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Precision application of biogas slurry and its environmental effects in paddy fields

YANG Run', SUN Qin—ping*, ZHAO Hai-yan®, ZOU Guo-yuan?, LIU Ben-sheng?, LI Lian—qing"

(1.Institute of Resources, Ecosystem and Environment for Agriculture, Nanjing Agricultural University, Nanjing 210095, China; 2.Institute of
Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China; 3.College of Resources and
Environmental Sciences Nanjing Agricultural University, Nanjing 210095, China )

Abstract: A field experiment was conducted to study the effects of biogas slurry application on rice yield, nitrogen (N ) use efficiency, sur—
face water mineral nitrogen(N,;,) dynamics, soil N,;,, and ammonia volatilization. The results showed that rice yield had a positive linear re—
lationship with the applied biogas slurry sourced N rate when it was less than 213.9 kg-hm™, and rice yield could be increased by 9.05 kg
per 1 kg biogas slurry sourced N applied. However, rice yield was not increased further when the biogas slurry sourced N input was higher
than 213.9 kg -hm™. Given this, it was indicated that 213.9 kg -hm™ may be the reasonable application rate for this paddy field. The soil
mineral N residue increased linearly with the increase of N application rate after harvest. After the slurry application, the NH;-N concentra—
tion in the surface water was reduced rapidly, and then gradually become stable, whereas slurry application had no significant effect on NO3
—N concentration in the surface water. Ammonia volatilization mainly happened in the first week after fertilizer application, and the N loss
caused by ammonia volatilization accounted for 14.52%~17.64% of the biogas slurry sourced N application rate. Compared to chemical fer—
tilizer application, the rice grain yield, nitrogen use efficiency, and soil N,;, were similar under biogas slurry application with the same
amount of N, whereas the ammonia volatilization intensity (kg NH; per kg rice yield ) was significantly reduced by 22.6%. According to the
results of this study, the rational use of biogas slurry in paddy fields could have good economic and environmental benefits.
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Table 1 The basic chemical properties of the experimental soil

HHL/ 2R/ 3 VY ¢ U Y il
pH ol ol ol ol ool

g kg g-kg mg-kg mg-kg mg-kg
6.30 32.5 227 170.2 7.52 111.1

2 HIlB R EREALMR
Table 2 The basic chemical properties of the biogas slurry

g BEROBRV SR SR BER B
p mS+ecm™  mg-L7! mgel” mg'lL!  mg'lL?  mg-L”!
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Figure 1 Rice yield and the soil residual N,;, after harvest of the

different biogas slurry application rate

22 BREAENKEEREFARNEMW

KA b 3 2R 3% R AT o AR 2R AR FH R A 5 S DL
& 30 AR Hl 8 2R 28 R A e ot Tt 2 P 48 o g 344
TN, ZY250% &b # K 7 b 138 A E W e, R
202.2 kg-hm?, 5 CK ZbHEAH Hb 2 &340 45.89% . 7K AF
REM R R AR 28 ETHE T
RS, 78 90~225 kg N-hm? 35 [ /K FE A A H
FHIN, E 225~562.5 kg N-hm™ 36 [ N K RS A 2 F1
RIBEP TR SR ENTERAEIELEE(ZY 100%
5 HF100% )b B K AR RZ R AR LB E 25

MR R R AR KT, 2Y250% 40 PR AR
5 7Y40% ZY70%F1 ZY100% b BRAR 1, HA 2 4
Fi| R 5 R AIE 56.85% ~60.13% , T Z2Y100% 5
HF100% 40 3118 JC 2. 25 25 5
2.3 BikEAEXTEHBA@EK LI ERRENZNE

P P 2 A 2601 T T 7 Ao 2 2R ot A it P e A
Hehn g RN, AR tE 6 124 H 8 5 HFN 8

x3 AEBARAEBETKERERUERARFAE

Table 3 The rice nitrogen uptake and nitrogen use efficiency of the different treatments

fb3 Jiti 4tk kg + KRR Ml O S kg - hin REF % RARREAF R kg kg

CK 0 138.6+25.58¢
7Y40% 90.0 150.3+30.69b¢ 13.00+4.35b 8.39+2.01a
7Y70% 157.5 166.4+34.30abc 17.61+5.06b 9.08+3.42a
ZY100% 225.0 196.1+26.18ab 25.53+1.04a 8.73+£2.82a
ZY130% 292.5 187.3+7.25ab 16.65+2.48b 5.70+0.60ab
7Y250% 562.5 202.2+29.81a 11.30+2.42b 3.62+0.51b
HF100% 225.0 202.7+14.88a 28.48+6.62a 6.88+2.10ab

T R PRI A B bR 2 ; RIS [ 5B A B A] 22 5 .25 (P<0.05) . Tl

Note: Data is Mean=SD; Different letters in a row indicate significant differences between treatments( P<0.05 ). The same below.



