5550 % 455 + o W) Vol. 59, No.5
2022 4F 9 ACTA PEDOLOGICA SINICA Sep., 2022

DOI: 10.11766/trxb202011250646

W, B, RERK, RE=, BHE, ML, AL, SR, EE, HEn KEIAEXRE IR E AHE A ] SR,
2022, 59 (5): 1386-1396.

CAO Kaixun, ZHAO Kun, JIN Wangfeifei, ZHU Tongyun, SHAN Xinliang, MEI Hang, ZHU Liyang, QIAN Lili, WANG Feng, XIAO Xin.

Effects of Water-nitrogen Interaction on Greenhouse Gas Emissions in a Paddy Soil[J]. Acta Pedologica Sinica, 2022, 59 (5): 1386-1396.
= BHEIEESAHRA S
KRBE(EMFEHEE AL

EAH, B, TR, KE=, BFE, B A, KALF,
RWW, £ %, 8

9
(CEBIRHBEBE R IR 53 ABe, ZBURH 233100)

O KRR 1R O R RO T A BN, AR RRH A B KU OGN, ) 1 PR A
3 (PRI C1 AR AL C2) AR =ANERUKE (RA NI, F% N2 FIE A N3 ), Bk R A ER RS R %S 4A CH,.
N,O Hil CO, HEift B L BRAE T RE M . 551, 50 FURECAH LL , Fa il Ve mT o 25 A I v ) CHL AT NLO 1 SR HE
U, BRI 43.12%F 23.53%; WHLEBEAAE T, R, b mi AU IR B A S BB 35.26, 38.90 A1
3520 mgkg ', M HIERES 50 33.08. 34.30 A1 42.40 mgkg s PEHIEIRAAET, CO, HERUE &= T % MR,  FLRfHE UK
S-SR RN . MR BRSSPI RS ) BRI IR E S (global warming potential, GWP ) 4 0.55 thm 2
(LA CO, Migit), ARTH HER FAEH 0.82 thm >, HrPZ&ALHE FASH Y GWP IZ{IL TR AURI = AL HEL, /K U A 2 et
N,O HERC ) FES N, HAed . SEMIEAM T, FH N,O HECH FIRES M TTHIR AR T CH,o WL, SRS HIE I
S5E FNEIREE TG, AT A RO AR T 2 S CH, R NO (HERR,  Aipiss s (1 R S 0K, 5042 e AT J) o
RN RRSAO BAT B

KER: AKSEH, HEEACE; REAK; RS KR

HRESHES: S145.6 MHEFREARD: A

Effects of Water-nitrogen Interaction on Greenhouse Gas Emissions in a Paddy
Soil

CAO Kaixun, ZHAO Kun, JIN Wangfeifei, ZHU Tongyun, SHAN Xinliang, MEI Hang, ZHU Liyang, QIAN Lilj,
WANG Feng, XIAO Xin'

(College of Resource and Environment, Anhui Science and Technology University, Fengyang, Anhui 233100, China)

Abstract:  Objective In order to study the effects of water management-nitrogen fertilizer on greenhouse gas(CH,4, N,O and

* [ R SR TR E (2017YFD0301302 ) RN BRH 2% B K2 AR BB I 2Rt 350 B ( X202010879009 )% B Supported by the National
Key R&D Program of China ( No. 2017YFD0301302 ) and the Innovative Training Program for College Students of Anhui Science and
Technology University of China ( No. X202010879009 )

