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Implications of rhizospheric heavy metals and nutrients for rape grown in soil

amended with sludge
YI Liangpeng”® , WANG Zuwei

Tianjin Key Laboratory of Water Environment and Resources, Tianjin Normal University, Tianjin 300387, China

Abstract: The rhizosphere contains important factors controlling nutrient dynamics in this zone and the mineral nutrition of
plants. Nutrient dynamics, also. influence the environment of the rhizosphere. The nutrients and heavy metals in the
rhizosphere change when soil is amended with sewage sludge. However, little attention has been given to the extent to which
plant roots affect the availability and distribution of heavy metals near roots in soils amended with sludge. The objectives of
the present study were to investigate the distribution of heavy metals and nutrients in the rhizosphere of Brassica campestris
grown in sludge-amended soil, and to predict the availability of metals in sludge-amended soil. The distribution of nutrients
and heavy metals in the rhizosphere in sludge-amended soil was investigated using the root mat and a frozen thin slicing
technique to. provide indications regarding the activation of heavy metals. DTPA-extractable Zn, Cd, Ni, and Mn, available
P and K, and ammonium nitrogen in the rhizosphere were markedly depleted when soil was amended with sludge. There was
no conspicuous depletion or accumulation of DTPA-extractable Cu in the rhizosphere when the soil was amended with
sludge. The pH value in the rhizosphere increased with distance from the roots when soil was amended with larger amounts of
sludge. The exchangeable fraction of Cu in the rhizosphere was depleted whether or not the soil was treated with sludge.
Carbonate, oxide, organic, and residual fractions of Cu and Zn were depleted in the rhizosphere at a distance of 0—2 mm

from the roots when soil was amended with 50% sludge. Application of sewage sludge had a positive effect on Brassica
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campestris growth. With an increase in sludge amounts, the concentrations of Cu and Zn in aboveground parts of Brassica
campestris did not change. Soil amendments with less than 25% sludge did not increase the availability or mobility of heavy
metals. The depletion in rhizospheric DTPA-extractable Zn, Cd, and Ni indicated that with the sole exception of Cu,

release of metals from sludge-amended soil was very limited.
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Table 1 Selected chemical properties of sludge and soil

M HEiki5 ik Ptz 13 H¥ 5 ik At +
Parameters Sludge Soil Parameters Sludge Soil
SR Total salt /(g/kg) 2.24 7.76 BB Available P/ ( mg/kg) 1351 21.66
pH 7.88 7.22 FEB Available K/ ( mg/kg) 22.35 87.34
H LT Organic carbon /(g/kg) 295.36 12.13 Cd /(mg/kg) 3.51 2.25
& N Total N /(g/kg) 35.38 0.92 Cu /(mg/kg) 113 441
&P Total P /(g/kg) 18.62 0.35 Mn /(mg/kg) 56.45 373
4= K Total K /(g/kg) 6.72 10.54 Ni /(mg/kg) 28.53 81.28
H A Available N/ (mg/kg) 1238 68.32 Zn /(mg/kg) 230 1127

S S5 5620 AR 0 S (7] SR i S8 2 X I D AR WS I 75 1) 2% 300 BB A o) Z R Tessier %A
R SR O A E VS Y P Y Cu R Zn 0 ARNIEEZS 1 5 384, il - (1) AT (2)
BRIRER A 645 (3) AR AL A 578 (4) AL AT 645 (5) SRIAZS s DTPA $2HRAS Mn, Cu, Zn, Ni, Cd B9 I
S0 R 1ICP-MS 2 - BRI R o Mn, Cu, Zn , Ni, Gd B9 £ LAy - HEfb 27 8 A 0 0 52 SR FH
%mﬁ%,iiﬂé%%i@i[ﬂ)-zo] )

K Excel 2003 #4743 ], SPSS 18.0 475 22737 1% B 4K ( Duncan [T R 22 .
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Table 2 The rhizosphere pH gradient of Brassica campestris grown in soil amended with sludge

