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Effect of Irrigation Patterns on Soil CO, and N,O Emissions from Winter Wheat

Field in North China Plain
GUO Shu-fang', QI Yu-chun', YIN Fei-hu>, PENG Qin', DONG Yun-she'*, HE Yun-long', YAN Zhong-qing'

(1. Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, Beijing 100101, China; 2. Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832000, China)
Abstract: The water-saving irrigation is the trend of modernized agriculture. This paper aimed to study the effect of water-saving
irrigation on soil CO, and N, O emissions. The field experiments were conducted under micro sprinkler irrigation of integrated water and
fertilizer (MSI) and conventional flooding irrigation (FI) in winter wheat growth season in the west of North China Plain during 2013-
2014 using the static chamber method. This paper analyzed the seasonal variation of soil CO, and N,O emissions under MSI and FI,
and then compared the soil CO, and N,O emissions from treatments located in different vertical distance away from micro sprinkler
pipe. Root exclusion was used to estimate the components of soil respiration and agricultural carbon sequestration intensity under MSI
and FI in winter wheat field. The results indicated that: O The average soil CO, emissions under MSI and FI were 418. 19
mg-(m’+h) ~' and 372. 14 mg- (m’-h) ~" respectively with no significant difference, and cumulative CO, emissions under MSI and FI
were 2 150.6 g+m~* and 1 904. 6 g-m >, respectively. @ During returning green stage to harvest stage of winter wheat, the highest
soil CO, cumulative emissions were found at the closest site to the micro sprinkler irrigated pipes under MSI. However, there were no

2

significant differences among spatial treatments. 3 Under MSI and FI, soil heterotrophic respiration ( C) was 468.49 g+m > and

427.31 g-m~*, and the net primary productivity (C) was 1 988.21 g-m > and 1770. 54 g-m~*; the carbon sink (C) during winter

*, respectively. (@ The average N,O emissions under MSI and FI were

wheat growing season was 1519.72 g-m ™ and 1343.24 g-m~
50.77 pg-(m>-h) =" and 28. 81 pg-(m*+h) ~' respectively with no significant difference. Cumulative N,O emission under MSI and
FI was 272. 67 mg-m > and 154.08 mg-m ™, respectively. (3 During returning green stage to harvest stage of winter wheat, the

farther the distance away from the micro sprinkler irrigated pipes, the smaller the soil N,O emissions. Moreover, there were no

W BHE: 2015-10-27; fEiTHHA: 2015-12-15
EEWMAB: Al Rl BHIFE I (201203012-6) 5 EIK [ RRHAIL 450 H (41373084 ,41330528 ,41203054 ,41573131)
YEE R A BT (1986 ~ ), L BEL-BF50 A, FEEBII 7 bl A= 25 R Gebi BOE P , E-mail ; guosf. 12b@ igsnir. ac. cn
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significant differences among sptial treatments under MSI. Therefore, despite of the increase of soil CO, and N,O emissions, the

intensity of carbon sink increased during the transformation from traditional flood irrigation to micro sprinkler irrigation in winter wheat

fields.

Key words : micro sprinkler irrigation of integrated water and fertilizer; carbon sink; greenhouse gases; temporal variation; spatial

distribution ; cumulative emission
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Table 1  Monthly mean temperature and mean precipitation during the growth period of winter wheat in 2013-2014

Ay 2013 2014

A 10 11 12 2 3 4 5 6

[ TR/ mm 7.9 3.5 0 0 7.0 0.9 24.9 28.7 38.7
SR C 14.7 8.1 1.7 0.4 0.5 11.3 16.8 23.9 26.2

F2 A R ARIR L ARE

Table 2 Soil physical and chemical properties in the tested field

)z - HL R ALK P P THASA SR

/cm P /uS-cm ™! /g-kg™! /mg-kg ! /mg-kg ! /mg-kg ™! /mg-kg ™!
0~10 7.34 165.72 16.2 130. 87 32.03 16.32 2.43
10 ~20 7.85 123. 54 12.5 71.85 15.70 10. 33 1. 06
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2.1 ANFEERE 0T R H A Co, HEGE & iyt
[ AR LR IE

