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1.1 HREXER

T 0 IX A7 T 0 3 A 7= 4 & [k )\ T 122 [, bR
AEFRN 44°37'~44°48'N, 85°27'~85°41'E. il X E
FERM, KFEIEW, Womsom ik 43.1 °C, Wi
RAiRE-42.3 °C, 9. 10 AR, BREZEKX,
HIREFEE, EFHHEBE 2 861.6 h, FHFFK
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bt
1.2 Rt
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W7 X iz RS B HEK 2240, 5 HE A /KT I 3 48K
Y, HIF T X T P P 1. AR AT IX A R B AR 3
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FEN 40 em, W1 2 fin. AR FREEY AL, &
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1.4 HYDRUS-2D fRAVE K 2R IE

HYDRUS-2DP Vi F SR AR 4 vl A1 - 4 A1 A J5
Ky AR FIEB A, R E AR K ES)
TRE. YR RER TR, LB R K 1S5 R
FERT LR, A A I B A S Uk R

R 1 2013—2014 FiX I XEHIE

Table 1 Irrigation system of experiment area in 2013—2014
#E7K H 3] Trrigation date WEZK 5B Irrigation quota/(m®-hm?)
04-20 1 800
05-01 600
06-01 600
06-21 600
06-30 600
07-11 600
07-21 600
07-31 600
08-11 600
08-21 600

T2 20132014 FEREFHE B MR TKAL

Table 2 Groundwater level in each month of irrigation season in

2013—2014

H # Month bR K42 Groundwater level/m
2013 2014

4 2.10 205

3 1.85 1.88

6 1.75 175

’ 175 1.77

8 1.78 179

9 1.85 L8

10 1.90 1.92

R3 HLXEVIRAREMIAIKE
Initial salt content and water content of each soil layer
TR IR AR K 2
Initial soil salt Initial soil volumetric water
content/(g-kg™) content/(m’-m)

Table 3

LEREE
Soil depth/cm

0~20 23 15.42
20~60 20 17.03
60~100 18 20.67
100~140 14 26.34
140~160 15 29.41
160~200 15 32.52

4.1 #HFEA

D HHOK e

JET R RS, BEEHPKIN EHOK IR
FT=YHas B, B HAS T 46 Dy — 4 i)
SRR MR 7 s A R AR T, R
BRI e, AR AR R Ko A R
Rt LK IB BN IR, 2 AR AR RBOK, Bl
HE/K 53125 7] H Richards 77 FEPY7R N

o0(h) o oh

= a[[((h)%} +§[K(h)g+ K(h)} _S(h) ()

R ) N IBAEREKE, em¥em®s b NIESKEk,
cm; K()NFIEARRA K, em/d; ¢ AW, ds x N
AR, z AFEFALSR, FE z A FAIE; S(h) NIEIC
T, AR R, RIAR R TE AL 8] P AL
PRFR 3 TR BOK 2 AR, em®/(em®-d), HLHE AR
%%[29]

S(h)=a(h)S, (3)

A S, N a(h)=1 I ToK 73 e A BROK 2, a(h) 2

FEYIAR 2R WK ) TG B AN J37 B 50250, SO
h—h
h<<h<
PR h
h—h,
= h <h<h
a(h) on A (4)
1 n<h<h
0 HoAth

KA by EDIAR RIBK IR HE, om; by A1)
URFERHME, oms hy N EEEORESIETHBE, om; hy IR
RN LIERFREAE, cm. X () T NE 0h). h.
K(h)=3 2 a5k £, B H KA van Genuchten-Mualem
FREAIDO &, B

9(h):ez+_—fiifij; (5)
(1+ ah")

K@)zKQ%}—@—&%YJ (6)

S, =[6(~6,1/(6,-6,) <

A KN WA S K E, cm/d; S, AR R AL,
TEmHN; 0, N IR KA EKE, cm/em’s 0, 8+
B AARIE KR, em’/em’s o ny m ¥ HIEY)H
R R AESE, o NEKRSH, oms n R4
RS E, n>1; m=1-1/n; [ NEIREZEL.

