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Effects of Paddy Field Disposal of Biogas Slurry on the Rice Production, Soil Quality and Environmental Safety
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Abstract: The effects of paddy field disposal of biogas slurry on rice production, soil fertility and soil environmental quality were studied
through a 3 year field plot experiment with the treatments of biogas slurry irrigation in 135~540 kg N+hm™. In this experiment, we investigated
the difference of the rice yield, heavy metal content in rice grain and in soil under the different irrigation amount of biogas slurry in rice paddy
field, and we monitored the dynamics of the nitrogen(N) content in surface water and in percolation water and fluxes of ammonia volatiliza—

tion. Results showed that rice grain yields in biogas slurry treatment plots were similar or slightly higher than that in chemical fertilizer (CF)
treatment plots; heavy metal contents(Cd, Pb, Hg and As) did not increase significantly in rice grain and in the soil with biogas slurry irriga—
tion. Soil nutrient contents in biogas slurry irrigation plots were not significant different from the chemical fertilizer treatment plots except for
soil available and slowly available potassium. The ammonium contents in field surface water in biogas slurry irrigation plots were significantly
higher than that in CF plots, but did not significantly increase N contents in percolation water(monitored at about 60 cm depth of the soil ). In
double—N biogas slurry irrigation plots, the ammonia volatilization accounted for 13% of total N input in the field, which were more than 10
folds of that in CF plots. Under the premise of ensuring rice production and food security, as well as soil environment safety, a safe capacity of
biogas slurry disposal in rice field per season was about 540 kg N+-hm™. However, NH; volatilization was the main environmental risk for bio—
gas slurry disposal in paddy field.
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1 #RExR*E

1.1 #ik#

2007—2009 4E% 4% 3 a TEHTTLE FH X HIX
£ B4R R (N 30.83247°, E 120.84000° ) #E4T T8 W
TH AR H R /NROE AR . HHAEY N BRSOk
5 i Fl . 2007 4R 757K 33,2008 475K 114,2009
FERFEK 134), K HHON BT RUKRE L2
FHLEVRHTJE,2007 4 4 A R T RENGE B A R AL i
AR B HLE 42.2 g-kg™ . pH6.55 . 24 3.2 g-kg ' SR
& 2339 mg kg™, BRWE 29.3 mg kg, FHRF 165
mg-kg ZAAHH 441.8 mg kg BHATRWOR B 725k
REMEHEIITRE, BRPE2REHHR 571 mg:
kg™!, B AR 483 mg-kg™', 4 P0s N
72 mg kg™, 4 K0 ¥ 351 mg-kg?, VBT
0.000 084 mg-L™" 4% 0.000 58 mg-L" f# 0.001 03 mg-
L, 5% 0.000 036 mg-L'( 4 ## GB/T 7475—1987 .,
GB/T 7485—1987.GB/T 7468—1987 Jli5E )
1.2 et

H 1)/ KRB 5 A ab B . A FO2 AR (IN
CF), jifi F b 2= & (N) B (P,0s) 4 (K,0) , FE F B #%
YRR ERE, 4370k 270.90.150 kg-hm2,
R B IS S T B IR R RS AL
AHE172 BB +1/2 FALKE(0.5N BS), B AR RS
SR, IERSERTEE S 172, BRAR%
500 mg kg™ WA RITE (LT SAHR) , VAR 270
t-hm?; g B % R W (IN BS) it 78 1 A i A6 2
HE, A& 270 kg-hm™, 52 LAEALBEARTR] , 7
AR 540 t-hm?; B @15 FEBW (15N
BS), VHWAFH& 405 kg-hm™, JafbIBAFERY 1.5
%, TR FA R 810 t-hm™; b FE®) 2 AR (2N BS),
BB RS E 540 kg-hm2, H 2 LABARFRAY 2 %, VAWK
FAR 1080 t-hm?, B~ HEGHAMELALEA , kb
HO~OFAEHE I BEERES ) 4 (FAL 8 ) M E 4k
OB A EMF