+ M IRAE#H Corresponding auther, E-mail: xiaoxin8088@126.com
EH A W (1996—), B, ZREWA, WA, FENFRBRESAHERS . E-mail: kaixuncao@gmail.com
Wi BB 2020-11-25; MBI RT BB 2021-05-26; MIZSH & B (www.cnkinet): 2021-08-25

http://pedologica.issas.ac.cn



54 EIFRAE KR AR HR & AR B 2 1387

CO,)emission and soil physicochemical properties. Method Two irrigation modes including controlled irrigation(C1)and normal
irrigation(C2), and three nitrogen application levels(low nitrogen, N1; medium nitrogen, N2 and high nitrogen, N3)were set up
under a long-term pilot plot.  Result  The results showed that compared with normal irrigation, controlled irrigation
significantly reduced the cumulative emissions of CH4 and N,O by 43.12% and 23.53%, respectively. Under normal irrigation, the
contents of soil ammonium nitrogen in low nitrogen, medium nitrogen and high nitrogen treatments were 35.26, 38.90 and 35.20
mg-kg !, respectively, while those under controlled irrigation were 33.08, 34.30 and 42.40 mgkg', respectively. Under the
condition of controlled irrigation, CO, emission was higher than that of conventional irrigation and increased with the increase of
nitrogen application level. According to the overall analysis of the Greenhouse Effect, the GWP(global warming potential)of 0.55
t-hm™ under controlled irrigation was much lower than that of 0.82 thm, under conventional irrigation, while the GWP of 0.65
t-hm~ under N2 treatment was much lower than that of 0.74 t-hm ™~ under N1 treatment and 0.67 t-hm ™ under N3 treatment. The
coupling of water and nitrogen was the main factor affecting N,O emission from the paddy field, and under medium and high
concentration of nitrogen application, the contribution of N,O emission from the paddy field to the Greenhouse Effect was greater
than that of CHy.  Conclusion Therefore, the application of controlled irrigation combined with reduced nitrogen fertilizer can
effectively decrease the emissions of greenhouse gases, maintain a high level of soil ammonium nitrogen in paddy soil, which is
of great significance for improving soil fertility quality and developing sustainable agriculture.

Key words: Water management; Nitrogen application rate; Greenhouse gases; Global warming potential; Paddy soil
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Table 1 The standard for soil moisture regulation under different rice irrigation modes
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CH, Emission fluxes under controlled irrigation (a ), normal irrigation (b ) condition and cumulative CH, emissions ( ¢ )
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Fig. 2 N,0 Emission fluxes under controlled irrigation (a) and normal irrigation (b) condition and cumulative N,O emissions
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Table 2 Global warming potentials and cumulative emission of CO,, CH,and N,O emissions from tested soil under two irrigation modes and
three nitrogen application rates

TRV SARHE R Total
i H £ CO,EC/ CH, EC/ N,O EC/
GWP/ ( thm?) GWP/
Items (kg'hm™?) (kg-hm™?) (kg'hm™?) .
CH, N,O (t-hm?)
N1 812.2+27.4b 16.06 + 4.35a 1.13+0.15¢ 0.40+0.11a 0.34 +0.05¢ 0.74 +0.15a
N2 867.7+33.3a 11.33 £3.21b 1.24+0.18b 0.28 + 0.08b 0.37 £ 0.05b 0.65 +0.13¢
N3 869.3 +39.3a 11.30 £ 4.35b 1.29 £ 0.20a 0.28 +0.10b 0.39 £ 0.05a 0.67 £0.16b
Cl 879.4 + 33.6a 9.34£2.10b 1.06 + 0.05a 0.23 +0.05b 0.31£0.02a 0.54 + 0.04b
Cc2 820.1 + 24.6b 16.45+2.71a 1.38 £ 0.09b 0.41 £0.07a 0.41 £0.03b 0.82 £ 0.05a
Fr 22581 (ANOVA P)
NA <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
IR <0.001 <0.05 <0.001 <0.001 <0.001 <0.001
NA x IR NS <0.01 <0.01 <0.001 <0.01 <0.001
H#: CO,EC, CO2 RilfEiitt; CH, EC, CH, ZitHEiE; N,O EC, N,O RitHEME; NA, il 20 X 7K R 7o K = 1 4 Al 1Y)