= SNEM = A ) o7
AL T A AN ) oz VR A AR TR A AN ) 2

Distance from the pH . Distance from the pH
Rates of sludge

R/ (SN e

Rates of sludge

root surface / mm root surface / mm

ENING 0—2 8.02+0.64 a || JiN 25% 175 I 0—2 6.930.55 e
Without sludge 2—4 7.43+0.61 b 25% sludge 2—4 7.01+0.68 e
4—6 7.2120.60 cd 4—6 7.12+0.51 d
i 10% )75 U8 0—2 7.49£0.58 b || i1 50% 75 0—2 7.22+0.57 cd
10% sludge 2—4 7.3720.59 b || 50% sludge 2—4 7.5420.62 b
4—6 7.2620.65 ¢ 4—6 7.7520.67 a
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Table 3 Concentrations of available nutrients in the rhizosphere of Brassica campestris grown in soil amended with sludge

N B MR 1 A [R) 7 B H 3 FE )& i Concentrations of availablernutrients/ ( mg/kg)
TS UL Distance from the F A A A A SRt -2
Rates of sludge . SR HAA A R AR
root surface/ mm Ammonium nitrogen Nitrate nitrogen Available P Available K
A5 e 0—2 13.82+1.54fg 1.13+0.08c¢ 1.08+0.06g 26.2+2.08¢
Without sludge 2—4 13.36+1.23¢ 0.82+0.05¢ 1.35+0.05g 29.8+2.65e¢
4—6 13.17+1.12¢g 0.83+0.09¢ 1.50+0.09g 26.5+1.49
i 10% 1475 0—2 13.84+1.36fg 4.24x0.26bc 14.9+1.58f 31.5+2.72e
10% sludge 2—4 17.02+1.26fg 1.83+0.19¢ 16.9+1.56f 38.8+2.41d
4—6 15.53+1.14fg 1.79+0.08¢ 16.5+1.39f 42.8+2.63cd
i 25% 1175 8 0—2 20.32+1.54ef 23.6+2.84a 59.8+2.69¢ 28.5+2.14f
25% sludge 2—4 25.51+1.69de 14.8+0.89b 68.0+3.87d 39.6+2.47d
4—6 27.30+1.58d 9.4+0.83b 67.1+3.49d 42.9+3.21cd
Jin 50% 1475 0—2 36.73+2.15¢ 21.7+1.25a 137.3+15.25¢ 47.7+2.83¢
50% sludge 2—4 50.48+5.61b 19.1+1.36a 155.9+16.34b 60.1+3.71b
4—6 67.92+4.24a 20.3+2.31a 176.9+13.37a 68.5+3.25a

2.3 ARPR P E SR A A
2.3.1 DTPA $#REUSE L 8 fEAR PRI o REEE

HR PR I P B i R TN Rl E B AL O B G TR A A S e R TP S S DTPA fREUL RIS B A
MABWAR Rz —"%) A5 URE0 45 DTPA $2HUSAY Mn, Cu, Zn, Ni, Cd (#3253 fin (36 4) , T B
TG A HLA X e 4 SRR TAEH . Cu A 230t AR B 558 Ay 2 AR 2 1 P 2 AN [) i & A B AR I 42
XEI Cu FTREFE 3R A A RS sk, 7t F 75 TR O AR B 33 v A AR IS Cu B9 8 RO - R HR A9 3 A
RN E] TOPARRA, ERPRT, Zn NI RIS Cu AR A RAE , A Y I A T 3K s
P (V5 =25% ) ) J5 , DTPA $2HUS Y Zn F1 Ni FEARPR 3800 Mk B 4 W 8K F BRI vk B, Bl SR &
1 25 A4 I, DTPA $2HCE Y Zn T Ni B9 B2 I8 35 L), O HLBE A 15 et F 2 35 mmiis k. DTPA $2EUGE
Cd PG 7 st =5 e s, HAR PR ik e A R0 B 5 09 25 5, i W 4y U e B ok i 3 Y5 e
X Cd fsgmn#c /N, DTPA 2B Zn, Ni #1 Cd IR B AR T Cu, BEBHIM AR XT3 3 Ao 2 il K+ +
Y BRI AR b b () Pt B AR 8 I 28 38 I, DTP A S BES Min 78 Jiti 1175 U8 4 338 1 MR s v %) B S AN b
HENEA , BTG P X HAT R s ZEAR B v B AR S T RGUT |, R R AR, (L L AR it 50% 975 TR IR A B
BEMES,
2.3.2 WIRHARFRIEZR Cu Al Zn B3 A4 1E

