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Effects of dredged sludge application on heavy metal content and
nitrogen use efficiency in rice-soil system

LIU Hongjiang, SHENG Jing, GUO Zhi, ZHANG Yuefang, CHEN Liugen, ZHENG J janchu”"

(Institute of Agricultural Resources and Environments, Jiangsu Academy of Agriculture Sciences, Nangjing 210014, China)

Abstract The application of dredged sludge in agricultural soils has become a promising disposal and utilization method of
sludge that improves soil properties and enhances plant productivity. A field experiment of rice (‘Wuyunjing 24’) cultivation
was conducted in 2013 and 2014 with application of 20 kg-m > dredged sludge from a polluted river in Xiangcheng District,
Suzhou City. In the field research, two levels of nitrogen (N) application [LN, 120 kg(N)-hm™; NN, 240 kg(N)-hm™] were
arranged to determine the effects of application of dredged sludge on physicochemical properties of soil, rice yield, heavy
metals contents of rice grain and soil, and nitrogen use efficiency under different N application levels. The results showed that:
1) compared with no dredged sludge application (CK) treatment, field application of dredged sludge significantly increased
soil organic matter and available nitrogen contents in paddy field at different growth stages of rice. Dredged sludge application
significantly increased the contents of heavy metals (Cu, Zn, Pb) in soil, while it fell below the controlled plant standards for

agricultural use. Field application of dredged sludge significantly increased rice yield by 7.05% (P < 0.01), the contents of Cu,
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Zn and Pb in rice grain by an average of 53.66% (P < 0.01), 18.71% (P < 0.01) and 802.29% (P < 0.01), respectively. Dredged
sludge application improved nitrogen accumulation in rice, but reduced N use efficiency of rice biomass (NUEp) and N use
efficiency of rice grain (NUEg). 2) High nitrogen supply increased soil organic matter, available nitrogen, rice yield and rice
nitrogen accumulation under application of dredged sludge, but had no effect on the contents of heavy metals in soil and rice
grain, while NUEp and NUEg showed the reverse trends. 3) The contents of heavy metals in the soil under dredged sludge
treatment decreased by 5.0%, and in rice grain decreased by 7.27%—12.65% in the second experimental season compared with
that of the first experimental season. However, the contents of heavy metals in soil under dredged sludge treatment were still
higher than that under CK treatment. 4) Most of the interactions between dredged sludge & N, dredged sludge & time, N &
time, and dredged sludge & N & time had no significant effect on the contents of soil nutrients and heavy metals, rice yield,
heavy metals in rice grain, and on nitrogen accumulation and nitrogen use efficiency of rice. It was therefore concluded that
field application of dredged sludge increased soil nutrient, rice yield and heavy metals contents in rice grain and soil. However,
nitrogen use efficiency showed the reverse trend.

Keywords Dredged sludge; Nitrogen application rate; Heavy metal; Rice; Rice yield; Nitrogen use efficiency
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0.2 mg-L 'Y 15.7 C, 2 000 h,
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(GB/T24600—2009)
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5 Table 1 Basic properties of field soil and dredged sludge used
[8-13] in this study
’ i ’ [9-10] )
(Zea mays) R ftem Field soil Dsrli(cilggzd Standard
3 , pH 6.83 7.39
[14] Organic matter (g~kg’l) 23.67 48.46
Total N (gkg™) 1.73 3.72
’ Total P (g-kg™) 0.41 0.86
’ 5] Available N (mgkg™)  45.8 78.6
Available P (mg-kg™) 16.6 43.7
’ ’ Available K (mgkg™)  161.4 319.1
15% (Triticum o
) Total Cu (mg-kg ) 43.1 169.6 1500
aestivum) Total Zn (mg-kg ™) 82.6 159.6 4000
’ Total Pb (mg-kg ™) 415 72.1 1000
> Total Cd (mg-kg™) 0.1 0.1 10
) ; Total Cr (mg-kg™") 71.7 71.8 1000
) Total Ni (mg-kg™") 30.6 195.0 200
(Oryza. sativa) ¢ 1) — (GB/
24° T24600—2009, pH=6.5) 1) According to standard of “Disposal of

]

Sludge from Municipal Wastewater — for Agricultural Use” (GB/
T24600—2009, pH = 6.5).
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Table 2  Effects of dredged sludge and nitrogen applications on organic matter of paddy soil at different growth stages of rice  g-kg™

