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Effect of Water and Nitrogen Coupling on CH, Emission and Rice
Yield in Black Soil Paddy Fields with Straw Returned to Field

ZHANG Zhongxue'? HAN Yu'? QI Zhijuan'® CHEN Peng'”’
(1. School of Water Conservancy and Ciwil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of Efficient Use of Agricultural Water Resources, Ministry of Agriculture and Rural Affairs,
Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to explore the effect of water and nitrogen coupling on CH, emission in black soil
paddy fields with straw returned to field, explore the water and fertilizer management mode of saving
water and reduce emissions, and achieve the goal of yield increassing, on the basis of straw returning to
the field, two irrigation modes of conventional flooding irrigation and controlled irrigation were set up,
and four nitrogen fertilizer gradients were set up. The CH, emission fluxes of each treatment were
observed by static box gas chromatography, the water and nitrogen were analyzed. Under the coupling,
the redox potential of paddy soil, the content of soil ammonium nitrogen and nitrate nitrogen in each
growth stage, the change of straw decomposition rate, and the influence of each factor on CH, emission in
paddy field were calculated. The results showed that the CH, emission flux and cumulative emission of
conventional flooding irrigation were significantly higher than that of control irrigation (P <0.05), and
the CH, emission flux and cumulative emission were increased significantly with the increase of nitrogen
application level (P <0.05); compared with normal irrigation, the cumulative emission of CH, was
increased by 16.24% (P <0.05) and the yield was decreased by 2. 01% on average with the increase of
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nitrogen application. Under conventional flooding irrigation, the application of nitrogen fertilizer had little
effect on the yield, but also reduced the cumulative emission of CH, by 18.59% (P <0.05); if the
application of nitrogen reduction was under controlled irrigation, the cumulative emission of CH, was
decreased by 62.71% (P <0.01), and the yield was increased by 21.16% (P <0.05). Through the
correlation analysis, it was found that the amount of nitrogen application, irrigation method and their
interaction had a significant impact on CH, emissions; under the coupling of water and nitrogen, the
content of ammonium nitrogen in paddy soil, the decomposition rate of straw and CH, emissions had a
significant positive correlation ( P < 0.05), and the redox potential of soil had a significant negative
correlation with CH, emissions ( P < 0.05). In consideration of comprehensive emission reduction
benefits, the economic benefits can be maximized by using controlled irrigation and appropriate nitrogen
fertilizer reduction under straw returning, so as to achieve the purpose of water saving, emission reduction
and production increase.

Key words: straw returned to field; water and nitrogen coupling; CH, emission; rice yield; emission
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Tab.1

Water management of different irrigation modes
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Fig.1 Variations of CH, emission flux under different
irrigation and fertilization modes
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Fig.2 Changes of soil ammonium and nitrate nitrogen content under different irrigation and fertilization modes
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Fig.3  Dynamic curves of soil redox potential under

different irrigation and fertilization modes
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Fig.4 Straw decomposition rates of different treatments under different irrigation and fertilization modes
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B EIE A = s es = & B E s, vl
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Tab.2 Production and emission reduction benefits of each treatment

- CH, ZBHCRE/  CO MY~/ co s/ prfsm/ HIE A/ R FE IR R/ ks
i (kg-m %) (kg-m %) (kgem~2)  (JG'm?)  (JGrm?)  (kgem?) (JEm~?)  (JGrm?)
FSN1 5.96 x 10 =2 1. 499 63.49° 3. 471 0.26 52.60° 526.0° 529.21°¢
FSN2 6.92 x10 % 1.74¢ 39.31' 2.15° 0.33 72.66° 726. 6° 728.42°¢
FSN3 8.50 x10 72" 2,120 0¢ 0 0.38 71.32° 713.2°¢ 712,82
FSN4 9.88 x10 2 2.47° -34.69" -1.90¢ 0. 41 69.89° 698.9° 696. 59"
CSN1 2.64 x10 ™ 0. 665 146. 42° 8.01° 0.26 63. 08" 630. 8¢ 638. 55"
CSN2 3.17 x10 7% 0. 79" 133.27* 7.29° 0.33 86.41° 864. 1° 871. 06*
CSN3 3.66 x10 > 0.91° 121. 02 6.62" 0.37 82.37" 823.7° 829. 94"
CSN4 4,92 x 10 % 1.23% 89. 44" 4.89° 0. 41 79.19" 791.9" 796. 38"

T : COL U HE 1 45 Ab B4 FSN3 Ab 3 (1) CO, /b it , [A] 51 A [R] FF B e n A B 22 1) 22 55 . 3 (P < 0.05)
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fifp RS CH, HERGE A 235 A Sk B £ 4
B A RS R AT R R AR B 3G 0, CH, HE G & 2%
B s B O E RS, CH, HEGE 22 AR
R LS RS LB, RS AT R
R CH, HERCHY T2 3R 5 il 2 i 9 o B % —
H IS AR X CH, HERCA B e E PR

®3 CH, B R5&EFHEXESH

Tab.3 Correlation analysis of CH, emission flux and

various factors

EXil BARSE MAASE LHME, RTEmER
AH I ZR U 0.47"* -0.12 -0.76 " 0.62*

e+ FRIRAE 0. 05 ACE LA B3, FIA .
®4 CH, HHBESEETFHAESN

Tab.4 Variance analysis of CH, emission flux

and each factor

CH,  &ZFA WmEA LW B

Hegom & & a8 E, Emx
T A X s sk € * . *
Jife A x HE AR 2 ok ok e * *

T oxs FRIRTE 0. 01 KF EARSEME R

3 it

3.1 BEHEETAREBAXMKBEEHHM

T T 42 30 FE AR LT LA s A PR RS 4 0 i 77 A
PR35 35 e 3 TT LR 5 ST, A SR R T4
AR P R A A R 7 3Rt — A Ak Ak
BEAEREAE o EEARAR SR R B, R AT O T AT LA
S S 2 R R RS AL TE RO e UK R
L RS, e A S A A, P R R —
it i X SR i A VR A AL T O
SEZX FHEESA S R,