AR )7 3R L3 COo, 18 AR W AT A
FABLR AR fb e 5, RIS R R A A ZE o SR T
BT R 2(a). 3 H N AN HEAGKE B R T 1
Ji , B R B 2 1 T, 1 Co, HEBGE =
BT, E/ANERTE R, MW R L Co,
PR A AR 5K 795. 95 mg- (m®+h) ~', T i
WU 13 co, MR LN R E. 5 A,
Z R T RS Ko B R R M, £
Mt 5 98 iy 2 h - 3 €O, 1 B 4 M BN AT
Z e WE A L A T E R 1 Co, B A T
fr. NERENR S B A R B e 0B A 1]
TR D R R A KNS BT
TR

s S8R T BN EAKZE Co, HE
WCE R A T 113,28 ~795.95 mg-(m’+h) ' 2
6] L K2 98.29 ~579.36 mg-(m’-h) "' Z[A]. 3
CO, HEE BEAE/INAZ B A WAL TR AF | fmE i i v
F7 2T B ARAE 3 913k 113. 28 mg- (m?-h) ~'F198. 29
mg-(m’-h) ~'. WS EHE T T REANEARKSE
+ 3 co, HE k@ & E S B Ch 41819
mg+(m®-h) ~'F1372. 14 mg- (m*-h) =", FI K
> 2, PIFREEIE 5 =X ) O, ik & U6 W 3 2=
S, BRUHECE 4 9 M 2150.6 gem T K2 1904.6
g-m ™7, Mt 7 R o, BFLHE L R b E
12.9%.
2.2 RIEIERE 7 R A H A+ HEN, O HEHE it
[ AR AL AR

5587 R 1 HEN, O B A L, Bt 0y =X
N HEN, O3 it 7E IR T 5 VA ZE J5 A, 5 g 8
A HEN, O S HE A S A — 3, e 5 LIl i,
W 2(b). #ACRTN, O i R FFEE R S, A
IR A TR D L, K A A AR, R
PGS | + BN, OHE U f Fr 2L 4 F5 AE — A5
K, PR Iy =X 1a) -+ BN, O HE iE 22 7R
G, NZZARTT IS, R TRT T, 2 ek VA B R it A A %
Z - SRR AR, + HEN, 038 B W T, Ot
FE 4 7 /N2 A B A K 2 P e R 1 T 0 {1
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Horpr W E U G A LD B0 e, s A 1B
KT N, O H 437 4 231. 04 pg- (m’+h) ~' Al
171.03 pg-(m’+h) ~'. J5 4N, OHE M & T
R, 5 AR BON - 2%,

T K it E 7 T A/ N AR K 2R N, OHE L
R T 7.73 ~231.04 pg-(m*-h) ~' Z (] Al
4.19 ~165.66 pg-(m*-h) ' Z[a], FH N N,0H) HE

TR, e Ty U /N A K R N, O Rk
i B SR 53 5 R 50. 77 pg- (m®-h) ~' Al 28. 81
pes (m?+h) ~' R R N AR K ZE N, O HE
G B T WA Ty X A] N, O HE i
W EES RRHE R 58 272. 67 mgem
F1154. 08 mg-m > fMi )y 2 F HHEN, 0 RRHE S =

e

B E 77. 0% .
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Fig. 2 Seasonal variations of soil CO, and N, O emissions under MSI and FI in winter wheat fields

2.3 TAWESAE N A H 3 CO, KN, OHERGH & 1)
25 [ AR AL AR
2.3.1 CO, HEjkom &

T R OR J5 4T A 1 B 5 OB s A
M /N2 A B RT3 TOHE L, 50/ )N 22 e B T oA il 14 o s
B NEIRE W UG RO A A I R TR R
T - A Rt /N 22 A= 1 P I A A AN [
FEES Y 3 AN B 4 CO, HERGE & A fbaH AL,
UL 3 (a). AN[A)ZS (] B 1 58 nF i 3 7E 2014- 04-
24 P —IEE, 1/121, 1/4L M S/12L A B
W S B ko 774.46, 817.5 5 795.85
mg- (m’-h) ' IZH B CO, HERGE B HE 4 5N
587.50. 579.30 F1591. 87 mg-(m*-h) =", AN[F] %3 [A]
fHIE CO, B I 2%, 1/12L, 1/4L K 5/12L
RePRTE B AR KW 1 co, BERUHER & 530 R
966. 07, 955.04 5 963.93 g-m >, £H N 1/12L >
5/12L > 1/4L, BRI FE B G 45 i 1) 4% CO, BFHE

