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The Ecological Effects of Fallow Paddy Field Disposal Biogas Slurry and Its Impact on the Following Rice
Safety Production
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Abstract: The ecological effects of fallow paddy field disposal of biogas slurry(BS) were studied through a 4—year field experiments with a
fallow—rice cropping system. We investigated the variations of soil nutrient contents after BS irrigation in fallow paddy field, and examined the
difference of the following rice yields, heavy metal contents in rice grain and in soil with different BS irrigation treatments in the before fallow
season. Results showed that, in the fallow-rice cropping system region, the quantity of BS disposal in the fallow paddy field could reached to
3000 t*hm™*a™", and it would supply sufficient nutrient of N and K for the following rice production. The mean yield of following rice in BS
treatment plots were similar or slightly higher than that in chemical fertilizer(CF) treatment with no extra nitrogen and potassium applications.
Soil nutrient contents(0.M., Total N, available N, available P, available K and slowly available K) after every season of BS irrigation were
significant higher than that in chemical fertilizer treatment plots; However, except soil available and slowly available K, the increasing trend
of other nutrients in the BS irrigation plots is not obvious, and there does not appear excessive accumulation of nutrients in eutrophication.
Heavy metal contents(Cd, Pb, Hg and As) did not increase significantly in rice grain and in the soil with BS irrigation. We suggest that, based
on nitrogen, a safe capacity of biogas slurry disposal in fallow paddy field was N 1 500 kg*hm™>*a™ for the premise of ensuring rice production
and food security, as well as soil environment safety.
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BIRBEARIE T

1 #MREGE

1.1 ks

PR PR 220 TR R X e e RS, B 2007
SEFFIRTERT LA 7 X6 T W X £ B AR HE A (N
30.832 47°,E120.840 000°) 17, HHR/EYI N B
5 ,2007 4 /K 7 5 B R 75 K 33,2008 4FCh 75K

114,2009 41 2010 RN FE K 134,

R 3R BB T UK RS+ IR B TR
H, ZEA R AR Ky ALK 42.2 g kg™ .pH6.55. &
R 3.2 g kg BHfFA233.9 mg kg B BB 29.3 mg-
kg AR 165 mg kg EAHH 441.8 mg kg, TIE
2248 0.24 mg kg 245 71.2 mg-kg' 2K 0.44 mg*
kg 2 7.4 mg-kg o HHATRWCR B F 4k s R
RR TR, FHBREPEREEENR 571 mg kg™, B
IRRSEAN 483 mg kg, 2 P,0s BN 72 mg kg,
£ K0 FEH 351 mg-kgs VMK EHH 0.000 084 mg- L7
#Y 0.000 58 mg L. 0.001 03 mg L5k 0.000 036
mg ‘L~ (47l # GB/T 7475—1987 .GB/T 7485—
1987 .GB/T 7468—1987 M%&)
1.2 REi&IT

RWBORS FE R PRI ZE T o8 L ) X (6 3038 , SCHR BIp
WHE 2007—2010 SFHEEE 4 FREAMAIEE R, HEN
RIATER ST TH

2007 FFIRE I 3 M (KX E 100 m?), 43
FIAARHEE W (BSO) AW N 1 500 kg*hm>(BS1500)
FARWE N 2 500 kg*hm2(BS2500). 2008 4FF tHa4>
SEFR—53 2 R 6 AP (R IXTH AR 50 m?) , A
WAL IR 5y R AT TR AL PR K PR AE R (BS1500-2Y )4k
B VEW N 1500 kg*hm 235351 53 A BAEE TR
N 1500 kg*hm? (BS1500-4Y) K ¥E B4 4K P — 4F
(BS1500-3Y ), V¥ N 2 500 kg *hm2(BS2500) .43,
HELHE (BS2500-4Y) MIEWFRIN—4E (BS2500-
3Y)AbHE (£ 1), BB AR 500 mg kg PrE BB
W SCY B AERS RN ZR 0y 3~5 RN, IR 10 cm
T, K B BRAT )4 10~20 do J5 227K Rt AEAS it VR
AbFERE A AAEAE (BSO-CF),N.P,05.K,0 FAZ 4514
270.90.150 kg* hm?, B FEAL R N ZE 5 E K
Ao 36 DU AR 4 U B AN G T A A S A 3 T D) R 4 A

* 1 BHAREEHEEECREIRT
Table 1 Experiment design of fallow paddy field biogas slurry disposal

