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Coupling Effects of Water-saving Irrigation and Controlled-release Fertilizer

(CRF) Application on CH, and N,O Emission in Single Cropping Paddy Field
WANG Yong-ming' , XU Yong-ji', JI Yang'* , FENG Yan-fang’

(1. School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Key Laboratory of Argo-Environment in Downstream
of Yangtze Plain, Ministry of Agriculture and Rural Affairs, Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014,
China)

Abstract; By the method of static closed chamber-gas chromatography (GC) , a two-year greenhouse experiment was launched using an intact soil core of single cropping rice
in East China to explore the synergistic effects of water-saving irrigation and controlled-release fertilizer (CRF) application on CH, and N, O emissions during rice growth, with
the aim of establishing water and fertilization management regimes with effects on yield promotion and greenhouse gas mitigation. Nine treatments included three different types
of nitrogen fertilizer application (no nitrogen [ CK], urea [ Urea ], and controlled release fertilizer [ CRF]) and three different types of irrigation management ( continuous
flooding [ CF], intermittent irrigation [ 1], and controlled irrigation [ CI]). The two-year results showed that two of the water-saving irrigation management types (1l and CI)
significantly affected CH, and N, O emissions from paddy soil and their global warming potential (GWP) and greenhouse gas intensity (GHGI). Compared with CF, 1T and CI
both increased the N, O emission and decreased CH, emissions, resulting in the reduction of GWP and GHGI by 28.9%-71.4% and 14.3%-70. 4%, respectively (P <
0.05). Compared to IT, CT had better CH, emission mitigation potential , with reductions of 57. 7%-91. 8% ; however, there was no significant difference in N, O emissions.
Finally, the mitigation of the CI method on GWP and GHGI was slightly better than that of the II method by 2. 0%-56.2%. Compared with CK, N application significantly
promoted N, O emission by 18.4%-2547.8% (P <0.05) in two years, in which N,O emissions were slightly higher by 32.7%-78.6% in CRF than those in Urea
treatments; however, no significant difference was found (P >0.05). The response of total CH, emissions to N application varied with different water management practices.
In general, no significant differences were found in CH, emissions, GWP, or GHGI in the paddy soil between CRF and Urea application. Correlation analysis showed that in
2018, N, O emission fluxes of the Urea treatment of the CF model and the Urea and CRF treatment of the II model were all significantly positively correlated with NH,” -N
concentration in floodwater (P <0.01). By contrast, in 2019, a negative correlation was found in the CK and CRF treatments of the CI model (P <0.05). N,O emission
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fluxes of the CK and CRF treatments of the CI model in 2018 were significantly positively correlated with NO; -N concentration in floodwater (P <0.01). Water-saving

irrigation and N application both had significant effects on rice yield. Compared with that of the CF method, the rice yield showed a decreasing trend by 14. 7%-37. 7% under

the two water-saving irrigation modes (1T and CT). Compared with that of the Urea treatment, CRF application increased rice yield by 2. 5%-7. 4% ; however, no significant
difference was found (P >0.05). Considering the GWP, GHGI, and rice yield results, the coupling effect of water-saving irrigation and CRF application on the GWP

mitigation and yield promotion in paddy fields requires further investigation.

Key words:: paddy field; water-saving irrigation; controlled-release fertilizer; CH, ; N,O; rice yield
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Fig. 1 Seasonal variation in CH, emission flux during rice growing season
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NH," -N¥ B 1) 48 fb ] DA S i 42 8 I R0 3% ) A X
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Table 1 N,O emission factor, rice grain yield, GWP of CH, and N, O emissions,
and GHGI during rice growing season in 2018 and 2019

ESEHGEE (GHGI)

e N, OFFT 2 5 % JKAG /L hm 2
CK Urea CRF CK Urea CRF

CF — 1.25+1.61aA 1.88 +0.27aA 16.86 =£1.02aA  17.50 £0.60aA 17.94 £0.35aA

2018 4E I — 1.66 £0.50aA 2.68 +0.64aA 10.67 £0.35bB  14.09 +0.42aB 13.69 +0.33aB
(I — 1.45 +0.83aA 2.39 +1.76aA 12.86 £0.95aB  12.68 £0.23aB 13.32 £0.63aB

CF — 0.04 +0.05aA 0.11 +0.21aB 13.24 £0.08aA  14.28 £0.37aA 14.74 £1.05aA

2019 4F I — 0.56 +0.56aA 1.48 +0.34aA 10.50 £1.25aB  11.70 £0.08aB 12.56 £0.65aA
Cl — 0.88 £0.54aA 0.29 £0.41aB 8.24 +0.52bB  10.41 £0.12aC 10. 14 0. 10aB

