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SRR M RIS P R RS
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KRTBREFEM B HLEE AT RE,
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. BPURBER RIMTEFER TS 3 FE R N
UM, BIFSESR I AE T A A S R 1 N X 4 B R B
TR » LU o ST R 0 s e XL B
R R A IR BB RAE

1 HHEFE

L1 {iesel

PRI B EL ( Pennisetum alopecuroides (L.)
Spreng. ) . KIHTE (Miscanthus sinensis * Variega-
tus” ) FIEITE (Spodiopogon sibiricus Trinius. )
SRAEAR A A 0 —AE A AR L oR B AU RMRRL 2 B
A SRR KRR L, TSR R+
B BT e T, H I S SR AR A I s R
I GB/T 5009. 15-2003 J7#: 45 % 1,

*®1 ik IR
Table 1 Physic-chemical properties of test soil
e TR S T T I ST i 4 i
E3it] gtat rc pH  Total N Total P Total K hydrolvzable N Available P Available K Cu Zn Cd
Soil type ", ¢ g kgD /e kgD [Ggakg D U E T mg kg L) /(g » kg D) /(mg kgD /(mg e kg 1) /(mg + kgD
/% /(mg * kg™1)
Cffﬁoj;m 1.87 7.07 0. 96 0. 84 8.93 25. 62 19.98 103. 6 41.19 63. 68 0.07
1.2 RBHE 2 PRI AR (AsA, XMHRGEA R OB INIIER

RS 30 cm. HA 25 cm M4
TENFRIE AN A P EEKSBRE, R+ 3
kg, 4 3 ML E BB A TE A AR IRE K
14 df5, A K-Sy, #TmAR, 23
SRS L AR 9 L 50 1 #RBEHE 0. 05 mmol » 17!
FCACl, « 2. 5SH OB B W (T1), 5% 2 H B #E
0. 20 mmol » L™ CdCl, » 2. 5H,O %W (T2),
%5 3 HBEHE A SR AKAVEXTHR (CKD , & A Be i 1 1K,
BRPEHE 1 000 mL, ¥ FEIN I BT HRY,
ARFR 5 JRIE I A i B A AR M i ST BB AR L)
fert A, M e TR
1.3 mMENE
L3.1 AK®EERWHAYENE

BALFRFEPLEL 10 MRAIT , M E R ETF 2SS
3 WK BEAE AR AR AR R BE Cem) 5 BEATLER 10
S, S H Rk v, B LB ok e BT
THEFEA 105 ‘CTFRFE 15 min, 80 CHRATHT
ZEHE, HTHRES5#HE WENE 8RR E
Y.

L3.2 BEMWYREENE
S I AR & B I R MR M B =t e,

2, 6-—EWiema b e R, T EAE &
HIERAL LH = G250 8, U H¥&%Z
AR,
1.3.3 W MDA &EIE

F AR 2R (TBA) B Ak Els,
1.3.4 MRESEESENE

KRR BUE AR AT 5 TTAE BB IR AT
B 0. 05 g B ABEH i 5 mL AR (HNO,; :
HCIO, =9+ D, fmeiHf s . BRER, HER
KEZZ 50 mL,0. 45 pm BEEUE, FF R FRIL
SRR (TAS-990, F#r38E FL AR A 7D W E
Cd.Cu M Zn 3 P& BITEEH,
1.4 BUESH

P B BRI LS8 S 45 #E2E (Mean £ SD)
= R Excel 2003 #7845 4028, F| F SPSS
19. 0 BRIt 3RAEXT 45 R 2 AT B R 3R 5 2243 #7 (one-
way ANOVA) , I F /N 2 1 22 53 (LSD) X
HE B TR, BE MK EiRE P<0.05,

