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Risk of nitrogen loss under the combined application of biogas slurry and organic fertilizer

ZHOU Wei, SUN Guo—feng, WANG Xin, TONG Hong—yu, SHENG Jing"

(Key Laboratory for Crop and Animal Integrated Farming, Ministry of Agriculture and Rural Affairs/Recycling Agriculture Research
Center, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: The purpose of this study is to explore a model for the combined application of biogas slurry and organic fertilizer instead of
chemical nitrogen fertilizer to reduce the risk of nitrogen loss in a paddy field while maintaining a stable yield. A pot experiment was con-
ducted to investigate the characteristics of ammonia volatilization, nitrogen content in surface water, and nitrogen loss in runoff after fertil -
ization during rice growth. The soil from a paddy field in Taihu Lake was used in the experiment. There were six treatments, including a
blank control, conventional chemical fertilizer, 100% biogas slurry, 75% biogas slurry + 25% pig manure organic fertilizer, 50% biogas
slurry + 50% pig manure organic fertilizer, and 100% pig manure organic fertilizer. The results showed that under the same nitrogen appli-
cation rate, rice yield in the conventional chemical fertilizer treatment reached 12 752.70 kg-hm™, and the total amount of ammonia volatil-
ization and nitrogen loss in runoff was 76.99 kg+hm™ and 39.11 kg hm™, respectively. Compared with the conventional chemical fertilizer
treatment, the ammonia volatilization was significantly higher in both 100% biogas slurry treatment and 75% biogas slurry + 25% pig ma-
nure organic fertilizer treatments, with 120.66 kg+hm™ and 88.01 kg+hm™, respectively. The total amount of ammonia volatilization (58.03
kg-hm™) and runoff nitrogen loss(22.00 kg-hm™) in the 50% biogas slurry + 50% pig manure organic fertilizer treatment was significantly
lower than that in the conventional chemical fertilizer treatment; however, the rice yield did not differ significantly. The amount of ammonia

volatilization and runoff nitrogen loss in 100% pig manure organic fertilizer treatment was the lowest among all treatments; however, the
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rice yield was lower than that of the 50% biogas slurry + 50% pig manure organic fertilizer treatment. Therefore, 50% biogas slurry + 50%

pig manure organic fertilizer is a more appropriate fertilization model, which can reduce the risk of ammonia volatilization and runoff nitro-

gen loss while maintaining a certain yield.

Keywords : biogas slurry; organic fertilizer; nitrogen loss; paddy field; ammonia volatilization; runoff loss
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RIS TR R AL 8260 T A Bl IR IE AR
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0.128 g- L, B 1.013 - L™ ; il 30 A& 24 ML K FH UL
LM FLEBE S AR AYUET, IR0 fra 4
R 1.18% , 218 1.89% , B 1.04% , %7K 1L 18.91%
At KR R R 9108, J& IR o R, T 6
27 HBAR TR A e H 28 H—7 H 4 H ,BE
HEIA 7 A8 H—7 H 14 H BRI 8 H 11 H—8 A
17 H,10 7 30 HHR , 247 A1 156 d.
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(100% {8 ) . 75% IR +25% 35 34T ML (75% TR +25%
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0.5, VAW A HUIEEC i AL B R 26 HLAEVE AR,
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J5 55 1~7 d FF IR I 5 245 Al T, JF SR AR HTRIK
Bl I SE 00 = M BAU S i BRI ISR AR A
AR A 0, T LT o KA BB I
AR PR
L4 MEFE
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9:00—11:00 FI'F 4 3:00—5: 00 & , LLiX 4 h )3
SHEVE N R H 285 & W38 S 5% H 2Z R B
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BB AT LB 38 I i, ToL0 P A — 3 <AL (4% 25
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R o HHTAK LB ok R 8 43 S0 e |, Bt i Js
1 d HORE SR B0 2 d BURE 19k, $522 8~10 d; 7R A
4R R R B A A A 2 |, 2 r R A LB 3 1 £ 1
WA —F 0 M F 2 EJ5 10 em &b, SIS T $4 4%
WA BRI = AR AR 0, B A JF P R AR A
e, REERAEIFAL I AKAFICRIG N TGt 45 Ak 3
SOV A AR B TR T SRR T
1.5 #HiEaE

FH Excel F A 40 3848 , R SPSS 19.0 % i i
787153 B, FH LSD % Fe 85 4% Ab 3 2 1) 1) 22 53 (P=
0.05),

2 HER5HH

2.1 KBEEEHK

M2 AT LA Y, 45 100 Ak B A 5 o Al T it
Aib B AR Iy 5 it P VR R LG S A DG . R
HLNPK 40 B 7= 58 12 752.70 kg - hm™, 1 Fii ji 4b 53
P2 43 ] 4 100% 783 W 12 934.65 kg - hm™, 75% 18

