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Effects of alternative irrigation between brackish water and
fresh water on CO, and N,O emission from spring maize soil

WANG Shuaijie’ , YANG Peiling'* , SU Yanping', SHANG Fangze? ,
WEI Chenchen', REN Shumei’

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2. School of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract In order to investigate the influences of alternative irrigation between brackish water and fresh water on
greenhouse gas emission from spring maize soil, drip irrigation experiments with four kinds of water quality and two
different irrigation methods were conducted. The results showed that: The average daily emission of CO, and N, O flux
of 1 2 alternative irrigation were respectively reduced by 10.26% and 8.74% compared with that of 1 : 1 alternative
irrigation. The average emission of CO, and N, O flux were 27.82% and 31. 16% lower than that of 2.0 g/L and the
average emissions flux of N,O gas were 4.46% and 8.23% lower than that of 2.0 g/L, respectively. Compared to
2.0 g/L brackish water treatment, the corn yield of 3.5 g/L and 5.0 g/L treatment respectively decreased by 5.92%
and 11.05% on average. The corn yield of 1 : 2 alternative irrigation treatment was 2.00% lower than thatof 1 : 1 on
average. The results significant difference analysis showed that: The water quality had a significant effect on the daily
average emission of CO, flux and maize yield (P<C0.05), whereas the water quality did not have significant effects on
N, O emission flux (P>>0.05); The effect of alternative irrigation on CO, and N, O emission fluxes and maize yield were
not significant (P >0.05).
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T 161 7K ¢ VR ke L 46 5 OF JE B AR I FH KR B
i 45 ) B L o 24 4 8 T R 2 R (1 T B
Y, — A F AR 2~5 g/ L K TR R i
S K e T P G AE G B v X R B K
PR HORH A VR T v IF 2 R i v
TTE KRS WUSKAE R —Fh R & BK B0, LA s]
FE R E LB AR E RS K I R B A KR
], AR HE e, maRE T =Z  NsEd H B
S X 3 R R K B AR K a0 A T O AR A5
BPEI R R B ) SR R 2 i Al
THE TR FH K S B B i AR

AR A S 2 T A T KRR i A 260 B
T B R = SR K U B SRR AR ) R
B, RS CO, M N, O 5 Fft i 2 00 0 iR 28 5500
()53 Mk R HE oA 8000, R TR E R KA F BTk
HO WGt BAEY 500 ~2020 1 CO, Fl 8026 ~
90 %) N, O R VE T 4 Nk ME M HIEAT R
0 1 2 A0 R iR AR HE s EE R YR Y Ak
T R E SRR Z AR . Tam %5 5%
FeW, PO IR Y R 43 B X A W AR A
IR 1 305 1 A 2 71 2L 0 5% ), 1] fE 23 B8 4 A IR
WA F A AR R A AR L 51 AR R = A HE TR
7254k . Neubauer %13 i £ K A 2B 1R 46 &
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CO. A1 N, O HE i 5 3% A 8 2 X 50 30O % %
IR K FEVE /N A 0 e B, 5 IR OKE IR AR L, AR 4
JH R K HE I 1 P AR 21, 3 %0 . T SR TR e EE Ak LAY
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1.1 R0 X R

AE T 2017 4F 4—10 AEENZH AR X E
PR R T I 0] X BB G B0 ol R 1T . I X A AR
107°24" , 4645 40°46' , ZEFHRE 6.7 C: EE S
TR L 7R R K G IR L B AR 25 K Rk T I
(AL H s 24 B KRV, IR e KR S5 IR
FE1.31 m, Z4E R TCFEW] 160 d £ 4, 2418
H BB 2k 3 193 h BER 2L TE 7—8 H , Z4FEAE
VIR 142, 1 mm, ¥ ZE LB 2 306. 5 mm, iR
55 FH M, - 8 5T A A D b b R KRR R . 15
X SRR BT W 1,