Year Nitrogen level Dredged sludge application Tillering Jointing Heading Maturity
2013 NN DS 35.87+0.34 39.57+0.47 37.74+0.96 35.22+0.43
CK 31.54+0.36 34.14+0.79 32.62+0.95 30.21+0.66
LN DS 35.83+0.81 39.12+0.96 36.90+0.77 34.79+0.49
CK 30.68+0.64 33.61+2.16 31.48+1.35 30.36+0.55
2014 NN DS 34.53+1.35 36.34+0.87 33.65+1.34 31.28+2.09
CK 29.24+1.04 29.93+2.40 27.28+0.67 26.53+1.55
LN DS 32.45+0.74 34.53+0.92 32.39+1.92 30.36+0.94
CK 26.86+0.62 28.58+1.65 26.01+£2.16 24.36+2.02
Dredged sludge application (DS) *k *k ok *k
Significance Nitrogen level (N) ns ns ns ns
Year (Y) sk sk ko sk
DSxN ns ns ns ns
DSxY ns ns ns ns
NxY ns ns ns ns
DSxNxY ns ns ns ns
DS: ; CK: ; LN: ; NN: ; ns, 5 *: P<0.05; **: P<0.01 DS: dredged sludge treatment; CK:

control; LN: low nitrogen with nitrogen application rate of 120 kg-hm™; NN: normal nitrogen with nitrogen application rate of 240 kg-hm™; ns: no

significant. *: P < 0.05; **: P <0.01. The same below.

>
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3 3
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LN) o,

19.55% 14.43%

Table 3 Effects of dredged sludge and nitrogen applications on available nitrogen of paddy soil at different growth stages of rice mg-kg™

Year Nitrogen level Dredged sludge application Tillering Jointing Heading Maturity
2013 NN DS 23.35+1.51 46.40+1.17 38.14+1.05 24.46+4.10
CK 19.20+1.17 34.62+0.70 28.06+0.47 18.54+1.85
LN DS 22.57+1.38 37.05+1.85 34.13+0.91 21.62+1.04
CK 16.39+0.18 29.90+4.95 24.1240.56 16.38+2.25
2014 NN DS 26.25+1.00 43.19+2.06 39.79+0.61 27.82+1.47
CK 21.49+0.49 35.43+3.11 29.56+1.04 21.65+1.06
LN DS 23.94+1.09 38.22+1.19 34.59+1.62 23.53+1.55
CK 18.66+1.30 28.36+1.70 25.61+0.89 19.78+1.45
Dredged sludge application (DS) ok *k ok ok
Significance Nitrogen level (N) *ok *k *ok *k
Year (Y) ok ns ok Hx
DSxN Ns ns ns ns
DSxY Ns ns ns ns
NxY Ns ns ns ns
DSxNxY Ns ns ns ns

http://www.ecoagri.ac.cn



2 167
13.72% 3) ,2014 2013 Cu Zn Pb
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Table 4 Effects of dredged sludge and nitrogen applications on the concentration of heavy metals in soil at maturation stage of rice  mg-kg™

Year Nitrogen level Dredged sludge application Cu Zn Po
2013 NN DS 115.4+3.87 132.7+1.84 59.5+1.08
CK 44.9+0.59 91.9+1.80 42.5+1.23
LN DS 111.5+£2.89 131.1+£7.25 59.6+1.04
CK 44.2+1.54 90.1+5.65 42.6+1.78
2014 NN DS 108.9+3.61 125.8+3.28 56.5+1.87
CK 45.1+0.40 91.5+1.21 42.3+1.19
LN DS 106.3+2.61 125.442.28 56.4+0.75
CK 44.8+1.46 90.2+3.16 42.7+0.40

Dredged sludge application (DS) ok ok ok

Significance Nitrogen level (N) ns ns ns

Year (Y) * ns **

DSxN ns ns ns

DSxY *k ns **

NxY ns ns ns

DSxNxY ns ns ns

2.4 X
5 X
5 o 1) x X X
63.12 gm?, 7.05% 2)
(LN) , (NN)
s
8.01% 3) , 2014 2013 0 1)
3.62% 4) R 2.96%
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*5 WESRRAMBMERENKE~EREMHREZRNZIE
Table 5 Effects of dredged sludge and nitrogen applications on yield and yield components of rice