BRI R BN HE, MRAEAE B IR KRR I,
2 B K 0 IR B Eh s B s . IR E R 3R )
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B ARL. WK RIS, 4 RETC BAEIE,
HAHOK S5 HIERE » B 151 glem’, K HL
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0.075cm™, nHL1.89, 1HL 0.5,
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FH, HA i us# 2 8NmyREE R 21 em, BEA5REL
FE 4.5 cmo TESHSIN A, FH R4 R R BT FE AR
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Hb 22 7% 5 RN W MRS R A W7 S I St B 1) AR BR s B R A
(P2H) H{-200 cm; -3 B 45 /K RT3 28 R AR IS &
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8GN 1AL, KR T R RN .

FHME LM Feddes BAIPY, A0

S(h.hy.x,z)=a(hh,.x,z)b(x,2)ST, (9
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cm; by, ) NIR R DA KA, cm™; SN 2R IR F ML
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Fig.3 Reference crop evapotranspiration (ETy) in experiment area
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DL 2 MR O NG, oA BRI FER, AT IR
) 3 S AT DA AR AR R, R X 8 DA 2 AR B 4 A o0 2
HBEAT R 43, %o A0 MR AT ASE40L , ASE40L IX 3 LA K% 3 5 2% A
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I

D KBV A
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BRI A D FIE R, em; Z ST BIRERY R 30 A R
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B MRS ) 73 35 e E UL e, P 3R 2R 7 P I (E AR AL
RIS ANX 224

2) Wia B ka1t
C(x,2,0)=Cy(%,2,0),0Sx < X,0<z<Zr=0 (14

X Co MRS Hh &, g/ke.

W 1 P 5K 18 B A AT B, T
kAL IEE TBEAL R A = 2RI AR .
1.4.3 RASE

FIH SPSS At %o B 53 HURE Sl B 32 AT e /> 2 3
P % 5 7772 (Least Significant Difference, LSD) 4347,
FI ¥ 7R %% (Root Mean Squared Error, RMSE)
FNGAT R0R Z2 %0 (Nash-Sutcliffe Efficiency Coefficient,
NSE) BiF M4 Bl S 45Y, RMSE #dzin o0,
NSE #ein 1, FoRBE S Seiify 2 55 8o, P&
W& R G .

A5 R B Soil salt content/(g-kg™) A

9 101112131415161718192021222324

: Soil salt content/(g-kg™)
9 101112131415161718192021222324

2 FER5SSH

2.1 LEE S SONEIES

I S5/ 0N S 35 M 22 S O v T A4S 2 1 R R R
AEHE P AEYIRT 0.05, UiBH L0 SHE S T B3
ZESt, —EUMERLF. HE S TR, 2014 FARREHIES
EREPRE] 11 gkg A4, SWIEESHEMEZE TE%,
B R RS SYHEESEM, £ 0~80 cm IR
FEFE RN, LR NIREA R, BEE IR R 3G,
g o B D R IR R BRI, 7 100~
120 cm MIURFEVERIN, BEE TR RO3E N, T3esEh
B 2O . R A B E A BE AR A A
B IR, R4 100~120 cm HLER
B E 140~160 cm L ERE. XRW, Hobis
WK Tz, bE LSS a AW, FE i
T WERRES, HETE B —E R EARE.

L5 R B Soil salt content/(g-kg™)
9 101112131415161718192021222324
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100 Initial salt content
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a. PEMEE 8 m
a. 8 m from subsurface pipe

b. HHREE 16 m
b. 16 m from subsurface pipe

c. JEREE 24 m
c. 24 m from subsurface pipe

B 5 EEHAR S IR o A LRNA
Fig.5 Observed values of soil salt distribution in cotton field with subsurface pipes drainage

I HE K KFE T8 4 EE N 90.6 g/L, M3t~
JK AT 5 K 42 v S K I K RERT 4B FE 4 51 103 A
0.96 g/L, PJmfik THEEHEH KPR & i, XUl
He B B ER 46 KR ok E T k. BEREIE K S R K
B ZEREELLE, BEK SR KIERSE B TR
MAAIEE, EEMERTEREE 0 HF e,
W B S 37 5 I A HE KO SRR I S R B R 4T
I FEVEF -

2.2 HYDRUS-2D f&BVISIFLER 4

K16 28 0~200 cm ¥ B 76 [l PR 25 1 A [ ) BF Ak %
T T - 48 R A AR FOE 5 SEIE xS LB oL, B 6 1T
A, f£0~40 cm LJETEHIAN, IS BHME R 25
W /N TS AE, JCHAE B 6a IR ILSE Xt bh o G o B
BX A RE A T I ERE SR Z LRI R R
M B ., 7 A 25 g s 3o R v (1) R O 5 S Bl S T
PRGN 22 5, SR 18 400 v 1R 78 O 78 W S 0 2% P T A
T iR AT A, IR e 2 e R G R e A —
E SZIA

