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Phytostabilization potential of Phalaris arundinacea L. for cadmium and copper contaminated soil in arid area
GUI Jing, LIU Juan, GAO Wei, WANG Quan-zhen”

(Department of Grassland Science, College of Animal Science and Technology, Northwest A&F University, Yangling 712100, China )
Abstract: A pot experiment was carried out in greenhouse to examine the phytostabilization potential of reed canary grass ( Phalaris arundi—
nacea L.) for cadmium(Cd) and copper(Cu) polluted soil in arid regions. An orthogonal experimental design with three factors (i.e., Cd,
Cu, and soil moisture ) and three levels (i.e., Cd at 50, 110, and 170 mg-kg™', Cu at 100, 275, and 450 mg kg™, and soil moisture at
20%, 50%, and 80% ) of each factor was employed. Biomass, MDA, and proline content as well as Cd and Cu accumulation of the grass
were examined. At soil moisture of 20%, the grass exhibited chlorosis, shrinkage, and wilting, and its biomass was the lowest, but content of
MDA and proline was significantly increased. However, no significant differences were found between the other treatments and the control.
These three factors influenced biomass and MDA content in order of soil moisture content>Cd concentration>Cu concentration, while they
affected proline content in sequence of soil moisture content>Cu concentration>Cd concentrations. The accumulation of Cd and Cu in roots
was higher than that in shoots. The bioaccumulation factors of both cadmium and copper were greater than 1, with that of cadmium being
greater than that of copper. The translocation factors of cadmium and copper were lower than 1. These results suggest that Phalaris arundi-
nacea L. has a certain tolerance to cadmium and copper as well as water stress, and is a promising candidate for phytostabilization of Cd and
Cu polluted soil in moderate drought areas.

Keywords:reed canary grass; accumulation; drought; phytostabilization; heavy metal
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PR R RIS QeI B BT A, A
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PE HAR R B W YF B 5 R A e 7EAR 2 A L, A
) AR A, RVE SR RACE R T 1, HAR R A
ANTF AT LB 1 T, i T RS TR AT
FERR S RN G e T e B 52 . A1 S 2 4K
RIGHHIX LB 15— e, Rl B AE T T
FHBIX,

i ¥5 (Phalaris arundinacea 1.) J& RAS B} 2 84
TATEY) A B 118 d, AR5 KRS, RA K
SRAGPTIPERITE S, R R IR I S5 BORAN™
FFEAE 5 b XA 2 R b b A A7 A i ) T B
WRFIAELS PEAR A B B, RERESE MR SR BRI
TS, REMCARAE W B SO, (H AR AR i
TSR, s HAE )RR R B R
P LIIFFE K o il RE B p i P B R A
TIENE I SR TNE RS IEIE YRR S e A (R DO
BAE D R ) [ Wy R ok A A0 BT R XA Cd A
Cu 1375 QBT /b AR LGl i TR A ST
TR 58 A1 Bz 7K 73 B 58 A R i e . b 38 0 A 4
SR> A A b S 4 TR AR R RS, T
T B DX 4 S 75 2 TR TR AL I AR

1 #MHERTE

1.1 XBar

FEAR AR TE PG AP A= 1 4 A shFOL R
2F 3 (34°28'N, 108°07'E) N AT . 1356 H IRIAHTE 2
BHEZ(HAR 16.5 em, 75 14 em) , JIKTBA /NLH A

AICHE . BN F L, HERKE 22.75%,
pH6.34, + A HLF & 18.36 g-kg™, A & i 0.97
g-kg, FRACHS A 36.74 mg-kg, SRALH A 98.91
mg kg™, 13 Cu & 1.54 mg-kg™,Cd = 0.08 mg-
kg™ BIEAANXT L 2 mm G ;5 53 B 4l 99% 1Y
CdCl,-2.5H,0 F1 Cu,S0,-5H,0 5+ 1R S, B4 14
A# M. RgetaY)h S5 E RN R .

