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Effects of different nitrogen regimes on greenhouse gas emissions and grain yields in paddy fields

ZHANG Zhi—sheng', WANG Ben—fu', LI Yang', YANG Xiao—long', HU Yang'?, WANG Ling—fei’, CHENG Jian—ping'*’

(1.Food Crops Institute, Hubei Academy of Agricultural Sciences/Hubei Key Laboratory of Food Crop Germplasm and Genetic Improve-
ment, Wuhan 430064, China; 2.Yangtze University/Hubei Collaborative Innovation Center for Grain Industry, Jingzhou 434023, China)
Abstract:To explore the impacts of different N regimes on greenhouse gas emissions and rice grain yield, a field experiment was conducted
to examine the greenhouse gas emissions and rice grain yield under no N fertilizer input (CK), local farmer fertilization practice (FFP), re-
al-time N management (RTNM ), precise and quantitative N application (PQNA ), and one—off fertilization (OOF) in paddy fields of San-
hu Farm, Jiangling City. The results showed that FFP, PQNA, RTNM, and OOF significantly increased the CHs and N.O emissions com-
pared with CK. There were no significant differences in CH4 emissions between FFP, PONA, and RTNM. Moreover, compared with FFP,
OOF decreased CH, emissions by 27.5%, while RTNM and OOF decreased N,O emissions by 23.1% and 25.0%, respectively. Rice grain
yield showed few differences between FFP and OOF. RTNM and PQNA significantly increased the rice grain yield compared with FFP. The
lowest global warming potential (GWP) was provided by OOF, which was 27.4%, 12.5%, and 18.5% lower than that of FFP, RTNM, and
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PQNA, respectively. The greenhouse gas emission intensity of PQNA, RTNM, and OOF was 22.2%, 24.4%, and 26.7% lower than that of

FFP, respectively. This study shows that the use of optimized N fertilizer management practices such as PQNA, RTNM, and OOF can not

only reduce greenhouse gas emissions from paddy fields, but also ensure rice grain yield, thereby achieving the goals of high yield, high effi-

ciency, and environmental friendliness. OOF has the lowest GWP and lowest topdressing rate without decreasing the rice grain yield, and

can be widely used in the Jianghan Plain.

Keywords: paddy field; greenhouse gas; real-time nitrogen management; precise and quantitative nitrogen application; one—off fertilization

KR RKREEEMREEY . REM &R
18.6% WK FEFIAE TR, BTHR 1 5 5L 27.6% Rk F
FrE A SR B AR B e T B R TTEk. r AR
K AR EEM AR ESERHREZ — R
SRHER H @2 B0, 2RRFEH CHLAHRCE 2R
2.5%10* Gg", 24 5 4Bk CH, B HEIT = 1 6%, 5 4Bk
Al CHLHE L 9 249%™, Horp, Hp [ A5 CHLHERCZY
H5.4%10° Gg, 2 d7 2 BRFE H CHLHERLAY 21.5%, 4
FH - 38 2 d F2 2200 NLO SR 22—, BTRR 2 5~5.5 Tg A
g NoO HEJ, b iy F AU ™ AR 1 N0 29 /Y
5494, AR 3 NLO HEHGE R T 54t 1+ 4% B
SRR EDK AR A AT SR TR T 33 Gg N N0 HE
R, TR AR O B KRR R T 7 1 R B 9 KR
Az P ISR R, G HR e 2 A R = SRR
JEw EEME .

VLD DR P 2 (A KA ™ X, AL SR AL
ERXZ—, HTAEFNEIRE, 578110 LR
LR AR 1A B, U A 7 T R T Ve,
Rk Z A P R — R PR A O ZE R A , I
U it AE VR BRI N TR B8 it A R H R R
JEFH o DA 5 7 s W T, R R AN R O — ZE RS R Y
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AR, T o) S 38 R = AR HE B A 3 e