BRIG VR R F FUK RS E G A B B 4 3 kit
FH AT B 3 4 BE RS 43 501 o5 B &Y 50% .20%
M 30%). RE 3 KER , EHLX A HEF

7 2007 4RI A |, AR E HRBRAEN
M ,2008—2009 4E % 4 MR BwAE (RRE
), WRAME 1080 kg-hm?, H2fLiEALEK) 4
£, VAW 2 160 t-hm™, Jifi f 5 % il 5 /M X
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RIS IR, A58 5 P R o ORI T VR PO, — i
ANSERF S PIYK G , BIUCHRE 3~5 do
1.3 RERMEFE

T H RE R N 2 pb 3k . SR R
BAA B T T BACKHEE (IR 60 cm), FETH
BAERHEAE 1.3.5.7.9 d 051 T BKRE A (F
PR TR BORAERAL ) IR B /KR B P T /KA i
CRERHURBUNX RIS K ) , B T 8K & H
T K NO;-NCEE 536 8 ) A NHL-N (e By i
PR ) o IR AR I SR 2 Gl < )™,
e AR AR/ N X 2 G A 2 3 B, Tt TR
BAERUE 1.3.5.7.9.11 d REHEEHRHR, H KC
AR IS RUR M A% & B IR A A
R KRR TR bR S 3, 3 W M7
WrEFes o BRALSHE0R, RS E i S
LY AR AR (4 B3 GBIT 5009.11—2003 .GB/T
5009.12—2003 ,GB/T 5009.15—2003 ,GB/T 5009.17—
2003 PZE ), P E -3k B S A LB R B R L
(4> 9% GB/T 17134—1997 .GB/T 17136—1997 ,
GB/T 17141—1997 W5E ),
L4 Zeitarin

ARSC AR P B RO B T B LI AR T
F197 22500, JF kAT LSD 25 BEMNR , 957>
LAvkr D RE SR T RESFHRILPINRLER
BRI (R 1403, 3R 2 4R ) #4705 225047 & LSD
BEMEIE, F Excel B HEATHEAL B R 22 18], 4E it
53#7Fl DPS V2.0 %k,

2 ER5H5H

2.1 KFBERF BB EBIKE =BT
IKFELE R ZETH IR, JE VR FH TH A S K R e
KEZHATERE, BRIER AR B oKL et
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[ 8 INCF O 05NBS B INBS
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T

PRI, BB TR R SR R B R ¥R IE &
HIFE EEXKREAE K T2, 3 a B HIE
XA ZERFZIA(E 1) FER B R A R E 135~
540 kg+hm™ VB & 270~1 080 t-hm™ JE[E N, KFE
2 o0 i AR R e o e A b v i we = L)1 S N K A4
FUKAERCL RIS 7 TR AR B 55,
500~800 mg N -kg™ ¥R IR AE HE A ERAKZG T A
SRBHEAREH , AXKRE-AEE , ARERAER
RS =B IIAME T2 3, Hrp 2007 4
0.5N BS #h3# 2009 4E 2N BS b HRES 4L B AN B
WA, 2008 4EF1 2009 4F 4 fERME AL FE L AT
VLA 2 R RIB AL B XK R A P i e e AL B
2008 4F 4 FE AW &H 9 050 kg-hm™, fKF
A HEAL 3, 2009 4F 4 5 A B WAL = 74 10 900
kg-hm?, & T2 EAFEMET 2 FERB WL, %
B 4 5 EA W B B KRS = R XU o ZEA AR
HIZMET ,540 kg -hm™ ZE FTIA R 248 H & 2 VE i IH
R R, TE 2R ZE 4SRN ] REfEERS H i R
AR, BTt —HH5R.
22 BEEHERNBARRREENXMm

HEE 3 a REKFERKZBRHEBRR AR
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Figure 1 Effect of biogas slurry application in rice season on rice yield
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Table 1 Effect of biogas slurry disposal on

content heavy metals of rice grain

Jst) pstitd] BaR/ sy

LS L mg-kg?  mg-kg?  mg-kg? mg-kg?
2007 & IN CF 0.036 0.59 <0.00015 0.13
1IN BS 0.033 0.61 <0.00015 0.13
2N BS 0.026 0.75 <0.00015 0.12
2008 4F IN CF 0.039 0.68 0.00597 0.11
1IN BS 0.042 0.99 0.00715 0.13
2N BS 0.035 0.65 0.00334 0.11
2009 4F IN CF 0.015 0.095 0.00311 0.27
1IN BS 0.014 0.12 <0.000150 0.24
2N BS 0.010 0.18 <0.000150 0.24

