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Effects of drip irrigation on soil CO, and N,O emissions and their global warming potentials of spring wheat
field in arid region

GUO Shu—fang', QI Yu—chun', LUO Xiao-ling?, LIU Chang-yong?, PENG Qin', YAN Zhong-qing', DONG Yun-she'

(1.Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, Chinese Acade—
my of Sciences, Beijing 100101, China; 2.Food Quality Supervision and Testing Center of Ministry of Agriculture, Xinjiang Academy of Agri—
cultural Reclamation Science, Shihezi 832000, China )

Abstract:; Drip irrigation is a new water—saving irrigation technique and is widely applied in arid region in Xinjiang. However, there is little
information available about its effects on greenhouse gas emissions. In this study, a field experiment was conducted to compare the effects of

both drip irrigation and conventional flood irrigation on soil CO, and N,O emissions during the spring wheat growing season using static close
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chamber method. Under drip irrigation, gas sampling was performed at between the pipes(BP) and on the pipe(OP). Results showed that

average CO, emissions under drip irrigation was 35.76% lower than that under flood irrigation during the spring wheat growing season, with
significant difference. Average CO, emissions from BP and OP were 906.28 and 838.25 mg-m™-h™, respectively. No differences were found
between them. N,O emissions under drip irrigation was 74.81 g+ m=+h™' or 25.87% higher than that under flood irrigation. Average N,0
emissions from OP and BP were 85.76 and 63.62 pg+-m™-h"!, respectively. However there was no significant difference between drip and
flood irrigation systems( P>0.05). Cumulative emissions under drip and flood irrigations were respectively 2 188.68 and 3 180.91 g-m™
for CO,, and 188.62 and 160.60 mg-m™ for N,O. The global warming potentials of CO, and N,0 under drip irrigation was 983.55 g CO,-m™
lower than that under flood irrigation. Significant correlations were observed between soil CO, emissions from BP and air temperature, soil
temperature at 5 cm and 10 em depth(P<0.05) and soil microbial biomass carbon at 10~20 ¢cm depth (P<0.05 ), and also between soil N,0
emissions under flood irrigation and soil water content at 0~10 cm and 10~20 cm depth (P<0.05). Soil N,O emissions from OP were signif-

icantly correlated with soil water content at 0~10 em depth (P<0.05) and that from BP were significantly correlated with soil NH;—N at

10~20 cm depth.

Keywords: drip irrigation; spring wheat; CO, emission; N,O emission; global warming potentials( GWPs )
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Table 1 Fertilization under drip and flood irrigation(kg+hm™)
T R 1] PRE BRRR— B TRARHN

Fertilization time Urea Monoammonium phosphate Potassium sulphate

2014/04/27 12 3 —
2014/05/16 12 4.5 3
2014/05/23 12 4.5 3
2014/05/29 12 — 3
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Figure 1 Distribution of CO, and N,O emissions under drip and flood irrigation
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TR FNEERKTE S8 N 1%
CO, EFHE RS0 2 188.68.3 180.91 g+ m™, jiifi#
75 ARG T/ INAE ) 138 CO, HE il ; 1 v e
58T L HE NO BERHECER 43518 188.62.
160.60 mg-m™, B AL BE 418 N,O RFHE L i
FERM T 17.45% (K 2).

1 F IR GWPs(CO, i) GWPs {E M 1)k
7 A [R] J5T 5t A AN ()30 2 S0 3 80 34 m ) A
X AR S ARON o X 100 a A1) ROEE (S A8 4k, % CO,
) GWPs A 1,0 N,O SRR GWPs 2 3101, A3 2
ATLVE RS 138 CO, Fi NO HEsk il =
BN N 18 /D T 983.55 ¢ CO,m2, [ K
30.44%, BVEHERENR T & /N H 158 CO, F N,O HE
TR ZR G B IRV e

R 2 HEFSESMET CO, F1NO RRHME
REGELREH
Table 2 Cumulative emissions and GWPs of CO, and N,O under
drip and flood irrigation

B T HE Drip irrigation {83 Flood irrigation
COy/g-m™ 2 188.68a 3 180.91b
N,0/mg-m™ 188.62a 160.6a
GWPs/g CO,-m™ 2 247.15 3 230.70

