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A pot experiment for poplar growth and soil quality with sewage

sludge application

WANG Gen-mei, ZHANG Huan-chao, YANG Li
(College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: To study the influence of sewage sludge on poplar (Populus delioids ‘Lus’ x P. euramericana
[-45/51) growth and on soil environmental quality, a greenhouse, pot experiment was conducted with
anaerobically digested, dewatered sludge obtained from the Wuxi Lucun Wastewater Treatment Plant in
Jiangsu Province. A two factor gradient test design with five treatments (rates of sludge application expressed
as sludge to soil ratio) of 0(control), 30, 60, 120, and 240 g-kg™ and two soil types(calcareous soil and
yellow brown soil) with 3 replications was established to test height, diameter, biomass, and concentra-
tions of heavy metals, Cu and Zn. Results showed that for calcareous soil, poplar growth was promoted with
the 30 g-kg™ sludge treatment, whereas the other treatments all restrained growth; and for yellow brown
soil, poplar growth of all treatments were promoted, but 30 g-kg™ sludge treatment was better than the oth-
ers. In addition, soil total and available N and P as well as organic matter increased (P <<0.05). After
sewage sludge application, exchangeable Cu and Zn also increased, and there was a positive relationship
(roos = 0.811) between sludge ratio and exchangeable metal concentration. Thus, compared with no sewage
sludge application, a 3% sludge treatment could promote growth and production of poplar [ Ch, 1 fig. 4
tab. 15 ref. ]
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HOX 1R 2 Fl. —FpomI £, RATLHE W I = MA BRI X % )2 (0 ~ 20 em) 5
F—FoA AR, SR AR ML R EE I AR, BRI S, T, KEREE AL 4 mm 2R
BEABARIG T, /N4 at 20 H AT 100 H i 25 B A2 0 Br o 305 Yo B [ VL9848 JE 8 T R AR T K Ak
L, V5 UCR BT R AN AR LR, o 60 B A A 4 S JE A AR BRAL R R LR 1,
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Table 1 Fundamental physic-chemical properties of the selected soils and sewage sludge

AOLBY AR/ W WURES R P TR

45 pH LS (1:5)/(mS-m™) (g ke (g -ke") (g -kg') (mg -kg) (mg -kg') (cmol -kg')
B 6.81 0.88 12.79 1.081 0.536 64.17 7.42 19.86
RS 5.96 0.78 2624 1397 0495 91.78 572 36.52
58 6.19 3.04 337.84 29290 16740 432300 3 183.00
T Fic /% X SR/ EY SR SRR IR/
>0.050 0.050 ~ 0.002 <0002 mm (Mg ‘kg") (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg")  (mg-kg™)
i A4 1531 59.18 25.51 151 4258 — 0.18 0.34
ES 35.71 46.94 17.35 88 3528 — 0.12 0.20
=k 7537 788.80 7350 16.13 42.59 6.27
oA Ji1 15 Ve pH<6.5 2500 500.00  300.00
#EE pH>65 500.0 1000.00 1 000.00

AW A5G LR bR RS JE N A b, FER M BRI S B 37 thmea”, EELEE AN R 20 a(GB 4284-1984),

1.2 #Hikw

AR TE R sOMOL K2R N AT, 2 Bl RIS e A B 5 AR BK A 43 S X AL
B (ck, ANEBMIGT) ., 5IREINE N R 3%(30 g-kg™), 6%(60 g-kg™), 12%(120 g-kg™)Fl
24% (240 g-kg™), PE 3 HE AL, SRS AN x 2 A HE x 3 AT = 30 bk, RJH 3.0 kg
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o WK, A HTR R AR Y R AR 5 TR SR A AR S AT 3R o R R 4 I T A
1.3 HWAHZ%

- A BT S SR R R AN A R R R A R - S S AURHRE R LIRS Ak 2R
W R A = R AL, BB BT L ks KM ZUR RS Y 0% ; A R SRR 2 - B T L
o ORI SENE, HE Pl RO, g I H B e I ik WS % Sk ],

G R R AR Al = AR AL, B A 55 B 11RO 15 2 (inductirely conpled plasma, ICP)Wl i
(3 HE PE A FE, Optima 4300DV), 284 45 2K H Xian # H (9 Jr 7512

ML PR AL RIS T T IRALIEDY (T 550 CKAE 8 h), 12 1 WYERBRIA MR K 43, 1CP il 5E
(£ PE A#AEFS, Optima 4300DV )3 52 4 F1EE 5T 4055

2 #XR 538
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T Vit FH A X A A AR R M AR N A A SRR AR A B s, HL 3 AR - RS AR R TR, AR
L, VU G AT AR LA IR AR v A AR AR T, AR T U R S VS R Y, P34 L) B T
T 32.50%, JLHIE 30 A1 60 g kg™ V5 A i WAL TR, B =5 o BRI N 48.14% ~ 54.46% ; i e +
BT 30 g-kg™ 15 U8 F 4 Ah B A0 R 5 LE X BR A 19.88% 41, At ¥ U8 FH - Ak BHHT 2 B M G T A AN O
B, HBEEG R, K8, RIENEIRAFEXT 2 Fi 1 i A2 A a4 A i 754k
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Table 2 Effect of sewage sludge utilization on populus growth

