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Abstract; To investigate the impact of water and nitrogen management on the carbon budget of rice field
ecosystems, field experiments were conducted, with two irrigation modes; dry-wet-shallow irrigation (D)
and flooded irrigation (F), as well as three fertilization levels; 110 kg/hmz(local fertilization standard,
N1), 99 kg/hm’ ( nitrogen reduction of 10% , N2) , and 88 kg/hm’ ( nitrogen reduction of 20% , N3).
The dry matter quality and carbon content of different organs of rice harvested in residual rice fields were
observed, the CO, and CH, emissions fluxes from rice fields were simultaneously monitored, and the net
primary productivity (NPP) of rice and the net ecosystem primary productivity ( NECB) of rice fields
were calculated. The results showed that water and nitrogen management would affect the dry matter and
carbon content of various organs in rice plants. Among all treatments, the NPP of DN2 treatment was the
highest (8 918.02 kg/hm”), and the NPP of dry-wet-shallow irrigation mode was greater than that of
flooded irrigation mode, increasing by 12.13% , 36.73% , and 8.01% , respectively. The dry-wet-
shallow irrigation mode increased the CO, emission flux of rice field soil respiration, reduced the
application of nitrogen fertilizer reduced the CO, emission flux, and reduced the application of nitrogen
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fertilizer in dry-wet-shallow irrigation reduced the CH, emission flux. The total emissions of CO, and CH,

from each treatment under both irrigation modes dwere ecreased with the decrease of nitrogen fertilizer

application. The total emissions of CH, from each treatment under flooded irrigation mode were

significantly higher than those under dry-wet-shallow irrigation mode (P <0.05). The net carbon budget

of the rice field ecosystem under each treatment was positive, and the rice field ecosystem with high
residual stubble in the black soil area showed a carbon “sink” , with the highest NECB of 1950. 96 kg/hm’

in the DN2 treatment. Overall, the carbon sink of the rice field ecosystem treated with dry-wet-shallow

irrigation mode and 10% nitrogen reduction treatment was the strongest, and the research results can

provide theoretical reference and technical support for the protection of black soil in cold regions.

Key words: paddy fields; water and nitrogen management; net primary productivity; net ecosystem

primary productivity ; carbon budget
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Tab.1 Water management during each growth period of rice field
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organs in rice under water and nitrogen management
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Tab.2 Net primary productivity of rice for different treatments under water and nitrogen management kg/hm’
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Tab.3 Total CO, and CH, emissions under different water and nitrogen management k.g/hm2
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Tab.4 Net carbon budget of paddy ecosystem and yield

under different water and nitrogen management

kg/hm’
Lb¥ ASOC C, Cen, Cy NECB Y
DNI 287.92° 1611.27° 211.88" 5795.23* 925.30" 9922.62°
DN2 263.52° 1227.10® 184.55" 5818.93* 1950.96" 9871.29"
DN3 -39.04°  826.78° 149.43° 3563.75° 859.97" 8395.13¢
FN1 129.32" 1004.62"™ 279.59° 5105.53" 1102.53" 9423.11°
FN2 109.80"  817.35° 235.27" 4592.79" 986.53" 9032.19°
FN3 -24.40°  643.23% 206.45" 3435.86° 725.87° 8503.72¢
3 iFig
BN OR IL & BN SR I Y, £ ‘IEI
A H RS RS Bl AR A R G 0 B A R

OF X YERE A EREROT ML EEAE A RS
F GUt V- B A R g R BRE Y, B B 2N
KNG BN SRR R R — 5 I, T L i
JINRE FH 7 25 3R G0 A HLBR 1 o A S BB
A FH S AL B 1) 2 R DR AL A R A (R AT AR
Loy W08 v ) A A LIS (A k)
AR T AR AR S 5 1 T RERL A
TR R AT 2 B I AU AR R S i R I W DL R sk
(RS FR) BT 25 (9B B0 78 0 3 42 T+ A AL

B i BOPE AR WA B . SRR SR Ay ik ok
U PRAE B A HLBR A R T R 0 Ok
STAAFERTE . P4, AT LUH A TR AR 7,
il FH A LA RS AT T4 (e Ak ) 36 T s B % 7 45 [
R AR A I A HLBR S R % — Ty,
AT DL o 9/ B i % 45 2 S IR A S R B
BIE R A S AR G P R bR AR O A A
FHs 28 S CO, [ TRV RE 4 458 o A il s 23 LU
CO, .CH, HIF 2 HE R, 5 LA AR U 45 HAl B 34 26
ABFFEH K REAR WA K ) 4 S g = A 1) €O, HE
i i L e A A B e K R RS RS A 25 R L,
3T B J2 H T I IR S99 K R A T bR 2R K I,
RS9 AR B & 20°C L E 1 g A 5 e g i
B KRG A A ) €O, HE B B 2 U
i 7T AR AR, 3 T i o T S0 MG e D 0 ol 1
KRR R AR 2R 0 2 K 80 T AR R 4 I R U 9K
A W R b T s T 9t R A1 T
A7 5 - ST LB A A 20 e T B, ML T 00 ) AR I 9%
IS 52 0 0%, (45 - 98 2 0 0% o R A 5
A, FEAH R M FH KT, ¥ 30 T 9 A =X - e g
W25 A 1 CO, HE M 55 75 T 9 K O E , X 5 R LB
Fea R—5C . CH, HEMH BUMT R I (i, 55 1 AN
i+ BR A% B 5 DR T B R b R I A KR €O,
3% T PRAAFREL, N2 7 CH, T 35 38 58 [] i AR
ROy UAY) g CH, 7= A 48 it 75 12 1 2 B TR 4, S 3L
CH, Tk BRI > G iR AR 51 k2 CHL, 4 2
ASHE RIS AR f P B L ¥ K B R A X R 4% 4k B CH,
HERC SR B T TR L (P <0.05),
SRR SR TR TR A A T R R
P, A - 398 (4 41658 5T HL 437 (Eh) 42 85, 5% CH, #
R 0 e A s [ — KR R
CH, HE A Bt =2 436, Ji2 PR T g 2 394 o 80 D e A
AR E T R T S M R R MR T CH, HE
W TS 4 SR A, T K 9 R sk vt R 2
CH, A %% 9 vl HE T Bt

