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Effects of Nitrogen Fertilizer on Greenhouse Gas
Emissions and Maize Yield in Yellow Soils
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Abstract: To explored the effects of different rates of nitrogen fertilizer on the greenhouse gas (CO,, CH,
and N, O) emissions, maize yield, global warming potential and greenhouse gas emission intensity, under-
stand the contribution of nitrogen fertilizer to the greenhouse gas emissions, provide scientific basis for

stabilizing production, reducing the comprehensive greenhouse effect, and realize the sustainable develop-
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ment of agriculture. In the field experiment, maize was used as the test crop. Four nitrogen application
rates were set up, including the local traditional fertilization (CF100), 30% reduction in nitrogen fertilizer
(CF70), 50% reduction in nitrogen fertilizer (CF50) and no fertilization (CK). The static chamber-gas
chromatography method was used to determine the greenhouse gas fluxes during the maize growing. The
crop yields of different nitrogen application rates for the typical yellow soil in Guizhou were measured at
harvest. Compared to CK, nitrogen application increased the average emission flux and cumulative emis-
sion of CO,, CH, and N, O, but there was no significant difference among the nitrogen application treat-
ments. The global warming potential (GWP) increased significantly by 36.78%, 52.14% and 50.22%
under the treatment of CF50, CF70 and CF100, respectively. The application of nitrogen fertilizer signifi-
cantly increased the yield of maize. There was no significant difference between CF100 and CF70. Com-
pared to CF50, the yield of CF100 and CF70 was increased by 16.33% and 13.53%, respectively (p <<
0.05). Greenhouse gas emission intensity (GHGI) was significantly reduced by 57.88% ., 60.15% and
60.94% under CF50, CF70 and CF100 treatments, respectively, but there was no significant difference a-
mong nitrogen application treatments. Nitrogen application treatment could decrease soil pH value and in-
crease the contents of soil total nitrogen (TN) and total phosphorus (TP). The content of organic carbon
increased first and then decreased. Application of nitrogen fertilizer could increase the greenhouse gas e-
missions, but can significantly increase the crop yield. There were no significant differences in grain yield
and GHGI between CF70 and CF100 treatments (p>>0.05). Therefore, to achieve high maize yield and
low greenhouse gas emissions, the 30% of fertilization reduction based on the application of local tradition-
al nitrogen fertilizer would be the management to achieve the sustainable agriculture development.

Key words: maize yield; fertilizer reduction and efficiency enhancement; greenhouse gas; global warming

potential; greenhouse gas emission intensity
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1.1 RIE R

I LA T3 N TR X Z S (R L 106°27 —106°52 , 446 26°11 —26°34 ), #4% 1 100 m,
Ja& BT T K. AR EARR 16,0 TC, HrpP AR EARIR 7.0 'C. AEPEARR 23.7 'C, 24T
I 246 d, FEREKE 1178, 3mm, KDY, 4—8 ABKE S EFEM 70%. AT = 5t 8 R4 A
SR 08 L Kb B, A DX AR DA LU Hb RN B R T, Dy MR (9 e R bl T b X, SR . % pH E
5,62, A3 ML R A E0R 39.18 g/kg. BRME AN 178.10 mg/kg. HALBE N 8. 96 mg/kg, HALH N
183. 67 mg/kg.
1.2 RIWiEit