TE ARV NG FREROR AN R AR BRI 1 22 57 BAT B #4E(P<0.05).
Note: Different lowercase letters indicate significant differences he—

tween treatments( P<0.05 ).
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Figure 3 Variations of soil water content under drip

and flood irrigation
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(RIS 1> T8V S T 10 . O ) i
AR BEAL TR 10~20 em + 2 DOC £ & - (E
ZJH, 0~10 em 253515 11.5% 4.9% 1 5.9% , 4 )2
FHE DOC 7 B3 F BN 1 VESTVE o % T [7) b
AR S &, FE IR RX 10~20 ecm H3ES T
0~10 cm Jz2 -4 HE, T8 MR 90 06 U A o % E T80,
HEAFIA] 0~10 cm A1 10~20 em )2 -4 NO5-N & 4>
W IEHE S 9.7%H 37.7% % HES F 0~10 cm 1 10~
20 cm J2 138 NO;-N £ 443 51 He 18 3 25 3.4% Fl
40.2% , ¥R BUNRRES 18, HIM#EILE X 10~20 cm
3 NOS-N S BB R W2 . 13 NHi-N

* 3 iGEMSELHE T 1% MBC .DOC NO;-N #A
NH;-N& =
Table 3 Concentrations of soil MBC,DOC,NO;-N and NH;-N

under drip and flood irrigation

Ei=Y N +)= THE Drip irrigation/mg* kg’l @;(&’f/mg kg™

Factor Soil layer/cm BP op Flood irrigation
MBC 0~10 132.25£16.65 166.44+36.43  141.22+24.89
10~20 131.49£16.68  164.34+30.92  156.66+14.23
DOC 0~10 43.38+7.35 45.29+2.79 48.84+2.99
10~20 48.37+3.00 47.52+3.86 51.74+4.70
NO;-N 0~10 6.78+0.89 6.39+1.04 6.18+0.98
10~20 7.70+1.05 7.84+1.04 5.59+0.90
NH;-N 0~10 2.21£0.19 1.59+0.15 1.71£0.14
10~20 2.59+0.38 1.80+0.17 2.04+0.16
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HHAIE(P<0.01), {E#E 7R ,0~10 cm F1 10~20 cm
T 5K 5 NO HEBGHE & B 3% 1EAH 5 (P<0.05) , 1fif
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NLO HEl i f2tAH S A 18 31 8 2 /K7 (R A G R B
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FIOREEHE , 7] e M RER T -3 Sk Ry
O R G PR K Th A O, FLBE IR HE H 3K o &
BN T TR E SRR CO, HEL, 54 S iR SE 45
R—.

ARWIFFE R, /1N DX S5 Bl P T T T 90 o Sk
O IR 22 50N IRl B, oI A 52, %
VIR AR B3N LK o B i, A SORHE SR F T 4
IKRAT /N TR HE B HEAAE T 4 CO, Hilum
1o TR, T BB PR A - ST R O AE — R 1)
IR A Er Y 1B A it 37K 43 s A BG o i , 7E
IKATAE R BRI PR () 52 R X, 2K R A [
S 38 CO, HEBGH 122, AT F/INZE TE il
W-RGRVCRI T U MR R B T
1BYE(P<0.01), 5% 0~10 em J2 TR RUAEY LR &
R E R 38.09%—F, FEHRAESIR B ST LA K
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Table 4 Correlation coefficients between soil CO, and N,O emissions and environmental factors under drip and flood irrigation

AT R CO, HF7iiE # CO, emissions N0 HEGH i N,O emissions
Environmental factor ~Soil layer/cm BP opP FI BP opP FI

T-air 0.788* 0.426 0.613 0.342 0.234 0.153
T-0 cm 0 0.654 0.238 0.443 -0.006 -0.108 -0.219
T-5 cm 5 0.835°% 0.319 0.376 0.021 -0.106 -0.198
T-10 cm 10 0.836%* 0.319 0.432 0.076 -0.050 -0.156
SW 0~10 0.221 0.230 0.209 0.739 0.839%* 0.838%*
10~20 0.163 0.365 0.144 0.695 0.740 0.8497%*
MBC 0~10 -0.101 -0.279 -0.068 0.443 0.082 0.422
10~20 -0.946%* -0.374 -0.745 -0.045 0.249 0.334
DOC 0~10 0.694 0.597 0.237 0.129 -0.242 -0.447
10~20 0.230 0.106 -0.191 -0.060 -0.021 -0.645
NO;-N 0~10 0.265 -0.571 -0.243 0.589 0.008 -0.595
10~20 -0.399 -0.722 -0.348 0.545 0.558 -0.518
NHi-N 0~10 -0.357 -0.257 -0.418 0.030 -0.564 -0.664
10~20 -0.231 -0.241 -0.257 0.867* -0.335 -0.026