RINZE A B kg N+ hm™

&S WEAS pisl

KFEZLAE N/kg*hm™ KFEZALHE P,0y/kg - hm™

2007 2008 2009 2010 2007 2008 2009 2010 2007 2008 2009 2010
1 BSO-CF N &EWiE o 0 0 0 270 270 270 270 90 90 90 90
2 BS1500-2Y FREEAE I 0 1500 0 1500 270 0 135 90 90 45 45 45
3 BS1500-4Y HFEAEI 1500 1500 1500 1500 135 0 0 0 0 45 45 45
4 BS1500-3Y 24k 1HET 1500 1500 0 1500 135 135 90 0 0 45 30 45
5  BS2500-4Y HEEREIT 2500 2500 2500 2500 0 0 0 0 45 30 30
6 BS2500-3Y E2/k1HEND 2500 2500 0 2 500 0 135 0 0 45 45 30

T AR AL B K AR A KM K0 150 kg hm?, HAKE AR K00
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Eh A VBEAE, R T2 IE A 12 &(R
1), HERBAEGHRAZECHE R T2ELH, H
IKFEAE K ok BB = REAR , BT ADK IR 2t VA v Ak
5 K FEERAHE AL o
1.3 RERMNESE

TEAR R ZEFEVE W 58 UG OKFERIMAERT ) Sk RE W
RIGRES L 0~20 cm FHE IR AT 1 kg, R
TSR JE HE A BTN , KRR A £ AL R 3 AR bR
FEG  REFF AR 20 AR B , Fe 0 M A I
For e Bt M E A h e 28 26 .2
KeadE (7 GBIT 5009.11—2003 .GB/T 5009.12—
2003 .GB/T 5009.15—2003 .GB/T 5009.17—2003 i
), e 3P AR BOR KRS R B (4
GB/T 17134—1997.GB/T 17136—1997. GB/T 17141—
1997 M%E ) -
1.4 it

AR RE S B L ISR kL L
LSRG REZFHIEHHA R LEE A (HE 1 4
LR 2 )T E 4 KX 1SD BEEIN K,
A Excel #T53E A N 2K, 45314381 F DPS V2.0
L Qaee

2 HRESH

2.1 hRZEREEBERBRNESYMN

VUAE B AR 25 SR 2R BH , OR PRI FH T A5 350 A 2R
— KR X A F R R TR = A VR, 7E/K A
Wk fE 25 AR K REFERT AR INZE T VB R TR
FEA TR A AR FE B, 1) B ST 10 em
URITEW , 308 2 - 3R B T 28 R SV PRV AR VR R
EARVE TG, FES IR ESHE 3~5 e , B AN
PRIRRE AT 4098 3 000~5 000 t, 124 F H AL 80
t KRR TR 37.5~75 d PPAERBBRE. I12 AZE
B4 6 AF-AERTRIE 14 560 t TTE, HEL 243~
4.85 hm? PRINFE LTI N A B L VR, U3
ER L RITE, 0t ABREARTIERAYL, B
7.28~14.56 hm? & H L AT A TH R R TRA R E-
HTBW . PRINRE AR IR RET RS, XA
BRI T4 B 25K, A 78 R AR 23 [a] F E) >k
THANE SR TR A TR, [RIE i TR PRIZEAE I TCAE
YIFpAE, e T KERVRETE T R E %,
A EBTERE R TKREAE KB REARE 5~9 5.
P TR PRIRE FH S AR VR, AR T B — /K R R b IX 4

BEETAEYR BRI XER, &% T ERAE 3
IR, #ASRBALAER COD 1000 mg kg™ \N 500 mg*
kg™ P,05 60 mg kg™ K,0 300 mg-kg? &, AWK
PRRE FHAAET] K44 COD 3 000~5 000 kg N 1 500~2 500
kg.P,05 180~300 kg.K,0 900~1 500 kg, JHEA 234N,
B,

PRIRZEFE HEEVR WS , BEVR W AR H AR
PSR H D, J5 2K AR AT , BEASRHE A B
FeAAREAL, Rt R B B R & 509% BEAEBE AT LA3RAS &
7=, JEZEKRET A4 N 270 kg hm™>.P,0;5 67.5 kg-
hm2.K,0 150 kg*hm, 5 AEREARA RN B 2 o
2.2 RSB REHERN EEKEEENHMm