SEHH — 0.97 +0.68a 1.47 £0.61a 12.06 +0.70a 12.45 £0.30a 13.73 +0.52a

fhs GWP/t+-hm =2 GHGL/t-t!
CK Urea CRF CK Urea CRF

CF  11.91 £1.06aA  11.61 +1.80aA 9.71 £0.59aA 0.70 £0.03aA 0.66 £0.10aA 0.54 £0.03aA

2018 4F i} 2.15 +0.57bB 5.02 +0.99aB 6.17 0.75aB 0.20 +0.05bB 0.36 +0.08abB 0.45 +0.06aA
CI 4.76 +0.93aB 3.09 +0.47aB 4.70 +.1.06aB  0.37 =0.06aB 0.24 +0.04aB 0.35 +0. 06aA

CF  8.01 £0.89aA 7.40 £0.88aA 6.90 +0.49aA 0.61 £0.07aA 0.52 £0.07aA 0.48 £0.06aA

2019 4E I 2.61 +0.26bB 2.70 +0.42bB 3.78 +0.17aB 0.25 +0.03aB 0.23 +0.03aB 0.30 =0.023A
CI 2.53 +0.43aB 3.90 +0.57aB 3.06 +0.57aB 0.31 +0.06aB 0.37 £0.06aAB 0.--30-‘;'9_. 064A"

A 5.33 £0.69a 5.62 0. 86a 5.72 £0.60a 0.41 £0/05a ' 0.40 £0.06a 0.40°%0.05a
1) [ A7 AN TR)/ING S B B B A ] — B AR [ R = B 4 Bl 22 5 15 51 & 25 7KF P <. 05 H_ -

- | /

PEZESF (P >0.05). 2018 4F, 11 A3 1 it F &UAE £

WBEWINT GWRA36. 7% ~193. 1% (P <0, 105) ¢ “Cls
*%%ET Urea SESIAE CK A58 WK /30 4,
CRE 4SRRI, (R 5235 (P> 0705 ) 5 ﬁ‘ﬁ,2019
A U 5 B R, Wﬁlﬂﬂﬂfﬂwﬂﬁm 201§ A

FIC KRR BLSR CRF AL 38 GWP B 75 13/ Urea |
bt 33/69 5 2019 EWﬁw7k{é1%ﬁﬁ£ﬁ$ﬁfi 7

SO EE= i} @%TT CRF 4b ¥ GWP 5 &7 F 6K
Urea ABF 41. 7% ~50. 0% (P <0.05) ,ifi CI F CRF
AbEE GWP X F Urea ZbFE 22. 1% .

3 SR B 7 B Ui 2 AR HE TR BE (GHGL) 47
Mk Bt , 5 IAHE KA (CF) A1 EL, 15 7K 8 AR =X
(1L F0 C1) ¥ B EREAL T GHGI(P <0.05) , Hr 11
R B AR T 45. 5% ~71. 4%, CI Bt 1 3 A%
T 28.9% ~63. 6% ; 1 PIAN T KR 7 AH LG, 1T
1 CL A Z ] GHGL e i 22 5 (P >0.05). I\
RSP, A A &R it FH X R GHGT JC 18 3%
P (P >0.05).

3 g
301 P KE XA R = S AR HE 50

CH, &M DS N = HBE VR T F e
FEFTEER. AR, Y 0 E b E S A
(Eh) } =200 ~ — 150 mV A 33 i iy B 5 T T 4R
FeA CH,Y i R Bh 52 3] R IR SOK B . K
13 7K AT = R T A TR A XA
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CH,, HE i 8 VA F 35 s L7665 0 22 7, ik 5 DA E
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Fﬁlﬁﬂﬂﬁﬁzﬁ’fﬁ%; @ﬁﬁ'zﬁil_iﬂﬁﬂ:fﬁiumk
1, *alﬂﬁkﬁféjlzi‘ﬁﬂp:igl_m t, R 0, ?}”ﬁﬁ
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1 TR AR AL CHY R D 4R 2 S8 CH,
HERIE A 1 575 — A SRR 207 20 R (K 2)
POAE H O[] R B T = A D CH, A Rl 2 AR
FIF (P <0.01), 5 CF ALFHAR L 1T F CT £
CH, HEUR B FEME T 62.5% ~95.2% (& 2). Hifh
FKEEWE T M H, CL# T AC R BA4-/Y CH,
RS HERC SRR T 57. 7% ~91. 8% . 5 ]
TR HE AR L, 5 R RS D CH, HERIE A 7 24
B R IR RS AT I CH, HEpGH
EERAESS 1 U v ad R v B AN, 7E = Ay
BB B B K AT AR B R AR B AROK T, IR
BB K R T REREAR (K 1) X ATREE R T
TE7K R 3 BERTT Y , 5 i E TR A FED M A 2 31 6 K 2
(7K 5375 T A5 K B A & 2580 iy CH, K&
B, SECT BRI CH, 78 43 BERT 1A b 3 (1) 45
R 2000 T 4 S e 3 BE S BT 4R 1
AKIZREIR R T B A7, RFEe il CH,
FEA SHERL, PR AR KRR AR R s B s v AR T
CH, HEit— B fEAR MR A K.

