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B O E ARAANAZEHR AKHFAGRLEEHEE AELLTFRALERAEZAMRAT L. KA KRB KE L4
J B oy kL% B AR (CK) R R (LF) (i & & e (SUD | JﬁiiiF(LﬁfaﬂﬁJr}r’F%’]ﬁ' ER) 22 & & & e (HF) 5 #
HERE, X FFEELEAE T AR P EIIEHAB T ARG BB D (GWPy ). R L& AN BB R
(GWPhnee ) EM B F NI R BER (GWPyp) B EAHBRAL (Net GWP) F RE 2 F K A, 2 AW . RAL
22 X HEFOE R B B (GWPsyi - GWPgiee ) 7 10 831, 3~14 301. 9 kg/hm* (¥4 CO, % &) .\ & B MKk A 4 HF>
SU>LF>ER>CK; HF # GWPs & GWPrwa 3 4 & 5,3 CK &2 5 5] & 10. 9% 4= 153, 3% s GWPsyi 4+ % H 5k
B TRER(CT0%) R LN T HH AT GWPue 89 TR E K. A 54. 1% ~69. 7% (CK Frsh) . Bk 25 42 3k
FREEKKE Net GWP 4 fifi, 2 K A # 8 L.SU ## ER &2 Net GWP & K, % sH A 5 # 4% CK & 2 3
18.1% #2 17.9% ., % L. ER A SUKARAAEARZ . AETHKA- SERMAFTEAEX {2 ER 5 SU &2k,
ER #) GWPs /&7 8. 7% . A A A TR E AR EEAGER L L BB ELLFRMES .
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Study on the global warming potential of summer maize under
different nitrogen application rates in North China Plain

HE Huayun'?, HU Qi"?" , LI Ziyi"?, REN Sigi'?, MA Xueqing'*? . PAN Xuebiao'*?
(1. College of Resources and Environmental Sciences. China Agricultural University, Beijing 100193, China;
2. China Meteorological Administration-China Agricultural University Joint Laboratory of Agriculture Addressing Climate Change,

Beijing 100193, China)

Abstract In order to explore and utilize agricultural management measures with high carbon sequestration and low
emissions, summer maize production in the North China Plain was taken as the research object. Based on field
experiments and life cycle assessment methods, five nitrogen application treatments including control check (CK) , low
nitrogen fertilization (LF) , suitable fertilizer utilization (SU), emission reduction (suitable nitrogen with inhibitor, ER)
and high nitrogen fertilizer (HF) were conducted to quantitatively evaluate the warming potentials of soil greenhouse
gas emissions, agricultural inputs ( GWPqwest ) s and net primary productivity (GWPwp ). The net comprehensive
warming potential (Net GWP) and the economic benefits in the whole process of summer maize production were also
investigated. The results showed that: The total warming potential (GWPs, + GWP, gt ) Of emissions ranged from 10
831.3 to 14 301.9 kg/hm? (measured in CO, equivalent) under different treatments, with HF>>SU>>LF>ER>CK in
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descending order. The GWPs, and GWPygee: Of HF were the highest, 10.9% and 153.3% higher than those of CK,

respectively. GWPs,; made major contributions to the total emissions (=>70% ) , while fertilizer contributed the most to

GWPgireet in agricultural inputs, accounting for 54. 1% to 69.7% (except CK), followed by irrigation. The Net GWP of

summer maize farmland in North China Plain was negative. which was the carbon sink of the atmosphere. SU and ER

treatments had the largest Net GWP, which was 18.1% and 17.9% higher than CK treatment, respectively. To sum

up, the net profits of ER and SU treatments were the highest and these two treatments belonged to the high yield-high

Net GWP planting management mode. However, the GWPs,; value of ER reduced by 8. 7% compared with SU

treatment. Therefore, ER treatment was more conducive to realize greenhouse gas emission reduction and suitable to

be promoted as a green agricultural development mode in the North China Plain.