BN IR, (BT K R ™ ik B A BRI 5 NAXIR, K AR KR ™ 4 M MR A0 5 NS FR A3 . T, Note:

CO, EC, CO; cumulative emission; CH4 EC, CH4 cumulative emission; N,O EC, N,O cumulative emission; NA, Effect of Nitrogen Fertilizer

on Rice Yield and Yield Components; IR, Effects of Irrigation patterns on yield and yield components of Rice ; NA x IR, Effects of

interaction of Water and nitrogen on yield and yield components of Rice ; NS means not significant .The same below.
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Fig. 3 CO, Emission fluxes under controlled irrigation (a) and normal irrigation (b ) condition and cumulative CO, emissions ( ¢ )
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7.10 mg-kg™ 1 7.89 mgkg, TTREZEN; IR
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T AAEREHI R T N3 5 N1 it &b FR R B 25 2

SR AE N1 R 2R SRR ER,
CIN1 5 CIN2 4bFEF 2R &5 3l 1.24 gkg™!
M8 gkg'. BEFH A EIIN, S5 & =S
JE N2 AbPERY 1.33 gkg 'L 1.60 gkg ! AT N3 Ak
1) 1.38 grkg ' A1 1.59 gkg'o EEHIFERE R N3 AL BT

S, WALEBE T N1LON2 FIN3 WS8R SRR SR MESE S A AL B A W22 5,
25t BB N3 5 N1t 0K X s A A0 A
SRS R A AR W, RN E .
*3 AREREAMEREGFEHTFBLERBFIE
Table 3 Effects of different irrigation modes and nitrogen application rates on physicochemical properties of paddy soil
b2 oM/ TN/ NO;™-N/ NH,"-N/
Treatment oft (gkeg!) (gkg™t) (mgkg™t) (mgkg™")
CINI 7.21+0.07a 8.35+0.67a 1.24 £ 0.09b 7.20 £ 0.72ab 33.08 £ 1.71b
CIN2 7.13+0.15a 8.11+1.08a 1.33+0.04bc 7.10 + 0.25ab 34.30 £ 7.74ab
CIN3 7.07 +0.16a 8.26 + 1.32a 1.60+0.13a 7.89+0.14a 42.40 £ 2.67a
C2N1 6.99+0.17a 8.25+£0.79a 1.18+0.07¢ 6.71 £ 0.35b 35.26 £ 4.40ab
C2N2 7.18 £ 0.06a 8.44 £0.38a 1.38+0.07b 7.54 + 0.24ab 38.90 + 5.56ab
C2N3 7.15+0.03a 8.67 £0.29a 1.59+0.17a 7.97 +0.33a 35.20 £ 2.94ab
¥: OM, AHUE; TN, % ; NOs-N, %A ; NHs-N, #A&%. T, Note: OM, Organic matter; TN, Total nitrogen;

NO; -N, nitrate nitrogen; NH,"-N, ammonium nitrogen; The same below.

24 FiEtRzZ BEIRIHEEE

B A8 Z R0 3T B IR 2 M G A i 46 SR 3R 4
fin, CO, RiTHE R S8R . @A ZRFHE
B EAMSE (P<0.05), MERESHEF 0.401
A 0.426, X Ui B Bl RUICGE AR 0, H b g
BEMAE—RRN, FR 3 TR o, HE

i A5 M CHy RiHHERCR 5 N,O TRk & & CO,
B HE R i 2 TA] 1 S A R 3 AR O (P<0.01 ), AHOG
ZHU0 ) H-0.600 F1-0.860, HH 5173 By 45 5 2 1
CH, ZitHEaE S N,O RitHEik s &K AEH Co, HE
A EHK R M pH. AL S H A8 bR 2
[FP S N

x4 BRESHKSIRBAMRMBXRY

Table 4 Correlation coefficient between greenhouse gases and soil physicochemical properties