1.2 RX5ei&

IR A Lo(3°) IEASBET, 4 9 41 4b Bf, 454~ 4b
MR E 3 AESE. U CA(EER A) Cu(FHZE B)FIK
SyTia CEP & T RK = A 43 L, IR C)X i 5 b
R A e AR A BRER B A 5 ) I T 4 R R
Fetk, R RRE 3 ANKE(R D, IEARNES
Ja& B FNE e R K SRR (R H [k 51 90% )
TR
1.3 Z#il1e

R 3 kg L35, BE KR 10em £4 H
AR S — SRR RS AR TP fe ) b BT
JeRMBHE K22 BB AR =, ARG, 5
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Je R FAFRE A K G, BR 9:00 S THR
FAK. TREA 65 d JE I THARIAE -

1.4 MEBHERFE

PR (MDA ) i 125 1 202 % 2t A0 2 R P 48
R ik . 65 d S5 Sk b ER AN T S 43
2,105 CAH 30 min, ZJ57E 70 C LT Z= a5,
FETEAENEY & FRIBCHETAE AL SR A R -
AR (A1) AT I AR, R i W e 43 o B 1
(Z-2000, H A )W W fd i Cd Al Cu &8 .

1.5 HiEabiE

H 48 B AR REONEL TS R BT DA RE 5 [
T HEESEWRE S AW

. i N A SR URE

s A0 4 e
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Table 1 Factors and levels of orthogonal matrix experimental design Lo(3%)

K Z Factor Cd ¢ (A)Cd concentration/mg - kg™

Cu ¥ (B)Cu concentration/mg kg™

+ 37K 73 12 (C)Moisture content/%

JK- Level 1 50
JKF- Level 1T 110
IKF- Level Il 170

100 20
275 50
450 80

T ROk 5 FE K B 2 L



AW, SR T T R X AR TS e R 283

K FH Excel 2010 X {44} 1E 38 g0 45 R E 177K F
AR 2 (1) S AR R B Bt 22 S5 8 i G -9 M, R
JH SPSS 18.0 HEA 745 b T4 [v] 22 5 i 1 20 #r o

2 ZR59W
2.1 Cd.Cu F7K 4y BB REE 2R M1 B HIF N0
5% BEALM L, TE S A B P i st 355 A

H—ERERIFEIKE 6 41(Cd 110 mg-kg™, Cu 450
mg- kg™, A3 K 20% ) A B EE R IR AEY)
HIRL, 1.6 8 EFARE, SHALIA 2R
B 2) MM EF 1 41(Cd 50 mg-kg™, Cu 100
mg kg™, + K EE 20% ) .55 6 41(Cd 110 mg -
kg™, Cu 450 mg- kg™, I3RS 20%) FI5E 8 4
(Cd 170 mg-kg™, Cu 275 mg-kg™, +-3/K 435 & 20%)
(A RE B I S 2 S A0 HH B A 4 A2 0, b b B2
BRI R A 5 1.6, 8 AL I 498K 43 1A HH ]
R 20% . M2 R (3R 2151, RIRIE R X
R 1, A A S e R R AR Ry L K A3 B i
(C)>Cd ¥ (A)>Cu W (B), %45 R, 50K
A3 O R i R B Cd AN Cu B
2.2 Cd.Cu FA7k 4> BB X RE B 584> 4 IR TS AR RO RN
Cd,Cu Bk A3 a T @55 MDA FUfi 248 % it &6
1255 6 41(Cd 110 mg-kg™, Cu 450 mg-kg™', 41K 4y
2 M EHEMBHETRBLER