Keywords North China Plain; summer maize; greenhouse gases; life cycle; global warming potential

ARG EAE KA DL 2 Sl T SRR 1Y B 3
(L e S ES I Q7 1 N W 7 A e B S A
(Intergovernmental Panel on Climate Change,
IPCO 5 6 WIFAi i & 46 i, A Tl LUk, N 26T
BRI O R AR R G R L VR Rl AR
B RGE E R o A T AR 35 R GE R il % RN
HAEZEEmW, HAr, £l 2 o5 = KR %E SR
SRR . R AR 2 R G iR AR B HE TR Tk
RRAE 2046 MERAR K Z —, 4l 4 G 1
PR W7 N 2 G e e Ll S R W N 5 o
17%~32%" . R A AR RBEHFREEZ 4L
AL 2R o I ELX 42 3R 2 A HE R 52 e oA
BN AR A K FHAH DGR 1T 7 A B Bk HE T 2 R
Sy v U HE R T

A FH I 3 AR HE R 32 24 45 W) o o PR AR A (A
JIE A2 Tl 4D LK P TR] A B A it (% o L R L s
ARAPITTES . HAET A USR] A A
2 (LCA O AN MEW AL 38 R e HE R, 1% 07 it 5
R AAE Y A 7 R v i A S 4R AR MR B B A BT |
B B R R B B AT
fili & BR AR AL - J A g - K AR RS S 40 B AR
1B 4 /N2 - B KRB, BB S 2 i R R AR
ARl Az 7 22 G e HE CRD Bk A2 30 5 B B SR B TR
S A LCA 25, & B A2 R &[] A 9 7 i fT 28
Ry € TN ER i1 s PR = o (R & o QR 1) B
CalUs T —2 R, TR E R EA MRS
W R SCATS A7 AE A i 06 1R B A sk HE i
MR IE 2 SRAFAE R R 22 57

R ARG & NS TR TR & RS,
TE T B 25 B 5T U5 00 [8) I R S 2% 3 0 6 5 A T
Wezs S iy CO, FFARAT » AT D45 T 3 380
W FETH R AR ML A 77 2 G e HE O, 2 [R) 2% AR H
ARG E R REAES RS LA R

# (Global warming potential, GWP) fEW% 25 & FAE
T 1 DV AR T A 285 2R 9 R — ol A A e 1 1 T
TR FERREE R VR 7 R R R R ) Y T
10 R s 8 o i P A AN N1 S (A R b
B, fel o TH A 25 3R G0 0 e T A7 A B4R

A0 IR AR R 7 X 2 Bk AR
SRR AR Y 25 000 R R 2 P R
BPEE 30260 KIALOR GZMR T X R T AR B
MR A e 7 A 7 i o B AR, S BUR AR S R
GEHE O i 1 IR % AR I CO, JCHL, AN, O 4§, il
] FE LR UE 7 5 (9 11 $2 T 38 800 o 9 AR L I
F KR R 2 AR HE I S BIE A KR 4 Rl
2 T i R R A AR W S I XU H b 1Y) B S
Bz —, WL AT EET 2018 453 2019 4F 1
[ 5 o 3036 >R HH A= i LA DE A0 325, Bl AR b P IR
P AR A 7 ik AR B [ R B A L DR AR TR
TN 255 H R T A R 5T A [ it TS 7K A i
it B K AR IR A HE R R Bk
Y52, LA Ry A b J 2 K AR 7 B el AR 1 2%
TR MR AU

1 #H57FE

1.1 HREEHER

R T 2018—2019 4F 6—10 A 76 EH &k K
SE SR UE (37°37' NL,116°23" E) #E4r. S8R
AL T A6 44 v N T 2= B 0 B 2 1k AT, b b 2R
o e B L TR 14, 0~22. 6 m, 2 1 K R
PR KA, ZAE AR 12.6 C,24FE=0 CIF
AR 4 862.9 °C L AEREKE 529 mm, F 2534 1E
6—8 H Wi mI, H M4 2 100~2 700 h, T4
W1 192 d, FPAESI R A NE-H E AR -FERR, &
Hi DL wp R A+ Oy S R R L b
J5T 1 SRR 3B 1 R,
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Table 1 Basic soil fertility status in the study area
F+HEZE K/ cm MR/ (mg/ kg) MR/ (mg/kg) W8 fit A/ (mg/kg) HHLFR/ (g/kg)
>

Soil layer ' Available phosphorus Available potassium  Available nitrogen ~ Organic matter
0~20 8.25 29.57 212.10 80. 18 16. 10
20~40 8. 66 4,47 102. 64 28.08 8.90

1.2 REigit

I R OA S B 958, Rl A B R 4 500 Bk /WS
PREE 25 cm, ATHE 60 cm . &R AUk, HEK
i AL B R WL R 2 AR E 3 A,
K FHBEHL DX 20 HE 51, A5 48 /N X Z (8] Bh A 2 47 fR 47
7o BA/NXHEFNK 9.0 mX 58 5.4 m ) 48. 6 m’,
HEXRBEHMBFE L 6 H 15 B, #&FJ5 R H 18 3.

