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Effects of controlled release fertilizer and straw mulching upland
rice on CH, and N,O emissions from late rice field
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Abstract: [Objective] This study specified the effect of controlled release fertilizer (CRF) and straw
mulching upland rice (MUR) on CH, and N, O fluxes,cumulative emissions,greenhouse effect and emission
intensity of late rice field to explore effective measures for mitigating greenhouse gas emissions and plant-
ing rice scientifically. [Method) Three treatments, traditional paddy rice (PR), straw mulching upland
(MU), and straw mulching upland fertilized with controlled release fertilizer (MUCRF) were designed

with three replicates for each treatment for the farm of South China Agriculture University. Closed-cham-
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ber technique was conducted to collect CH, and N, O fluxes from PR,MU and MUCRF treated fields every
day after rice transplanting to compare their contributions to global warming. [Result) CH, emission of PR
concentrated in seedling stage, initial tillering stage and maximum tillering stage with the duration of 35
days. CH, emissions of MU and MUCRF concentrated in seedling stage and initial tillering stage with the
duration of 15 days. CH, cumulative emissions of MU and MUCRF were significantly lower than that of PR
with ratios of 20.00% and 17. 98%. Little N,O was emitted from PR at the stage of drying paddy in sun-
shine. However,N; O emission of MU concentrated in maximum tillering stage and the emission peak last
for 10 days. Its N, O cumulative emissions were higher than that of PR. N, O emission of MUCRF concen-
trated in initial tillering stage and the emission peak last for 7 days. There was no difference in N, O cumu-
lative emissions between MUCRF and PR. However, N,O cumulative emissions of MUCRF were lower
than that of MU. MU had no significant difference on global warming potential and greenhouse gas emis-
sion intensity, but combined MU and CRF decreased global warming potential and greenhouse gas emission
intensity significantly by 77. 66 % and 76. 47 % ,respectively. [Conclusion) Straw mulching upland fertilized

with CRF was an effective measure to significantly reduce the greenhouse effect of rice field and a scientific

mode for rice cultivation.

Key words: controlled release fertilizer;straw mulching upland rice;late rice; CH, emission; N, O emis-

sion
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Table 2 Effects of CRF and straw mulching upland rice on N, O emission peak and cumulative emission
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L R U
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Initial tillering stage




100 P A A MR K AR

543 &

2.3 FEHECH MNOMEKERELRBEENN
A R TR TR SR IV IR A AR AL AR R
FRRH XS BE 1 89— S8 R B — 5 W) A — i

AR S N 5 CO, A LT A 21 A A X 56 5 52 R
(B . HE— 2D 2RI A0 2 R AR X A L CHL AN
N O (4 S BRIl 4 i iy L 45 R UL 3.

X3 EBEEMBEEMX CH, #1 N,O ;B =M 20H
Table 3 Effects of CRF and straw mulching upland rice on greenhouse effect of CH; and N, O

iR CDEcn, / CDEx, 0/ TCDE/ FIKD (o k-
Treatments (kg » hm ?) (kg » hm™?) (kg + hm ?) d;@%‘/% gi %>
HHL/K H Paddy rice 4 687.194+639.42 a 182.61+44.48 b 4 869.814+644.35 a / 0.85+0.12 a
7B BLRh Straw mulching upland 937.36+219.20 b 2 559.694396.35a 3497.05+457.02 a 28.19 0.64+0.10 a
B R R
Straw mulching upland fertilized with 842.74+171.11b  245.364+65.64 b 1 088.104+234.07 b 77.66 0.20+£0.04 b
CRF

H 26 3 AT, 7 SR R s BRI Ak BE X CHL, A
N, O 3R # 2 I A AH R . To it 2 8 25
e FH S S 7 S o 4 B I e T L CHL, 4 B 498 9L v 34
YR TR, 5% HK A, B SRR R - N, O
(1) 4 BR G I T B S 2 o T A S R g R R A
WIJCHH A8 Mk, 5% BLK HAH H, 78 R RS
CH, A N,O ek R A TR ELES MR
Fhaz B AS L CH, AT N, O By 4 Bk 48 Y 0 5 f 0k
HE s ik B2 ) & 3 B AR H TCDE ft GHGT %% M
K H A3 9 77,66 % H1 76,47 %, Al I AR
K H R B B RS L AR N, O HE O™ A 1 R A
AT BRI AR o T CH, HERO™ A= 04 1 2 %500 B
B AIG o JIT L 7 R S R e P TR 5 00 5 R K AR
Wb 22 S, A A SR RS i R BRI S L iR
FIAHE N, O fy il = 8500 32 305 T 5 Bk I, Bt I
SRR IR A B L I R R AR

