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T SRR S RABECHE XS AR CH A0 N O HEU R KK FEE €
BEeEmEm”

LA, FHER, KA, BB, h R
(1 RS540 v P & R R KT S SR (P ERLABEp 5 RIS, st 210008; 2 FERMABERY:, Jtat 100049)

o E: MEWATEIREN H R, BIRRASZ . ARGl B EEARE:, DOKFATRATS, Wil EE 575 e AT L
ARIGAFI 20, 0.75:0.25, 0.5: 0.5, 0 : DECEHEFXHEH CHa Fl N2O HE LA KA T 42 )8 SFR L, S5 50E0 . MEE 5T
Rt T LA AR T, R L CHL HEIC R 2 PERS fIN(P<0.05, 7=0.967), it 4t RN BIA EL, bl 4t V5 VR S A b 1 4l 2538 11 CHL ik
118%(P<0.05), TiACHEALFERY CHa HERNIE AN 30% ~ 34%(P>0.05). 5 CHa S, F&H N2O HEbERE 75 Je ALt A Lo Bl 3 hin i iz
Wb, St 2R A, At TS e HEAC AL BRI /D N2O HEL 39%(P<0.05), HCitidbEE NoO HEHH L 29% ~ 38%(P<0.05),
it 4R 5 e A AL T 4 7 2 A A R B (GHGT) S5 it 4 RUIE AR BEAR Y, MBS b PR GHGT it 45T Ve e NE Ak Byt /0> 18% ~
24%(P<0.05), ZAbIEKFE = TG B2 5(P>0.05), SRR P EAJE & I ER RS R L SRERENE N . SHidRaiet
PEAHLG, W45 VMR EIAE K Zn, Cr. Cu S2MHE I 42%(P<0.05). 103%(P>0.05)F1 12%(P>0.05), i Bt b FHAS K i1
Zn. Cr, Cu &3 HIEHN 19% ~ 27%(P<0.05). 14% ~ 33%(P>0.05)F1 4% ~ 7%(P>0.05); Ni 7EREKFARM 5 i 455 IR HE AR AL 2
SECHEANERK Y Cd EiAHY, AHXT PR AR BRI T 33%(P>0.05), (AAb3E R T 48 & it Rl B 245
. ZEAUL LSRR, TS URMEAE S AU EC A v AR A S VR B 72X, (AR Z i e 4 B AR shaAs

KR JRE; HRMEE; B, Pk SATAE; B4R

RESES: S511; X53 XHEFRERD: A

Effects of Composted Sludge Combination with Urea on Greenhouse Gases Emissions from

Paddy Soil and Heavy Metals Accumulation in Plant

SHI Yaping'?, YU Haiyang'2, SONG Kaifu!?, MA Jing', XU Hua'*

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the increasing of municipal sludge, applying sludge in agriculture has been of great concern. A field experiment
was conducted to investigate the effects of applying urea, composted sludge and its combination with urea on the methane and
nitrous oxide emissions from paddy soils and heavy metals accumulation in soil and plant. Five treatments, i. e. , no fertilization
(CK), urea(U), urea and composted sludge(U+O)with a ratio of 7.5 : 2.5(U7.502.5), 5 : 5(U505), and total composted
sludge(O)were installed, and the N application rate in treatments U, U+O, and O was the same(N, 240 kg/hm?). As the amount of
sludge compost increased, the emission of CHa increased linearly(P<0.05, »=0.967).Compared with treatment U, treatment O
increased CH4 emission by 118%(P<0.05)and treatments U+O increased CH4 emission by 30%—34%(P>0.05). In contrast to the
CH4, N20 emission reduced with the increasing composted sludge. Compared with treatment U, treatment O decreased N2O
emission by 39%(P<0.05), treatment U+O decreased by 29%-38%(P<0.05). Treatments U and O had the same Greenhouse Gas
Intensity(GHGI). Compared with treatment O, treatment U+O decreased GHGI by 18%-24%(P<0.05). The rice yield was no