FEWE N 75 mm, I B PR N TAME ., K
AR T 6 H 20 H — W kit I, it 1E 05 =X i
Jiti 5 FL A B[] N AH0GE B AR B, 2018 4F L2019 4 UKL
REFE YA 10 A 8§ H ERKEAFH AN 114 d.
WK I A A E Ak P e 2 AT BEAT 5 OKR SEBRURER
0 SR /N DX R TR P bR B 2 R B BB B A
SUTHAL,

®2 BEERFEBEELESE

Table 2 Different fertilization treatments of summer maize kg/hm®
Ak B ik A 73l i HoAlh
Treatment Description N P,O; K,O Other
CK Xf B8 Control check 23.40 60. 00 90. 00
LF KA Low fertilizer 165. 00 60. 00 90. 00
SU i AN Suitable fertilizer utilization 180. 00 120. 00 105. 00
WM 21, 75
ER U HE Emission reduction 180. 00 120. 00 105. 00
A HE 0. 90
HF = ANE High fertilizer 300. 00 180. 00 210. 00

1.3 WEHEBRRFTE
1.3.1 REEEAKRE

I I 2 SR A HE G B o R AR R
A & % ¥ (Static chamber/gas chromatography
techniques) ., R K 1 PVC #r il Wi, M #& H
60 cmX 25 cm X 23 cm, A 8 CH TR A
T NE 22 I 5 2226 0 ¥ AN A L i A5 A8 B 80 7
SRR /N A, IF HLORAIE AR N TG R B L 2R
A AT AR B AN XY T 0 242 2B s o e AR T
BEAEVRE] ALY 10 em B 2 i [, 550 1 ) A
PR S AH 00 B, BB S5, <A 7E
JAE T[] B i K 2 5 B A8 AR N A IR L AR Bl
T 5% 3l B Al DR AR AR P 7R U e AR R B

KA NN EEW 7 d, 258 10 d 9 —
U, 18 B R K W AE B K S — RAMI — K, SR A I [A]
By B 9:00-—10: 00, SR AE IS 18] 23 51 by 55 46 5 69
0 min.15 min.,30 min, H ¥ 5 2% & A6 + b 4l L
SEFEAR 80~120 mL, ] T 43 Hr i+ 55 AN 7] b 3 119

N.O,CO, # CH, HE /M Wil &, & & F
Agilent6820 B S AH 35 AL FE AT 40 #r, R CA-5 =
PR S BEREASCHERE , A0RE €0 33 ASORS: DU % o H 7 40 4K
B2 . 76 B ORAE K B B BUSCHT [ 25 0 5% ok 2B
KORAS S K R .
1.3.2 LB FTAAKRHKEE

A HE T B 2 7 T AR L BRI ) P
A HE A HE I S E(E 2R R 5 ) KACHE
B FRAZ AR IR 5 B (R 2R W i, TR R+ 0 %
SR . AAHE R A R

P px Y B T

ol F oS EHEIGE &, pg/ (m” « hDEE mg/ (m® « h);
o HFRERSAIRETF CO,  N,O,CH, )51k % &
(CO,: 1. 977 kg/m*, N,O: 1. 978 kg/m*, CH, :
0.717 kg/m*) sV HHERSH I, m’ s A g # A4
JE AL, m®; P, WA R E M A KRR K . kPa; P,
ARUEAR B R B KRR 101, 325 kPas T, A AR i

(D
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AT B2 xR L 273, 15 K T 24 2R U #2548
N 8 28 X L K5 dC, / dre S A6 P B I [ R ik B2
AL AR

B LR T IR OB B R ek 22
E TR ITETE

cE= > Bt g —oxan @

K. CE N 2R, g/m’; F O HF ik il &,
mg/(m* « h) ;7 BT WA RM 0 — 6 Rl
S [ P R, s Ay 3 B SO0 R K

1.3.3  EEHFEE AR EH S (GWPs)

i F CO, .CH, M N,O X 3 Fhifl = S AR A 14 IR
RO ANTR] B AT 0T 4 3R AR 2 1Y) 52 i IR AS AR R 25X
3 B AR N — AN 2 G ml X I [ e, R A
CAIER S A BERABE T 1% 7 50 o X Sl sl 3 —
A b A R Tl T L 0 B TR . B Ok 25 A 1 IR
# (Global warming potential, GWP)™ IPCC
(2013) 45 h 45 1y, L 100 4E g KB R it, 1 kg
CH, ByHRAN & 1 kg CO, BY 28 £%,1 1 kg N,O
A B8 IR N A 1 kg CO, 1Y 265 5%, H GWPsy
FFKR CO,.CH, K N,O =Fh i 5= <K B4 1
. GWPs (IIFE R,

