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1.1 HREXER

YT 2014 FAE BIIT A KR HEBE BRI 0o sk E
17, AT IR AL, 29 PR K E 500~
600 mm, ZAEVIHRE N 2~3°C. MEYKIAEKIN
156~171d, 2ELAY 128 do “URFFHAL B FEIR A KK
PEFE R, BRIy AR KRS, R E
1.01 glem’, fLBREE 61.8%. LIERLABRALMER Y. HHL
Jit 41.4 g/kg. pH 14 6.40. 2K 1.08 g/kg. =M 15.23 g/kg.
4280 20.11 g/kg, BlfE % 154.36 mg/kg A7 %0 25.33 mg/kg
AR 157.25 mg/kg.
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FEMPASC ALK Z, 2N Ry ORI 1Y 3
KA AL EHEAR R CRE IR /K S UCHE N HE T, FHTTE
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Table 1 Water management of different irrigation management pattern in rice growth stages
EREE! 73 B 73 B Ak BER QR - —_ R
e ] Y] AERE s e HE T s
Treatment Seeding Early Filled Later Jointing and Bloom Groutin Yellow
Establishment tillering tillering tillering Booting s Ripe
PR K 0~30 mm 0.76, 0.76, 7 0.86, 0.80, 0.76, %T
Control irrigation
1) B R = = = = =
: . Kz Kz Kz Kz Kz I
Intermittent KR 0~-30mm 0~40mm  0~40 mm i 0~30 mm 0~40mm  0~40mm 71
rrigation
TRIRE o Kz Kz ' KIZ Kz Kz §
Wet irrigation KJZ 0730 mm 0~30 mm 0~20 mm e 0~10 mm 0~20 mm 0~20mm 1
e . K K ) Kz KE Kz ;
Flood irrigation KJZ 0730 mm 0~40mm  0~40 mm W 0~40 mm 0~40 mm 0~40mm  H T

TE: ORI B KA T M B, 85.5%.

Note: 6 is saturated moisture content of root layer soil, 85.5%.

1.3 RIEERE

VR 12 AKX, F/NX 100 m?, /XY JE s f
YT UM BIE, /DX DY JE SRR H R Hb 5
PR 40 cm SR TH75 . B DNX 28K R Rk Rl HE
WK AR R o AEREAS/ DX PR 2 0 4 m Abie &
fi] 2 RAE SR AL, I T80E NoO N TRFEFRASH -

IR R % 105 kg/hm?,  FLAAL 1% 45 kg/hm?,
AL 80 kg/hm?. P AEAEFEAE — Vit Y, KB LA 8.5
HHES (BRI 2 O, RIGLEh 101 PREHK
IR, BEAE. SRR, FEAELEWIN 5:2.5:1:1.5 43 i,

BERAKRG SR G 2 5, 4 ) 10 HARRE T,
FHAE2EE 4 30 ecmX 10 cm, 33 7Um*. KRGS, Bk,
oAk MEOR BT 2555 B E Jta LA K HH R A BE A PRAH TR . S
H 3 HEENE, 5 H 20 H#4k, 5 H 28 HiikHIE, 6
H 15 Hitior8E0E, 7 79 HiERE, 9 H 20 Hillgk. K
FEAE BN 126d,70 IRTEW (5 H20 H—5 H29 H)
SYEE (S A30 H—7 H7 H) « kW& (7 A8 H—7
H21 H) i e] (7 H22 H—=8 H 1 HD « ¥R 8
H2H—8 H24 H) . ¥ 8@ H25H—9 H10 D &
1.4 #HmRE
1.4.1 HdAkHd
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KN ERSFVEIOARE S, S (BRI S 4R 5%
BN TABRATD H 5 mm E1IE WA VBRSNS, FEHk
AN B AR B L . KRB AR B AT IHA AR = 60 cm, E
B G WIARS BEA N 110 emo A5 A THH 22 B 00T Ha X
S BB T 2 RSk, SRR IE IR I R R A A
TSGR AR R ZE . SR I AR R
B, RAEFIAAFN 25 om, RAEARER: R, 4
MERER AR G (60 mL) o FEAMAEFSN HIALE 0.
105 20, 30 min #KAE 1 Ik, BRKCLESHIE 2 IAEN 1
ANSERES, FECRAAS (120 mL) . ZIRK A7 T
ORI AR S IURNR Y, BRGEZERON, DK AL A]
LHAE 10:00—14:00 2 (04T, BREFRAE R AEAER M H
AARHEIBCT- 347K (g i 221,
1.4.2 FIEHS

