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Emission Characteristics of Greenhouse Gas from Maize Field of Black Soil Region Under Long —term
Fertilization
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Abstract: Study on greenhouse gases emission and their global warming potential under different fertilizations would be the theoretical basis
for establishing measurements to reduce greenhouses gas emissions. Based on a long—term fertilization experiment, greenhouses gas (GHG)
emissions from black soil of summer maize were measured by using a static chamber—gas chromatograph technique, and global warming
potential (GWP) effect was also estimated. The results showed the peaks of CO, and N,O emissions occurred at maize jointing period.
The CO, and N,0 emission flux and CH, uptake flux in the M,NPK treatment( mixed application of organic fertilizer and chemical fertilizer )
were significantly higher than those of the chemical fertilizer treatments ( P<0.05 ), but the CO, and N,0 emission flux in the chemical
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fertilizer treatments were higher than that of the no fertilizer treatment. The CO, emission flux of the fallow treatment was the highest among all

the treatments, but its N,O emission flux was significantly lower than that of the chemical fertilizer treatment. Under equal N rates, the N,O

emission flux of the NPK treatment was significantly higher than that of the SNPK treatment ( straw returning ), but CH, uptake flux was the

opposite result. Compared with no fertilizer treatment(CK ), GWP of the N and NPK treatments increased by 142% and 32% respectively,

GWP of SNPK treatment decreased by 38%, and GWP in the M,NPK treatment was negative value. Greenhouse gas emission intensity
(GHGI) of the NPK, SNPK and M,NPK treatments were significantly lower than that of the CK and the N treatments, GHGI of the M,NPK

treatment was —222 kg CO,—eq *t ™. Therefore, in order to implement the higher maize yield with lower GHGI synchronously, mixed

application of organic fertilizer and chemical fertilizer would be the optimal fertilization measurement in black soil region of Northeast China.

Keywords : long—term fertilization; greenhouse gas; emission intensity; spring maize; black soil
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T A S F 0T M R B X (R4
124°48'33.9", k45 43°30'23"), AU X M 3441, g
K 220 m, AR 4~5 °C, F B S 34 °C L B A%
SIR-35 °C, RG] 110~140 d, A3 2 600~3 000
C, EREKE 450~650 mm, 4FE3E% & 1 200~1 600
mm, 4 H BEEE] 2 500~2 700 h, -3k b 2 gl
A, AR R A DU 28 ¥ RTS8 U i
JZ2(0~20 em) 342 PR LA PLR 22.8 g-kg™,
LR 140 g kg, LIERBE 1.39 g-kg™', -4
22.1 g kg, TIETRARA 114 mg-kg™, 134G %0 27.0
mg- kg™, TIEHECA 190 mg-keg™ ,pH{E K 7.6,

1.2 R FE IR

A KIE RIS T 1990 4F, F 2012 4F k%
Hordr 5 AN b PR T AR BORE NI E , B - (185X
(Fallow , A#HE , AFHE ), (2)CKOAEAE ), (3) ZE
(N), (4) A B AL (NPK), (5) 4 18 hn 4k A
(M,NPK), (6)FEFF AL AL (SNPK) . 454 Bt HE 75 45
W 1 AR EE /NI EF 400 m?, 4 T 9k 0
R MBI, RN R 3 AN R TR S T
PR FIRAE, X 2 m et A% . AR AT
) RIS 5 T 22 H L 301 6 1 19 H  dhz2 i
7120 B, ZLA 8 J1 19 H i 9 1 22H .

FHLIEAEEAE, 1/3 ZAEFIBEEAEAE AR, Higx 2/3
AIE TR ETBEFE T 10 cm 40, fLAB RIS . AR
PR BERE R wERR e RO SRR OB IR S
N T 7 500 kg hm™ FORFEFH#Uit 3% m . A HUIE
(T3) F#4r81H5:0.5% N,0.4% P,05,049% K0,
#:0.7% N,0.16% P,05,0.75% K0,

HEAEY R EoK, FIAE EOK S A : 1990—1993 4F
JFFE 13,1994—1996 4F K75 B 222 ,1997—2005 4F
J B 209, 2006—2012 4R H B 958, F 4 J1 K%
B, 4% 8 E T8 — H RIS B, 9 7 AR IR, F Rk
A 15 m?, 3 REE, FK7 R 14%K501TE,
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Table 1 Amount of fertilizer application in the different treatments

e HAE N/kg-hm™ B M
Treatment fEHE N FHHUE N P05/ K0/
Chenmical fertilizer N Organic fertilizers N kg-hm™  kg-hm?