3 afHy IN CF 0.030 Oa 0.46a 0.00308a 0.17a
1IN BS 0.029 7a 0.57a 0.002 482  0.17a

2N BS 0.023 7a 0.53a 0.001 21a  0.16a

LSDygs 0.004 54 0.297 0.00321 0.028 8

W AN E FRAMKE FRARR, FoR % A58 E (P
0.05) B 8% (P<0.0A¥ . FRl,
TR A B - S A A AR 9 Bk 2 B 3 Ok
F, RARRRAEN S AR, MR pH

(0.5N BS AbB5} ) A PR 2R AR R
EZRABE, LN LA RSN R 2
W EIEX RS B LR A5 , B3
MR BT REIIAR TR A B BRI B R T2k
FEAL R , SR AR 75 N B2 ) BT R R A ik
Y R G BOE I R R PEARS, TR G A L4
Hig# 0.5 £ 1 FREMTHER, MASTE L
AR E BT FFRR WAL B AP B TR A BB PR
BHR T2 AEALEE, (HEA 5 A LR A B
MR, R AR IR AEYER. BT
BRPHEEER, RERRAHEEA N EVER
F2AIE 1 2] 2 4%, BARBER T S /e, U
AT SRS ER RS P, X RS A —
RE IR o
232 HRAEHEFEAESRE TEPAEE
SR E R

IR 270~1 080 t-hm* IR, HREFRE
HRIBEARNESER . 8. B REESH N 22.7~
90.7.156.6~626.4.278.1~1 112.4 mg-hm™ #1 9.7~38.9
mg - h HEE AR E B8 20 B 22 4,

2 ABEKSTEABREETRE AR
Table 2 Effect of rice—planting season application of biogas slurry on soil fertility of paddy soil

SRARERT Lb pH FEHlF/mg-kg?  &F/zs-kg'  WRER/mg-kg! B BHmg-kg! MMM /mg-kg! SR /mg kg

2007 £ 11 H INCF 591 41.56 2.68 257.7 414 91.6 472.6
0.5NBS 5.95 41.96 2.81 2539 47.4 90.2 455.0
1NBS 6.06 41.09 2.81 255.8 47.2 89.7 461.6
1.5NBS 6.01 41.61 2.66 256.4 53.7 107.8 493.3
2NBS 6.05 41.33 271 261.5 50.4 116.6 486.5
2008 &£ 11 H INCF 6.06 41.05 2.88 252.6 33.1 99.4 466.2
0.5NBS 6.30 40.13 2.70 256.4 314 98.6 4439
1NBS 6.26 40.32 271 252.2 49.2 106.2 472.2
1.5NBS 6.25 40.96 2.78 250.7 51.7 110.2 486.2
2NBS 6.27 40.64 2.75 256.9 56.2 119.8 499.4
2009 4 11 H INCF 6.30 39.76 291 259.5 42.1 105.7 473.3
0.5NBS 6.58 37.48 271 265.3 30.3 108.6 470.7
1NBS 6.36 40.80 3.13 264.1 28.4 108.4 467.7
1.5NBS 6.25 41.19 2.95 273.7 35.7 135.0 469.9
2NBS 6.37 38.65 2.73 249.1 32.0 139.3 485.8

3 ay INCF 6.09b 40.79a 2.82a 256.6a 38.9a 98.9B 470.7bcAB

0.5NBS 6.28a 39.86a 2.74a 258.5a 36.4a 99.1B 456.5¢B
1NBS 6.23ab 40.74a 2.88a 257.4a 41.6a 101.4B 467.2bcAB
1.5NBS 6.17ab 41.25a 2.80a 260.3a 47.0a 117.7A 483.1abAB
2NBS 6.23ab 40.21a 2.73a 255.8a 46.2a 125.2A 490.6aA