significant difference among the treatments. Compared with treatment U, treatment O increased Zn by 42%(P<0.05), Cr by
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103%(P>0.05), Cu by 12%(P>0.05)in seed, treatment U+O increased Zn by 19%-27%(P<0.05), Cr by 14%-33%(P>0.05), Cu by
4%-7%(P>0.05)in seed, Ni was not detected in seed. Compared with treatment U, treatments U+O and O increased Cd by
33%(P>0.05). The heavy metal content in seed did not exceed the national standards. The combination of sludge compost and

nitrogen fertilizer can be used as the recommended method for sludge compost in paddy field. But the soil heavy metal

accumulation needs to be monitored.

Key words: Urea; Composted sludge; Paddy field; Methane; Nitrous oxide; Heavy metals

Bl Tl (9 AS W7 22 8 R0 T 95 7K Ak BRAICR 42
. WG ORI N, PEgeit, FREkHTTS
PIIAEF=RE 2R 3 000 ~ 4 000 J7 11, J5 R Lb3Ab
T R AR i P ) R 3T VS e A S YR IR
Ak A O ik 2 2, R NS Ve R b e
AEBPRAL B IEAR Y 48%, Hih Ak (Y 44.83%0B), IRl
HRAEHENAE IS, IR A RO L T4
R, EEE S RBSHRIE, EERsSRA
FIEREIN, T LA 5 U6 20k HEAE 5 A FHG Bl o 8 1 4>
Je BRI R P V5 YR TE AL | BRURAL | DR R A P
B 2RST, . T I e HE AR A AL
RN T, ARSRERBIR, KRBT HE
RE e FANE, SET RS TS Ve HERE (O (. 15 8
FIEL B i R T s AS 24k A s At P AR, T
JE R JR T R HE AR A5 Ak AR s AR it 0y 2R ST
FeW, it R T Y HE I 38 2t P Ak 2= Ak AR e L BT
BB Sy, IR I LT L SR AR
RN,

IKFE SRR = R B 2 — R S ARHE
TR B A HLAE A 2 e A P i = AR HE
B ELERE R AFRERY, SHiEICHELL, S
LR 2R N0 5 A0 AT P it 2 5 B5OR R = AR s
HEN 5 55 I3 S L AR EC AR LT Bt AL AT 2> 2
ARG H A CHa A1 NoO HER, 4R BEAE . /NS FT 4
SIS AL M BCHEAH T S AR S N T RS CH. i HE
B, AT NLO HEUY, ERHEAR A A KA AL
[T, SRS M AR H = AUARHERL , T H ETOC TS
i A it FF e SHE 55 20 A it %o A T R AR HE TR A 5

M 38 A DL 4123

BEAh, 15U AEHE I R AR T S TR
FEFF . BRRIAERIRL, T RRIER, FRIR T HEE & 4
& &, JFEMR AN, Sl A, Cd
ErEA TG, Cr Ml Zn 1R B FEARL 50%1, {5
ot F 4 o] Re AT 2 5 H HEREY) h 4 R
FRIGIN, B2 E NI . 5 T HENE T K
HH o % B0 398 4 R Bl KT AN AE AR 2R, B+ e
4 A BE A T T U8 HE N % B B 21
TR 75 U M A 4 it FH 1 /K R H S BRK RS AN TR A=
HHRHAREH 3 Cu, Zn A1 Pb & B EW N, (HK
Fekr s rp 8 4 S AR AR R U3, ARG 5 e e
s, FE e IR S R, BRsD 15 e e
NE At &, A1 2 TR E KRIE SRR, £
HERAEY 4 R R WA R S D, A X T
THT PRI 5 B DL AT

AR 503 18 K AN [) A )35 0 M AT R 2RI i,
WFFE HXRG H CH, A1 NoO HEC . /KRS = DL N E 4
J R AR, R I R T YR HE AR A B4 26 4 RN BT A
I PRALRL AR

