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Effects of Combined Applications of Pig Manure and Chemical Fertilizers on
CH, and N,O Emissions and Their Global Warming Potentials in Paddy Fields
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Abstract: A field experiment was carried out to study the effects of combined applications of pig manure and chemical fertilizers on
CH, and N,O emissions, which were measured using the static chamber/gas chromatography method, and their global warming
potentials in typical paddy fields with double-rice cropping in Hunan province. The results showed that the combined applications of pig
manure and chemical fertilizers did not change the seasonal patterns of CH, and N,O emissions from paddy soils, but significantly
changed the magnitudes of CH, and N, O fluxes in rice growing seasons as compared with sole application of chemical fertilizers. During
the two rice growing seasons, the cumulative CH, emissions for the pig manure and chemical nitrogen (N) fertilizer each contributing to
50% of the total applied N (1/2N + PM) treatment were higher than those for the treatments of no N fertilizer (ON) , half amount of
chemical N fertilizer (1/2N) and 100% chemical N fertilizer (N) by 54. 83% , 33.85% and 43.30% , respectively (P <0.05),
whilst the cumulative N,O emissions for the 1/2N + PM treatment were decreased by 67.50% compared with N treatment, but
increased by 129.43% and 119.23% compared with ON and 1/2N treatments, respectively (P <0.05). CH, was the dominant
contributor to the global warming potential (GWP) in both rice growing seasons, which contributed more than 99% to the integrated
GWP of CH, and N,O emissions for all the four treatments. Both GWP and yield-scaled GWP for the treatment of 1/2N + PM were
significantly higher than the other three treatments. The yield-scaled GWP for the treatment of 1/2N + PM was higher than those for the
N, 1/2N and ON treatments by 58.21% , 26.82% and 20. 63% , respectively. Therefore, combined applications of pig manure and
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chemical fertilizers in paddy fields would increase the GWP of CH, and N,O emissions during rice growing seasons and this effect

should be considered in regional greenhouse gases emissions inventory.

Key words : paddy field; pig manure; nitrogen fertilizer; CH, ; N,O
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Dynamics of CH, and N, O emissions, soil Eh and soil temperature during rice growing seasons
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Correlations of CH, and N, O fluxes in the rice seasons with oxidation-reduction potential(Eh) and soil temperature across the treatments
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0. 037
-0.113
0.073
0.116

0.832
0.518
0. 678
0. 507

-0.181 0.298
-0.032 0. 854
-0.195 0.263
-0. 160 0. 358

1) FRR0.05 /K P, + + FIR 0. 01 ACEH %

#2 AE4EE CH, 7IN,OZfMHME ., CH, N, ORI £IKIGIREH (GWP)
SURE KT (ML, ) EME, FEEXEST
Table 2 Correlations of seasonal cumulative CH, and N, O emissions, global warming potentials ( GWP)

of CH, and N, O emissions with ground, underground biomass and yield of rice for the treatments

i CH,, HEL N, OHEAL 100 4F (1) 2 BRI IR ( GWP)
iﬁ%’g*ﬁ% " e e TEeEs e TEeE e
r P r P P r P P r P r P
o AW -0. 140 0. 860 0.618 0. 382 0. 904 0. 096 0.411 0.589 -0.105 0. 895 0.646 0.354
A 0.592 0. 408 0.762 0.238 0. 663 0. 337 0.520 0. 480 0.621 0.379 0.798 0.202
FEE -0.249 0.751 0. 586 0.414 0. 897 0.103 0. 505 0. 495 -0.215 0.785 0.627 0.373
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2.2 FEZEEN,OHEE 4 E

w1, RREZERAC G2 10 d, 256 ZU0 0 2
N, OHE L 2 55 — AN A, i BEALJS 25 6 d BR
1/2N + PMARFEAR | 25 it 8000 Ak 34 38 1) 25 — A~ e {.
W HHJE 55 21 d #5 A BRES H I0G . sl F [RD 7% 1
55 4 d it EARAL B = A 1A

MRS 2= SE AR 5 565 4 d, 172N 5 N ABEN, O
AR — DA, M BENES %5 5 d,1/2N, N #
1/2N + PM AbBRGA BN, /NX % 25 R B KR 56
4 d,1/2N 5 N Ab#R S 0E(E . 2K 555 10 d,0N 5
1/2N + PM AbBEA SN 0EAA. WK T )95 155 10 d
AL F ) BLIA(A.

