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WREL (T4) 5 FP#HEALEE, FEEhfbt (SO B2EE (S2). HE (S3). HEE (S4) 4 Fhdh K F, WadHER N5 LigEHh
SITEX K. EVIRE R MEEMNGERERE. EYr-Erm. &REW. #E7 S 5805 XKige e
K MEYIRAERE. MEENAE. MEEEE MEY - EIH REREN (P<0.05). Hf, XK. MaEMER.
ANEKSCHE (Mg, MIEMH TR EERERER/NE= B MBHER A RE SR A SRR IR ;s 1EW
AR TR RIYHEIHERARE SIRA ZCRNIEIZEE . 5 CK Ak, BORALPHEIEY R &8 N
11.78%, WHEREMBEE T 16.5%, BRIHET HIEFR SR R KIS S. B0+ 3E 085 BRI 25 250
Kig, EFEWINT XA KE. MESENERE (FaihtRih) RMSEM TERE, Wb TIEDREREMEDT 5,
Heapifb HAE, SIS EAENE Bk, T ETHEERD 19.15%. 27.31%. 26% (P<0.05). H&hnti83h
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BEA%, ATTHEIN T 770 B e kR & Adams! 7T
T, i SiE e IR k. A S T R
B, b L RREE B N, hIREIE R e
BB, SMERERGY. b, TREHMXHHEN
S L AR 206 - 38 5% 00 IR 2R B AR AT 75 43 (R W ACR)
F P2 A A R g3, Wang SR T R, S ALHE/E A
Ga FEAR LT FUBEAE 2 0 B3 (P<0.05) T 0~
100 cm + 2 A E L 2 &E 34.8 1 54.1 kg/(hm®a) (LA N
i, FED , FFELSER KT T 7.4%F 22.4%.
Zhang 25 58 o, G BEALD B A5 0 AH BT 0B
VERI BRI 9)70 19.03 F1 6.33 kg/hm?, HARY IEBHE L
FEGBHE B WD TR B, R, BRE D 0 Bk
BEX A o E . Qi HMF R, A&
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73 55 AR A LU T30 29 M 25 A v S A A b L o 138
4y Figzh. Ding SR IL, AT BRI it
SR A 558, TRBES sl 318 45 54 1 338 8 7 AR
IrABEAS T 37%M 34%, IR R e . R
XTI 7 3 e AR n g8 £ o N H 858 5 Ay IR R R
oA KRR, EPHERAR. LIRSS M LIERE SR
K ZH B HR RIS DEVIR, SEAHHE T 5
53 Hb DX 38 IR P 7= S AR N AR B K IR S Je o
BLPAER, BRI EE X S B A I A A N AN RIBE
PE5 Ao RS R R e w7 i — PR . b, &
BRI 18, BEEFEERA, CBONHG
PRE X 3 Js 35 i 28 3 2 120

SWAT (Soil and Water Assessment Tool) #&7 /At
S 3k S8 FH ) — A R T R ) 2 o A SOK SO, H
TR b A B N . KAL) K S 153
R VDA% K sz P G sesE, IR 2 2R 5 B
SWAT 574 i i 31| 3R A (X - 3E47 T 24idk - Xiong 2512
T TR ARAL L IR sk () SWAT-AG 15
A, PR TR 158 Eh 4308 B AN R e e R A K RS
HIThRE. SWAT BEAUEHE a8 78RR R E 5
ArTpbieee, A TERAHHETT S iE E 2 T
HIP Rk, I SWAT BB SR BTG HE X AN F $h ik
IR AE N HEAE 7 SO TR 43 U Ok B R W I SRS G P B
BT R XI5 G S i et — o7 k.

DRI, AR ST DA 338 6 7 2 ) 7 S MR 52 R I B E X
W FEIX I8, R HE X 22 A S B R A HE RN B E SWAT
RO S EAEY - R REE; R
WEJE AR BT 2 Fh 32 2 B 2RALE 4 FhEh 70K R #%
ARHE DT AT L, R RHE 7 U B BB o
XK. (B ER. HSEMNEE LIS E. Y
FER BRI, DU SR I (R R
TINS5 G S AR dE R ML T RE S e, IFEF R ERE X
ANF B 3 N A BB Oy SN S it B R A

1 #R57A%E

1.1 HREXER

TEE X AL T A S P Tt A () ey,
ABFRN 40°15'~41°18'N. 106°20'~109°19'E (B 1) , “F
YISO 1024 m, J& T KEEMEZFEREE, FPHRKS
5SmSR MN—10°C A1 23°C 5 AE KB 145~
216 mm, Hrp 80% KETE 6—8 H, FWIBAERREL
2200~2 400 mm, ZHEFTRPETRHX ., EX R
K 2] 250km, AL 2 50km. X & AR
1.19x10% km?®, L5 EHEBL AL 0.73%10* km®. FHFEFHHE
SRR ARG TSR, (FY 0B AL
Blo PEMERIRT 2019 FERIFLE, HEMEFEXE
Jiti R B 127.07 73 24, S X 432870 3 B R R 1
RO L 1, W 0 )5 S MO T AR ) 53.44%A1143.71%,
HrpPiAh LR A 0~30 cm +EIEAYFR R WE 1.
BT R H A S, HEKAg, X A AAEAF
TR i 3 vk A E Ak 1) J 25, [y Landsat 8 OLI /&%

P S IE A 2 ) 2019 SEREIX 38 Eh B AL BT 2 B o v R
BPE Ko

® 3ji ik 4 [ '1Watershed outletMlll 7K f4¢
© {40 Weather station [ AF#hfL 1
— 5| /K¥rrigation canal Non-saline soil
— fl/K4iDrainage canal [ 14#/%Mildly
L7 ¥k Sub watershed B '/ Moderately
40 km I i) Heavily

Water bodies
b1

e 135 RETWRET S .
Note: 1-35 are No. of sub watershed.

B 1 TERBREEESFAAREASH
Fig.1 Soil salinity grades and canal distribution in Hetao watershed

F1 BWHIIEELD 0~30 cm T EREKRYPEIEIK

Table 1 Basic physical properties of 0-30 cm soil layer of two
soil types
T Soi
MR __ + ﬁ%j: Soil t};pi‘es
Physical properties IR+ Fm it
Cumulic anthrosols Mollic solonchaks
TR
Soil wet density/(g-cm™) L.a4 145
AR A RO
Available water/(cm-cm™) 0.161 0.150
MK IS R HL
Saturated hydraulic 9.8 3.14
conductivity/(mm-h™)
HL
Electrical conductivity/(dS-m™) 147 0.4
WRA Gravel/% 10 7
LRSS 2
Organic carbon content/% 112 0.49
Tk 2H FkL Clay 21 32
Particle Hehi Loam 50 44
composition/%  fl 4 Sand 29 24

1.2 HiERR

ASTER 30 m 43 ##% DEM (Digital Elevation Model)
BE R UR T Mo A (8 2 =~ (http:/www.gscloud.cn/)
2018 430 m 7p 2 Lt F FH ERIE T BHR I s = &
(http://www.resdc.cn/) , 2018 4F 30 m 73 HF R B HIFE 2514
AR AVE T Land sat 8 OLI IR, IR EL
a5 A Xt A - (Harmonized World Soil
Database , HWSD ) >k i T & 2 X &} 2= £ 48 0
(http://bdc.casnw.net/yyzc/sj/) , 2008—2018 4= CMADS X
S HEERETHERIZRENHELE
(http://www.cmads.org/) , HTHIfE SWAT BEHSRH
P . 2009—2018 FEHEX AR A L HKE . A RHER
HHE VR TR DOR R R e O ik K S B AL, T
BOUE SWAT ALK SCK BB, ForH ST V24K B A3
SRES.2010—2017 4 HE X SR BB R IR T 2 2
FORTTARYOW R i givtaE 5, Hrr, BL2010—2014
AT SWAT EAUEY ™ BT €, 2015—
2017 SFHARAEAHATIAE . 25T DEM il 5HEKE
Z, R 1RE] 35 AFii (B D o R DR g
X LA A, LHER R A B S B 638 AN/K ST
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M. H#.7G (Hydrologic Response Unit, HRU) . F|H SPAW
6.02.70 A IEEGE & LR S L, ARG
+3EH § % (Electrical Conductivity, EC) %[ (LA
JEEER 43 B0 B 2019 4F Landsat 8 OLT 3 & S i85 FT 15
(B 1 U2 BEX 2 Fh 2 34028 GREVA + 5 5 fa) 26
AP R FZIME 73R8 1.47 F110.94 dS/m(EE 1D.
IR G E S K S MRS ST ALIX 1) SWAT
PR, VAR by it R K 2 B )30k EUMK TS R R
1.3 MiRAZ*
1.3.1 FHBRELBRAEM = EH HFH ik

