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KAEKKE . XEEAREOWE ORI, B 50K
SAEE A ZAE 60 cm H)Z LA, 0~30 cm L EAEL
Je AL . Malash ZE00T%F LY 7 VA B A E 26 11 R 1)
AR R IR A TR RERE SO T 48 2 7 S s A9, T
VERAE T SR E s AR E R MK, EE AR
ALK K 60%. HURK 40%. Zhang ZEMIRE 58 K
By IR G HEBAE DL T 0~40 cm L E R TR
B, HBUKEEBEA R s, L3P SRR,
ROy B RE AR ARG . A UM, IR
A5 BRI . B A REW T ORI R R H
BIF A= E BRI . [UIAS]Y 2Tk
IKAE B E R N oKk 33K N8 S R KRS
FAMLEIAG o CRUR G Ok ] ik, 1 8 2
HTE R NN ROK S SRk e AR, T
K TR BN AU B Ho Tk AR K R B, N
A BRI RUK E SR E S 4
1 MRS 5EE
1.1 FARXER

20224 5—10 HAE N 5l B ¥ X 58K 2 ik ks
R AR A AR g6 (40°29732"N, 109°52'46"E) i
7o R 1080 m, TR 6.58 C,
Pk BB 7—9 A, FHIBKE1Z) 3 100 h, 55
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SRS A SRR T K DOKER A0 A KA B FE AR R

I 10 AWIERXSE 4 Adfy, iR
135~150 d, 2022 4 F KA H WA &b K& 202.9
mm. R ED 8.86~12 g/kg, WIRIZK .
WAL BRI R & EE 3N 23.3%- 34.4%- 42.3%,
R L, S IR BN 1.432 g/em?, RE

NEEL, HWE RN R HRE AT AL L
1, BUKHESHE N 4.6 dS/m, WKHEFZFE A 0.92 dS/m.
ZHX 5—9 A ETo N 687.78 mm!'3), TikKA & HIM
FeoKaE . Hh /KR, W R A R H A
Bl 1R,

& 1 R AF A2 R

Table 1 Physical and chemical properties of samples from the test site
JUK 7 5=/ (cmol kg)
FEA LR H & =R R/ Lt

" P EHE/(GLY COs* HCO3 cr SO Ca?* Mg?* K*+Na*

Bk (R KD 7.6140.09 3.6240.21 0 0.8340.44 2.0040.35 2.8240.72 0.7840.06 1.6040.13  3.5540.45
oK (KO 7.5140.02 0.8240.06 0 0.1040.01 0.34490.02 0.8740.06 0.1140.004  0.3040.006 0.9940.05
FJ)Z 45 (0~40 cm) 8.4440.12 9.2240.15 0 0.7340.12 5.33+.27 8.1340.23 1.0740.64 2.40+.39 10.73#0.64
WE3% (40~100cm)  8.5940.08 3.9740.96 0 0.7610.21 2.0840.29 3.2340.88 0.3540.24 0.9540.44  4.7640.83
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Fig.1 Rainfall, groundwater level, potential evapotranspiration (£70) during the fertility period of maize from May to September of 2022

1.2 REHEREER

BER T KRN “BRAR 31687, KHE N #E,
11 GREEERD 2 47RET720, R Bl Al EE
100 cm, HifiE %% 70 cm, T KT8 4247 R0, 5547 60 cm.
24T 40 cm, FREE 26 cm, HH (B EEH A PAENS Bk
W HETT , B 4% 16 mm, Jii & 1.60 L/h, 34 kA #E 30 cm.
ANERRIE/NX ZE R FE 1 m, 2285 20 cm, ZE%E 70 cm,
ANXETERR 720 m?, FEAN/NXAK 10m, % 6 m. WE
BRUK T “RUBIR” A28 T2 “JRiR” 228 T3, 4
WK CK, MK 3ANER. KRR EKNEE
BrEckl oy 5 ANBGL e E I (0514—0602) .
AT (0603—0630) HlEEH (0701—0801). #EZK
1 (0802—0831) FI5EZAH (0901—0930), T KFEM
HIE R 2.