2 GHRE5HMH

2.1 EXIMUREEKTEREYENITIG
H12% 2 WA, 50 B (CRO M B A 7R Rk
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(TOAEHE (TG T RRREAKESEL
Z5., RMEW CK BEBHT 27. 0 cm, i T1,
T2 AbHAABITFRET 22. 29%F0 38. 9% , A [ Ab #
25 8% (P<0.05), TR T1 4AHY CK
ML FEXR, B T2 AHEHE CK BETHET
18.3%(P<C0.05), MAKEEXIHIrKRE,
AR R B SR AP BR , AE M R,
2. PRGERENTI S, REEAYEHE

2B, CK REREA YR, T2 A #H &
L EARRERLHE T REEAYE LD EE
o KM EAEYRWETRER. 5
CKAfLL, T2 B R4 YERETRET
21.03% , LM BETRET 12. 51 % (P<C0.05),
3 U B 1 R P 4 P 3 X DA YR 5 R T R 5 B AR
K AR R LT AT 32 45 2 vk B 4R bhae

=2 B3 MEHREESENEE(TRE/HRE) N
Table 2 Effects of cadmium on height and biomass(dry weight/fresh weight)in three ornamental grasses
B Height/cm YR (THRE/# R E) Bomass(dry weight/fresh weight) /%
b2 REE K et IREE K FertE
Treatment Pennisetum alopecuroides Miscanthus sinensis  Spodiopogon sibiricus Pennisetum alopecuroides Miscanthus sinensis Spodiopogon sibiricus
(L. )Spreng, ‘Variegatus’ Trinius. (L. )Spreng, ¢ Variegatus’ Trinius.
CK 25, 010, 16a 27.07%0. 15a 54, 510. 76a 22, 884+0. 80a 21.54=%1. 02a 25.2510. 73a
Tl 25,510, 14a 21. 010, 15b 50, 712. 40a 23.59710. 82a 21.05%1.13a 24, 08710. 34a
T2 24.5+0.87a 16.530. 87¢ 44.5+1. 44b 24.08%2. 15a 17.01£0. 91b 22.0940. 29b

T W —SIERE AR T R R 2 Rk 50 BEACE, TR

Note: The data within a column follow by the different letters are significant difference at 0. 05 level, The same helow.

2.2 RS 3 B BN B B S B A0 B4 I B
(AsA) & ERIIT

MK 3 AT LUE Y, BEGR AL FRUR B B A, 3 B
NEFEHSHEEARHEEYE EHES. R
FLO [) M 5 Ah 3 1) 38 36 B B Ok (P<
0.05) , Heefr, T2 b HfR FE Rl i Nl AR R R B i
5,1k 10.51 mg+» g 'DW,H CK §J 4. 2 %, TR
WM SR HEEAR S 2258 CK 1

3. 20 £5F0 3. 18 £, FESRIhIE M B RIFH R, 3 AR
HREUAMR S EHE LIHES. T2 AR ER
PR & RREIA 459 mg«- g 'FW, 5 Tl
Ab3E CK £ 8 82 (P<0.05), 5 CK b, Kl
TR T1 AR A B E, 5 T2 b3z
S (P<0.05), £5REW],3 FULF R )8 i
B R S A R AN BT I I R > 5% e 4 3, HL
REENARERS . LIHEER K.

*3 w3 AR 5 B SR NG M RR & E AR
Table 3 Effects of cadmium on proline content and ascorbic acid content in three ornamental grasses
IR B & & Proline content/(mg + g1 DW) PURMBL S & Ascorbic acid content/(mg « g~ 1FW)
Ab3 REE it T R R P g
Treatment Pennisetum alopecuroides Miscanthus sinensis  Spodiopogon sibiricus Pennisetum alopecuroides Miscanthus sinensis Spodiopogon sibiricus
(L. )Spreng, ‘Variegatus’ Trinius. (L. )Spreng, ¢ Variegatus’ Trinius.
CK 2.48+0. 17¢ 2.26+0. 14c 1. 9140. 10¢c 2.43+0.13¢ 1. 7140.07h 1. 6740. 10b
T1 4,34+0. 23b 3.59+0. 05b 3.371+0.17h 3.6140.11b 1. 8740. 05h 1.80+0.11b
T2 10.5140. 64a 7.232£0. 18a 6. 07£0. 30a 4.59£0. 19a 2.19£0.08a 2.172£0. 10a
2.3 FXIMVEETREBARSENT - mREERNHAG T MG AEEELRNE 8. 5

