5539 %5 12 ) 7= S N S O 4 Vol.39,No.12
2019 4F 12 A Acta Scientiae Circumstantiae Dec., 2019

DOI:10.13671/j.hjkxxb.2019.0230
NG T L, W, 52019 851 B IHIAT 5 26007 L B -ORIR 3 “CRHE RO [ 1) FREERVAER  39(12) 4132-4139
Lei M, Cheng Y Z, Miao N, et al. 2019.Effects of mixing loess and other additives with pig manure on ammonia and greenhouse gas emissions during

storage[ J].Acta Scientiae Circumstantiae,39(12) ;4132-4139
BT RHEHMARAMYNEENEFETERIRSMEESREF
HE A 89 22 i

Tyt TR B R R

1 BAALRAAB R K S RIBIIEF R, % 712100
2. RWHEIHEMERERUARERLELRE, HE 712100

WE . FERNETAARBIR IR E , & CO, .CH, NH, Al N,0 RT3 Y Wiy s B HEHOR IR . A SCR = N B 307 ik S TR + |
FEFF AR RN 0o 8 20 A7 AR v B R B SR HE B 52 . 25 SRR W B8N 109 FH 2 09 A s R i AR FEAY co, BRI R 5 R
PRI A 75 00400 00 2068 BEOME EG 2 S AR T 15.4% 11 20.9% ,N, O SRFRHEA 43 BIBEAIR T 19.8% F1 37.6% . 43 MR +- Kb HL Y NH 151 2% 2 i 2
SN, ALY T A= 49y ¢ TR I b B 25545 R ZE 000 5 0 20 R B35 S 8 BT VA 109% A FF AL FR Y CHL, 1 NH, SRR HER 43 31l B 255t B
FEAR T 56.8%F11 95.8% , (HFLLE A i Z8 30N 5 %) AR LU 22 S5 S Bl 2 SO0 - 4 ol ol 2 R o 9 = A 1 A B0 R0 TR 8 R Mk BB 2 2
%, £7 AR S 0, 0 2 ICTF A AL 3 (p<0.05) AT L, 35 + B LR R ZE R L U5 40 A SRS B, 4 26 A7 I BV I /b ik A=y e i i+ 56
W SN LE G R T RN ELA R AR .

FEER SRR AR T - TR AU AR

X EHE.0253-2468(2019) 12-4132-08 I E 42K E X705 ERFRIRAD : A

Effects of mixing loess and other additives with pig manure on ammonia and
greenhouse gas emissions during storage
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1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100

2. Key Laboratory of Plant Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100

Abstract: Significant amount of gaseous pollutants like CO,, CH,, NH; and N, O are released during manure management such as its storage and
transportation. An incubation experiment was carried out to investigate the influence of addition of loess, straw, biochar and bentonite on ammonia and
greenhouse gas emissions during pig manure storage. The results showed that the cumulative CO, emissions of biochar and bentonite treatments decreased
by 15.4 and 20.9% compared to the control ( pig manure without additives) , and the cumulative N, O emissions by 19.8%and 37.6%, respectively.
Although NHj; volatilization in bentonite treatment was significantly increased, the global warming potential of biochar and bentonite treatments were both
lower than pig manure. Compared with control, the cumulative emissions of CH, and NH; from straw treatment were decreased by 56.8% and 95.8%,
respectively. While there was no significant difference in greenhouse gas emissions between the two treatments. Compared with biochar and bentonite
treatments, adding loess treatment significant reduced ammonia volatilization and global warming potential. It is concluded that adding loess to livestock
housing is an effective method to conserve nutrients and reduce global warming potential from manure ; and adding low rates of biochar or bentonite also has
positive effects to reduce emissions of greenhouse gases during manure storage.

