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Intercropping Arundo donax WltlL ‘Woody Plants to Remedlate Heavy Metal-
Contaminated Soil . P ‘ ) ¢ /g

i F

ZENG Peng, GUO/Zhao-hui" , XIAQ Xi-yuan, ‘PENG Ch1 HUANG BO ,— -

(lnst]tﬁte of EnV1r0nmental Engmeermg, School of Metallﬂrgy' dnd Environment, Central South Unlversl.t‘y Changsha 410083, Clllnd.)“.

Abstract; A gx‘eenhouse ‘experiment was conduc;ed w‘f tud'y the potential of i intercropping Arundo éonax with Broussonetia papynfem oL
Morus|alba to remed1ate heavy metal- contammated soil. The Tesults showed that Antefcropping t-lﬁe herbaceous plant Az donay with
woody | plants B papyrifera or M. alba was benpﬁ(:ldl for plant growth on heavy metal-contaminated soil. This can effe(twely enhanw
the~Gomprehensive enrichment capacity of heayy metals and improve lsoil enzyme activitiess. The photosynthetic pigment contents in the
leaveg of 4‘ donax, B. papyrifera, and M. alba décreased along with remediation’ time under monoculture treatment for each plant.
However, compared with 90 d cultivation, the chloroﬁhyll":i'-elig_d”éarotenoid contents in B. papyrifera leaves and chlorophyll-b and
caroténdid/€ontents in/M. alba leaves under intercropping treatment after 270 d cultivation were only slightly changed. Furthermore,
chlorophyll-a, (:hlorop.hyll—b, and carotenoid contents in M. alba leaves under intercropping treatment were significantly (P <0.05)
increased by 99.1% , 177.1% , and 119. 9% , respectively, compared with monoculture-treated M. alba, and the total biomass of M.
alba increased significantly (P <0.05) by 26. 1% . Compared with monoculture-treated A. donax, the total accumulation amounts of
Pb and Zn in the shoots of combined plants was significantly (P <0.05) enhanced by 171% and 124% under intercropping treatment
of A. donax with B. papyrifera. Compared with monoculture-treated M. alba and A. donax, the total accumulation amounts of As and
Pb in the shoots of intercropped plants were significantly (P < 0.05) enhanced by 150% and 76.5% , respectively, under
intercropping treatment of A. donax with M. alba. Moreover, the fractions of As, Cd, Pb, and Zn in contaminated soil slightly
changed under intercropping treatment of A. donax with B. papyrifera or M. alba, and soil urease, acid phosphatase, and total
phosphatase activity was superior to part of the monoculture treatments after 270 d cultivation. The results further suggested that
intercropping A. donax with B. papyrifera or M. alba could be effectively used for heavy metal-contaminated soil remediation, while
simultaneously improving the biological quality in contaminated soil.

Key words : heavy metals contaminated soil; Arundo donax; Broussonetia papyrifera; Morus alba; intercropping
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BT Ff, AT AR RRAR TS Y 38 v 4 Jm R AR AR i 5
F2 WERAEHFTEFLEIESRBXTA,
SR A =N A
Table 2 Effects of intercropping treatment and remediation time

on pigments contents in A. donax, B. papyrifera, and

M. alba leaves based on two-way ANOVA

T H el 4% %K a MeRE b K MR
A (1] Fefr Ak 3 n n n

&5 B 1a] ® ok % % % %
*@*XT I'ﬂﬁlﬂ‘lﬂ n n *

&5 i ] * ok * ok *
=h ] oAb B % % n ok

& & 1} aE] % s % sk % %

D)n FR AR, « IR P<0.05; * % /R P<0.01
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M Zn SRS —-FATBEEMILIT R E 25, M
PATHEAR Ph SR & (P <0.05) FF%51.26% , &
FERI MR E (P <0.05) FF%59.26%. LS [f]

