 mg- kg™ B, MR b AR Py AT R T R 26.48% \37.2% ; 24T
B4 200 mg- kg™ B, Hb F SRS R AR B0 B A 51 R FE 53.89% i 67.29% 5 15 4 R Je LU B4R a8
W BE B IR, AR A 200 mg - kg™ B, MR gL FL SN I 25, ARkt AN 42.249% AR FEEFR AT,
TGS BRI PEHE B A Wi AR LU R A7 2 B S S e 5 o TR R R0 R A i R HLad ok
AR X 1 b3 25 I AR S M AR 2R B R R A, RS HE I 5 Xt 48 5 4 Mol st b A5 R LR 2538
AT RE A B TR RZ I T IR E AR R 0 35 4 B2 i , T v B bR 52 B A AN % 40 A XU 38 L 3
W B — 2L AT
2.2 GRIAE X AR B A B ARRIE Y R

B 1 s S T g2 B R R A A AR B T BT 3 o R A R A
WL AR P AR 2 T YRR =1 mg kg™ B WA R B8 R AAE 0.03—0.10 Y Bl P, IR T X R
1 0.35; YERUEE = 10 mg-kg ™' B W AE BUAR B A R ANAE 0.20—0.31 ZJa], 8/ T X BRI 1,645 M40k B2
=1 mg-kg I, FRLE 28 RRAR TR B 7 B SRR T 90% , B0t BE B I R T 25.79% ; Ui 48 T 8 & 70
HB, 25 i R R A/ N IR H AT A TR, LA T R A AR A B, R R
BB, SR B 100 mg-ke™ B, VRS BURTS & 4R 5t 543.1 mg kg™, MR E A0 F 09/ Kk ith
TR R AN 67.45 mg-ke Y EDEETT SR ML R R AR BN 441.66 mg- kg P 24T MR R AR R
47 90.28 mg-kg™' P EAE A W R AG R T B RS | ERBRAE J1, Bk YRR R, v LOK LA
KA 1 B R - 4 %) [T 22

1200 1.8 -
o 1 3 Stems and leaves y=5.433x-4.086 )Y i FHERE (AC)
T . R R=0992" _.-° = ;
;01000 1 Root L ®14 —— R RE(TF)
&0 -~ W&
£ 800 - w12
g - #10
g 600 ’./ (é 08
g ’ % 0.6 L
g 400 - w 06 1
3 200 1 . 1=0.206x+1.354 ?ﬁ 04 ¢ "'-. ........... S
l” R2:0_924** 0.2 L ................ gy ']
Y % . . : = + ? ———
0 50 100 150 200 0 50 100 150 200
Cd concentration/(mg-kg ") Cd concentration/(mg-kg ")

B 1 ERTEE AR N 0 SRR

Fig.1 Enrichment characteristics of Cd in Paspalum vaginatum Sw. under different Cd treatments

2.3 IEBURNERFIE ST

TR B A P PR S R T RS A TR ES m N EES
FEFEHLE , Horh 2 B SRR $EBCSTE M It | T2 B8 ) d5ciik , B AR IR, AL B S AR X 2, 1
PRIGSHAUK $2 B 5 55, 6 R 2 US| 3h R 42 IS R AR v 785 e 9. A T 26 B 7E 4 A FRVR R
=100 mg-kg B, 16 26 B ML [ 38 A W o R MR R BOHR B 3E T R, 28 A BE T R NI 4 Y Ak B
(1 mg-kg™") FFAXS FHAAIAL I (50 mg-kg™") IR BAESRTE 28 SO 41 M4 70 % 1 19 o0 Ar (3% 2) AIR4R
AFEAR 25 i DIBETR B BUS 2 HOUR SR AR U KRGS 76 M AR AL BRI A B | 4R U
PR 24 % B e AR AL B A rp DL AR OGS B 22, HROR B R R USSR MR R IUS K $R I ; 25
TSRS G I %, FLUOR AL B SIS KSRGS i Fr b A IR PR S i 22, UG A AL B P I |
ER PR PRI

SR HR S /K SR IS P4 B 5 4 TR S FLTE PR o BRI R RO “ TR I R B2 K
B FhRARBCS FRIESIEERAR BN RO ST NS BRI IR E | LR B 5 K HEE
A3 LA S RNAE R R AL B S 24T B AR 25 v A3 E LU ) 3 3 LU AR R AL B R B T 0.18% ,1.17% |
15.05%. Fr 4 A BT, 1R o il o 2 B 20 B B AR P B 13.68% , SRALAR AR I | Eh IR B2 G 43 Sl B4 m
4.2% 9.77% .25 W H TR PN /0 B ) FU AR AL BRI N 6.27% .2.05% , 25 | S A AR $2 IS 43T He
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g3

1) 3 A ARAR AL B 0 4.31% 2.73%.