3 0 e

3.1 THECH HMHEmMEZREEEMIERE

EHA CH, Hi

CH, BIRE AT A YL A T e 40 6 1R
M/ . fH CH, ko2 CH, 741 CH,
SACLEAE IR AR Bk T CHL 197 A RO 4 A
TEFI AR X 3855 . L3R LA ML L
R SR E Y CH, B HEL. 18R — 28R
s K ) il R AR R CHL 7 AR AR T
AR S B S TR DR 3% 0 KRR 1 K R S i o R 4
FEE Ry CHy B K & % e, # CHL HE B & B
AIRE2 R B R — TG AT LA R IR RS R
JE Ly CH, W HEIC 5 55 — 5 T B i 1 A 5 0T i
o3 BCh ST HLBT B T CH, P& AR R, A
e HE CH, B 7 A R, %% 158 i A5 7 5L 16
b2 ARRBETE R R AR A R B RORE D CHL A R
TRCRSEAN 72 e W AT 8 i I 2 . AR T ST A SR SR

WY, Rp s A AL PEAE Y CH, BRHE R w
FK 5 A 8026, ZRBATAEN (Kreye 5 1Y
TF 5 285 5t A A TR) 14 4538 . T s D RO 7 56 1
R AR AN RS R R MR N R CH, HERCR Z (R F 2
ol B 7 B L E R B S B0 CHL el HE

O T it 9% /4% 6 A s 41 i) 5510 %oF e FE R o HE i
MRS R e B, RN T
B S R T % B, R bE P R IR B K SUR
CH, HEJT3E . Li 500 & B, 72 500 | 4 BE L A 4
TS it o 95 TR UL B 38 AT e 2> CHL i HE
7 L ALAS 552 BT & B0 F A it 22 s oy Bk RS 2
i gt FH ORI 0 ) 550 IR 5 A A 40 o) 70 0L R T el
CH, HEBCE B /D> 1/2, T it FH 22 7% By B A U8 78 2
B, =& % CH, HECE 2w, ARBFoe 45 S R 3
TR F I RALAE H S R R AR H CH, BB
WG 2 5, 5 R AL RSB R A o R A B 5T 4
R—E L HEPF N CH, B 2%/ F 5K
M, 0 D PR 7 R R b B S B AIR T CHL i HETK
TR AR B O AR, R R RS
CH, HEjif 5 2 A5 it = B JE ¢
3.2 BHEHNOHHMMEMEZREESEMERRE

BEM N,O HR

N, O J& e H A 2 i 4k 5 5ms 464 F i o ) =
YooKy RHEERm N R Z —, L5 A
FH = 48 7K 43R 0 B A A= W v s A s i Ak 1 A S F T
EEFHEAEE NO HltEm 2R, CAHWRES R
FWT, KRS 1 K E W B RS 1S N O i HE i
L1000 i A F R R T b 3 7 T T RS T
HIAT LA R N O Ay 7= A7 8 HE il 4 &
KFREY AR FT 45 A 15 2] 7[5 BE  25 5
R 7 e SR R F A K R 43 BE I Y NL O HE il it 5 3
BN, O S FHE R B35 KT H MK H

ABE SR R R AR AR AR SR A 24 R (08-



010 9 X1

25) BT N, O HEjifg 06, o w] B8 5[5 & 08-16 —08-
21 WFFLERETN , IR Z A= I R T KEw
N O, 08-22 J5 Fifi 5 [ TN 1 45 30, + 58K 43 & 1 %
R, 2 FP P& B N, O N 1 358 4% it b oK i B ik
ok, F 08-25 1k B A R HE R, AR R 22 B B
JIES Ak G W S 1 I T 0 1 B L K 5 2 O AR 1
TR —E . NO WS £ 8505 h iy NO, ik
J3 85 DA G L 958 BN R B8 K AR I8 0 3 48 i, Uk
T EEHE W NO, B 2L, BEMEM T N,O
(R L A ST S B T A 4 o 50 A R
IR A AR A N, O D HERCRSS . A 5% 45 3
2 B 75 B R R0 RE L i FH 4% R AT AT LA g e /b
N, O [ HECE X 5 a0 A BRI 25 30—,
3.3 BEEMEREEANBEENMN