LSDyes 0.16 1.75 0.22 12.5 14.2 39.7 19.5
LSDoa 0.23 2.54 0.33 18.1 20.7 57.8 28.3
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BELTEPERESES B0 SRS &4 5031
1110.010~0.04,0.070~0.28..0.12~0.49 pg-kg™ F10.004 3~
0.017 ng-kg™. BEBFEBAWGEA 1080 t HK, %
SL5t M 100 a, ] -3 4R A5 B SRR EE 43 B3
0.004.0.028.,0.049.0.001 7 mg-kg™, 5 E % + Hin
FHE, BINRIRD . HERAES ZEABERAS
ERESRAETENKERRENELEPESE
RIS, TR G R %21,

HH [A) 350 P - R T E R & B E 45 SR RHIE
TULEHHREZER(E3), S EABM L, KR E
2t P VA WA AL 3 3 4 VB R (RS ARk,
BERRIB G T BE A, B 5 OR S ES
BEEAELTEFHEHR R, HRERRAHEESEN
FEAHIEA AR VA AL 5, R X L 4 JR AR
FNBETE Wt = AR R T A S, VAR AR A
K HTE 3 AR BRI
2.4 KBERKSFBREEITRAKREHZ M
2.4.1 VAW HIAVK SR HA R Z M

Yo VR YRt FH e A [ Bt i) B3 P TG 7K i A5 R B A
AREGEWELSF(F 2. 3)%H  1~2 FRE R
FAE L IN fRAE AL B BA B 36 hn T H K P S E K
YR, TN H TR K AR RS A A TG B B e, H TR K RS
R ER IS 120 mg- L7 U E, b b AEALFE & 1 £%
PLE, HBETR W S8 n H T K 7S Rk R I 3
=, HEKE & 248 5 TR R R R R R
BB Ko HHTRIZK Hr e 0 Hk B B [ 4R R8 B I AR,
R 3 d )5, HEKESAKEREMKT 80
mg L7, i 5 d JE AR E LT 40 mg- L7, FREIVA W
HEHEAREH 3 d Jai ik B B &K & 8 SRR K HEK
FRUELL T R B, B (E B 38 K TR AR , KA1
Yy KBSt/ TTE 5 d JE7KFREE TS Y XU st

T

[\
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Table 3 Effect of rice—planting season application of biogas slurry

on content of soil heavy metal

R/ Jstiidl )s¥ 5] KB/

L SR mg-kg?  mg-kg?  mgkg? mgokg?
2007 4E INCF 0.20 16.9 0.27 7.8
1INBS 0.21 18.2 0.27 6.8
2NBS 0.22 15.3 0.27 8.0
2008 4F INCF 0.14 29.5 0.27 55
1INBS 0.15 29.3 0.25 54
2NBS 0.15 29.3 0.25 5.7
2009 4F INCF 0.2 39.0 0.17 8.2
1INBS 0.19 354 0.19 8.1
2NBS 0.19 38.1 0.18 8.3
3 AR INCF 0.18a 28.5a 0.24a 7.2a
1INBS 0.18a 27.6a 0.24a 6.8a
2NBS 0.19a 27.6a 0.23a 7.3a
LSDys 0.023 3.54 0.023 0.70
I - R0 Bk 0.3 250 0.3 30

#E *GB 15618—1995

* $ 90 R B AR e, £4 pH<6.5, /K H ,

AN HEDK FESR S EW B TESA, AR
1d JGHETE 5 mg L' LIT . HEZKFAEAS R BER ]
AR AL AR R B R It A TR R 8 L 7E 1 d JE i
TR, A HIEK B SA S EMEL, SRS B
B EF. ETFAERE 3 d WAERR I RS
K, B DA PR VR Bt FH B 1), sk 5 7E 3 d PN
i A K i Bt T O T F R A P XUt ]
MR EHEK DR, DA Ni 2 A AR R
B, MR EHEK D 5 em, B0 21 % 50 mm [ &,
A=A A HAR I
2.4.2 VAWK HIEMN T 2K P A S RZ MW