CK 0 0 0 0

N 165 0 0 0
NPK 165 0 82.5 82.5
SNPK 112 53 82.5 82.5
M,NPK 165 150 82.5 82.5

H M——4% 3¢ pig manure ; S——F KFEFT maize straw,

10 JT 4% - 3004 7 BRE 4Bl o
1.3 BUERNERE
1.3.1 H[ESEERE

2012 4 5 JT 4K RIS , SR FHFR A <A G357k
I T FH [E) A% AR 3 OKA T ] - BB N,0.CO, FICH,
FHERR o SRAEAE FR AR ARIFE 25 AL, ¥ T8 o RFEARE
P AN AR AR , ) L R A i A 1 et AR b £
FEDRFFR IR BE A X E 22, FAH 60 emx50 emx
40 em , SRAEFE — M A R T AL . AR i 2
FKAE, FHTE bomea 1R AT AN XU
HLZR AT, FELEAR T LU 206 1A 12V /KU,
& F AL DA SR A TR SIAE AU AR AR SE I T 213
A 2 HEBRFL A MBI 2 0T LS SIS A
YEIATIA), AL 10 em, AN E KR EBFIA RN FR 5,

FORATIRERR 7 d KA 1R GIBIE 15 d N 2
d PZE 1 BRRAHFER IS ] [ 8 76 17 9:00—
11:00 , RAHE XAV T, LAjdi/ b -3 A4 H A8 {52
M) o SR AR st TP PR KR W 3 A S A n DA AT, 35 A 5
FTFFRUE LR, #% 0.10.20 .30 min {4 isF A] 7] B 1 50
mL VESF g8 NSRS R A, FUCk sl 2 )
DAEFE N AR TN ST il 40 mL R A B B2
HPRAE o RAESG 37 RPBEAE S aly [ SE 36 2 40 #r o BRCR:
LSRRI [R) 25 0 s M R IR B 5 em A ML (10 em
b M I TR
1.3.2 SR S5 a5

SARFE S TR ] HP7890A “UAHE AN, 4 HT
KA Porpak.Q JEFRAE  AEARIRLE By 50 °C, A M &4l
N, N,O 5 Fi HL FAfT A 2 (ECD), TAETREE 300
C., CO, F CH, e R UK A (FID AN AS , T AR
J&E 300 °C., SR RS ASCAE A et ol I b v
O AR E AR ThR A, T S AR X 1R
PZETE 2% LIIN .
—424—

TN [ Sl iy a e /N W T
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1.3.3 ZiA IR E AN (GWP) i 2 SR HE i B
(GHGD) {5

GW P=298xN,0+25xCH,~SOCSR x44/12 (kg CO,—
eq-hm?-a™) (2)

SOCSR=6SOCxBDxHx100(kg C+hm2-a™) (3)
. H1: SOCSR (s0il organic carbon sequestration rate ) : 1=
A MLRR [ 52 2% BD A H b 328 F A 4 2R
J&,850C 72 LA MLBR A I, B 0135
25 0 TR A RIS 25 AR AT LA B a8 Ak A e
fElt6]

GHGI=GWP/Y (4)