% (MDA) & =M

4 A, T1 AbEE 3 Fl B v s
FHEREAFE. 5 CK W LB EHER,
T2 A3 3 PR R I E H S B T B
5 CKH Tl Ab#ERBE(P<0.05), XKW
T AR EE R E T TR R AT A T AR A

CK br&%, T1.T2 Zb3R AR R BRI AL 12 A T8 e
SEYTRENEZR M T2 AbBE MR 3RS
HiLB T 7.6 mg - g ' FW, 2 CK 9 1. 93 1%,
3R ER BE, HE EABE(P<0.05),
ULRASR A AT 35S i oo K AR B AR T R Ak ™
YIS I X AR R R AN T2 S AN K
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Table 4  Effects of cadmium on soluble protein content and malondialdehyde content in three ornamental grasses
s E A RS2 Soluble protein content/(mg « g~ 1FW) W B & & Malondialdehyde content/(mg + g~ 1FW)
s MWERE Kt e RERE Kt e
Treatment Pennisetum alopecurvides Miscanthus sinensis  Spodiopogon sibiricus Pennisetum alopecuroides Miscanthus sinensis Spodiopogon sibiricus
(1., )Spreng, ¢ Variegatus’ Trinius. (1., )Spreng, ‘¢ Variegatus’ Trinius.
CK 22.03%0. 90a 14. 90=£0. 50a 19. 64+0. 11a 2. 8710, 16a 3. 97%0. 21c 2.1470. 15a
T1 22.0940. 41a 14.9240. 42a 20. 2710. 65a 2.7240. 14a 4.974£0.15b 2.55+0.11a
T2 19. 00£0. 60b 11.37+£0.92b 17.8240. 46b 2.8240.19a 7.6530. 20a 2.8240.33a

2.4 RMFBT 3IMUAETEMN R AMEHER

RE
%5 B, 3 ML B E CK M R 4R 2k

AR 0.01 pg + g 'DW, i T1.T2 A FE &4
BRI, T1 A B AR B K= FI e i 1= 5
P& CK #9 1133.1 267.1 167 £, T2 4bFo 43
B2 CK ¥ 2 033.2 700.2 367 1%, £ kb BRI 47 1
REAE T BE 2 RKF (P<C0.05), XM T
T3 SRR S B Y B TR DA T . 3 Bl
BRI RIS s kR e BRI v R R Tt

= AR R R E B L TH(P<0.05),

HZ 6 W7, T1 ABEEmhiE T, 3 A E &
e SRS CK TR EES; T2 4 HEN
JHRRHE 3 FIOULE F 04 IR, v R A AR A
25 CK.T1 AR P B F 2R AP
0.05), 3P M PEra =L CK & &,
2 o VAR B 30 AR S 8 B R B B AL
(P<0.05), XK AT 3 POl 5 E X
BERIRISCFI e iz, T4 B IR I R e 12 2 B s TR
R SR8 R

x5 SHERRAEZEHHESR
Table 5 Content of cadmium in three ornamental grasses pg g 1DW
Kbz RER Kl iy
Treatment Pennisetum alopecuroides (1. ) Spreng, Miscanthus sinensis ‘ Variegatus’ Spodiopogon sibiricus Trinius,
CK 0. 0140. 00¢ 0. 0140. 00¢ 0. 0140. 00¢
Tl 11. 33%1. 20b 12. 67%1. 20b 11. 67=£1. 45b
T2 20. 334£0. 88a 27.00%£1.15a 23.6742.73a
=6 CEPORE R SUN ek Bk = g p A
Table 6 Effects of cadmium on copper content and zinc content in three ornamental grasses pg g 'DW
&8 Copper content £ 8 Zinc content
Pt MWERE Kt e RERE Kt e