By JIE R SR E K R AR A, S8
IKFE R 7 RIS = 8, R B SR SR R 2 N S5 VR
Py SR E2E S XF ik, /P N EAT T R AT, T B
T A T AR S S RO B O R i
— R it T A — R ) R A it T A RO S e
AT 3 B AR U AR | RUIE S R S it , SEE T
TR SAEI I WAV & o 25 R B2t
NEHE AR BE % 2 51 2 K A R 10%~15% , FF 8.3 14 in
e, H e T — UM it BB AR R R E R
HER I F I 8 % AE R 45 S I A — 2o, i,
PR (0 A I SR S5 ORI RN R 43 Uit I
AN TR A AR A 500 206 9 R 3R — U it NE AT LA 4008

D 38 CHLHER ; TR VDO I A b A AT
T Bl S50 S WA 0 it A AR 3 — U 4 B S S it
AR TR BT CHL B . e dh, PN 5 A
JE Tt it 280 0 S B RS A BT = A HE B 1 5 i 4
EIL D o NI AR U — Z i X
BTSN RO B S 0 i A — Uk A A A
[l Rkt AR 2, A5 S T 2 A HE ORI A R o
(RS, S AN TR 2t IR AR A PR R AR AN SR AR
SR AR S K — FE R AR T KRS AT
TRBtEAR S

1 #MB5FE

1.1 X568 =R

TR L5 B AE WAL T B = A A Ak
Bk B i B /R JE 5L (1120527 E,30°21'N) %1t
55 a5 JE T G 2R KU R T R AR 2 AR
16.2 °C, A FE I 1 000 mm 2245 o 856 A5k vh R
HUWN A KRS 0 i A R TR R R R - &
o ST Z 45 (0~20 em) FEAR AL PRy 55
112 g-em” AL 29.51 g- kg  AE2.55 g-kg '
25042 g-kg' AP 18.47 g- kg HRfR A 187.57 mg-
kg AL 13.73 mg- kg HURER 166.91 mg-kg ' .pH
6.87. 2018 45 A JF i B i 5e , (/K i F o =F
PP (Oryza sativa 1.) o
1.2 R A B E 2

IR B S AEIE AL, A AL (CK) AR~
P AR (FFP) 52 R4S (RTNM ) R 2 it 2
(PQNA) Fl— X PEHEAE (OOF) o K 5242 BlHLIX 4 1%
i, AL PR AL 6 mx8 m, B 3K, HiZKRFULIE
JE AT ARl 1, 2018 4E 5 H 18 H #- T4k &5 1, f
%20 d,6 7 4 Hti HEAE IS , R BE R HLIE K e #F 2
W, 615 H RN TAGHRL, 17 BE AR BE 4 30 cmXx 16
em, T/ 21,91 20 HIIOHR . A& i E b3, P K AE
SR FE— B0 ARSI — WA, 5 55K PO T K.0
&l 5454 90 kg - hm .

XFF CK AR, 4 A= B HA At FH &UIE .
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X T FFP AR B, &E it R B O 180 kg N -
hm 2, AR | 43 B AE AREIE %) 260 2% 4243 A 90 . 54
kg N-hm2H136 kg N-hm?, BEERHA=ZEXEH
JE(N:P,0s5: K:0=16:10: 22, INAZL H AL T A R
o) B R IR R (5 A 46% , 461 J5iAe T
HIRAFD

X F RTNM Ab F AR 45 B WL 25018 A 5 R A 3
55 T 2017 4 i 50 45 2R K T PR 0 5 0 de AR A
it F SPAD B % & M 37, /T 37 W it 008, I
ZANE RN o ELAA i AR R AN SRR, B #R S
10 d Z=HE3 Ak, 25 it 2 2 A2 E (SPAD ) <37, it 2
A 30 kg N-hm™, e Z NGt /N 5 A B8 Ak 2 ik,
47 SPAD<37, jifi & 45 kg N -hm 2, g Z At &N . 4
S W SEBRBAE A 6 23 H 30 kg N-hm ™, 7 H
7H30kgN-hm>,7 ] 21 H45kgN-hm>,7 J1 30 H
45 kg N-hm >, Jifi & & #4150 kg N - hm™?, if Fi &
JE 35 R IR % (& A i 46% , AL B AL T A7 BR A
Al ) o

X T PQNA b H, A48 22 S 08 S5 ) A 98 FAR K
BT 2017 4F W g 45 2R it &G Bl 187.5 kg N -
hm?, FEAE A BEAE fE AERE AR AL SR 2R 2o 51k
72.15.30.9.42.6 kg N-hm>F142.15 kg N-hm?, HFEAC
K =8RG A B (N:P,0s: K.0=16:10: 22, [l 4L 41
H AL TR A BR 2 H]) LGB JE SR IR R (3% A 2 46% ,
AR L TABRA A .