F 5451 0~20 om Frdf A, BNV R IAR
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Fig.1 Changes of atmospheric and soil temperatures and rainfall during rice growth stage in 2014
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1.5 #GEYNE

AR FE R TS A O3 GC-17A CH AR E) HEAT
E, FrIEs A RIS ECD, A A 330°C,
R 55°C, &S A E4E N,y JE 30 em®/min,  FEINEE G
AE . FRUEAUAR B AR UED AL

IS F R W e vk, THARCRH ek
SE o [AIEFREON B AL BRI L AEAE 105°C T 4k 248 )5t & 5
S TS KR LMEST ST LR KRS A A5 A PR
WUFE 5 BR, KRR KRG 0 AP RLANZERT 2 55, 80°CHH
T 23 00 5 T4 T
1.6 TEAZEMEBIES

FEHT NLO Hiol =R A A (D 5,

X FoANLO IHEGE &, ug/(m™h); p 4 N,O {EARHE

IR P 1.964 kg/m® P22, h BAAHE RO, m,
P TH A 7K 2 B S 7K T B A T e 1 TG 7K 2 I g 4 4

HS R CERRTIMAUS 54 0.6 Fl 1.1 m) ; %ﬁ

AR PRAEAT A NLO MR BEAR G2, uL/(mh); ¢ hFK
FER AT ERRIE, Co p JRAERIN AU, XX s T
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po HFRUERSIER, Pao MUHEREAEE 5 I R] 06 & i 8
THEARMHEROE 2, N,O RFHEBCE A T 3 H B0E &
3 LA IV F A B ) R 45>

R HER T EXCEL2007 F1 SPSS8.0 #1484
Mo YMEZ M2 B A Duncan's 7041, ZevhE &
F AR P<0.05,

2 HERE5S

2.1 FKERMTEEEKS N HIAY G
2.1.1 N,O HAUE 89 5 TAL4HIE
NIRRT NLO HEJBOE 5 AR R AR 3l
FHEL (B 2) o SAEEAERIRIGH 8 K (5 H 28 HD it
FIRFM, 2 )G N,O HEiiE s b, HEARBIHE R
HEBm 0 . KRB ARG 28 25 K (6 A 15 HD , Jitifl 4
BENR)S, HIIL—A NoO HEs/ N b o () BREIE AL 2 1 HE
OB (27.13 pug/(m>h)) B3 (P<0.05) KT-HEHELFE
( 14.56 ug/(m>h) >, ¥ ) BE W AL P HE CE &=
(8.44 ug/(m*h)) FIRIBHEBALFE (8.71 ug/(m>h)) $EilT,
BNTHEHE (P<0.05) o R AEILRETE N,O HEH
BB HEEN, HERGE B A -38.5~76.4 ug/(m*h) 2 [l
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Fig.2 Seasonal variations of N,O emission from rice field under different irrigation models

TEKFERE RIS 31 K (6 A 21 H) 2 N,O HEjguil
I B, IR S EE 3 Ok (7 H 13 HD iA
BIHE B K e, 31X T BE R e RRAE R 4 s Rk
eIt 5 A5 AR BRI NLO HERCH BT N R, ARG
68 K (7 J1 13 HD SUHHL—A N,O HEBUN A, I %
VRE IR AL B A A HE B0 R /INIE B Bl G AR T
R T IR A, B IR A AR, T
N,O WIS = KR AN, P EmE . A 8K
VR VRV HERE AN HEALHL K NLO HES s K VA 7 73l g
84.38. 271.25. 87.15. 145.6 ug/(m*h), [F)EIIHERE AL ]
BHEE T NoO HEFBOEEAR, 142 R R VA g P I
VS (A T T S 25 PRAR o AE /KRB ZE B BT I, %403 N,O
HEB AR AL T HRARAKT, W HELT-E NLO ik, KFEE
K] NoO T35 HE B 7 5 A2 1) B g > s > 1
HEE > P hIRERE, HKH 39.5.27.33.16.42.16.2 ug/(m*h)
(P<<0.05) o CK AbFEBRAM AL BE 1 TH K 2 AR08

AN, IR, W T NLO HER . TR B
B ELRRE K BRI 2~3 IRBENA, SRR ZAR 1L,
HEINT NLO M. JCIe A AL, N,O HEful &
F2 BELAR R - YT AR SRR AN B . Hhe
WEAEIX 2 ANBYBY N,O Heom & 5 44 F W E
82.21%, ¥ HIVERLALFE N,O HEBOH & 5 & AR 1
77.87%, [AVERHAERE NLO HEBOE & A S 1) 88.97%,
MR REMERI T NLO HlcE b /KRG A4 & W HiE
L =ik 92.39%
2.1.2 KBRS N0 BHRK EAKAS Z 2097 m