Treatment Pennisetum alopecuroides Miscanthus sinensis  Spodiopogon sibiricus Pennisetum alopecuroides Miscanthus sinensis Spodiopogon sibiricus

(L. ) Spreng. ‘Variegatus’ Trinius. (L. )Spreng. ¢ Variegatus’ Trinius.
CK 218.00+3.61h 202. 6712, 60h 201. 00+5. 13b 228.33+3.84a 226.0014.93a 221.67+8. 11a
T1 213.3314. 26b 212.3314.33b 197.67+5.55b 199. 33+4. 37b 180. 33+8. 83b 182. 67+4. 67b
T2 253.0014. 04a 246. 3314. 33a 238.33%3.76a 198. 00£3. 46b 195.33£4.10b 162. 00£7. 37b

3 ifig

HEBRME SRR &K, I R
RE A ED AR5 A, 2 Bk B (0,05,
0.20 mmol « L") M4RIMET . REENAEKR
A BTN T, T M TS AR i I AR K 2 3]
T A B AT TR, IX R B4R ITAA X
TERIFEM TR M B R, T JR R B X R i A —
BAITIR I+ B A5 it 52 2 1 Tk 52 ) 4 T

P A0 T G 0 8 T SR o
FBL R B AR Y 40 A AT A0 3 5 1A 1 5 Ak
YRR RIS RS B SE B R IP R E RS F - 08
INER BT KA AE L IR i 1 A B8
FRIRE R ALRERDT . XA IR R E R
WPERYIEIN 3 FOULEE REE T NI AR A B
S8BT TE 0. 20 mmol « LTREET .
R AR MBE, H CK 3541 T 323.79% ., KM
R EAZ AR, BN TRER. A
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XIS Al LR S aRE e T R AT
e RIS

PLIR MR (AsA) B YIHTEABH I R G R EH
B RER AT , MR Z R, R BT
FALBIH RGBS AR AsA SR
HIIRGE s AsA ZHi AL, 7T bR AR 0 7= A 1Y
TR, B TR ERZ BRI . AsA L&
HEEEDHERSN —~ER. B 005,
0. 20 mmol « L™ 2 MR A IR B R
FFEATE 3 PR R AsA B EH TG, X 5 %
F MR o e 2E v T Bk A T A 8 A
NEZFRSF LR ER K. MPETORE
H2PMRES RIS CK £ B3, i kyh
HHEHAERKEN S CK 2R 8%, X &0 T
(e Nz S N i A i | e 1A 1L

ATV PR o e A R )7 A 7= A Y
AL FEAHE B R F BB T R s &
PRI BE AR 38 AT 5 3 AL e A R E S
G RSO SR IE T TR
T RNRIN B E T 5% BRI R 45 R 7K
R N SR AR RS BINIE SE , X PR 45
A B2 FH TAEARMR BEGRMr3E T  AE 4 4 4 R 38
A ATIESE AR A R, BRI &R
TRV, ERERESEDE T, A 8RN A 2] )
il s B AR AR T A T R R A
BT REMAIE.

MY AR T =R 2 0 A h B 45
RAaYR N ERR o S AL R X HE Y AR E,
H=y MDA & &858 LS 44 T Y%
HEBRENIERZ S, MDA SRR RBELH
A, 2 E MO, IR IR &
IERMHE T IR BRI AL B, MDA LR &
5 CK AL TE B #F Pk 2 5, TR i MDA
TENE L EH, 2 MBS CK [z Rk
2| T BEIKF, 8t MDA & BI85 KE IR EEM
M TR R TR .