2 * FIRTE 0.05 KT G = FRTE 0.01 KFT M

Note: *Correlation is significant at 0.05 level ; **Correlation is significant at 0.01 level.
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HERLUHE K /N 38 B L3k A R T A e A
o, SEA R F A Y A Y s i A3 . 76— il
JEE S PR N AR e M, 2 hn k- s e AL 1Y 40
i, BETTE SR AR 23 R0 - S 1>
3.2 EEBEXTAC H 1 N,O HERIRIS20m

THAE TS 7 R 2R AT E
FEsgn 1 SRR AL AN SR A SN, X PR R A
Ferp R ALY A 0 R AR N SR O TR
i AN NLO HEAIGH & 5T, D 570 T a1
AH EL, 78 B E AR TR ) NLO HE ), 5w
LKA BRAH L, T HEA BEAIR T 85 3 358 N,O HEjik
W, E M D T AV A i A
JH N;O HEGHE & 85T, Sanchez—Martin £8"HA N,
T DX T A A S b B T S g 5 A R B
I T RS A HETC, T TR DX ER T3 v B DR 4
TAE YA R T RO AL N, SIHEAR L, T
HEFEAR T 70%19 N.O HEsce:, 55T I i (R i B2
TE KN KAy 3 A %o Sanchez—Martin 259170
p, SIRVEAR LG, TR D TR 5 NLO (kL
AR . AR/ N 2B Z 5, 13K
o i hnag, HigWE U LK T
W, RAHAAE R 7K 43 5 B S I n i, N,O HE
S et B 2 3G 0T D] e 2R B ki o ST 4
NLO HE i /N TR

XA KT NO 5EIME RN T 184
Ml oA & B, R E RS WE 1 T, RIS AN B
ARG X L NO HEBGHE S5 i 2 . T 7 =
TR A S i TEE, 5 Sun SIS 4G
R—F, R T RIS o BRI A K 2
M5, W 20T 148 N,O HEjlos & & T2, Al e
5inE T LIS AR g A G . Li &P
FEINATHE T T AN AR AN X i 2 2R, R o
GG , K F T ) b A S e A R R T TR K
R, M XA B A R i v T DX S, AR
FETRHEE ] IR AU e TR AP,
TS SO T A ) - 48 NLO HEGH 25 TS .
FENTKBERESAE T, BT I, A F) T s
SR A B A A R AR R Z A
R M, A A TR A - S A 7, AT AR R
T NOP, F8b, TR RS 7™ A A ik np sz i 1
TR 1 S USR8 T E B A R R
HHEEM . T/ INZ A T T AN TE Ry U 4%
NLO Hejife i 52 HE (B A s e 5, BRIT7E N0 HEiL

re A SU) , 7 TR TRE ALk P PR S LA RE DR/ NLO HE G i
(Rt A B Tl g /N A IR TE T NSO HET

P T AN TR B e Rl 28 RO 19 e 285 T
IR TS R GG KRR AT, 7657 Bt
GErh SR AR RO R T R I W S 1 e DA
IR/ R SR SETT R RIS, 2k i Xk i
M A 7S R G RN I R A T A PR, #s
X DX BRA Pt 2 AR it P ) LA B Ay i
HUEGE S

4 it

(DTEBR/NFEERKZ HHEAPE L3 CO, HEjikim
TP LI > T 35.76% i HE A 1) b BE - g
CO, PR HEGH i 5 TS b, P 2ER AR
o TR P R SR B R
(P<0.05).

(XA BN A K E T 18
NLO HERC i T8 E R i 25.87% . TG HE 4% 1] b 341 1
N0 HE 8 M L S A B T
34.80% , A BRIA] I I 1k 25 57

(3) TRXF/NZ H i8R hiE s, 118
CO, Fl N,O MZ55 T2 U 8/

(4)iE 7 T, T A T AR 3 10~20 em £ 2
MBC % 1 X} 3% CO, HEHE 12 52 ) i # (P<0.01),
TS AL EE 0~10 em )2 HHEK 4 F1 DOC &5 i i
THAE ) Ab P A M A A R I e 1 48 NL0 HE
G R 2 (P<0.05) . 7EI ¥ 70T, 148 N,O HE
AR AZ 10~20 em 2 HHOK S SHAE RN B
S0 (P<0.05)
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