AN FERERS R 7KFE AR B T NL,O HEBUE 5 W3R 2.
EARREAEEFT N, TKEEBB R NLO HERUR B
N 0.54~1.34 kg/hm?®, HEFEHEBUE RN 0.91 kg/hm®s 7]
BCREBEA SR 7K FE NLO HEBUR e fe i, AH LU RER I
T 44.55%, IR TRAEHEE AR BE 1Y) NLO HEJHU AR X
FET D T 58.99%F11 58.42%
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Table 2 N,O total emissions in each treatment

TRV s 2 AL N
e NO W deReeR o O
Treatment N0 total 2 Girain 2 emissioigperz unit
emissions/(kg-h™) yield/(kg-hm™) yield/(g-ke’)
FEHIHE
Control 0.54+0.19¢ 8977+346a 0.06¢
irrigation
i) L
Intermittent 1.34+£0.15a 9267+200a 0.14a
irrigation
Pl 0.55+0.09¢ 8287+192b 0.07¢
Wet irrigation
it 0.91+0.09b 9195+103a 0.10b

Flood irrigation
e F—YbR AR R BEROR b B ) 25 7 B3 (P<<0.05), Tl
Note: Different small letters following value mean significant difference among
treatments at 5% level, same as below.

o F&i#E# Controll irrigation

= [7) &X 7 Intermittent Irrigation

s GoKFERER 5, TR T S A E AT R S NL,O
e . P, VRN H K RS T
EVE (P<<0.05) , F45 i FEE Ik AR ] S I8 YR Ak 0T FE s 2
FAK (P>0.05) o A5 N,O FRE &b BRI
HE R TR R ARABL) 22 5k s o T Ak R e R Tk
AEFRTRT AL F= 5 NoO HERCR A HE 73 0 AR T 40% 1
30%,  [A]EIRE B A BEAH O HERE RS N T 40%. T B AE 1T K
FEMEA Y, ZRA N ER, B AN R AT A
T NLO WHE. LRB M, 4 E I B A 18 n 7 i SRV
/b NLO HEK
2.2 ARIERENRTHIELN AT

ANE AR B - 3 A R M SRS BRI 3
PR

Q@ RIB M Wet Irrigation O ##Flooding irrigation
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b. NOs-N

B3 TE4#+E3E NH,-N f= NOy-N L1k
Fig.3 Dynamic trends of soil NH,"-N and NO;-N contents under different treatments

4% NH, N 5 AR RO 5 3T 7K e #5 Adh 3 i)
ZESRUN (] 3a) , A¥)E CK ZR7E#E (P<0.05) .
MG IR J5, A2 [MIAR T 5%MEEER. L
HE NH, N Rt 7ER 5 W B . a4~
B NH, -N FREEARAEFHBRZEREK, JuHITE 5.65~
28.24 mg/kgo PR RN VRV REBEACFE T3 NH, N &5
AAAEFEN L F N LU RR . VEREAEIR T 3 M HESR
WAL TR, 7RV 1 5 b B i 57, oA 19.34 mg/kg,
TEKREAE B R IR 2 G TR &S

HALER I NOs-N 5 370 KRG 2 3 H IV A,
HAEFWBATHARAKCT (B 3b) o A FH I R
V) BRI R YR T TR 5 A B 177 1= 38 NOy™-N i 3 205331
034, 1.37. 3.51 mg/kg, WMETHEREATE, $RZ2300%
[ B AR FEAh, T4y 3 /N AbEE 14 NOy-N Fr Al I

TUEAE, o E AL PR - NOS N T R A B A
38.09 mg/kg. [AIEREEMEALEE 135 NOy-N Jfi it 73 B A
AH NN, WHETE 1.37~6.5 mg/kg.

2.3 AFEFEMERT N0 HEA 9IRS 0 FE &

L A R AR NLO HEUT) H L R 35 . AT,
AR B AE A E W NLO HEFs0E -5 A0 . H 3438 AR
KRB (P>0.05) , {H43E 10 cm b E S 5%
A (P<<0.01) (K 3) , R TS8R ZIAEH N,O
Hes BB N 25, el i s A TR NL,O
IHE

