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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 hiogas 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.

Keywords biogas slurry; paddy field disposal; rice production; heavy metal; ammonia volatilization

2011-01-06
2008C13049 40810175 2005C13004
1957— N o E-mail jIn@mail.hz.zj.cn



30

1329

[1-2]
o]

[8-9]

[26-27]

3a

1371

[10-12]
[13-16]
[17-23]

[24-25]

[20-21 28]

1

1.1
2007—2009 3a
N 30.83247° E 120.84000°
2007 33 2008 114 2009
134 |
2007 4
42.2 g-kg™ \pH6.55. 32 g kg™\
233.9 mg-kg™\ 29.3 mg kg™ 165
mg-kg™\ 441.8 mg-kg™s
571 mg-
kg™ 483 mg- kg™ P,0s
72 mg-kg™. K0 351 mg-kg™s
0.000 084 mg-L™".  0.000 58 mg-L™'. 0.001 03 mg*
L. 0.000 036 mg-L"' GB/T 7475—1987.
GB/T 7485—1987 .GB/T 7468—1987 o
1.2
5 @ IN
CF N. POs. KO
270.90.150 kg +hm™

N N

@172 +1/2 0.5N BS
12
500 mg-kg™ 270
t-hm? ©) IN BS
270 kg -hm™
540 t+hm™ @15 1.5N
BS 405 kg-hm™ 1.5
810 t-hm™ ®2 2N BS
540 kg+hm™ 2
1 080 t-hm2, B~ &
2~® .
@® .
3
. . 50% .20%
30% . 3 .
2007
2008—2009 4
1 080 kg*hm™ 4
2160 t-hm?2, .



1330 N 2011 7

3~5d. - 3a
1.3 1 135~
N N 540 kg-hm™, 270~1 080 t-hm™
60 cm N
1.3.5.7.9d NN
500~800 mg N-kg™

NO;-N NH,-N 2007
° ) 0.5N BS 2009 2N BS
- 2008 2009 4
1.3.5.7.9.11d KCl 2
2008 4 9 050 kg-hm™
5 2009 4 10 900
N kg+hm™ 2
N N GB/T 5009.11—2003 .GB/T 4 °
5009.12—2003 .GB/T 5009.15—2003.GB/T 5009.17— 540 kg -hm™
2003 N N 2 4
GB/T 17134—1997 .GB/T 17136—1997 | o
GB/T 17141—1997 o 2.2
1.4 3a
LSD NN 1
1 2 LSD 1IN 2N
Excel 2
DPS V2.0 o
) .
2.3
2.1 2.3.1
3a
2
12 000 a
~ oL SINCF O 05NBS B INBS H 15NBS E 2NBS b ab ab
S sy W NB 7
= 9000 =Y NN
T sowf § % N\ 7
A N N\
€ ool N . N
% LAY . 7/ BN %
2007 4 2008 4 2009 4

BT Year
INEFBEASR] e A B () 2 5k B 27K (P<0.05)
B 1 EFR Rk BEET KBRS0

Figure 1 Effect of biogas slurry application in rice season on rice yield

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



30 7 1331
1 0.5N BS N N N
Table 1 Effect of biogas slurry disposal on . 1.5N
content heavy metals of rice grain
/ / / /
mg-kg!  mg-kg!  mg-kg! mgrkg!
2007 IN CF 0.036 0.59 <0.00015 0.13
IN BS 0.033 0.61 <0.00015 0.13
2NBS  0.026 075  <0.00015  0.12 05 1
2008 IN CF 0.039 0.68 0.00597 0.11 5
IN BS 0.042 0.99 0.00715 0.13
2N BS 0.035 0.65 0.00334 0.11
2009 IN CF 0.015 0.095 0.00311 0.27 :
IN BS 0.014 0.12 <0.000150 0.24
2N BS 0.010 0.18 <0.000150 0.24 1 2
3a IN CF 0.030 Oa 0.46a 0.003 08a 0.17a
IN BS 0.029 7a 0.57a 0.002 48a 0.17a o
ONBS 00237a  053a 00012la  0.16a 232
LSDys 0.004 54 0.297 0.003 21 0.028 8
pP< 270~1 080 t-hm™
0.05 P<0.01 N N 22.7~
. 90.7.156.6~626.4.278.1~1 112.4 mg-hm™>  9.7~38.9
pH mg-hm?,
2
Table 2 Effect of rice—planting season application of biogas slurry on soil fertility of paddy soil
pH /mg-kg™! lgkg! /mg-kg™! /mg-kg'! mg-kg™! /mg-kg!
2007 11 INCF 5.91 41.56 2.68 257.7 41.4 91.6 472.6
0.5NBS 5.95 41.96 2.81 253.9 474 90.2 455.0
INBS 6.06 41.09 2.81 255.8 472 89.7 461.6
1.5NBS 6.01 41.61 2.66 256.4 53.7 107.8 4933
2NBS 6.05 41.33 2.71 261.5 50.4 116.6 486.5
2008 11 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 31.4 98.6 443.9
INBS 6.26 40.32 2.71 2522 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 11 INCF 6.30 39.76 291 259.5 42.1 105.7 473.3
0.5NBS 6.58 37.48 2.71 265.3 30.3 108.6 470.7
INBS 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
3a INCF 6.09b 40.79a 2.82a 256.6a 38.9a 98.98B 470.7bcAB
0.5NBS 6.28a 39.86a 2.74a 258.5a 36.4a 99.1B 456.5¢B
INBS 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
LSDys 0.16 1.75 0.22 12.5 14.2 39.7 19.5
LSDyo 0.23 2.54 0.33 18.1 20.7 57.8 28.3
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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
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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
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