W +25% ¥ 2 HLAE 11 691.60 kg« hm™, 50% 713 & +
50% % 345 HLIE 11 205.90 kg - hm™, 100% %% 24 HL
JIE 10 876.95 kg hm™, {H )y 2243 #7 /R X 4 AL FE Y
B K NPK &b B 7] JC 5 3 1 22 5%, 5t A B R AU 2k
REPEICR, Mg R RS i, 2
ST Rt T B E 2R
22 FEHSELR

AT AR 3 A4 il I 0 2 4 R U (1 K
B2 A Ay R I > e A S0 > BE AR Y, 4% I I A v HE R
R 5 R FEAE A 20.75 kg-hm 2+ d™", BEAL ] 9.38 kg-
hm2-d™, BEAE I 15.79 kg - hm™-d™' B AR i 3 5k
B4 b 1 R A I 25 R NPK
AbFR R SE T R FEAS 3 d AR A RIS (E G R 18 T
K% 5 100% 35 25 A7 HLAE A BE 55 50% T8 i +50% 3 2645
HUAE 42 3 44 5 5 0 NPK 4b 31250, LI {1 %8 NPK
b FRAE 5 10 75% TR +25% 56 264 HUIE AL #E5 100%
VA WAL B R W M BESEIEE RS 25 1 d, 2 )R
SR NBE, M7 T 2 H B R BT A R B L
BRI RIAAR oAb 3 IR) S #5381 I 2 S ) F2
JRERAE TR 2 A IR R R AR EAS ] B A L
HRCER N 0 A HLIE &N LR SO A HLECR
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Table 1 Type and amount of fertilization in the different treatments

AL B Treatments N Basal fertilizer EEJIE Tillering fertilizer T Ear bearing fertilizer
CK 0 0 0
NPK FBIEA 150 kg-hm™ LA 30 kg hm™ FEIEA 120 kg-hm™
100% TH VAW A 150 kg-hm™ B 30 kg-hm™ VAW A 120 kg-hm™
75% TR +25% 35 34T HLAL TRAMWA TS5 kg-hm ™, HEFEH 75 kg-hm™ TAWA30 kg-hm™ TAMA 120 kg-hm™
50% VB Wi +50% A HLAE 84,150 kg-hm™ B 30 kg-hm™ VAR 120 kg-hm™
100% $& G HLIE FFA 150 kg-hm™ BHEA 30 kg-hm™ FEA 120 kg-hm™
=2 BRRBKRESKESE
Table 2 Total amount of nitrogen loss and the yield of rice in the different treatments
b3 HIER PR ESITR T FEFFAUD JE Yield FEAR T4 0 o
Treatments NH; loss rate/% N loss rate by surface runoff/% Total N content of straw/%  g. ot kg-hm™ DM/kg-hm™
CK 7.70a 60.87 8 610.75b 9 525.30
NPK 25.66 12.67 7.51a 90.14  12752.70a 11 718.00
100% 1A 40.22 11.14 7.45a 91.43  12934.65a 12 844.20
75% TR +25% $E3EA HLIL 29.34 6.81 7.66a 82.64  11691.60a 12 661.65
50% TR +50% $E 3 A HLIL 19.34 6.97 7.61a 79.21 11 205.90ab 11 667.15
100% i 25 A HLIE 5.92 3.62 8.21a 76.88 10 876.95ab 11473.35

VE [ ANl INE R 73 5| R Ab B 22 57 35 (P<0.05) o R I+l o

Note: The different lowercase letters in a column indicate significant differences among different treatments at P<0.05 levels. The same below.
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Figure 1 Patterns of ammonia volatilization in the different treatments
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Figure 2 Total amount of ammonia volatilization in

different treatments
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HN 56.72% T 14.31%, o7 Hojitt ANEEAR) 40.22% F11
29.34%; 50% 8 W + 50% ¥ 264 HLAE A R 5 R
NPK AR L, il 2035 R S R J5 & 1 75.37% , 22
S0 5 100% B 24 HLAE Ab BRAE ) B 25K T F R
NPK &b B, {7~ Hif4 23.07%(17.76 kg-hm™) , 5 Hijiti
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3 ERENSELRKE
Table 3 The loss rates of ammonia volatilization in

different treatments

JE T Treatments SRR AV IS The loss rates of NHy/%
CK
NPK 25.66
100% 1H 40.22
75% 1B +25% F& 3 HLAL 29.34
50% 1B +50% &34 HLAL 19.34
100% ¥ A HLIE 5.92

23 HE/KREE

et HH M AT K 2R it e AR A R Uit 2 XU . I
3ATLAE Bk, KR 4 A B 0 T A R 3 i
JIES 7 T T 7GR e O, 0 B TR S 55 1 d,
IR R BN R AR > AR I > BE AR

