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The simulation of water and salt transportation under
subsurface drainage by HYDRUS model

SHI Pei-jun, LIU Hong-guang, HE Xin-lin, LI Hong, LI Kai-ming
(College of Water Conservancy & Architectural Engineering ,Shihezi University ,Shihezi, Xinjiang 832000, China;
Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Production & Construction Group ,Shihezi , Xinjiang 832000, China)

Abstract: To explore the transport of water and salts of underground pipe drainage under mulch-drip irrigation
system ,we conducted an experiment with underground pipe drainage system of a 1 m deep and 4 m spacing pipes.
The dynamic changes of soil moisture and salinity were measured during irrigation and leaching, and the transport
was analyzed and verified with HYDRUS numerical model under the condition of subsurface drainage. The results
showed that after three times of irrigation and washing, the salt content decreased to 2 g + kg™ in 0~20 cm soil lay-
er, reaching the level of non-salinized soil. The effect on upper layer desalination was greater than that on lower lay-
er soil of 20~60 c¢m, and the total salt content was less than 8 g « kg™'.Through verification of the measured and
simulated values, the maximum RMSE of soil salinity and moisture were 0.632 and 1.324, and the minimum values
of R’were 0.992 and 0.906, respectively, which indicated the simulation results were in good agreement with the
measured results.The HYDRUS model was more reliable to simulate the transport of water and salt in the subsurface
drainage system.The dynamic characteristics of water and salt in different depths of soil layer under the subsurface
drainage after irrigation for 6 times (90 days) were simulated by the model.The simulation results showed that the

salt content was decreased to 2 g - kg™’

in 0~40 cm soil layer, reaching the level of non-saline soil.The salt content
in 40~80 c¢m was decreased to 4 g + kg™, which basically reached the level of slight salinization. The salt content

in the soil profile fluctuated with distances from the pipe. The greater the distance from the pipe, the greater the salt
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content in the soil and the salt content varied within the range of 0~8 g - kg™'.

Keywords: subsurface drainage; HYDRUS model ; water and salt migration; salt distribution ;simulation

4R WA 2 AR A — A ek A
BB e AT R T R X K R A
BRI - 498 ER 5 A R ) 20V R R Ml T 2k R R
1) 6 B DR, R o o bR A A R R Y
AR R T 52 T Rl R I FLER 53 Ak A b v X
o TR Rk AR Y 30.2% , B E I 240l 1Y Kk
FE BRI HE R B A T KL B RO R g
TR RO E T, (AR AR X AL T B ERRZS A1
WA SR T AHXT B AP A IO BT, 76 T 52 DX R B
TEBEL EL AT N A HRSE i, B BT Ei s T
TR AR 363 3.3x10° hm? , Flviel 78 36 68 3+
90% ., PFL2¢E X HoKEhiZ B A8 L 8L, T
A T REWE A/ R RS, — e &7 A
W25  ARMER FTTHE KR EER 43 AR IX
O AL R DX, i R )2 AL T RER X, R 4y
IUAE £ 2R T IO IR B, R iR 28 & A F T R
T URAER BRI O X R X AR A SRR Y
FIE & R r= A 3 K

A HE K I Sk 2 b T K- Al R R K A B
S EGE A R R TRl R B 1k AR BEER
Bk i B A S i 2 —Y L ik e T
SETIRIF 5T WG A HE K 1) B e A A b R A R 2K
SRS A5t HE K ] B X P 1 4% 25 4 38 b 25 SR
FEMRE R, ol R 2P A0 7 i Vi 6 Bl b BRI 5T T
AN [ LR R ) B 9 15 45 HE K 3R G0 0 R K IR 3
A 15 R R EER SHOT R K B ) 3 A5
MR, Fit X IEH R OKEEIR N 1.5 m KR
B L8 A5 A [ LR A ] B ) s 5 A 6, &5 SR
HIRE ) 5 m HEYR 0.8 m N R PRHLIX FRFTER 56+
REGUBAR Y B Ak TR AT IR B4, TARMEE fE b
KRR T 4 m WERTHE b BF9E T VE R U A%
PFF A [ it A5 1 8 70 ] 5 % - 398 0 6 3508 F 5% i
SERRUIRE A I FE R 15 m B 4 398 I £h i SR AR AT
X T FE A RRSE T 5 I A HE K AN [ R
B A - S5 AR A5 1y 5 i %5 SR e W R o R R
ST L M I i N i P R T
ORI HYDRUS #0456 1545 He K i 7k $hi2 3 3
AT TR, 45 5 3 AL RUE 5 S0MME W) A B 5
15, A DA I b 4 3R 1 A8 HE /K R o A b Y 4
IKERENA, ZEn AR ] HYDRUS #6810 + 38k
R T TR, 45 S 3R IR A X £+ 1
TREETN G 28 WL LA 5 kG B, Bt 6