Table 2 Biomass results of grass in orthogonal matrix experiment

g Cd LAY Cu %EJE(J%)/ Ej@kh\ i#@i?/
mg-kg mg-kg & (C)/% g

1 50 100 20 2.34+0.23b
2 50 275 50 3.16+0.23a
3 50 450 80 3.35+0.23a
4 110 100 50 3.52+0.27a
5 110 275 80 3.12+0.12a
6 110 450 20 2.28+0.15b
7 170 100 80 3.86+0.32a
8 170 275 20 2.37+0.11b
9 170 450 50 3.87+0.38a

CK 0.08 1.54 90 3.89+0.19a
K, 2.95 3.24 2.33

K, 297 2.88 3.52

K, 3.37 3.17 3.44

R 0.42 0.36 1.19

TR KRR KO0 R 2 H RN 2. RS
IHARNG FREFOR 2R B (P<0.05), T,

Note:K means the average of every factor at the same level; R repre—
sents the range of each factors. Different small letters mean significant dif—

ference between treatments at 0.05 level. The same below.

it 20% )b PR AR R{H , MDA 7626 1 44(Cd 50
mg kg™, Cu 100 mg kg™, + /K /& 1 20% ) FIZE 6
20 (Cd 110 mg-kg™,Cu 450 mg-kg™, K& H
20% ) 2 AN B2 AR TESS 1 2H(Cd 50 mg-kg™,
Cu 100 mg-kg™, HHEIK 4> it 20%) 55 6 41(Cd 110
mg kg™, Cu 450 mg-ke™, + /K& 20% ) FlIZE 8
20 (Cd 170 mg-kg™,Cu 275 mg-kg™, +HEK&H
20%) 25 AR (K 3) . Htk2E R (E(R 4154,
AN TR PR 28 5% Wil B MDA 5 5 199 5% W o 8 AR UK kg - 48
KA & (C)>Cd W EE(A)>Cu W BEE(B), %t il 2 R &
Y5 R BE AR R O £ 3K 3 i (C)>Cu W
(B)>Cd ¥ i (A), B - 587K 43 55 5 X HERL MDA 1
I 28 R 75 12t 1Y 52 M e K, Cd ¥ BE R Cu Yk B2 19 52
INFIZIRE . %GR LW, MDA Fff & IR L B X} +
Ko & U AR BE 2 T Cd A Cu B9 GA .
23 Cd.Cu A7k 4 BB XFREE Cu.Cd TR E IR EH
Al