I AR e b, ARl 2 b bt T T T 4 S UIE IR AR R 43 B O Rt BB (CK . Xt
HE) L i dE 50 %0 /B (CF50) , i 30 % AL (CF70) | £ 4L It (CF100) , 350 /NK AL 18 m®, A4~ Ab 3
SAEE ., SEABEHLHEY]. 4L G AL AR T8 N 273 kg/hm® Fl P, O 264 kg/hm®. 56 B FAE Ry R
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Tk (i b A /MR PR UTRR ) F B M 0. 89/0. 111,
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i | Excel 2016, SPSS 21 il SigmaPlot 14 #EA75HGHERF . ST 20 M MU ) 2. i 5 2 & p A
R 20 (ANOVAY X CO, . CH, DL & N, O ¥ HE i & #1478 3 MK %, @k LSD X} CO,.CH, Lk
K N,O BRHCE ., GWP, =&, GHGI, H3EH M RET B EEAR, 24 p<<0.05 i, ZREHKIT
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AL ], #5 AL BE CO, HERUGE & A IR —B, BT 1.42~220. 24 mg/(m” « h) (E 2a). 6
A CO, HEHGE RBAR. 7 7 hEnt 22138 A0 1 85 R B0E(E . S &8 F IR 8 TRE. CO, B
I 75 30 4 W s S it P i B e B SR b e b CEF50, CF70 AT CF100 4351 B CK 34 60. 7924,
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2~3 JE 5 K B AE (& 2b) ; i & KA RTE CF50 &b FER, o 67. 94 pg/(m” « b, f/MEHBLTE CK
WHF, B —65. 44 pg/(m® « h). AR CH, F¥HBGE RS —15.15~0. 68 pg/(m” « h), WKFH]
/MK Jg . CF50,CF100,CF70,CK, H i CF50,CF100 5 CK 2 %4 43 2% 5 L (p<<0.05) (F 1). N,O
He e i 4% b B A — 30, B2 g, 5 GBS B — AN g BRI 2~3
LA A HE A . AEUCER I N, O HERGE B g A LT 200, N Rt BE A0 B B N, O SF- 359 HE 0 & o
6.67~28.24 pg/(m’ « h)y WKEI/MEK J . CF100,CF70,CF50,CK, £ B N, O HE ik Bt 2 0 i F i 1
BTG 0, R A Ak B E] 25 S RS AE R L(p=>0. 05) (& D).
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fib 7 CO,/(mg+m *+h ") CH,/(pg+m *+h ") N,O/(ug+m *«h ")
CK 48.1043.52b —15.15+2.39b 6.67+2.08b
CF50 77.3349.98a 0.6842.17a 12.52=+1. 16ab
CF70 85.88+6. 70a —4.76+3. 89ab 22.71=+9. 24ab
CF100 66.87+2. 38ab 0.22+5. 33a 28.24+3. 88a

TE e [Rl— B0 A (6] /N5 5 B 36 7R 4% AR B ) 22 S A7 e 022 08 L (p<<0. 05). T Al
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CO, ZRAUHE L B 2 i FH A2 0 3 n Je B s 920, b CK IR, 2 1 691. 28 kg/hm’ ; CF70 i
ik 2 427.16 kg/hm*, H CK ZEFEIEAN T 43. 67 % (p<C0.05) (3 2). AT N, O F I M HE I, ZFHEK
i T B it FH 2 4 38 B 14 A, CF50, CF70, CF100 AR 343 %) He CK 3840 T 33. 95 % ,158. 4% ,201. 32%,
A48 Kb BRI 22 57 TS24 L (p=>0.05). CH, E2FE &, CK 5 CF70 A, £ ML, 1M CF50
5 CF100 HEjl i 7= b HE .

S BRI TV S A UM it A R AR T R B, SRR CK A He, CF50,CF70 #1 CF100 4 ¥ GWP 43
BIE RS T 36.78%,52. 14 Y A1 50. 22% » H2ZERA G it %7 XL (p<<0.05), {H CF50,CF70 #1 CF100 &b # [&]
R EGITFE L (p=>0.05). F£AH GWP £E K H CO, 5THk, & GWP 9 86.41%~94.05% , Hik Ny
N, O 2).

2.3 AEAHELEMEXREMERBESEHMEENFIE

AL PR b AR R B E S T CK, ik ik 15 684.46 kg/hm®, 5 CK M L. CF50, CF70 #
CF100 &b BE4» S48 & 7 112.11%, 142, 98% # 153.36%, 3 HZ FH S i 5H X (p<<0.05), CF70
CF100 M2 K gt %8 X (p=>0.05) (F£ 3). FlFH A I, FARAFR =B EFE I, HS CK 2%
A G123 L (p<<0.05), {H CEF70 5 CF100 4b3 2 [A] F KA KL ™ i 22 5 4 it 2% B L (p=>0. 05) (& 3a).
CF50,CF70 1 CF Jifts 208 B b B8 F K FF R i8¢ CK 40 548 = T 185. 06 %6,228. 99 %0 Fl 231. 60 %.

FoRAERKFRESEHEBGRE (GHGD 5 & 3b iR, BEM A E NN, GHGI 2815
GWP KRR Hrh w2 CK, K 0. 97 kg/kg. AR CF100 4B, 4 0. 37 kg/kg, MK
F/MEWX Hy . CK,CF50,CF70,CF100, H2ZSA G128 L (p<<0.05), {H CF70 & # 5 CF100 &b 2 (1]
ZREGITFE X (p=>0.05).