SRR AUK s is B,

IR GY 34 3R B G A HE K AT A R I R K
LA AR A O i, MR AR BT (G HE
KGR HEARLS A K Eis B R R, 2= 4 AT
FE BB T M HE K HORAE RS v A5 1 N )
N F , TS FRASE $D0 2 AT 5 R A DR 32 ) A0 11 B 22 T
B R R BT 6 2 T R HEK ok 3
G3 AR BB B R, A SCR AT HYDRUS 528U %) %
EHEABIRIA S (7 7K £6 32 35 A E A TR S 3G IE | 43
BT FEE T T VR B A HE K S5 1T - B K R 43 A R AR AN
BN RUAE  $8 7R BT T A T A HE K HE SR
BOR AT R X EHEK B M) SR AL S 4
1 MRS
1.1 RIEH R

AR T T B A ] K K R e B T AR A B
IR AR T ARG oL B AT, 30 AR 7R R B
WL, K FE A5 m 2 m 1.8 m,, A
RN TR E KM K P =N 5 m 1 m,
1.8 m, JES T LA 0 45 B 40U il R oK 47, HAF 120
3.2 em, 45 EE BFF 5 mm [BFL, FFFLEN 10% , 03505
KICYifi, HB 2 AREE,ER N9 em, BRI m,
[BIPE 4 m, fBRHE R 5%, K& E I 5 emx0.2 em Hi
AL, FFLER 6%, WEEIMLEE— 2B KT L1,
TGN 3 ~5 em 0RD FIHLAD | 406D 35 40 4%
4 0.35~0.5 mm , FLAF- 204K 5~ 10 mm, ZHEDAL
i vec i e AR TR U Wy B B 1 K= 1
I PVC A, R Ay L A | T Sk O o
3.6 L+ b A58 T 2R A K P A g A ) — s
SRR A, S 6 ST . T A YR KA
LK HE K R G5, AR K 3= 3 i E R K i, 1S
EHE KA AL R SRR 1R,

TR0 ] A= R A e i s AR\ 146 [13h
Fit, BV SR N 14 ¢ - kg IR EEE L
YRR UE, % O R AR A A 358 R 1R
T, 48 5 mm LRI AT, 8 BRI 58
T4, Ay 2 AT A 10 em 75— IR, RIESE
UESE B A ], R 5 LA E N 1.48 ¢ -
em” S — KK G WA UL 8 em, 315+ 1
HRERHT 1.52 g - em™, R FHAK NH T K, H
WALRE R 0.25 ¢ - L7, R LS oS H R K b B 44
mE 2.7 gL,



226 T 5 DR Y %37 %
i3k Emitter  HbJI¥ Plastic film ¥ £ 717 Drip capillary

ER Y i
Plastic bucket

A 45 BB 40 coSURE © - oA L,

"’ K10 om 3 B HURE
. ¥ .7 Vertical sampling interval| £
o TTTAT s ., Q
e ., - - L g
‘ P [ 2l s
e Yt . S
© W& Underground pipe o
- . : L ®

a
AT

L * Sampling interval’ Connection pipe *- .
7](? "- '... -‘.‘ o ,4‘ PO A T
Waterpump | - o¢ 4 @« Y . S o] .0 .. O
50 cm ] 400 cm |50 cm
T 500 cm T

B BEHKERIERSE

Fig.1 Diagram of model profile subsurface drainage pipe
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Table 1  The irrigation and drainage parameters

WK E WEREDIN /b WK /m® HEK DI /b 3 BEE L mm

Irrigation Irrigation Irrigation Drainage Irrigation
date duration amount duration quota
2017-08-16 19 1.68 8 336
2017-09-02 3.5 0.32 24 64
2017-09-17 4.5 0.4 36 84
45K F1 %0 van Genuchten 157
6(h) -6, }
6:7:(14_ ‘ah n) m (3)
0 -6
1
K(0) =K6. [1-(1-6:)"]" (4)