GWPs,i = Reo, + Ry 0 X 265+ Rey, X 28 (3)
1 :Reo, 1 CO, BYEHRBCR  kg/hm’ s Ry, 0 0 N, O #Y
BHERCE  kg/hm’ iRen, & CH, B9 @ HEAL & . kg/hm®,
1.3.4 RAEBAMEZEE RS (GWPLre)

0ok B B KA & Fh A 035 3 i ) BT A
A BRI o, 38 i AR A A A R R IR E R
PRHERCE: , 224Gty AR CRUBE B L) L L HLA
CHEM) L A% 25 (R 0500 R0 2% He 5D 258 48 AT 3 B 1
CO, MR, & 405 3h #6 Be e >4 B HF R
BN 3 Fias . 44/12 Rty & i 4y — S Ak ik Y
L E

GWPrairea = 2(}WPI = Zmﬁ 4
i=1 i=1

o, BB, 43 A R G A CO, M5
HER R B
1.3.5 HmB A 3B HEH(GWPw)

TR I R 7 A AR R T AR
Bt b 03 R 54055 Ak ) 9 A 7 1 (NPP) fl 3
IREH (GWPwp)

GWPypp = GWPyiuy + GWPs,,., +
GWProo + GWPre (5)

£3 RUBANBRLEEHBRRY

Table 3 Carbon emissions coefficient for agricultural inputs

HE R HEOB R BB 53 S35 30k

Emission source Emissions coefficient ~ Reference
A N 2.116 kg/kg [25]
AL P, O, 0. 636 kg/kg [25]
AR K. O 0.180 kg/kg [25]
%3] Herbicide 6.300 kg/kg [26]
Z M| Insecticide 5.100 kg/kg [26]
L& Diesel fuel 0. 940 kg/kg [26]
M,/ Electricity 0.310 kg/kW + h [27]
A F Seed 1. 050 kg/kg [28]

K H . GWPyia GWPs 0 \GWProo Fl GW Prygne 53 5]
SR KT 1 L P ARG R R T A L b T S g o T A
DL AR 2 3 ) R e kg /hm? B AT
GWPyiq = Yield X a X 44/12 (6)
GWPs,., = GWPyq X b (N
GWProw = (GWPyy + GWPs,.0,) /e (8)
GWPpuie = (GWPyy + GWPs, + GWPr,) X d
€))
b Yield 24 K kR ™ B kg/hm® ;0 o F KK
R Bkt U 0. 4 kg/kgt™ ) 544/12 i 24 1 5
Ry AR AR 2 Y B 4 R 0 O EOKFERL S RS AT
TRV H L BUE 1.1 kg/ kg™ s¢ M [ 3B S5 AR 1R
ML HUE 6. 25 ke/kg™ " sd HIRRB Y
I E 7 TR L BUE 0. 12 kg/ kg,
1.3.6 A% 43 3 %% (Net GWP)

A FH AR 2 72 0 ik U A R [ e FRE Bl 2k A7 L
6B 1 =06 K B BE 5% 40 o8 AR W BE L OR AR L
AR EE CO, . MRBASREIHITLARERL
N PEA I, R 4 T R AR AR S R G R T . AN
AN J2 A 48 % 0L 0F W HE Y CO. 1, 38 N7 W 25 T
TE L ALABFR JIE kit 46 A = 3% 2 B 3 i) CO. HE ik
B, U RAEY AL NPP (8 (GWPp) . AHF

e A 1 25 0 L 5 A 00020
B TS 2 2 M2

Net GWP = GWPypp + GWPy0 +
GWPsi + GWPpyon + GWPLgee (10)

KA :GWP0 AR A A HUIESCE H A E & C Ak
i A CARBFSE R 03 GWPs iy 38 B 35 IR SR
HE ) 3G W e kg /hm® 5 GW P s AL AR 3
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R 2% AP KR I B 9 5 5 B 3 5 77

RGN BBRIWR A Y, kg/hm” , AW 5T 45 IR
f8 B KPR (GWPyiaa) » BV 3 KR RE U SR 5 78 S i
[F) A 32 5 TG A S DRI ™ O T A i T
GW P givee A AR BE A 77 A2 T8] 12 HE AT 18 3 785 3

kg/hm?. %7 Net GWP Sy 6 AU X AR /LA R4
SRR o 22 0 g B D
1.3.7 REZGFHEMEH
R ERY 3 € X T Rz I
Net Profit = AXY X P —C (1D

i Net profit M HZ B35 J6/hm® 3 A g
FETE AL hm? Y O F K7 6 kg/hm? 5 POy £ KTl
it ¥, ot/kg. EAR BT M A& R 1. 90 JC/kg
(2018 4E)F 2. 20 G/ kg(2019 4E) ;C H F K 1y 1 7=
A T, ERF 4% 20 T8/ kg, BN 2. 4 T6/ kg,
WEAE A 3 JC/ ke, 40 B K 5 JC/kg. il AL 40 1 70 (4
¥ 8 0/ kg IREGD 6 700 09 4 48 R 11. 2 JT/ kg, HE
K46 R 0,55 J6/m* 4830 7. 6 JC/kg.
1.4 HiEE