HcHE Timothy S8 RHFSE, A (4)h GHGT ikt
AR kgt Y AVEY) i, - hm,
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e Hh i 3R 15 09 ZciE K Microsoft Excel 2007
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R BT A, SRR RAE L,
FHEAEALEE 13 CO, HEAER B IEESE 7d (6 A
27 H)HBES 1 HEBGR 0, o A AL eI B s
M,NPK F1 SNPK 4b B 4 3¢ CO, H it & 43 51 i5 )
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Figure 1 CO, fluxes(Means + SE,n=3) in different treatments
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Figure 2 N,O fluxes(Means + SE,n=3) in different treatments
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Figure 3 CH, fluxes(Means + SE,n=3) in different treatments

fitiHEE (CK) N Fallow 4bFE 1- 438 CH, i e ik, 3
B RE = F R HE KA CHy B9— M5 il
24 REBESGRRHN=E

H 2 2 AL R R R A E I, 1458 Co, B
Hiisc R AR S X (Fallow ) fi 5 , i4 51 6 855 kg-hm™; )
CK b3 AR, AR 3 147 kg-hm™, e ZNEFICHUAL AL
Jiti (MoNPK ) 4b B -3¢ CO, R HEik & 5 5 #1 ik H
(SNPK) A #H22 AN i 25, (LI 2 1 Tt AR A A 3 ( P<
0.05); fLJIE NPK 4b3 + 1 CO, 2R HE & = T it
N AhFR (H2E 5 R

SRR (CK)AH H, N .NPK .SNPK F1 M,NPK b
PR A FH W 4 NO RBUHERCE 0 53 T
213.3% .224.5% .195.6%F1 413.2%, ') M,NPK &b FH %
f L, 5 F) 3.618 kg -hm™, ZUE A9t F 2 23840 T N,O
FHEIL R (P<0.05) . $85E X (Fallow ) -3 N,O S
ALK 0.716 kg-hm2, 5 CK AbFE2E R i3 2%, 75

R 2 FEIMETRESENZERAEME (kg-hm™)
Table 2 Accumulative emission amounts of greenhouse gas under

different treatments(kg+hm)

Jb CO, HELE = N0 HEC S CH, HEHUE &
Treatment  Total emission Total emission Total emission
Fallow 6 855+186a 0.716+0.04d -1.105+0.01a
CK 3 147£117d 0.705+0.02d -1.143+0.02a

N 3 460+101cd 2.209+0.01c -1.304+0.03b
NPK 3 751£179¢ 2.429+0.06b -1.199+0.02ab
M,NPK 5 278+228h 3.618+0.17a -1.438+0.09¢
SNPK 5 595+88b 2.084+0.10c -1.507+0.12¢

T : (Rl R) PR R A BRI 22 5 R B B K (P<0.05) . TRl
Note: Different lowercase and capital characters in a single column in—

dicate difference(P<0.05 )between the treatments. The same below.
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N;O HEE/ D T 14.29% FEFFA H 2 044 T 13 N,O
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P41 CH, Wl 2 Ttk IR A #E(P<0.05)
2.5 RAGZEERER

E K H GWP(Global Warming Potential ) 3= %2 ¢ jJi
F N0 HYHERL , BRI 5 = S R E R
AT CHy X F K GWP BYHETEAL AR/ N LB, i
56 v -3 [ R A oK T GW P BT o5 T BRI
FLA . H A AN TR AE J5 20 25 A T 2 300 (100 4F R
)RR 3), FEA AT, it U (N) XA HH 25
A T E AN TR AR R s SRR (CK) o g, Bt fb e
N F1 NPK &b B 255 i 3 2000 43 538 1 142% Fn
32%;SNPK LRGN BRI T 38% ; MoNPK I8 5iE
X (Fallow ) R~ b B 4 398 [ e Rio% 8 & 80, 25 &1
FRN I A E, Al e SRR A K K
BB R E T 22 A MLAR B

a2 S HEE N T ,GHGI(Greenhouse
Gas Intensity ) 52 B AT GW P A—FER A A, Hods
AR AE AT I SR HE R B (GHGD T LR B,
A [ 4 B B HE Bl 5 ) Sl N>CK>NPK>SNPK>M,NPK,
HUEAEEAN R GHGI B i, /& NPK AbEEf 3.22 %,
A HLICHLEL it (MNPK) AL B GHGI B AR, U
-222 kg COy—eq-t™, i 2 Ik T H A AL 3 (P<0.05), T
B b T m K.