K K, A IR K (em - d71) 56, S HIEA
XA (em® « em™) 50, 4 RIEIR AR AR E K F
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em ™) ;0(h) A EHEBE KR (em® « em™) ;0 K
FUEIK K (em) sK(0) A AR AR KR (em -
h™')snom e HERSE, Hbhm=1-1/n,ak
5T YR A XSG NS RINE S8,

WICF{H 0.5,
B R AT R
3(6C) :6(90.. 30) _9(q.0) (3)
at d x, A7 d x;

A, CHBE BRI (g - em™) 3¢, AKIEHE (em -
d™) 5D, Y B (em® - d71) s, NASIARPR (i =1,
2),x, =x,x, =z,D,, = Dxx,D,, = Dxz,
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TRy EI AR @ A, T R Y
B MG 2 R W RE W i Sk A R 5 — 28 R Ok
1 A Sk A Y T R, GO AR E K B LAl
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Table 2 Parameters of soil physical properties

ZH 6, o, K,
3 5 5 5 L, @em n l
Parameter /(em® + em™)/(em® + em™) /(em - d7h)
T
?]Jﬁnﬂi:l‘ 0.033 0.41 106.1 0.075 1.89 05
Initial value
1BIEE
Correction 0.028 0.41 108.3 0.089 228 0.5

value

10, NHRAR TIPS KA 0, MR 3RS KK
TR IR R o n Sy K ISRl 305 S8 1 o FL B 3% T 1
Note: 6, is residual soil water content; @, is saturated soil volume
water content; K is saturated water conductivity; o and n are fitting pa-
rameters of soil moisture characteristic curve; [ is pore connectivity pa-

rameter.
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Fig.2 Changes of salt content in different profiles of soil after three times of irrigation
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Fig.3 Changes of water content in different profiles of soil after three times of irrigation
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Fig.4 Changes of soil salt content after the first irrigation
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Fig.5 Changes of soil salt content after the third irrigation



230 T b X ARV A 5T

537 %

B K H /%
Volumetric water content

22 24 26 28 30 32 34 36 38

0
- (a)0 cm
§a2f
=
2
<
=40
o
%0}
il
g oor
B R*=0.9055
H RMSE=1.024
80 [ .

—— 40 Analog value

AL K /%
Volumetric water content

15 20 25 30 35 40
0 T T T T |
(b)200 cm
a2t
=
&
Z40f
=}
172
2
g 00
B
+H R'*=0.9214
80 I RMSE=1.324

—a— 52| Measured value

Blo £F1XEKELEKRSTK

Fig.6  Changes of soil moisture after the first irrigation

#h 7> ¥ i Salt content/%
0 1 2 3 4 5 6 7 8
0 T T T T T T T
(a)
5t
=
=
3
o
= 40 F
=}
w1
4
K 60 F
H
80 }
—— i E 0 cm  —e— I 44200 cm

P 25 % % 1] BE Distance from drainage pipe/cm
0 50 100 150 200

Salt content/%

—a—20 cm=——40 cm=2—60 cm—v—_80 cm

B7 BRUARSEHRS TN

Fig.7 Simulation curve of salt change at different profiles

F2~4 g - kg ' 281k, 80 em IRIE LIZ NI S RAE 6~
8 g« ke VU NARML, 25 £ 2 N & e KT HE 25
A 200 em Ab (PG TRIAIALE ) AHXTEOK,
3 45 ©

1) 3828 FE T T 5 g A HE KRR 45 i A A
55, 2ead 3 WHEK IR G , A8 PN R A e A A
P, RE 0~20 em HHEER & BT R HUR KR, 35
B T AEERAL K, BT T S G A HEK BER i 25
B AT LAA R BRI R o B i

2) A HYDRUS A5 XH 5T 358 4 15 8 HE 7K 2%
P BKERS R R AT T AL, 58K 7% 2 A
Eh A3 I SN S5 AR HL A AR A 1) — B,
RUBE AL AT M ASE 40 4= HE K b 20 A R AIE LA B i B[]
- TR B AR A R, 30K O T 5 X
BHEK S T KR B BT T SR A5 5 B

3) 3 TEIE BB A 240 4T HYDRUS A 1Y
L FH S R 90 d AV KA LRI, & 3R 2
40 em JWEINER TS E FHEE2 g - kg, B8 3)E
AL KT, WS HEK & T K HEER W LA 2K
HARIEVEYI A IE 5 AR A BT TV 5 I A5 HE K A 2
BB AR AT e 5 Bl R R el

& % 3 k.