2007—2010 4F 4 AT = R A5 R (E 1)
BH , e DR PR 24 4F it B 4 B2 AT PR E A N 1 500~
2 500 kg-hm? WAL G K FEEL 2SS
B A L EF A RE BN 4 E£L5RE, &4
L HE P A BSO-CF>1500-3Y >1500-4Y >1500 -2Y >
2500-4Y>2500-3Y , A HIE N 1 500 kg hm2 2 2™
25T N 2500 kg-hm™ ZbHH,1500-3Y F1 1500-4Y
AbER BT LA B M B, 1500
3Y Fil 1500-4Y 4b3, 4 4E A 3 4 2 B A 3P
FEEHEE, T 2500-4Y F12500-3Y 403, 4 FFHEA 3
KR BRI T 2B, R\ G FEBER N
1 500 kg *hm2 ZL3R LA AEHE G VH R N 2 500 kg*hm™
AbFE = P AR o AR FH AR REAE KSR, 1500-4Y 4k
2009 FE7KRE MR TR K SRR L 2 AT AL FRHER 4
d, HE VRV ANE SRR AR K R (e —
WHEVRR B KRB AR R 74, Bkt HEAE B AR
W, B EE R AR VR R ) 25 RS0 i 2R
AR TSRS | R . FESERITEW N
2 500 kg - hm 2B = 4Ry - A AR R A
%, HiRBEW R KA RER T KA ™ i) E R
A

4 SR T RS R TR ELE 4 RN
5 A 4EHERE N 1 500 kg hm2 B 5 ok fg A 7=
AN, KR B S 2 (UAE A FEAR 7= S A 1
7 B P E I BT 5 RK R B SR A KA R
ARAE, TESEFEREMTE R N 2 500 kg hm?
AbFR A A AT AR AR TR KU o PR PR 2
AW IR X 5 K R A K 7= AR AN R, W 4
HIFEKRERBARAT— A H DL LS8 B M VA, AR SR
TR BB AR E

PRI ZHE M N 1 500 kg *hm V8 WAL A4
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Figure 1 Effect of biogas slurry application in fallow stage of rice field on rice yield

WAWAENER BIHE MY TF 5 AL EKERA
B, I B TR A A R R T 4 KRS F)
BB RN R RSN 5 AMEE RBMREIIER
R, H W4 S5 A B3 i 3 A R R Skl
%, I RERE AL T3 & BRI (B 2000 IR EE R
F , YRR AR A Y T 2L AR 172~
1/3 RACR RS b oK FE =24 B F 2 AL 3L,
HH (AR A K B BRI AR & , R E R AR
BAERER BT AR E R FEYRBCE A JLAE (B3
B B BB R, R RN 20 b VA W DAL 45
AR THRERIIR AR N E, W KRR AR
TN ARRZERA BRI IVEY) TR
2.3 RIREREEBREEBNEEKBERSREH RN

VR PRI FE VA VAT A VR ) R B VR YRR Y
R E 05 ZE 7K RSB 32 U™ A R FEARR:
FEMELERATE B (R 2) RN ER A, 55

R 2 EABRNKEABSARS S ENRW
Table 2 Effect of application biogas slurry in fallow paddy field on

nutrient content of plant and grain

SRRERTI Qb N/ P/ K/
Sampling stage Treatment mg kg™ mg kg™ mg kg™
SYBERSIAMIFE  BSO-CF 32.2a 3.7a 30.2a
BS1500 31.5a 3.2a 30.0a
BS2500 337a 3.6a 29.2a
WokEtEdR  BSO-CF 11.0b 1.5a 25.5b
BS1500 13.8a 1.5a 27.8a
BS2500 12.6ab 1.1b 27.1a
WERIIFES  BSO-CF 12.1b 2.82ab 5.3a
BS1500 14.4a 2.87a 5.5a
BS2500 14.3a 2.75b 5.6a

