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Characteristics of gaseous nitrogen loss during the storage and application process of different forms of swine

manure

GENG Yucong, ZHANG Tao, WANG Hongyuan', LI Jungai, ZHAT Limei, YANG Bo, LIU Hongbin

(Key Laboratory of Nonpoint Source Pollution Control, Institute of Agricultural Resource and Regional Planning, Chinese Academy of
Agricultural Sciences, Beijing 100081, China)

Abstract: The study aimed to better understand the characteristics of gaseous nitrogen loss during short—time storage and application
process of different forms of swine manure, and optimize the mode of cleaning and storage. Raw pig slurry (PS), liquid—form (LF), and
solid—form components (SF) after solid-liquid separation and dried pig manure (DM) were used as the research objects. The in situ gas
gathering method and pot experiment were used, focusing on the manure gaseous nitrogen (N) loss, mainly NH; volatilization and N,O
emissions. Moreover, the yield and nitrogen use efficiency (NUE) of lettuce were compared after the application of four forms of pig
manure. The results showed that during the process of storage and application, the total gaseous N loss of various forms of pig manure was
12.49%~20.9%, of which PS was the highest and SF the lowest; the gaseous N loss mainly occurred in the storage and air drying process,
accounting for 58.6% to 76.3% of the total gaseous N loss. There were significant differences in the forms of gaseous N loss in different
forms of pig manure storage and application. The main factor in LF and DM in the storage process was NHj volatilization, accounting for
71.5% and 49.8% of the gaseous N loss, respectively, while the proportion of NH; volatilization in PS (38.0%) and SF (31.4%) was
relatively low. During the application process, the gaseous N loss of LF was dominated by NH; volatilization, and the emission coefficient
reached 9.7%, while the emission coefficient of other forms of pig manure was only 3.3% to 3.9%. The optimal resource utilization mode is
the storage and primary fermentation of solid components after solid—liquid separation of pig manure. The yield of lettuce (33.2 t-hm™) and
NUE of SF treatment were the highest, while LF and PS had inhibitory effects on crop growth under equal N application. The warming
potential caused by N,O emission after the application of pig manure was 2.01~4.26 t COse - hm™, which has a high greenhouse effect. In
conclusion, dry manure cleaning or solid-liquid separation mode should be selected for swine manure. Ammonia volatilization loss can be
reduced in the liquid using different methods such as acidification, while the solid can be used as a farmland resource after simple
composling.

Keywords : swine manure; nitrogen use efficiency; ammonia volatilization; nitrous oxide emission; gaseous nitrogen loss
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Figure 1 The effect of different forms swine manure on

lettuce yield

H S T LAE H, e B B ASS BAR A fcm h PS
(0.71 kg - hm™?) , FH G K %A LF(0.69 kg hm™) .DM
(0.63 kg - hm™) F1 SF (0.48 kg - hm™) , 23 %] (5 TN iy
22.4% .23.6% .20.6% 1 16.7% ., LF 1EAEAE/X T 18 72
WA R R RS B R ) H A A,
58.6% ; HLAY A8 b FRAE A7 A/ RT3 A v i S U 2

Rl BREE-HRASETWL

Table 1 N contents in phase 1 by different treatments

'l‘ré:l\lfim Swinzfjinure TN/(g-ke™) NO-N/(g-kg") NHi-N/(g-kg™) pH NNH;l*fzfj/D:‘;% II]L T‘)?j/ﬁ
AT LF 8.2+0.1¢ 0.21+<0.01a 6.1+1.1a 8.0+0.5a — —

Before storage or air dry SF/DM 24.9+0.5a 0.180.10a 3.4+0.5h 6.540.2b
PS 23.00.5b 0.20+0.10a 3.7+0.9b 6.5+<0.1b

FEREIAT R LF 6.9+<0.1¢ 0.18+<0.01a 5.0+1.3a 8.2+0.4a 9.9+0.9a 15.9+0.2¢

After storage or air dry SF 21.8+0.1a 0.17+0.10a 3.3+0.9b 6.6+0.1b 2.7+0.7¢ 12.4+1.9d