W7 2253 B CANOV A X 854 ik 17 4k 1, &b
M 2 5 M £ & L Kk B Least-significant
difference(L.SD) ¥, Fr A 4% 43 A1 ¥ 7€ Microsoft
Excel 2021 F SPSS 13. 0 ¥ 55 F gk 47, W K % H
Origin 2018,

2 H#RE545Hm

2.1 RHEATERESEHMIFE
2.1.1 RKwm 23 N,O Hea4s4e

2018—2019 FFH ERAERKFEAFALH N,O 1
HEGE AR AR AR AE a0 8 1 froR . H B oK ok M
N, O Y HF i 5 35 O T {H . R W1 7 oK R B 412
N, O 1y HE 5

A 1 AT R A AR BR ) 38 N, O HERCR R AE
FEAR—F0, Bt A JE 58 N, O HE s & o T,
HL i B HECGE S22 20 6 ds £ AR B N, O Hi ik 14
PR G — FA 0 B, B S 23 B L A e 1
HEMOE s CK AR BE N, O HEBE & R K BN
HEFRTE BARIK T, 2018 4F 2019 4 CK Ak 35 K4
i E B 43 A 59,9 A 151, 5 pg/(m® < h), LF.SU,
ER # HF 7eJit iE J5 b & AU 1942 24 1 N, O Rk
SRR L R S 5 5~ 6 Kk ] HE ik g
{H, B HE 403 N, O HE 8 5 5 K, 2018 4F, 2019
AEHEN W AR 43 3k B 792, 4 FI 478, 8 pg/(m? » h),

PIAE N SU 43 N, O HE 508 i 19 {6 Ry 342. 6 Fl
305.9 pg/(m? « h), 1 ER 4b B HE i 8 60 0 {5 A
N 220.7 F1221. 8 pg/(m? « h), 4 SU kb B 43 1] [
iR T 35.6% F127.5%. 2018 4E 8 H 20 H &% 9 A
20 H ¥ B — A /N AH L S i T 0 SR R, A 1
g KRB, RS E W e R L R T
N, O A Wl S HE . 1 E R T N, O HE i & —
H AR BRI,

CK AbFEAEEA A K 22N N, O HEBGE & K,
HF &b B HEHGE & 1 ER A H SU Ab P 2% f#
G L 2 W48 it R0 2 2 F 48 NL O Y HE L 38
AT N, O B HEBCA 35 A7 .
2.1.2 Rw|EHE CO, HasFie

20182019 4F Al b P £ K A K F& CO, 1Y
HepGaE K 2 pros . B2 EkfK 5 CO, By HE
i3 35 TE A, R AR 5 CO, MHERCE

1 ] 2 AT AN [RIAR B a] 48 CO, HERBH FRAE
R — 2, B AR 5 3 CO, HE i A, Fr sk
Z310d, fEEKRAEKEE G H I8 A LA,
BPHR -l e CO., HEBGE &4 . 2019 4F 8 H 20
H2 9 A 18 H i BHER/ N &, 2 i TRER 3301
BRI A, 6 A 15 HEER 2 5, #E47T — ki
B AL 0 22 HEEVE /N 22 RS AF SO Ry IR
PR AL T E R IR, IR i MG i, CO, HE
JiGE K. HF 2B AL G CO, HERBUEE ok
A HE TR 1 43 591}y 493. 9 F11 657. 8 mg/(m® « h),
ER &b 28 HE e 05 (8 £ %, 4 Bk 402, 2 F1 432, 7
ch), Uik BAE 6 HFaE 7 Hhaz
] CO, HE ik & 4 K. 2490 300 mg/(m* « h),
7 J3 v A HEGE R O A B, 7 A A
28 H b R W T E L, B E R ORIE G
A T 4R A R AR 1 A R R bR, B R
HR AN, B CO, HEAGHE 5 K, 2018 4F,2019
AP 45 Kb B 5 3 S G {9 Rl 43 )k 668. 6 ~820. 2
M 607. 9~778. 2 mg/(m*> » h), 8 AH I CO,
HE O % T R L O st HE R R 2 A R
A SR R B A SN R SE I A OK B TR H
BEORAN T A S5 W AR R0 s/, HECGHE 3
AL TF 75.9~206. 7 F1 42. 9~107. 2 mg/(m” » h),