1 #R57EE

1.1 iR Ie Hu AT

HH A58 T 2017 4F 6 H 2 11 A 7EVL90 8 M T
M ARERE R VER (31°58' N, 119°18' E)ifif7, fitix
THREE T T EHE L IOKMEKRE L, HEems
HHR 115 glkg, RAFEN 1.3 ghkgo T5URHEIL Y FE
Pt i WL 1041,

F1 iSRRI ER

Table 1 Physical and chemical characteristics of sludge compost

pH TOC(glkg) TN(g/kg) TP(g/kg) Mff%(g/kg) TK(g/kg) Cu(mg/kg) Zn(mgkg) Cd(mg/kg)  Cr(mg/kg) Ni(mg/kg)
6.5 308.91 27.43 26.80 2.23 6.09 323.62 1014.76 0.43 165.40 64.76

. TOC MAAENE; TN MAE; TP RS, TK R4,

1.2 REEIT
NS F W N3 R A Sl 9 T 3 O = 0 1 B oA
M AR B B BB TSR] L B EC AL B, 3 5 A

M, R OCK: XTHR, JREMHEASRHEEE
#BA 0 kg/hm*(LL N 3T, TR); @U: £EEACEE, JR
FAFHEN 240 kg/hm?; @U7.502.5, 25% AYT5 ek
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SRS SRS YR HEAL 5 EUAE BCHE X A HT CHa AT N2O HERC S KR H 4 35 Y52 ) 115

EAES 75% MIRERREG, SRR 240 kg/hm?;
@U505, 50% MTERIELAS 50% KRR R,
AP HAR 240 kg/hm?; ®O: A ET5IRHEICLEIE,
TS URHEAL A 240 kg/hm?, BRNAbHE 3 R E R .

T e AR FA R Ry FEE A (4 A [ Ak 280 A %) L A91))
e 6 A FRI—MEEA, 5 0~20 cm R HER G
Jifi; 1M U, U7.502.5 F1 U505 kb AE i FH i 4
B AYEEAR - REAR=2 : 1 : 1 it Ot s TR 43 R
20174E6 H26 H. 7H 13 HAM 8 A 10 H), Hr,
U7.502.5 AbFEh ERIEA R A B IR EAME; O &b
H5 e HENEABCR FERE — YR, ATt 43 B A A
JIE o &4 SN AR AEAE A A — R PR bt
he i B R £5 (Ca(HoPO4)2)450 kg/hm? , & 1L A
(KC1)225 kg/hm?, A5 T 15 P HEAE 22 LR 524
PHLYEHE & 15 I IR UL BT i . KRN T 3
5, F 201746 H 26 BBF, 11 A 1 HYR. K
R AR R = FH R K 2048 B Y i R — 3, S TRl sk
B, BpRrske A 25 H—7 H 17 H), & (7
H 20 H—7 A 30 H). E#THR7 A 31 H—9

H 22 H),

1.3 MEAEERSEITE
S HR[14].

2 HREHSWR

2.1 7EH CH4# N,O HER

AR 54 L FAS T CH. Y HEBOR A — S0 1)
CH, HFCE R ER AN A, TG 22 d
LA IR B ER —NUE(E ;T8 H R BRI ; FAK

F2 KEEKZT CHi FIN0 HME. KF

WA =, HER AR 65 d AEA7iRE] o) —
ff. CK. U, U7.502.5, U505, O kb¥f CH,fEMZI®
PR IEAE 53714 7.33.5.61.6.73.9.52,18.80 mg/(m?-h)
M1 257, 231, 333, 2.94. 4.77 mg/(m*h); CH,HE
GHE BT TSR BRI PR RS, JLFh 0, HAAAL
M CHHiCER TR E 2R . 5 U AL, O 4
PR CH4 HERIE N 118%(P<0.05), 1fif U7.502.5 A1 U505
Ab3E CH, HERCAS 5139 30% Fi 34%(P>0.05)(3 2),
R EC AL 3 CH, HER 2 /N T 5 T AR 4 it