JK A R T K R K R
A3k 22, 8% ABFFT4E SR F W L B AR B R SR
M N, O BB HE i A g, 2 CH, S FUHE L
B I BRI e R I v AR HE R B S R R K
SPWTEF - I W N S e VAL T
S KRR R R R R R AR ) K R AR AR —
T R0 K e 4 s 3k R i P %) 2 K A L L 3 4t
PR NERER A8 7 — B R L 2505 YLK AR
KA. MEZTF ERAE R R B 212 AR BRI
08 R S AR 7 AR 0 N, O HECE: B 1 1%
fiK L R R B RS CH, 1 N, O B3R
TR SRR o B 3 SRR AR . ZR b RTIR KRS A
S it FH 4 e Rk 2 P S ek /0 s P L 2 AU A A
T i, 2 — Fh Rk A K R AR R AR 2

4 7t B

T S R G FH s R BERE B AT R R IG A
CH, M HEBE Ko 2B HE L L H B R HE = A %
K B Y 20, 00% F1 17, 98 %, 75 2L L FpE 3 T 7
N, O B HERL - N, O W 3 HE R A 2R BRI 3 8
FHEm, Hrp BRHE R R RLUK Y 14 £ 25
B EL R 45 A it R T DU AT o R R
A N, O HEBCR A3, N, O BB HE 2 12300 4 L
KH K. AR CH, AN, O Y 501 I 7 3
I HE Tk 58 B TG . 2 R ) o {H B R SRR 5 G e AR R
JIES 0 i b 5 [ A T 4 TR 498 30 R A RT HE T R,
BEH LK Ay B0 2> 77, 66 % KN 76, 47% . LA
JETHE R FF K IR 28 0N KRR A SRR A it A R
FIE Ak 2 S 0k /0 e FEL L 2 3000 ) A R it s R — b
HRREL (1 7K RS PR X

[2]

[3]

[4]

[5]

(6]

7]

[8]

(9]

[10]

IF AF PR RE I R A e R A O CH, A N O HEBCH) 52 101
(5% 3k
[1] IPCC. Climate change 2001: The scientific basis [ M ]. Cam-

bridge: Cambridge University Press,2001.

IPCC. Climate change 2007 Mitigation of climate change [ M.
Cambridge: Cambridge University Press,2007.
LA 2R P T A o R R 3 R HE S e
HAX R [T, 4l TR %4z 2008,24(10) :269-273.

Dong H M,Li Y E,Tao X P,et al. China greenhouse gas emis-
sions from agricultural activities and its mitigation strategy
[J]. Transactions of the CSAE, 2008, 24 (10): 269-273. (in
Chinese)

sk SR EURESE, SRAR B B B IR TPCC2006 J5 2 % it [ 4
H N O i =8 £ 5 [T, o B A2 S Akl % 4, 2010, 18
(1):7-13.

Zhang Q.Ju X T, Zhang F S. Re-estimation of direct nitrous
oxide emission from agricultural soils of China via revised
IPCC 2006 guideline method [J]. Chinese Journal of Eco-Agri-
culture,2010,18(1) :7-13. (in Chinese)
2205 80 BE/INBR S BRSCR . 5 R IE X K RS 5 2 R EUIE 80 11
o L], Y 7R 5 MR 241, 2005, 11(4) - 494-500.

Li F M,Fan X L,Chen W D. Effects of controlled release fer-
tilizer on rice yield and nitrogen use efficiency [ J]. Plant Nu-
trition and Fertilizer Science, 2005, 11(4):494-500. (in Chi-
nese)

T A R RO, 45 4 0 45 7 28 45 REIE X K A 7 i 5 EUNE A
B RS [1]. - 80m 4. 2010,41(1) : 133-137.

Chen X Y,Wu LL H,Li J X, et al. Effects of new controlled re-
lease fertilizers on rice yield and nitrogen use efficiency [J].
Chinese Journal of Soil Science,2010,41(1):133-137. (in Chi-
nese)
5 5L MR IR A R HE N, O ey 2 m [T, 5tk
B2 ,2008,36(1) :108-109.