%2 RREBRHAZL
Table 2 Maize irrigation system
HEZK EAmm
Kb FR Arit/mm
0605 0620 0705 0720 0804 0819
T1 30* 30* 30* 30* 30* 30* 180
T2 30* 30* 30 30* 30* 30 180
T3 30* 30 30* 30 30* 30 180
CK 30 30 30 30 30 30 180

VPR UK HER .
1.3 MEIEFR
1.3.1 AR T KKE

KH Campbell HENIGuRESGEIE, KE

BIEA 2 Whe KOG B A WA FEKE . KU,
AR KA SR R 1] L A PH AR S A e 5

XF HOBO #h F/KALTFREEH T KSR, K&
BN 6 IR/de M N /KB R AL HE : JRAE L MR /KR
1.3.2 233G HRARH

FHRE 200 5 A [F) A 8 B B S E R AT 5 3
IKEZE (BRFFIRAREASL, SCR T A Sk 38 LI &
FKE, DURRIRR B KR, WERE RN 0~20.
20~40. 40~60. 60~80. 80~100 cm.

F IR B K 1.4 m K 1.2 m AU U
SPATAE T L, 2 ERE 90, 110 om [E S3RER
¥, KN 1kPa, P45 10d W& 1 K.

133 2R FRERLHET

B EREERAT . BB, i 2 mm FLRTHR A
5], il LR (LKA 105, H
DDS-307A B4 1L F AN E R B 3% (ECs),
[ 1 iR v A K I L i SC, HF %R
ECys (dS/m) FI&EHh&E SC (gkg) #MAEFRAZKXN:
SC=5.194 9 EC1.5+0.068 5 (R*=0.948 71).

134 WA KABFR &

5 0.02 mm A5 FE RITE bR = R E BRI 254,
0.1 cm A5 FE I35 RO e T K bR s Rt K i
KO, & 15 dWE 1R SEAMEER/NX A
55 4 ATWGRI S, R R B B VB B M R,
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FH T S8 R N KRR, bR KA K
H KA K B AR ] 2SR s2m, R E +
AN EE R K S R KA e E, H K
i 8K M Richards J7FEiH5, THEAON:
K=-K(0)(0, /02)At, (1
K KO)RAEEM T FKERE (mm/d); Pl
+K#H (kPa); At ARFEREK (D).
AR RN - 158 T K R A 3K R i«
K(O=K S, [1-(1-S."™)™?, (2)
Se=(6-6,)/(65-0.) (3
Ao KONBAEIESKE (mm/d); 0 A KR
FAKE (emPlem?); 0, RERREKFE (em¥/em®); 6
RNHFIEKE (emPlem?®); Se N3 AAH TR AEE ;
m AR ISR
VeV SRR 78 I 75 B i B 0 -
ET=Y" (PAHAKAW,), 4
Ao PONTHER BAN B K S (mmD; LoNTHE RS
BN HEKE (mm); K ATHEINBUN 100 em +
JZIN G KIE R, $MAERIE, BN (mm); AW;
B BN ) EARS KERE (mm).
1.4.2 Bl %
TIEFLEE# (SDE Soil Desalinization Efficiency)
MR ROR ) EE s 2 — . HAat R AN
SDE=(1-SSF/SST)*x100%, (5
A SSTAEFEWI LIRS EHE (gke); SSFNE
BIAR LS EHE (gkg).
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WUE=Y gyin/ 10ET,, (6)

K Yorain NEKKFRZ R (kg/hm?); ET ATEY)SE
brzg ik Z& & (mm).
144 £33 @RS X

DA V7 1E T J7 MR 9 5T, W HE R P 50 em
NIBF, FEEEN 50 cm, AL xz HE, HEUA
5000 cm?. HIEHIH A R E S XK bRifE N 58
TEE>S glkg NEEX, T 3~5 gkg N EIX,
<3 g/kg NKER X4,
1.5 HABLFE RS

K Microsoft Office 2021 AZb¥E 4 , F|H Origin
2021 pro-~ Surfer 23. Adobe illustrator /£ &, 12 H IBM
SPSS Statistics 27 #:1T LSD & &M Z 547 .