7E 140~200 cm +ZVEHE P, TEIEHHAME K2
B TSl JCHEAER 6d A 6h FIRELEE X
HOCNBA . X AT BE A RN TIPS B FE A 5 s
R, WSS ERFT B SR PRSI

i R SEIME SR ZE o {22 A RMSE FI NSE 1B Sk
E, BHMESNERS ZRAKBE B, v
A PERT

7E 0~80 cm RJZIGHIN, FEEATIRHEHE, +
HEE S B WL R 80~200 cm IRETEEIN, FEE L
FURERE M, LSS ENSARETREES, (Hb
FHIEE R, RAERLEEMTZE g TS
B, g BRERRKM S AER. X2 R AEKE T
B EEME g KREs A TER, BEE TIERE
38 0 £k g et L3S S B AR R R FE 2N
8 o L R P T ) 488 R 1) R R
M 100~120 cm ) - 2R EIEFE E 140~160 cm T2
REE, BRME S SLEW) & B 8T .

TEKET IR b, BRI e, IR RN,
AN R B8 10 2 B A URS FE I3 7 iR 22 RMSE Fghft
RE ZHNSE JE 2 54 0.39~1.26 g/kg A1 0.66~0.97,
A RME AR TR RO, AR 25 i A SRR A
FEAR K, TE B AN P B 1) 3 2 2 S S B AU 2
AR, BEILEASAD 3 1 R o AT B B B RS
SHURTRE, R B R R . BRME S S E LA
SERBONEAE, BAF R M T AR 7RI I Y 1
A, BULE R AT



a. PG 8 m (2013-05-25/2014-05-20)
a. 8 m from subsurface pipe
(2013-05-25/2014-05-20)

L35 £R B Soil salt content/(g-kg™)
9 10 11 12 13 14 15 16 17 18 19

b. PRI 8 m (2013-07-20/2014-07-25)
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Fig.6 Comparison of simulated and measured soil salt content values
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64.31%, 40 cm &bEL5 70 PFR R IE T 42.31%F0 59.60%,
60 cm AbER 7 P R R T 26.52%40 47.96%, 80 cm 4b
P R T 7.13%H 28.24%, 0~80 cm L2~
SR ER R L E] T 41.11%H0 55.56%. FE/K 5 BITE 7%
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Bl LR AR s, H R T HU A 25 R4 Bl K 4 RSS2 20
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IR IR KBRS, H3ih o a E B IR .
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FEAULIRH ) Simulation time/d

a. FAIEE 8 m
a. 8 m from subsurface pipe

e 08 0~80 cm b Z R3EE i, TARURRT R Z R

FERI [A] Simulation time/d
b. FEREE 16 m
b. 16 m from subsurface pipe

FEAULIRH 7] Simulation time/d

c. JEREE 24 m
¢. 24 m from subsurface pipe

Note: @ is the soil salt content of each soil layer from 0 to 80 cm, and the subscript represents the corresponding soil depth.
B7 #MEX0~80cm £ & LIEL LT TMAN
Fig.7 Variation trend of soil salt content in 0-80 cm soil layer in simulation area
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KR ERJG 0~200 em PREEVEFE P A2 R 050
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Table 4 Average salt content of 0-80 cm and 0-200 cm soil layers in simulation area

T #5155 B Average salt content/(g-kg™)

i [ 455

Soﬁigh%:m Distance frﬁfﬁassblsjufgce pipe/m 2013 2014
04-15 05-25 07-20 09-30 11-27 05-20 07-25 09-20 11-28
0~8 20.25a  18.34b  17.79¢ 17.07¢ 18.45¢ 16.77¢ 16.32¢ 15.71¢ 16.85¢
0~80 8~16 20.25a  1846a 17.87b  17.45b  19.30b 17.71b  17.20b  16.83b  18.56b
16~24 20.25a  18.48a  18.0la 17.69a  19.64a 18.18a  17.58a  17.34a  19.18a
0~8 17.20a 16.93a  16.84b  16.75b  16.69b  16.50b  16.36b  16.24b  16.22b
0~200 8~16 17.20a 16.98a  16.90a 16.83a  16.78a 16.59a  16.49a  16.42a  16.40a
16~24 17.20a  16.98a  16.92a 16.85a  16.80a 16.60a  16.51a  16.44a  16.42a