F1 AEXRTEEUMER

Table 1 Physical and chemical profiles of soil in experimental area
\ AN IF) FORL 5% 4k 53 450/ 7% U e/ ‘ TRk R/ %
WhEfem o | 5k i/ %
ifferent size particle mass fraction (g/cm®) Saturated
Depth ) Field capacity
ik Clay Bk Silt 47 Sand texture Volume density water content
0~20 7.694 62.379 29.927 Wb+ 1.50 19.8 30.3
>20~40 4.137 57.845 38.018  MifbhE+ 1.48 20.1 30. 6
>40~60 3.477 55. 746 40. 777 b 43 1 1. 49 19.6 33.4
=>60~80 12. 907 79. 086 8.008  MyEbHKiE L 1. 44 26.8 34.2
=>80~100 17. 894 80. 699 1.407 YRR 4 1.43 29.9 34.1

1.2 A&t

K 4 FpASTR] B HE K K 5 . BRIR K R 4k B 4y
BIh 2.3.5 F1 5 g/L W fOs K s 2 B e uE Oy Lk
TR—TOBK (1 = 1) AR K — UK — sk (1 : 2)
R FERE T . RN Z I 8 it 6 4~
WhER, B ASAREE 3 ANEE ., BA/NXEA 4 mX

10 m, 33t 18 AN/NX . & /NI FREAL 43 A B A /N X
(5 1 m B 0 o gk G0 A B R) A A B2 IR, 2017
4 H 26 HRHANT AR A8/, T 2017 48 9
A 13 H =ik, 4 F Wt 140 d. 8 R JH E oK
JE T TV A AE Ty 2 — Bl BEIAT . EOKRAT
ATHE 70 e /MTATHE 40 em, #RFE 30 em, /MMTE



% 10 )

EMATE . HOBUK 5 HROKEE N oK L3 CO, AN, O HEACRY &2 R 43

KAT ) il 15 T A L BEJE 4 mm, JE KA T AR =38
2 L/h, BEK A8 EHE 30 cm, JiRE NN ZE L IE
b X B AR R P A it I

2017 A 4 F 22 H e A AR, Ji I8 it il R 4k
375 kg/hm* JR&E 75 kg/hm* . £ 6 A 27 H.7 H 15 H
8 H 14 HAHEMR R B A3 217, 7 kg/hm® , 3
UGB R LG 2 ¢ 2 ¢ 1, il I R FH e A 22 » il 98 7K it
JIE . B Ak B HE KA AR 6 d/ W BT A O HE
15 mm; 7.8 Ay H 28 & & KBF, B RHEK 22,5 mm;

8 H o FA AR 15 mm, 447 Ik
16 ¥, S JK B 300 mm; BER 9 W, RN &
37.3 mm, 4L F WP R R R R AL DL 1, 3K
5 T FR K R H R 7K F Y b b RK 3 A
Na® (K" #l Cl" i 3 FE 7 & it [ SIRKAEER K
FE5E WA B BT F SR K R IR K R i KCLL
NaCl Fiel & 1 5% - B /R i He gl o 1 s 2, K Il 5
UL 2. Tk HE Ak B R K T R AR E 5 AN [ A, B
2% HH [0 457 BHLHES it 4 A ]

10 0
or 5
8 -
410
7 -
g E
£z or {15 £ £
BE St EE
Ed 4t 120 X £
B -
3r 425
Lal
0 L h A 35
04-27 05-07 05-17 05-27 06-06 06-16 06-26 07-06 07-16 07-26 08-05 08-15 08-25 09-04 09-14
H#(H-H) Date
— KR Trrigation —o— [&Fi Gt Rainfall
1 2017 EREXREEBFHRNEKSGETER
Fig. 1  Irrigation and rainfall in the spring of 2017
x2 EBKRSH
Table 2 Irrigation water quality mg/L
IK U WAk B B 7 & Ton content
Water source Salinity Ca*" Mg?" Na' fil K" Cl CO SO~ HCO;
4 i i R 7K Local ground water 1157 90. 2 48.6 193. 8 141. 8 0 240.2  442.4
21 i /K Local salt water 2 804 70. 1 79.0 825.0 974. 9 0 336.2  518.8
o 2000  90.2  48.6  567.8  610.8 0 240.2  442.4
THE T BRI K
o ) 3500 90. 2 48.6 1233.6 1445 0 240.2  442.4
Irrigation brackish water
5 000 90. 2 48.6 1.899.6 2279 0 240.2  442.4