H it FE ¥ 85 A [R] s ] B 60 em R -3 T B K

oo T 2 3

4 5 6
MEVAR R £ 5 KEud

:P%gtﬁ

The day after application BS or urea

2 BBHENTE HEEARSE S BHRm
Figure 2 Effect of disposal biogas slurry on NH,~N content of field surface water
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Figure 3 Effect of disposal biogas slurry on NO;—N content of field surface water

BHINCF  [INBS 2N BS

N ol I
HeEg 2t e

i

HER T B SR IEGE, Z5 A8, AR
TR RGN B B R Bk AP s
it FH YA LIS AN R ) T B K A S RS B BB
RUTE2 A BRI E N, A3 T8 KE R

A EVIBRES,

5
TR E REud
Day after application biogas slurry

B 4 ERERY LR TEAERSESENIW

Figure 4 Effect of application biogas slurry on NH,~N content of soil percolation water
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Figure 5 Effect of application biogas slurry on NO;—N content of soil percolation water



1334 LR - TR XK R A R SRR L 2RI

201147 H

AR A BRI N, th FVE YBOW T 7K Y5 G A XU
BN,
2.5 BiREAEENRAAXSHENZIE

X} VAW FH 5 R A T R (B 6), 455
B < 8% FH 1t TR 0k L2 TR R it P AL B BH B3 T &
MIFER B E TR 10 f5 A L, & K B IER UG
5% 1 d Bk, LU BER R3S Iz s>, 56 6 d LR 5
A5 SR B AN BEARGE o 5 FH TR AL A FF IR T LR &%
RELFHK, 685 IR AR,
WELRERN, SFLRMARARRRMER, K
A B A KT 32~70 kg-hm™, 29 5V WEA
REM 13%, BIFEKZRRHEARE H G BRI KR
72, BRI APARSHE AN TEER , S
JE WIBEIE A, R AR ST 8 S HE R B AR R T B, BRYE
TR AERIR XK SATE X

—
[ 8]
1

—_
(=)
T

&35 & /NH; Volatilization/kg - hm-d™

(=]

2 4 6 8 10 12
TSR R m R Eud

Day after application BS or urea
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Figure 6 Ammonia volatilization fluxes in the rice filed after biogas

slurry application
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3.1 BREHEBRERE

VAV A H e 5 B R i e K R P X A=
AFEER P L HIENER AR E M EESH, —
AR AL TH AR TR R B R RAE T H 2 2 THAR A B
e BN M, 124 B NAMFR H#R IR A 4 ik 1Y
g, RHR—NERNESER SRR AHERR
1R 38 E R R S5 R, S K B H Rl e
HArRE % 2256 A R B BT RIEM B - B & 4
K7 R A IR R R R e UK R
B, AR MBI N R RER A R, A
XAE 3 a MRS , 456 FTE WO E AL BT
KB & BT ME N, DT R .+

BEhEEESENER, B0 T K HIEK
AR ESRTENZM, LR TER A fE v 234
KR, KRB P2 4 R i 4 R 2T
FREL 8 H KRB AT BRI T , 5 X8 VR VRO H T i
W% 258 R 540 kg N-hm?, 28K B MU (2 19
PifE

ARBWBHERAREHRERTEANRER
KK Rt PR A B, (R R R 23D Bk ik
HENESE T B R 150 kgN -hm?, [H
HMEKTE LI AR & & K %2>, Gnanamani® |
Kim™ Zhou™ i) 7K F& i 6 it F 2 5 R K e KR E A
j I 405 kg N-hm?, [ESMEE b S 5 W AE ) b1 A
BK MR Z , LAITHRRE K A B #4964 A & B X
FERHNUIERFI A EZEHHHE . Matsunaka™,
Diez” Mantovi®'7E BL#h | oK 27 - F K -FH SR /EHI
T K VR W R B 43 51 460,486 kgN -hm™ i1 774
kgN hm™, {B7E 55 F 2B H IR A A A kv it
RGN, 22 FEUR TR, B SE TR, EW
SRR, KREXNBOKEMRAEEAREY A
M+ EAHBNER, EGWIERS Rl H
RIS IRG , FEVEY 7= B 5 & 4 R B DA 4 25
Bt EE HAEAES R, SHEA AR L ARE
VIR KBRS B TR i — 2P BB
32 BREAERPESRITAHIEER