Keywords: pig manure; straw; biochar; bentonite; greenhouse gases; ammonia volatilization
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JT,2017) ey iy 3 & 2S48 A0 25 68 38 T A LA
BB A S BN AR TR T Y AR = AR HE
FEEERES e

KREMANESE YT BT NES
FMEM = BN ESMGI A B SN (4
AMENE BRI ) MAERME A B (i, 2018)
o b 35O AE B B SR A iR R R B
(Wang et al., 2017) 3 B SEAR LS IR E K
5 BAEIRY (2013) B0dl o, 7 & 264 Bl 72 p
AL R HE R R A AR Y A7 B B HE ik 5
L R HE R 46.4% F1 12.7% % FRGE 5
I UEATIE X W A7 BN A T AR v Ab B
BT VEIAE B TR0, I TT AR 1F & S Bl
HEFT 2805 HE O A 48 KR RN KR 5 G In]
FESCIE B R I AR R ARG A Ak B ) R Sk
54 (RIS 2016) ARG FR E 7R A AL IR A
J7 i 22 5 L B B i 7 20 S5 808, 20 T A B
BHER B BR300, AR T 32 0 IR 27 6
(AT S ,2017)

20 R TS AR, A HLFENE b = VRS
TR AE T T 90% 19 37 73 (B 24 B 45, 2008 ) . B 1+
B R — Pl AT 555 A 184 7= 348 AR B2 G e 3R AL
i DRIz A 5 T AR R R SR A
FOAREA A 048 307 20, # 2k s i #orhia |
A BT BEARHLRE 57 58 5 9 PR 85 05 e KU | i ]
LS B R 14) 25 5008 PR (3 57 0845, 20165 B
85,2019) 05 FHEE B HENE A LR B DL, 76 & B 2500
FEBY Bt FH A B 200 B4 (O Jin g DA e R A7 34
Be B S RE I A By B IR TS e 1) T B (A A 2
(I =55 ,2016) TR I H T 12 N FHAEAE Y A
5E GREHEAC SRR b, v R0 A R AR
FIHERE & 0. A WF 5T & B, A FLARH s el DL ek AR
FEREI A7 By B | 055 W A o 6 A BRI A7 4%
1, e == AR B AR HE L (AR A 45, 2017) 5
AW FIZAE + B T RRER A5 R, B T R LR
SERFT R AT B RE T, T A R AR B 2R
B B ()% 0451 B R RO | ELA AR K ) il HE v 7
(Troy et al., 2013; Wang et al., 2017; & A 5%,
2018) H¥5 K & & FEALI A7 B B BT = SR HEC
it P T 2 A5 5 0 A R v i DR DG4 i
Tl AR I I % 9 85 35 0 07 28, AESE A I 4 2R
REL IR 22 SR HEROR ) ) Stk - R S ARS8 S5 A7
By BEI AREFE A9 5 R = S5 a8 I <t & & 3

HEFR 73 B il 28 AR HE RS2, LU o 42 il A5 HLAE
A7 B B il 2 SRR, 12 2 7 & SR AE IR S 1Y
GEIRALA S St Ee AR .

2 57 % (Materials and methods)

2.1 B

MR SR F BV 8 A% 5 s 0 X P SR
A E T BRZYE i 2 mm G IE T 4 °C FARER
FH AR AR . AHLT 3.24 g- kg, 24
0.51 g+ kg™, LB 9. 11 mg - kg™, HRLH 152
mg-kg™ | LR 26.1 m™>g™" ,pH=8.47.

BERFE AT R R F VG AR ARBE B R 2 R A —
M) 2 /N FEFE Bk B 800 402 g kg™, BB A
11.0 g-kg™',C/N Hy 36.7, pH="7.86. =¥ 5 B FEAZ
ZEWREIE R T Z A BRA R LR AT 550 C iR E
T ARSE P Bk SR 448 g kg RS E N 157
g kg™, C/N N 28.6,pH=10.6, bt X K 67.8
m™ g I 0 L AR M A PR R B
H2.24 g-kg™ A FEHF0.32 g kg™, C/N K 7.00,
pH=7.60, b XA N 42.5 m™ g " Fil AR 20
Jaid 2 mm £

PER B 5 3R B VY LR MR R 2= & 4K
HeeriAme St U B AN R ) 24 b (B L
FATRALYE M. A WLk 302 g-ke', A 321
g-kg™ BRA L 9.43, & 7K 70.5% ,pH = 8.83.

2.2 RKE kit

RIS AL 535 . OXT IR (TL) , B
AT AT AT IR I i 45 2% Q2+ 3+ (T2),
m($EFE): m(Hd) = 1:2; O FE+IEFEEE H 10% 1)
INEFRERF (T3) s @F4 28 + 5 S 6 10% 19 A= W) o
(T4) ; DG FE+IEFEETE 10% A 1 (T5) .