2 b FRZH AR TR R R B AS [R] KPS RE Cu Al
Cd BB B A AE 25 570 IR 3 IIEACIR IR 4,
RATLIE H, i B3 Cu F1 Cd PR BEFESS 6 41(Cd
110 mg-kg™,Cu 450 mg-kg™, K> H 20% )b
PR A R, B B3 Cu A1 Cd FR B4k B 7 AR ]
AR BRI X B Co BREHREE
% 1 4H(Cd 50 mg-kg™,Cu 100 mg-ke™, 3K/ &=
20%) .45 6 #H(Cd 110 mg-kg™, Cu 450 mg kg™, 1 1
KA 20% ) ISR 8 4H(Cd 170 mg-kg™, Cu 275 mg-
kg™, IR 1 20% ) 2 [ 25 SR 03, X Hl_E
CdBEWEMS .5 6 41(Cd 110 mg-kg™!, Cu
450 mg kg™, T HE/K 43 5 20% ) F1E 8 4 (Cd 170
mg kg™, Cu 275 mg- kg™, K458 20% ) Z 0] %
SARE (R 3), TEIESKE N 20%0T, b F#8 Cd
Al Cu FLEWR R BN HUF B Cu FLRWELEES 5
20 (Cd 110 mg-keg™,Cu 275 mg-ke™, 3K & &
80% ) AL FA5 A T IR B KAE , B 5 HiAth b 340 A7 7
BEXER(F ), M T Cd FHEWELES 9 4H(Cd
170 mg-kg™,Cu 450 mg-kg™, 3K & 50% )ik
SR, HRZE R E(FR 415 AR R 20 i A
M B Cu BBk B 52 e R B AR UK Ry L K 43 B
(C)>Cu e BE(B)>Cd ¥ (A ) 5 AN[R]PH 2% X0 fi Bl [
T Cd B R B e AR AR R R 3K A S i (C)>
Cd ¥ JEE (A)>Cu ¥ JEE (B ) s AN [A] P = KT REFCHL T3 Cu
F1 Cd PR U FE i R AR Ry Cu ¥R (B)>Cd ¥
JE(A)> KA i (C) o ZAERFRY, LK 7
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Table 3 MDA and proline content and Cu and Cd accumulation of plant under Cd,
Cu and water stress in orthogonal matrix experiment
g PV MDA/ B Proline/ Cu #J/mg ke Cu Cu Cd #eE/mg- kg e ocd
pmol g FW  pg-g? FW W Fw BEARE EBRE g W MERE HBRE
1 10.26£0.51a 2 275.06+143.83a 2.23+0.99a 41.09+1.73b 3.24+0.67a 0.05:£0.02bc 0.83£0.37b 15.38+1.11de 2.09+0.37b 0.06+0.02b
2 5.20+0.73bc  208.28+40.81b  0.51+0.04c 31.89+5.85b 1.67+0.38ab 0.02+0.00cd 0.20+0.08cd 13.37+2.57de 2.80+0.71b 0.02+0.01b
3 3.48+0.20¢ 271.74+45.88b  0.61+0.02bc 21.74+5.83be  0.64+0.26b 0.03+0.01bed 0.18+0.05¢d 31.09+8.55be  5.79+1.73a  0.01+0.01b
4 4.68+0.52bc 135.68+7.10b  0.62+0.07bc 36.15+9.99b  3.14+0.93a 0.02+0.01bed 0.22+0.06cd 43.66+1.72ab 3.53+0.21ab 0.01+0.00b
5 3.28+0.08¢c 151.48+5.06b  0.68+0.04bc 75.37+12.03a 2.40+0.52ab  0.01+0.00d 0.50+0.07bed 22.58+1.27cd 1.74+0.09b 0.02+0.00b
6 11.51£2.39a 2 293.33+£75.06a 2.40+0.60a 29.93+0.80b 0.96+0.14h 0.08+0.03a 1.85+0.31a 33.60+9.47abc 3.76+1.38ab 0.06+0.10b
7 3.23+0.18¢ 252.84x£13.97b  0.61+0.03bc 34.85£7.98b 3.08+1.11a 0.02+0.00cd 0.67+0.15bc 32.06+£0.98bc 2.02+0.26b 0.02+0.01b
8 7.27£1.24b 2 026.78+212.21a 1.75+0.60ab 31.92+6.12b 1.10+0.23b 0.06+0.01ab 1.52+0.10a 38.14+5.08abc 2.02+0.24b 0.04:0.01b
9 3.00+0.18¢ 216.10£51.68b  0.70£0.16bc 27.87+£7.60b 0.57+0.07b 0.02+0.00bcd 0.54+0.08bcd  48.87+6.71a  2.54+0.46b 0.01+0.00b
CK  4.44+0.67bc 72.73+10.06b 0.40+£0.05¢ 5.21+0.28¢  3.08+0.64a 0.08+0.0la 0.11x0.05d  0.56+0.13e 3.63+0.65ab 0.22+0.12a
* 4 EREBNKENFHEMRE
Table 4 Average and range for each factor
KF K, K, K; R Wi