AHSEE AT 22 | 4% 4k K A8 A48 K N, O HETiK
Wi S Eh, FEREACHEARE (K1) 55
Ab3E N, O A HEHGHE 2 5 WORET KRS (M b Hb
) AW PR (R2).

2.3 HFHZE CH, FIN,O REHERCE KN, O HERH F

3, FAEZ 172N + PM AbFE CH, 2RHEK
HE &S T ON, 1/2N Al N 4b B, 43 5 &5
128.11% , 94.39% . 110. 81% . WifEZ=,1/2N + PM
LbBRE N 1/2N 40 B CH, 2R R ZF A D E,
{H 25T ON b3, 7353 &5t ON | 1/2N Al N 4b 3
31.52% . 14.20% ., 21.78% . & WAREZ,1/2N

+PM 4b 3 CH, RBHERCE W2 & T H AL B, 43
Sl ON, 12N il N 4b B 54.83% . 33.85% .
43.30%.

HREZE N0 BB E R N N> 1/2N >
1/2N + PM > ON, £ &b R 35 3K 2 ) 3% 2% 5%, 1/2N
+ PM AbBEEE N ORI 1/2N Ab#5 5 FEAIK 54. 31% |
35.29%. HERGZE, N0 ZRHE R R 1/2N
+PM >N>0N>1/2N,1/2N + PM 4 F 5 N A3
EFANEE 12N + PM AL FLF ON |, 1/2N 4b #
RF R FEPEZ S, 12N + PM A BEE N, ON,
1/2NACFRE S 24.73% . 79.99% | 90.26% . Wi
M, N, 0 R R I 172N + PM ik 7
AN A FRFEAR 67.50% , %8 ON ., 1/2N 4b B =
129.43% | 119.23% , £5 4b B ) 35 3| i 25 7k 22
S ESRERZEN T 1/2N + PM 403 AT 5 25
/BN, ORI HENK .

3, BRZE KPR N 1/2N > N > 1/2N
+ PM, #Ab B IR B 2 25 . MR AR ZRSRIN 1/2N
+PM >N >1/2N,1/2N + PM Zb 3 5 N 4bFE 2% B R
W, F1/2N AR R 2R AR,
N, OHE A A N > 1/2N + PM > 1/2N, & Ab B
PIARI R E 225, KA BEN,O A HEB R T /T
IPCC HEFERY 1% .

®3 TEKLETE, BES CH, FIN,0RRHHE"

Table 3 Cumulative CH, and N, O emissions during the early and late rice growing seasons across the treatments

E e CH, %fﬂﬁfﬁf;‘ﬁl% N20%$Eﬁiﬁl% Hel A F
/kg+hm /g-hm /%
ON 31.74 £5.93b 26.42 +£8.46d —
L 1/2N 37.25 £ 1. 66b 122.97 +£3.97b 0. 10 £0. 00a
N 34.36 £ 15.40b 174.16 £11.49a 0.08 £0.01b
1/2N + PM 72.42 +11. 18a 79.57 £8. 62¢ 0.03 +0. 00¢
ON 100. 51 +13.39b —-175.22 +8.76b —
W Tt 1/2N 115.75 £10. 86ab —360. 13 +28. 14¢ -0.16 £0.02b
N 108. 54 +14.42ab -46.59 £21.97a 0.05 £0.01a
1/2N + PM 132.19 £10. 38a -35.08 £6. 11a 0.06 +0. 00a
ON 136.56 +19. 61b -156. 17 £16. 28¢ —
eSS 1/2N 158. 00 +12. 44b —239.02 +£29.80d -0.04 £0.01¢
N 147.56 +30. 11b 141. 39 +33. 26a 0.07 £0.01a
1/2N + PM 211.48 +18.39a 45.95 £10.39b 0.05 £0. 00b