EigrR i+
HURB I/ (g-kg™)

= /em WAt /em YR (g R B i /em H4%/em YR (g BT
ck 69.63 + 1.53 b 0.74 + 0.049 b 1153 +1.73d 81.75+7.71 a 0.78 £ 0.017 a 17.03 + 0.89 b
30 103.15 £ 18.60 ab  0.84 £ 0.057a 2734 +0.88 a 98.00 + 1273 a  0.79 £ 0.078 a 2335+ 337 a
60 10755 £ 233 a 083 +0.054b 1455+053¢ 84.50 + 10.82a 0.76 £ 0.042 a 16.17 + 1.00 b
120 8147 £2246 b 0.76 = 0.161 b 11.86 £3.71 ed  64.60 = 5.09 b 0.70 £ 0.141 a 1041 = 1.24 ¢
240 76.90 = 14.40 b 0.76 £ 0.101 b 2038 £+ 0.26 b 62.75 + 1450 b  0.69 = 0.107 a 15.59 = 1.64 b
5595 U 1 1A S 0.406 5 0.491 4 0.117 0 0.791 1 0.887 9 0.438 4

VL. roes = 0.8115 /NG FEEAR[ R R @ = 0.05 K 1AL B A 25 5 10 3%

15PN LG X AR A KA 2 DT, — {5 b & A REI R LR, MRS T
LHErp Al AR ORI R SR TC R RN RE R S B RE (i ), SR ER R Sy —Tr T
R EAAFAREEYRME SIS A4S Y, RS AR A, G, At i
TeXF AR A KBS 20X 2 DT TN ZE S 8OR .

2 b LM b5 Ve IS A A AR K B A — B 2E S, TEEARIE L, BB SR, 5 30
g-kg ARERAHLL, HOIR A IUIR AR ELARAE B RO S (ER AR LT A B A AT AR
b, BR 30 g-kg! AbBRAL, HCAYHE TS Ve Ab BRAGA B | AR | AR WD/ T BEAL B R AT R
55 Ve e R W B ROR 22 5, R 1T AR AT, BARE H <0.05 mm AL 2% 1 ok HE B
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(84.69% ) ZL v T £ 1 0 F A9 (64.29% ), Fir LATS YR I A 5 Yo B8 Aol 1 114) oA 3 0 SR L e

R2WBEREMEIR, B L 30 g-keg™ 5 U8 F 2 AT H A 75 U8 55 4 W 04 2 K 10 45 0046 A 1) 22 55
WARW W, 33X AT B2 R 30 g-ke™ V5 U FH i A 35 A 35 0 500 A B A K R 3 8OR /N T 3R 43 TR
P e - TR B R 1 A XA AR K AR R E T, MiBEE TS e RN, AR FEY R T
Wk 2L R RE T S I AR KON 30 g-kg ! TS TR T EAL B 7R [ R IR Ak B A R
K2 . AAIRI AR EoR, TRk el R85V 15 Je— Ui & 30 g-kg™'.

2.2 HEFAISIRX Mt + 158 51 B9 &0

15 IR SE A HL R IR AN B0 R 374, it 5 bR A AR A e RAE T . 3% 3 B0 T B A g Al
+ L FANFE ARG RE, R R ARG R, Bk L, 2 Fh 5 R4S BRI T AR fL AR A
I ALY A AR, BIBE S TS e R R3S, & 3R on RARA B R ik # 7R K0 19 H i
FELP, 2 i 38 1 AT BILJE T it 40 2505 6 BEAR LG 43 038 I T 1.65 ~ 3.27 % (B #5458 ) Fi 1.36 ~ 3.23 fi%
(W4, JeHEGRHE A 120 g-kg' F1 240 g-kg™ (4L BESE e B 00 ., r 2045 R BoR, 8
PRI L iR 120 g-ke™ F1 240 g-kg™ (A0 FE 55 HO A Ab B AFAE AR 0 38 22 55, il 1 Jor A Ak 3L )
WD EEES, HHESR . A B R A L X R I AR, T BT A SRR
B, N[E]T5 Vet ] fE 2 a] 99 4 SRRl e 2805 d 00 BOF7 e 0 35 I 25 e, 4 W0 R 0Bt I i BT AIR
75 8 FH it Ak B ) 22 S5 A v R AL B ) 22 5 R

2 IRTEREME Y, 2 Fh AR R X R AL B IR 40 L R GG R R R, HoAtb it S
U o A AR LG I 380, 3X SRR R A A KON I IR SR A, MO R B SR A2 R R, T
HA AL 3 B T5 Pt A A T R SR oe R, i A 4 T RR SR I 35 43 I 8,

M FI5 IR A TS TS K I TTTE Y, SO & —E R, A S X 3R 43 (s e nl i S
AL o AT Ty e it S U 1 3 e SR 0T LU Vs Rt S F S SR AT L X A BT
s, EFEEEDNT 2 mS-m™, R SRSHSAEY ARG XK RIA L o5 9]
Jo L HERYER Y RN ECHE N T 1.0 g-kgt, XEMRHAE KR AR R E