TR K, (HR ) A B i) G i P22 5
2.3.2 N,Offjum &

FERE A1 T /N2 IR T - 1121 J 5/
121 AbFE 4 HEN, OHECH &2 34 % 3k e Tt 5 ) AR
(R TEAM AR I8 B WE(E, 1T 1/4L Kb BRAE R
I 2 A T B AR e WIE 3 (b). 1R
WIFAEF I, FHENOE R EIM N 1/12L > 5/
121, P 2 (w8 T i - JEN, O3 K T 1 B I mi 4
VLAY - HEN, O &, T 1/4L b 5N, 05 2 T H
b BTV R S DI T LA A . B2 S N
BB 3 A7 BN, O3 B B AR5 AR 1 7K
e, NFZIRTF -G 17121, 1/4L 2 5/12L 4b 3R
AN, O HE il - 418 43 1 4 92. 71, 81.51 F
70.35 pg- (m’+h) ' AACBE R G AR, BT
HER 439 4 178.59 , 139.92 5 128. 16 mg+m >,
R K 1/121 > 1/4L > 5/121L, BJV FE 55 {0 55 457 bR
I N, O B AHER /)N
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Fig. 3 Spatial variation of soil CO, and N, O emissions from returning green stage to harvest stage of winter wheat

2.4 NEAEY R AR

4 2014-03-24 F112015-05-15 #b, fmi 7 X F
ZONEEY B R TR, RIEAY & A A
i BE g NPP | #5313 cO, EFHER & F1 NEP( %
3). FE/NFZIRTE W Z AT (2014-03-24 Z 5 ) K4
TE-FF A (2014-04-24 ~2014-05-05) , /N3 H A=
5 2G5 AR UR , FLA T S B R BRI O A e
WEOTEUR /AR K 2 A 5 5 0 0 P (A
2 %k 339.11 mg-(m’-h) ™' Al 313.26

mg-(mz-h) ‘H%%ﬁ%ﬁFﬁﬂl%(u C it) 4r ik
468.49 g-m 2F1427.31 g-m 2, T VEW [E 5 & (L
Cit) M1988.21 g-m *Hll1 770. 54 g-m >, A KA
BN E | (LA CIF) 4051 519.72 gom ™2
A1 343.24 g-m >, /N H A 5807 0% 5 4 1
T b - 9 P (A 25 (L, A5 Bl et R 1 R Ry X
T/ANZE KR L AR R4 A T79. 08
mg+ (m’>+-h) "' 1 58. 88 mg-(m’-h) ', 4 Hl & &
T HENEIR Y 18.91% 1 15. 82% .

xR3 FEEBNNEZEKSZEYE, NPP K NEP BN (LI Cit)/g-m2

Table 3  Effects of irrigation on biomass, NPP and NEP during wheat growing season/g+m ~2

H i AW it ‘ NPP ‘ i@%ﬁ@%ﬁﬁﬁ&% NEP _

e 183 filumes 183 flmes 183 e e
2014-03-24 130. 16 139. 06 130. 16 139. 06 230. 67 160. 21 -100. 51 -21.15
2014-04-04 194.50 178.65 64.34 39.59 25.30 26. 08 39.04 13.50
2014-04-24 693. 31 619.78 498. 81 441.13 74.33 86.78 424. 47 354.34
2014-05-05 567. 68 496. 24 -125.62 -123.54 42.76 48.03 -168.39 -171.57
2014-05-15 979. 89 1089. 97 412.21 593.74 28.01 32.70 384.20 561.04
2014-05-29 1581.92 1463.63 602. 02 373.66 39. 14 40. 01 562. 89 333.65
2014-06-09 1988.21 1770. 54 406. 29 306. 91 28.28 33.49 378.01 273. 42

2.5 HHOKIR B KIS O, FIN,OfF AR AR TREES IRFIE IO &8 I,

T8 £ AR OGP A

ARy =R KA R H R e T R 2
AR B Fe/ MEL 5 BB T R STE IR B i
KAE , R AT > 183, H T-air >T-0 ¢cm > T-5
em >T-10 cm, WL 4. 75/ R WIRT, 3K