1.3 BEREFFMIK A Ao

R % S AR COL R N, O B3R 1 B 1A # 25 4 -
SAEEAGNE . FERETMANEG 7 dRE 1K
SARFE S B TR KO B A it T T K A PR S A
1.3.5.7 K4 Sl A7 i

T 2 AR A e PR TRUAR A b A 2 B A3 2
TAE R R 0.5 m>X 0.5 mX0.5 m, 57 4 T f P4
AR 22 R N 5 A 1 s D ) B TR 3 em JB
(A S8 TR S o (o i . AR 0.5 m X
0.5 mX0. 15 m, HbH5 A 2 55 A S 45 4K 1k
Va JE 43 50 A P HE R L SR AR T 1R RS H AR A

TS em PR A UCR A AR [ LA ) KA b
A /2 WK S A A =30 R 0 SRR 0 T G A
FHICAE N AR 50 mL i AR EEFEFSE 0.
10,20 H 30 min Y 4 >0 ] s HOR AR 4 U, SRR
J& B R ASORE £835 X CAgilent 7890 AD I 7E , il
AR R

V o Ac 273

F=eoxx X "1

AP F o CO, N, O HERGE R, mg/(m” » h)s o N
CO, N, O fEFR RS F I E . mg/cm® s V Ry AR
RFL L m® 5 Ac/Ac R CO, N, O ¥ FE [ i 18] 25 1k 1 48
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e LT S S R | AR ) )
PEHT L SRRl A W 2 e 4 e B i P S T DR S
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JRK KA HE Dy AR 4 3 CO, MR HE R i . Rk
IR UE B 23 0 b o i B RE KT L Y

m T B s
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B, SRR ER AR R I o B0 L U M 2R R
TS VEREARG DT 5 0+ SV 1 kR
A L CO, AR H HE R B 04 3 25728 1k 0L A
2. OKEWILEE N 2.3.5 F1 5 g/L sk 1+ 1%
HE 3 R BRTE R A A A CO, H HEHOGE 5 73 51
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576.70,437. 39 11 407, 41 mg/ (m’
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KA FRAR LG L 3.5 5 g/ L Uik b 3 CO, <k H
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WEANELE 1 1A, LB 2.3.5 F1 5 g/ L Uk
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2.2 AEATHERMBKERERILENO H

gz sk

T3 N, O R — A E Al R, F ORI
TR AL A SRS AR 25 b R
1 63%6° . AR FREARAE = A N, O fy £
SO TR E ST R R ER A, R
JIEL %) it ) R0 A P 2 i A R 45 T 4 B S R N, O
AR HE TR L5 280 A0 it AE 52 B OE AR OGO &RV s il £
gerpdh oy & & S A A B > N, O HE
YL FBERAEFWIALE 5 N O H s
A ILIE 3, THHEIRK SR 2.3.5 M1 5 g/L il
K 1 1R HE 3 R AL ERAERE A AEF AN N O H HE
TCH 3 R 47, 96,46, 95 Fl 44. 52 pg/(m’ « h),
52 g/LiBOK#ERE AL FRAH L, 3.5 A 5 g/ L Sl
KALF N, O K4k B HE i@ & F B 2. 11% F
7.17% . AT A AR FRAE 3 UGB B . N, O A HE i