TIEPES R ICE TR Fl , ST E L IR R AR R B T S BT RS R SR G
SRS EERIOCRAETIEPNAEESAERAXR , R EERAAENIEARRE, HigvE LYk
FAERBEIERATE ) Cu il Zn RARSLE R TG Y+ b EEE & @A I HAMSCE AR ER , £
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B AR T BE AR R 1 4—6mm A (A Ve B, 33 32 B XY - Bl 5 T ek R, TH SR AR 8 W i ik R R 45 A S 1 Cu, 4k

F 4 HERABRHNIESRHBERIE DTPA RESESENESE

Table 4 Concentrations of DTPA-extraction heavy metals in the rhizosphere of Brassica campestris grown in soil amended with sludge

. AR R AN R DTPA 2S48 1Y & &t
TSR i Distance from the Concentrations of DTPA- extraction metals /( mg/kg)
Rates of sludge root surface / mm Mn Cu 7n Ni Cd
ENIIRERA 0—2 5.01+0.95fg 1.62+0.15¢ 2.33+0.25¢ 0.22+0.03g 0:01+0:001¢
Without sludge 2—4 3.61+0.62g 2.43+0.26e 2.39+0.18g 0.19+0.04g 0.010.002¢
4—6 4.06+0.54g 2.43+0.21e 2.52+0.27g 0:18+0.01g 0.01+0.002¢
i 10% 1475 0—2 4.99+0.61fg 4.35+0.52d 7.18+0.84fg 0.3240.05fg 0.01+0.003¢
10% sludge 2—4 6.38+0.53def 4.67+0.65d 9.49+0.95f 0:41+0.06f 0.02+0.003¢
4—6 6.22+0.67ef 4.73+0.44d 9.52+1.61f 0.34+0.02fg 0.02+0.002¢
i 25% 1475 8 0—2 6.27+0.58def 9.06+0.84¢ 13.1+1.42¢f 0.66£0.05¢ 0.02+0.003¢
25% sludge 2—4 7.18+0.64de 9.73+0.97¢ 17.5+1.65de 1.16+0.18d 0.03+0.003bc
4—6 8.26+0.96d 9.53+0.85¢ 21.1£2.07d 1.15+0.12d 0.04+0.002bc
i 509 1475 ¢ 0—2 13.4x1.64¢ 24.1+3.21a 50.1+5.26¢ 2.06+0.32¢ 0.06+0.008bc
50% sludge 2—4 19.1£1.52b 22.7+3.69b 66.5%6.58b 2.97+0.43b 0.09+0.008b
4—6 21.4%2.31a 23.7+3.42ab 80.1+6.35a 3.31+0.26a 0.16+0.009a

x5 HEAFRENLERPHERERERESCuMEEMGLL
Table 5 Concentration and proportion of copper fractions in the rhizosphere of Brassica campestris grown in soil amended with sludge

ARDER Cu i & 2A 5

Concentrations and proportions of Cu fractions/ ( mg/kg)