2.4 AFEMRERALEEXKM T IEBUERHOZMW

Jiti S Ah B AT 5 oK b ERRAR R BT (3 4. iR 4 R, bl AL PR AT R A 0 pH(E . HL RS it R
R BE I REAR . 22 5 A Geit 2 E L (p<<0. 05). HIEA LR VE A HLE R IS R EERIE, 2B
B R - SRS M B N 2R, BRSO R A . R [ it Ak P A A MLRR R S T 4. 46%6~9.50%, H
ZRAGIFE L (p<<0.05). FEifi Z AL BEH I = i J& CF70 4b 8, ik 28.01 g/kg, e flkiy2& CF100 4 2H,
N 26.72 g/kg. A H A RN R FIH S, S CF100 Ab¥EA 1. 93 g/kg, AR R CF50 4b
P, 4 1.80 g/kg, 5 CK AHIL, $MT 28.62% (p=>0.05). Bk sh 5 A HHmER. 5 CK M
o, it A AL BRIG SN T s 8 B2ER TSI R X (p=>0.05). T HE C/N H4EHFTE 14. 00~17. 10,
Jit FH AL AT A 38 C/NfH . (A2 5 BG4 E L (p=>0.05).

£ FAAMALABEXEKSRELIBEEESARRHNESENSHRERER(THELTAR)

. CO, SR = CH, EH N, O 2B HE i A2 R IV
/(kg + hm™") /(kg *« hm™*) /(kg *+ hm™*) /(kg * hm™*)

CK 1 689.43+28. 46b —0.65+0.08b 0.4140.17a 1 798.07+78.53b
CF50 2 288.154-289. 35a 0.154+0.42a 0.55+0.13a 2 470. 674260. 93a
CF70 2 427.16+66. 89a —0.5140.57ab 1.07+0.58a 2 800. 654-220. 93a
CF100 2 331.80+117. 85a —0.1940. 18ab 1. 25+0. 25a 2 703.93+45. 69a

RI3I AAERLEBEXRERKSTEVRESN(EFHELIRAER)
e M | EB HEHR MY R WA T )
/(kg « hm ") /(kg *« hm™*) /(kg « hm ") /(kg « hm %) /(kg + hm™ %)
CK 6 190. 58 +£641.43c  557.15457. 75¢ 309.53+£32.07c 841.64+87.21c 7 891.26+£817. 64c
CF50 13 130.574927.59b 1181. 75483. 48b 656.53+46.38b 1 785.174126.11b 16 737.7941 182. 42b
CF70 15 041. 65479. 44a 1353.4547. 15a 752.08=+3.97a 2 044.994+10. 8a 19 173.884101. 26a

CF100 15 684.464225. 11a  1411. 60£20. 26a 784.23=x11. 26a 2132.384=30. 6a 19 993. 28+286. 95a
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3 ERMFHFERBESEHAEE(FHEIRER)

x4 FEBELEIEERBLER(FHELFER)

b 7 pH 1H SOC/(g+ kg™ ) TN/(g-kg " TP/(g - kg ') C/N
CK 5.77+0.05a 25.5840.19b 1.5040. 074 a 0.30=£0.05a 17.10£0.91 a
CF50 5.7240.07a 27.6340. 37a 1.8040.13 a 0.33+0.02a 15.50+1.32 a
CF70 5.50+0.04b 28.0140. 62a 1.9040. 25 a 0.35%+0.01a 15.14=+1.65 a
CF100 5.4840. 03b 26.720. 56ab 1.93+0.14 a 0.3140.01a 14.004+1.32 a
3 iFig