AP K - i R E SR R R R A&
HOMAREREZ— M 3 a EMRE 0 E 45 R
B AEKBAERKEL/EABERHAET LB B8 E
SR EERAVHERTFEMEAE, A THRERE
IR RS S OVE Wi PR Y R
&R REREAABHREMNER -, wEEIL
Herroux Mantovi 2P0 81 it i 55 22K SFWOIR A
HUAESS ARG 38 7= 5 i iR B B AR R 25 R —3
33 BREEEENKEEERENEMm

AT 5 38 2 W0 R FH T 7K RO B SR VRN VR R TH £
FIFREE XU, , &3 TF7K B AR & A o e R T 8 A o
BTN IR . ARSI S5 R R, b RS H
KPEEAGEHE ST 2L, X HE T3
IR BT MR /D , VR VRO FH Y A B A0 /K AR 35 XU 2
AR R, (H A VR S K EASR
WEEAE 3 d Ja BB R, AT DATA A 7E K H A5k ) H 3
ST, #ERTE 3 d NIIRA K B 2 T B Bt A
W, VEVR WS PR O s ey 9 R T REARTR R
H R I RRTEARR (5 P VR VRO 7K A 1 7 T S T



3085 T

DI S 1335

REEA. FRAFEE NG LHRGE , ESM RIS
2, B E Kim™BE5EAE 2 TR 1~2 RS
A RRUK P ESA HSES BRI, W
TRKPRHEEEIAHE, BREFKHHESA S E
Ab, SRS EERBEA—BL, Zhou FFXEBTRIHER R
(FH2leE 2.14 em-d™) BY7K H s 3T R
IR oK IR, I E R T BRI 11%~15%, H.
TBKhFERURSERN T, SRS BRI,
Matsunaka ™ lysimeter B 2% 35 245 IR 7K & B 18 Wit
HRITERT, ISR RMIEIR G 6%~12%,
ARICBA N T BHMREE LT, B E 5
T 52 EAE L ETBKRENZS, ETXHEE
RME/N, AT LA FEK H T ALUR 2 R R,
AR 22 BT BEZE/NT Zhou F1 Matsunaka 255
3.4 BikFEHEREEL R
BERREEFHIKT N FERS, BIER
B FERIIRER, ARSCHHEBREH R HIERE,
HEHE A EH R T2, 5iEAERAER
13%UA | , S A3 I mT A Ay 2 VR Wt P PR Y 3
LA T 5 o 2] PR OV VRS it P AR L S 3 R )
WFFARD, EAbX R ZEK AR Bl B3 R B
% ,Huijsmans"™, Smith™ Zhou™ Hou %P 53 R &
& 8 BOK R & K m T2, K &
SRR IR S K ST 2 A
KB iS5 HERE S 5 IR A AT b 2 T B
WRERE R 30% 0L L, R3E RIS RO R
FRTR WO X 25 S5 Y SO R F 2R R 2 — , BRI
it FRTR WO 23 SRR R T ), FEAREIE K+
B, S RTER WO AR R E S & EAR T —2
W5,

4 g

3 a Efr HE/NKIAIR AR L], KIEERTAF
THTAIE 135~540 kg N-hm YU FE A, Hli VA WX
KA R S e IE X R e A, A P A EE
SR B R BBCA RN, B RERR
B UGRBRONEY b T30 AR, BRI (&
RUBRB g, HoAt SRS e hn B B B, -
BPEE A YRR, FE 24t T 08 AR
BB R S - e B 5 LAY T REAE BN o EE SR
TR T KRB0 BE R, (0 FHEK PSR
SERYE TR, 7ERS 3 d WA SRR
RINRRPPENRL . 2 HRBERAET , K HEfEH

FIER G EBEBRARN 13%, BTF42LIELHE 10 £
DA, R 2 R VARORS HE I A R i S A
IR o KRB o 4 R &4 L3R R
Rt AR HUKIR B A AP RTIR T, VR BK IR A %%
R BN 540 kg N-hm?,
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