XFF OOF Kb B, jiti &0 A 42 4 180 kg N-hm2, 2% [
SIERAKFEL BB (21:10: 11, 8008, BRI
i 8%, 4 IE KA TR B K An A PR w] ) 162 kg
N-hm > FR Z (& A& 46% , T EAL TABR A A)
18 kg N-hm */E R EENE— W Mt A

RTNM 4b BEAE /K AF AR 10 d Wi 7K i H, At s
SRS T ) R K PEESRE ( 1~3 em ) 5 A &b 35 R FH i) B
THEE , 7K AR o3 BERR A RIS 10 d WK i FH . 9 L R
A PSR 2 M g ™ FH R A IR A T, A A 3
PRFF—2.

1.3 HmRESWERE
1.3.1 3 CH A1 N,O HEicHE & &

SR FH %% PR AR —SORA £0 155 D 9 CHL 5 NLO HE
A T, SRFEAE R R AT PVC AR, & 1.10 m\ HLAZR
0.3 m, BRUCRAEI RAEFE BEAE 1 MROK RS . SRAE I [] 1]
F& 4 5 min, 203 4E 0.5 .10 min F1 15 min, {8 T 5 28
T 20 mL A R G 39 50 AR SR T Al Sl i s s
920 mL S .

CH. K I #5% 4 FID, < A, Wi 4 30 mL-
min'; BN, T N 30 ml - min'; 43 Sk B
LT R 400 mL-min' o AN ER I A 200 °C, 43 ES
FEMRLEE A 55 Co NLO Kl %% ECD, 23 B8 A N I 7 R}
> 80/100 H PorpakQ , #3300 °C, HE i 65 °C, %
SONRAL TR 40 mL-min” . N0 5 CH, HEGHE AR
i DL AT HE,

F=pxhxdC/dix273/(273+T)

A PSR E R mg-m - h s p MAREIRS RS
B RE kg m s h A B, m dC/de R RAEFR N MR
JEARAEAE WL L emin™ 5 TR SRAE S 2 SR AFEAR P 1Y
SRR, Co

T 2 AR SRR T A A AR B S SR A B A 1
SARHERCEE B0, R I8 0 R A SRAE B B SRR HE
oA VA HE G SR AR R TR
1.3.2 B4 %% (Global warming potential, GWP) FI7f
= S ARHE 8 JE (Greenhouse gas intensity , GHGI) [
T

100 a B 8] RUEE | CHL A NLO B I 25 3500 5351 4
A4 COL 11 30 £i5 F1 268 £571. K5 CHL AN NLO HEK 2
Fi ok % 4N e e i COL M i, L GWP 1183 A 5K
e

GWP (t CO,—eq - hm™) =[CH, (kg - hm™) x30+N,0
(kg+hm™)x268]/1 000

GHGI 248 B 7™ it () 25 Bl R0, THE A 5K
.

GHGI(t COr—eq-t")=GWP(t CO,—eq - hm™) /7K
P (tehm™)

1.3.3 /KA &R T 9 iR SR i A

FESTBEW] 0T 1 AR A LB 2 T4 BE A
ANV 35 43 BERSC S A S5O, 55 i L 8 S /K A b |
[0 0 <1 o e[ = T i = 6 B 7/ D1 2=
i (t-hm™?) .

IR G, BRI DX K A — g e, B3 A
1 mx 1 m e RN X, IS ks i | 24
Je BRI KR FAR o S KR 13.5% P
KRG 5 (t-hm™?) .