BRI AR AL

Distance from the

A ER

Rates of sludge \ surface/ LRSS WAL A B A B AES BRI A Jo8ss
root surtace/ mm
Exchangeable Carbonate 2RO Oxide Organic Residual Total
A5 0—2 0.11+0.02g 0.22+0.02f 0.63+0.04e 1.30+0.08d 1.73£0.21de 3.99+0.41h
Without sludge 2:8% 5.5% 15.8% 32.6% 43.4% 100%
s 0:21+0.02fg 0.27+0.01f 0.61+0.04e 1.54+0.09d 1.15£0.13¢ 3.78+0.29h
5.6% 7.1% 16.1% 40.7% 30.4% 100%
—t 0.28+0.02f 0.23+0.01f 0.63+0.05¢ 1.12+0.08d 1.41£0.15¢ 3.67+0.27h
7.6% 6.3% 17.2% 30.5% 38.4% 100%
I 10% 175 A 0.460.04e 0.450.03¢ 1.43:0.11d 2.64+0.12¢ 3.560.22d 8.5420.61¢
10% sludge 5.4% 5.3% 16.7% 30.9% 41.7% 100%
sy 0.59+0.03d 0.49+0.05¢ 1.48+0.05d 2.68+0.16¢ 3.51£0.31d 8.75+0.59g
6.7% 5.6% 16.9% 30.6% 40.1% 100%
—t 0.67+0.04d 0.66+0.05d 1.57+0.14d 2.790.25¢ 3.53+0.24d 9.22:+0.84g
7.3% 7.2% 17.0% 30.3% 38.3% 100%
T 25% 758 0—2 0.89+0.09¢ 0.82+0.04¢ 2.79+0.25¢ 6.13+0.48b 5.97+0.32¢ 16.6+1.51f
25% sludge 5.4% 4.9% 16.8% 36.9% 36.0% 100%
sy 0.90+0.08¢ 0.83+0.05¢ 3.14:0.31¢ 6.88+0.43b 7.35+0.58¢ 19.1+1.69
4.7% 4.3% 16.4% 36.0% 38.5% 100%
—t 0.89+0.08¢ 0.86+0.05¢ 2.94£0.36¢ 6.65+0.31b 10.6+0.64b 21.9+1.25d
4.1% 3.9% 13.4% 30.4% 48.4% 100%
1 50% 7598 0—2 1.08+0.14b 1.45+0.08b 4.48+0.37h 22.6+1.86a 12.3£1.03b 41.9+2.43¢
50% sludge 2.6% 3.5% 10.7% 53.9% 29.4% 100%
- 1.18+0.12ab 1.63+0.0%a 5.01+0.41ab 22.0+1.65a 14.4+0.28a 44.2+3.12b
2.7% 3.7% 11.3% 49.8% 32.6% 100%
—t 1.26+0.09a 1.73+0.15a 5.38+0.42a 22.1+1.58a 16.2+1.24a 46.7+2.11a
2.7% 3.7% 11.5% 47.3% 34.7% 100%
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A S S AA NS A Cu B EEQLBE 1598 5 B3 b7t (525 AR 2 1h ) B B AT 25 A
Kk, MRPr I Zn (2B S EACAIF T Cu, BT ML S BER 15 V8 1 OGN AR R B 0 38 22 5 B 1 )
S, iU AR AR SR A B B AR R AN R AL S R SR S AR A, Y R 25% 1 50% 15 et RS, kIR
E4S 525 HY Zn TEFEAR 0—2 mm A AUHRFR L3 e B i 380820 s 24 1 9 50% {5 ek R , i S fe i 25

B ANDEE S EFFAELN Zn SRRELES SN Zn GHMEFHERR, WP Cu Al Zn H£FLFTE
T AE SR, 24 S A R BE A T5 YR I, il S AN AT LB T e 25 Cu A1 Zn, T L ] AT A
MRERLS 5 25K Cu Al Zn,

S oor o> B

*6 MAFRANLERHEREARES ZInWEEMLL
Table 6 Concentration and proportion of Zinc fractions in the rhizosphere of Brassica campestris grown in soil amended with sludge
NFEAS Zn B9 5 2R 1L