Sk T AR 0 5 e R rp AR R T AR HE
TR 150 B 6 3 A rp 26 A0 ERAb 1 IR G AR AR B,
BIHEFT T 3 AT

O3 M e g F B3R PR 2
BIINPIRA BT 150 mL HEIEH P 7 25 °C &40
TFHEEFR 35 A ARSI AR IS 1.2.3.5.7.10,13 .16,
19.23 .27 31 .35 d RESEMM M E CO, CH, F1
N,O B

QE I W56 42 L A9 £k 25 8 5 4
YRGBT 50 mL /NGFRI . O3 B— /N 78
A 20 mL 0.5 mol - L™ #lifiR , 5 44 i i BE SR —
L E T 500 mL ) HEED T8 H AR



4134 o B

¥

39 %

2 EXTREET 25 CHFRAR P E R R 5 R SR ]
TR FRIFR G A 2.4.6.9.12.,15,18,22.26.30,
35 d F/INGERR IR IORE , 9T 0.01 mol - L' 35
P T 2 T B R o

R T 2 50 - F A0 [ Le B PR IGZE AR
ININIRA BT 500 mL B5 3800 AE R F2 R A 56
1.5.9.15.21.28 .35 d R ANAEA , I BE o A B
SAE M pH 24k,

AR BT B L3 1SRRI A B AL
3 B 1, DATE DR B 4 SR B 09 [R] s 7 1k 7K S5
R 45 A A 3 5 49 1R ) PR i 2 DR e L D 4 2
TK .

F1 KBREIAR

Table 1 Experimental design
b T 2 SR E FAME R TR 5 i
Wi/e W WF/e BIWe  HR/e WINY/g
T1 15 0 15 0 200 0
2 15 30 15 30 100 200
T3 15 L5 15 15 200 20
T4 15 15 15 15 200 20
15 15 L5 15 15 200 20

23 XHFELEAM
KA SMRE T, BB R S AR S T8
SIREEH 30 min, N AR EE S B N RS E
FEACP A RAE I TR ZE B B S 48 b Bl A =
I B, T PRI RE A =38 1R A% 7 59 25 4l 30
mL I AU il A B A2 HE R S A DUTR S0 A
SR — R IURE 58 U R R S 25l 30 mL =
W ZS STE AR A LS 38 2 w8 AR R R
(Plaza-Bonilla et al., 2014) , Z J5 % W53 1 h, %
AR [FIRE T AT 5 AR SR A 2 o R
FIIF 0T 5 DR AR S5 T gk St AT 15 37 R
BRI SARRE A AE TRl L2 R AR T DR AE R
AR i 7E A 835 X (Agilent 7890B) -l
JE,CH, 5 CO, K I £ 2 KM B A A £ (FID ) |
R &% I B A 250 €L, AR N, i h 30
mL-min™" ; L AR 2% (ECD) Wl &2 N, O, &l
FHELEE N 300 C, 800 N, Wi 2 mL-min™' j£E
R 55 °C.
SRR NV iATi 3/ T C {7 DM /N W =
F= px(Ac/At) x(V/m) x(273/273+T) (1)
M= [ (F +F,)/2]x24xtxm (2)
K, F ol €O, CH, (N, O HE i &, 50 43 51 K

mg-kg “h™' \pg-kg " hT Al pg-kg T hT; p SAARIER
MR SR CO,  CH, A N, O B AR % 8 43 51
1.977 .0.717 1 1.977 kg-m™;Ac & Ae I} 8] PN 15 55
AR M EE AR 4k, CO, \CH, AT N, O FY B0 43 5]
5 ppm-h™", ppb-h™" Fl ppb-h™"; V &5 F M <K
AR AT (m*) 5 T J2 55 IR B AR BE (°C) 5 4%
AbEE CO, CH,FI N, O 1) B2 FHE R = M 3 o A1 4R 2
YRR 35 HE s o %6 5 HE et [ 7 3 AR 22 m 3 F 5
B BRSO me e FT g ;e S RURR I E
AT BT[] () 5 m o 45 35 3% 0 AE L At T
(g).