T8 NH, N &85 N,O Hiul BAH A 2%,
14 NOy-N 5 NLO HEsum &1 3% A G, 510
VR R N e W E BE AR L) NLO 2 HE G & Y BRI
NOy-N FEasl THEEER (K 3)  HXRECHIE
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Ui -3 NLO HEKBE NOy-N & S iy 8 in» &5 5 /K s
AKZE N,O HEBURFIE (& 2) 20, JCIeMRF K 7 7
P, EKREAE B AT IHA AR FE Y 8 NH,-N S 24 T
BEKE, AHRT AT B H BRI A S e Bt
HENO;-N F A TRARK T A2 A0 FE 3 NOy-N
TEHIUEE, R BE N,O HEdct B s, Bing 3%
NO5-N Xt 11 NLO HE8CA B 2 152y, H1-4% N,O
HEFHBE 1338 NO5™-N 25 & 1148 i iy 88 o
#z3 NOHHBESMERFREXXR

Table 3 Correlation between N,O emission flux and
environmental factors

e H itk g AR THAE
T Mean daily air Soil Ammonium Nitrate
reatment . .
temperature temperature nitrogen nitrogen
P
Control 0.10 0.51%* 0.19 0.98%*
irrigation
[ ERCE Wk
Intermittent 0.29 0.62%* 0.28 0.85*
irrigation
R it iE
&{ﬂ&/% 0.14 0.49%* 0.21 0.90%*
Wet irrigation
ik 0.14 0.37% 0.17 0.84%

Flood irrigation
e *h0.05 KT *+0 0.01 KTHREH.
Note: *, significant at 0.05 level;**, very significant at 0.01 level.

3 W o’

FERRJEUTFEMARR A X, 1 /K HELAL ARG HZE KR N,O
FIHEBC S VERE X A R (B 2D, REMEAR S 25
Wi 7RG NoO FIFFBOS R . AH LLHEREAL S, IRJEIOREE 2%
PER I NoO HETRUE G I T 44.55%, FEHIRERAS T ()
NLO HEBUR FE> T 58.99%, RWHEBAL A N1 N,O
JBUS BERAD T 58.42%. SRS KIKZ AR I RE, 10 1 F
I NoO FRIHETR o AR A AL B AR RERE AR 585 25 K i
LA NoO HERSUIN e, 5t DR R U I M 23 BRI, 5
AEFR It FAERE T 138 NyO HERC 102, FE/K T 2 1T
AR RIE NoO FFBCRARF flh, HERMBLE, X
FAR Z A FU L Pt — 5%, LA e e =, N,O
FIETSOH 8 A PR I -4 A R S RE SR 2 B
Bt AZHEBCRAEAN ] T R 7 78 AR 000 & SR,
JEIT IR R E T IR A B 2253, BRI N,O R4
TR B A BT AN o

HR TR, A RIREA AR RER BT (1 N0 HET
B, S S NIRRT A AR i
HBERN N SR EIT B AR AR, AR A KT,
B K AR, PhEREAL IR AL T, N,O HEBCRE
BUNo FACHAFEAF BB NoyO HEBOm 5 AR 1 1
RS RSB A BRI TR IL, 13 N,O 1
R FIRES WS RS, S AR
BRAREY . KM T UK R R IR e
LRI AL R T RAALAE A, B0 T E 3 N0 1
S FRERMICIRGS, S RIR I T IR ACIRES, A
WA, NOs™ HEfd AN EIAN TS, ARG T
BEAR . AT A& AL BUK R A B AT FE NoO A HEICAR
59, X T HE L H T FEHAR I 3 L BUAIC, 1% NOy-N

TR, BRE T A AR AKBESOGR G, N0
He ol 2 I AE, AT RE S BT IR A TR TR AR
&, AP ERE S, W TRZM N,O, #H T N0
PIHER . oAb, AR KRR E EHIN N0 HEUE &
FRE T B 7 7K R 72 X HE T g AL 3181 ST S i 7K
e, AUBIR, 2014 FFAERBUEAE 2 100~2300C, ik
TR AFALAG H 148 NLO HEUE i N R ARE R AL I (1
WEEAE 21~26°C 2 0], TUili AL A R AH AL A AT B
3 BB AR AR NLO HEBGE 2 556 B-10em 135
WMEREWON (K 3, —HZMERELEMX
(R*=0.37~0.62, n=20, P<<0.05) . [, X}T 2 jpiT €
HiAE R AR AL A6 NLO HEBG™ A5 BB 5

BT AR FEMREAE I M AL GE 1R & ZKHERE ) 9 7K HE
W AR, SRBUKFEAK TR IS, ET
WA RIHEFRIK ST R R 3K 5
AR MR R AR I 3 rh (R Bh AR AP0, 5
T 8 N,O AR B KA . AREe T, #
VRE TR S T AR R IR AP TR HE , I BICRE R A
FRAHT T HEMS I N 1% 0 37 I VRE AR RN v FRE WA X
FEALEE NL,O HESCR L S R B, T
70 ARAFAH 7] 7= £ (1) F 2 71 2 ) b o s A B AT ek HE O
o () EREIE AL B ) KRG P AR PTG I, AH AT
T NLO HECR A L E A T 2 1 . TR B T FL AR T
FHEE TREH N,O MHEEG  (ERE HEK I 2 E A K
FEH, ARSI, Fik NyO His g,
o AR ¥ ) IR B AR i B — D