SWAT HERIBLY 45 T 15 2RI AN % HRU ERE—+
R AV B b T 26 S N SRR RN g Rl
PR AR S A 3B e A R HE ) 32 e
MITEIR e #e & RS AEY =5, e DR E—1EY
favr 2 P E R (D A

1 do| 2 Z(Aci'lni)
PR o= il D
10 %=

n
j=1
>4,
i=1

K L, FoRHE e L &5 2 - P EE (fF
Yire BARESCN 7a) , mm B kg/hm?; A, R R
YRR A SRR E R FTAE HRU FITHA, hm?s [, %
FFEADUI A A H G RERE e MR T E HRU R4S &
8, mm 3K kg/hm®s n FRFFEEYFTIE HRU MI30E; j
FORFENBIA kBRI
13,2 #ERGRE L REMF ik

PR G IR B i@ U R AT U1 B9
e, B, IRESE RV RN TR ERE . IRERL
RIG R AR R E B IR VSR N, WEIRA T
TEERIE FRY) RS G5 RIRE AR (L
B LZ) o A FHHET RFEH AR GIRES
REMEZEHIBUE I N SWAT HAHHEEYEZE (Tillage
database) FKHX, H AR BASHHERE ALk TR AR &I
J5E E 4 SR U5 T35 B A (United States Department of
Agriculture, USDA) ZGHF 5T O AL 2 B 2, 1
TRABERAHE RIS T B K -9 X p 4> (National Association
of Conservation Districts, NACD) {RI"EHE(E B ROt
1) “FREAWASER” .

R HHE S BV A VRE N 100 mm, K 38835 THi 434

2 2, 54 0~10 mm F1>10~100 mm, [&FERE&
JZYENR A, LSRR 2 o . MIBHE TR & 280%
WMEHARIE, a3 () ~ 5 B3 6 .

NO3,ﬁna1 = NO3,lyl,um + NO3,lyl,res (25
NO},lyl,um :NO3,ly1,in : (1 - T;nc) ( 3 )
NO,,,.=NO,, - 4
Jyl,res tm Dm
NO3,tm :(NO3,ly1,in +N03,ly2,in ) ' Tch ( 5 )
sz — NOS,fmal - NO3,ly1,in (6)
%IM) QﬂNO
: 3ly2in Di 3,lylin

KA Tpe BARBHER G R, mm; Dy, £ 1 LER
fE, mm; Dy, FoniE 2 LEIRE, mm; D, KRHHER
BRI, mm; NO; oy T8 TR A TR V0 Bl A i 28 (1 S R 3k
S, kg/hm’s NOsyyum B850 | LERIRAMREREE &
B, kg/hm®s NOs 1 e T35 1 12T A IR BR 10 720 FiT
&, kg/hm’s NOsy 0 K5 | LEVIHHER G &,
kg/hm?; NOs 20 T EE 2 L EWIIRTN IR 26 & B, kg/hm’;
NO; o KRB A TRIETLE IR A IR LS B, keg/hm’,
1.3.3  SWAT A 4% E A IEH E 3R ik

AT e B X U 8 MR 7 MHESES
KK BUE T AT FOAAERAEDS, B kAT SR
S ABURAE M, FEFIH SWAT-CUP #4471 () SUFI 2
(Sequential Uncertainty Fitting version 2) 512X 127 S A
DR EATR AN (RIESHATiTH) o RN
TEREX CARIERE T 6 MEmAEKSHE (k2 .
FI R JG AR RS B S HBAAN SWAT B 2 5 A
MK S BT EREED K SET 7 255 % 3
FAEDIXS N 25, RIER 3k a R e 77 = A
2008 FAE BRI, FIHBEFLIX H E 4032 3Kk
2009—2018 AR A5 20 M U 50 RS0, I F AT 5
WE. L 2010—2014 4F 3 Fp/EY) <l i & o X 15 AL gk AT
B, WEEMEKSEEMIUES, FIH 2015—2017
R R B AT IO AE o PRS2 7R 1) 43 i bkl S S 32 2
BFEHURR . IR XA TR B 3 MTEUX, e
SEIEE R A IX 3 AN T BT M8 . 35 HURH iR 22
(Relative Error, RE) . #5E &% (R*) 1 Nash-Sutcliffe
MR (B SRVPABRLRLR,

x2 (MBS HXRELESHE

Table 2 Calibration range and value of crop parameters

. BRI E

[F2=) HH Default value H/ME SON [} Final value

No. Parameters Tk T I Minimum value ~ Maximum value Tk E
1 LTI R 2L 6 3 4 0 12 45 37 638
2 - TR AP i/ P AL AR ] o A K R A 40 3 0.7 062 0.6 0 1 0.68 0.69 0.56
3 K IR C — — — 8 6 0
4 B A7 F U RIRARI B P AR A3 R IR T 43 H/(%rdS T m) — — — 6 6 45
5 FE 30 A= B () = 380 R B P 3 A /(dS'm ™) — — — 55 105 4
6 EhE Il R PEAR R — — — 125 095 1.05
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1.3.4 BHEZ XG5 13 & orte e 2 kot

N SWAT BEALLHT T 10 a ML, AR 4]
B X KB ER UL AHHE HRYL, CKD . Hbf
(T  D#E (T2  HHEPE (T3) FERAHE (T4
5 FhHHEAL T . AN (R b B ) 22 S AE T0k - agE b 3540 1
DT TR R EIRE SIRA MR (R3) o Hi, AHHE
SETR TR B il AN A IMBHE AL B, R B 5 (0T HEH
(CK) , HiRARESRAZCRMER N0, X%
BEX BIFTIE . WFICAE 2 Fhbagessa G+ 5 i 2
1) KT AMEE 4 FEhAKE, RBIERM L. 2
FEEfb . PR E R E A A LR S, A B
55 0.46. 0.98. 1.55. 1.97dS/m™, #K&kid AN S1. S2.
S3. S4, TIEERFULFE BRI br S SCHR[30]. BT
X K L 78 S AR 7 70 Wl Bk AR e LR =
KA FAHEE 0~30 cm + 2 LB SR S8, >30~
100 cm +EAMYES) . fERE TR KPER, &
FHE SWAT IR E S IS4, RITIHEESRE
8IS b 2 R A R LR R A AR K E
(SOL_AWC) Z¥, T T2 AMFKEEEZRZ W T
SWAT & B xf /K fE iz # i B4, HOR [H) 4 38 i s
SOL_AWC i EC AL A, FHEARZEC T TR
UFHER %8 A, 2 FRRIESRANE SOL_AWC S4B 4
FhER A AR BUE W3 4. BRI IGE)S, ¥ 5 fht
TEALIRE 4 Pk oy /KT oy A ALY, B A AT A0 B
Al AN A A N B E 7 S 3 B A e s R K
B, MARZEE. EWREE. WHKBIEENEY
FERIAE BN o XIUE = K EARTE AL S B (4%
Hb) B /K B ¥t HRU FE3E A FmE  (HEKAE)D
FLE/KE (mm) o EEFERZR. MEmRma F K
B (R X ERIERE W TR 3 . ANEIKSCHE
RMEREB R LT ERR. MR Rmn T
IKAER F) T RS A SRR (kg/hm®) o BF 7L
40 NMAEEE, BN EEE A 10 a BRI 10 AN E AT b
.

£33 TFELEHEXSHEE

Table 3 Values of relevant parameters for different treatments

HHEALEE Tillage treatment Mixﬁﬁigiz/mm Mixﬁﬁ:ﬁincy
FEHR AL Template plow (T4) 150 0.95
GE ks 125 0.5
Conventional spring ploughing (T3)
/D#F Less tillage (T2) 100 0.25
Gk No tillage (T1) 25 0.05
X HE 4 Control group (CK) 0 0

x4 FEEBDKEXNETIREGRFKESHIE
Table 4 The effective water holding capacity parameter value of
the soil corresponding to different salinity levels

cm-em’!
gk H1 5% Electrical conductivity/(dS'm™)
Soil types 0.46 0.98 1.55 1.97
Y%Ewéj: 0.164 0.163 0.161 0.160
Cumulic anthrosols
5 4 b
i ot 0.151 0.150 0.149 0.148

Mollic solonchaks

1.3.5 BB L %54

K H Excel 2010 HEATH#i b, fH Origin 2018 it
AT b PR A ZE S R 7 22 404 (Analysis of
Variance, ANOVA) ——Z K ZEF Z0HT. KHBR/NEE
# 535 (Least Significance Difference, LSD) #4742 # H 45 .