Wang L Y,Jing R Y. The effect of modified urea on N,O re-
lease from soils [J]. Guizhou Agricultural Sciences, 2008, 36
(1) :108-109. (in Chinese)
O, B M, Oswald Van Cleemput, | 250 % iR & 8% % + 1
WAk Rl AL A NO 5 No O HEsci s ma ()], 0 A 25 2%
#.2000,11(1) ;74-78.

Huang B,Chen G X,0swald Van Cleemput. Effect of modified
ammonium bicarbonate on nitrification denitrification process
and NO and N;O emission [ J]. Chinese Journal of Applied E-
cology,2000,11(1):74-78. (in Chinese)
FEAEEE R WEAT B /NAR. =l R NI AE R 213 v i S Ak W AR
J LI B2 A 45 2 4# . 2011,22(9) :2370-2376.

Du Y Q. Zheng L. X, Fan X L. Effects of applying controlled
release fertilizers on N, emission from a lateritic red soil
[J]. Chinese Journal of Applied Ecology,2011,22(9):2370-
2376. (in Chinese)

Bo#,0k #LE O oF B RACEEHE TR oK R
CH, Al N O HERI 32 0 [T, A4 454 2 3K, 2004, 23 (3) : 44-
48.

Liang W,Zhang Y, Yue J.et al. Effect of slow releasing nitro-



102 PO AL A BB K 2= 24 4R CH AR B D 543 %
gen fertilizers on CHy and N;O emission in maize and rice Chinese)
fields in black earth soil [ J]. Chinese Journal of Ecology, [20] Kreye C,Dittert K,Zheng X H,et al. Fluxes of methane and
2004,23(3) :44-48. (in Chinese) nitrous oxide in water-saving rice production in north China

[11] WI/NBRE. B &0 5. 5. AU B B ok -8 CHY Al [J]. Nutr Cyel Agroecosyst,2007,77:293-304.

N O HEcay sz m [J]. A E B k2%, 2011,41(1) . 117-128. [21] Wang M X,Shangguan X J,Shen R X, et al. Methane produc-
Hu X K,Huang B X,Su F,et al. Effects of nitrogen manage- tion, emission and possible control measures in the rice agri-
ment on methane and nitrous oxide emissions from summer culture [J]. Advances in Atmospheric Sciences, 1993,10(3) ;
maize soil in North China Plain [ J]. Science China: Chemis- 307-314.

try.2011,41(1):117-128. (in Chinese) [22] OpfEse. TR, TIREA.F ERABEREASREL/NER

L12] @ w0 W5 S 9 B A0t T X /N 22 4B K N O NO HEFOWRM W58 [T, B A 252 4% . 2000, 11(4) :577-581.
Hescry g mg [T]. 524 4,2012,49(3) :526-534. Zheng X H,Wang M X, Wang Y S,et al. NO emission from
Ji Y,Liu G,Ma J,et al. Effect of controlled-release fertilizer winter wheat fields of rice-wheat rotation ecosystem in south-
(CRF) on nitrous oxide emission during the wheat growing east China [J]. Chinese Journal of Applied Ecology,2000,11
period [J]. Acta Pedologica Sinica,2012,49(3):526-534. (in (4):577-581. (in Chinese)

Chinese) [23] ZEXR%. EHEFMAD CHy Al N, O HE BB H X 4 2R 3841 %

(18] ZEo i e pi, ) 05, 4. B eI ek xd A 1 40 A0 S U4 1 A (D17 M A ROk K%, 2003,
semy [J. B H A 2R, 2004,15(11) :2170-2174. Li T A. CHy and N;O emission and their influence on global
Li F M,Fan X L, Liu F,et al. Effects of controlled release fer- warming potential in Ground Cover Rice Production System
tilizers on N, O emission from paddy field [J]. Chinese Journal [DJ]. Guangzhou: South China Agricultural University,2003.
of Applied Ecology.2004,15(11):2170-2174. (in Chinese) (in Chinese)

[14] 4 V&, ok, o ¥, 2 Rl K H 5 PR & il 4 e JH Xk [24] Timothy H,Jonathan P,Kevin B. Target-intensity: An analy-
AR N O Hegk g mn [T, A A% H,2011,22(8) . sis of greenhouse gas intensity targets [ M]. Washington D C,
2031-2037. USA :World Resources Institute,2006:37.