2 ZREDH

2.1 BRI A TERAR T XS IRk EL 4 AR RS2
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) 338 S K Za S5 A R o JRRKIR IKAE B E AR 0 oK
HIAR R KA, %2 T3S KRR E B
. B T EIREE RN, I KR A T Y
K FERBEEEMRRLT . 58, CK 1
0~40 cm T2 TR EIKEK T1. T2, T3 AF 5505
4.13%- 8.96%- 2.92%, CK [f] 40~100 cm + /=11
BIKEANT 20.07%~21.36%; kR, CK ] 0~40 cm
+ 2 A K FEE T1. T2 T3 ALFES: I A 4.65%-
3.09%. 1.71%, CK ] 40~100 cm 12 35K EA
T 25.42%~27.33%; #EFIA, T1. T2, T3 4b#E 40~100
cm TEHIESKESHNE CK & 1.70%. 1.03%-
3.71%, 0~40 cm 12 T3 E /KA T 22.41%~23.64%:;
FEAH, JAF 0~40 cm 2 HESKEN T
26.51%~27.52%, 40~100 cm + 2 HIEEKEANT
28.15%~30.14%.
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Fig.2 Distribution of soil moisture from 0 to 100 cm at different growth stages
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AZEFREW R IR 7K P XK 352045 A B OK A B 4R bR 5

R RUBOK B B BRI K (R KD &1 2.8 glkg,
A B MK, T Ab3EAEAE B A HIAN
AR RS R ER . T1. T2, T3 AR
HHANGE S T AR IR R, T1 AL FE A F IR
T F B LS HENT 2.65~4.01 g/kg. T3 AFHHE

I 0~100 cm - JZF3 3855 36 5 A bk 1 PRI

0.32 g/kgo T H, T2 AbBRE T2 P35 585 Eh i
T1 AbFAIK 18.4%, T3 AbEE 34+ 358 & Sha i T1 Abst
j:Lz%"”E/(g kgh) A (g kg )
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0 T T T \ 0 T y
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f 11.2%; SheEH, T2, T3 &@%iﬁib&ﬁ%ﬁ%ﬁ
B T1 ALBET 24.1%. 38.1%; HERIM, T2. T3 &b
PP RS B AL T UEM&E 23.3%-. 16.1%:
SERGN, T2, T3 AECSPY RS IR SR T1 &
K 28.3%- 34.9%. “JIR” B WEMEVRR
PRT 2 Eh R PR, (2R TIEWIR RIBK, 228 B
SN Hb R 7K MR [X 78 R AR R e R gy
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Fig.3 Distribution of soil salinity from 0 to 100 cm at different growth stages

22 BIETRORKEERETIER 5 75 T FiE
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AR RK IR 7K 28 B HE W AR 2 E0E P F A MR =
Bty A = R . B 4 REEK G IR
THEN AT . D1 (0607) BB, THURUKIERE AL FE 5
YK REMR AL P 2 57 W 2, CK 7E 30~50 cm + )2 HUBUIK
X, HEEPEEEAN. D2 (0707) BB, FiHE
X TAR N, R HIEERX, T1. T2, T3. CK
EI’JTEEi"l:Ef 3524 0.15. 0.24. 0.14. 0.43 m?, %
R ARBERT T2 AFRE X AU T1. T3 43K
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1.6 5. D3 (0722) BB, T2 AL 3 KUK,
1 RRAKTGHE, TIEE D TER N AR E IR, 8
FEEEXFMEERX; T3 ML R KRS 2 R
J& , BFEEREML, HE B X A 5 HCE 13.06%,
FEAE 0~20 cm L2 M HIE A R A8 HARER X
RN 53.13%. D4 (0821) WFEB, SAbHIL%A &
X, T1 A THEX, CKATREEX, T2, T3
Ab P (PR ER X T AR &5 B33 58.45% 63.98%, 1t
AHAZ & E AR X 338 Eh 70 IR bk e AR BH 2

ES i (kg )

[ S

REREN

(0\\

KB e

(a) D1 (b) D2
B 4 R BB

KR ABIGIE NI LIRS
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i

Fig.4 Distribution of soil salinity inside and outside the membrane after saline and freshwater drip irrigation at different time periods
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BE A RGBT N, 3R 2 R iR i
WBE R IR, WA 2 IR 138G 0 ER 25 3 1 5
AMEFE . T1 ACEEAFAE R 3R PR, T2, T3 Ab3E
20~40 cm 2 T3 ER S B T BRI A LA M
2.3 BRERFEFIFAFEE