Sy ISR, FENE ) H TR K RS AR A A 5 2%
18N R WBUEDR A, DUH L NPK Ab B 5, I
A A 4R A0 W 125.00 mg - L7 31 35 AT A 45 o7 g
14.00 mg- L™, G 24 10 25 5 T H A AL FE . 100% T8 WAk
FEEC(EAL R T NPK AL HE . 75% VR T +25% 2545 Hl
JIE Ao P A AT 1A 2 B e T A 2 A LR A T S5 R
S TER , SR I R R (VR W 5, B AT



B AT LI 2 P R B R B 1747

surface water/mg- L'

FH T 7K A B2 N concentration in

QO L N AL AN A AY o N
I\ \y \ \ \ N\ A\ S\ S\

180 [ _@-CK —-O-NPK -A-100%78 -O-75%T8+25% %% -m-50% TE+50% %% —o-100% %

H#A(H-H)Date(m-d)
E3 HEKRSETK

Figure 3 Patterns of nitrogen contents in surface water in different treatments
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Table 4 Total amount of nitrogen loss in the different treatments
- . An| A= i 4 AN
B e " sikait PR g
Kb PR Basal dressing  Tillering—top dressing Ear bearing—top dressing Total amount of UL e B Loss rate of
Treat ' N loss/ Total N loss amount fertilizer |
reaments VSTV T US TR U TR STV U ) foobo of fertilizer by runoff/ Y
kg hm™ % kg hm™ % kg-hm™ % grhm kg hm™ runotr
CK 039d 3563 035d 3176  0.36b 32.62 1.09d —
NPK 21.54a 5507  5.94a 1519  11.63a 29.74 39.11a 38.02 12.67
100% T8 1536b 4450 435ab  12.62  14.80a 42.88 34.51a 33.42 11.14
5% BW+25% A HNE  6.95¢ 32.28  3.16hc 1470  11.4la 53.02 21.53b 20.44 6.81
50% IHI+50% A HNE - 5.19¢ 23.61 2.82¢ 1282 13.99a 63.57 22.00b 20.91 6.97
100% 325 LR 5.04c 4218  2.38c 19.87  4.54b 37.95 11.96¢ 10.87 3.62

FEARTI RN T o AR IEWFFT T KA FH A i HE
AR R R AR, A5t N Ak B3 2o B4 R O I R
S it 2R 1 EE SR 4393 R B NPK 25.66% , 100% T8 T
40.22% ,75% 18 W +25% $ 2 H HLIE 29.34%, 50% 1A
W +50% ¥ ZEE HUIE 19.34% LA 2 100% %% 264 HLAE
5.92% , %F bt AT U VE W8 o 24 HE R R A K T
AR, T 4 2 AT AILIE 28 4 e R A0 R SR 35 i 215 A
RS 1 TETR RS A 2 A HLIE it 4 2 AR A
FAFT IR AR AT B s AP B, IS5 e
TH R 7 PR DG, T WO FH 22 AR N i 25 R B 22 T
Jite G 26 ML RE S BN 24 R 1R s A9 10 T aE S e
1] P4 VE I AT BLIES T ot IS et T AR AR A 22 5 R 1 45
W, X A AT EE AL, AnXB PS5 22
R EE" RN Ry S TR VRO A A N R 38 hin 28 4%, FVHE
A ZEN SR A L AE it 6 A & A AR
ERAN | 3 2k e SR TN S R A W =X =
R AR T AR AR AR . (EXB RSP S hE
1R, £ AR R VR WO AL F Y BT R A B
751.00+4.46 kg hm ™, 24 F WA Z LK % 14.90%+
1.65% 454 | 2200 A IR BF X A K i A= B I
GAE R 1K F) 32~70 kg - hm™, KRG H &4 K #2295
TR Wit A U 1Y) 13% , B 0 R 3, s 4 R s |
E IR R IR G HR AR G 14.52%~17.64%, 1% 5
AR BHRA —E A AEE N, B 2 5k R
ARG — AN KT K L B KGR A 24~ 2R B
SR TR AE 1 BRI R, FEAS [ R B 5 b 5 7 T Ak 23 ) s
i) 5 DX 3R AT 2 i JBE T 25 5, DX 5 R D B
RS2, A BOK RS AT BK )2, /NS sl 1R 8 5