Ji Y,Zhang X Y,Ma J,et al. Effects of applying controlled-re- [25] T4, SRAHE. 34 BT RSN IEA DL B b ™ Az 1 5%
lease fertilizer and its combination with urea on nitrous oxide [J]. A 4524 . 2002,22(10) : 1672-1678.

emission during rice growth period [J]. Chinese Journal of Ding W X,Cai Z C. Effects of soil organic matter and exoge-
Applied Ecology.2011,22(8) :2031-2037. (in Chinese) nous organic materials on methane production in and emission

(157 Z=J5 6. S/ bk. BB IE X /5 M CHy ek i s my (7. B2 5 from wetlands [J]. Acta Ecologica Sinica,2002,22(10) :1672-
A% A W) 29,2005, 11(4) :408-411. 1678. (in Chinese)

Li F M, Fan X L. Effect of controlled release fertilizers on [26] x| J5.Z2R% . HE/NAK. gt X 7 B 52 R R 1 AR o HE s 2
methane emission from paddy field [J]. Chin J Appl Environ HE 5K MEEMNXR [T R TR, 2013, 29
Biol,2005,11(4) :408-411. (in Chinese) (2):110-116.

[16] Bellisario L M,Bubier J L,Moore T R. Controls on CH; emis- Liu F, Li T A, Fan X L. Methane flux and its relationship
sions from a northern peatland [J]. Global Biogeochemistry with soil temperature and moisture during rice growth in film
Cycles,1999,13(1) :81-91. mulching upland rice field in south China [J]. Transactions of

[17] itk , 250 V9, 805 25, 2. 5 7K I 4 5 R A 1 B e i 1 the Chinese Society of Agricultural Engineering,2013,29(2) :
AL LI, W0V K S i ARl 5 2 A B 5 A 2006, 32 110-116. (in Chinese)

(5):546-550. [27] Yang S H,Peng S Z.Xu J Z,et al. Methane and nitrous oxide
Peng SZ,Li D X,Jiao X Y, et al. Effect of water-saving irriga- emissions from paddy field as affected by water-saving irriga-
tion on the seasonal emission of CH, from paddy field [J]. tion [J]. Physics and Chemistry of the Earth.2012,53/54.30-
Journal of Zhejiang University: Agriculture & Life Science, 37.

2006.32(5) :546-550. (in Chinese) [28] Qin Y M, Liu S W,Guo Y Q.et al. Methane and nitrous oxide

[18] PengSZ.Yang SH.Xu] Z,et al. Field experiments on green- emissions from organic and conventional rice cropping systems
house gas emissions and nitrogen and phosphorus losses from in Southeast China [ J]. Biol Fertil Soils,2010,46:825-834.
rice paddy with efficient irrigation and drainage management [29]) SRR, g ot B, 45, (A W AL U R CHL R
[J]. Science China Technological Sciences,2011,54(6):1581- No O HE it e i 2 20 P4k (1], B 4l BH4%,2008,38(12)
1587. 4294-4300.

[19] Z@# &AL 4, 2 SRRV &M4TFRE CH, f Yuan W L,Cao C G,Cheng ] P,et al. CHy and N; O emissions

N2 O HER L F 5T [T, + 44442, 2003,40(6) : 864-869.
Li M L.XuY C,Shen Q R,et al. Methane and nitrous oxide
fluxes in aerobic and waterlogged production systems of rice

crop [J]. Acta Pedologica Sinica, 2003, 40 (6): 864-869. (in

and their GWPs assessment in intermittent irrigation rice pad-
dy field [J]. Scientia Agricultura Sinica, 2008,38(12) ;4294-
4300. (in Chinese)

(F#4% 113 70



5 10 4

TE LS5 - DA 0T A Rt € I A ) T 5

113

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[J]. Int Biodeter Biodegr,2011,65(7):1024-1034.
Yemashova N A,Kotova I B, Netrusov A T, et al. Special traits
of decomposition of azo dyes by anaerobic microbial communi-
ties [J]. Appl Biochem Microbiol,2009,45:176-181.

Qu Y.Shi S,Ma F,et al. Decolorization of Reactive Dark Blue
K-R by the synergism of fungus and bacterium using response
surface methodology []J]. Bioresour Technol,2010,101:8016-
8023.

Saratale R G, Saratale G D, Chang ] S, et al. Decolorization
and biodegradation of reactive dyes and dye wastewater by a
developed bacterial consortium [ J]. Biodegradation,2010,21;
999-1015.