UTAE SR, 18 AR bR B AR 25 R G b AR A
9857 )1 (GPP) (I 7 1 (NPP) (25 R 46
A7 97 (NEP) ¥+ R i 2 (NSCB) Hlig 2k & &
Belp Sz (NECB) 45 75 12 4 A 25 2 58 i S 19 e 3
FFRR ) b — s 7 g B I AR AR S R 48
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NEP B — @R RN HAESREE WA
ML a8 AR S R G (& A SRR R R
PR ) G HE i, ST NPP B AR A R R B T
TR R0 8 V% W0 BT & B9 A BL A, 1 B NPP i ik 5
NECB ¥ Jr A0 1, 5 NEP I R4 ff 1 CH, HE
TR T i 2 Bk R Bk Sk B A NEP
B AR P A S 2R G R M M L A S R BN
i “IL" . NSCB J& fise i H A 4= 398 300 0 1% 25, T
PITE— 2 I e me A A 4 vb g BIL R ) 358 08 1
B A X T NEP X AR 7 vk R w1 S
NECB VEAr 75 15 A0 Eb, R 25 R AR R 2R R BR 7E (FS
)R EA MM E A, TR BHAETRS
RS B AR AL o 5 138 P 5 % AH He, NECB
2 W A Py DS ] & AT DL AR S — o
[ N AE S R G a1 7 ik o A SC FEEEHF A H
B AR A 0T K RG22 X R A 3R IR S R
LR A, KA B % T 45403 NECB 0 1E{H ,
ik DN2 4b B3 B SR B I, A6 AL NPP i
4 e RS FH B34 BT % ok = 5 TR N, RS AT AR A NPP
Hi &l NPP 1 20% DL I, 5 R 5 7 FF 5% 22 T 5 flk £ 2%
FEAEN, W NECB Byt B 45 500 & h Bl a, B
FH AR 2 R G0 ph e L7 ) e R % A% ] DL A AT 5%
1E NPP 2 W E 52 fg B AE S R G 5. il T [
W A S B Bt T T Tk BN 1R &2 A bk
XPRR A A AR AR TR R R R B E L A
T ILT Bk E E E AR A 3 i AL R 2 )[R
KRG PR A A L, N 2 Bl R 454 B 25 5 S X8
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(1) AR TR 07K 7, v 1 9 B A =X BT A A
FRAR Z AN (9 1 5T i 2 0K T M K R AR AR O
[F) #48% B P e 7% o X v T s K BE R (B DN &b 34 25 8
Ab) 5 K BERER T R AR [R] Y T 9 o A
Tt 1 i ¥y Bt 2 2R i FH) 5 A il 2 T AT . 45 Ak B OK
FE1 NPP 7E 5 035. 82 ~ 8 918. 02 kg/hm’ 3ii [l Py 25
1k, Horfr DN2 4b B 5 K AR )t 0K F T
HEWEAE AT #5 A B NPP 340K T /K i e A5 =X, v
DN1 .DN2 DN3 & kb3 NPP # FN1  FN2 [FN3 %& kb
PRy I3 12, 13% 36.73% .8.01% .

(2) K FERE ARG 5 25 K, W - S np W ™= A= 1y
CO, HEuk 3 BUEE , Horh DNIT R3] CO, ki & i
K (910. 82 mg/(m®+h)) ; 5 KA LE, &8 T
WA A T R A SRR R CO, HEHGH & U
Jit A NE W) 25 B A CO, HERGH &, #F B CH, HEjt
PP U VAR, 3 e K R R AR 5 5 15 RN 55 K5
I FH 15 7K T R A AR B3 s it 2B TT LA R AR K AR A T A
KWy CH, HEol &, Bl & 28 i & i, 7
PR 5 45 b B8 AT 0% 77 A= 9 CO, Al CH,
HE TS B 34 2 W AN 5 VR T E R X DN DN2
b3 A SERE I 7 AR Y CO, HETRCE B R R T
AEFE (P <0.05) , s K R0 T 4% Ab 3 CH, HEJiX
SR TR TR (P <0.05)

(3) K FEWOAR 5 b FF FIURF R 2 HE 2 Al i 2K 19 32
SR . A A B R AR A R kI S O IE
B, B XEHEEERHAESRE R L,
Hirf DN2 kb3 NECB &5, 1 950. 96 kg/hm’,
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