HHEE 5 a5, FERRET A ALEE 0~20 cm TR LIS
ThE S 20~40. 40~100 cm /21 2.12~3.59 {5, &A4b
H 0~20 cm LR ER IR, T1. T2, T3 4bEEH
il Eh R 8 CK 2> MK 18.87%. 15.94%. 9.4%; TI.
T2 4bFE 20~40 cm 2SR 2N HE, BOKHEER S
FUH X 38 -3 R R R 0 10.03%41 8.89%, CK.
T3 Ab# 20~40 cm L EWEER 5508 59.89% F
37.28%; T1. T2 AbFE 40~100 cm 12 #HhFH CK
S HME 26.31%- 20.63%. BEFE KRS &S HEiY
W0, A E AR &AL T S B B
1%, BB BK IR KA B AR 2R S E AR [X 358

i 2k 2 ) B RT3
100
M. mT1
80 | mT2
@T3
60 BCK

I 519
5

20
o -
-20
0~20 20~40 40~100
T ZIRElem

B 5 &A@ AR L AM%F
Fig.5 Desalination rate of different soil layers for each treatment
24 1EEKE BT
TR AR BR 5 7 5 B K IR e T A B )
R ERN (£ 3. TI. T2, T3 AFEk&EE CK
I FRAG 23.51%. 18.28%. 14.93%; T1. T2, T3 4t

W owwm

| WS

8.4% 1.65%

10.34% 4.25% 10.56% 5.56%

(a) T1 A3 (b) T2 kb3t

HZEMH AL CK 2l s 31.18%- 48.24%- 15.88%;
T1. T2. T3 &M HAREHERALE (P>0.05),
HE CK Z73 82, T1. T2. T3 4B FH kR
PO &5 CK AH EE 70 50l B AR 16.72%112.40%9.74%,
HiE CK ZH B (P<0.05),
FEEA T ES U FT

Table 3 Maize growth indicators at finish maturity

. . HEARIE Y PRk R .
W fkmlem  ZER/mm 5 - LT g
(cm2 em?) Jilg
Tl 20549.25¢ 22.3#.11b 3.1140.14b 200.41#10.01b 41.30#1.55a

T2 21949.95bc 25.2+1.06a 3.1240.11b
2.9940.15b

3.4630.17a

210.80+10.54b 39.52+1.58ab
217.2048.86b  37.93+.51b
240.65+10.03a 42.15+.67a

T3 228+10.22b 19.7240.86¢
CK 268#11.45a 17.020.85d

Ejiiped ]

12.09% 1.97%

RSP ARNS ARRRZ A B EFRE (P<0.05),
2.5 TRIBHTRKAMNE RK D FI AR

M 4 TTULEH, CK KORHBER R, Tl
T2. T3 AbELEH F ARG EZ R A RE, A5 CK
ZE 5t o KPR B 5 i KR e A o bEIE ARG, T
T2. T3 AFAEYIAXS =857 72.20% 87.60%-
90.26%; T3 AF/KAFIHAZHEYE CK. T2 AF %R
ANEZF, CK. Tl T2 ¥ azEREE. HE 6l
M1, CK A& WIF/KE K FARANA EROR, R
R KNS Ede . T1 ACERAE 3T FE K BRI,
U BHRK EE — e FE FE A 7 FOK RTINS TR A K,
PATHA T1. T2 AbEE 2 IRFEKIARIK, HH R 7KH
25 BAN G T3 ALBRAESTTHAVENE T 1 RsK AT 1
YRR, ZM B KRS B R T A A . &
Ab P f R R ARG B 4 BT R S S, 1t
IR R e 4 FHERL, XHRZE LKA R K.
5T1. T2 AHE AT L, T3 A BEE S 1) B KRk BB,
FERLTE AR =, b KRN B AR 2R B M B
AR BB AR, ULBHIE L BUKEBE T, “BUR” &
(IEIE 7 TR R G0 7K 73 TR A8 35 i /) o

|

SEFY
20.62%

10.96% 4.44%

6.8%

(c) T3 &b ¥ (d) CK

B 6 RRAH MBMIEMIKIAT Kib s &b

Fig.6 Crop water consumption and groundwater recharge shares at different fertility stages
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Table 4 Crop water consumption and water use efficiency