HEEHE FRE. R =0, 130 ~ 10 em
2 3K o S N 15, 58% F114. 62% , 133 10
~20 em 2 BEK & RSN 15.51% M
15. 08% , YJRBNMIE > 18 | foms K i 8 7 2]
B EESR.
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Fig. 4 Seasonal variation of air temperature, soil temperature and soil water content

FE/NZZ BN TR A K B B, R B 5 4 3K 43 %
CO, BN, OHE i & (1) 5% Wi A7 78 — 1 1 25 5, 45
ULE% 4. FACHT, flomt K 8 E O S0 24 CO, HEk
Wi S K R R B E ARG, HIg T
AR H3E CO, HElGHE & 5 4 K 53 B[R] B 4
PR A DG4 IA 3 W3 (P <0.05) Bl 3 (P <
0.01) 7K. 1 7688 4 1, foms 518 E 7 0 F 11
CO, HEBGHE N5 K R AR, 5Tk
BER (P <0.05) s i FIEA (P <0.01).
FEIR T -, w14 co, Heilom &5

+ KA B E IEAHSE (P <0.01) @ T +
¥ CO, HEMGHE 5 - K A T AR K, AR
T3 co, HEGE -5 TR ARG N
AT, et 55 18 3 7 5N N, O HE il
HAEHOKAHRBEEMKE(P<0.05), 5iRER
PR & AR 56, FEEA I, N, O HEiGE & 5 k4 2
B A ARG R M SR 2 B 2% (P <0.05) 3%
Wt EIEAH G (P <0.01). 7E3R -, foms &
BRESRIE T AN, OHFGH B 5 + 85K 5 ik
FIEMIC(P <0.01) , M 4548 F - HEN, O HE ik

R4 HEESBREEHTLIEAS, BES CO, RN,OHHERMAXKE"

Table 4  Correlations between soil CO, and N, O emissions and soil water content, temperature under MSI and FI

SiH KAk AT A1) BT -l
co, N,0 co, N,0 co, N,0

SWo 10 em 0.695 0.821" ~0.544 ~0.792 0.534" 0.784%
SW 020 em 0.751 0.816" ~0.492 -0.791 0.451" " 0.756* *

_— T-air 0.802 0.760 0.860" 0.945*  -0.312" ~0.551*"
T-0 ¢m 0.825" 0.791 0.889" 0.951*  -0.182 ~0.398" "
T-5 cm 0.786 0.774 0.889" 0.960"*  —0.142 —0.421%"*
T-10 cm 0.779 0.788 0.900 * 0.963"*  —0.158 —0.422% "
SWo 10 cm 0.962% " 0.904 " * ~0.884 " -0.785 0.144 0.632° "
SWi020 em 0.844" 0.815" -0.282 -0.121 0.115 0.592% "

-~ T-air 0.860 " 0.599 0.968 * * 0.923**  —0.124 ~0.462
T-0 em 0.889" 0.726 0.998 * * 0.977**  -0.060 ~0.413
T-5 em 0.889" 0.698 0.997 " 0.959*  -0.084 ~0.518"
T-10 cm 0.900* 0.731 0.973** 0.928*  -0.063 -0.510"

1) # FRIRTE0.05 WEMACE T REM, * « FRTE0.01 BEMAFE T BEMLK
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5 R B N A R B Y A R A OG (P
<0.01) @XM T LEN,OHHGE EALS 5 em,
10 em KRB E FAHKE (P <0.01). MEEANFRKZ
K, IRy 2 HEN, O B 1 5 K o B
T B 2 ARG

3 it

301 KRR A R = S ARHER R

PIRNERE 0T, /A2 [ 43 co, HEilm & &
N, OHF i £ 127 3¢ B 3 2 oL A 22795 28 AR R AE g
73 F 3 CO, HEmm &4 2 E R 12.37%,
N, OHEE & 358 HLIBVE &5 76. 22% , 5L 5 i@ HE
FAH L, T 1 7K I 7 S A — e R B
I A 3 A AR AIGE & 17 R A T
e s 2T 9 Co, AN, OHENGE B 5 T
1B X P22 S5 2 FRE Ry 2o A, 7T BE S A
N B KAE RS R 00 A A SRR I BR A AHT R 135S
Wi 25 5 NTITRS I T 0% )7 =X 8] 3 0 25 < M HE
)22 5.