2 HR5SH

2.1  SWAT HRBUARHI 25 R K 1T

¥ AR AR S B S BOUE B8 H T A0
ARG, RS FRR . AR FEY &
PENFERS (E12) o ITLUEH, BRAREAR 10 a BT
RIERB R IAMET 0.69, R AR E HAMET 0.58,
AT R 22 CSIZMIME T 34 5 A 4DUE T 24 1 22 5 s
FMER LR, RE) KT 10%, /2 SWAT FALR
VRN ARUE. FHUE AT RN, R O AR R R S
WX DR E. S ZAHE RIS RS S EY)
G . HAERAMSESISETUER (-2,
BRSMEEEIMES SCELEF N 1—4 A BIRvI& &
W7, —HHBETEXSEE 4 AP araa Ty,
B 11 ARk aUL, 1AL T I8 250 HERE I P S o U .
AT, 1—4 AT EIKE, BAHFiZ
W R, T sEbR B HEE A BN AR . HE 2¢
I 2d 7T, BEFLIX 8 a fEY = EABIE 5 STl {E £ A
OMGTE 11 1 LRIHT, 3R WA IGAIE I f v e 25 RZ 0k
0.94, WHEZRH EIAMET 0.93, RE KT 4%, B
RORIRYT o X HLIGIER SWAT BRI EAT [ 4 A4,
ORI X K R SRR .

— 2l i Measured value B Simulated value

% R=0.78
<90 RMSE-1393m™s' ;75 5 =!8 RMSE=024x10°kg o 69
5 RE=2.1% EE& E,=0.58
g 60, . =TS 12 t RE=8%
é ) y A 4 ﬂ‘, ) v |
= [\A th MJ\ “lf’\M\f Ml J\Jl f ”’Nlﬁza‘g 084 r’L ’J W\_IJ 1 ’\\ 3
ES Ay [T|=g'E R, . %
g‘k“J?”QJUE dﬂd\ g QNNQJ\ HibWﬂu&
NIRRT IS NIRRT IS
NN s N s I\ IS p
"VQQQ np\ '\VQ\’B qp\:) np\ "9\9 q,QQq ’\9\ ’\9\’\) q,Q\‘) qp\ '\S\Q
[ J¥iDate H ¥IDate
a. 1Rt b A Z R
a. Runoff b. Emission of nitrate nitrogen
L14 R Lo14 ,
12 ®, 5 12 7
10 o = 10 o
2 he® S
=g NS EZ 03 P
= 8 orN- = 2 DN
%00 & R=094 %5 06 SN R=094
<504 o’ E,=093 S04 o £,=0.94
TR RE=3.26% R RE=2.47%
g |~ RMSE=032<10* kg-hm Z |- 'RMSE=030<10° kg-hm?
S 09507060810 1214 s 0 101214

B RME
Simulated value/(10* kg-hm) Simulated value/(10* kg-hm)

o AP CGREWD d. 1B CRESD
c. Crop yields (calibration period) d. Crop yields (validation period)

B2 ARRdaRiR. AR ERMES 5 RHERT o
Fig.2 Comparisons of simulated and measured values of outlet
runoff, nitrate nitrogen and crop yields in the study area

2.2 BEHEARMARERLIRHESRIERRIED

FEEREN
2.2.1 #tEF X5 13 & Ffeat RIRE Z K EZ 630k

ZRERTTEZSERE R (K5, BHERA Bk
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75 305 A R A X ek R K R 3 7 A A B 3
(P<0.01) , HAEW H R =F 2 8 L& & HAEH
(P>0.05) . AREBHES XMILFALKE R, #ERt. 5
] 3h L XS KBS AT E 3 s . WA HE,
FEUA LA R XS K E S TR A . fEAR R ISR
R RRBHET RN, XIS K 2 BE 3 R KT
iR m Sy, H S4 5 S1. S2 hHEREE
(P<0.05) . #EWR T4, 5 S4 abEEAHEL, S1. S2 4b#
SRR B T 22.2%. 14.5%; Hifa & -4,
S1. S2 AbFE @ = /K& S4 AHEE T4 533> T 21.9%-
14.4%. [Fl— 3R, BHE 7 2O R Fb L 3388 10

=
7

FPOKEMEAAELESR .. WK EE, FA—3aKFETF,
AR R 38 A P K B 4% I T4, T3, T2. T1. CK I
7 CEPBEFHER SR E SR G RE SN 20E
Tnfass . BEWR 4, X S1. S2 ThIFPALERM) T4 H=
IKERE CK 73 B 5 E WD T 12.8%. 9.2%, HAMBEIR
B (P>0.05) ; HAmihtHrh, 12 S1 kK T4,
T3 MK ER CK 73 B WD T 11.2%. 8.7%, HR
R B EHHE T N2 BB RZE (P>0.05) « 4R b, 4
T3 R AR IR R KT, BEE 5 O X oK & 15
WA BN e 3 Ah, A ER o 3 A OB B 7 2O X

[N AR TE

x5 IREER, HHMEAR. BNEEXNFKE. HEAREHRNEN=ENENNEERATESTFE
Table 5 The F values of multi-factor analysis of variance for water production, nitrate nitrogen indicators and crop yields affected by soil
type (ST), tillage methods(TM) and salt (SS)

. . ISP MRk (e
3 =R fs B W = bk e B
ES FeKE ﬁ;%u&%‘% 41%1 - E/ﬁ@% Nitrate nitrogen transport Crop yield
Factor Water Crop nitrogen  Nitrate nitrogen e i W N Tk i
production uptake leaching . el > =
Surface Sideways  Underground Wheat Maize Sunflower
ST 98.69" 52.65" 1948.94"™ 22113.56™ 1006233 2687.99" 0.12 12.75" 3.06
™ 13.53" 23.19" 53.63" 37.30" 50.60" 57.79" 4455 56.68" 7.24™
SS 162.07™ 259.05" 14.04™ 86.50" 9.86" 151.39” 118.84" 261.80" 236.19”
STXTM 0.05 0 4.04” 2339 10.72" 2.84" 0.02 1.95 0.02
ST=SS 0.40 0 203.79" 65.42" 0.32 16.56" 0.62 256 0.37
TMxSS 031 0.01 0.25 0.09 0.02 0.16 0.12 0.22 0.06
STXTMxSS 0.08 0 0.01 0.07 0.01 0.02 0.01 0.28 0.05
¥ (Note) : *, P<0.05; **, P<0.0l.
1Sl zAas2 £IS3 IS4 VEYIW R RT3 > T 8.8% 17.5% 26.5%; Hf)
120 120 - .
Bool L et astae sel o bl S2. S30 S4 MEHEMIRURLEL S1 T4
£ A0 AR |beARE] [boeAl . £ e v, | abAT | abAT | a N
2 g0 g PRER) e | 5 sof A, A bR | & BEAK T 9.2%- 18.4%. 27.8%. WM., % LHESRAIfEYIR
22 o SRR B 2 KPR e AR I S 08 a9, T L %% 2k
i 2 S S 7K T ) ot A B ST . 6 A ) - 28,
5 5 ‘ .
s o — R AN KOT R, I S X R 1 R R B 77
Ll T et P S B Bl EROKCT R, MR A R AR

a. Cumulic anthrosols b. Mollic solonchaks

H: AF/NG FRER IR R — R RURINR —BHE 77 2N AR 3R /K ) 22 57
W (P<0.05) ; ARIKGFRERE— LR E — 70 7K-F R A FEHE
e NEZE R EE (P<0.05) o S1~S4 HRIMREEMRNL. BE. M
B TR

Note: Different lowercase letters indicate significant difference between different
salt levels under the same tillage method at the same soil type (P<0.05).
Different capital letters indicate significant difference between different tillage
methods under the same salt level at the same soil type (P<0.05). S1-S4

represent non-saline soil, mildly, moderately and heavily saline soil, respectively;

The same is below.