TR P AT % bk As. Cd, Pb 1 Zn & B BAK T80
— PR, WEER AR EE (P <0.05)
[ 48.86% . 42. 62% . 70. 52% F140. 09% . F:J5 A
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Fig. 3 Contents of As, Cd, Pb, and Zn in the roots, stems and leaves of A. donax, M. alba, and B. papyrifera under intercropping treatments
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Ged-serh As F1 Ph AN, JF ok 35 R IR B R AR B Y
As F1 Pb &7 i. Wan S5 (R I3 AR, BR0A REA
S Bl P A AP HERRMA BEXT As RSO i 25 A1
MU TR As O ERERLSBIGRENT, A
(RIS ) = B2 A vh 7E AR
PRIRE T, HEY) AT I {5 S BB A HLIR 5 T 46
JE TR T T 2% 5 0 T 400 o) < ) B s o, O
DHSHEY E . Bz, R N R RN E A
J O T 4 S S BN S A A A 2 TR A
PEFRES . ARHETE MY, A 4331 5 R A s S ] e
XEAAS AR A I AR 25 F o T 42 J 2 1 T ] 0 5%
M, A AR LA 7 0 2 < R AL

T 52 I R00% F2 S AR )t 3 5 1 T 4
JE S BRI A RS ARBIE ST R — AT | A AR
SR LRI As, DL AT BRSO Ph AR
LRI /NT 0.1 mg-pot ' (F3), SFLHIHE
ST IR R I AT XS Y - R As BT Ph R
EFIRE RS R —8. p— B T R
H 5 Cd ., Pb Al Zn 195 SR BB — R I
TR F S B R A S AP < 0,405) $2
5 139% | 52.9%H1'106. 1% . BFFLFRW, For
T ASHI P T O RCE 155, | AR RRRET

#3 AFMBESEMI As, Cd, Pb Fl Zn BREE" /mg-pot '

AT As 53 e ta e B8, MR T Cd,
Pb Fl Zn 154 - (0 FE P $E L.

TP RN FE T AR A s e b 4
JRAIRBUKR. LG A T E Y 38 As F1
Cd, DI R R4y As, Cd F1 Pb B M 5o —
PrAka i &2 A0 G i 35 22 5%, i b 343 Ph
M Zn, DR R34y Zn BRERKA—T1E
S (P <0.05) 8 5 171% Fl 124% , DL K
80.72% . LS [H)Fh T 1& & 48 4 #1356 53 A1 T &8
g Cd, HUFHEB84 Ph, DL B35 Zn BRFLEE
Yy 55 o — AT R SR A A A BTG 3 25 S, T
Lo As BERBRHEN R BEBE(P<
0.05) #&% 150% , b ¥4 Pb BB G AR —
P BE B (P <0.05) #5 76.5% . L, LG
LS R A% 2 n] DA Y5 e A 3 op $2 IR (] 2%
T PO < S SR LR, AT 448 iy 2 5 A AR
ERELER IS4 & e Rl T e S
WP S5 N s 1 4 W 5 b ot 2275 e + B
TSR g o AR B 9 T S T 10 R
e, WA, AU B B AR A A

T 15 e, TG A 2 A £

mHBE MR, ¢ "

- ; — ] @
Tahle.3 " Total accumulation amotnts of Asj,Cd, Pb and Zn for combined plants Lﬂ‘der intercropping treatments/ mg -+ pol ™

.“._.l'.

o G F FhRIAR F
SR L - ‘ :
‘ sk ¥ %M L v A s J . LG LS
T LY 50,017 £0.004 6aby 0. 0)7 +0.002%ab~ 0008 £0.0027b  0.026+0.0032a  0.020 £0.005 3a
[ - 7Y 0.14 £0.034a%  0.008.£0:003h  0.006£0.0004b  0.073 £0.043ab 0.051 =0. 006h
cad  ERS 1.00 +0. 28ab 1.17 £0. 18a 0.49 +0. 16b 1.29 +0.02a 0.89 £0.25ab
f RSy 1.24 £0.26a 1.08 0. 13a 1.43 £0.25a 1.33 +0.19a 1.23 +0.13a
- HEFESE 0,085 +0.006d 0.26 +0.019a 0.17 +0. 026be 0.23 0. 039ab 0.15 £0. 026¢
RSy 0.53 +0. 17a 0.19 +0. 02b 0.26 +0. 09b 0.34 0. 11ab 0.27 £0. 04ab
. AR 14.57 +1.30b 38.20 £5. 39 18.53 +3.65b 32.70 £2.22a 23.08 £3.26b
Ry 16.55 +1.51c 28.59 +2. 31ab 36.8 +4. 54a 29.91 +3.94ab 25.05 +2. 96he