Concentrations /( mg/kg) and proportions of Zn fractions

B AR AN ) oz

Distance from the

TSR B

Rates of sludge Droot surface/mm LB REREAS  PEEY  BIRESES R J5S s
Exchangeable Carbonate A Oxide Organic Residual Total
AhiE i 02 0.67+0.04d 0.52+0.03gh 5.62+0.37fgh 1.15+0. 12hi 13.5%0.09¢ 21.5+1.63h
Without sludge 3.1% 2.4% 26.1% 5.3% 62.8% 100%
- 0.59:+0.04d 0.29+0.02h 4.71£0.32¢h 1.25%0.22ghi 14.9+1.25de 21.7+1.52h
2.7% 1.3% 21.7% 5.8% 68.7% 100%
—t 0.65+0.05d 0.51:£0.03gh 4.54+0.28h 1:010.14i 14.9+1.56de 21.6+1.48h
3.0% 2.4% 21.0% 4.7% 69.0% 100%
T 109%1575 7 0—2 2.47+0.12¢d 1.27+0.08fgh 9.97£0.62¢ 1.71£0.19fg 22.7+2.36¢ 38.2+2.39fg
10% sludge 6.5% 3.3% 262% 4.5% 59.6% 100%
sy 3.17+0.15¢d 1.58+0.11fg 9.23+0.53¢f 1.48+0.08fg 19.3+1.84cde 34.8+2.55¢
9.1% 4.5% 26.5% 4.3% 55.5% 100%
—t 3.37:0.13cd 1.570.13fg 8.830.65¢fg 1.36+0.15gh 21.3£1.67cd 36.4+1.72¢
9.3% 4.3% 24.3% 3.7% 58.5% 100%
T 25% 1775 e 0—2 5.05+0.32bc 2.150.18¢f 14.4+1.06d 1.89:0.13de 23.5+2.34¢ 47.0+3.92¢f
25% sludge 10.7% 4.6% 30.6% 4.0% 50.0% 100%
- 6.53+0.41bc 2.87+0.16de 16.0+1.26d 2.05+0.16d 22.3+2.29¢ 49.742.65¢
13.1% 5.8% 32.2% 4.1% 44.9% 100%
—t 7.6240.63h 3.47£0.12d 17.3+1.35d 2.15+0.11d 36.0+1.87h 66.5+3.83d
11.5% 5.2% 26.0% 3.2% 54.1% 100%
i 50% 75 0—2 14.8+1.27a 15.1£1.43¢ 39.6+2.64c 3.500.18¢ 37.4+0.25h 110.48.64c
50% sludge 13.4% 13.7% 35.9% 3.2% 33.9% 100%
5y 18.8+1.36a 24.4+1.57h 51.3+3.07h 3.86+0.26h 36.10.16h 134.5+7.39h
13.9% 18.1% 38.1% 2.9% 26.8% 100%
16.2+1.29a 28.6+1.84a 56.2+3.29a 4.30+0.41a 54.0+0.23a 159.3+9.26a
10.2% 18.0% 35.3% 2.7% 33.9% 100%
2.4 i TS P R SR AR K 118 5 e RG] H 4 i R AT B ) - a a
1S ORISR K PR n%%ﬁﬁ
=] 0
SOWT B, B V5 VR BT RO SRR A w0 Y =i
a
MR ERFIAE AR AT EE L0 Sl 2 1, 6 75 U A it FH A 4 a
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Dry weight yield/g
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HRAMAN RV I T 4 S MR 25 G P 975 Dk A W 134 T abmE  mEm 2mEwE
A SEHE 34 Cu Zn HOHCIEERIEAT BB IR T Aboveground parts Roots All parts of plant
Jitii FH 25% F1 50% () -3, i S b 343 1 Ni VR BE A 1 WmASENIERREARSSNTRSR

ﬁ% E’{) I[ij]l] 5 {EE %iﬂi%ﬁﬁ} E’{) Mn E{J{Zq E ljj BT H/(J Fig.1 The effect of sludge application on dry matter yield of
:t j]l] {ﬁﬁﬁ%*ﬁ ;é‘lﬁ . {EE %i‘@i%ﬁﬁ:}’ E]/‘J cd E]/‘J {ZQ E E”S Brassica campestris
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20 41 R &5 0l 75 e XM RAR PR AR 20 RIS [R) S 2 H 2 s 19 5 6861

AR, UL A AR i AR D R, 5 YTt T A 8 58 - B A 8 Cu, Zn, Cd e b 3R 73 A e JEE
B, ARG LR R BTG YRR R RS IS T RRIR L 25 5 AR Cu A Zn (EUZ IS L ER A6 Cu FI
Zn IR EEARN T8 2853 15 JE 0 R0 38R B R i, B R 5 B A T B R AR R A ST
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Table 7 Heavy metal concentrations of aboveground parts in Brassica campestris grown in soil amended with sludge

15 e it H 1 Rates of sludge Mn /(mg/kg) Cu /(mg/kg) Zn /(mg/kg) Ni /(mg/kg) Cd /(mg/kg)