EE EXA4 K BN, HE &8 CO, HE ik &
e, ER 4b B RS CO, HEiiE &= B % KT HoAth
b B,

mg/(m?*
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Fig.1 N,O emission fluxes under different treatments during summer maize growing seasons

2.1.3 Rw t3E CH, Hksie

20182019 4E A b B B £ oKk A=K 22 CH, 1Y
HepcE S 3 frs . alA: B R KA H 1 CO,
B HEGE 5 22 O 1A, 3R BT AR A0 P IR ROk R B 4 4
&= CH, M) — 855 i W i, it 2 #E 8 5, CHL
HEGE & T IEE R T e R K BN A
B TIEEMAE Y 2 AL T IRAE ST W T 4 T
CH, By %A AE T, [F I 32 5 7 F e o 00 3% 7 L 42
T CH, W¥yr=4. 2018 £ 7 H 31 HZEA HBMW
CH, 3R MW W , e i K b F Pk A K & & i
W, SR ETHFE LK A E, L3P il A5 HUR 8
SRR & b, LA T4 SR, A F T CH,

B AL L 3 R HE S KR 2 8 CHL, B B0 B B
PRI BT CH, A W Wi U, U5 {3 181 Oy — 30. 4 ~
—14.8 pg/(m* « h),

EEEARBNERKEN, AFLHEZ 0 CH, HE
CRFIE B A — 30, A 0 25 5 TR 3K T Bl B T AE
W E CH, W/ g, SULHE Ab Bt 2K 48
s P CH, %k, B CHL, WOGHE R
2.1.4 REEBEBTARFREE

2018 4F, 2019 “E A A 4b # Y N, O, CO, . CH,
SRR IR 4 Fras . BTN AN [ b B R) R OK A
K& N, O B HEBOE 25 5800 2 B il 0 1Y
B N, O HE il 52 202 87 3 i ka5, 2018 4
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Fig. 2 CO, emission fluxes under different treatments during summer maize growing seasons

A=)
zé\%ﬂi

2019 4F,CK &b 2 N, O HEjik ik, 43304 0. 72
A1 1,39 kg/hm? s HF 4b# N, O HEJ 7 e i . 40
Jy2.73 A1 3. 98 kg/hm?, F-#4 2k CK b B 3. 3
£t AR R A DL T VR I ) R e RS T
N, O HERL, BI4E ] ER AR B N, O HEACE B 5 SU
A BEREAR T 25.5%,

2018 #2.,2019 £ H ERAERKEN CO, HEHE
HYEHE 2 8 594, 86~9 759. 94 Hl 8 138, 85~
8 742.47 kg/hm’ . Hrp ER &b FR{Y CO, HEjk 25 @

SR TR 250 A B SU R (P<<0. 05) , % 4F [a]

CO, HER B &4 BIFEAL T 10. 8% .3.4% . LF.SU
HHF 3 A4 B2 (8] CO, HEM &2 %A W
25,

2018 4 .2019 FFH £ AR A K F N CH, UL S
TV 2098 0. 14~0. 33 F1 0. 14~0. 34 kg/hm?,
HEF 4b 31 it 2 B K, £ 88 CH, Ak 4B 1Y 2
TR AR JE T CH, A4k, CH, Wk & B 3%
BT H AL, ER 4B CH, Wk 4 SU kb B %
iK1 35. 7 %6, & Wit 0K Y- AR [R] BF S 41 1 50) 25 &
EAT CH, BRIk &,
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Fig.3 CH, emission fluxes under different treatments during summer maize growing seasons
2.2 RESEHIMEBEEREDE (CWPw + GWPii) GWPs, 5358 9 035. 4 F1 9 131. 7 kg/hm*, & SU

#2018 4F.2019 FFH E KA H N,0,CO, .CH,
HERC R S —#54 h CO, Y&, n[ {34 M+ 336 %
SRR GWPs, - W 4 FEzs, A0 i T4
H CO, HE & & & . GWPs,; KA CO, K ¥, N,0,
CH, TiMkE /N, EXRAKZFEN CK b3 M ER 43
(1) GWPs 4E R 7E B AR K F-, T HE 4b 3 GWPs, 24 %
157,2018 4E.,2019 4E43 91} 10 405.5 F1 9 920. 8 kg/hmt ,
5 CK AbBE & 10, 9% . A AL 0K - F . ER
AEHE ) GWPs, i E LT SU A H, 2 kK S

