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SWAP simulation of rotational irrigation models with saline and
fresh water for seed maize in Shiyang River Basin
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Abstract; In order to explore rotation irrigation models with saline and fresh water for seed maize in Shiyang
River Basin, the SWAP model was calibrated and validated with the field experimental data collected from 2014.
The SWAP model was used to simulate soil water and salinity balance under different rotation irrigation models with
saline and fresh water. The optimal rotation irrigation models with saline and fresh water for seed maize were
screened out by calculating and analyzing soil water and salinity balance. The SWAP model was also predicted long-
term effects of soil salt dynamic and seed maize yield. The results showed that the RMSE values were all lower than
0.05 cm’ + ¢cm™ and the MRE values were lower than 15% in soil water content calibration and validation. The
RMSE values were all lower than 4.2 mg - cm ™ and the MRE values were lower than 25% in soil salinity calibration
and validation. The RMSE and MRE values were less than 380 kg + hm ™ and 10% in seed maize yield calibration
and validation, respectively. The SWAP model can be used as a management tool for simulation and prediction of
rotation irrigation models with saline and fresh water in the study area. The SWAP model could properly reflect the

change tendency of the measured values. The optimal rotation irrigation models were the irrigation of two times of
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fresh water and one time of saline water, one time of fresh water and two times of saline water under brackish water

irrigation of 3.0 g + ™', and two times of fresh water and one time of saline water under saline water irrigation of

6.0 g + L', These three optimal rotation irrigation models could achieve the aim of reducing soil salt accumulation

in soil and improving seed maize yield. The long-term simulation and prediction indicated that soil salt content and

seed maize yield could remain relatively stable for simulation period of time in the optimal irrigation models of seed

maize. These three optimal rotation irrigation models would not result in soil secondary salinization and small reduc-

tion in seed maize production. The optimal irrigation models have guiding significance to effective irrigation of un-

derground saline water in Shiyang River Basin.

Keywords; saline water; rotation irrigation; seed maize ; SWAP model; soil water and salinity balance ; Shiy-

ang River Basin

R A8 A 2T 3 ek b Ak P G 5 P R X, %
DX AR /D S T 2R R TR AN K IR R Ry
iz K A A= RN EZ - AR
TEOK E R BE N 18.17 /2 m* , HB FROK IR N
15.52 42w’ , H F/K R E N 2.65 42 m™ ' 200
T K R UEAE AR AN R AL B Rk, Ho 1
W X T K AL 0.5~1.0 g - L7, Hhiie X
HM1.0~3.0g - L', FUfHBIX N 3.0~9.0g - L'
FEA BRI RE BLF , R T3 e Ak AR = K 75
BURFE 3 FI LT 7K SR, AT LUK 3 2 1R 7K 28 s A
MR ROK BRI AR A, M 56 AR X K HE
TR AR SR FHEAT T KT, SE BRI A K 2
JRCK T R T TS A3 AR A 7 e A O 0k BIR K
WA 70 I T TR A D U 4 o) A g v R
AReM R R B R, B SR K
Fre WL, =2 B4R BRI, 8K 5 IR
HKIR G HERE  JBUK SIRAKFEHE . AR K I
X, AR AT, SR, i T B 51 H )R 5 57 45 F
PR 22 114 1] 249, AR X 4 T T JR 4% ol /K VB TR 1 X 6
WA G415 BNAS [RAE P 04 JaioK HE A AR =, e H
V) S P AL, 7 FH 230 5 78 SR A DL R Tt il A [
SR R Y 4 K RS B B KO e
AR AT R kY Ho
FE A2 R SWAP ARSI AS AR [ Ja 7K 7 8K
T 3 19 K ER A A0 K AR i I T B
SR FHJE /K T X B A HEIR B A R e, A W A
AR N 5 IS HE XA SWAP #E A Visual
ModFlow AHZE A, BEAEL T AS [ Y 18k 2 451 ( 9k ok A I
) A THUBOK E R X 1 8R4 BBV DL R AR ™
SRS TR0 T B ROSOK R S AR R
R A 5 A, T AR AR St b X R
SWAP RV HT T /KR AR & 0 £ K Eh iz B0
HEHUKRE K A3 FI AR A0 T EHER A 1.5 ¢
- L7 BB HE TR X - SR A3 o A B, TR