(1] Pk BGh, 5K YDRUS 1-D 7 -5 A S HIK Pe AR AR (17
JHLTY. 57K, 2014, (2) 144-47.

(2] BR/INE HEHS i 4. BT oKER AR 2 I DX VAR L e Ak
BIABHFELT]. K EAR52R 2007 ,21(3) :32-37.

[3] Valipour M. Future of the area equipped for irrigation[ J]. Archives of
Agronomy & Soil Science, 2014, 60(12) :1641-1660.

[4] Chen W, Hou Z, Wu L, et al. Evaluating salinity distribution in soil
irrigated with saline water in arid regions of northwest China[J]. Agri-
cultural Water Management, 2010, 97(12) :2001-2008.

[5] Assouline S, Moller M, Cohen S, et al. Soil-plant system response to
pulsed drip irrigation and salinity : bell pepper case study[J]. Soil Sci-
ence Society of America Journal, 2006, 70(5) :1556-1568.

[6] Bhattarai S P, Midmore D J, Pendergast L. Yield, water-use efficien-
cies and root distribution of soybean, chickpea and pumpkin under dif-
ferent subsurface drip irrigation depths and oxygation treatments in ver-
tisols[ J ]. Irrigation Science, 2008, 26(5) :439-450.

[7] R, 2T ATWAE. BrSEAR AL T R BN S AR Y
B[] Al TR, 2003,19 (1) :25-27.

(8] RS 48 UUHT, XU, 5. LSRR DX I T R A £ 54y
Iz SR AR B RAMT [ )], P IS AR, 2010, (4)
12-17.

(9] Felse MNSE. FRT A SOTARE - Sk A0 )2 ) S A R 5 SR APV,
[J]. TR RAATTE,2009,27(6) :228-231.

[10] D HARET, 2528, A5 B Eh AL X KSR B BIR B3 5

[J]. sPEAA KRR L2006, (4) : 12-15.
[11] kA, Bpr, 2@ S5 Bretan MR T e sh /s B ()], &k



5 3 3]

AT A T HYDRUS FERS IS HE K KR8 B AL 231

TR ,2008,24(8) 1 15-19.
[12] Gates T K, Grismer M E. lrrigation and drainage strategies in a salin-
ity affected regions[ J]. Journal of Irrigation & Drainage Engineering,
1989,115(2) :87-9.
XUEERI, 220 BT e S DOIKERSPA 4 11 2 43 A s il Hi K AR 4R
X SR A TEL) ). ARlE TARA4,2005,21 (4) :43-46.
T XA, 2R, A R HE KR B R SR L 5
MAZSRGRNATFE IR ) ], HE AR 4R ,2012,20(12)
1664-1672.
ke, o, EHRT, . KR A R U R bk e R
R[], Al TR ,2012,28(9) :85-89.
sl 5k A2 ki, 45, BT DRAINMOD-S AR [t 5 i b
AR EHOKAEI[ 1], KBl ,2012,23(6) .782-789.
[17] E ERE BRE, & B S EHREREOR S R 7574 T 5008
HREAITSE ) ]. K EARHITE,2013,20(3) :269-272.

[15]

[16]

[18]

[19]

[20]

[21]

[22]

(23]

FARAE ME 2SR, A AR T HEK R TR X -3k 43
IRBERIZNE[ )], AU A, 2017 ,48(8) :253-261.

XIEE S, T B, 5 )28 E K BRI L Eh a4
FARAET )], Al TREEER, 2014,30(16) :84-90.

ZRABIH, AT A1 R, S TSRS TR AN FH IR R ) B (B
I AR S BHEGUE T]. KA, 2016,47(4) :537-544.
A5t AT, TRAEZE 4. 35T HYDRUS-2D AERSHIH K
HBEME)]. TRIXRBTTE,2014,32(1) :66-71.

Crevoisier D, Popova Z, Mailhol J C, et al. Assessment and simula-
tion of water and nitrogen transfer under furrow irrigation[ J]. Agricul-
tural Water Management , 2008, 95(4) :354-366.

Roberts T, Lazarovitch N, Warrick A W, et al. Modeling salt accu-
mulation with subsurface drip irrigation using HYDRUS-2D[J]. Soil
Science Society of America Journal, 2009,73( 1) :233-240.