3.1 MRAEMNEBESENEI

A& W 45 CO, Hi ik 35 BBk TR 2 B 9 0O W W RN = v A LS - A 1 ) AR Mk S R
SO B GEN B EDIMC. CAMFIEIE I, IR e A PLR A A e AR A 5
MAE], 7 A RER R (E 1), BFEBRE . 13 CO, fit ka8 RE; 8 AM CO, HiiuE &K, H
AT BE Y SRR 2 3K 2 BRI T SR Brim e, S8 CO, HERE B D, () U R A e R A B
M2 E ARBTG5 K50 2 B EA OGO R . Y 3 &K BRI . Bk AH O Y Bl 5 R BE AR, 78 & KR
BARPIRE BT b Sk S0 A 22 I STk TS R R, RSB CO, HE O R AR i RS
CO, HEMGHE 5T E AN E A R . Jin 25 R 1 IX B 98 K BL. 38 CO, Bl 25 it 0 4 B0 386 i i 34
s ZEAF IR SR T VO ST & R, o i G B, v A Ak SRR A B e T A LR Y 4
fige Ak, AT AR KB CO, 5 Kandel %575 76 36 BB 58 & 8L, AR A4 38 CO, 3 5] it 20 52k i 1oy 42, 5t
EAORKR R, TEAWE 5T b Bl & it 05 19 3 n CO, HE 38 & 38 fm . A 8] it &0 & 88 CK 3§ in T 39. 04 % ~
78.56 %, HJE PR AT i S IR it B A BE S 8 5 C/N BN L B A S B W A R R L T 9
HENERY . B A CO, HERCGE Y. AN, it & nT 5 SR R 6 A 1 R TR B SRR R Bl ORI
W, B CO, HE B s b 0 e A PR A 6L, FRAR L pH (A, 30 - e AR AR
W AL HE CO, HE . EABETE T 3 AN it A A A BB 22 RS S, T RE R A R iR
R RE R . BRI HE DS S EE R REY, X G2 S s R — 5, CO, B
HE 5 o Bl 2 it LB 2 R BT R, H A AR B 25 e T g i X

CH, 76 E XK ACJ5 2~3 J& i BLHEBOSAE 3 5 R0 B F8 ML L LT Rl A Dt A1 2 08 A 48 oy -+
PR AR AL T R R IE (L B BE TR B B . AT F 30 CH, HEBCR S . CH, 2l . {8 . pH
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5 0 A A SR 0 S R I, PR I 2 B MR A R 2 ) 22 S AR S CHL, HE R 5 TE 6700k Bl HE i B 5
AN, ATRESE CH, BY7F7 A B RAE IR AT 15 e o 0, il AR, B2 R A EA L 5
W CH, ALY W HERC R D, 78 A58 it /U A B R X CH, BRVHE & 7 4 B 5, X 5 57
BRI g A R — 3, GUIEXT R4 CH, 7= A BRI A7 - A0 ) A S 0, 24 e HLRR 1 4 500 B4 B
s, it U CH, HERCE 9 A B 3%

A& P N, O 352 i Ak R SR AR 7= A= L i e K T g R e R R AL A R
A Bl A W T SR R i 4 N, O HERCY . EARBE g P, N, O HEBGE B AE 7 H Oy ik B, HnT AR A R
PR - 93 B FK A i SR R YT BTSSRI, S HERE (WEFPS) /N T 60 %0, Ak 1 FH 2 £ 1=
AN,O B F B, KT 60%h . AR L34 N, O f EZ 5, AR5 45 4B N, O
SO B B 25 B G R S, {E 0 i 2 SR A A S R A, X 5 A Y g 4 R —
Jite Ak B S X B HL A T, (H2E R G . X AT e e R R R L K4 A R 3R 4y S [E AR
TSR IR I A K . 2R I8 X B AR A AT N, O B HER . U it
s AR AL RS RS A AR S T AR SR AR R, B BUR EEREE, MM R KRS AR AT N, O HEC . VR
FR AN I g ke B MR A U A T AN S ARV P A BR R R 2 B U & NH -NLNO, N B R 4y
B, T R R MR . TR N, O HERL. BRHEFESES du g it R B0 SRR R R R R
I, P A A A A AT R B W B R KRR T SR AR S AR AR AT A R A R
B N, O B HE A
3.2 HRAEMNEXRAEMNEM

TR R E IS 0 B OK A A R E RO ) B R SN A TR A A A, DT i R
RS R GE SR A 1 it RUIE R A R A 3Ry TR B AR A OS HEITE I 3R 4Y . K

WO T, RS EY S Y. Shen MBS A B, it /A AT % B R HER S AR E AR B E
KAEKEE SRS L PAMANMS . RHFERARAY R, § RN RS WBOE R, i FAE KR 5
Oy MM R Bk e i, DhBREE & AR5 S 05 At IE AR FE o bt A J 9 o 5 SR . 2 A 4 N T g
R B AN 3 ST 0B 42 T . R i R ORARE IR 20 W e . 4 v AR B