TR R Rt N8 S o S R S s A e Ak T R
B A A PH 48 A2 = m &R AR Ak 5 A AR AR T
B Z N, O, BfE RUSOK T A6 BE 3G, DN, O
HEWle A BT A A AR BB EAREFT AN N, O HEik
A 22 AN K 1 3 25 R A R AN TR 0 Ak 2 8 TRk
JK K 5 A B[] N, O HECGHE £ 6 i 35 M (P=>0. 05),
THER K S50 L BE N 2.3.5 F1 5 g/ L (s k
1: 2%00E 3 PP BRAEFEAEF BN N O 1 H HE il
O 44, 86,41, 73 Fl 40. 66 pg/(m + h), 5
2 g/ LISUK HER AL BRAH HE .3, 5 F1 5 g/ L UK Ab B
N, O A M H HEAE B iR % 6. 9820 H1 9. 36%, 4 Ff
IKIEAE 2 Pl HE 7 U R H 5 N, O SR HE R
AL, 1 2 5REALI S 1 1 AHLEL,2.3.5 Al 5 g/L
OB K Ak B N, O R HE 038 5 R R 6. 55 %,
11,1296 F1°9.30% . bt B[R] Ah K B3 45 140 5 ok 58
R Z AL N, O B HEGE 0, X 5 CO, /Y
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WHZ TRy BZE L Eh 50 XA AL A R i Ak
PTG AR A T N, O MR, (R 2 R
G347 2% B AR E Jr =XORN JE K K A 3 N, O HE
JCGE AR AT B SR (P>>0. 05) ,
2.3 AEATHERBAERBREAXXNEER"=
sEA

AR T A R R TR B Ak B Rl K E G 3 6 2
AH SRR T 2 i A KU VR W 7 ek B A TR I K
Ak BE 0 T 10 171 A AR 5 43 7S AR TR A% 0 00 ik
KA HE (VR4 7= 1 v T K T TR A R R TR UK
TREAEY =it AU ik F Y F A K R v
5¢ 33587, MEIR/K S ALEEHN 2.0.3.5 F1 5.0 g/L
fUSRK 1 1 5 HE 3 Fh Ak B0 7™ & 43 54 14 651. 27,
13 208.37 F1 12 956. 82 kg/hm’ (£ 3),5 2.0 g/L
TR K AL AR 1, 3.5 A1 5. 0 g/ L s K b 3L & £
KB P A3 B > 9. 84 %6 R 11,57 %, Fifi %5 THE R K

TACEEIG I AR = 5N . THEROK 58 EE R
2.0.3.5H15.0 g/L UK 1= 2 5835 3 kb 37
48 913 914. 13,13 635. 91 F1 12 448. 82 kg/hm ;
52,0 g/LfUSK AL R L 3.5 F1 5.0 g/ L sk
SRR E K Y B R 2,00 % F1 10,54 %, AHTE K
B .1: 2 50E0 2.0.3.5 F1 5.0 g/L iUk b B 5
Ls 1A, oK ™= i 4 ik 2 5. 0306 3% n 3. 23 .
k3. 92% . X B B R OK PR AT B E
KIIRK SRR A ER RS EEER
(P=>0.05) 5 AH [6] & HE 75 X8, A [6] 57 4k B2 B0 ff sk
K AL B K By 7 N A 2 R (P<<0. 05),
X JE A A 7E it BT HE K AH R4 B0, A Y i
J K o B VR AR KA I AE IR
K E X A R A AT R L ROK R E R R 2
B R RECR IR A MROK A B S A
E (SR

x3 TRELBEEXTE

Table 3 Spring maize yield under different treatments kg/hm?
HEK Ab T [ s K ab TR s
Irrigation treatment Yield Irrigation treatment Yield
1: 15, 2 g/L fUdok 1: 2%, 2 g/L fHUdik
1: 1 alternative irrigation, 14 651. 27a 1 : 2 alternative irrigation, 13 914. 13ab
2 g/L brackish water 2 g/L brackish water
L= 1%, 3.5 g/L sk L= 250, 3.5 g/L sk
1 : 1 alternative irrigation, 13 208. 37bc 1 ¢ 2 alternative irrigation, 13 635.91b

3.5 g/L brackish water

1: 159, 5 /L MUk
1 : 1 alternative irrigation,

12 956. 82bd
5 g/L brackish water

3.5 g/L brackish water

L2 %%, 5 g/L UK
1 : 2 alternative irrigation, 12 448. 82cde

5 g/L brackish water

W AR F B R IR 0,05 KPR EE S,

Note: Different letters indicate significant differences at the 0. 05 level.

