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Plant adaptability and heavy metals accumulation of different landscape
plants in soil applied with sewage sludge
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Abstract: [ Objective] This study aimed to explore plant adaptability and heavy metals accumulation of
different landscape plants and the co-planting system in sludge-amended landscape soil and provide a theoretical
basis for the sewage sludge landscape utilization and the selection of landscape plants for heavy metals
remediation. [ Method] Landscape tree Bischofia javanica and landscape ground cover plant Dianella ensifolia,
Syngonium podophyllum, and Schefflera odorata were selected as tested plants. The greenhouse pot experiment

contained seven treatments, including four kinds of plant species monoculture, and co-planting of B. javanica
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with three kinds of landscape ground cover plant, respectively. In addition, substrate without planting was
designated as control (CK). The seedlings were harvested after six months. Plant dry biomass, root activity, root
antioxidative enzyme activity, root morphology, plant heavy metals accumulation, and the fraction changes of
soil heavy metals were analyzed. [Result] Compared with monoculture treatment, the treatment co-planting
with S. podophyllumt significantly reduced the dry biomass, root superoxidase dismutase (SOD) activity and root
activity of B. javanica. In contrast, the treatment co-planting with S. odorata significantly increased the total root
length, total surface area, root volume, specific root length, root peroxidase (POD) and catalase (CAT) activities
of B. javanica. The treatment co-planting with B. javanica significantly increased the dry biomass, root total
volume, and root CAT activity of S. podophyllum. Compared with monoculture treatment, the treatment co-
planting with D. ensifolia increased the Cd accumulation of B. javanica by 238.73%. The treatment co-planting
with S. odorata increased the Cd, Cu, and Ni accumulation of B. javanica by 278.76%, 53.68%, and 71.44%,
respectively. The treatment co-planting with B. javanica increased the Cd, Cu, Zn, and Ni accumulation of S.
podophyllum by 161.61%, 139.77%, 78.37%, and 65.70%, respectively. Also, the exchangeable and Fe-Mn
oxides fractions of Cd were significantly reduced but the residual fractions of Cd, Cu, and Ni were significantly
increased by co-planting of B. javanica and S. podophyllum. [ Conclusion] Compared with monoculture

treatment, co-planting of B. javanica with S. odorata and co-planting of B. javanica with S. podophyllum

43 %

increased the accumulation of heavy metals in sludge-amended landscape soils.

Key words: Phytoremediation; Landscape plant; Sewage sludge; Heavy metal; Co-planting
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Table 1 The chemical properties of soil, sewage sludge, and cultivation substrate
w(E LR wi(mg-kg")
K -1
T msemy  E) mam wiwm ww wE 0 BR BE B8R
Item pH Electrical Organic Available  Available  Available Total Total Total Total
conductivity matier nitrogen  phosphorus potassium  cadmium copper zinc nickel
content
3% Soil 6.13 0.09 11.00 72.20 220 33.69 0.03 20.58 37.93 391
157E Sludge 7.57 335 90.81 1174.79 695.67 253.59 239 419.50  1070.37 372.47
F£ 7 Substrate 6.63 1.19 65.33 581.89 376.33 180.30 1.40 232.14 526.35 189.31
PRAE? 26.5 <20 <1500 <4000 <200
Allowable values

DEE AR LB FRFTZIAS © 5;2) A0 BA709 B HGRA A 5 AT

1) The soil + sludge mass ratio of the cultivation substrate is 5 : 5;2)Allowable values for sludge : The allowable values for sludge landscape