5 AALH) 13RI R HL 7 Eh S 330
(K] 2). Eh TE/KFERE A1 2 R S0 A ] R AR
ik, b TAEEAE AR (-180 ~ -146 mV); &
FHIE], 3% Eh s A5 (82 ~ 227 mV); EHERE
KB, LB SR AR HTE TR A8 2 HEK 3%
TR, £33 Bh W, KREAK S CK. U,
U7.502.5, U505, O 43 Eh SFH{ES 94 -39, -39,
-37. -37. -107 mV, 5 CH,HE#CE: 52 8 35 7 A ¢
(P<0.05, r=-0.949).
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Fig. 1 Dynamic variation of CH, flux during the rice growing season

R, GARERNEESEHBGEE

Table 2 Total CH, emission, total N,O emission, rice grain yield, global warming potential and greenhouse gas intensity during the rice growing
season

b CH, HEi# (kg/hm?) N0 HEB(N, kg/hm?) 7K F 7 & (t/hm?)

LEAIRE (COs-eq, t/hm?)  TRZE SRHEL IR JE (CO;s-eq, kg/kg)

CK 3536+ 1.09b 0.38+0.04 c 6.40+0.72b 1.04+£0.02 ¢ 0.17+0.02 ¢

U 27.64+4.81b 534+096a 7.67+0.04a 291+0.30a 0.38£0.04 a
U7.502.5 36.06+1.19b 3.81+0.39b 8.07+0.02a 2.49+0.13 ab 0.31+0.02 ab
Us0s5 36.99+4.84 b 332+0.12b 8.04+0.02a 2.31+0.15b 0.29+0.02b
O 60.81 +4.85a 3.28+0.08b 7.63+0.02a 2.88+0.09 a 0.38+0.01 a

I RPRESVEE/NG TR R AL B 22 508 P<0.05 K235, TR

5 ANALBREY NoO HEGH St 52 BUAH R 1) AR 1L
P(E 3). KR, NO HEBGE i GE g ik 2
WEfE, CK. U, U7.502.5, U505, O AbHf4Ig(E 4y
168, 2859, 2555, 2163, 1956 pg/(m>h)(lL N
TF), 9 H A T) A HE R o3 0] AR 2R 98% .
97%. 98%. 94%. 99%; HAMKIH], 24b3 N,O HE

OB EEN, 5 U ABA L, O 4bFE NLO HEH
/B 39%(P<0.05), i U7.502.5 #1 U505 43 N,O F
BB 29% F 38%(P<0.05)(3 2). KAGH: K2
TP REN EEAEEASN NH-N, H&E R
14 NO,-N & &0 4 F NO,-N &g {E K,
U505 Zb#H NHE-N & i oK it 4 f 5 e AL LA K
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S it b A K35 Y NHE-N L NO; -N ik T CK
U A AE 4), 540403 N,O HEiCS NHi-N. NO,
-N i G B 2 A S (P>0.05) .
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Fig.2 Dynamic variation of soil Eh during the rice growing season
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Fig.3 Dynamic variation of N,O flux during the rice growing
season
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Fig. 4 Seasonal variation of NH;-N. NO, -N contents in soil during

the rice growing season

22 KEBFE. FERENNNEESEHNCEE
Mk 2 firn, 05 U AbBUKRE ™84, Ht
CK 2 19%(P<0.05); 5 U 4b¥AHIL, U7.502.5,
U505 AbHKFE = HEERIE N T 5%(P>0.05). 5 CK #H
Ll AR i I 0 2 A 2R 255 TR AU (GWP) AR
S ARHERR B (GHGI)(P<0.05); U H1 O 4B GWP
F1 GHGI AH4(P>0.05), TiAHX T U 43, Aditiis e