Dafale N,Rao N N, Meshram S U, et al. Decolorization of azo
dyes and simulated dye bath wastewater using acclimatized
microbial consortium: Biostimulation and halo tolerance []].
Bioresour Technol,2008,99(7) :2552-2558.

Levin I, Melignani E.Ramos A M. Effect of nitrogen sources
and vitamins on ligninolytic enzyme production by some
white-rot fungi,dye decolorization by selected culture filtrates
[J]. Bioresour Techno,2010,101:4554-4563.

Chang J S,Lin Y C. Fed-Batch bioreactor strategies for micro-
bial decolorization of azo dye using a Pseudomonas luteola
strain [J]. Biotechnol Prog.2000,16(6):979-985.

Jadhav U U,Dawkar V V,Ghodake G S,et al. Biodegradation

of Direct Red 5B, a textile dye by newly isolated Comamonas

[86]

[87]

[88]

[89]

[90]

[91]

[92]

sp. UVS [J]. ] Hazard Mater,2008,158(2/3):507-516.
Pearce C I, Lloyd J R, Guthriea J T. The removal of colour
from textile wastewater using whole bacterial cells: A review
dyes pigments [J]. 2003,58(3):179-196.

Wang H J,Su Q.Zheng X W,et al. Bacterial decolorization and
degradation of the reactive dye reactive red 180 by Citrobacter
sp. CK3 [J]. Int Biodeter Biodeg,2009,63(4) :395-399.
Myrna S, Aida S, Hermminial T P, et al. Microbial decoloura-
tion of azo dyes: A review [ J]. Process Biochemistry, 2012,
47.1723-1748.

Telke A A,Kalyani D C,Dawkar V V,et al. Influence of or-
angnic and inorganic compounds on oxidoreductive decoloriza-
tion of sulfonated azo dye C. I. Reactive Orange 16 [J]. Haz-
ard Mater,2009,172(1) :298-309.

Hong Y.,Chen X,Guo J,et al. Effects of electron donors and
acceptors on anaerobic reduction of azo dyes by Shewanella
decolorationis S12 [ J]. Appl Microbiol Biotechnol, 2007, 74
(1).23-28.

Saratale R G,Saratale G D,Chang J S, et al. Bacterial decolor-
ization and degradation of azo dyes: A review [ J]. Journal of
the Taiwan Institute of Chemical Engineers, 2011, 42, 138-
157.

Komal S, Sindhu S, Suddhasatwa B. Microbial fuel cells for azo
dye treatment with electricity generation: A review [ J]. Biore-

sour Technol,2013,131:564-571.

(E#% 102 1)

[30]

[31]

[32]

FERPE 2 E Mk, JTIE WL, A5 SR S0 TR AR A B SO0 IR
SUAHERGR EE R 2w [T, Al T2 224, 2012, 28(6) : 210-
216.

Qin X B,Li Y E,Wan Y F,et al. Effects of straw mulching on
greenhouse gas intensity under on-tillage conditions [ ] ].
Transactions of the Chinese Society of Agricultural Engineer-
ing,2012, 28(6):210-216. (in Chinese)

Li X L,Zhang X Y.Xu H,et al. Methane and nitrous oxide e-
missions from rice paddy soil as influenced by timing of appli-
cation of hydroquinone and dicyandiamide [ J]. Nutr Cyecl
Agroecosyst,2009,85:31-40.

JRALTE o AL L ORI A2 L 45 UIR AN BLEUNE X b RS + 4 N, O
A CHy HEak g 52mm [J 1. 0 Y AR 25 2% 31, 1999, 10(2) : 189-
192.

[33]

[34]

Zhou L K,Xu X K,Chen L J,et al. Effect of hydroquinone and
dicyandiamide on N;O and CH, emissions from lowland rice
soil [J]. Chinese Journal of Applied Ecology, 1999, 10(2):
189-192. (in Chinese)

Peng S Z,Hou H J,Xu J Z,et al. Lasting effects of controlled
irrigation during rice-growing season on nitrous oxide emis-
sions from winter heat croplands in Southeast China [J]. Pad-
dy Water Environ,2013,11:583-591.

TSR BAEKRE K BH i s B AL B R A S (DL )M
AR L R 2, 2004,

Wang Q. Study on water-saving and mechanism of yield re-
sponse of paddy rice to upland condition [ D]. Guangzhou:
South China Agricultural University,2004. (in Chinese)