(L% 223 1)

HRE T AN R, PRI A T v ey — (R 2k A ) IX ), (H
TR BT R K BTS2 TR I R T, 3
ST NIERE K R ok A BT Y 2R
MK TR s KSR A T, = M40 5 f e
—ARARAERE ) X 8], 2% oK B IR &R R0t
fe ARV FH KB (5 AR K AR I, 75 2R B
Bk i KB KO 55 5 TR A T 1 s AR 2 A )
VLTI 17 T k) | O = Ry G S L e =
o] 51 SRR ER IR SRS

H AT TR SRR R G AR R ORIy 75
WIATE G — it , K BEUR AT 40 R G AN H Ay 1Y) ) R A
ANEFIA AR R RHE , 75 B — 2 5 M F e hn A
AR IMTF ARG R G R TR

2 & 3 #f:

(1] BB DRI i 2 I8 A = 2 2 A 2 e S ™ Hs /K BRI
EHHRIEEL )] 5RJ2,2012, (14) :38-40.

[2] Harris ] M,Kennedy S. Carrying capacity in agriculture ; global and re-
gional issues[ J].Ecological Economics,1999,29(3) :443-461.

[3] Rijsberman, Michiel A ,Frans H M van de Ven. Different approaches
to assessment of design and management of sustainable urban water
systems[ J ]. Environmental Impact Assessment Review,2000,20(3):
333-345.

[4] Koop S H A, V Leeuwen C J. Assessment of the sustainability of water
resources management ; a critical review of the city blueprint approach
[J]. Water Resources Management,2015,29(15) :5649-5670.

[5] Ei, ZRl, Ee, 45 Pk Pkl 5 DXOK B IR AR 1 05T
(1. FIARVERA-4R,2004,19(2) :151-159.

(6] hmt, JEbk, AR, 5. b K eI & R i 7Rk I oE[ T ].
BEIRLS:, 2005, (4) :2-7.

(7] Fahe BIEmN, 22458, KRR Bk R S PFIENI AT
FE[J] KA, 2017,48(9) - 1-7.

[8] A=A, XUHIAL XS Hh BT R Ge 3N Sr2Eny sh E VY R AR X K Bt

[9

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

VARSI —— LA SN 48 B2 35 1 X A i) [ )] Hb BB 2%, 2011, 31
(11) :1376-1382.
SR HTIOR, F I BT FAHP (7K S8 I8 AT R ATk
LEATHMETAL [ 1] 7K 7 R HAHR ,2007,26(4) :22-28.
oAt BEEAE . B P TR SR R B BE I ZR & 1N [ 1] KA 2
#%,2008,39(1) :103-108.
JHZET R BT U TR A R b X K B R 2 Bl

BAMTE— LSRN B[ T ]. AR IRA41, 2006, 21 (5) »
827-833.

SERAME IR AP S TR T & K SR IR TN 9T [T ].
IKF2E4,2011,42(7) :783-788.

ST S ST IE S SR K & 2N 1],
ALK R A2 R (VSRR ,2017,38(4) 1 18-24.
{EHERT, W, A PR IR , 45 FAR ARG FBGHE TOPSIS ALBYPEA 2
Brofedl A e FH A 1 f5 A0z [ J ). ik T2 27 41, 2017, 33 (1)
238-249.

ARTRLT, AN R AT AT R (ARG AR S A K 5
TR IR T ] IR, 2005,25(4) +552-556.

Tl SRR, B AR S ST RAOR A5 IR L5 &
TN TI .M B aifki g ,2014,34(4) :90-94.

Li D Y. Knowledge representation in KDD based on linguistic atoms
[J]. Journal of Computer Science and Technology, 1997, 12 (6) :
481-496.

akts, e T ST IEAS AR S IR S
PR [ T] 400 TR, 2013,29(22) -252-258.

B TS S A DA KN 2L AP [T ] K
fiEdARl,2015,33(11) ;57-60.

TN, BKIEEE, 52 AR FE T UG 2 W o SR (14 X L 37 BB T 1
B[ 1] HEA 2014 ,38(1) ;205-210.

FEHAPK LT 1R AS AR RIS A (V9] P A JBR 3k i A2 S KU 25
P[] TSI SFREE,2012,26(5) 1 169-174.

25 2 2R, S MR O KR I IS S BN —— L)
BeATTT A B[ ) ). E G eRlR ,2015,25(10) £ 166-171.
ZEMENK, T3k, TEFAD K SRR B R RE Ak [ M ] b5
Bl AT, 2014129, 132,