HEJIE 5 U b B (U7500.5 . UsOs) 51 i 5 08 > GWP
14% ~ 21%(P<0.05). GHGI 18% ~ 24%(P<0.05).
23 KEHEKEESESE

AR R KRR R AR AL & AR . Cr,
Cd & e K FEAEARAS TR AL AT M FF>5T>K 5 Ni %
AR KFAE AR TR, BUF A 5e>FF>K 5 Cu. Zn &
SRR R R AT I E S e >K>FF (3% 3). 45
4 A KRG AT R 1) 52 o A i ¥ e 3 A it P 14
I . FEkH, A U 4bHE, U7.502.5. USOS.
O #bFH Cr &8 BN 14% . 33%. 106%(P>0.05),
Cu FHEINEEI 4%, 7%. 12%(P>0.05), Zn
SrIBEIN 19% . 27%. 42%(P>0.05), Cd &+
33%(P>0.05), Ni &K PYIRL . 5TeEES
R it A R K v () B 4 B S s 38/ TS R HE R
St AR E(P>0.05) #R4E GB 2762—2017 (&%
SEZRbRMER ST YRR ) 19 Cd<0.2 mg/kg.
Cr=<1.0 mg/kg. Ni<1.0 mg/kg. Zn<50 mg/kg. Cu
<10 mg/kg, AT A LB h 4 8 & E AR TE
] 5% i e A BB R Y

3 it

3.1 SiRHERSRBEENKEENFN
GNP ALY & B Z , e e LR A
TR 3 BAL T R R R A R | TR YY)
FRAHERDS, (R A kU2, AT R, i
ST I U 52 A5 B AE /N 22 R K AR 7 e iy 1 7 ORI
TACABO-200, 375 e HE JIE A LIS i %ok 7 e F 5
Ma oA DL AR GE o TR AT TR, A UL (S
ERPAHE . BRI WAL S &L
B BE 3 0 - SR ATHLT L AR S i, T N
JRCRE 7, IS RCR A T A HILAC 4 0 A
IES g it P 819200 AR v 75 YR HE AL -5 SRUIE Bt Ak
PR P SOR MR T RIS it AR B, oK T4 i
1oV HERLTE AL B, 3222 R D E it Ak B s e S AE A
R B AL — R Mt P A R Al L ab AR AR OR B RE R
YA T UL , X —HE TR A K R Bt 15
AL, b K MR R P A KSR I T e R Y
R
3.2 FiRHERS RIEERENRESEHEE R R
PATE R BEOFTE R, e FH A AILAE AT LAfe et
CHa R0 A HUIEAA 39857 b e it &
(7 R T, AHLAL Y 70 b T FEHE K L3R O,
AR LA Eh, A7 B BEm iy A SR LIS F A PR 4%
7, AT HERS I CHa B9 A IR, 598 AL
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*3 ESREMPIKEEKRTEIBLNSMH (mg/ke)
Table 3 The heavy metals concentration in different parts of paddy plants
iz b3 Cr Ni Cu Zn cd
P/S CK 0.34+0.08 a 2.75+0.56 a 19.35+0.60 b 0.03+0.01a
U 036+0.11a 336+0.17a 18.76 £1.29 b 0.03+0.00 a
U7.502.5 0.41+033a 349+024a 2224+033a 0.04+0.01 a
U505 0.48+0.28 a 3.60+027a 23.84+1.62a 0.04 +0.00 a
(0) 0.72+0.19 a 3.77+022a 26.71+£0.54 a 0.04 +0.00 a
7t CK 370+ 197 a 1.04£0.37b 346+0.340b 2554+1.28¢ 0.06 £0.01 a
U 3.70£0.02b 0.91£0.00 b 3775+0.05b 28.00 +2.00 be 0.07+0.02 a
U7.502.5 5.06+1.64a 1.49 +0.74 ab 4.61+0.38a 37.25+6.51b 0.06 +0.00 a
U505 521+£081a 147+£0.59a 469+041a 35.19+1.17b 0.07+0.02 a
(o) 582+046a 1.86£0.30 a 492+0.19a 40.05+3.54a 0.08+0.02 a
F CK 1250+ 149 a 0.20+£0.20b 1.96+0.23 a 9.73+£2.52b 0.16+0.03 a
U 15.69 £ 1.61 a 0.28 £0.08 b 2.02+0.12a 9.23+1.42b 0.16 £0.02 a
U7.502.5 16.54 +3.43 a 0.51 +£0.20 ab 2.33+0.18a 1632 +4.37 ¢ 0.18 £0.00 a
U505 16.82 +£4.60 a 0.57 +£0.05 ab 2.60+£025a 16.69£1.13b 0.19+0.02 a
(0) 19.18+4.21a 0.68+0.04a 2.63£0.11a 19.64 £6.54 a 0.20+0.03 a