LA A A2 I TP N, O A2 i PR F2 22 1
A= P A A AL AR T 55 0 4 S A5 R s i A
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KA K CF i 32 34 i N,O HE AL R & 13.4% ~
2 547. 8%, X S RTNRFGR 45 S — 5 SR, PR
TKHE BB A L, N, OHEBLE &= FIN, OHE i R B TC
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Table 2 Multivariate analysis of variances between water management and nitrogen fertilization
- s 2018 4F: | 2019 4F .
SS df F Sig. SS df F Sig.
VEE T 526 065. 21 2 67.51 0.00*  319090.05 2 113.58 0. 00 **
CH, HE Bt T 22356. 30 2 2.86 0.08 1318.76 2 0.47 0.63
- MEBE x WAL 49 566. 10 4 3.18 0.04" 3313.19 4 0.59 0.67
/kg-hm i 70 130. 31 18 25284.31 18
it 1514014.33 27 879 498. 77 27
W 14. 62 2 1.91 0.18 69. 95 48.92 0.00 ™
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3.2 it AP A AR IR 2 AR HE R )5

Jite FH B XA FH CHL, HE I Y 5% il = 4 52 2%,
PR H A5G T B A it FH 6 R CHL, HE il = Y 52
WA RIFIE 45 AR —. ABIFSE & B0 CH, HEB R 2% it
A B e 17 Bt 7K 534 BRASE AN TRl TS [R] |, 5 2643
Ml , 57K 8 3  XAN [R], &R it FH ( Urea A1
CRF) X Fef 11 338 CH, HEACE &8 B A Ik 25 (3R
2) ANTE 2018 AE4F5E W /K (CF) Fas il E 1% ( CT)
R TR TS CK kb BRI EFEC T CH, HEik &
87.0% ~68.3% (P <0.05). 1fii Fi4E[i] CRF 4b ¥ %5
Urea b ¥ CH, HERCE A FrA8 sl (A ¥ 00 o 35 M 2=
5,0 CF #50F, CRF 4 Urea AbFE CH, HEM &%
KT 7.7% ~26.2%, i 17 K H#E BT, CRF &
Urea Ab Bl Y5 W5 A5 38 0. ASBF S AHSC 0 Mr 6 11 R
CH, HEMCHE & 5 F TR K NH, -NYe B 24 3 2 E ARG
PE(P <0.01) 1M CF WS BAH AL AE. R CRF #8

Urea 3411 CH, HERCH)JF AT B . CRF 2848 MRk
NH, -NFINO; -N, X} CH, %Ak 4 300 il V6 FH AR 0 48
5%, it CH, AR K CH, HE )
JEUR AT REJE: 6 FHRTHE /K CRF ZbBEfAY CH, HERCS
T Urea Fl1 CK A3, -4 Sk B CH, fE3E T H
ot SRR A A I 4 LA 1 R s b T
CH, JEWIRYHERL , 1% 5 LA I 25 5 — 50
AHIFFE AR BN, OFE il 32 24 v 78 1 7K I A5
FAHEAK V5 T AH O 431 2 B B A R R AR =X
Jita A A 33 N, OHE i3 347 5 R ZK NH, -N R 3 52
Wl E A IEA K FR (P <0.01) , 1] Urea AbHLF
N, OHE il il f: 5 NO; -NEM B FH M FAEER (P <
0.01) , Z G A AE R R AR FAEN, OHE I = i
W15 S A AT i BRI AR i
/D AEZEN, OHEL , N, O RFRHE L i (U2 JR F= AL FHL Y
T1. 2%, HAWHIVE ] = 2R I 7E # H 0, D PR s
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MRS K 30 R R R B 3, WD T R e
WEHINOS NV, 3 M R T N, O iR HE i R
IG5 )M ) 45 5 ] B S it P 4
FIEL AT A 35 AR 1% ~ 50% FN, O™ . fH
AL R RAE A BRI, TR 2
TR 1 T P 4 B P £ M 0,
i, N, BEZFHEK % F R R 5T 3 42 5 T
R RAAE 57 AN, O, 2445 45 o P K
IR0 NOS AT AL FHERCN, 07 1A
M R R 380 1 1 28 N, O Bt o R
2 KAl ASBF S 7 2 43 A W RN 5
R FH - N, OO B (3 2) B UM 8 N, O
T 33.0% ~ 78. 6%, H. 75 4F v [ [ 3 i 452 =X T
CRF Zb 3R HEA i W% 125 T Urea AbFE 41.3% ~ 64. 5% .
[ 8, 7 S T8 HE %6 - HEN, O B8 HE 20 7 4 58
kit -
3.3 KM R AU P 125 2 0
KFEP R 5 SRR