¥ I, 4 TR RSB S PR B RS

X

1569

J 22 H2r = UGB R AIE, 3 UGB HEVER G 3 d
PA) HH T 7K B 2 R B )P S AR I Oy 22.32~57.38
10.17~38.38.7.05~21.30 mg- L™, 5CK #H [t , 23 42 55
1.0~4.1.6.41~26.9 .18.5~57.9 5. 5 HF100%4b ¥ AH
e, ZY 100% 40 PRI E 3 d N AR 2S8R A2
SrnildEr 0.27.3.76.2.29 5. 3 d J5 HTH /K B AR E
MR TEE, 5 CK LR E £ R,

Jite Y SRR A B e L T 7 il 285 R TG (5
Wil (] 3) o %A B HH T /K A A Uk B 2 B BT
RS, TEE ARG S 3~6 d Nk Bk
18,6 d J5 287 FREIF# TAE o £ A0 3 THDKAS S A
WeBESMET 2.0 mg- L AbFHI] G B 2 25 5.
2.4 BikhE A EXEESEL RN

AN I YRt o e 22 K ) sh 2SR Ak DL &
4 T HH 2 3 R — e TR RGBS 35 1 e o 24
K CRAESE — Uit TR S 10 d WX, FEIG
YRAB it HH it A TR TR 0 — F R R R 8 L B S
BRI TRRAE o A TR RAL R A & I A (B 43 1] o

AR VR G 55 8 d 55 1 d FIEE 7 d, 43l ik £
6.72~10.342.31~11.02,2.20~12.07 kg-hm?-d™', fLAE
Ab B3 R W oy S0l BB A IR 5 B2 2 d 3R 1 d
I 7 d, 4351k %) 7.63.4.63.3.81 kg-hm?-d”',

AN R A TR P R AR ey, 5 CK
FHLE, TR PR 5 K RFRELHE N 0.57~3.35 15, H
DL F= RS & RFUR BN 0.67~2.84 5 (5%
4) o 55 A0 ] it U AL AR AL BEAR HE , ZY 1009% 40 BR 2 15
e B TOH i 28 S (H LA Y U i D
i 22.6% . IKFEREA A BN A K& IR RA R
it FH 2 ) 14.52%~17.64% , &7 AL R it L 79 19.22%
A PR IR G R AR R R TI R & 2E R

3 1tig

ARG LE R FEH , KR e il o VA T R it P
BRGNS R A R i 213.9 kg-hm?,
KRG AR E , AFHEE o AR S5
22, FAZSF it FH AN [R) FH 2 TR TR BE S BRUAS AN [R] R2 BE 1Y

100
- | -#- CK
ol - 7Y40%
E 4 7Y70%
. & ZY100%
= O ZY130% =
& ! i
K a0t 4 P b = ZY250% %
_ﬁg % - HF100% }
= im Ll ?ﬁ
]-E | """'._ = *
B | LN a0 WBE .5
5 *ER: v - i, AT &7 :
C O e O MY DVEERO = NN ¥ O SRS o
daaddmcocod o833 == ==2 Aadadaaddea&a
$3330822dT 313222222 dasdsdoda
SSSESScccc 5833338383838 &5385338338383383838¢8
H 1
E 2 ARALIEEFEHE B EKESRNETU
Figure 2 Dynamic of NH;-N in surface water of different treatments
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Figure 3 Dynamic of NO;—N in surface water of different treatments
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Figure 4 The dynamic of ammonia volatilization rate of different treatments
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Table 4 Effects of different biogas slurry treatments on ammonia volatilization and nitrogen loss rate in paddy field
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7Y40% 90.0 43.54+4.52¢ 5.02+0.63d 17.64+5.02a
7ZY70% 157.5 52.86+5.51¢ 5.65+0.54cd 16.00£3.56a
7Y 100% 225.0 60.33+5.53bc 6.12+1.05¢d 14.52+2.46a
7Y 130% 292.5 70.29+4.83b 7.04+0.07bc 14.57+1.65a
7Y250% 562.5 120.4£13.97a 11.53+1.26a 16.48+2.48a
HF100% 225.0 70.92+10.62b 7.91+1.69b 19.2244.72a
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