HEKE: I/mm

ise! - - R KFNA B K/mm B KE ETJmm KPR B Y grain/ (kg hm-2) WUE/(kg m?)
JBK WK

T1 180 0 112.71#.13b 441.1144.41b 9121.574273.65¢ 2.0740.06¢

T2 120 60 111.05#.11b 441.2244.41b 11 067.254332.02b 2.5140.08b

T3 90 90 111.24+1.11b 447.6044.38b 11 403.134342.11b 2.5540).08ab

CK 0 180 121.46+1.32a 460.0334.62a 12 634.064379.02a 2.7540.08a
W AR ARNEG FRERSAE Y H R EE (P<0.05),

3 it TR EORPA R K IR RS 2= 52 e 38K 3h 4y
AY

TR ER A R REE B /K B R MR T KA1
R 2 R R EI s R, 5o N A L,
JES T YR HE T CRAIE SR 2 T ORI, B ek i
fIRUSY, B 5 ZEZEUOTG] P AT 7K AT/ K EE %o - 438K
RN SAEY P 2R, S 3 0N 5.4 dS/m
JBK T R PTAT I, A2 S8 gk A £
Fifl, AWFTEHL N K FEN 4.6 dS/m FITUBIK, XT
FRZEL FE A HEERRE R T 8 kR
o X EEAM2IIEE T g8 RAR R . W RE I SRS A
JBR K AT B HEE, R IR ) LT AR ST A A
FEHEAZRIN S N IR JE BT r R, 7 HESR I R TR
EF TR BRI, X S AR AL
JR DRI AT BE b R /K PR e vk, KA e % 5 5
40~100 cm L JZ AN, HAkBeth 28 KR
K, REHTBRZE . Zhang SFIH] F H A5 A
HYDRUS (2D/3D) 58S BB 71209 FEA 7]k
R REBL ARG I, A WK 0~40 cm LZ 1) E5
TR EIHEZ 5. Hassanli ZUF 70 I, i FH sk
K 101 B F /K AR AR B S R e R
AR, 20cm LEHESEHEAAEET 40, 60
em LERFE. RSARPITER B, BURZS B
4RI L B R B N AR, HL R A
AN B AT RO 7RI, NN SRR K
BN RHOK SR KA FE AR, S 35K
EhIE R AR A () RO AL A IR T s (R A MR 200
IR G, AT T SHAW BRI FHEIX R
FE o A A, R 338 5 36 B FLA I B i % ) AR S
P, KIZHIBENLIEFIA S m TR, XS AR
IR NS A ZE T 0~20 cm L2 1) L3R
R Ry, P AR IX 8 T IR A BT A AN il
BB T HE 5 B0k 2 L3 R0y 1R BT, g
FIHE S A R R 7K IR e A K B 26 40 R 3R 2 438 ) R
7T

2 ISR AE AR I — e B, 3K ER AR
1 5 BRI KRS 0 22 57 22230 oKk s B
SMEYIRR X (3R 2 0 A, o BRAR RIOK A KR

i, AHIE 2 Fpk e e AN oK 2255 e B 1 K R AN B
125260 i L AFE TR o SO R TK IR RE K S B
HTAKAE 5 W ROR 7K A8 B Ik R A e 1K 338 2555
AR, SCRESEIN ™ o R S S5 PSIRIE S A8 B E WX
TIRER AT E TR ORI R IR 7 JE AN S
i EKIE K, BEARIE—C I & . T2
FRIL, KR KA REBR I E YDA = TR 84% LA
Fo AREFFE, RRUKAIEFBUERT 27.8%,
CRGR” ARBRAEYIAE X R EIA R 90.26%, XS5
HEEF T4 R . IR BE IR KR e A 4
TOTG BRAR, VR K IR B %o T KT 3 R 2 TR