pH OM NO; N NH,-N TN N,O CE CH, CE CO, CE
pH 1.000 0.017 0.292 0.043 0.171 -0.058 ~0.140 0.167
oM 1.000 ~0.154 -0.096 0.001 0.24 0.348 -0.373
NO; N 1.000 0.461 0.622" 0.298 -0.280 0.302
NH,—N 1.000 0.296 0.133 -0.267 0.401°
TN 1.000 0.393 -0.263 0.426°
N,O CE 1.000 —0.600" -0.319
CH, CE 1.000 —0.860"
CO,CE 1.000
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KRS BT K A A T 2 AR HEORT 3 2 A
JoT ()5 e B R AH BAR ORI BRI 290, (HILAE
HAE R RSCR I AR W o 3 oK BB XK R il &= A
A HEHRAb 1 TR e A A e oY, 2R KR
KA AR 7 T, AR K SRS G 00
X i = AR RO - R R AR AN, b
LRGP I [R] 7K BUCE AR 52 e 0T 5%

3.1 KAEENBHEESEHERAR G

A FE IR 53-8 SR it S8 KT 7 AR B T X
T B AR - AR TR A S, 45 SR e B 4 i
TR FRVEE N 1Y) CH, HEBUE R RRAIE 43.12% (181 1 ).
T AR R AE I R R R S, ) B
T i) CHy 3R> 48.20% , S5ARK I 57 45 5%
—3, CHy HEmk 24T TE TN /- BER I 25
TR B, HEAREH CH, HHitER 67.29%~
75.17% (1), X Je&H T /KR A B P30 2 BE ki
Ab TR R R P ER S , AT R T e TR AR ARl
11 53 BE J 01 AR HE 7K R 5 B0RS T CH, HEIGE & AR Y
FEJEUS R A b, A O T AR
REE . W TRASWY), e TR 154
WAL, I CH, 7= A,

N,O fEifil i RIS CH, 2R, FEAEPTEA
BRI B, R EIEE T NLO HE B B A%
TR (& 2), X5 D g5 A 22 Bk
— IR N,O Al CHy HEZ A FEE BRI G
Z, EHEEEHEE T NLO M HECE 25 T 5 U
(0T {EL 0 A7 3 i 0 45 % ks 1 7K B TR A X e g
i NLO AYHER R BR T 5 i 4 4 NL,O HECAY I i
I W HE A 4 5 32 3) - S IR B 5 T A R Ah
B b KR T NLO B9 HERL . iy TR A+
8 pH £E X 3o B 22 RER, IR N,O 4k
AT E — 5 1 SR R

CO, FERIE T L b A e, T
ANFERE 7 =0T B 88 ORGSR, 3 - e
AR i S S AR - BRI b B O 3 7 A 25 5
HEI T30 CO, HEUAr e 22 57 Y UVE W 22 R FH 12
HE, MHERESRAE T 58 O, ¥ Wz BIRR M, T34
FIAR 206 g 5524 . KRG A8 & A0 AN 4 BE 301 Ak

A AT, BT HERK S & EEELS, F
RREWEE T, CO, Hbi s -8R B 0 i 2
IEAHE . AR W] — i ZUKF- T, &6 COo,
B HE AR SR 3 R T I E (&1 3 ), X T RE PR R 4 il
MW LIRS A SRS, AR TR
TR ARV, DATTT 5| A - 498 %) P R Bt J3E 34
FITEL

55 RRTE WA L, 4 T Ok e T A 4 Y
SRR H(GWP )RR T 32.93%( % 2),
X 5 R AR g A SRR . — A T S
H GWP FETTEAUA A 2 R EEEH, HH
THEE T R K AL FPRE A, iR B CH ORI T
FEBERE, AEIEEAIREE T, Bl A ZU A
o, AEPIAR R H 25K, MR S BT R
TR EA LY SR, EATRAE S b T
AR A KIRY), 080T CH, HER 3 >,
T VR N e T A T AT S0 BREE , naEl T A xd
+HEA PR CH, #54E10,
32 FEEAXMBERERESEHRA