Fifj A4 A P S i T S X R SWAP AR AR T
MR R RIR 7K e HEARE ST 1Y R AR Ay i B LA
KR4y A - T00 T B A kR K e o T T £
HEARBE I 5 0, Kumar 251 76 B0 B 7 48 BRI
SWAP IR, 1/ INZE AN [v] K HE G 25 18 R AR X
HEER A s AS S INAZ AR 72 a FE T T /N K
WIRUKHEBR T (AT P Jiang 28U FE AT 2T
WA H SWAP BB X £ oK BUKIE 70T £
BEaK R34 S AR B e AT AN, IR T 10
AR TR [A] 4 J2 (%) - 587K ER 43 A AR B R AR 7 =
A H T B R A R AR R S
D /T S s o R {1 B N D 0 U a5 AR
TEA A XK EBRM A A FEEE
FERHBOKFERE , 10 ¢ T 80K 5 RK A HE R 1 it
FEMER D B, A FETE Gl A KRR 5 IR K
TR TR FH ()4 A il b, I SWAP A58 AU ASE4DLAN []
JEIR K FETE T (1) 1 5K ER P, I T A5 K B 1SR
FBER K FEHERL T 09 498 1 6 1 Sl AP R OKAH
Xy, ST IX A B R JEK SR B Al A=
FESE R AR ALK

1 ARSIk

1.1 HERE

H EHR LS T 2014 4F 4—9 A 7EH 48 s @i i i1
R RO T A SR G Sl R AT, T A R R
£102°52', N37°52' g4 0 1 581 m, % i 5 vl o7
FH A a0 A S s U X, AT
58 X HIAL P AL 52 P Bl X, B AR /D, 28 R R K,
LA YRR RN 164.4 mm, ZAE LW KN
2 000 mm, 5% XM KA HEER R 48 m., K AR
FRHE BRI A 1wl Py e b AT Rl e AR A
9 AL, BB ALK 6.66 m* (3.33 mx2
m) ,IREE R 3 m, BEAIBT 2 (] IR BE £ 5308 , 7T B
1R, LA 0~ 100 em )2 A - SE AL % 5 L



55 4 39

BB AE < A7 T S o R R K e AR SWAP BRI L) 3

#1,

RO A7 - A v i R XS Y R
IR s R B 3 AR B, 43R <0 (T K
KTALEN 0.71 g - L7 IRIK) (3 (EB AT (L
3.0 g L) R s6(BEBKT LR 6.0 g« L"),
BEAME PR 3 REE 3 9 MAR/NX, R FHBEHLAE
77 R BT IR K R S K K AR B
MMk R KA, R R 2 020 1 /Y
NaCl ,MgSO, Fl CaSO, 1& & Hi T 7K e il iy s, A1 H
TR B0 b AT HEE PR K A S K 2 A
T S8 A e B B T, A S e ek 3R
e d il BRI I K i

IRIGAEY) N 24 il b Bk B4R 963 5, F 2014
fE4 A 19 HIER,9 A 19 Huksk, &L F W1 153 d,
P FKAEAAFIEEA 12 7 By L) AT A
IR 5 B R AN IX 56 Bk, H R E K BREE R 25
em, ATHE R 35 em, 45 Ab B Fh K AE 7 R 2L
W5 Wk, EE K 5 2 b S PRl L O — 3k, 2R
5 URTER 2Ry T (o 1) ot K s S BA T i 1 2
FTAOTHEE , E 1 B L3 2, A4S Rl 2o it 38
551 b S PR LR — 3K