1) RARSIA /NG FREFIR 2 57 8.3 (P <0.05) 5 “—" JoH

2.4 W{EAEYRE. mEM CH, 5N,0H M 48k
R v A

k4, AR ZEH EA Y ERIA N > 1/2N
+PM >1/2N >ON, S A B A BB 522 57, W4
YEFRH N 1/2N + PM >N >1/2N >0N,1/2N + PM
AhEEFIN Zb B2 H AN 3 1/2N + PM, N b5
1/2N, ON AbHZ= 5% B 3%, 1/2N + PM Ab B R 1 Al

PRI R, (H ON ZbFRER 1/2N AbF2s i
HRE P W&AFE CH, FIN,0fZE4 GWP, 1]
FEHAD RS CH, & GWP [ EZsTHkE, &
CH, FIN,0Z:4 GWP 1 99% LI I ; Zi4 GWP R
A 1/2N +PM > 1/2N >N >0N, 1/2N + PM 4b3f 5 H;
b FRIAF B % 2% 5 1/2N . N, ON 4bFH (] 1Y 2% &
ANEZE. B RE GWP £ 1/2N + PM > 0N



8 i F R, B AALIC AT X XUZEAE [ CH, FIN, OHER R 4 3R IR S (5 T 3125

>1/2N >N, 1/2N + PM 4 #% N, 1/2N, ON Ab#
WA 58.21% | 26.82% . 20.63%. 1/2N + PM AbFH
5 NP B 5 172N, ON b2z A B 3

1/2N, N, ON ZbFR[E] ) 22 55 8 . 2. 4 4bBi[E] CH,
FIN,OMZEE GWP SR /KR (3 |, R ) 4=
Vg FrREMEEARE(E2).

F4 TRAKVEBTNEEEEWE, 2 CH, ¥IN,ON£IKIEBHBH(cWP) D

Table 4  Rice biomass, yield and global warming potentials (GWP) of CH, and N, O emissions across the treatments

100 41 2 BRI TS (GWP) o o o BRI GWP
aba CH, (Bh CO,eq 1) N,0(PACO,-eq 1) B3 (BL COeq 1) lﬂff”{ﬂi P@/Tf“?ﬁi , F:h B C0yeq i)
/kg+hm ~2 /kg+hm 2 /kg+hm ~2 thm t o /kgt!
ON 3414.01b —46. 54c¢ 3367.47b 13.02d 0.74¢ 8. 88¢c 386. 85ab
1/2N 3949. 90b -179.57d 3870. 32b 16. 66¢ 0.98b 10. 55b 367.97ab
N 3 688.90b 42.13a 3731.03b 19. 88a 1. 16a 12.59a 294.96b
172N + PM 5286.92a 13. 69b 5300.61a 17.97b 1.21a 11.39ab 466. 66a

1) RMFIFIAR /NG FRERRZEF BE (P <0.05)

3 it

3.1 SEWEERE CH, FIN,O7 4 5 HER N+

HRYE AT KRG A K ZE CH, HEBGE 2RI 4
Wr , 8 K T 3 Eh R P B T T
AEsE R, NI CH, K™= 4 ; 5 H ] CH, HE &
JER % RO B P v /K HE e AR A B, T e
ke T BB TE A2 2 T . AR R
W1, KA AR I HE T /K o B R s /> CH, HEk, &
BRI TR AR IR T B T I AR AR
il T CH, BYHRERL; 25 05 HCBE 2 % CH, HER Y
TR e B 0 R 2 A R B
B B 5 HLTE IR AN, AT R F T 0 A 1 ) O R Ay
P GERECE R 2 TR MR, N KA A R AR,
CH,, 38 2o 548 ) RACHE T, 550 6 A 0 o A T 0
ER R H, HERIZL.