1) B PRI + bR 22 (n =3) , AR SFREF0R BIRORLEARD AT 1 sl R 304 4 s SRS B 3% 22 5+ (P <0.05)

2.3 BREAEYEF TGRS E SRS
A

LG HI LS [a]Fp & 2 5 4 Jm ¥5 4 3% 270 d )5,
YT As . Cd, Pb Fll Zn FUTRAFIE S 58—
P, IR NS AIE S R CK AL B A HL 34 0 I 8 22 57
(F4). Sisg e iFoe R s 5 o m ff
J&, MR ARSIWA VLIRS Cd HATE A VEH R
fe I Cd IR, TZEB 46 /2 Cd (AR R4
Yy, X Cd BATRMAIVER, st 58rh Cd 7T
TS PR AR, X TR St

Wb E SRR S, BT R AR NS
THEaEBEEMYA X, Bk AWM YIERE Tok
FERER ] A 3 p S B IR AAIE S, 5 Wan
AU T 9 2 B SR R A A ) o G 9 Wk 3 AR
YT As 1S FIRAAIE S S5 Rl
TaE As IRAFIE S B LS 45 ok & R Efk
WS G (As3) FI4 K G A4 &5
(Asd) FETE, 3l HHERL As 19 38.3% ~42.5%
1 44.7% ~46.8% ; L IEPLIRR AT 4GS Cd 1 Zn
S ik BB Cd Ml Zn =Y 67.8% ~ 69.9% F
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58.8% ~60.4% gt HEP A JEAS Ph i b PhUE 1Y |

.'u‘\r
S

S e T R 2 A OB 2

69-".1"‘% £ 7% . R e AS BRI, B ZRPARS, LUK LG LS [ Fl

Cd [Ph i1 Zn HOSEERERS , 17 E 6 A4 HOAFED)
BEFEBI XS B, 0 250 I 0 B 2 1 0 o
B A M 1 5L T 4 S 95 e - 1
2.4 1652 R PAURIOH S Y SRS M O B
AT 4 AT, BT SRR, LU LG
I LS [ 16 52 T - B 8 0B AR 5 4 35 5 CK
MR EER (K 4). GIRFERBE R E
G TR A SRS A 5 R B R L AT 6 S R Y
EXFE Y+ 5P 4R HROR ™ R R i

BT 1 SFETEMRRG | I e R T A A R il 0 A
CK Ab B 50 B4R & 1,66 ~3.15 /%, 2.29 ~5.71
fEM 1,10 ~1.77 £, R 1B E 0] H 8K &
ST Y - eI R Tk B R IR R R I
Y, 5 Zeng 5 (WA 5% 2 IIH YR 5 76 5 4 )& ol
AR A Fh 20 | Y IR S R ER S LG
Y1, WM& ¥ B R T Cd 159 + 3 M A
PR R A SRR, AR ST, R R R 1
TS M R GE SR B BAE TR B . Hoh

®4 EYEMES T LEEFTEHELY

Table 4  Changes in soil enzyme activity under intercropping treatments

e JUR it 3 Jt Sl 1 TR Bl G T A Tl G T Sl O
/pge(ged) ™! /g (ged) 7! /mg-(g-d) ! /pg(g:3h) ! /pge(g:3h) !

CK 73.62 +7.65be 3.21 £0.73a 0.91 +0.09h 49.8 +5.09d 51.3 +4.53¢
L 71.72 £10.95be 4.01 £0.73a 3.68+1.13a 258.4 £22.21h 107.6 = 16.79h

S 57.90 +8. 03¢ 3.80+1.01a 3.51£0.81a 194.0 +5. 19¢ 139.0 £16.7a

G 71.67 +18.01be 3.16 £0.81a 3.78 + 1. 16a 163.9 +15. 88c 109.3 8.03b

LG 87.04 +£12.09ab 3.84 +0.33a 2.42 +0.79ab 277.3 £28.94b 136.3 £10.39a
LS 97.64 £15.75a 4.75+1.39a 2.42 £0.78ab 334.1+53.19a 142.2 £14.72a

1) B A = bREMZE (n =3) , Rl —FAR R PR R [RIAR B R LSRR 1 HA 035 22 5
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—B ARWFFERW, AT SR SRR
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119,99 4 TaIRRF S5 A% 5 bk A 4y B (P < 0. 0594
7526, 1%
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