i T CO, .CH,F1 N,O AR RN ARl 76 KA
w45 B IS TR AN TR), A1 b, 3 2 T = AR
(GWP) LPFAl A [ 44 3R A i 2 SO 25 6 2500 4l
IPCC A, 75 100 4F 0y B [E]) 5 [ P, #5 DL CO, 1Y
GWP &} 1, CH,#) GWP {84 28,N,0 #J GWP
{E M 265,NH, i GWP & 3.43 (NH,-N Xf N,O-N [
TR R 020 0.01) (IPCC, 200632007 ) .45 4b F 5
AR GWP o %3 (3) T, B i B h &R
B R(mg-kg™") #3X (4) AL
GWP,,, =M(CO,) +M(CH,) x28+M(N,0) X265+

M(NH,)x3.43 (3)

R=Cx(V,=V,)x1000x17/m (4)

A, C AERBR W E (mol - L") 5 V, iR 56 b PRI R

P ISFEER MR AR (mL) 5 V, R 28 P 0] BRI G BRI
THFEERER YRR (mL) ;m IS FRIHARE S B (g).

PR R E RN RGN G AIR S EYS
B A A HURR 5 i 2 L. 45 A0 B L AR G R
fe A LLAMTE R % B o B SRR L 2 A
53 L. £ 8 B bR DU 2 5 3 AR BB AR AT Ml b o
(NY525—2012) Je{ L3R4 3T ) (11 FL,2000)
HEFT 43 BT E .

24 HAFAE

% Microsoft Excel 2016 #E47 84 4% 3 5 F k&
il , SigmaPlot 12.0 #EATEIE 221, SPSS 20.0 #47
AN [ Ak 38 ] g B DR 3R 7 2 4 BT 5 R P /s Wl v 2
S5 (LSD) AT B E MR IS (p<0.05) 5 45 S 44 L
SFRE bR 2 B A RIS,

3 ZR 59 (Results and analysis)

3.1 FEAE pH fod SR WL A
R ia] 45 407 pH 7E 8.0~ 10.0 Z [A] 9% 3, %
I FEFF A YR AL B 3RS pH 38 5 5% 2E Xt
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W22 W3 (p<0.05) NAEfLEH E&  BINFS
AW B 1 OB FEA PR R pH B 18w T A5 AL
PRI 6 pH, X & B T S N W 8] A7 7R Ak 2 oF i
[ COY +H"=HCO;, HCO;+H"=CO0,(aq) +H,0(1),
CO,(aq) =CO,(g) ],k T CcO,rIHEIL,
K ALEE pH BT F = AN AR P pH FE 3 5 ]
AR BRI B SRR pH B 2T 4G pH {H
(B 1a) X 58 - kg £k & s m i 20 0 22 vp AR
5 A ML 1Y 7 A K.

A AR SR W] EC 1 3h & A R I A E—

—O0— ¥ —A— ¥t —O— B

8.0

1 1 1 1 1 1 ]
1216 20 24 28 32 36
BT I/

1 1
0 4 8

EMPES (K 1b) X EE SR EE R WS
(1) pH 3 B W3 B TTVE A BLRT 1) o0 A OC. 54
ZEXTRRAH L U INAE P A B EC PIIR & kg in T
1.26 15, FESE TR W H] EC AW AR, BIG F L R
22.8% AT 3 v LA AL B A N B RS AT R
I T AP EC YR B JeRE RS FH s e, Hor,
AN INFSFFALPIERE FRE5 N BC 3% & TR I,
TSI - AR AL IR 58 ST B L 22 R AN 3
IR A5 03 EC EBMET 4.0 mS-em™ RSN G
21 1S i FE 3 (Zhang et al. ,2006).