utilization in national standard"®
1.2 iRt
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FRAFANS —E) T AR KRB, @ A B &
KRG T 28 o X RN b A 3R FH /N B )
% A% 22 cm x 20 cm), BEEEE L 3 kg RAALHEE
K RIBR G A% 27 cm x 25 cm), F75%E + 6 kg.
FpEgetE, BOEK, WENE 3 . R)E, LR
FAPEE, AR . A 3 AN ER,
ANEE 2, 48 . MW TR E KA 4K
6 M H (2018 4 4 H—10 H). #ilal, & 2 KHe—xK,
FR/NGE 100 mL. K7 200 mL, FBHI/KE R
B 5 RN Rl . A KRN 25~35 C.
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(Zn) T K &&= E .
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S A AAGRIUR R, 85 EBIR R 5 i
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R R R iR AL, SRR SRAR, JF AL
R A FIAR 4 2% i«
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W (pH 7.0, 50 mmol-L™") AR BE, 3K EBUHL B,
HTFEAR. @AY E AR (Superoxidase dismutase,
SOD, EC1.15.1.1), id L A (Catalase, CAT,
EC1.11.1.60) flid E L ¥l (Peroxidase, POD,
EC1.11.1.7) y& PR 2 . &5 (A5 A 25 5 s i vl
€ ; U3 Giannopolitis 257 [ 770l '8 SOD 5 M
St Aebi™ 77 VRIIE CAT i FIH &AM
I E POD i 145 J7 v it 3 AR BN R 7
PR I B R BAR RAE /N S mLIIAR R R
. HEL0.5 g HR4e, Z R Aibibu 5", RH &L
ZORBEDUZME (TTC) AN E AR R 77 RS Tessier
SR T VERAT IR E & R A e, B R
WAL KK P T SRR S RN B
1.5 BELES 7

% FH Excel 2003 11 SPSS 22.0 %%t ¥ ¥ i3:47
Gt b . SR BFFR T Z 98T (One-way ANOVA)
FHSIREA ¢ K IRVE LA A E R 2R . 25

1 #fh Monoculture

12 5. Hi L35 Shoot
= g 9 * I *k
& 297
w2 .
516
e
H B S|
2
)
0
BJ DE BJ SP BJ SO
BJ+DE BJ+SP BJ+SO
AR A

Monoculture or co-planting plant

B % F Duncan’s .

2 BREGTH

2.1 HEMEMETH

BB 1 AT DA, 5 V6 it P X el AR AR 4 B A R
R A ERA AR 5% 3 B2 MAAEL,
G ILE 2R SEMAR R TEDE TR T
45.91%(P<0.05); VRFh 5 1178 2=t FORIAR R4
WIS HIFEAR T 30.75% F1 36.62%, H it b3+
AW B B D (P<0.05). FKHS & SR IR A AL B
L, SRR A L, TR S SOOI SRR &
FHEWE ) BT 43.60% 1 61.98%, 2 741k
B K (P<0.05); {HIRFH G A 4 B EEAIAR
RTHAEVERRF AR T 81.12% 1 40.32%,
Z F Ik B B K (P<0.05). 5585 58 A Rk
Bl , TR PR WA Ak 22 1 G 5 SE AR R T A ) & i Y
i, AE bR A P 2 PR (P<0.01).

= V&P Co-planting
b: /R Root

* %
BJ DE BJ SP BJ SO

BJ+SP
R SRR )

Monoculture or co-planting plant

4

3

TR (g )
Dry biomass per plant
— o

(=]

BJ+DE BJ+SO

BJ: BKW; DE: (L 2 SP: &5 51%%; SO: R H 58, K HEE B EbRAERR, n=3; “*7 0 “**7 535K (R —HY) S A B VAN 6] 22 53 15 8 0.05 A1

0.01 RZEAKF (-Kr5)

BJ: Bischofia javanica; DE: Dianella ensifolia; SP: Syngonium podophyllum; SO: Schefflera odorata; Values in figures are mean = SE, n=3; “*” and
“*%” indicate significant differences of the same species between monoculture and co-planting at the levels of 0.05 and 0.01, respectively (-test)

1 1EYH EARAR ALY E

Fig. 1 Biomass of plant shoot and root

22 EPMRAEHDFIMENEEEYE

B 2 ATLAE Y, 5B MAE LG, TR AR L
B 2R AR SOD G FIR R IE I B i
25.74%(P<0.05) Al 114.62%(P<0.05). JEFI& FE
IFKHAR 2 SOD i P FITAR 2 35 1 BRI A b 4 3l
B R T 36.39%(P<0.05) 1 70.09%(P<0.05); i
RAE A R ER R CAT M5 SRR Ll B3
PEE (P<0.01). 5 EFRAH LY, VR IG5 48 (1) FRANAR
% POD M CAT 3&PE 73 7l N 1 154.00%(P<0.05)
H190.48%(P<0.05); VR AbBEI RS HE ZEHR &2 CAT
A1 SOD Vi P B AT 73 Sl HG I 7 178.19%(P<0.01)
F1106.53%(P<0.01).