B3 2AFREER T ARMET XE it L KFE S KEDS
Fig.3 Dynamics of total water production under two soil types
with different tillage methods and saline soil levels
2.2.2 #HEG XE BRE T KSR A Z R ™

W2 5 wlgn, LSRR, BHETT S LR BT 0T
DX A A B 2o 7 AR AR S 2 B (P<0.01) 5 (EAER &
HEHZMTERELTAER (P>0.05) o ARIBHET A
EBBAACETS, R B XIREDR AR ESE
BAUE 4 s, WER BE, B AR XISRAED)
REmT RS L. AR RA FREHET R,
DX 35/ A i S o L 438 2R 2 KT R e 3 PRI 34
(P<0.05) . ¥EWL4H, 5 S1AHEL, S2. S3 A1 S4 4bFE

Bk

CK. TI1. T2, T3. T4 My 2MIEmMeEH. Rkt
Hrh, SIL S2 #hrAbFE N, T4 5 CK MM ER B, S3.
S4 AT, T4 5 T1. CK MM ZEREE. B S1 4
AL, FAE ARSI AR T4 5 T, CK £
BEMER. 5 CK AHEML, T4 MFEYREE T
B3 (2 ) BN 11.78%. & HIEBAAVEYIA
BE T1 & T4 WP 5 I00E R EIN R, (2 HHE A3 )
Y0 G N B ARG n 5 PR &S .

81 S2 S3 E=S4
N > 200
& aAB  aAB =z aA
b aAB aAB  aAB
<A oA Bos s h By 1z a 1501 (s bAEBAbAEBaAEB T
Al Al B dB 1 = dA A Y cB
SE B( ke
=100
£ SEY
2 LE=50
f=9 o
2 2
0 0
S T4 T3 T2 TI CK = T4 T3 T2 TI CK
BHE 72 Tillage methods B2 Tillage methods
a. R+ b. B+
a. Cumulic anthrosols b. Mollic solonchaks
B4 24 LEEA T REHEF X5 &Lk K-S

BRAEFHE
Fig.4 Dynamics of nitrogen uptake by crops with different tillage
methods and saline soil levels under two soil types
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el i, 5 CK AbFEAHEL, TR &R SR A RCRi
KIEHHE 77 XX EYR A R s ORI & . A4k,
FRYE M o M &5 B el a1, 8 ER 43 3 e A B 7 3R
W e DS E R
2.2.3 #MEF X G LE HF T R 2E A A RURE
EOEAL

M 5 mAn, R, BHET NS Rk
2 5O X 3 I A UM R, b R S5 HHE
JrEG. R 5 a5 3R Ak o S X3 B A A
WEPAWEZEZ BN (P<0.01) « ARFHE T ML
B KR, B B R b X R A EN A R
NS E S fiow.

— S1 S2 S3 354
= 2 90
E aAB bAaAB b v E
I'g apd ] o] 22 T5f L aan  aaB a8 aea
= ARN [ABN | 8 _ ool Foc  MEBG. [BeAb [ EeAl PRA
e =5 T T R PRB R
2 e
= :__E.géw
8 g s
< <
= 2 0
Z; T4 T3 T2 T1I CK Z T2 T1 CK

T4 T3
#1172 Tillage methods
b. Fifi) 1+
b. Mollic solonchaks
A5 2# LIEEE T REAEF X 2o £ AP LIEAA R
HisEHHE

Fig.5 Dynamics of soil nitrate-nitrogen leaching amount under
two soil types with different tillage methods and saline soil levels

)72 Tillage methods
a. IR+
a. Cumulic anthrosols

AR BE, BER AR X IR IR S A A B
THEMIE L. FEFEHETRT, AEEEA L EEMA
BB EZ LI AR E R R AT, &
B Kb B3 AN A RO B B 3R KR IR e R R
W% (P<0.05) . 5 S1AHEL, S2. S3 A1 S4 4bFE+

S RMBEE AN T 12%. 23.6% 35.4%.
T g, FEIRHHEATE (T1 5 CK BRIM L3
A M =B R KRS R R E RS
(P<0.05) . 5 S1 AL, S2. S3 71 S4 kb HH 433 il 25 &bk
RSP D T 5.8% 11.6%. 17.8%.

A R, [F B R, BEHE T 30 1
HARMB B NAEER . WK EE, F—HaK
SR, AHF R A A BN LR T4, T3, T2, TI.
CK NG BN B %s o B 7 2O s A5 RUka 15
WALERE 2.3.1 xR KE RS LA EL, AT
Bk, #ER LAY, 5 CK AEAHEL, T3 A1 T4 AP FI6H
SRAMBEFH D HNEZEWRD T 1047% . 17.58%
(P<0.05) o AT UL, JEJR 120 A fiE 25 bk vk s BE RV R TR
BURE RN H N, HAaxhys /b B Iz . 5
A, T3 R T4 8 CK AAEF53 500 T 14.47%.
20.16%. 5 CK AbFEAHHL, T4 ABRAZMEE Y
Fhti) BEWEAT 16.5% (P<0.05) . AILLEH, i
0 2P A R > R T A AT VR R T B i
Hahn, R B RN D F R I .
2.2.4 FMEFXEBELFUASAHEREB BN A

5 mAn, BRI BHET U L3RBT X
AFAK LB EHSRIEBRNENAEESR . —HBX
RS M SRS RS AEWREFE R (P<0.01) , H
TR R IR S SRy A R A B R
HAEH, EIHE TR EGH 0 ME L =F 2 RLRELEH
TEH . =RERBXIMAmSERER a7 ERETm, H
IR S E T NP A B HAEH . A A
Ve SRR 37K PR, ER . Bk S KR Y
SREBBEWE 6 .

Fo6 2HMIREBTARMEARNERR LK KXBEHSREBE
Table 6 Nitrate nitrogen transport in different hydrological paths with different tillage methods and saline soil levels under two soil types

kg-hm™
g kb 4y *#ﬁ:‘ VEN #EJ 1 Cumulic anthrosols i #h+ Mollic solonchaks
Soil salinity n{éltl}?oggs & Surface 1) Sideways 1R Underground 13 Surface 1) Sideways M1 Underground
CK 0.11£0.004cA 0.45+0.02aA 4.91+£0.18dA 0.91£0.03cA 0.17+£0.01aA 3.23+0.12cA
T1 0.1140.004cA 0.45+0.02aA 4.88+0.18dA 0.90+0.03cA 0.17+0.01aA 3.214+0.12cA
S1 T2 0.11£0.004cAB 0.43+0.02aAB 4.69+0.17dAB 0.87+0.03cAB 0.17+0.01aAB 3.08+0.12cAB
T3 0.10£0.004cBC 0.41£0.02aBC 4.46+0.17dBC 0.82+0.03cBC 0.16+0.01aBC 2.94+0.11cBC
T4 0.09+0.003cC 0.38+0.01aC 4.10+0.15dC 0.76+0.03¢cC 0.154+0.01aC 2.7040.1cC
CK 0.12+0.004bcA 0.45+0.02aA 5.42+0.20cA 0.99+0.04bcA 0.17+0.01abA 3.49+0.13bcA
T1 0.12+0.004bcA 0.44+0.02aA 5.39+0.20cA 0.98+0.04bcA 0.17+0.01abA 3.47+0.13bcA
S2 T2 0.11£0.004bcAB 0.43+0.02aAB 5.18+0.19cAB 0.95+0.04bcAB 0.16+0.01abAB 3.3440.12bcAB
T3 0.11£0.004bcBC 0.41+0.02aBC 4.93+0.18¢cBC 0.90+0.03bcBC 0.15+0.01abB 3.17+0.12bcBC
T4 0.10+0.004bcC 0.37+0.01aC 4.53+0.17¢C 0.83+0.03bcC 0.14+0.01abC 2.9140.11bcC
CK 0.12+0.005abA 0.44+0.02aA 5.924+0.22bA 1.07+0.04abA 0.16+0.01abA 3.74+0.14abA
T1 0.12+0.005abA 0.44+0.02aA 5.894+0.22bA 1.06+0.04abA 0.16+0.01abA 3.72+0.14abA
S3 T2 0.12+0.004abAB 0.42+0.02aAB 5.66+£0.21bAB 1.02+0.04abAB 0.16+0.01abAB 3.57+0.13abAB
T3 0.11£0.004abBC 0.40+0.02aBC 5.38+0.2bBC 0.97+0.04abBC 0.15+0.01abBC 3.40+0.13abBC
T4 0.10+0.004abC 0.37+0.01aC 4.94+0.18bC 0.89+0.03abC 0.14+0.01abC 3.1240.12abC
CK 0.13£0.005aA 0.43+0.02aA 6.42+0.24aA 1.15+0.04aA 0.16+0.01bA 3.99+0.15aA
T1 0.13£0.005aA 0.43+0.02aA 6.38+0.24aA 1.15+0.04aA 0.16+0.01bA 3.96+0.15aA
S4 T2 0.12+0.005aAB 0.41+0.02aAB 6.14+0.23aAB 1.10+0.04aAB 0.15+0.01bAB 3.81+£0.14aAB
T3 0.12+0.004aBC 0.39+0.02aBC 5.84+0.22aBC 1.05+0.04aBC 0.14+0.01bBC 3.63+0.14aBC
T4 0.11£0.004aC 0.36+0.01aC 5.36+0.20aC 0.96+0.04aC 0.13+£0.01bC 3.33+0.12aC