3 1tig

AHIFERI , S AT AL FRAR H L3 CO, HEUR
e HR BAEAR T B LS 5 7 do 2Rt B AUE |
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#3 ARELETEKRASFEERELZMN(CWP)RSEHMRE(CHGCI) (MeantSE, n=3)
Table 3 Changes of GW P and GHGI(Mean+SE,n=3) from the maize field under different treatments

T AR CHOPER  NOMPRER  ERANREEER AT OV W% R
Treatment Maize yield/t-hm? kg CO~eq-hm? kg COy-eq-hm? SOCSR/kg C+-hm?-a™ kg CO—eq+hm™ GHGIl/kg COreq-t™
Fallow -27.6x0.3a 213.4+12.8d 328.2 -1 017+12.5¢
CK 3.44+0.08d -28.6x0.5a 210.0+6.7d -101.4 553+7.2¢ 161+4.2b
N 6.03+0.37¢ -32.6+0.8b 658.3+4.1¢ —-194.1 1 337+3.4a 222+13.8a
NPK 10.52+0.18b -30+0.4ab 723.8+18.5b -9.3 728+18.2b 69+2.7¢
M,NPK 10.95+0.14a -35.9+2.2¢ 1 078+51a 947.8 -2 433+51.4f -222+4 4e
SNPK 10.19+0.09b -37.7£3.1¢ 621.1+£30.9¢ 65.0 345+29d 34+2.7d

BB B A 2 AR e S RS2 i i 45 R . 45158
WA LRI, EARERUGEIL G 11 CO, ¥
PRHE G , 326 2 PR R N (it FH A K S B A B
THRKIIREER, TR R IFR G, R 585
T, Rk T R RIZNE S, SR
CO, HEjlH s T =20, ABFFE, 38 CO, HEiL
T8 5 9 K/ 2« Fallow >SNPK , M,NPK >NPK >N >
CK, #27it X (Fallow)CO, HEGHE 7t 5y, FEEZ T -
HERZHE A KA AL B[R] I A 4 25 1 e 2% B it
BT B i g8 CO, HEGE & . A HLIE JCHLIE T it
SNPK 1 M,;NPK &b 2 11 CO, HEjlE & i 2 = Tt
AHE AL 3, ANt A ( CKO) AR P 4358 CO, HE i & e fik,
X5 ETA B A5 R — 2 — Ty R A A
(NPK)# N i CK AbF S 1 oK™ 5, B 1 M2
T R P R B 5 — 7 T
Jit A ALIE R 2 23 A P B, G5 i
AERTE A AR i A R SR B AR T AL
[UOL I y

AR F £ MR AL AR H - 458 NL,O HEjlae =
g 4 RS A] 55 - 358 CO, HFCy e — 3, AR A4S
WIHAREJESE 7d, X ATRER A T WA i AU i a1 4
R T T 1R ] BT 1A 1 o2 T s KRl A
AL E e g AR . i T AU AL 3 1 N0 HEE
B 5 & F CK 1 Fallow 4b3, “F-ffijifi it NPK -3
NLO HEfCR B2 5 T80t N Ab P, X 5125 E 5T
GER—FT, — R, B X R 15 N0
HEC A 835 1Y DT Bk, At A mT DAYE R A=
Yyie , SR AL AT AR R RS AE A g rh
P E 3R A Y R B TS T, 28 NLO i HEK
FEIX RIS o, AN 1) = 35 3R 0 40 B 2R i
TS N0 BHERCREE, AR RE B e R
N,O HEjik &, H NPK>NP>N>CK, 5 AR I 45 5 — 2,
SRR SR L RS AT FH (SNPK) Zb B 4338 N,O HEfik
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SEA ALY SFLE R Aot R e AR AL o, W] B A
il 135 NO YRS, 25 edy ST FE diE i, S5 A
WA, ARIEARHR NO HEBCR i B 2 = T AL
AE .

AW A Rl AL PE 4 S W EE B CH, HE
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