23 REMRKETL

HHEE 2 P A1, SRR 8L 22 R AR
RAR KRN BRI B 2= A 3 F % 41.23%
(P<0.01) Al 56.24%(P<0.01). SHKMIREFN)G, &
AR AR A 3 T RRURI S A AR A 4y B
T 24.51%- 38.48% Al 40.54%, H b MR 2 5 B
# (P<0.05). VRFRHGE S MR & bk S AR
SRR AR AR R R TN 3 5 1 79.44%
(P<0.01)~ 152.96%(P<0.01) Al 138.38%(P<0.01); {2
TR AR5 3G B SE AR AR B B AR T AR AR 43 1)
TB& 51.86%(P<0.01) Al 51.04%(P<0.05). 5K
FlAE b, TR R 6 B SE RV AT & S AR 52 K1
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221000}
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[ dl <
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BJ+DE BJ+SP BJ+SO BJ+DE BJ+SP BJ+SO
B IR A ) B IR AN )
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400 F 200 |
200 + 100 |
ok
0 —r= 0
BJ DE BJ SP B SO

Bl DE BJ  SP BJ SO

POD & 1/(U-mg™)
POD activity

BJ+DE BJ+SP BJ+SO BJ+DE BJ+SP BJ+SO
R R AE ) A R A AE )
Monoculture or co-planting plant Monoculture or co-planting plant

L 22 SP: B R4 SO: RS, BB P I EAIRMERR, n=3; “*7 F1 “0%” 53 RIR A — ) S A0 5 YR A ) 22 52 1 21 0.05 A1

0.01 &E/KF (-1 5e)

BJ: Bischofia javanica; DE: Dianella ensifolia; SP: Syngonium podophyllum; SO: Schefflera odorata; Values in figures are mean + SE, n=3; “*” and
“#%” indicate significant differences of the same species between monoculture and co-planting at the levels of 0.05 and 0.01, respectively (¢-test)
B2 REMENEEEMIRAED
Fig.2 Antioxidative enzyme activity and activity of root
*2 REMREL
Table 2 The changes of root characteristics
AbEED R ERAK/em SRR A em? AR em® AR K/ (em g ") RAZEE/(gem™)

Treatment Plant Total root length  Total root surface area Total root volume Specific root length  Root tissue density
BJ BJ 1 149.54+110.13 184.51£16.50 3.54+0.68 495.41+50.28 0.71+0.13

DE DE 1 188.58+16.86** 301.93+39.56 9.46+0.27** 628.08+13.60 0.20+0.00
BJ+DE BJ 1014.14+53.41 187.3749.40 5.19+1.10 864.02+190.22 0.46+0.06
BJ+DE DE 698.54+28.82 196.58+32.93 4.14+0.45 625.47+114.90 0.30+0.08

SP SP 992.85+51.18 284.99+24.64 6.22+0.31 390.91+27.14 0.42+0.05
BJ+SP BJ 1 242.59+116.66 204.09+17.63 2.67+0.25 1 405.77+75.70%* 0.33+0.01
BJ+SP SP 1 236.22+83.70 394.64+41.20 8.74+0.77* 345.05+22.03 0.37+0.04

SO SO 920.16+54.64 ** 287.13+18.73 7.69+0.69* 397.65£51.91%** 0.30+0.06
BJ+SO BJ 2 062.74+41.47** 466.74+£25.73%* 8.45+0.74** 959.69+64.99** 0.26+0.02
BJ+SO SO 442.97+38.55 202.02+28.59 3.77+0.58 121.20+12.78 1.27+0.23%*

DA P HIE A T MEAT AR, n=3; “*7 Fo 7 530 KRR —HM LA L RAF R £ F i $)0.05420.01 B F K (-1 50);
2)3% AP RIRAP, BJ: AR, DE: »h & 2, SP: 4-F 3F, SO: #8552 3) R T 69 44
1)Data in table are means + SE, n = 3; “*” and “**” indicate significant differences of the same species between

monoculture

and co-planting at the levels of 0.05 and 0.01, respectively (#-test); 2)Monoculture or co-planting; BJ: Bischofia

javanica; DE: Dianella ensifolia; SP: Syngonium podophyllum; SO: Schefflera odorata; 3)Measured plant