MR PRI LS LIRS RRPE UGS ERRIEHCS MG L AR S F e i A2 AR 25 it
HAL2ETE S AT v 0, AR T 1 mg- kg™ AARARALBE, 76 50 mg- kg™ B A S AR AL BE MR iPl PRSI 1) £
P S AR K B BRUS A3 e Lo 8] R R AR, T 1 B2 TS, 1) o, 0 S A M i BB R 50 e 2 BB L ) 34
T ER R PRI R TE PSS M R R ER T A E AL AN AR IS 28 A R AR 55, W A 8 n a2 T 0 g
B R T AR R IR RS R T, S X I 4 R a0 A — R R L RN 50 mg- ke
B, ZE R K PRI I 2 BB IRCGES A SR A T L T 4 B ) S I 1 B 4 S i TR & L A AN IR SR i
PR kb 43T LA A3 I 32E— 20 BRI T Ui B 4R 0 3 i, DR 1) I 3R AR R 8 DR A B v Y e v
950 mg-ke, BEMERCGER 1Y £ AR O FUK BE IS T B 15.05% , T8 1R 31 B R 18 4 JRCAS A A 3 n
19.34% , i — 98/ 1 Ui B 4 7 it 1R AR B A 20 T L A9 e B84, A 01T ek 55 4 L B A 0 i e 1
TR ZE P ERIE A T R I E AP EUS BERRIEHCS RIS AR R SR E R TR
SR ZE Y 3.88 % Py 44.47 £ HE— DR B CRESE IS K SRS A REAG AR R R £
A E AR IBCES A 3G, 25 TP S TR B IBGE B 3G, i AR BRI | R R HE IS (5 IR ) R AR 19 1
e B EEAEA, nT A 514 R R & 4L Re s A ¢

R2 R R AR M

Table 2 Distribution of Cd chemical forms in roots, stems and leaves of Paspalum vaginatum Sw.

Sk P & & Cd concentration/ ( mg'kgfl )
Cd concentration/
o Organs FE FW FNaCl FHAC FHCI Fres
(mg-kg™) >
1% Root 0.90:0.31 ¢ 2.49+0.58 b  8.18x1.03a  9.94x1.12a  1.560.72b  0.10:0.03 d
00 (3.88) (10.75) (35.30) (42.90) (6.73) (0.43)
(60 1 mecke . 0.37¢0.12 be  0.78x0.20 ab  1.53+0.37 a  1.76£0.52a  0.53x0.12b  0.27+0.08 ¢
A L mgKe == Sem (7.06) (14.89) (29.20) (33.59) (10.11) (5.15)
B Lo 0.11x0.06 d  0.32£0.06 be  0.4+0.11L  0.64x021a  0.04£0.23 ¢  0.22+0.05 ¢
cave (6.36) (18.50) (23.12) (36.99) (2.31) (12.72)
18 Root 4.95+0.97 d  30.8+2.18 ¢ 97.7+5.92a  72.26+6.57 b 40.81£3.53 ¢  0.8=0.15 e
oo (2.00) (12.45) (39.50) (29.22) (16.50) (0.32)
Sk S0 el JE S 4.66:0.88 ¢ 9.8+1.11DL  23.39+3.32a 27.74%3.09a  3.26:0.63d  0.74x0.02 e
Fif 50 mg-kg == Stem (6.70) (14.08) (33.61) (39.86) (4.68) (1.06)
o Le 0.31:0.04d  0.24x0.06d  1.45£031 L  2.19£0.92a  1.1:025¢  0.32+0.05 d
eave (5.53) (4.28) (25.85) (39.04) (19.61) (5.70)

1 :FE, FW, FNaCl, FHAc, FHCI and Fres /33378 OB 228 F K AL AN ISR | £h B8 Aok i 25 32 BGHR 4% 5 355 P9k 43 B L 451
(%).FE, FW, FNaCl, FHAc, FHCI and Fres represented the fractions extracted by ethanol, distilled water, NaCl, HAc, HCl and residue,

respectively. The data in bracket are percentage.