A 8% MDA/pmol -g FW A 631 6.49 450 1.99 2

B 6.05 5.25 6.00 0.80 3

C 9.68 4.29 3.33 6.35 1

filfiZ 2 Proline/pg-g™ FW A 918.36 860.16 831.91 86.45 3

B 887.86 795.51 927.05 131.54 2

C 2 198.38 186.69 225.35 2 011.69 1

Cu ¥ J¥/mg kg™ Hb, b3 Aboveground A 1.11 1.24 1.02 0.22 3

Cu concentrations B 1.15 0.98 1.24 0.26 2

C 2.13 0.61 0.63 1.52 1

13 Underground A 31.57 47.15 31.55 15.60 2

B 37.37 46.39 26.51 19.88 1

C 3431 31.97 43.99 12.02 3

Cu & % 28 Bioaccumulation factor A 1.85 2.17 1.58 0.59 2

B 3.16 1.72 0.73 243 1

C 1.77 1.79 2.04 0.27 3

Cu % 2% Translocation factor A 0.03 0.04 0.03 0.01 3

B 0.03 0.03 0.05 0.02 2

C 0.06 0.02 0.02 0.04 1

Cd ¥ /mg kg™ b 348 Aboveground A 0.40 0.86 0.91 0.51 2

Cd concentrations B 0.58 0.74 0.86 0.28 3

C 1.40 0.32 0.45 1.08 1

b 8 Underground A 19.95 33.27 39.69 15.60 2

B 30.37 24.69 37.85 19.88 1

C 29.04 35.30 28.57 12.02 3

Cd & % Z % Bioaccumulation factor A 3.56 3.01 2.19 1.37 2

B 2.55 2.19 4.03 1.84 1

C 2.62 2.96 3.18 0.56 3

Cd ## 2% Translocation factor A 0.03 0.03 0.02 0.01 2

B 0.03 0.03 0.03 0.00 3

C 0.06 0.01 0.02 0.05 1

TE: A B Fll C 73378 = AR B Cd Cu FIR A0 HE

Note:A,B,and C represent Cd, Cu, and water stress, respectively.
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A5 =22 R (K 4)15H, Cu il Cd &R 5
MR EEAR YR Cu W (B)>Cd ¥ (A)>4 3K 4
i (C)o ZEEREW, HHEE S RN Cu Al Cd 7E5HE
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M3 3 BIEAC IR ZE AT LI 1, Cu FIl Cd (56 RS &
BN T 15 Cu e REIESS 6 2H(Cd 110 mg-kg™,
Cu 450 mg-kg™, T HE/K 735 it 20% ) b 3 K 3 fe K
{8 ; Cd 688 22 e 5t BR AL B rp HE B R . A5 TR
W22 R (K 4) AT LIS, XF Cu $688 R B R R
JER IR Sl £ 3K 43 7 5 (C)>Cu MR JE (B)>Cd ¥k &
(A); X Cd ¥ 8 RE g RE BEAKR YO - 80K &
H(C)>Cd ¥ (A)>Cu MR PE(B), iZ4E M, 11
K3 Xt Cu Fl Cd 7EREF M B ANHL T FRFE R 1Y
s I E AR

3 g

FE A% B 4 S K A W3 i R A ) e
HRAT TR TRBX AL EGY LG R A
ST A R A ER 4w e A A
A LLH AR A B S e R A e
K A3 FH )R K B 209 16 ik B rb ARG, 5 %6 Bt
MR R A HA S A ZR REE . Wb
8T L, 7 38 A TR K R 1Y) 209640 31
REEC I R e A0 Hh B A A A 2SS LA 4 Ab B Y
M R Ay, RIAEE R Cd . Cu KoK b A 1R
TP R BT o AN ) DR 28 0T R e 354 9 i P 52 M 2
MV N 33K 73 & (C)>Cd HeE (A)>Cu HeJE(B),
U BH K A S R 1 A KA ) B AR Y
T 32 5™ 5 T 50, KOG A RE T BEAR P A A