AHNTG P Without sludge 185.9+13.2b 28.2+1.39a 77.6+4.55a 2.11+0.29b 0.09+0.007a

Jn10% 19757 10% sludge 134.6x11.5¢ 26.1x1.57a 61.4+4.23a 2.65+0.38b 0.11+0.008a

11 25% 19758 25% sludge 292.5+15.6a 29.7+1.67a 84.3+5.36a 4.60+0.45a 0.07+0.008a

i 50% 19757 50% sludge 197.0+14.8h 25.8+1.54a 74.9+5.10a 4.64+0.36a 0.08+£0.006a
3 itig

MAFTE RSG5 R AT LU B 15 V8 i3, 39 7 MR RS ALV (3 2) . Hod 15 98 A B TR MK pH
(B, 17 LS8 v 95 0 e by AT Y pHL (EDBRAIG , o P RE S rh T AR 2R 20 I8 36 GRS , TELASIE 5 3o % LR £ 730
M. LRGN AR PR P LA 8GR 0 B S T LB A SO0 RERT IS AR AW 8,
B ARG, AT SR AN AT A5 )l R i R i g A T 8 A TR R (5% 3) , DT T e e R AR P
bR LA R TR ) AR O, 15 YR BT I T AR PR R 1 i AR T Il SRR I OM] T
BeFRIy AR TSR AR . ARPRE IR BR Y HORRS SR F AR A A T, O e gk B A
ARV, QNP S RS A LB A O S L R 3 AT LA TS YR A AT A s
ISR OIS Sl AL, B TS Vet A 0 I AR B A R 2 TR BRI N T (HAEAR PR
P9 A A R B — B0, B B AR R TR 1 b, VA BT, 33K T 53X SE 3R A AR A A 6

AR v {75 8 0 3 A5 3 b oA RO B R B, X AT RS2 h TS e b A ML A5 S o
220 ARBR A DTPA SIS T 4 R R BE R Min, Zn A1 Ni, B 55 AR 38 1 126 1 16 5 e it
FIEE RN 35 BT EUE: Cu Al Cd BYMREE BCA RV R AE ; AR DTPA $2 S Cu, Mn, Zn, Ni, Cd f)
B S YR A LT R Zn, Ni, Cd ZERRBR T RS Sh i A IR BT W b fin (35 4) | X SEER
e T AN R AR A 9 B AR A 7 PR BB ke b i R B A 22 5 1, A U il SR X I T LR <R O 3R I i A
ANTAY, 3 ELAN )5 it e i 3 b AR A RS, AT B3B3 Cu, Zn, Cd WY& 5 80 W2 (R 7) , F
PR —WFFE R B AR 3 e < 5 Qe iy S it FH 5 08, 75 2 AR SROFF T AR M, O ELim S 3R
AT AR & fmDRh, 1 86 % AT ARy FATTH H 25 A [) b 258 o 4y Jam 14 SR A il SR AN R AR R ik 2
% XA A PR SR /NG A SR D T < AR ST e ) S FRATT AT RUA AT AR AR S i LA
Mo AR SB R AR R H G Jm DTPA SRS A & & FIX SE T 4 R 7S Bl i 5 i, JAT AL, Cd 75
AP R P RS R S EAEY H_E0 i  T9 DR T AR B AR SR X R W, T YR Cd JeR A+
PR BT R A AL AN

SEEAR BN (K1), 25% 2c A7 BT 98 050 R FE 4 75 G4 Y L 38 R R P LI SR B0 B S8CR (B v
T 25% (TG VXIS R AR BOA B 3 B e A D, OF ELAB 6545 Mn A1 Ni ZEAR )M M b 38 20 09 35 S 38 i
Z (R 7) , AFITME S — DR 159 BA 1 B RN RS2 B b i) L2 IR — L i1 - 3 o
it P 5 e i R A RTINS . A S A DGR RN 2 ST 15 Y 3P OR [RI R 28 1 8 4 vt FHAS [k
5 PR B R R B T RIS T AT LU RO P a5 e it 338 . ARAITSE RRHT T il At
VERIBEAT T RIS Rk m] AR T EAR Y b A Se S SRk 5, D M) o <6 s 7 U ) b S S L B0 il )
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