RAETE LB = L oK R R, i 25 4
P 3l 2 AR A HE TS o AHL 3 ot A S5 A e AR FH 2R A1
T, Bl RS YO E, ARG, XA
BT A K o T AL B XS RGO GWP 52
MR N1, N3 N2 ZbBE T GWP 2 FRFE( % 2),
AL BT CH, 2R GWP B 2 Z sk ok I,
PR ELE TR GWP A =5 5Tk R IR 5528
N,O o A5 A —HEBE AL B T, Bl 35 it 0 it A 38
CHy HE S AR > (1B 1), XA 2 AE 22 5 AE
il BE PR EEAE Y A A AR B A, I A s
At 20 NH,' N, #2057 AL s v, S
H CH, HFUR = . NLO HEC R S A 20
WIRIEASG, BAAMREM P AL T CO, Him A
IR EES, HEALBT Co, MHEUS %
e T AN EE . S AU R S R T, AR UG A
A 40% AN E AL Z51F T, NL,O Fil CO, IR
MR E 2, MRS AN R, N,O
Al CO, MHECR I 22 5% . —IAh, N,O
HEBOE AL E DIVE I Z5 5, s — 2 iF o R
ZRMANEA R KR OR oK% R NH,'
HIEZSS TR, 27 NOy & AN LAY
ALY, P AL NLO APk A gl T TR Ae
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F18) 42 1 B TE T L 4R v EUAL S K A U A Al
M FAEBA AR, A N,O HERL.
33 AKREMEXEHTEEN TR

R FUHEE AR L, s I R A P
M RIS A S, HREZER RS, +
BHAA . ESAMERF BRI R AT (£ 3),
XA AR EPI IS R —5. 5 pH ZAlfk
VEHIB 2, ALV F = A i B 4 38 s Ak 3 T
B 7 A B R, R AR HO 41 pH AR,
—MBIA N AR S A AR R A
AT TR R, HR A 2K o AR e Y i
S R TR) o FH T T 25 POV 9 2 W I 25 4 ) V8 Tk 2
IEFHEMEMHEZ DI S A BEA T, AL
EES MMM R, TR T K R
22 0 AR e S A A Y M e AT A
RER, CO, MBS 2% . AR
AEEEEMSC, SRR R R R RE Y A
Yt RS A PR R 4 R AR IR A P,
Hi, 8. 8A it 7T HIEMAEYAEY
W, 5y — 7 A FUE AR IR A BILTE Y o
CO, 1) B TR 2 35 10 5 A DA 73 A7 25 5L 1 /R CH,
F1NL,O J CO, HEIUE Z M AFAE R 8 25 A O, 2 Fe
b FAE RIS, e E YA A A S
W A e ) B SR A B RS i, 843 CHL, AEHERGET
R R LR COL HERA RS . CHy 5 N,O B4 L
BT, WK AE RS 1 A NH, 24 B
Jot SEUAK TR RIS Ak 20 TR 2 S g R e, (A5
CH, HERCR G, N,O HEC R WP,

AW T RIPEMIRE/NX, BN R G
T KA A B IR S SRR 1 sh ARk,
2 W3 3 9/ — 2 Y O R O AT KR, BE
b A7 308 A Al R = SR CHy A1 NLO 1R .

4 Z5 B

i PR R RE A8 W] A R I CHL, 1 NLO HE S A,
B CO, HRE i s LRI % AR i A2 0
BEACBHHIE . =R AR AE L, BRI
NEHEHIZ&AF T CH, o EE AT = U, T N,O HEK
At i ROAE ot P e i, AR U SR
CO, HEHCE R WD . SRS, RS UR A

S0 L 955 38 o R D 2% 1 8
W, DRI, L R UL 2 A
W E RO AT AT R, AR TR AR 35 e
SRR WU, XAl T 5 5 % LA T
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