158 T R Y RGN T - e LT R A, B T ISR MR IS Ve R A A A K S
(s FA T AR, TSR AU SE A AR, [RIRHR B o T R84, 30 3 A 2 7= A MR A B
T BRI R Y M R 8 B AR G B TR Rk RAE T

*3 HRABRMNTESENEZNZIE

Table 3 Effect of sewage sludge application on soil ingredients of fertility

T ﬁéﬂﬂij}[}]ﬁ/ o ﬁ‘ﬁuiﬁ/ ‘F‘Ex/ ‘Hiéé/ Wﬁﬁ’-ﬁ/ ﬂ_iiﬂéé/ FHEF%/ KE%@?%@%/
gkgh) (g-kg) (g -kg™) (g -kg")  (mg-kg') (mg-kg') (mS-m”') (cmol-kg")

R J5 R+ 6.81 12.79 1.081 0.536 64.17 7.42 0.88 19.89
ck 720 a 1129 ¢ 0.785 e 0454h 4788 526 ¢ 0.88e  20.12¢
30 6.78 b 18.68 ¢ 1.048 d 0.742b  85214d 16.29 be 131d  21.59¢
60 6.43 ¢ 18.75 be 1.418 ¢ 0.908 b 13829 ¢ 23.94 b 1.6l ¢ 2249 be
120 571d 2522 b 1.880 b 1381a 31774 b 3497 b 198b  24.19b
240 549 d 36.88 a 2.870 a 1505a 48218 a 75.58 a 224a  2337a

W+ Ji i+ 5.96 26.24 1.397 0.495 91.78 5.72 0.78 36.52
ck 6.46 a 2339 d 1.288 d 0.422 ¢ 7821 d 3.96 ¢ 1.02¢  3401c
30 6.05 b 3182 ¢ 2.026 ¢ 0.867 ¢ 161.61 ¢ 11.16 ¢ 149b  34.69 be
60 5.68 ¢ 3579 ¢ 2352 ¢ 1187 ¢ 17133 ¢ 9.40 ¢ 177b  36.02b
120 527d 47.63 b 3.114 b 2368b  583.13 b 2457 b 209a  37.50b
240 5.08 e 75.63 a 5231 a 3769 a 109230 a 71.45 ¢ 237a  4210a

BLHT . JEUIG R 1 B RO B R TS DR R NS TR SRR TE =0.05 K- b AR R 22 5 2
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TP RS MRS R E B ER B EEMHCKR(E4H ., NE1RBEEEH, BRIFRPH
PR RIVRE B A0 BRI (36 1), (H 18 v 5 300 25 A 1 D) S B A S 25 Bl 35 IR T e e S i, 4%
Qb B S 0 25 B A A HE P S 38 R A RO A I S BERY 1.89 ~ 12,14 % (AR HE ) AN 1.83 ~ 10.66 % (38
+), XFEEAREEH TIHRP SRS, CHEREBIRR SR, —BIA Ri5 e i 888 5 R
i 1 81 (0.2% ~ 2.5% ) i Ak F 22 e A8 8 5 BBE I HL B (3.0% ~ 16.0%)™, 55— 7T, T5etE 4
J& iE N S A7 IR AR B e, A AL A | T AL AT i ) T B R D iR B 1 T B i
77, XA AT AES 2 b A A A T A BRI T A B AN R Y IO i 4 R

RG22 AR R BE a0, Yi5 R TE 30 g-kg I, HWE K, ZIEREE TS R
o, EAR MR IR S M TS R R RO, WA R R R, X SR I R g
PEE & B X i A K B = AR IR . R R R R AR S S R AR SR
Fe gl mr LIS, 4 5 T F R 60 gkt B EE X AR K AR R, IR 120 ~ 240 g-ke!
AR, R, RIEAIKIR A LS, A RIS PR R I 30 g- ke AR,
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Figure 1 Exchangable Cu and Zn concentrations in soil applied with sewage sludge

F4 SRAESTEPZGREEMENEXERE

3 é:lilg ‘V{'} Table 4 Equations of correlation between dosage of sewage sludge applied

TSRMEAMM )5, XA K AR

and exchangable Cu and Zn in sewage sludge applied soil

W R, S, ke O e feRR
TSRS R R T AR A B B i y1 = 0.037 1x + 0.166 5 0.995 5
L (R, FL 5 PR 22 08 T AR G B ns0ML+00BE 09915
Z; W 130 geke 15U A AL B X B kil y1=0.051 8x +0.093 3 0.997 1
R A SEHEAE ], HAy Ak IR 3 B S 41 i o 72 = 0.596 Ox - 0.467 2 0.994 3
ER. R, EARRE AN, Wt Bisike B . g B8 E PRy, PR E OB« ERI R
it 5 7 SR 30 g -k SR LT 2 A P s = 0811

He b, dm et AR R A S TS P IR AT A O, BRI T — P OT R, 15 IR
MR E 7 LR R MA PR R g, B RAER EERE . TRt iR T
S S AR R A A A R BB 0 A, HLPIAE 2 A 5 R IEAHOCOC R
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