FH 5, 3 FL A K2 9 Te 2 8 3 R i 4% &
PR IIN s FRAN IR AR, it L e e T 0 I
LGSR IR AT A5 JRAT B K FE ), 4N AR AR i 2

AEFSE T[] — A [ AL B R A9 TRl — VRS i 285 %
R BUAR B VB AT S22 R TR) 5 B0 b LAt PR 28 an 22 4%
ZFRH BEESEREAS—ILE, BOA AR A
FERUR B SR — D EGE A IR T & A &R
HAMER NS R RIER R R, A R T
SRR AT, S5 R R 20T 8 K i U0 LAY
40%~50% , 0 FNEHR 19 BB R AR XA FP 5T
FUTE— G OUT , B kR SR AR
42.2%~72.0% , 2= 5P IRIN Ry, it i L 303.6
kg - hm 2B, 75 HE 5 45 1 d, 3% & Kk I =
20 kg hm™”-d A2 A X B S AR R B R G
T3 — 7, B R AR IR T LR R SR
NZ TR A B A R SR AU P & AN 70% L |
SHE P T K HP R R A B i O B A A X
WA PR TR, H A B AERORE RS, ok 5 Rk
FITET AL REAE EE , BT DA% & el AR 5T Hr id
AR, b TS ) A B2 T 5, AR A — A PN
P R R AR B, HE R R R
IS ST, AT B 58 5T X2 4 Y — S i P
Jiti, 0 it A B 42 o] TR K B B AR TR R A
(UEZS -

TEABIFSE | AN ] b B0 5 2800 2 0 2 1 L
Jith 78 B HE A3 1 R < H R NPK 13.04% , 100% 18
11.50%, 75% 18 W +25% & 28 6 HLIE 7.18%, 50% 11
W +50% K8 2647 HLAE 7.33% LA K 100% 5% 2647 HLAE
3.99% , R ULYA 5 5 25 HUAE it A ) ok 20 4
R, AL AL P VR £, FAR TR R
R, (A A HLIE AL B 2 SRR T4 B NPK Ab B
R, VAR S 06 26 MLUIE B i 4 AR AR B RE A i 2>
RIS, HgHEROR 5 Bt AE o 3 A G .
X5 HABAIFFE RR— 2, A5k 2L 3 e b X Y
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R AG FSEH D X G, WS HL i I I R A 40 R AL
R, R B LA A PHOFCAR U SRR Ok 0 TR Y
PEFEHENE 55 A AE TR At Ak B, 5 LRt 3 TR it Ak P 5 26
S AT FH A B 3, G R R AR — AP R AR R A
TR 5 A 78 el K - SR o S 4 Ao LB
i 1 APEX R BUASEAYL FE A T ¥ R0t T -5 2 At T
RRMRMZES, LM R R0, 2
BRALAREE R 30 min Ji5 , ZEAC AL PR ZH AT 0.8% AY HE AL BE b
RAZWALS , M PR 2 E 0 14.3% , i = T
FENE 5 B 208 g Il A it 1 e 5 2R R B, A LI
Ak PRAE R 0 BRI R VR /N AT . T USRS
WK e S e B R AR AT SR TR A R, Ik S AT
P UE T AR R SR B AR NES TR B> A HUIE R 2518 01X
Horp s R AT BB < 15 e 2 HLIE B 2, ik A K
PREGEED BRI AR, TR AR R A E , B0
2 50 JRE R AR 5 10 RILAR AE -5 ¥ TRCHT 2 A , 7R 5 R
AR o0 B AR R 25 5, AT ST R R LR
H T R R A I A 2 S 0, BT L R TR
AR BACRE K, i M A 25 A U137 5 0 B K, % JE 3
RERT IO IR S0 F) 2 3%, R RE T VR RE A S el 20
QAR T A B, RIS LA P o] ik T AT )
S, AR LA SR BB A /) T AR 08 4 e i) 2 it
NEJE 55 2 d, R TR BRI K KA I ], ELI A9 %
Ab PR A RN Rl igt . 55 A, i SRR A
VRO I 49 3 ol A PRI K B A R P AR o, SRR 7 A
HBTRIARIAL , R A5 JEL K A B S IR B KU . PR, it
FHTRIBUT B 3 d N R 7 A MR AR PR 1A
B SRR 14 S B IR , XA S A o T TR
S MRS AR —E R R

4 it

(DFESFH R AT, AR AE A B KRS 7
ik 12 752.70 kg~ hm™, FHoAe 2035 & Bt 76.99 kg
hm™, 723 Z i 25 5 39.11 kg hm; 100% 73 3 it FH Ak
BEFN T5% 15 W +25% H8 2 A HLIE FC i b 23 2 4%
B, 4y 9k 120.66.88.01 ke - hm™; 11 50% 17 W +
50% % 2 A AU BC it Ab HE 28 #5 A AR i R AR
AR TR AR Ak 3, 43 5] Ry 58.03.22.00 kg -
hm2, Ho7= 5 5 5 B0 IR A BEAH G 22
100% ¥ 245 HLAE it FH Ab BRS04 % A i AR 3 AL
AR R IR HH R T 50% 1B + 50% 2
AHUEECHEAL I

(2)ZRA AL 5 L 50% TR W+50% 6 25 HUIE AL

it P A B DR — i 7 A At B SRR b 4
K B RIS, 2 — b HE B0 Bt HEAE X
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