—v— YR —— gt
320 b
28}
24k
= 20}
(53
&
2 16f
@)
292
08}
04}
0 1 1 1 1 1 1 1 1 I}
0 4 8 12 16 20 24 28 32 36

BAT )/

E1 FE4LIE pH(a)F EC(b) BT/

Fig.1 Changes of pH(a) and EC(b) in each treatment during incubation

FRAET RAAEN

I b6 A AL LE A e LR i 4
I3 NH-N 25 i S ik 3 de KA, 45 40 B NHS-N
Frim R T R S T d Ik B (R R
TP THE (] 2a) AN 5] 5 m 49) ik 2164 7 £k
RARFAE 2 57 S 28 TR N - b 380 ) i 25 AR e
(B e WA ME o B 1 4.1 5.1 A% dSm

3.2

—O— ¥ —A— Bt —O—FFF

2000

D

1500

1000 [

AR /(mg-kg

500 T,

16 20 24 28 32
BRI/

36

T AR A R (A R I, (OB ST R 16.6% 5%
TR ZE AN A ok B AR R NOS-N %
AR FRE T 22.2~70.7 mg -k ZIA] 35l , BT A]
FERASEAN T (] 2b ) SN B 4 SR A B A 35 57
RIS ALVE IS , 15 d IR FFIRTGE LTt B3R R
IS AL A 20 A 2 384 1261 mg kg™, e EE 57
FIA BN T 12,7 1 8.4 1%, W& TG ZEXT A,

—O— it

—v— YR
500 1

400

300

AR /(mgkg ™)

36

0 1 1 1 1 1
0 4 8 12 16 20 24 28 32

Hirita/d

B2 AELEESE(2) IESR(D) HWEL

Fig.2 Changes of mineral nitrogen in each treatment during incubation
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3.3 A4 TC TN .DOC #1 C/N 7% 1

FEFF AW AE R s B 0T, S 0 S A
TRAHE TC &85 C/N {4, i TN 5 DOC & &AH
JirREAR. B - S T A & C N S EEAR, IR
JJE TC TN F1 DOC & IR TR IR (£ 2) 1

FRIG AP TC MPR 3K 79.9% ~96.8% , Horh 7
FRALFRAY TC 52 f R RN 3 R AR 4 o b 317
FEFRHIGE C/N 310 25 T AE E0t IR SR W) HL it 1T ]
DU SO A 2R i e A LG, S I AE ) e X DOC
(LR B 1 A S 3 L T At A 2.

%2 EFHEELE TC,TN.DOC.C/N T,
Table 2 Changes of TC, TN, DOC and C/N in different treatments before and after incubation

o TC TN DOC/ (g kg™") /N

IR 2 SE i} B HE ] e e HiFIe
I 30.20%+0.96%° 25.40%0.38%"*  3.21%20.11%" 2.79%+0.05%"*  14.90+0.2" 3.67+0.36" 9.43£0.10° 9.11£0.21°
T2 2.72%+0.06%°  2.63%+0.05%"  0.20%+0.01%°  0.25%+0.01%"* 1.11+0.08¢ 0.38+0.04° " 13.50+0.70° 10.60+0.55"
3 32.70%0.32%" 26.10%+0.29%"*  2.59%=0.01%°  2.89%=0.01%**  12.8820.67"  3.05£0.42"* 12.600.08" 9.02+0.17¢*
T4 36.90%+0.48%" 30.40%+1.42%"*  2.87%=0.02%" 2.49%+0.11%"*  13.70£0.09" 9.10£0.98" " 12.80£0.20"  12.20+0.08"*
5 21.60%1.13%" 17.70%+0.74% % 2.32%=0.05%"  1.99%=0.10%°*  12.3920.30° 2.89+1.18"* 9.31£0.29° 9.010.23°

TR AT BRI 0 AR (CER TR INSRE 1 d SHRA0E 35 o RSIRRA ANIR/NE P8 FORTE IR — KSR A A0 B0 R) 22 53 .3 (p<0.05) 5 = F8 [l — 1%

FREEFRIG S SR RIS A 22 57 3 (p<0.05) .

3.4 FREAECO,5 CH W ZRAKE
AR &AL CO, B HEN & B 5 57
FI ) P9 2 AN DT 384 o1, 725 b s 34 B0+ i AT 0 3k
REFI 5 AR AR R B LA, 55 TR 45 ) Co,
SRRHEC R R/INIUT Ay < 55 25 > F5 1 > 4 W ok > g i
>+ (E 3a) 5 FA G, WYk g
T+ K ¥ A PR CO, BFUHER & W 3E FRAIC, BRI
WEEE 23 500N 15.4% 20.9% 11 51.6% , 11 75 IS A1 4k

—Oo— % —a— ¥t —Oo— B

800

CO, BRHEEE /mg
I I

553
[=3
(=}

0 4 8 12 16 20 24 28 32 36
iR/

L CO, HEl i 5 T BTG I 35 25 .