FEEAREKC (P<0.01) FIEEARIIARZH L% FE (P<0.05). TR L 22 4 36 Cd S84 I N 7 339.48%
24 EYELSRESETW (P<0.05) 1 181.85%(P<0.01). Rk & IRl

I 3 AT LUE Y, 5% H AL, RS/ AP, 5% 8 B, RS AR T BT
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0.01 BEKF (-Kr5)

BJ: Bischofia javanica; DE: Dianella ensifolia; SP: Syngonium podophyllum; SO: Schefflera odorata; Values in figures are mean + SE, n=3; “*” and
“*%” indicate significant differences of the same species between monoculture and co-planting at the levels of 0.05 and 0.01, respectively (-test)

3 AVt LERESRSE

Fig.3 Contents of heavy metals in shoot

Cd. Cu Ml Zn F &5 0$E 5 T 55.40%- 39.64% Al
29.22%, HH Cu & &2 7k B B 3E KF (P<0.05);
VRS AL 38 Cd 238 m T 179.04%, {HHh
FEB Cu S BT T 22.38%, 2 ik 3 8 3 KF
(P<0.05)c B 5 3G 2 2 i A0 VR P Ak BB ) 3 35
BEESETHEAREEER.
MRREEESTERE (K 4), 508 ZRM
i, BKIUAR 2 Cd. Cu. Zn 1 Ni & &8 50045 71l 42
T 222.70%- 59.77%- 65.18% A1 58.08%, Cd-
Zn F1 Ni & &8 2 538 3 B FKF (P<0.05); 5
FKPRF AL AR R Cd S EEERE T 125.11%
(P<0.05), HH & Cu il Ni & & & ZW D (P<
0.01). KW E&RFIRF B, 5% B R
L, VRAH SRR Cd Al Zn S 84303 T 466.66%
(P<0.05) F1 54.42%(P<0.01), [F]i, YRR A R AR
% Cd & ERE T 48.62%(P<0.05), 7k # &
FKF . 5RO LG, TR RS SE T I RAR &R
Cd. Cu. Zn FINi &S T 306.38%-
47.89%. 62.83% Fll 84.44%, 72 51k 3| & K F
(P<0.01 B¢ P<0.05); IR PRI A HE B4R R Cd &
BRFEIRE 7 229.89%(P<0.01), 15§ % L5 ¥ R

# Cu. Ni &2 3 5 TR E SR (P<0.01).

SRR, MR TR & T AR AN
WAESREE.
25 HEYESERZRE

H &l 5 AT AR 5 et A S e AR AE 47 S o R
TR B AR Y 1) B SR RO R A T A A
Mo . 555 E AR L, B 78 22 IR A S P
H Cd R REN AR T 238.73% Al 78.22%, 5
Y3k ) 8 7K (P<0.05). RIS & B3 B b A0
R, 5% 3 B, R FRE AR
Cu FI Ni LR B2 F B T 58.68%(P<0.01) F
43.43%(P<0.01), {H2BEFIE A R FHKES
J& Cd\ Cu. Zn MINi AR E A4 R T 161.61%.
139.77%- 78.37% F1 65.70%, H:+H' Cd. Cu F1 Zn X
REZE FBEERE K (P<0.05). AFEIPIZ, R
Tl 5 SE R AR & 8 Cds Zn 1 Ni FL R
B AIRE T 278.76%- 53.68% 1 71.44%, Hrh
Cd 1 Ni #1 2 5 7% 7 118 2 . 3 7K1 (P<0.01 B
P<0.05), (HIREFI RG34 E 4 R R B3 A &
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Duncan’s %)

EXC: Water soluble state + Exchangeable; Carb: Bound to carbonates; FeMnOx: Bound to Fe and Mn oxides; OM: Bound to organic matter; RES: Residual;
CK: Control; BJ: Bischofia javanica; DE: Dianella ensifolia ; SP: Syngonium podophyllum; SO: Schefflera odorata; Values in figures are mean + SE, n = 3;
Different lowercase letters on the bars of the same color indicate significantly different among different treatments in the same fractionation (P<0.05, Duncan’s
method)
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