E: W RRERSIAFRNG FREBOR A Z 722 (P<0.05) » R,

Note: Different letters in the same soil layer depth row and the same column mean significant difference (P<0.05) among treatments. The same as below.
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FS5 RHUX 0~80 F 0~200 cm +EFifEhE
Table 5 Average desalination rate of 0-80 and 0-200 cm soil layer
in simulation area

LR B fik#87 Desalination rate %
VEEE  Distance 2013 2014
Soil from

depth  subsurface 5,5 750 0930 11-27 0520 07-25 09-20 11-28
/em pipe/m

0~8 9.45a 12.14a 15.70a 8.90a 17.17a 19.41a 22.41a 16.81a
0~80 8~16 8.83b 11.73b 13.83b 4.71b 12.54b 15.08b 16.88b 8.37b
16~24  7.73c 11.06¢ 12.62¢ 3.03c¢ 10.23c 13.21c 14.35¢c 5.27c

0~8 1.59a 2.11a 2.62a 2.97a 4.08a 4.89a 5.59a 5.71a
8~16 1.28b 1.72b 2.13b 2.44b 3.54b 4.12b 4.53b 4.64b
16~24  1.25b 1.64c 2.04c 2.32c¢ 3.46c 4.04c 4.42c 4.52c

O/\,
200

4 ¥
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Uh/K oy ) i sh s ok kb . Li &P E T 2
A ¥ R AR 6 DA % v i Eh v A 35 i R R A B O R
TR AR AR F WM B BRAK, (R EIIR IR
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FEEhsr 1 Ligsh sz #4md.
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74.8%~95.4%2 ] . Wang 521 T AN [7] G 5 H R RN 12
HEAT H (A EEHE GRS, 45 R RS 0.6 m 3HIR i 52K
BT 1.00 1.4 m HPE, PG EERIART 57.04%. 5
PLERF U BT 25, ARIGHT e 4 R, 2013 F12014
EMEAEEINYE 2013 FyiaE hEMLE, £ 0~80 cm
TEVEEN, BT PR RSRHERE T 41.11%A
55.56%, FET R R IAV ARSI AR R 2 A 2] T 14.05%
1 17.88%, — 2B AW T T EREAR, gk
R E T ZUREE I I B, U LI TEm T
B RN RE R E IR, B R 238
EE UL R LRI AR EOR, (HER A IR SE AR HEE,
BER—# e 2R E LT L2 54, BEE R,

HEE R SR R ANV W R R o R s L S B i 4%+
ZE R

AN [ [X 455, = 38 i 66 2 5 P I A ) LB B R O . R
GO, HEER R, BREE RO, HEEE AR
PRIl AIG R T4 AR R, B 0~8 m T3
TR R B EE T 8~16 m Ml 16~24 m 3P i &
R, AHJE M EIZNBN, TR T B U 0 X 38 4y
A, PRI I I XIS 7 2 R . (BRI IS B R
R R P A TR B, A R )k e B A B TR TR HE RS e
B2 XS REP X e, WmER T Lk
SRR WRRESR S FREEMAEMEES. 2013 A
2014 FMFIRELEE 2013 FEHIGHF R EM L, 0~80 cm
HARER 2 W R E T 5.55%41 10.15%, 0~200 cm &
FEVE RN AR ER 743 AP TR B T 2.58% 1 4.96%, X it
B ULI T HEAK G KR b ok e B LI R 2, — 58
SRR IR, IR T H R KR EHEE, H
K0 A o A 2R B S R R PR AR,

5 &

5T HYDRUS-2D #AYGS | WG EHAK KA RN
TG VREAT FH 338 2 0 A ) B e AR Y, LA T HYDRUS-2D
PR &5 A6 s, R SE it o W e dn 2 AR iR &
RMSE FIgNA 23R 250 NSE AIE T BB AR, 7 v 1 Al 5
Vo FEBEEERE I, % 0~80 cm )2 P £h 43 Bl 1] fr A8 4k,
RARZE LB R 0~200 cm 2 i £ 3T R,
ST LTSGR

D ETHERARSEEHKMS S, FHIERRE
it 6 280K 3% . R FH HYDRUS %4845 3 A 4DE 5 Szl
HYE BB S, SRR ZE RMSE MR &
¥ NSE 52> 55 0.39~1.26 g/kg F1 0.66~0.97, HI7E
AT

2) BEEHKREE NS T, 2013 F1 2014 447
TAEEHIARS 2013 WA SR, RARE LN
B . T, 0~80 cm L2 FHIBiihRHHiss T
41.11%H1 55.56%; JE R &, 0~80 cm 1 Z-FI Mt £h
FRORIER]T 14.05%H1 17.88%.