HAbH CH, RRHE 5 CO, fFAIE2E S S
LTSN - A B CH, SRR HE R 5, K 32 40
() CH, BBHECR Y W25 & T A Ab B (8] 3b).
AN+ RS AR T ARG 25 el HEi R
B RAFRCR o £ SEEAFALER ) CH,HE
AR T 95% LA b, 3k 5 i #& + 585 FF ks T 4%
SR IRV EE S

—v— YR
1600 b.

—O— iR+

1400

S D
(==
o O

800

600

CH, BAHEBOR /ug

400

200

0 4 8 12 16 20 24 28 32 36
Fr IR /d

B3 &AHECO,(a)5 CH (b)) EBHMET L

Fig.3 Dynamic changes of cumulative emission of CO,(a) and CH,(b) in different treatments

3.5 A EAENH, 5 N,0 8 ERAHE

A3 NH , 2 HECR AR 3G 557 10 18] 9 48 Ak ka3
FEAR—Z0, NH, HF F 2R TP R R, 5 W HEOK R
BAR, A Ab # ) NH, HElE AR E 25 (B
da) SINFEFF B B AL F A NH, B FHERR 7 5 %

il T 56.8% Fil 84.3% , T Rzl 1= Zb #R A NH, 2 FUHE
JAAC D Sk 2 o

AL IR N, O HEE A e 55 32 W R A AE e 3, 3=
PLHRTE A N, O BEO AL s 8 £ AR N, 0 HE
WL 1 d BIGAIE(H 1.87 mg-kg-d ™", TEIR IO AT
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SR 2 AR HER ) R

7 d N,O SFARHRCE fe e, 25 HEROHE R 3% TR,
FEFREE A B 2 Ak R RO FE IR T 67.7%.
AN B - REAT AW B R I 2 B B 1 Dk

—O— ¥ —A— Ht O/

10000 |-

8000

6000

4000

NH; ZFHESE /ug

2000

0 4 8§ 12 16 20 24 28 32 36

HE 3Rt E/d

DREAE N, O HERC RS, , Forb ) 8 n A 9 e 118 35502
B, TR 81.7% K9 N, O HEM &, 5 HoAth kb B
2257 3

—w— AR —O— g+

400 b

(%)

(=3

(=}
T

200

N,O RFRHEK & /ug

100 -

0 4 8 12 16 20 24 28 32 36
3R/

B4 HAHENH;(a) 5 N,0(b) WERHMET L

Fig.4 Dynamic changes of cumulative emission of NH;(a) and N,O (b) in different treatments

3.6 FRAERALAR AMEAEELE LR

33 pL

12 3 W, 45 Ab BEAUARTE 28 B 5 2k L CO,
HECR 32, CO,-C R HH 11.3% ~22.1% , U N %
+ FEFE A W p AR 3 ] R 2R
CO,-C KRR ABAZMRFEUAELNE, 5
FEFSALPHAR L, TR0 38 N T 13.4% Y NH,-N
PR HA AL T NH,-N $5 5 R AH 5 5 28 0F R [
KT 25.0% ~66.7%. 454 BEL)L CH, FI N,O & 25 A3
PR, AR 0.230%.

#3 BERESHEECNBEE

Table 3 Loss of carbon and nitrogen of gases in different treatments

e B
€0,-C CH,-C NH;-N N,0-N
T1 22.1%" 0.117%* 6.79%" 0.230%*
T 15.8%"° 0.008%" 2.26%" 0.157%"
T3 14.8%° 0.003%" 2.65%" 0.167%°
T4 11.3%"* 0.015%" 5.09%° 0.034%*
T5 17.9%" 0.110%" 7.70%"* 0.145%"

TE : B A AR NG 035 FOR AL B 22 53 1. 3 (p<0.05) .