Year Nitrogen Dredged sludge  Panicles number  Grains number  Seed setting rate 1000-grain Grain yield
level application per m per panicle (%) weight (g) (gm?)
2013 NN DS 285.14+0.68 152.50+2.40 91.12+0.51 25.61%0.05 1014.70+13.61
CK 277.98+4.04 147.21£1.65 90.58+0.18 25.290.13 937.37+16.41
LN DS 275.42+5.59 146.22+3.21 91.62+0.18 25.36+0.17 935.62428.36
CK 268.53+4.15 142.79+1.50 90.72+0.45 25.3740.20 882.41411.22
2014 NN DS 284.732.93 155.62:£0.90 82.69+0.75 26.94+0.22 986.83+9.42
CK 276.80=7.13 146.86+1.26 83.86+0.91 26.71£0.40 910.08+5.24
LN DS 272.82+4.21 145.02+3.46 86.11+1.58 26.28+0.13 895.28+17.87
CK 262.70+2.89 141.96+2.05 86.54+0.67 26.34+0.29 850.09+13.15
Significance  Dredged sludge application (DS) ** o s s -
Nitrogen level (N) o * o * o
Year (Y) ns ns o ok o
DSXN ns ns ns ns *
DSXY ns ns * ns ns
NxY ns ns o * ns
DSXNxY ns ns ns ns ns
3.55% —0.05% 0.47% 2) (LN) (GB 2762—2005) (Cu<10 mgkg™,
(NN) Pb<<0.2 mg-kg™', Zn<<50 mgkg ™) 4)
4.19% 4.55% -1.90% R Cu Zn
1.15% 3) , 2014 2013 Pb ;
, Cu Pb :
0.54% -0.64% 8.25% -4.23% X X X X
4) ) X Cu Zn
; Pb
; , 1 , 2
; X X X Cu Zn Pb ,
X X
2.6
7 7 i)
2.5
9.70%
-4.80% -821% -1.61% 2) (LN)
6 6 1) , (NN)
Cu Zn Pb
53.66% 18.71% 802.29% 2) (LN) 24.39% -7.98% -9.00% -2.03% 3)
, (NN) , 2014 2013 ,
Cu Zn Pb
3) ,2014 2013 , 3.72% 0.44% 3.96%
Cu Zn Pb 0.10% 4) ,

12.65% 7.27%  7.83%, Pb ,
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Table 6 Effects of dredged sludge and nitrogen applications on contents of heavy metals in rice grain mgkg™
Year Nitrogen level Dredged sludge application Cu Zn Po
2013 NN DS 11.35+0.84 41.63£2.88 1.47£0.01

CK 7.06+0.52 35.15+2.61 0.16+0.00
LN DS 10.91+0.16 41.90+1.24 1.46+0.03
CK 7.02+0.43 33.12+2.87 0.16+0.00
2014 NN DS 9.95+0.08 38.77+1.42 1.38+0.04
CK 6.55+0.19 34.19+1.84 0.16+0.00
LN DS 9.81£0.07 39.10+0.98 1.34+0.05
CK 6.71+0.18 33.50+0.90 0.15+0.01
Dredged sludge application (DS) ok *ok *k
Significance Nitrogen level (N) ns ns ns
Year (Y) *k ns **
DSxN ns ns ns
DSxY ns ns *
Nxy ns ns ns
DSxNxY ns ns ns

R OAES K E A E R E XK ERRRF AR

Table 7 Effects of dredged sludge and nitrogen applications on nitrogen uptake and utilization of rice

Year  Nitrogen level Dredged sludge application Nitrogen accumulation  Nitrogen use efficiency Nitrogen use efficiency Nitrogen harvest

(gm™) for biomass (g-g™") for grain yield (g-g™") index

2013 NN DS 22.14+0.44 80.28+0.36 39.44+0.70 0.51+0.01
CK 19.71+0.38 84.65+0.46 43.13+0.89 0.53+0.01
LN DS 17.554+0.47 87.14+0.75 43.63+0.31 0.53+0.00
CK 15.534+0.48 92.98+1.00 47.47+0.69 0.53+0.01
2014 NN DS 21.01+0.59 79.93+1.80 38.6240.61 0.51+0.01
CK 19.73+0.34 83.43+0.93 41.06+0.57 0.52+0.01
LN DS 17.25+0.41 86.76+0.84 41.29+0.39 0.53+0.02
CK 16.07+0.80 89.88+0.68 45.93+0.63 0.54+0.01

Significance Dredged sludge application o o o ns

(DS)

Nitrogen level (N) ok *k ok *

Year (Y) ns *x w* ns

DSxN ns ns * ns

DSxY ns * ns ns

NxY ns ns ns ns

DSxNxY ns ns ns ns

P
. 3 iTie
5
P
; X X X X
y [23—24]’ i
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