M FOGE (LA E 4R ) B GE R 2 52 2R
SR, HE TR A 4 i 1) SR AR RE A AE A T Y
1} 3% fi 7t AT 3 g H AR BRAE AR AR AL AR ER

MDA JE g A AL =8, ERe S BEE N kA
SCHRAE T JE 35 1 186 K, SR 400 i DA 1 45 b
AN, H I R G 22 RN G ) A BT RE ™ 8 A7 4
15, BRI AE A BB o el AR A R B A A, 7 B K
i A H A4 7K i 20% 40 BEH , MDA 55 % B AH E BH 5
Thim, FW kA B A, AR ab B i)
MDA 5xfHZH 22 5 A2, WRIIEERX Cd.Cu &
KA — Ut IR FRAE B E IR Y A
YRS P AR E A= R oy S5 R (IR RS A i ALk
(IVE R o PEAR I S5 I3 i 2R 1 AR R S i A
5K, TR A s AR P B M 2 1 1y AU A
R, 55 %F BRZEAH L , b FR2H rp il 08 & g, B
FETE /KA 038 T3R5, BEAHEEELXT Cd . Cu LA
KoKy AT — g Bt , FLAK 43Tk 2 Xof iy S0 B 32
M R F -3 Cd A Cu il SHZ SRR AR I . X 55K
ARSI —5 . X MDA & 0 5 A K
YR 3K A8 (C)>Cd MR BE (A)>Cu YEEE (B), %
A R 5 e S M AR B A L B 2 i (C)>Cu YR
(B)>Cd ¥ (A), FEFEFIEEEEWHE T Pk
IR S B A, B 3K A e it EL AT RE R 4
JE IR T K 53Tk () A B B 2 Cd L Cu FIZK 4338 B
YEMR 8K s SR i K. B4R bhia
T AEY A 2R B A R R B ml o
ZWGHLE, 8 7= — e e R, A HEFE B
AR XA TR DR FAR ) 4 3 1 A A K
RH AE Cd Fl Cu FE[FHAT , Cd W] DAREEAS [ 4t i
JE AR 11 L1 Cu, WG IR ZE Al 25 Cu B 1
N2 LR R A RS S A R S TR IR S A
AR I3E , 5 3 VRS ) S 22 R 1 S 3 . T A
-8 Cu Ve B X 8 H 44 PN il 08 1 = s oK T
8 Cd Wk . Cu 20T URIEOR B0 1 40 Bl S AL
WS4, T Cd WA E AR JERE F7, A F Cd
M5 Cu B AR FHUB T L™, A ST MDA
TR S RN AR, ATRESZ A Cd . Cu Bk
A3 RAE H AR ™ HE R 52

BEFC M BB Cd A1 Cu ¥ B B B /N FH T3
REEXT Cd Al Cu AR R FEAEMR R . M E 48 gl
YIRS AT 550 2 T o AR 22 AR o %) 3% B o L
TG PESE (AR R G J1 F B, 3 Cd A Cu i) b b 358
IR, T Cd F1 Cu XZHEA 1 AR 7
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FM, —E R EIREIEE X Cd Cu Wi, EHER
IS ZN P NANE TN 7L 5=l e X R R
AE T A5 551, AR R R X S B Cu AR MR E
FEERS 2 B R FEAR YO 3K 73 5 5 (C)>Cu
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SRR E MRS 280 R W R BE AR U L 3K 735
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4 Hig

(1) REEXTE4JE Cd M Cu Rk baA —&
TP . b b3 AE 4 MDA FIEZ B K e i
U m T E 4R Cd fil Cu,

(2)FEHEXT Cd F Cu (YR R FZAEAR AR T4
REEL Cd BAEREKT 1,Cu §ERBOEARTKT 1,
Cd BHERBRT Cu, #BH Cd M Cu B REUNT
Lo X 350 4 J AR SRV B RN R8 22 B30 i) e e o2
RS INESTE SR ST T IR E S B RS
A8 B sE AR R N 4 A > /K A e

QT TREAETREMX ELE Cd
Cu {5 4% MR [ |, b7 14 ) B8 n 9 1, oD
A SRR EME . AT Co S, #6581
T Cd LIS YR . 3K o R 8 4 JE Wk
FEG R A BEML A R T3 — PR AR -

S 3Lk
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