MER G KT B 53 W A A BT
IR N B A Ak B2 5 T 2 28O, e vy, USRS AT
BFEFEAR T ALBE R CH, 5 NH, X 28 200 B9 BTk,
(R0 IR LU P A9 2385 1R 2 3000 28 57 R 3K
BFEACE (B 5) B £ A=Wy I 2 2%
REEAER 17 AL B ) 25 3 8 RN, 50 26 A B 31 I

T 55.6% 23.7%1 19.6% , Horp B8 ine A0 BRAY 27
%‘iﬁ%&&ﬂjﬁ%&,E%f&?%ﬁni%ﬁ%aﬁﬁﬁ*rﬂ + 4k
PN A TR RN SR B 3 A 25 TR 3 AR Y 5T
k% &, C0,5 N,0 %jz%iﬂﬁﬁﬁk%,w% SR
I TR AT 3K 90.2% ~98.5% (& 5) .

1000 — == CO, 22 N,0O
— CH, NH;
a 3
a
800 |- @
— b b
&R 2z
#6500 |- = %
o)
z
% 400 - ¢
200

R dMR L

piszE Sl
B 5 HAABESERED

Fig.5 The global warming potential and the contribution of gases in

W Wt

different treatments

4 {Fi8 ( Discussion)

4.1 HhmELBERA R T EERN YW
AT P AN B - A B ) £ A R P AR IR
DIIA N ] 4 28 R A R 5 A0 P s
BILIHIVE ] (I 2, 2016) , HEX AR 26 A0 I 77
TR IR AR B R HE O F BN 25 2 X
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FEE PR £ R SRR T LS
BUBEES & A FL-TCHLE G E A BL o™ A=
YR E A O¢ ( Mikutta e al., 2009) .5 13 1)
PIELORAPVE AN, 804 ML I fb 27 5 AR P2 AR
PR R 23 %58 S I8 A BILJSE 9 3 i 5 2 Ak i 1L i)
(B/INIEAE,2010) 3 & 25 b B S AR B2 i 44
SHE e EE N E (FEHK,2018) , CH, I HER 3=
BIAEIR AR T & 2R B 7 — e R B LB AIR
TR S8, UGE TN EA RS
FRAEPRAR S T 3 A W 0 sk AR X i — o
R 3% 43 7 A RN B0 B R e 0 HE IO A B ) (L
et al., 2010;Mgller et al., 2014).

iR A M 3 6 A R 2R A ik A AR
AEAE R TR B & FE N 88 R HE R 42, Horp
57 50 1 8 = 2 24 w0 A ALIE R BEAG 50F I ) 1 2
Ji Hl 2 — ( Chadwick et al., 2015).H T A HLIEE
it FA A HLAR AL 75 >R e LAS 2103 2 | 8 H AR B S
FRATHBE R 5 AR AR 72 00 & BB Bl g R K
IHE LR A 7 I (Dl = 56, 2016) , 15 % +
HB] M) 2R 2 /S bR SR BRI H 25 2
Hh ) E AR S KA R 5 v il 2 & 8 2R B I A7 B B
RS Y XU ) A 8 W 2R AT 4 AR /N
FRIE M 0 A BB AT 2 — P AR 7 1 el 2D 2
JEF5 4345 2 R 2 AR B R HE R B A U it
42 BB AWK E X EERA R E

SR B

AAFGEFR it 109% 85 FF A= 9 5 R e £
Oy WA T AEFEAL B] 5.3% 23.7% 19.6% WY 254 i
BRI, 3K WG EEAF I 2 72 mp 8 I 149 it FH mT LA
ARE B B AEEAEN A I BL A 7 A R T
/0 F B ZE B AR i B PREE Y £ TR .

EEME PR BB RN FEIREA F G IME
A ML I B I 4843 i ROIL S PR AR & I 7 A 4 % 1k

BITIR . FH e A A8 Ak ik 19 5 F2 ( Philippe et al.,

2015) .75 10% 4=y X/ 6 3% €O, 5 CH, I HE
TR B AR, — T T2 BT A 0 X A 3
(R ZERE = S I T A A 0 0 R T A FH -
oo T AL ERE T, b T CH, B HER (B 47
25 2014) 3 5 —J5 1, DOC 1E A A= ¥ Ji &% i AL i
BLRY), S 5 LA CO, TE SR H o (2=
WA 2014) AAY P ALY K Z 8 EEE,
VD T A T R (A S (1SRRI AR 2017) .
AR IR 2 AR B S I A= W i A BRI DOC % fde iy, Ui

AH A R S 0 080 T s Wkt DOC BRI i [
IR T R3S P A ALY R S B e A R R T
EYEAE ML, FE MR T CH, A CO, FHETL.
FEFFROAS A6 T PR 3B A9 4 48 45 1, AR T AR
CH, BIHERL, BB A T8 BB IR, 2 3 T A s
I CO, MHER T = (AR 55,2017).