KRB E Y, (AR > R, i
HRZ MY A K& R AR, & SHAEY
W 3% 5 AT T 4 e U B 4 R — B, TR UG
N A Al b Bt IR AR LI R R S R R
B AR BT NIRRT L HEk B
U R T SRS FF IR H 3 4R W80E 260 I8 S 4 7 A K
R, T L 7E 1 2 3 T 3 14 g 60 4 7 0 4
AR O AT T WA R AT 8 RS 76 M
BT M4 110 kg/hm® [k R P L % 124 kg/hm?
KRR A T 1.89% , n[ LAF W, AP AT
T2 G5 19 A 50 AR I A

TR T U S5 R K R R R, At
R KRN LR R R R, kg e

A4 o T S T, R I LR 0
R 85 1 /K B SR 0 0 B R R0 0, A R T4 sk ok 4y
T F743 1 5 28 W i P 3 T 42 v RUNE R T R, AR
R 7F 45 T M2 110 kg/hm® , KR 7
VR RSN T 17, 46% |, Ut B 5 E R Ut 20 RE 1) 1
PO RA W EA  T S T E  A E EAE SK R
85 kg/hm {ii A R 77 ik 24 435 KR AT, D6 RS 348
J5 3 0 RA B I B B R R A 1
PR . R, 7R R MR 110 kg/hm” i 34 7
S E g
3.2 HEFTEETAREBAXEE CH, HMH M

WA, 2 2 12 S 3 K R VA 0 9E
T CH, HEB 9 52 0 47 K REBIF S, 10 56 T 9% 4 2
RS IR X CH, HE RS W 69 BT 52 b, B 4R P
gL\ R AT IR TR BE T €M CH, #Hkdk , H I
VAT LA HE R I . A 3 56 7E R AT 1 ) S
b S K R R R S CH, R HE

AR K B, K B 4 AT DR R A AT R L
AR A SRS L E, S X R R
CH, HER Y % DA O . FEFF ELEEE G, 7
3 3 SO A R B R Ay, AR 4 B, B
RRI I 0, RS AT R B R, X 5 B RP
xS gy B 45— 5. (HIF A R R FF IS A e, 35
SR T 22 BT, I 7 T B R R R I
TR R AR, O b R T B A HL R
Wi, 4R E, B2 AR AR M T R B,
HEE, 5 CH, HERCHE & 2 00 56, B -8 E, A%,
CH, HlHCE 75, 0 0 BB RS, CH, HE A
B o AL R4 YN, R K R AR RR (1)
WS A0 P38 9, 3 3o O 5 i A B 2R S A 3
A% HCH, B3 , T AR T CH, HEj. X
A REE R AR B AT T RS AT T, S A 11 G
48 TR R LR Y SR, S8 CH, i
B DR AR B 7 MG SR A R e
AT L 2 T IS M ok 2R, [ AR A LA ik 4 IR )
F RS R E, PR CH, HER. T A
BB R EWER CH, H, SR IHAZ AL,
R T U

FKAY R BN CH, HEFCR W 2 %, #5897 LAY
A W R R R R R L E,,
W CH, HEf . i T 4 A AT 58 X i 0 5
RS A CH, HEMCF T & B, 42 0 7T L) SB35 0/ A
L CH, HE i, %5 3 &% M CH, 2Rk i & 1% IS
34% , ABFF KB, BINFSFEIG , AR 17 it 220 F 4o
CH, B BUHE Bk 450 8 3 °F 24 1 4I% 54.29% , 3 ] fig
S DR R RO TV 98 CHL, HlE e sg b s T 2800
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A5 45 E SRR R Y R A, 7R AR Y BR l L it
i 110 kg/hm’ E‘Jﬂ% CH, 22 FHHE & 558 W A
I/ 68.93% ,if fig o B 5, v HE AL £ P
PRI, o 58 b B8 R AT RS AT O I SR FH 42 o 3 R 1)

(2)fH CH, By HEM 5 LS R & 1 RS AT
AR R FIEMC, 5 L E, 2 B H MR
A 5t AE 5 K o348 B0 R T CH, B HE O e 2% o

(3) 59 Bt & (N3 AL B ) AH EE , P b 3 0 A5 =X

KA BB SR 205 0 110 kg/hm®  WTLLGE B T HEHE ZUAD (N4 b3 35 & R K RS 7 & (P >
He 3 7™ R 0.05) , i 5yl it AL (N1 A0 B ) 2% 8 25 B IOk &
4 (P <0.05); 76 5 MV ¥ 25 14 T 18 & i 2 e
(N2 AP X 7K A ™= 2 JC i 5% (P > 0.05) | 1 4
(L) AR [ e s, 4 T E TBE A R B CHL ETR s 0 R 4 2 T o 2 it 280 8 T i 7 4 08 5 348
W B HE R ISR O (P <0.05) (P<0.05),
2 1] T U A LV IE AT S O U HE R, 5 B it R (4) 7ETE M R A DX AT A5 FF 340 H , 4f 7 3 R 52
WA N, CH, Hiam . BA A R B R n SOM R IEE i AU 110 ke/hm® | A] DLAESCELYY

(P <0.05) ,jin & AL fe it 1 CH, AYHERL .
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