AT 7K AE 5 ST i E AR A o 22 5] ke 3K
gy BB, FHo— & i T i R R X
MR KRR, HIESKRE S, RERKEK,
IR AR EREA); BT KR AR, BEE AR RIR
IKASR) T 3 s = 3Bk 35 A8 4k, [RIB JR AE R /K S
TR e H RS E R EYRIX L
HeoKay . R EIT A, 0~20. 20~40.
40~100 cm 22 (8] 3R o0 A = S A R . i LA
FAK I MBS R KE
AT, T RO IR 7K AE B AR X R B RUK A K B
Bil, S5 m VEY /K 53 R R R AE B 3 - 3R A K P
it & %6 %2 OC 8 O3 AR 5T — AN F K 8K
56, BRI R HE B 420 1) 30 B e 5 e 182 D %
MR 2 - 48 R 3 B A SRR s, ] ) FH A 2R A
U A IE A B B T 5.

4 75 B

1D FEKORBEH “ BUKRAK” 2B B AL AR 5
W KA FH e B 5, 0~40 em 2 385 /K 28 L HAth ik
K 0.75%~1.3%, 40~100 cm + J2 385 /K F b Hofthy
PR 2.02%~3.71%

2) ARUKHERACEE I A FR 2R, B INVR Kk
Ve B A SRR X RIS £, R T2, T3
AL PR R X T AR o5 B2 0 58.45% 63.98%.

3) BRI RK E 5 30 mm, 77 EER 5%~9%,
IS R RCEBEAR 0.08~0.11 kg/m3. 28 B EE AT i
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21 33%~50% [ K BUR . AFE WA X B AR KR AE
87.60%~90.26%.

4) Hu R KRG B SRV ZEECE Y 21.74%~25.55%,

JR K AL BRI KA B RLR K AL B 8.06%
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Influence of Alternating Freshwater and Saline Water Irrigation on Water-salt

Distribution and Maize Yield in Shallow Groundwater Regions
GUO Shuhao!, WANG Jun?, TONG Changfu?, ZHANG Yuehong!, ZHEN Zhixin!, HE Rui!?, LI Xianyue'"
(1. Inner Mongolia Agricultural University Water Conservancy and Civil Engineering College, Hohhot 010018, China;
2. Institute of Water Resources for Pastoral Area, Ministry of Water Resources, Hohhot 010020, China)

Abstract: [Objective] Many arid and semiarid regions in North and Northwest of China are poor in freshwater but
have saline groundwater. Efficient utilization of these saline waters is crucial for agricultural sustainability. This
study seeks to experimentally identify the optimal alternation of freshwater and saline water for irrigating arable
crops in areas with shallow groundwater. [ Method] The experiment was conducted at a maize field from May to
October in 2022 at an experimental site in Darat Banner, Erdos. It compared four irrigations: irrigating with saline
water only (T1), irrigating with saline water twice followed by a freshwater irrigation (T2), irrigating with saline
water once followed by one freshwater irrigation (T3), irrigating with freshwater only (CK). In each treatment, we
measured water and salt distribution in the soil, as well as grain yield of the maize. [Result] Alternate irrigation
significantly influenced soil moisture and salinity. T3 considerably increased root water uptake during the critical
growth stage of the crop, manifested by the 0.75% to 1.3% reduction in water content in the 0~40 cm soil layer, and
2.02% to 3.71% increase in water content in the 40~100 cm soil layer. During the irrigation period, there were 58.45%
and 63.98% of soils salinized in T2 and T3, respectively. Compared to CK, alternate irrigation reduced crop yield by
10% to 13%, but saved 33% to 50% of freshwater. Grain yield and water use efficiency of T3 were 90.26% and
23.2% higher than that of T1, respectively, despite its 7.2% reduction in grain yield compared to CK. Groundwater
recharge during the reproductive period accounted for 21.74% to 25.55% of the water consumed by the maize.

[ Conclusion] Considering the effect of alternate irrigation on distribution of water and salt in soil, as well as the
growth and water consumption of the maize, the most suitable irrigation method for maize in the saline soil is
alternating saline water and freshwater(T3).

Key words: alternating irrigation; shallow groundwater; water-salt distribution; water use efficiency
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