4 % it

1) W KEEB R MR T 2R AR K N,O HEBGE
ARG . ARXE TS, [ EGEELARE HH NLO
HETBOM FE 3G 0, T4 T A v e HE R AT 1S NLO HE
BT =/ W ] 1Yo = i s W N T S 1 8

2) FEHLFEH N,O [k AR R a8 H AR
/N, BT ZKZZ0 LA . N,O Hel &5 1
10 om HRJE WEMDC, BIETEHLAZ R H N,O HEik
AR EAZ N, (EWFTURE = AR 2 [ 2
PR BT

3) R AR AT B TR mUK R R, (AR
H N,O [IHEBG A8 i = SR HE O . 2 HE LR
TR HEWE e R HIRG FHONLO HEG LA E Bk /b 58.99%
1 58.42%, H/KF /- ®#ZERALEFE (P<0.05) . EEE
TLIEHFRAEIC, N SRG 2 B i SR T 5 300, X4
T E R AN R R T 2 A X 2 7 v R EE

(& % x #
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Optimal water-saving irrigation mode reducing N,O emission from rice
paddy field in cold region and increasing rice yield

Wang Mengxue'?, Zhang Zhongxue®*
(1. School of Water Conservancy & Civil Engineering, Northeast Agricultural University, Harbin 150030, China;
2. Agronomy College of Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: Greenhouse gas emissions from paddy field in China have aroused widespread attention. Northeast China is the
most important marketable grain base in China, and the paddy fields acreage of northeast China is increasing rapidly in nearly
a decade. It has only scattered reports in regard to paddy greenhouse gas emissions in the northeast cold region. The winter of
northeast is very cold and long, and organic matter of farmland soil is relatively high. Nitrous oxide (N,O) emissions from
fields in cold region of northeast China may play an role in climate change. In this study, a field experiment was conducted to
investigate the N,O emissions from rice paddy field in cold region under different irrigation modes and its response to
environmental factors. The experiment was set up in Rice Irrigation Experimental Center of Heilongjiang located in Heping
town of Qing’an county in 2014 with four treatments including control irrigation, wet irrigation, intermittent irrigation and
flood irrigation. The For all the treatments, drainage and drying were conducted in the lateral tillering stage and yellow ripe
stage. In addition, under the control irrigation system, the soil water content was controlled at 0.7 or 0.8 times of saturated
moisture content except for seeding establishment when water layer was 0-30 mm; Under the intermittent irrigation system,
water layer was arranged at 0-30 or 0-40 mm for stages other than the lateral tillering stage and yellow ripe stage; Under the
wet irrigation system, water layer was arranged at 0-20 or 0-30 mm for stages other than the lateral tillering stage and yellow
ripe stage; Under the flood irrigation, most of stages had water layer of 0-40 mm. Each treatment was repeated three times.
During the experiment, the N,O emission was measured at 10:00-14:00 using the method of static chamber-gas
chromatographic techniques. Additionally, rice yield was determined at harvest. The results showed that the N,O emissions
fluxes had same trend in the seasonal variation under different treatments. The peak of emissions appeared in the stage when
water alteration was frequent. The N,O emission was low in the early stage of rice growth and small amounts of N,O
emissions occurred in steeping field stage. Compare to flood irrigation, the total amount of N,O emissions under intermittent
irrigation increased by 47.3%, but that of control and wet irrigation treatments reduced by 40.7% and 39.6%. The N,O
emission flux from cold rice paddies was closely related to soil NO;-N content and soil 10-cm temperature (P<0.05). The N,O
emission from rice yield would increase with soil temperature and NO;-N content. For rice yield, the treatment of wet
irrigation was worse than the others and the other treatments had no significant difference. The N,O emissions per unit yield of
control and wet irrigation were 40% and 30% lower than the flood irrigation. However, the rice yield of control irrigation
treatment was significantly higher than wet irrigation. Therefore, the control irrigation was best irrigation mode to increase rice
yield and reduce N,O emission among the four treatments. It should be heavily emphasized in future in the cold regions of
China. The results can provide valuable information for selection of water-saving irrigation method in Heilongjiang cold
region.

Key words: irrigation; emission control; nitrogen oxide; cold region rice culture; nitrous oxide