E/NEFREARFRAE B A2 R A B2 (P<0.05). TR

KRB EERA B S’ S IE IR R
HEZS, WRBHBFABESTASEHES T2k
EALER , FE AT o4 BB 3 I, RE A TR A A B
AR, FRAHELERNA HEEERARE B
MRS B S R7E S A RO B BT 2 iE
ACFRANEAR P B VR R . BT AL R T
BAPRSEVASRE, FH MBI KRG
IR RE I KT L3, AR THEFER,H
WH AN R SRS B IEMR FHR G | v
7= B AU & TUORB KBRS FF A P & T
R, MBI RN SRR AR KR FIRARE, RS
A R B VR VRN KRB A I 7= A 1 L 4
WA REH—BI . MR R R KRR W]
THRH RS H R B AW R RREER
P R BB SR (R R B RV WS T RE H IR IR
ORI, 17 38 2440 70t AL 2B, SR 37 1k J 39 7K
Aot B5 R TTH R RS BEIR, DGR 5 B
24 BRKHEEENESERRS MY
KINZE /8 B E LN BRI S &
7 R TRIERE A B R &, R FRWP & A X
NEFEFEWESR (BT ERERKE), E
W IR FPRL AR & R LS B &
WLEITEA o TESE 4 A RARNE 5 R E I (3R 3) 4RI
ZREHAE N 1.500~2 500 kg hm? AR AHET,
JEEFRK AR R B S B 5KRS
RUEVRWL . KRBT S L AL PR LIS 22 57,
PRIRFE H 52 4 FF 475 IR 1 500~2 500 N kg-
hm? WG ERAEREEEE N BAESR S
RAEFENA —EZE5, FEHE 2007 41 2008 -l 2
BAPE TR RS TEME, HWESIE L
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Table 3 Fallow paddy field biogas slurry disposal to grain heavy

metal content influence

HIEE A Cdmg-kg' Pb/mg-kg’ Hg/mg-kg' As/mg kg™
2007 £ CF 0.031 072  <0.00015 0.3
BS1500  0.034 047  <0.00015 0.2
BS2500  0.032 054  <0.00015  0.12
2008 4F CF 0.038 0.83  0.00456  0.088
BS1500  0.027 0.85 000207  0.100
BS2500  0.032 0.83 000202  0.094
2009 4 CF 0.017 0.13  <0.00015 022
BS1500  0.019 0.16 <0.00015 0.16
BS2500  0.034 0.15 <0.00015 0.1
2010 4F CF 0.017 0.089 <0.00015 0.13
BS1500  0.015 0.089 <0.00015  0.12
BS2500  0.025 0.060 <0.00015  0.14
4 CF 0.026a 0.44a  0.0023a  0.14a

BS1500 0.024a 0.39a
BS2500 0.031a 0.40a 0.001 6a 0.12a
LSDqgs 0.010 0.12 0.001 3 0.05

0.001 6a 0.13a

L RE R IR HER <0.000 15 AY4% 0.000 15 8

VAR B 25, IR E R ES B SR
A BB FHERE R, WS YA
o

2.5 RRERABREEN L IERENE

2.5.1 PRIRZERE H il VR V8O 383740 B R i)

PR IRIRS VR WS , KR A S5 % 0 VR Y
AR H AT X AR S PR R . 7RV VRS
R Z/KRERAERT) B 2K RECIR G KRB 1 1
JES148%5, M 2 AIEH, PR IFZRHE 7R B 3
pH A ML &R AR R B A
iR, 54 L ABAL ATt , 55 —4F BE M VR b B+
¥ pH B, UG 3 FPaTRE, H5 2
AbHRZE R K H A MR RS —AF a8
B, BAESR JUAEhE R T b AL 3 (R BEVR
VRO S it A B I 2 4F_E TR ORI B 4
FEREVE O AR AR K, A R
VR HIEENE S R REAVER o B TR KRR PR K
AT L 4 4F AR IR [A) 4 Ak HE A B 4 3 4R L BR
REREZETHBE, UHRES 3 FREmHE, m
it VAV A B2 AR RIS A MR B 35/ , BRG]
BER AR B R T2 LB, Fit 23
o4 SRR T ST, 15 g 2 T YA P R 1
TR R B S5 5 e FE R SO0 S A B I 5 R
RIF, It VRV ISR 1 A FFLR , TR s i B

m TN, VAR B R TR R,
7 Wt VL A RS A 5038 T 0 4 2 1R A R N, B VR W
XoAB R 2 BRI Y 25 SRR, v R VR VR AL B AR AR
R TR, ARH T HEMEBEA R, W £t A
T VRS R AL AR R SO 5 A PRI e FR i PRV VBT - 3
B R IR R B A B, T AR A BSR4 i
BRAE (B R AU (R A AL TR E RS,
T VR WUE HIERAE S 1 SF iR B iR R AR
FE 2 4RSS 3 RN JE U BAR Y, ISR R
WETHEYE , ES 3 FERBNAERG, AHER
TR,