3

FYENISE: SWAT BBHETT 35 Eh 700 X IR RIS KA B 5 61

BAKRE (R6), HRTANMMESRZBELAESET
Ffmiht. SEREALL, EaihERmSEhRER
P 0.855 kg/hm®s X TN s , #EW + i
T 0.26 kg/hm® (167.7%) .« SFFHUFIER0M
o, MER A E R R P A 1,931 kg/hm® (57%) o
AT, HEEMKRSHEERTMMEH R, M
thtikz, H 2 PRy Fia b S,
FERA g, R —#HETTER, S1L S2 Eh A A EERIAE A A
WREHER S4 GHFWEZWD T 13.3%FH 8.3%
(P<0.05) ; [z /& % $h 0 K-F 0 3 % 7 (P>0.05)
M NisF & S2. S3. S4 tb S1 RPN T 10.5%.
20.62%- 30.82%, HZEREZH (P<0.05) . Hfaih+41
o, Rl BHET R, S1L S2 Ei B IR SRR IE
AL S4 AT B2 D T 21.4%F 14.1% (P<0.05)
MFizE S1 8 S4 WH P REEIN T 11%; HTis
FofE S1. S2 # S4 AbFH-FIYRE WD T 19.1%F 12.5%
(P<0.05) . AILAEH, MAEEMESH NEBE RS
W b ES, S AN M s R B R B K
PR EB D o 1K PR A B SR 2 PR G I g8 2 AR K
HIRWR D, TR A RS R E R,
TR] T A 4 U0 [ 3 A i IR T k2>

AR 3R A, [F]— R KPR, BHE T 2 %
KL REERIEB BRI LE R WK R,
[ — b3 KR, AR SRR S RIS 2% R T4,
T3. T2. T1. CK Hii/7 LIIGEINEEH . 5 CK 4BEAH
o, FFpPEEERAIR, T3 5 T4 4B a] DLUE 50 % 2
SNACE L ISR ME . MEAM FTiskE. H,
T4 3 CK AHEMEZEME. WAt FiaB a1 (2
B39 BB T 16.4%-16.5%H116.5%(P<0.05).

R7 2HIBEATARMEARS

Table 7 Yield of wheat, maize and sunflower under two soil types with different tillage methods and saline soil levels

2.2.5 #MEHZ KRG L L e 2%

MR 5 wJaL, XFF/hEMZERTE, UHETS
TIEEFL 2 ANEEXS H AR E R T RO
&, ISR BHE S LR B s H T AR AR R
R (P<0.01) , EAEPE =3 Z A0 3 FiEY8 0
BELZHER (P>0.05) o ARBHETXMEEHKTT,
FEVA L. B E N BOK. FHETENE T PR,
BUORE, BERTARNE. Tk FREEYETE
fah 4o MFREERA, FIFBHET T, FORMZELE
TEW = b LR K- Pt 2R E T FE
(P<0.05) . 5 S1 AbEEMILL, 2 Fp3ERA7E S2. S3.
S4 KRNI TOKE I T 9.1%4 18.19%127.31%,
PR T T 8.59%. 17.3% 26%; /NEF=E1E
S3. S4 KMFHFHE T 12.76% 19.15%, HZERDE
(P<0.05) . 5 SI AL, S4 AbHE/NE. FK. HKiE
FEECTY (2 B3 BT 19.15%. 27.31%- 26%.
BARCRE, FHFE LA, F—HBKE TR, N
EEPHE T IR G VR RS E kN, ok, B
HHHHE T ARG RENE IR &R . 5 CK A
AL, 2 RIS T3 A1 T4 A3 T KNP 8
T 9.12%. 14.67%, HEREZ (P<0.05) . [F—
TR, AR LR, BHE G AT FOK = &
SMAFAEZ . HEW LA F, 5 CK AhEEAHL, T3. T4
AOEE K PR E N T 12.4%F0 22%; Hif ikt
M, Br S1ALBEARZES, T4 8B CK B F K&V
BIREWM T 18.5%. [F—HBAKT, ANEPHE
AT A P BRI T B EEZER (P>0.05) o 4%
ERTRUE W, LR B SR B E T R &
PAGITE R
hiETKFENE. TR BiETE
kg'hm'2

+ e LR ) HHETT WY 1 Cumulic anthrosols wifa) £kt Mollic solonchaks
Soil salinity - Tillage methods /N Wheat Tk Maize Eft Sunflower /N Wheat K Maize F%1¢ Sunflower
CK 5702+199aA 10 420+352aC 3436+117aA 5300+197aA 9 347+347aA 3 129+116aA
T1 5576+194aAB 10 620+£359aC 3 454+118aA 5172+192aAB 9 445+351aA 3 155+117aA
S1 T2 5397+188aAB 11 040+373aBC 3 476+119aA 4 994+185aAB 9 644+358aA 3203+119aA
T3 5193+181aBC 11 607+392aAB 3 540+121aA 4 769+177aBC 9 869+366aA 3268+121aA
T4 4 893+170aC 12 406+419aA 3 612+123aA 4 480+166aC 10 120+£376aA 3 372+125aA
CK 5315+185abA 9 363+316bC 3 124+107bA 4 972+185abA 8 427+313bB 2 883+107bA
T1 5202+181abAB 9 5394+322bC 3 140+107bA 4 860+180abAB 8 557+318bB 2 908+108bA
S2 T2 5 036+175abAB 9 936+336bBC 3 160+108bA 4 697+174abAB 8 786+326bAB 2 941+109bA
T3 4 842+169abBC 10 488+354bAB 3212+110bA 4 495+167abBC 9 083+337bAB 2992+111bA
T4 4 554+159abC 11 320+£382bA 3305+113bA 4220+157abC 9 509+353bA 3091+115bA
CK 4929+172bcA 8 307+£281cC 2 812+96¢cA 4 646x£172bcA 7 5094+279¢C 2 637+98cA
T1 4 829+168bcAB 8 4604+286¢C 2 826+96CcA 4 547+169bcAB 7 669+285¢BC 2 650+98cA
S3 T2 4 675+163bcAB 8 834+298¢BC 2 844+97cA 4 399+163bcAB 7 9294+294¢BC 2 669+99cA
T3 4 492+157bcBC 9371+317¢B 2 885+98cA 4 222+157bcBC 8 298+308cAB 2 705+£100cA
T4 4 215+147bcC 10 236+£346¢cA 2 998+102cA 3 960+147bcC 8 898+330cA 2 800+104cA
CK 4 541+158cA 7 248+245dC 2 499+85dA 4 317+160cA 6 588+245dC 2 391+89dA
T1 4 454+155¢cAB 7 378+249dC 2 511+86dA 4 233+157cAB 6 779+252dC 2 393+89dA
S4 T2 4 313+150cAB 7 728+261dBC 2 528+86dA 4 100£152cAB 7 070+262dBC 2 399+89dA
T3 4 140+144cBC 8 251+279dB 2 557+87dA 3 947+146¢BC 7 510+279dB 2 420+90dA
T4 3 875+135¢C 9 148+309dA 2 690+92dA 3699+137cC 8 283+307dA 2 510+93dA
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3.1 TEHSWEREREHBRIEMTER G