PS 18.2+0.1b 0.17+<0.01a 2.5+0.5h 6.70.0b 7.2+1.2b 20.9+1.1a

DM 20.30.7a — — 6.7+0.3b 8.7+0.9ab 18.5+1.1b

TE AR NG FRERORTE0.05 K 225 B . Tl

Note: Different lowercase letters within same column indicate significant difference at 0.05 level. The same below.
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Table 2 Emission characteristics of NH; and N>O from swine manure application with different forms and the GHGI of N,O

LESiZS HERR B Emission factor/% N2O B TR N2 5 5 A PHE R
Swine manure forms NH:-N N,O-N GWP/(t CO2e-hm™) GHGI/(kg COze-kg™)
CK — — 0.14+0.01e 0.01£<0.01d
LF 9.7+0.2a 1.8+0.2d 2.01+0.18d 0.09+<0.01¢
SF 3.3+0.1b 3.4+0.3b 3.74+0.35h 0.12+0.01¢
PS 3.6+0.5b 3.9+0.2a 4.26+0.18a 0.24+0.02a
DM 3.9+0.5b 2.9+0.1¢ 3.22+0.09¢ 0.18+0.04b
0T O fefiga B HAL S A R SERIPA Sy NH 45 & 552 81 NHI-N 5 & Fl pH 1) 5
o Loss of other gaseous N during storage =y YN A B M2 ke e
E 1201 O Pt B NH-N 5% Loss of NH:=N during storage ], R A NHI=N 2 6 pH THi , 38 IE pH i 7.0
: Jiti M S5 NHa=N #12% Loss of NHs=N after fertilization A A B HENH -124-25] 2% LF P NH!=N 2
;kég 00 | JiEAEJF N2O-N 4514k Loss of N;O-N after fertilization g En f,fEL 3ﬁ2§ - ZIREI:L EFI 4144 H
=2 HEAR L PS FISE By L7 A5 A 1.9 4%, HopH 35 & T
2 7 > B + A L
2ol B AV A4 TR 1 4 NN 5 4 pH
ol
= 2 LF 1EA7fif i i v NHL A A 40 R e (9 R 2N . 55
@ 30 . N s . . S
k A, R 8 Tk A R XU L 25 1 i NH 4 1,
0 DM B NH, % 2 2 0 1 [ e RE VAT A 2 0 T 1Y

LF SF PS DM
JE AL 2 Swine manure forms
BE5 ARMSHEERANEIESSERIRKNFIT
Figure 5 The effect of different forms of swine manure on total

gaseous N loss in the whole production process
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3.3 %t 118 NH:3Z 4 #0 N,O HEAL I 52 1

ZHOU 255957 3 W T A0 2% it FH S NHL A% 4 11
HEB R BT 35 4.9%~17% , T [ 25 Z N0 24 HLIE it FT)
Ji B4 NH 48 2 HER R B — FREAE 2.3%~11.1% 2 [3]71,
A 5T 2 W1 LF it F 5 518 i NHs 98 & HE &R #
(9.7%) . 2 5 T HAWTE 826 (3.3%~3.9%) , HHTA
PIDFFR AR —B, NH 4%k L3 iy NHI-N IR i
SR IEA DG R AHESY LF 9 NHG-N ¥ 8 2 5 T
HAth b3, B H NH R K m i FE R Z—.
CAMR R, L3 pH &S — AR, 38 NHL %
RHELATIE N 10 A5, A58 SF . PS A1 DM ) pH £
55 R, it e A0 5 pH R T LR, [H I NHL %
RIS B

AN ] 2 78 AL 36 AE ite FH 5 7 26 19 NLO HE
AT T RS, B R B NLO HETC R ECR 0.2%~
2296 A58 o NLO HEi R ECH 1.8%~3.9% , g
T AT RRF AT S5 0, . 32 R R R AR AR 5T i P 4 3
F&, — 7 A H LA S RSN (An A= 38 58) HHLN % &=
e, R R AR T KREAVURANZR, 535
Hoiti 5 77 4R T 8 1 NLO HERCERE, A T
B, SOC & & 5 NoO HEAlU 2 B 25 IEAH G C &, SOC 1Y
Ay SR R A T R SR A, R R B