Ab BRI AR 8. 7 V6, 22 WS Jin 00 ot 590 AT LA e 2 Ok
/b R AR A I IR v

HEOK A AT W& Rl Rl 8 A Y 1SR TR
(GWPiee) W 5 Ca) ff v, 0] 0. AN [6] 4k PR
GWPpgve M 1 633.7~5 216. 5 kg/hm?® . H i CK 4b
PR T i AR B 458D, GWP e T 1 s LE.SULER Al
HF 4t B 1 GWPrge 77 9 38 CK & 67.2%,
83.5%.83.5% M 153. 3%, HF &b ¥y it Al & 4K
15 s GWPree T35 0 THARALHL . 72T A R BA
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x4 TRAKMETEENXRAKHELENO0.CO,.CH, ZRHBE

Table 4 N,O, CO, and CH, cumulative emission quantities of summer-maize

field under different treatments (kg/hm?*)
N, O 2B HE it CO, R HEem it CH, 2B it
LUEL Cumulative N, O emissions Cumulative CO, emissions Cumulative CH, absorption
Treatment

2018 4 2019 4 2018 4 2019 4¢ 2018 4 2019 4§
CK 0.72 ¢ 1.39d 9635.42 a 8 138.85 b 0.18 be 0.14 ¢
LF 1.83 ¢ 3.01 ¢ 9 759.94 a 8 473.30 a 0.24 b 0.27 b
SU 2.15b 3.58 b 9639.29 a 8§ 577.63 a 0.23b 0.34 a
ER 1.49d 2.85 ¢ 8 594.86 b 8288.12 b 0.14 ¢ 0.23 b
HF 2.73 a 3.98 a 9 600.21 a 8 742.47 a 0.33 a 0.31 a

R B AR A 7R R OR 22 55 B3 (P<<0. 05) MR PR FRRERAREF(P>0.05 . FHE.

Note: Within the same column, different letters represent significant differences (P<C0. 05), while the same letters

represent no significant differences (P=>0.05). The same below.

14000 HooissgE @ 201948
12000 |
ab a a b a a
— 10000} £ Fab Bk L ab H
T b i b o
= =
3 8000[
27 6000
=
< 4000f
2000 F
0 1 1 1 1 J
CK LF SU ER HF
b Treatment

FETE B bR ] 2 6 % 22 57 1 3 (P<<0. 05) , M A R R R 22 R R W3 (P>0.05), FIAl,

Different letters on the column chart represent significant differences (P<C0. 05), while the same letters represent

no significant differences (P>>0. 05). The same below.

B4 FRLETEERRBATEHRBBEESEILEEE(CWPw)

Fig. 4 Global warming potential of greenhouse gas emissions from summer maize farmland under different treatments
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Fig.5 Global warming potential based on agricultural input (a) and total emissions (b) under different treatments
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AR XF GWPLge 19 DT R B K IR Z . BR T
CK 4b3i4h, LF SU,ER F1 HF &b B AE R} A & A% 11 18]
FEHER S GWPare 1Y 54, 1%0,58. 296,58, 2%,69. 7% ;
VR A JIC o B4R 1 28. 496 ~31. 2%

W2 Tk a4 F W0 B # . AR = R HE
H8 Y0 T A B T A5 S HE R 3 R T A s 5 (b
FiR o AL L AN TR] b 2 HE R i B 1 TRV S
10 831.3 ~ 14 301.9 kg/hm®, B & 2 1k & &k N
HF>SU>LF>ER>CK, B HERo 8 HE i
TiHkA K, CK.LF,SU.ER #l HF &b B b 77 43 HE ik
S350 5 BHE R Y 84, 9%6,78.2%,76.9%,75.2%
K 71.1% ., HF By S HE R W% & T =LA b
B JR f T O RN ) HE i Y s . M SU
AR B G0 50 5 | A R HE R A R AR R
FREAR T 4 MR = R R HE S Y, ER AR

Hef i 12 082, 1 kg/hm” . J# AR T 6. 7%,
2.3 SVREFNERELE(GWPw ) RESIR
2 Bz A M

2018 4F 2019 4F B TR H G-I 94k 7 1 15 iR
WHE(GWPpp) W3 5 Pron. R ATHAN: 2018 4F AN
2019 4F CK 4b B i GWPyp 43 51 R 35 757. 2
38 851. 9 kg/hm?, GWPypp 8 F K T H AT AL B (P<<
0.05), SU LI GWPypp fi 55, 28 91 Jg 44 274, 9
44 399.1 kg/hm” ,"F-¥748 CK 4b P 19. 0% . B
PP 7% GW P 52 A 12, R B ER AR BRI 5
SU ) GWPype JC 10 3% 22 7. HF &b Pt 5 5 fe (= »
fH GWPp % T SU,ER 4k B, GWPwp 2 5 N
41 986.8 F139 669. 4 kg/hm*, FE3 % SU b 3 AL
9. 8% , & Wit Ui o AN e DR UE 28 T 7 e S I Btk it 7

FreLhmmn .