1.3.4 gt 500

B 32 B R AE B R ) Excel 2010 PA & Oringin
9.0, i SPSS 19.0 F At 848 i ge it o0 A, Sk H
J5 22 53 Bt Bl e/ S 2 22 599 (LSD) 43 #r L AN [m] Ak
PHLTA] () 22 5, 1 FH BRLAR 8 43 B o A [] Ak 3L P s o
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2 HER55
2.1 AEEEERXIFEACHMAMNOHEHHE it
A

AN Tr) it M ASE 2 CHL A ik 2@ B0 A [] 1) HE R
(K1), CK.FFP.RTNM.PQNA F1OOF A4 CH.HE i
70 % 4 0.29~5.28 . 1.05~21.50., 1.09~12.62. 0.91~
13.75 mg- m?2-h'Hl1.33~9.97 mg -+ m>2-h'., FFP.RT-
NM . PQNA 1 OOF f-F-34 CH,HEHCE 74351 4 5.74
4.68.5.10 mg-m>-h"'f14.18 mg-m>-h"', & CKFH
CH, HEHGE £ 19 (2.54 mg-m™+h™) 1 2.26.1.84.,2.01
fEH1.641% .

Jiti FH 3L HE J5 , FFP . PQNA A1 OOF ) N,O HE jif i &
R 5 2 W AE (&1 2) , NoO HE (6 K /N2 3L H FFP
(287.95 pg-m?-h")>PQNA(249.89 pg-m?>+-h"')>00F
(227.65 pg-m?-h™) . HAEF 8 AL T80 N0 HEjil /N
R FTF, IR 9% . CK AR 3 NLO HE - X3 2

6.34 pgem’+h', J& FFP(30.25 pg-m’+h') . RTNM
(17.16 pg-m>+h™") .PQNA(27.41 wg-m™-h") F OOF
(23.02 wg-m2-h™) AL FEFY 20.96% .36.95% .23.13% Fil
27.54%.

it HE S 25 48 h0 T CHL A NLO 1Y B2 R HE & (3%
1). 5 CKA,FFP . RTNM . PQNA Fl OOF 4b ¥ CH,
FRHE R 4> AN T 119.2% . 82.5% . 95.7% Al
59.0%, N.O 2 B HE ik & ¥4 hn 1 372.7% . 263.6% .
309.1% H1254.5%. FFP RTNM HI PQNA 4k 3 [a] CH,
HEOBE A B8 22 5, 1 OOF kb BRAR X F FFP 40 3 )
7 CHa HE ik 27.5% F1 N,O HEjik 25.0% ; [7] Bsf RTNM
3 FFP AR FRREAR T N.O HEjiK 23.1%
22 AEMEEER X KFE S YRR EM~
=3:0pA|

22 2 AT L, CK AL FRAE & A B0 T4 B f R
¥ L F H A4 FE . 5 RTNM . PQNA Fl OOF Lt
3, FFP A PRAE AN E T W T B R a3 B
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IR 1] Sampling date
E 1 AEMGERER THEECHAHMBENZET T (2018)

Figure 1 Seasonal variations of CHafluxes during rice growing season under different fertilizer regimes (2018)
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Figure 2 Seasonal variations of N,O fluxes during rice growing season under different fertilizer regimes (2018)
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F1 AEMEEER YT CH.H N0 EFRRHEAT . CH. A N.O X 42 & 188 B A Sk .CWP F1 GHGI B9 2201
Table 1 Seasonal cumulative CH;and N,O emissions, CHs and N,O contributions to GWP, GWP and GHGI as affected