3)2013 12014 FFR IR G LIES $HES 2013 4
WIIEE EhEMEL, 0~80 cm LAKER S HIFH FIE T
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RS HEER A, BN R R R .
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Soil salinity changes in cotton field under mulched drip irrigation with
subsurface pipes drainage using HYDRUS-2D model

Liu Hongguang, Bai Zhentao, Li Kaiming

(1. College of Water & Architectural Engineering, Shihezi University, Shihezi 832000, China; 2. Key Laboratory of Modern Water- Saving
Irrigation of Xinjiang Production & Construction Group, Shihezi University, Shihezi 832000, China)

Abstract: With the long-term use of under mulched drip irrigation, the problem of salt accumulation in farmland soil has
attracted increasing attention. In order to explore the changes of soil salt content in a cotton field under mulched drip irrigation
with subsurface pipes drainage, a subsurface pipes drainage experiment was conducted in the saline-alkali soil of Xinjiang 122
group in 2013 and 2014. The buried depth of the subsurface pipes is 2.2 m, and the spacing is 48 m. The changes of soil salt
content in the 0-200 cm soil layer were monitored through under mulched drip irrigation. Sampling points were set at 8, 16,
and 24 m perpendicular to the subsurface pipes and the sampling time was set to the cotton seedling, flowering, and boll
opening periods of 2013 and 2014, respectively. Soil electrical conductivity (EC) was detected by an electrolytic conductivity
meter at a soil-to-water ratio of 1:5. Based on the HYDRUS-2D model, a mathematical model of soil salt content changes in
cotton fields under mulched drip irrigation with subsurface pipes drainage was established, and the HYDRUS-2D simulation
results and experimental data were compared. The range of the statistical analysis index salt content RMSE and NSE are
0.39-1.26 g/kg and 0.66-0.97, respectively. They were within the acceptable range, which verified the reliability of the
numerical simulation method. On this basis, the model simulated and analyzed the changes of salt content with time in 0-80 cm
soil layer, the desalination rate of root layer, and the desalination rate of 0-200 cm soil layer in the salt content of 2013 and
2014 during cotton growth and the autumn salt return stage. The simulation results showed that under mulched drip irrigation
during the growth period of cotton, the soil salt content continued to decrease, and the soil surface began to return after the
harvest. The soil salt content in the cotton boll opening period in 2013 and 2014 was compared with the initial salt content, the
average desalination rate of the 0-80cm soil layer reached 41.11% and 55.56%, respectively. And the total salt content of the
0-80cm soil layer under and between the mulching films decreased by 14.05% and 17.88%, respectively. After the cotton was
harvested, salt returned to the upper layer of soil. However, it still showed a decrease compared with the initial salt content.
The average salt content of 0-80 cm soil decreased by 5.55% and 10.15%, and the average salt content of 0-200 cm decreased
by 2.58% and 4.96%. These results showed that the total salt content in soil showed a decreasing trend by using under mulched
drip irrigation with subsurface pipes drainage mode. The average soil desalination rate of 0-8 m (2.97% and 5.71%) from the
subsurface pipes was significantly higher than that of 8-16 m (2.44% and 4.64%) and 16-24 m (2.32% and 4.52%), but the
difference between the latter two was small. The area close to the subsurface pipes had a low soil salt content, while the area
far away from the subsurface pipes had a higher soil salt content. According to the law of solute transport and the principle of
salt balance, the salt in the soil would change from the area with more salt to less salt over time. As a result, the overall soil salt
content decreased, and the root layer salinity decreased more obviously. The results revealed the changing law of soil salt
content in the cotton fields under mulched drip irrigation with subsurface pipes drainage, aiming to provide theoretical support
and scientific guidance for the popularization and application of subsurface pipes drainage technology and under mulched drip
irrigation in the inland arid area of Northwest China.

Keywords: soils; salts; cotton; under mulched drip irrigation; subsurface pipes drainage; numerical simulation; HYDRUS-2D
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