RS, 2 MR E AT, 3 AR B
HR@mEELR LT REBK, LIEBK, X
BT 3 AR BA AR BRI a R T i
J1. PIMEREYERKSBFITWHRETER,
PEY TR A ER SRR (R E &
B R ARV, § 2 2 F B A BN B

SR R A, REAAB U2 5L mAH R
P AR 2 (A Ak P — BB R T R IR
RSB LT 2RI 2 F ol BE 4R 30
PR 3 b XL BT G AT e R, i
Bt K, X 5 PRZEDPELSKAWASOWICZ
SFUIRBTR SRR . W7 E R, &
WA S 35, A 2 Uk B A AL R 5 3 o UL 5 5 A 4
BER B &3, 5 ARSLAN 000 g B 5 45 5
_Aﬁo

g2 LI, 3 BlULE B4R 1 ] R Ga Hr i
5 Xt B A8 B T 2 AR B AR BN IR B R > AR
>IN, F340 SRR W] Zo BRI, 2
TEXAL B BN 650 B R A5 2 ol R BE A R 2 3 I
REAR T 3 UL B X B P IR AT {ELAS i R Y 5
W38 7 R HE R 3 b WL B R 4 K AL

S Hk
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Physiological Response and Copper and Zinc Absorption
Characteristics of Three Ornamental Grasses Under
Cadmium Stress

ZHAO Liging"? , PENG Xiangyong® , JI Ruiging®
(1. School of Agroforestry & Medicine, The Open University of China, Beijing 100039; 2. Research Institute of Forestry,
Chinese Academy of Forestry, Beijing 100091 ;3. Engineering Research Center of Chinese Ministry of Education for Edible
and Medicinal Fungi, Jilin Agricultural University,Changchun, Jilin 130118)

Abstract: Pennisetum alopecuroides, Spodiopogon sibiricus and Miscanthus sinensis were used as
materials, potted cultivation method was used to study the variation of growth height, biomass,
physiological indexes and the content of cadmium, copper and zinc of three ornamental grass, which
were treated by two different concentrations of cadmium(0. 05,0. 20 mmol « L™1). By these studies,
the theoretical basis was provided for selecting the suitable ornamental grass for city afforest,
especially in soil with cadmium pollution. The results showed that the growth height and biomass of
three grass were changed with the cadmium stress,Miscanthus sinensis under the cadmium stress with
high concentration had difference with CK (P<C0. 05). The growth height of Spodiopogon sibiricus
was sensitive to cadmium stress which had difference with CK (P <{0.05) under low or high
concentration, The growth height and biomass of Pennisetum alopecuroides did not been changed and
had no difference. The free proline content of three ornamental grass and the ascorbic acid content of

alopecuroides that were induced by low or high concentration cadmium had difference with CK (P<C
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0. 05),and the ascorbic acid content of Miscanthus sinensis and Spodiopogon sibiricus was increased
under the cadmium stress with high cadmium concentration. The soluble protein content of three
ornamental grass did not been changed with low concentration cadmium, but was decreased with high
concentration cadmium and had difference with CK (P <C0.05). The malonaldehyde content of
Spodiopogon sibiricus was increased with the increasing of the concentration of cadmium and had
difference with CK(P<C0. 05), but other two grass did not been changed. In conclusion, the tolerance
of three ornamental grass to cadmium stress was Pennisetum alopecuroides > Miscanthus sinensis >
Spodiopogon sibiricus. In addition, three ornamental grass had better capacity to accumulate cadmium,
the cadmium content of three ornamental grass was increased significantly under the cadmium stress
with two different cadmium concentrations. In three ornamental grass, the zinc absorption level was
lower than CK significantly under the cadmium stress with two different cadmium concentrations,and
the copper absorption level of three ornamental grass was increased only under the cadmium stress
with high cadmium concentration.

Keywords: ornamental grass; cadmium stress; physiological index; copper;zinc;absorption characteristic
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(A RBYRILTE —RIAR] ., RLTHRKB2EBFTT DB b K22 227 B
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