TR0 0 ) 7 1) A KR A T R U B R S N

WCAR F i Aot - ) o J2 B 9 ik AR - R
AS/NK AR 1 ASURE A BN IR S 3550 R 5 2,
B TR 23518 0~20,20~40 .40 ~ 60 .60~ 80 cm Al
80~100 cm, >R HMET LI £ 45 5 /K &t 5 H AR
i nt = O S i e = S A B M SO e o = R
HATHEEE AL 1 mm B 5, SR SG-3 AU AU
(SG3 — ELK742, Mettler — toledo international Inc.,
Switzerland ) Il % + 0 AR 32 1) HL 358 EC,
(PR mS - m™) IR E A HRAE AKX (S =
0.0275EC,, ;+0.1366) ¥ EC, . 5540 R + & i
Hoh B SRR S AR mg + em ™™
el T K 5 AR 7 ~ 10 d AREBGHI FR ok
ANV B IR = o T AR B AR A o A S TR
il T A S I B T >k R N I AR B A5 2 A
PR =, TR kg - hm YRR, R
IKATFRAIE I 26 2 BOR i 3 B0 WL A2 , A van
Genuchten—Mulaem 5 5 X5} + 52 7K 0 R E ph 28 1) =
AT A, WA SRR B B (TST-55,
China) , 355 K D02 , A I B AN [R] 7L 58 % 4 A0 5
IR KN R, BB 10°C B A9 16 T S 7K R A,
B IR I35 ) A B Gl R AR, 2014
SRR ER A BTN A S &= 141.2 mm,

F1 TEEAMR
Table 1  Soil physical and chemical properties
TIRRE WKL PR BRRL AL T ELEIER S WREKR EFRG] LR
Soil depth  Sand Silt Clay Organic content Soil bulk density Field capacity Saturated water International
/em /% /% /% /(g kgh) /(g-em™®) /(em® - em™)  content/(cm® + em™)  soil texture
(31
0~20 61.03  28.43 10.54 2.60 1.49 0.27 0.36 o
Sandy loam
.
20~40 58.33 30.45 11.22 2.64 1.54 0.30 0.40 DL
Sandy loam
40~100  53.11  34.14  12.75 5.69 1.55 0.32 0.42 L
Clay loam
F2 BRAEBEBE
Table 2 Irrigation schedule for each treatment
g TEME KB L RE HE/KZE# Irrigation water quota/mm W
Treatment Irrigation water 6 H10 H 7A1H 7H25H SHISH 9HS5H Total irrigation water
salinity /(g - L ) Jun. 10 Jul. 1 Jul. 25 Aug. 15 Sept. 5 quota/mm
s0 0.71 120 120 120 105 105 570
s3 3.0 120 120 120 105 105 570
s6 6.0 120 120 120 105 105 570
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Fig.1 Comparison of the simulated and measured soil water content in calibration and validation
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Table 3 The RMSE and MRE values of the simulated and

measured soil water content

+RwE R Calibration BIEE T Validation
Soil RMSE MRE RMSE MRE
depth/em /(o3 oo™y /% J(em® - em™) /%
0~20 0.03 10.58 0.02 7.66
20~40 0.03 9.48 0.04 14.71
40~60 0.02 6.33 0.03 7.63
60~80 0.03 7.73 0.03 7.34
80~100 0.02 3.88 0.03 7.90
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A 409 %) - 498 5 b i P B RUL(E 5 S DB W) & B, B
PME A b 7 SSE AR ki, &5 1%
PR R 50U A RLRUE 5 SR 1 R A
H R 5 AT+ Eh R g S bt B LA R
ig RMSE {H¥I7F 4.2 mg - em™ UL, MRE {534 7E
25% VAT FEAVF IR ZENE BB 25% 2, FE
JEAR RN B o> T 9 R B VR EUR WK 4,
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Table 4  Soil hydraulic parameters and solute transport parameters after calibration and validation