A 5T OB R A 2 & A K 270
kg +hm 7, FE A% T LA UL 56 ) it 0 i A
3 R A S R AEMAL S 10 d N BT KR 1 I
W, B R AR AR N R AR ARG
WL MRAE RS A S B RS 22, 17 d S JFER,
Z AR A AL T SRS Bl A A HEE N, O 4 id
JEA N, , HAUKGERERN, O [a] KA Bk R ¥E, N, 0
HERC gD R, R BN, O F L.

W AR 2225 Ak BN, O R AR HE Y S fE, AT g
TREELE, LEP N ITHA S /KGR,
ON Kb FEN,O HE ik 3% KT 172N 4b B Al gg i T
1/2NAb B A 7K R R AR S ON A B A K 2B | W L E
FrEak KRR S R £ S8 12N AL
ON b3+ 398 v 1) e 285 R0 PR U /b (An W A5 2= 2012
48 H 21 HA4E NH, -N &5, 0N Al 1/2N 4t B
o4 3.21 mg-kg ' F12.76 mg-kg™'; 2012 4 8 H

30 H R4 514 3.30 mg-kg ™' Fl 1.58 mg-kg™';
W EARASN W) RS A S R D L R
FH S Ak 5 W 7K i 2544 N, OHE -l /b

AR 2R B E] CH, FIN, O BAHERCH . GWP 5
Wk KRS (L MR ) B PR AR
EEWT , WOIR B K R A 9 B 9T AS 2 5% CH, FIN, O
ZRHHECR . CH, FIN,0%: 4 GWP iy FEN £,
3.2 BEEAHVLEEAR 509% FAE X AZERE CH, 5
N, OHEJ 2 )52 1)

AWFFE 1/2N + PM A B CH, HEjL & 53 &
THAI. i TREEh & A K5 oA Il i
(I E T, RRi2e4)  $e Mt 7R & CH, Fiik, 3
INT CH, HERL™S . (A7 BF 5 36 WK 300 A7 HLAE T
it AL AL BB 8 i o R ik R, A R T
Aoy F 22 REPE T SR 49 Y e A TR 1Y
SRR W, B AR RS T b R O
B2 ARBFSE 172N + PM AL B AN T CH, HEWL,
A AR A FRF IR

FFEZ 172N + PM AL AR N Ab P i 2 AR T
N, Ok, nl g J& th F i A= W A A8 25 vh R i 5 4y
fifg e AN g b 1 /U R K B, (i LA
BRI E AL R HLAL T B, N, 05 ik 5o NV H
WA PP R EZ ST LSRR, A R B R
AR, BN, ORHERL. MRS, 1/2N + PM Ab HLER
N AZRFEIEIN TN, OHERL , vl BE th T HE AE 2 IR 4
TEE DGR SR A HILBT 2 A D, 15 0 538 v 1 A AL
AN, O HERL Y. S BRI S, 1/2N + PM
ALFREE N AbHEA B TN, OHE k.

Y TRE A WU RE ) BE R A L 2248 | Ry fifioK
FE e AR ) A K AR A AR R Y 5% 40, AR N A B
5 1/2N, 1/2N + PM A B [a] it JE Bk 8] (it A 2 AN
[,1/2N 5 1/2N + PM Ab 3k 25 FOIE Fi KL AR , /) BE
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NE LA 5+ 5t A 2 IV RS — kPt i N 4k
PRFGFEAL . 7 BENE  RHAC L) 5 32 2t . Zead X
2K R A5t I A B U I (3 6 YR Z )R 1 — IR
N,O . CH, HEGH & 25 5 B EYE R 2] 2445 4b B
[N, OHEACH & ) BH db 35 22 S i, HEAIGHE 1 K/
U0 N & Bl AR N BERTELE B IEA L
RABMAFTETRAI KR ; 540218 CH,, HFHCH 5
A RIS B 2 2 S, ol TR SRRt T
HKEE CH, R, BT CH, HERL, #OF AR &
H T 172N + PM Ab B ) A [ B ) it A A [ B Nl
H CH, HERCE 2R, Pt AS R B [a) it e 1
ZE AT REAS S T B0 A IR E SR HE G S B
3.3 FEZEN, 0 HE N T