TEAHIEFE K Ml 3 A= 65 MR ™ 2 B A it 20 0 35 i 3 . {2 CF70 5 CF100 4b 31 i 7 & A
I, 2ERHGE T L. F ARG X A R T CF70 B, - a5 R W3, w] fig 0 R DR 2 o i i i
JE 250 - HEE 7 R R, AT/ 7= L ke RS B A K B it N8 T A - 4 pH L MRk
3, RO ISR LS s Al R A S S BRI ™ ., R AR B R AR AR TR
EEMRE R, CAPFREN, MiEAE R 60~180 kg/hm® B, Jifi & 2l T AR 2 A= K 1 K AR bk 0 A4 31
FErE, AR 0E HEROA SR & AR O R AP M AP AT O A AE R, R R AR R AT I S 4R A K 4 R R AL
K, ZAREAEY RN BT IS & B, B R S, R OK P SR S PR AR, Y A
N 240~360 kg/hm® I, AR 2 SRR A RIS A H R B8 Bl K, LB Rk m =, B RN 1
SONWEFE & B, BE B AR BN, ok L b T R L3 R B R R e B R e > i R
240 kg/hm® B EORP=m ik fem ., TY SR RBE R K. HI, 35 5 0 ME 2 5 rT 42 28 74 7= & 8,
o T Wy o AR R K A R FHRIOCR A5 8 B 05 . o it AU 23 R R Ak ™ . AR TR .
3.3 MAELENEKIERERREESEHMEENZIN

GWP f CO,,CH, f1 N,O Ht:[FHsE, mRiE g d CH, stikEAR, A8 e RM M55, EAMR
. CO, HERGE T2 5 8 GWP 1 90%, Bk, CO, HEBUHE & K/ANEE~ W T GWP H., fFEAMFI T,
R HIEHE T N, O B HER, Sx5 8 CK AL, AL IET N, O HE i 25 1 33. 9520~201. 322, UiH]
Jita I RN A i A A T R RIS A . TR T N, O HEg I v AU T B2y S R AU A RS BUR , BRAIR
ER R IEA RSN Besh, BB X GWP BRIt A28 5 Z 8, N,O 5+ 5L 8 5 8 % 1F M 566
Y, pH AR N, O HEB BB T, FERbE#IX, FEAK pH A BE A 21 5 0B HE iR RS . FE A
Wiz, AR AT GWP A LTS, HERESEIHEE L. X 54 RED s R —5. AR A
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WAl GWP ¥, BABE 2R IR X, FEFERE CO, HEGE & GWP ) EZ A, A%
B 355 o 2, AU X R 2 R gt B X, FEOK Ay R UL Rt e O A R FAE R R, CO,
ERHEER LS E L, RAFHSTALHEE GWP 257 T8t E L.

T = AR R B Rl TR = R BRHERCE SEY T R R R, IR BUR R AR I HE AR, A
Wsch GHGI 4 0. 38~0. 97 kg/kg, STALEEAMY . CK 4B GHGI 5, Ul A&, + 50
FEAG, SEERACT . R AR . ERAPR RS . 5 GWP Lk E T GHGI K
N AL PR R EE AR HE AR B A S . IR CK, ik K ™ i R IR 2 A B R A ) 3 R O Y &
F, IS B A RN R T DGR A T K AR X A BRAS R B S R /N TR SRS A A% B it AR A i Al o
200 AR, N, O Heilam & W AL, HE R R &2k, HRESEHBRERICT 29.1%. Ma
SIS B, AE AL G it AR B E R B> 10%0 8 25% . GWP A3 BI R EET 20% R 14 % . AT A5 Rk B A
GHGI . FWAESE MM ER T, TR E AR . 3 B E R GHGI . SBUR = R HERCR ™.
AL e N it 2 1 i = SRR, (XS VR 7 IF AR A R R TS R S . FEA RS
W 30 Yo AE (CE70) il ANy Tk ™= f . s/ D iR = SRHECE: . S22 X B K2 A B 0 il A &2

4 Zig

Jiti i I8 AT AR HE R OKR AR K ZE CO, AT N, O HEIGE it 42 T I 5 i 5 oK A W 0 BORF R ™ i, (HECY A% 42
Jit 8 (CF100) , LI 30 %6 (CF70) F KA ™, 1AL AT 50 V0 b R oK™ it 45 & iR = R HEK
SR . AE Y AL S0 AL FE AL E L AR 30 90 T ST B R R ORI . R SR HE B B G B R, il
S BRI 8 1A A AR Y T RS R H AR
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