TR B FKE (SOL AWC) A& H I RERAEY)
WSO P K B, ROV ) K R 5 U 2 R B T ) -
TKE. RN, HESs SRS EmHIEEER
MOk Fm 382 A R K B R/NPY, T 3 R A A
IKE BRI X KM IR E R . X KE
FHENEX WK ES HEANBRKETHKR R H
X AN KR, 2 A S % I B R AAC . A
Ferf, FEAHR SRR ERBHE R, RS gL
AP R X R KR R, X RNbE A I
o mRn, HIREASRFKER FTHEEY, HREAN
K BB 80t 25 SRUX S B HE K B R3NP, (5K
s R, 3K TR B NS BB A4 48 S0
s, XS5ARMRERA B, HeH T %K R A
FEW RIS I, 5 XIS R L A
Kz Btz o, BE%EHIEE B E, #£X
S PEKER T N R, RS S R 2 R B TR
TS EME B R RN EA, XRHE
e e 7 ORI R E, IR T SR P
2K, KR KRBT IS Yeid s 78 i KU o AR,
G -39 R BN, A - P A UM A R
/N, TR DR T B R ) £ b AT K A 5 R RO X e
NHE RS (R 1), IR BT R e
F5 5 W B E R e T, AN T A A 2R o B IR ,  [RIE
WEAE T I R S RIR A . Katerji 251
MR ER, oS HEmAE K EMmEIER, SEUEY
XoF 7% 43 (RIS FH 20 3R B AT, AT 38 0 17 7% 9 PR TS . Wi
K. AFRER, EHHEE SN, EYRE R
FfE - B s . XRMARARLE L M dEE S
bR E E FRWBIE AN, W0 TR
WehE A0 Bhat, IR K E R R
FIEF R R R SR, KRR IR L, Rk
SEEYR R R . ESI R R R R K
FHBEE EFNFEE, SAOEEAR RIS ESE
Wi B K, X5 AT 7T 4 A
3.2 HMEARMBRREBRIEYTENEI

WU R, AR BE 5 AT AR [X 45k 77 K & K
NBLRERE R, AR, MR A
72K B HEE T R AR E SR A BRI R 20004
WSS . XA RS BT B BHEREL T A, )
W7 HEFEARBME S . WA, BEHRESREEN
KM E T R TN E IR BRI 2, i
ANHEAT AT AT AV A 3 ) 5 R R ECUTF (0 B A0 0 A, Nt
BHE KRG R . R RGBT L, WAL
GHERRZ LR E, WINEKeES, EEEEDSTK
DIFIR, X S5A R R, BERE K
N, AT EBHE, TRAABERETE LK 4 78 R
TIEEKE, BN&NEP R, 5230 maE R A
oL, B AR X3k 7 /K BN RIS, R S A B A A%

W, XEFATEA S ELTEF, #1593+
TR EB A, B BIEARZE LIER RS 5RE T
BORA, W TR IR ORI & . thAh, Bl ae sl
W R, BHERENE B A R, AR T
YEVIR TR 5 BT 75 K IR S IR 25 1 o (LA B4 435 it Xt
ANFEEY B ER T E R RE . KFRH, NE
FEE R A BHEEAL T RE, Rk S RN
BHER AR 5IR G RCRMIE RKmIE . XATae &l T
INEAEREA R IR T RROIRES, BERIS, BHEL
PEAEAT /N A K R P AR, B AL N AR KR
Bi. BKRMZELEZ LERE. Bkl 0 HIgERs,
T BHE AR ] ASCE EE SR, BRI T, B
R, SAEGHHET AL, KA BB E R R vl
INEEPEREINN 10.27%5, ZeiE O e R, BExt
/NFZ P AE ARG 35 DL e b e B e, LU AR 2 o) 3
25.4%1 15.2%. HERKHES TR RR, TR
BRI AN R RAKNIZE I e R, R
Jiti g 5 AR v RORAT SEARS R . BRI e
B, ) H 285 B By iE 15 cm. IRFA 30 cm. VRFA 45 cm
HI 7 PG (s, X SRR AL BTA
TFFC A5 A AL R R A E 7 0% SR 10 a B40L,
FE PR R o 0T e, S R A A0 L ) 48 SR ] g 4
Ssprkie s g iz n. BaORECIRER, 2ath
G AT URAA AR T ]S 353 77 18.29%,  1X R B -4
FIFHE T AR YA K. Hik, E4ERBTT,
TR R RSO () R A 4 AT AR L i, (R X A%
AR 7 %43 S RIS R o] 3 — 2B IR AR AT

TEREXHBFE, BAWE/N HR KRS
B WIRREEHE 7 RS R BT X 8% 2 2 A E
KRR BE B L. FIH SWAT B2 B BHE
o B AL AR TT DU AR R . IR A g%
PER FE R IHAT A, HAH H K B R0 B A 44 7 1
P B S 35 o (EAE I v B E A A YR B IR
SIREMER 2 N, SREFTE A A AR,
A A R A UR 5 VR A OR B[RV X SEBR B bR
WEATAE— 2200, X SN B R R L 77 2 — 5 IR B0
BeAh, B R AR BB T IR A R K E
4, Esehr Bl fiR S b b 2%, il
FKIMES R BIRS ES. B, E£5ERPER
th, TEEAHEX B BN EHE NG SWAT #, (13
1A AR A 5 R XS B B UG 0T

4 & ®

1) FIH K #EZH 1 SWAT (Soil and Water
Assessment Tool) FEAIST TR EHE X 2« WA B BT
KAETF 2 2 BB R IIAET 0.69, R REUIAKT
0.58, FHXHRZBMCT 10%; 1EPI7~ AL 5 Sl {E It
RAAGLE 101 LRFHE, FwE HAMRIE ke 25 R 3R
0.94, RRZFIIAMET 0.93, MHXHRZELET 4%. &
B 7 230U ) SWAT S8 BA R 4T s R Har T
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2) BT G R e X e PR K& EVITRA
. MERMAER. MEREBELEYT-ENE REY
M. o, XK E. MARMER. ARKCEEE
(3. M A 420D HSRIBHE KN B H
VEIRA TR E SR A BRI E b, TEVIR AR
oK 5 AR B R AR SR A AR G I Y
e SABIMBHEE EME, SREPHEEYR A & T
B2 R BEHINT 11.78%, MAZMIEE T
BEWD T 16.5%, AR T LRI SRR T KRS
Jeo AN, BRABHEM/NEZ B EEFIK T 14.67%.

3) hiEE @ R IR E A KR, B
BT XS KR ARG R CEE R LRSS
KA R VSR E, B TIEDREEMEY &,
HAedh b LML, S RN . ROk, %
e T (2 Fhbs) BT 19.15%. 27.31%-
26%.

358 R o N SR B O O XK . I
FOAUEY B R E . Fit, NEFRHEEXS
Y EAEY) PR BN BRI, TR SO X 4
HBELPE SR .

(& £ x #

[1]  ERF, BREHE, HEA. A% GEEXERAKS
BHEBTIRM]. dbat: AKRFK A RRAL, 1993,

2] seiE, BWE, BT, O ASEENERXKILIES)

S BHGER T R ). EBEHEK R, 2020, 39(8):
1-17.
Shi Haibin, Yang Shuqing, Li Ruiping, et al. Soil water and
salt movement and soil salinization control in Hetao
Irrigation District: Current state and future prospect[J].
Journal of Irrigation and Drainage, 2020, 39(8): 1-17. (in
Chinese with English abstract)

[3] M, #VE, WEPF, 5 HYDRUS-1D HH 5} &

DA R RETE 1 5 R AR IR ROBA[)]. SRR 224k,
2008, 28(5): 853-858.
Hao Fanghua, Sun Wen, Zeng Ayan, et al. Simulation of N
transfer under different irrigation and fertilization scenarios
in the Hetao irrigation area using HYDRUS-1D model[J].
Acta Scientiae Circumstantiae, 2008, 28(5): 853-858. (in
Chinese with English abstract)

[4] Fald, #REH, E50E, S5 SRRSO G G AR
o R H[I]. R TR, 2021, 37(4): 257-264.
Tao Yuan, Xu Jing, Ren Hejing, et al. Spatiotemporal
evolution of agricultural non-point source pollution and its
influencing factors in the Yellow River Basin[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2021, 37(4):
257-264. (in Chinese with English abstract)

[5] Ashraf M, Waheed A. Responses of some genetically diverse
lines of chick pea (Cicer arietinum L.) to salt[J]. Plant and
Soil, 1993, 154(2): 257-266.