ABF I AR RS AR RS R M R R
SRR CH, TN, O 55 A i % BON (20 A
GeH) CF A He 38 K BE B B i T RN, Ol
B HRIRIGT CH, HEWORE, 4 F € WP
<0-05 ), 2845 7 ey e 2T, A I )y AU A

[ 380 SR £ CF ».C1 > 11 B35 2K I 1
P RR EH0N R CF 5 11 vp it 2 i

R A 5 0 BT HLTE A A A, 3 S AR S 4%
B BRI, 5 A AR R, A R A R
¥R R RN IE X GWP 1 B2 5m (% 2) , 5
TSRt F R 28 AH B, it FH 45 B AR X R CH, A
N, OFRIHERCE LA K — 5 19 GWP ¥J3% A W2 5 i (P
>0.05).

IR A A I A K A B KRG A KA 3
(R S | A3 56 v TR AT ] 798 7 7 7 B TR A X 114 7K
FrESEEL TR BRI (P <0.05). BOth
EW TS AE SRR AE C1 & P KRR R L
CF 77 B, X 5 A B 5% 10 &5 R — 2, ] 0 i
OV IR A S i A AR 2R SR R IR 6 R B 1T A K A
P CF B 8AIL 37. 9%, X 5 ABF 5 1L [ CF
IKREFEEAR 5. 0% ~37. 0% FIZ5 - —50. AR A AEAL
FHAH LG, AR P CRF AT Urea X /K Fg P A
BN 33X 5 b U A B £ A UL S 0 (R 5
M2 L. 4 P Rk AR S5 S s B A A A 5T
ZERFO i A i CRF BY/K RS =3 Urea AbJH
BT 6.4% ~22.0%, (A2 3 AN 03 X 5 AR5
25 R —3U.

&it

(1) P4 A AR R BARE 7 A% CH, HE
U N, OIS LR Al S 20N (GWP) il &
SRR BE (GHGI) FIZK R 7™ e XA A 8 35 52 i)
(P <0.01); 51 1 KB A B, 55 7K A E (1T
CI) A =18 T A% B HEN, O HE i, il 1T CH,
T, KA A BTREAR , 2 GWP 5 GHGI A Fir e
%, T PRSI 5 CL 2Z W) 00 P 2e .

(2) BNt HIAOR N, OHE il ek 52 DL KK et 7 i
AW (P <0.05) 8l BE RN (P <0.01) 1M
X7 CH, HERCUS L . GWP Al GHGI R &2 I 2 52w (P
>0.05). ZUIE (Urea, CRF) b FACAS i AL 1 Jin T
N, OHERCHIK AR &, 1T Urea 5 CRF A L =% I T8
BEVEZES; CH, HE, GWP Fl GHGI Xefjifi % b 71
RSB K AL 0 R T ) e
AL FE - ST ) 3 M O S 3%, (L A2 2018 4F:,
IR TR 530 T e 146, 79 4
193. 1% ( P/<0.05)", 2019 4 11 £\~ CRF 4 Urea
AEFEIE N T GWP 41.9%<50. 0% (P <0.05)%

(3) 20184 e R Ut P i1 3 T 28 et )
CH, HE it % GWPAI GHGI 4 i 3 W (P'<
0..05) , Tl 2019, 4 — & 38 1 B AU X N, O
HAWN B EEW (P <0.01), % CH, HEM &,
GWP., GHGI J /K i /= 5 JF JC i 3 Pk 5 i (P >
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