. HAEIKAE ALK BT STV HRE
spakn  UREACR R AR R 8 ATTBRY
- . Saturated Saturated 3 Molecular YREE
+ 2 Residual water . Shape factor e . .
: water hydraulic diffusion Dispersion
Soil depth/cm content .. ..
JCem® - em™) content conductivity . coefficient length/cm
’ ’ /(em® «em™)  /(em - d7h) a/cm n Y /(em? - d7h)
0~20 0.055 0.34 30.81 0.024 1.402 0.5
20~40 0.044 0.36 31.66 0.026 1.408 0.5 0.5 11.0
40~100 0.095 0.39 12.00 0.020 1.310 0.5
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Fig.2 Comparison of the simulated and measured soil salinity in calibration and validation
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Table 5 The RMSE and MRE values of the simulated

and measured soil salinity

H 1 FREMLFE Calibration ISFd 2 Validation
Date
RMSE RMSE
—-d MRE/ % MRE/
(m=d) /(mg-cm”?) e /(mg-cm%) %
06-08 2.125 14.82 3.331 20.71
06-18 1.998 15.46 4.065 19.46
06-28 2.733 17.06 4.173 21.40
07-23 3.266 22.60 3.602 22.60
8000 o
W S5 {H Measured
o~ O B4 Simulated
= 6000
=
“
-
= 4000
=
=
>-‘v
2 20001
0
s0 s3 s6
4 ¥ Treatment
3 HIFERFEXZNESEBELE

Fig.3 Comparison of the simulated and measured

values for seed maize yield
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Table 6 Simulation of soil water and salt balance for different rotation irrigation models by saline and fresh water

HEBEK IKI A Water balance

il WIES
Rotation TR
irrigation

UKld; 3

Irrigation water

FEMIR-OEE  RHOK
mER

Irrigation Rainfall- Soil water

salinity

/(gL

interception/mm  change/ mm

Jisgii Bk
Bottom flux
model /mm /mm

437 Salt balance
i

L TR L) S

Bottom flux Increase in soil / (kg - =2 )

L TEBEIAR
Jit Sz F@ AR
Tom 1rrigation

ET/
mm /(mg - em™2) /(mg-cm?) /(mg - cm?)

RIR K
Fresh-fresh
-saline
RIHIR
Fresh-saline
-fresh
IR IR
Saline-fresh
-fresh
RIBUR

Fresh-saline

465.0 107.2 -93.7

465.0 107.2 -92.5

465.0 107.2 -92.7

3.0

465.0 107.2 -88.0

-saline
SR
Saline-fresh ~ 465.0 107.2 -88.2
-saline
JHURIR
Saline-saline

-fresh

465.0 107.2 -86.9

-110.9

-111.9

-113.9

-112.4

-114.4

-115.8

555.0 57.06 -84.21 =27.15 4727.5

552.8 60.49 -85.11 -24.62 4664.5

551 60.49 —-86.86 -26.37 4664.5

547.8 84.54 -85.57 -1.03 4664.5

546.0 84.54 -87.35 -2.81 4601.5

543.3 87.97 —-88.72 -0.75 4601.5

TRIR K
Fresh-fresh
-saline
RIBIR
Fresh-saline
-fresh
JEIRIR
Saline-fresh
-fresh
60 ek

Fresh-saline

465.0 107.9 -61.6

465.0 107.9 -61.5

465.0 107.9 -63.4

465.0 107.9 -51.8
-saline
R R
Saline-fresh ~ 465.0 107.9 -53.7
-saline
FURR
Saline-saline

-fresh

465.0 107.9 -54.3

-108.8

-113.1

-118.1

-115.6

-120.6

-127.3

525.7 88.56 -108.60 -20.04 4601.5

521.3 96.49 -112.70 -16.21 4538.4

518.2 96.49 -118.30 -21.81 4475.4

509.1 152.00 -115.30 36.70 4412.4

506.0 152.00 -121.00 31.00 4349.3

499.9 160.00 4286.3
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PRER T3 ik S 53 367 T R Wit

Notes: The “ =" of soil water change indicates that soil water content was consumed. The negative sign of bottom soil water flux indicates that soil wa-

ter was leaking downward. The bottom soil salt flux was negative, which means that soil salinity moved downward. The negative increase of soil salinity

means that soil salinity was leached.
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Fig.4 Simulation of soil salinity dynamic for 10 years
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Fig.5 Simulation of seed maize yield for 10 years
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