RS ARV ETEVMEEFTHIEEEREERE(GWPyy)

Table 5 Estimation of global warming potential based on

NPP under different treatments kg/hm®
Ay Aib 7
Year Treatment GWPs GW Proo GWPredate GWPypp
CK 13 064.0 a 4 389.5 a 3933.3 a 35 757.2 a
LF 15 109.3 b 5076.7 b 4549.1b 41 355.4 b
2018 SU 16 176.0 b 5435.1b 4870.2 b 44 274.9 b
ER 15 681.3 b 5268.9 b 4721.3b 42 921.0 b
HF 15 340.0 b 5154.2 b 4618.5 b 41 986.8 b
CK 14 194.7 a 4769.4 a 4 273.7 a 38 851.9 a
LF 14 784.0 ab 4 967.4 ab 4 451.1 ab 40 464.9 ab
2019 SU 16 221.3 b 450.4 b 4883.9b 44 399.1 b
ER 15 620. 0 ab 5 248.3 ab 4. 702.8 ab 42 753.2 ab
HF 14 493.3 a 4 869.8 a 4 363.6 a 39 669.4 a

TE s GWPstran » R FF S MR S H 5 GW Proor o 3B 853 15 1 T 35 GW Pudane » B R S0 08 W0 335 TRV 94

Note: GWPsiaw » global warming potential of maize straw; GWPgroo » global warming potential of

roots; GWPgxudae » global warming potential of exudate.

255 75 AN TR) Kb 2 HE R Rl B T AR
ZEA MR H (Net GWP) L RNE 6 iR, ]
A E TS Net GWP B (i, I E £
KR BAB RGN KRS, 2018 4F.2019 4E A
[F 4k BE ) Net GWP {1 [l 43 5 b — 13 637.6 ~
—9907.6 fM—13 921.1~—9 667.1 kg/hm*, CK
A 39 it A AR AT A8 A 0 7 e B A ) s AT T

W i I . AN E R K N, HE %1
Net GWP 25 —10 117. 8 kg/hm?, Jiti & &t £ {H 3 K
ARAFRE By 7 i [ Bk BT SU K ER; [a] B 825
V14 it 2R ek (8 A5 L 4 HE R ) B HE O A R ) R Y
R HE 4b P Net GWP {146 %5 {8 8 F % T Higx kb
P, ER Zb34 34 Net GWP 1 —13 539. 3 kg/hm’ ,
X EE CK A B Es 18. 1% ,{H5 SU A %A
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Fig. 6 Estimation of net global warming potential under different treatments

FH2F . ER AL Bt AL Y ] B s 4 n), BE B AR
TR = SRR B R AR

THE A A 77 K # A A 15 5 R, 9 5 Net
GWP 454 K PIAEN 5 AL ERR 10 X ] i -4 1 i
TS RS B s , 0040 4 AR, 40l 2 e
Wi 25 -7 8 8% (High profit-high net GWP) | &5 UK 25 -
% @ 8% (High profit-low net GWP) KU 25 - = & bk
(Low profit-high net GWP) LA J ik i 25 -1 [ f%
(Low profit-low net GWP), 2018 4E 2019 4E A [d]
A B R E K ¥ F) W O 11 579.3~11 582. 2 fll

12 766.5~14 173. 6 Jt/hm*, HF 4b ¥ g F (K Uk
AR Bk it A A R BT X, AR o R 4 0
12 471.2 F1 11 582. 2 J6/hm” ; f& Jifi AE it 76 3 J 9%
P5 IR B 1) [ B A 3 2 SO HE A R i, L3 7
SRR, SULER ZbHE 5 i 25 - v [ ik 5 B
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Fig. 7 Classification of net profit-net global warming potential models under different treatments
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RNEAE R Al 26 7 v s KR RE IR I AE IR, 3
Xt AR A ik HE R 5 e RS R 2 R PR AR ) R
7t AR e, EURE B R R R AR, A2 B IR
A HL R i %) BR ) 3 R K AT LR A G RUIR A T
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