FE , 1 S IR A, DA A 8 T IR AU A vy A
FFNEGH , A T35 S A AR I3 58, S 30T N0 HETik
Fhm, A5 PS (SF A DM jiti FH J5 1458 SOC LA J
MAEAYRRA S B RS TLF(ER3), RWAML
LF, HAh I8 2555 260 F 4 SOC 1y & B4R v ol %,
XARAEHE T A PG, R T i -
fifad A, SE IR0 T - N0 HECR . A AT IA
h pH ] DL3E 338 5% 1 N O 148 Ji i 1 9 P 11 5 NLO 114 HE
B, — W E SR pH H ka5 A AR 5 pH AR I B
xR R ACHE B 2o v Bt AR Y pH 23 B AR 1 05
PESI, ARWESE Y LF (9 pH 2 8.2, it FH J5 338 pH 15 %)
8.9, M HAbIE A5 3¢ pH #R AL T dEvu . UL,
458 25 9 pH 2 LF A0 FE - 358 NLO HE R AR T H At 45 b
PR —EENE,

NoO J& 5 Y I 5 M, HOE IR W R CO
265 1 , X A BRI AR AL A HE W, =S
A HE T35 3 D) AT (A A g A 7 %o U 3 RO 1 BT AR o
AITA ZEWIZEWF I o & 30, 4Bk AR D A 7 = A 1
IR % S HECSR BE M 0.16 kg COse - kg™, Hoff N,O
FHETICHR BE 24 5 20%, 24 0.033 kg COse-kg™'s ASWFSE
1, PS.DM . SF il LF Jiti 5 14 NoO HEFICGHE B 3 5 T 4
BRAE A= 7= 199 NLO HE SR B2 10 7 Y908, 7 B2 4k
NoO HE 58 5 - Y 19 8.1.6.0. 3.9 f5 F1 3.0 %5 . #J
U, AR A P IR e B A A B TR B, &
PR R IR N
3.4 BEEAREXSW

AW 5T A i A B A U R S R 1R PS, 4 il
J& LF . DM A1 SF (1 1.04, 1.12 £% #1 1.49 % . HOLLY
G AT T AN [RJE 25 2 2 A7 FNAE A AILIE it
T H ] )5 4= 2 B2 9 NH, #5 & AT N.O HE O 2%, &k 81
AW B AS AR S THRAEH sy, H & Hix
TS Ay, A R EE R —8. R DM it
JE RS EBUR S SFHEE BT R P K ER

(o 0 SR T PR i, R IR T NIRRT AR R A BB TSR KA SFI 1.5

R3 FEHBHELET TEBEU R

Table 3 Soil physical and chemical properties for swine manure application in different forms

i BATN/ AP Organic carbon/  THAZNO-N/  EEBZANH-N/  BUEYREEMBC/  fHAEY &2 MBN/

Swine manure (g-kg™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) pH
CK 0.9+0.00¢ 10.9+0.5a 2.7+0.7b 0.20+0.02b 40.7+13.3b 13.1+£3.3¢ 8.1+0.0b
LF 1.0+£0.02be 10.8+0.6a 25.1£6.0a 0.30+0.06a 52.0+9.4b 12.3+1.1¢ 8.9+0.3a
SF 1.1+0.03a 11.5+0.6a 4.6x1.1b 0.20+0.05b 50.3+8.8b 19.6+2.2b 8.3+0.0b
PS 1.0+£0.03ab 11.1+0.3a 6.7+0.8b 0.20+0.05b 108.9+7.5a 26.5+£0.9a 8.2+0.0b
DM 1.0+0.01ab 11.0+0.4a 6.3+0.8b 0.20+0.03b 107.7+0.7a 15.7+2.5bc 8.3+0.0b
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