[6] kJite, BWE, LM, & PHETAERHTEENEE
KRR oA S P g [J]. Al T4, 2020, 36(7):
117-124.

Zhang Wanfeng, Yang Shuqing, Lou Shuai, et al. Effects of
tillage methods and straw mulching on the root distribution
and yield of summer maize[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2020, 36(7): 117-124. (in Chinese with English

[7]

[12]

[13]

[14]

[15]

[17]

(18]

farpkitg, BEF, WEtR, . BHEDT SO0 KMIE A KA
e TR e [)]. WLREERNE, 2021, 62(5):
913-915.

He Linhai, Lou Ling, Su Guijun, et al. Effect of different
tillage methods on vegetable yield and soil salt content in
greenhouse[J]. Journal of Zhejiang Agricultural Sciences,
2021, 62(5): 913-915. (in Chinese with English abstract)
Munns R, Tester M. Mechanisms of salinity tolerance[J].
Annual Review of Plant Biology, 2008, 59: 651-688.

Ceccoli G, Senn M E, Bustos D, et al. Genetic variability for
responses to short- and long-term salt stress in vegetative
sunflower plants[J]. Journal of Plant Nutrition and Soil
Science, 2012, 175(6): 882-890.

Katerji N, Mastrorilli M, Lahmer F Z, et al. Emergence rate
as a potential indicator of crop salt-tolerance[J]. European
Journal of Agronomy, 2012, 38: 1-9.

Adams P. Effect of increasing the salinity of the nutrient
solution with major nutrients or sodium chloride on the yield
quality and composition of tomato grown in rockwool[J].
Journal of Horticultural Sciences, 1991, 66(2): 201-207.
JE, SRR, R, & A HUILECHEXT £ ik 13
SR S F K R[], AV IAEERL 254, 2019,
38(7): 1649-1656.

Zhou Hui, Shi Haibin, Xu Zhao, et al. Effects of combined
application of chemical and organic fertilizers on ammonia
volatilization and maize yield in salinized soil[J]. Journal of
Agro-Environment Science, 2019, 38(7): 1649-1656. (in
Chinese with English abstract)

NG, B, B, 452 FBHE T 3R TOKE AR AT IR
IR CRFERT 0 [J]. h AR 2284k, 2014, 30(9): 133-136.
Sun Zhe, Bi Jun, Xia Guangli, et al. Study of characteristic of
nutrient releasing of maize straw with two tillage methods[J].
Chinese Agricultural Science Bulletin, 2014, 30(9): 133-136.
(in Chinese with English abstract)

Wang W Y, Yuan J C, Gao S M, et al. Conservation tillage
enhances crop productivity and decreases soil nitrogen losses
in a rainfed agroecosystem of the Loess Plateau, China[J].
Journal of Cleaner Production, 2020, 274: 122854.

Zhang Y, Xie D T, Ni J P, et al. Conservation tillage
practices reduce nitrogen losses in the sloping upland of the
Three Gorges Reservoir area: No-till is better than
mulch-till[J]. Agriculture, Ecosystems and Environment,
2020, 300: 107003.

Qi Z J, Feng H, Zhao Y, et al. Spatial distribution and
simulation of soil moisture and salinity under mulched drip
irrigation combined with tillage in an arid saline irrigation
district, northwest China[J]. Agricultural Water Management,
2018, 201: 219-231.

Ding Z L, Kheir A, Ali O, et al. A vermicompost and deep
tillage system to improve saline-sodic soil quality and wheat
productivity[J]. Journal of Environmental Management, 2021,
277: 111388.

PNIEAE, AL, SR, 5 R T ZESERR SRS
T SIS FE T 2 AR S (0], AL AR, 2020,
51(6): 169-180.

Sun Yanan, Li Xianyue, Shi Haibin, et al. Remote sensing
inversion of soil salinity and seasonal different analysis based
on multi-source date fusion[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2020, 51(6): 169-180. (in
Chinese with English abstract)

TR, RE, BRRE, A R TREEUREI SR X
R A BRI AR B[], Ak TAE4R, 2018,
34(1): 102-109.

Huang Quanzhong, Xu Xu, Lii Lingjiao, et al. Soil salinity
distribution based on remote sensing and its effect on crop
growth in Hetao Irrigation District [J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of



64

A TFE2A3 Chttp://www.tcsae.org)

2022 4

[21]

[22]

[25]

[26]

[29]

the CSAE), 2018, 34(1): 102-109. (in Chinese with English
abstract)

Mrigye, #ebte, FRER, 55 KHZEELESHETA
PURE R SO FE[T]. AR A=4R, 2020, 51(7): 178-191.
Chen Junying, Yao Zhihua, Zhang Zhitao, et al. UAV remote
sensing inversion of soil salinity in field of sunflower[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2020, 51(7): 178-191. (in Chinese with English
abstract)

Borah D K, Bera M. Watershed-scale hydrologic and
nonpoint-source pollution models: Review of mathematical
bases[J]. Transactions of the ASAE, 2003, 46(6): 1553-1566.
Xiong LY, Xu X, Ren D Y, et al. Enhancing the capability of
hydrological models to  simulate the  regional
agro-hydrological processes in watersheds with shallow
groundwater: Based on the SWAT framework[J]. Journal of
Hydrology, 2019, 572: 1-16.

Xie H, Chen L, Shen Z Y. Assessment of agricultural best
management practices using models: Current issues and
future perspectives[J]. Water, 2015, 7(12): 1088-1108.
FHEIN, FE5Ede, UMS, S P95k B X Hh plth vh 3
R P 2 5 R AR BRI R R (0], AR RO A AR,
2021, 29(4): 625-632.

Fu Tonggang, Jiang Wanyan, Liu Peng, et al. Farmer’s
participation consciousness and the influencing factors in the
reclamation of saline-alkali land in Hetao Irrigation Region,
Inner Mongolia[J]. Chinese Journal of Eco-Agriculture, 2021,
29(4): 625-632. (in Chinese with English abstract)

5 EK R BB R B T . 30T P 5l SR R L 5 K
HOERRIAR A [M]. A RR P 52 KR T KR K R
fiAL, 1999

FYEN, SR, BAE, S5 RBEGT IEIEYIRE S5 E
PErI PR X SWAT BAURS BE sz )], Ak TRE#4R,
2020, 36(17): 158-166.

Wang Weigang, Shi Haibin, Li Xianyue, et al. Effect of
correcting crop planting structure data to improve simulation
accuracy of SWAT model in irrigation district based on
remote sensing[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2020,
36(17): 158-166. (in Chinese with English abstract)

LI, XUTTHY, BEhie, S T 2 IREEE K R
X 452k 7r 25 (B AE S AT 0], Ak TARE2AR, 2015, 31(5):
115-120.

Wu Yakun, Liu Guangming, Yang Jinsong, et al. Spatial
variability of soil salinity based on multi-source data for
typical zone of flood area of the Yellow River in central
China[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2015, 31(5):
115-120. (in Chinese with English abstract)

Moriasi D N, Arnold J G, van Liew M W, et al. Model
evaluation guidelines for systematic quantification of
accuracy in watershed simulations[J]. Transactions of the
ASABE, 2007, 50(3): 885-900.

JE, SRHEE, FNEE, & R SAPICHUERCEXS 1
BEEV M) . R EESR, 2020, S51(5):
295-304.

Zhou Hui, Shi Haibin, Guo Jiawei, et al. Effect of salt and
organic-inorganic fertilizer proportion on soil nitrogen
mineralization[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2020, 51(5): 295-304. (in Chinese
with English abstract)

S, EHpi K ERT A 5 KR RS B T [M].
b5t A EDKADKH Ak, 2011

R, TN, FKES, S T 2 UERE R B S
Tt SWAT B SHUE ). AL THER, 2017,
33(23): 139-144.

Wang Jinjie, Ding Jianli, Zhang Zhe, et al. SWAT model

[32]

[33]

[34]

[38]

[39]

[40]

[41]

parameters correction based on multi-source remote sensing
data in saline soil in Ebinur Lake Watershed[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2017, 33(23): 139-144. (in
Chinese with English abstract)

Fa, HR, ALE. LEKSZEEETERIM].
A5t A ERADK A H R, 2007: 12-13.

wfd, BHR, B, & RWABEIRT BB K
T H N BRI [)]. KL REEFAR, 2015, 29(3):
256-261.