A REAPLBGR 1), M5 4% Eh FEIR(A 2),
P CHa HEBU(FR 2) o AT 15 U8 HERE 4> it FH AL 2,
T4 e 3 A5 SRR ot Ak B /> 19 90 S Lt o,
H CH, HEjl 2t b 22 98 (3 2)

AHLEXTFEH N.O HEk sz mis g 44, nlaE
5 R R A SRR A QR TS e HERL JS
HOTRIEA DU S R GR 1), BIRE AR 12
J&, FE 4 BEh FRE, iR TR AL(E 2), AR
TP AT RS AR, TR R RS AL Al R 2R T
AR, WITFEAR T NoO/N, FERET21 ) A &
N0 HER A RRAR (R 2)o AT T15 U8 HE A 4 i
FHARFR , 375 10 A8 -5 M8 B it Ak 381w %) N8 AT A i £k
RS ACAE R AL 70 2 1 S B R, AT NL,O
HIHRR (R 2)-

fEiH CHs 5 NoO HEAFTE HoTH R RO R T,
TEAT A Ml 5 i B a2 20 [1) B 25 B8 X 3K 79 o i 2 AR 1Y
graRem . 5RNE A EA L, SRS A
FE L AL B N2O I8/ NG IRV R T CH 3 i3
S, BRI IRERN 14% ~21%; H4
V5 VR HE AL it FH A AR Fb , V5 YR -5 RN it Ak
CH, JB/NHEIRTEH KT NoO B IR i, &
IR D ZE B IR ROV 14% ~ 20%(3 2)., 15 R HEAE
SRERCHEREA RT3, A R TR E A
33 SiRHESRIEEENKBEEESEN

7

15 e H— M2 4L, R R is e vh & K

Ham, HMEFESE LS WA RE 2 BR0 . {5 Je it
ALEEFE—ERE SR B, JUHE Zn,
Cu SFHEAL b & 5wy HLA5 e 205 BRI 4
i BRI TR o KA WFFERM, KA /A K3
e, B R RS e LSS, AT R
R T R A BN, (HER T E AR
YRR, 54 5 B RS P AL H A s 2 1 s
DB AT P OKAE AN R 0L 2 4 s o i A B
T YRS AL H AR BTG T , 25 Ak RS K A s o
A I R R 2 AR BRI (3R 3), X Ui TS
Ve HE N LI P4 4 e BRI, i S it P ) XL
Wit Z i — L IRAWTIE . AN, T5UEEAE 5 Uit A
Jit Ak B %) XUBSLAER T 0 4 et FH AR P, HLAT R 48 7
Lyl as A, (AT

4 #ig

15 Ve HERE 5 R EC At AL B, HOK R B e e B A
JE K 4 PR HE ARG AL BE R 5%(P>0.05); TEFGZS
AR IR SRR =T RO S, AR T e T et
it FH Ab BEDE /D CH HEL 39% ~ 41%(P<0.05), X}
T AN A NoO HEL 29% ~ 38%(P<
0.05); 7EULIMBIA, ZEE RS . iRE A
T 4 2N A i Rt AR B | 45 e e AR
Jiti 1 4b B (P<0.05) . Feikrh, B4R & b A 15 e
Jit ek ) 358 TN T 3G . 35 Yk A -5 4RI it Ak B K
H1 Cr, Ni, Cu, Zn, Cd FE¥/NFEEGRIELR
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