FAEZE 172N B HERCH F ik, rT RS i T
Hits AR SR, Nz WAERRAG, 25 o= A4
AL A AR, KR A 2 X IER A R I se 5
VST, AT A - S Ak - S RS Ak S A BRI BT 22 1 s
NS, HEAIN, OB HERL. MaREZE, 1/2N b BEHER A
T/, AT RE T MR T AR, A AR
TEHLEIE I, KRG AR K R G R R A R, A
MZAA PR+ IR AR EZ | A MAE L,
N,OHERL /D, 172N + PM Ab 3 () 55 24 Ry B A6 43
TRIE, REf R AR R S B, AR TR A
a1, NN, OBYHERI , HAHE L R 74 N Ab 3R I 3
FEAR.
3.4 fEFAEYE PoEA CH, 5N,0HH M 48k
IR R T

AHIEFE AR AN it A A2 it FH RN SRR AR T
IKAE (ML MR A i, X T g & i T ON,
1/2N AbPRAG I 4 FAL B, P IR R B =, 5
ESQAERY/R ol WA e = Wi MR 2 i O B o
SyAE R AR TR 2SR S X AR ) R R R
. ATt 2 st F R RIS 2 1 AR
RE/ DN, OHEL, [ B FEAR ™ &, fh T 7 = 1 [ I
15 TN, OHE A0 R, AT 558 5 R0 7 RS 34 o 457 7
 GWP, S Wt U7 g 7 AR 7= e b it 0 2 %) W S
FLLLN, OHE O it 20 5 1 i) g F5 Rk, 4 26 e it 20 e
TRIUE TIKFEM 220584, 0 28 I T N, O HE T, (HL ]
Aef o 21N T CH,, HER, 08 I I S 25 184 o B A7
o GWP. AMFRERIAA ™ 1 t4i N, P,0;, ., K,0
W4 BIHERL 0. 81 1, 0. 11 t. 0.08 t AR Hi A
ST ON . 172N, N 1/2N + PM Ab 3 25 4 B i 500
(Lh CO,-eq 1) 73 Jill 2 3458.40, 4362.20,

4623.86, 5734.20 kg+hm >, 1/2N + PM AbFH 5 7.
(ELGE R 26 T DL i 2 7K Rk PR 25 4 F) 1 i, 344 5
SO | D P R e A R A
PR, HA IR ATy S0

4 Hig

(1) WERHEBHZE 5 om W Eh 5 CH, HERGE
HA MO A U S | 5 N, O HE il & A B A
KNE; BHZE S em IREEIRE S CH, HEHGHE = A 1S
I TEAR DG, 5 N, OHEHGHE f A 1 & A OCHE. F
FH EARPIASXT CH, HEBGE 7 £ SR H 0 5
T, BN T T CH, HEGHE &0 AMERL 2 0 g
f#BEON, 172N, N, 1/2N + PM 43 CH, HEjimE
AR 51% . 41% . 51% | 44% . WO KRS AR Y
EIPAERM CH, FIN,0 BFHEL & . CH, FIN,0
ZE4 GWP I E BN &,

(2) W ZAL B AL P Z /K Fei Ak K 2= CH, &
FRHERC R B AN AL | /i FH U8 | 5 Bt A A
FEM 9 5 2 4R 5 54.83% | 33.85% H143.30% ; H:
N, O R FUHE R 45 it AL 2 & P AR 67. 50% , 584N
it AR /> & e A AR 4 B 4R R 129.43% |
119.23% . FEHIEE 4R CH, 5 CH, FIN,ORZ54
GWP [ 99% LA I, Brji #2519 GWP & 2 5 T HiAth
LB, HERAL P R GWP Sy, BECH FUAL | /> it
HENE . A it 208 7 ) $2 & 58.21% | 26.82%
20. 63% .
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