Zhang Jian, Wei Zhanmin, Han Dong, et al. The influence of
polyacrylamide on vertical infiltration characteristics of
saline soil[J]. Journal of Soil and Water Conservation, 2015,
29(3): 256-261. (in Chinese with English abstract)

Hoorn J WV, Katerji N, Hamdy A, et al. Effect of salinity
on yield and nitrogen uptake of four grain legumes and on
biological nitrogen contribution from the soil[J]. Agricultural
Water Management, 2001, 51(2): 87-98.

R, AP, kb5, A AT R SR EPHEX AL
PR X IR R[], AL AU, 2016, 47(3):
131-137.

Wang Kexin, Fu Qiang, Zhang Zhonghao, et al. Effects of
straw mulching mode and tillage methods on soil
environment of root zone in northeast black soil[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2016, 47(3): 131-137. (in Chinese with English
abstract)

RAR, mHLEE, DAL, 55 WERPHE R LK
S [T]. P EOLRE, 2008, 41(1): 78-85.

Qin Hongling, Gao Wangsheng, Ma Yuecun, et al. Effects of
subsoiling on soil moisture under no-tillage 2 years later[J].
Scientia Agricultura Sinica, 2008, 41(1): 78-85. (in Chinese
with English abstract)

BRE, FWEE, kiE, & DR SRS Rk 1
BRIy RANE B W]. KL TR, 2010
26(1): 41-46.

Li Meirong, Li Zengjia, Zhang Tao, et al. Effects of
minimum or no-tillage system and stover returning on
extreme soil moisture and yield of winter wheat[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 26(1): 41-46.
(in Chinese with English abstract)

Bete, B, Bk, & 9HET SO0 IR H A
BRALRLIRZIALT]. A0l TAESAHR, 2013, 29(17): 87-95.
Wei Yanhua, Zhao Xin, Zhai Yunlong, et al. Effects of
tillages on soil organic carbon sequestration in North China
Plain[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(17):
87-95. (in Chinese with English abstract)

FREERK, GRigl, 5 RBL, S5 AR BPHETT SO0 5
IR R N2 P s ma (7], E R AT, 2020,
36(10): 69-71.

Du lJialin, Hou Haipeng, Lu Donggqi, et al. Effects of
minimum tillage and no tillage methods on soil physical and
chemical properties and wheat yield[J]. China Agricultural
Technology Extension, 2020, 36(10): 69-71. (in Chinese with
English abstract)

ARG, RARIZ, MG, . HUBEBHERRE R T o0 fE
NN AN BN )]. AL TRE AR, 2021,
37(5): 41-49.

Li Fujian, Xu Dongyi, Wu Peng, et al. Effects of mechanical
tillage and sowing methods on photosynthetic production and
yield of wheat in rice stubble[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2021, 37(5): 41-49. (in Chinese with English abstract)

ERkHE, #E K, TWE, 5 PHEL N R LIRS
IKARRFAE Ko /N P B R D]. K R FRA4R, 2021,



3

FYENISE: SWAT BBHETT 35 Eh 700 X IR RIS KA B 5 65

35(1): 222-228.

Yan Qiuyan, Dong fei, Jia Yaqin, et al. Effects of tillage
patterns on soil water storage and wheat yield in dryland
wheat field[J]. Journal of Soil and Water Conservation, 2021,
35(1): 222-228. (in Chinese with English abstract)

TR, yag, JAME, SF. REATIEH 5 LR
AT KRBT, HIEIEH, 2015, 46(2): 428-432.
Xu Yonggang, Ma Qiang, Zhou Hua, et al. Eddects of straw
returning and deep loosening on soil physical and chemical
properties and maize yields[J]. Chinese Journal of Soil

Science, 2015, 46(2): 428-432. (in Chinese with English
abstract)

BT, B, SRR, SR TRRAXS A B M B A
H1a A= s R [I]. WEE LR M. BA
FEEARR, 2020, 41(3): 4-9.

Hu Shuping, Bao Haizhu, Meng Tiantian, et al. Effect of
sub-soiling on soil characteristics and yield characters of oil
sunflower[J]. Journal of Inner Mongolia Agricultural
University: Natural Science Edition, 2020, 41(3): 4-9. (in
Chinese with English abstract)

Effects of tillage modes and soil salinity on regional nitrate nitrogen
transport and crop yields using a SWAT model

Wang Weigang, Shi Haibin™, Li Xianyue, Sun Yanan, Zheng Qian, Zhang Wencong,

Wang Guoshuai, Zhou Hui, Yan Yan, Dou Xu
(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China,
2. High Efficiency Water-saving Technology and Equipment and Soil and Water Environment Effect in Engineering Research Center of Inner
Mongolia Autonomous Region, Hohhot 010018, China)

Abstract: A Soil and Water Assessment Tool (SWAT) model was selected to simulate the dynamic changes of water and
fertilizer migration, and crop yields under different tillage modes and soil salinization levels. The Hetao Irrigation District with
the complex spatial variability of soil salinity were taken as the research object, where three areas were divided: Jiefangzha,
Yongji, and Yichang irrigation area. Some parameters were utilized for the simulation and verification of the model, including
eight runoff and seven nitrate-nitrogen variables. At the same time, five parameters of crop growth were selected using the
existing research. Finally, the specific values of each variable were measured at the outlets of irrigation areas. The soil types
were also the cumulic anthrosols and mollic solonchaks in the study area. Four salinity levels were set under the two soil types,
according to the grades of non-salinized soil (S1), lightly salinized soil (S2), moderately salinized soil (S3), and heavily
salinized soil (S4). At the same time, five farming treatments were selected in the long-term farming mode: no-tillage
management (CK), no tillage (T1), less tillage (T2), conventional spring tillage (T3), and template plowing (T4). A systematic
investigation was then made on the effects of tillage modes and soil salinization on water production, crop nitrogen uptake,
nitrate-nitrogen leaching and transportation, as well as the crop yields in the irrigation areas. As such, the salinized soil was be
adjusted to reduce environmental pollution, while promoting the grain production, and the sustainable development of
agriculture. The results show that the SWAT model with the calibrated parameters performed better than before to directly
verify the runoff and nitrate nitrogen, where the determination coefficient R%, and the efficiency coefficient were not less than
0.69 and 0.58, respectively, while the absolute value of the Relative Error (RE) was less than 10%. The simulated and
measured crop yields were basically distributed near the 1:1 line, where the efficiency coefficient and R* values in the
calibration and validation period were not less than 0.93 and 0.94, respectively, and the RE absolute value was less than 4%.
The validated SWAT model presented an excellent performance to simulate the water production, nitrate-nitrogen transport,
and crop yield in the irrigation areas. There were some significant effects of tillage modes and soil salinity on the total regional
water production, crop nitrogen uptake, nitrate-nitrogen leaching, nitrate-nitrogen transport, and crop yield (P<0.05). Among
them, the regional water production, nitrate-nitrogen leaching, nitrate-nitrogen transport run in different hydrological paths,
whereas, the wheat yield gradually decreased, with the increase of tillage mixing depth and efficiency. The amount of nitrogen
uptake by crops and the yield of corn and sunflower gradually increased, with the increase of mixing depth and efficiency. The
nitrogen uptake of template plowing crops increased by 11.78% on average, and the nitrate-nitrogen leached volume was
reduced by 16.5% on average, indicating an effective reduction in the soil nutrient loss and groundwater pollution. In addition,
the output of maize and sunflower increased but the output of wheat decreased, compared with no-tillage treatment. The
increase in the soil salinity significantly increased the total regional water production, and nitrate-nitrogen leaching (except for
the Mollic Solonchaks). The effective water holding capacity of the soil layer greatly contributed to reducingthe underground
nitrate nitrogen transport, as well as the amount of crop nitrogen uptake and crop yield. The yields of wheat, maize, and
sunflower in the treatment of heavily saline soil were significantly reduced by 19.15%, 27.31%, and 26% on average (£<0.05),
compared with non-salinized soil. There was a more significant impact of soil salinity on the regional water production, soil
nutrients, and crop yields, compared with the tillage modes. Therefore, a strong recommendation can be addressed to focus on
the prevention, control, and treatment of regional soil salinization, in order to better manage the serious pollution in the
irrigation areas and crop yields. This finding can also provide a theoretical basis for the sustainable development of agriculture
in the Hetao Irrigation District.

Keywords: soils; salt; nitrogen; SWAT model; Hetao Irrigation District; tillage method; nitrate nitrogen transport; crop yield