O OS5 7KV R P AT 5% 45 SR A i i D, | A
9% 5 10 VE T K VE IR WIS A R A — B AR
ST I T 2 T A N T LB A R TR N
A ) A SEIE I 7% T 22 P ) - SRR I A
1o TR I i R Y 11, 43% . TR 18
TEREWE 7 20T, N AR K AR R R 43 51y
79.08 mg-(m>-h) ' 1 58.88 mg-(m*-h) ", 43 4
i B SRR G 18, 919% F1 15. 82% , H. 3 P M st
> 1BVE ] BB TS RIS T Pl R R A A ) A
AL i AR R AT B AN, IR TARRE A
ST B R AR S SR P R A B 5
A R, 32 R p T U VR T A O U
T A0 23 R TR B A (), 3 o % K R R
JERIA P22 5 A N IR AR AR /N
R YRR 05 shi i , SRR R L0, 1Y
Pz BN FRE, oM B KT @R AR i
M AR HE 2R, 3 co, HERDE B 5 R IRE
Ko - BRI FEA 2 IEAH G (P <0.01) , Mo il T v 42
o T AR s I S A LB A S B T
VEPIAR 22 A0 L3P 22 5wty 20 e R
T2, T R E Py b & e TR, SR AT
= T A — 3.

T AR 7 2T RN, OFF il iE & 14 5 1 g
KAEREEE (P <0.05) 8tk 3% (P <0.01) IEAH
K, BHORK A A P M W N, O7E +

Herb 3z i B KA RE S ot UF
IR Er i AR EE Ay v TS H AR N T
AW, (T S AR AR T B AR RN R
A SIS, 45 5 - 36N, O HE HICIH f2 i 38 m > flemst
FEE T 2N 15N, OHE K 5 32 HE AR 1) 5% M 44
K, T AEEN, 0y S Ery2E R, FIAEN,O
HEA 0, 6 e Ak B v St B 980 N, O HE T
A B S Bl TS /N A A A R et A
N, OHET. A 5T 45 5 5 1 #E 15 7K BE R i Ak 53 45
AR—%L. Kallenbach 45" BF5EIN Ay L 8 Lo 74 0E
/DT 50% BN, OHEL &. Sanchez-Martin 451200 4
NN, SIEHERR L T HE D D T I 38N, O i HE
. H A AR, S IEHEAR LG RS K5
ARt T AL R P mARRFSE S H AT E AN X
FIKHEBE AT F H 3N, OHE L i WF o8 45 5 38k
—B, ATRE A T IO K /DN, Bl T X - R v
RS AR S5 4 ) B S B IR, R A T P T R i
SR I S A SRR X AL AELF. X
et H IR ISR 5 SRR W] A 0T A L Y
MR TR) BRI | 3 ) B TR B s o
R R IN T N, O Y HE AR, 3R R Y K
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A RETTPY RS TOKRE A B E A ERE
TE | T VR TR A A TV B A 4 AP AL N, O Y
Hefca , A5 R R, N, 0n9 34 E . B
HET R P 255 1R 2 800 Y RN A T TR > [ ) o e
WE > WU HERE > WERE. UL nT DUAE A [R5 7K
W5 =00 - 8 &= SRR HEOE R AR R R
25,45 N E— 28 s AN [F] AR R AR
Hezom 1 M L2 i L IR A LS.
3.2 PKHEBRAE T A R = SARHE B 23 18] 5
B

2 A0 FE X i VHE R A P R AT P I )
F o A S A TR TR A ) [T 5 T DR
DX 215, BB S 4 b A7k 0 A TR T A 1 49 0 08 R ik
AR, SR WA R %) 0 4 5 BH A5 S e
AR BV B B, HE A R K 53 e NERHTE R B
WA AN [ 5 P 2 ()67 B A9 oA 25 S ik, i - 4
M EAARAEZS ] 0 S bk, /NE 31 co, BT
RN 1/12L >5/121L > 1 /4L, B5 55 imwi e ik
1) 148 CO, HERlE f K, AN R 7 & 31 CO,
HEmoH 5 K o & A OCPERK (R 2 0. 572
~0.876) AH AR B F K, 5 8 A G
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HE i YA B0, EAR BRI 5 B (LA C ) g
T 176.48 g-m 2.
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