2.4 FRAEMRFE AR R i A S A B A3

OINTERAEE AR R b S A O A (3% 3) AR (1 mg - kg™t ) Ak A 40 i BE 6RO
0.974 mg-kg™", HA & AV o> R A B AR Y 4.09 1.41 .42.35 %, 4 W40 L 4 73 2 [7] 25 53 (5
F (50 mg-kg ) I 20 BE AR Al 46.645 mg kg, A3 HO 5 56.68% , AR SR AL BRI N T
6.24% , FT V4543 e o Bt BRI TN 0.32% , B A S A | 40 A JBE mh 4 43 T B B8] 65 K e Ak B 4 1 o />
6.22% ,0.24% . FE B R AR S A 20 A1, AR W38 T i R 2 IRE AR 1 0.708 mg ket HIS iR
JE RISy R R MR Y 1.99 4.66 ,47.2 £ ; e i vk B2 AL BRINE , 240 B BE 4R 75 52 4.049 mg-kg ™',
STECECA AT 61.82% , S AIRERAL BTN T 4.25% 5 BRAH 43 FN 0] 353505 43 14 40 B LU B AR A T 1 k.

VA UG S EL A SR A T | AR PN A7 AR S A B ML 200 B A 1 DX A Bl DA Ay 2 A 40 2 1
BEMLAZ — WP R B AN M RERE S 1 4R K 1 & & 85 1, BHUE & )8 B 7 1n 40 B PN %, i i /D T R A:
JEARL 23 1) 42 T B TR 3 I A 0 75 3 Y DR Ol A R R EL AT S SR BT | R R R 11 I A
h G B T A AR T AR B T oSt IR 5 4 I [ 5, AR o0 v A0 B v 4 TR 45 A
SRR, R 4w B R e A2 B v A 23 ( BRI Hh, S b B BE IR S SR R FAT R R S A
HUIRZE A HET A B X B ALAE ] 20 ABFS FRAL IR >50% (R AETE T- A0 sE b | ARk 2 19 in | L 44t ff
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R E LIS T, e W1, R AR AT TR R A AE P X ] R T AR R R P —.

Y20 BE AR AR SR A IR B R RN, B 75 3o 20 RS 1 A B S A A v | SR N A oA s 3
AT LRl — 28/ N A B S WG R R B0 P e b A A PR A PR 2 A E A B S SR
BFUEG 4R B BB AL 3hE G 1 45 125 eI I A A G 4 7 T S R AR A R
UBEPN & FIN S AR TPty 82 N il 80 S R S (T R RS S B 2 UL A N 3
JBESN A0 — R A A T b (F4) |, BRIk BT FOAREBGE h o BE L il 22 T SR ok 2
TA MU RE R A AT T, A A i ) A R R 200 i s R S 0D X mT A R T R L T
Z—.

R3O RBAR AR A

Table 3 Subcellular distribution of Cd in roots and leaves of Paspalum vaginatum Sw.

BTG R Root - Leave
A i — N — -
Sobeellilar &4 HAME R ENA 11547 HAOME P FA I
S Cd Percentage Cd Percentage Cd Percentage Cd Percentage
distribution (SD)
(1 mg-kg™") /% (50mg-kg™!) /% (1mg-kg™) /% (50 mg-kg™!) /%
F1 0.974£0.091 a 50.44  46.645+2.519 a  56.68 0.708+0.023 a 57.57 4.049+0.008 a 61.82
F2 0.238+0.097 ¢ 12.35 5.045+0.328 ¢ 6.13 0.152+0.042 ¢ 12.33 0.934+0.105 ¢ 14.25
F3 0.023+0.01 d 1.19 0.786+0.059 d 0.95 0.015+0.003 d 1.19 0.064+0.011 d 0.97
F4 0.692+0.002 b 3591 29.814+1.896 b  36.23 0.356+0.083 b 28.91 1.504+0.102 b 22.96

5 F1LF2 F3 Fl F4 43 B3R 20 RE 2 43 AR OIRZE 43 (AR /iR (W) AR 2E 43 N AT YA 20 4% F1, F2, F3 and F4 denote metal

in cell walls, trophoplasts (root) or chloroplasts (leave) membranes and organelles, soluble fraction, respectively.

3 %518 ( Conclusion)

(1) e LR R 0 B AT AR ) ' A2 A 7, R FH AR 20 - 398w s 14 42 BB 0 R [T 5 4 338 v ) 8 v
e, Dol b R R 0 IV s e R R P B TS e L

(2) My R BE | n] 3 4 0 B V6L DX B A R 2 DA PR 1 LA BB BB IR 2 MU Sk
PR B IBCGES A7 2 O X 5 300 14 e ML) 5 B e JBE o, 200 JHEL B ) T35 1 0 i, T35 P i Y £ B4
S MR SR BGE b e B Bl

(3) Mg PR AL~ 255 S AR A AN (SR e 1 ST B8 ) T P ML ), X~ 8 1 T LA P A [ 2%
(ELAINIEE SoPEREARCE AL
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