by different fertilizer regimes

wy  CHHE RO oy s tmmain sk O XA Tk WP/ GHGY
Treatments kg hm kg hm> Contribution to GWP of CH/%  Contribution to GWP of N.0O/% t CO—eq+hm™ t COreq-t"
CK 65.1£5.5¢ 0.11 £0.03¢ 98.49+0.38a 1.51+0.38b 1.98+0.17d 0.29+0.04¢
FFP 142.7£12.2a 0.52+0.05a 96.84+0.47h 3.16+0.47a 4.42+0.36a 0.45+0.05a
RTNM 118.8+10.9ab 0.40+0.05b 97.07+0.49h 2.93+0.49a 3.67+0.32bc 0.34+0.03bc
PQNA 127.4+15.7ab 0.45+0.03ab 96.91+0.43b 3.09+0.43a 3.94+0.47ab 0.35+0.05b
OOF 103.5+11.7b 0.39+0.02b 96.67+0.49h 3.33+0.49a 3.21+0.35¢ 0.33+0.03bc
N TR RN 2 57 8.3 (P<0.05) . R,
Note: Different lowercase letters indicate significant differences (P<0.05). The same below.
F2 AEEREX Y AR R HKfEM EERS TR BN ~EM N (t-hm )
Table 2 Above—ground dry—matter accumulation during the different rice growth periods and grain yield as affected
by different fertilizer regimes (t+hm™)
Qb T4 )5 FUE & The amount of dry—matter accumulation P
Treatments 43 BEW Tillering stage P17 Jointing stage I Heading stage LAV Maturity Grain yield
CK 2.06+0.04¢ 5.18+0.04c 9.85+1.27b 14.56+1.28¢ 6.87+0.32c
FFP 2.25+0.06ab 5.38+0.06ab 13.1120.92a 19.87+1.42ab 9.82+0.35h
RTNM 2.16+0.05b 5.44+0.10ab 13.26x1.23a 21.26+1.46a 10.94+0.35a
PONA 2.20+0.06b 5.35+0.07b 13.98+0.34a 21.72+0.31a 11.22+0.36a
OOF 2.34+0.02a 5.48+0.06a 13.06+0.55a 18.61+0.64b 9.77+0.38b
F2E 5. 5 RTNM I PQNA ZbHEAH H , OOF &b 37 /K 3 g

Fei o BEIA T e AR R i 4y 4 i 1 8.33% H16.36%,
{H 2 76 2 T 9 5 R 3R A 43 s 0 T 12.469% Fl
14.32%,,

it 2 S 2 e KRR 5 (£2) . FFP.RTNM
PQNA 1 OOF 4h P 7K F8% 7™= £ 43 1) J& CK AbHL 1) 1.43
1.59 1.63 15 F 1.42£%5 (% 2) . 5 FFPAHEL , RTNM FI
PQNA 4bFRIEHN T AKFT ™ 5, B IR 11.4% F1 14.3%.
OOF 5 FFP ALK A i A i E 2 5
2.3 AEMERE GWP B0

B R TR GWP(F ). 5 CKALE,
FFP, RTNM . PQNA F1 OOF 4k Bf 43 51l 4% & 7 f% H
GWP, 8 & 43 5 Ay 123.2% . 85.4% . 98.9% 1 62.1%.,
55 FFP 4b H A H , RTNM A1 OOF 4b B &g 2% F& A% T
GWP, I8 A 17.0% F127.4% ., PQNA Fl FFP &b ¥ []
GWPEABEESR.
2.4 AEFERZERIT GHGI B 220

CK HA F KA GHGL, 1 FFP AL FE GHG 5 i (%
1), [AIEF RTNM ,PQNA fil OOF 4 B F GHGI % A i
FE5 ., SFFPA ., RTNM . PQNA 1 OOF 4b B GH-
GLF AR T 24.4% .22.2% F126.7%.

3.1 AEHERER 3T FEE CH.HE A =20y

FEEH CHL 7™ A 2Ok B 38 A WL 4, R
— RN TR RUE Y R IR AR it
NE SR e T CHL AR, 3B s A — 5 T
SRR NGRS T LA YL s 2 465 1
A6 rp AR TR AR TR (DT v ) - B NHE 5 S BRI
CH. UL AR i CHL i 2 A 55— 5 T, AR WF SR v
Jiti AR A 3 (FFP .RTNM . PONA 1 OOF ) 75 4™ I 4 iy
MBS T ) B R 2 T CK (3R 2) , AU Wit
FHREMEAE HE KRG B A=, (00 22 B AR 28 0 b P FK A
JRVEPIEN 5, 0 CH A = AR 3R T Z R,
[ B B0 e 3 ) /K R R AR R CHL BRARE T B 2 1
S B

2R E N It A 2 S BCE 219 CH,
HEBC, AR5 AE2IA | Ff B CHL HE b it
A3 3G I HUE A SN R, TEie & LA NH;
h R EE CAnBR R 4 ) , 18 J2& LA NOs A 3 1 Z&UE (Cn
PRZE) , CHLHE 34 25 Bl 5 RN i 38 i i B (1K), Niie
SERAIN TN SRy 5 A it A EL i 223 3 CHL HE R, (H
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SB[ A it R X CHLHE RO A B 355 . ] BB J2:
PR Sk UM B i P — o R BB 2 B8 CHL 7 A {HU2:
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