MR R AR SRR A AR A
WRIEH, BF 11 A OKRBYERE ) & BEHHBET
BAF 6 H GRWHES , Fhagnn ), ok A AL S48 5
S5MRERARKNZS Rl 2 s 2 s
SEAU A S A e P YRR 3 S A T R Ab 3 Y 22 57
AR/, R AR IR 2Rt R R HE T B A RCR B R, AR IR
I HIEP R BN B, ZKBREER, TS
PAEY IR, A ROIRE R HAE RS R A
Ftbo
2.5.2 VAWK BN+ P A EE SR

PRIRFE RO T TR SR & B TE
XK RE L ST B VAR L EE SR
MR, FERE FHEBERTANESB LR, ME
SR RN E TFRRPESEWIRE BB AR,
R4 UK PR 22008 VA Yt & 3 000~5 000 t*hm ™ 3
B ARBNES RS SRR B 252~
420 mg*hm>.1 740~2 900 mg*hm>.3 090~5 150 mg*
hm 1 108~180 mg*hm™ Z |8, WMEEH AMELE
e RAERE L ET, BELEHMERESRER.
B B RSB B N 0.112~0.187 pg* kg'.0.773~
1.288 ng* kg.1.373~2.289 pg- kg™ 1 0.048 0~0.080 0
pg* kgl HELE 10 4F A4 5000 t-hm {EW, 13
HRER B B R AR BE 3 AT S 0.001 87.0.012 9.
0.022 9.0.000 8 mg-kg, FEF T FEREIMEMLL,
HIMERLD, BREAESRERITESEREN, A4
R AT , BHERNZEER R ANESRER
P AGERESBREREMS ELEPESES
BBhR, TERCR HE A RE N,

RIS UEAR HI b FATRWON + I E & B S R,
FERNERBRRD T HEARNCESRESE
(& 4), BRETEIRFHZFIEW 3 000~5 000 t-hm?
BT, 5SARERRAIEABAT L, 358648 85 R R
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Figure 2 Effect of biogas slurry disposal in fallow paddy field on soil nutrient contents
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FOHREA BN, RAXLESE N RN
TRVt PR B B = T B SR B, VRV PR B R L
7 3 T B RSARXTEN 36 4 4 FEDIE LS R
BAEA —E g, AT BB 5 4R BURE I E R — 2 1R
EAK,2007 F2m e B KR 2010 SFIMNY T A 4
JE ARG AR EEE E R BRI e, 7T e 5 Rt -3
RS EER(024.044 mgkg)A K, 1 FEHiH
FEREFIVE WO R g/, Bl 0 AR 3
i, e FEALRE AR AL B 2 B8 B B T R

®4 KEZHAZRNIRESREENTN
Table 4 Fallow paddy field biogas slurry disposal to soil heavy

metals content influence

IR b T-Cd/ T-Pb/ T-Hg/ T-As/

mg-kg”  mg-kg" mg-kg! mgrkgt

2007 4F CF 020 331 027 7.8
BS1500 030 335 027 73

BS2500 027 332 027 77

2008 4F CF 014 303 028 6.2
BS1500 014 305 025 6.3

BS2500 0098 300 033 55

2000 4F CF 019 377 016 8.6
BS1500 015 381 019 7.5

BS2500 016 364 018 7.9

2010 4F CF 018 324 029 53
BS1500 016 319 031 5.1

BS2500 014 281 032 5.1

4 CF 020a  334a 0252  7.0a
BS1500 0.19ab 3352 0262  66a

BS2500 017b 3192  028a  66a

LSDuss 0023 183 0037 058
RRLISRER R 250 0.3 30

GB 15618—1995*

* 12 3 % SRR bR U, + 45 pH<6.5, K H o

26 BETHEHREEFRIBRETVHENKRE
EHARAREE

DR PRI Z A FH VR T A 2 M N 3 st b B
KT B AR =, B RIER S RS
SHRBATHAE 1 0T RBH R R BT =R,
N GJaZeK R R E YIS, TR0 HE A w2 21
IKAEAE P22 4 R FH S TR A TR EAR T B E
HVAW A AR R AR SRR E X
R EA R, i THRBREEARBITRE AR
FEA AL, NEUTRR AR AR, T
TRWIH R A B AL, LUF AT AR AR &
FONR FRWIH AR AR, AT ATH BRI O B 22 5 A

VR TH FR A B B o I\ b SCHR R TRV WA B X /K R
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