EERENAALBEPHEARR LGSR EEL
NH, % R FE(E 4)  FEFF5 4 YR AE R & i o,
HIUSHENLFEAG AL Z Ab ( Chowdhury et al., 2014 ;4
PSS 2017 ) 35 37 101 (0] V8 I RS 1 55 28 P o b B
SR B IR —Z (& 2a) , [HGSINFSFT80 20
SAHEOYVE T 83, X AT e S B A= 4 it
T 55 IR W R R 2R pH (& 1a) , SR N T
NH, HEBC 56 it FH 2B 90 50 e Ak B 1) il 285 U sl 2
AR Ak S5 FRE R A B BH AN [ 56 B it FH A= 4 2 Ak B A
FEAFALBE AT 5 BAT AR B N, O HERHLER. — B IA A
AW 0o e A R ELAT B B T Y RE ) HL R B 5
(2016) 5T & B A4 ¢ FH Sk ek vy s T 484 o 1 348
R U RN T N, O AYHENC, BT LA B
B SR E BR A, AN BEAE A 9 e 0 R R AR & TR
SE 4 A PR I B (R XUk S, 2016) A BIF SR R
AW A AT LUORD N, O AL 108U 3N, O
W B A AR, X AT RE A5 I N, O HE ik Aty 2 22 A
# (Wang et al., 2013).

DN 0] - Ak P e 285 2R o A v A 7S R
FrE AR, AT RE A th TR ES R NH; 35 g e £
B, 0 T AR A AT R 9 B S AU 1 i (R
AAE 2018) . Wang %5 (2017) BF5E K& B, 76 HE AR i 72
HR I 109 B + A S AR T N, O HEil K 25 4 i
ERLNE , (H 23N NH, BHERC, 13X 2 i TR -+ 5t
FRBIR T e A 4 J38 2t At s 1Y, X 5 AR S
R AL B NH, AT N, O HEBCR Bl — 8 A o
I HEAE SRR N 109 K1 R T 30E v 4
AR TR B, B3 AR T 82 Ak 38 5 4 28 T Al Ak A T Y ik A7
(Wang et al., 2016) ABHFES I E A R TR
IRE A AR g MERR TR | nl s A AL AR
e M, vl RE 2 R Uk R T AR AR T = CHL Y
Hefl (6 4245, 2016) . R, it A I + RE S 6 AR
[7] XIS ] 2528 T 1 3% 5 34 35 b EL AT 7 A (LT
T E— 2T

5 &8 (Conclusions)

FEFEN A A s n & + AL PR A CO, .CH, . N,0O



124 TGS B R AR X 2 A R R = AR 4139

1 NH, R 1 W 2 RRAR, 2565010 3 A0 B
FEALFRPFEAK T 55.6% , AT WL R R IR B30 25 1 B 0F
TPV, o 1 SR R A o EL A 307 1 PR R AL 4, TEAR
b RS G IR H 45 58 | X8R Ge M A AR YR
SRR, Dh—F— 71 Ry 32 B 55 58 5 A7 1 s X ATy ]
DA B 3 b 2 AR R 2. Vi FHIN = 2 B JE 8 45 04 I ot
R IR I 256 76 & & FSAE I AE L R v i
T 10% 5 AR 2 9 o I - 344 ) 722 2
X RG0SR R A T S 5 R
ARFEAH EE SN 109 F 22 04 A 0 e R e A B Y
CO, BFRHERCR A ANEAME T 15.4%F1 20.9% ,N,0 2
FRHET &2 AR T 19.8% H1 37.6% , 454 T 3 3%
7k G T 2 A B VRN 1096 45 FF Ak B (4 25 T
EVASE BN A e R ER e
CH,F1 NH, WHERL. T UL AE 38 2500 A7 B Bt F s 4
FLA BT s il = SR B s SR VR R
SR FRRIEGE H AT AR A [ DX SIE A 7 B KA A 56, A
TSI S A = 1 oy AR ST T e 4.
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