IR & . 03

TR K AR kg B %) 4 75 K TRk 8 20 A T
o, 1 R R A S PR BT R) A T A2 B e i, AR R
HH P ity 56 - 198 v 7 4 TR L L AR R A B Bl
g B Ak AR B A T ek D B W TR L 2R
P KR PR T 04 BE 7 R AR L 5 i - R IR = SR
Hejk . B A8k HE B X £ 1 CO, M N, O S 44 HE
JHCRE WA A ATF 5 A b L AR 2 A5l L L RS LT b
JE 9 BORC 7K FIIR AKHE Bt K56 & B Bk K B EC R

K CO HETCE B/ 3 B A 250 S 7 101 e
T M A 39 (%) I I 3 2R R AT 0 S A B, KA R R 1 T
1Ry s TN G R T [ . X AR5 AR I iY AF 5Y 4

L. A5 2 B AR K HE Bk 1 ) £ 3 CO, HEK
Wit 5 T A A A P 48 A 0 s FH R B L K B
CO, SARHENCA W (P<<0.05), 1 23k 4512
M A1 V5 K h % 0 NaCl (2= Wik 36 26 0, & 5h
B A IG5 K N O HEik B2k A msfbad 2, & T
R 3 B A AR 5 75 7K 5 i SCAE A K 3 A 1R K A
FH 78 8 3 360 & B0 ol K R B A 2 3 R NL O AU
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fRHE Tk s (HA A BIF 5% & BTN, O HE 7 2 BE S Ak
A B BT AR . A0 B S A5 SRR B
OB KA B 1 T N, O SR HE i & >, 3
KT N, O HeEol A i F 2 5. Xl g e o
BN R FRTE R T 2 5 S R
1 R BCEE ) 55 R G il (B 52 I O S B J 5 S A3
I B R K R B n s L = RO NL O Al
CO. HE i 7 FEAR 3 AT 58 2 i T sl /K I £
B G T R A it AR P B X AR
43 BB A 22 5 A HE R K R [ T 5 |k Y 22 R
B, 2 A A R B AR O 0 NL O A CO, HEilE
W E W, KO8 K R SR COL A
N O [ HEHL S B A7 A AH [ B0 A 75 504

RO T E IS s K R A R R
WA T A A B AR B VR W AR KR b A
W g, AR & SR HE T X L AEY
PR X U A T R R HE L A N B
Z o HLBE 2 SOBOK 6 B2 T v A E TR A R K g v TR
BN, R 2= S COL R N, O HERE & 20, 43 3F
P9 7= A i s/ 1 ok R = SR SRR . Hh T
TEWE ) SOBOK B B AR 1 22 S AR TE O AR TR
TEWE XS 2 1 R I WRUE TR AT 22 L 3B R HER
JZER o3 i SRR BE R[] 5 XoF - BT W AR A R R
B A AE B AR A N B 5 7= Az g ), 5] i+
iR = SRR AE A 1h . A 2 AR T R K IR
01 14 T ok b AV B 9 AR R 45 A B CO, N
No O HE i i 25 5, 6 T itF — 5T,

4 & it

DAEBEANFER2EFT N, 401 2 Fhfe i
J7 2T S USRI ) A - HE CO, Fi N, O S 4R
(R HE s HAS [R) A BEHE O 34 2 2. 0 g/ L iUk
Ab BRSO >3, 5 g/ L AUs K A B A AR HE
W5, 0 g/ L ik b AR HE I . BE 5
SR AR 1) T o AR A U2 5 R K T R
Xt R = SR COL I HERCH B35 22 7 (P<C0. 05),
XN O WHEBOE A B 2% 5.

DIEBANFEREEFT N AR K &M4T
51 D EERNFRAR B, 1 ¢ 2 v Ak B R R 4 AR
H 458 CO, Fl N, O SRR HE T Bifi 25 908 7K VB Tk
Hoxm  SAHEBCE A BT R R HE Sk 1
SR CO, N, O HERTE i 3 22 7 (P=>0.05).,

I WUTKTEHE XA TF B/ R R H T

B o FIAIKBETR .1 ¢ 1 8 HE Ak B AG 7 BEF e s
(e ol 5 98 7 3 e B A 0RO A B R R
o VRSB R WIRE K BN A OK A R
P22 S AR R A OK B Fe i J7 20 6 23 25 5
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