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Numerical Simulation and Analysis on Depth of Disposable Tape in Cotton Field
under Subsurface Drip Irrigation in Xinjiang, China

LI Xianwei' SHI Jianchu’ WANG Shu® ZUO Qiang’
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: The technology of film mulched drip irrigation ( FMDI) is applied widely to cotton cultivation
in Xinjiang, China. Resulted from its characteristics of high ratio and small amount of irrigation, a
problem of shallow roots and weak adversity resistance is often found in practice and thus would limit
further development of FMDI. Since the irrigation water is supplied deeper in the root zone, the
subsurface drip irrigation ( SDI) is easily to be considered as an alternative to solve the problem. To
avoid probable damage from mechanical farming and prolong the application duration, the irrigation tape
in a traditional SDI system is usually buried in deeper root zone (e. g. beneath 35 cm from the soil
surface) , which might be extremely inconvenient for seedling irrigation and management maintenance of
the irrigation system. In fact, with the technological progress and cost reduction for manufacturing the
irrigation tape, the practical use of disposable drip irrigation tape is becoming more and more popular.
The objective was to explore the reasonable depth of disposable drip irrigation tape in SDI by using
numerical simulation method. The HYDRUS —2D/3D software was used to simulate the dynamics of soil
water and salt, and a field experiment was conducted in Manasi County of Xinjiang autonomous region to

validate the numerical model and selected hydraulic parameters. Simulated and observed soil water

Wk B . 2017 -05-05 (& H . 2017 -07 — 14

E&£WB: EXEEAVAITRIE (2016 YFC0501401 2016 YFD02003003 )

EE®B N 2R R(1986—) 5, 1A, R AF KIS 5 AR P, E-mail: 1xwei5945@ 163. com

BEESE: AB(1965—) B B2 LA I, FEN S LY I 535 KAV HLIFDF5 , E-mail: giangzuo@ cau. edu. cn



192

Kok HLOB ¥ R

content distributions were in good agreement with the maximum mean absolute error (M,) and root mean
square error (R, ) of 0.034 ¢cm’/cm’ and 0. 040 ¢cm’/cm’, the minimum correlation coefficient (R) of
0.8 and Nash — Sutcliffe efficiency coefficient ( N, ) of 0.34 ~ 0.62, respectively, between them.
Correspondingly for soil salinity distributions, the values of maximum M, and R, were 3.31 g/kg and
4.24 g/kg, the minimum R was 0.6 and N, were - 0.06 ~ 0.38, respectively, which was also in
acceptable range. Then the transport processes of soil water and salt under SDI with different burying
depths H (5 cm, 15 ¢cm and 30 cm, respectively) for irrigation tape were simulated by using the validated
numerical model and hydraulic parameters. The results showed that salt was gradually driven away from
the tape by irrigation water, with soil salinity decreased around the tape but increased near the wetting
front. While the increase of H resulted in decrease of evaporation loss, the shallow soil layers near surface
would be more and more difficult to be wetted by irrigation water. Synthesizing the factors such as
recycling convenience of disposable tape, water requirement for cotton seedling, desalination demand of
root zone and water use efficiency for desalination, local disposable tape of SDI was recommended to set
at about 15 cm, a moderate depth from the soil surface.

Key words: subsurface drip irrigation; disposable drip irrigation tape; reasonable depth; numerical
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Fig. 1

generated finite-element meshes
BCD {UERHMEE k12 0.8 em , VK H =20 cm, R
FH = A1 T8 B 50 X RS 400 DX A7 300 43, 1 A =2 ) e
FE B 0.1 em, 5K Ky 2.6 om, JiF 45 J8 [ K 5 30
AR, R 1B R R B A B A X
Y S RIBE AR X R, g A e JE L T 216 A4S
R.2301 METT,

R CE L AG B) R ZE ki #,09:00—
21:00 ¥ 7E 75 & o B H 24 MK T 78 R R ORE
0.027 em/h,21:00—y% H 09:00 Btk 02 i il 47
AE (L RISK BCD Br) Sy il i At B THE K
E2E 1 D e o 2 N 0 % R U | 0 N P T S
A FR A3 A5 0 5 MR A b 35k VR R 2 B [ L K D
i R A T Sk O S T T R A AN R i A e
HREN 1.29 em/h, i F b F KR K, Z 0%
HXF B X Sk K b iz s i s g, % T A (L
EF BN B K B X ARIE R, &£ A



194 & o Bl B ¥ iR

2017 4

I CRIEE L AB DE Rl FG BY) ¥ bk i 5
(R ) o ML K 55 50 R 5 IR AR
36 h,

9 T e E B AR B B A 0 L BB
ST X 08 M, H TR % R, HE R
R il Nash 25 2450 N, XHBEAL 55 AT VA,
(PR TIOR8 TN, AR e,
HERAEWS
S
> (M =8)’

N, =1- f—

Y (M, - M)’

Arh S ——5 i VR BLLE
M43 i VR B S
M——S2PF # {f
S S RS =10

BORFBNIER LI E | 20, BT 1 %
AR BRI RT3 T O U 5 /% B 4D 45 5L 4 4 0
UL 10 H £, 45 A B — B

3 BRRE

LM T e {6l P 3t S TR N 7 Sk IR B O
A7 ) 1L TR 25 AN 2 2 B S K R 4 A 7
BRI, I B 2 AR R A K A R AR
P o A B AR R 2 B e T R TR R A
D7 2T M R R E R R bk RS Bl H I 4 T 4
DRI, A o0 35 S [ A 1 5, 90 R TR 4 R i
VHEE A T T L R 2 S RN K A ) R AR R AT 4y
Bt a6, DT 075 26 4 k2 45 R A3 8 0 o % T A
BT 0 2 H L TR R — R ML A e BT i T
I VE A EE v ) B R R O BB A UL R R
b A ) S8 R 35, R A 4% T B2 (i Sk (] B
G B ) B A ) ) S BE S b I R DA B B
58 BR BOR 8 22 (8, HAR IR Sk 7 6 2 R A6 7 1 3
(19 7 5 3R LS B 37 9 485 Tl e ) T 9K /0N it T e
FURLAS , T HEA M TR (H) AR K. A G, A B
FALRE 3 AL L5 .15 .30 em,

EEZ 4K S0 R T R AR T
i AE MR 2R 0 A 00 TS i A o 3 T
35 em W, MR F AP AELE 15 ~ 50 em, H7E 15 cm
(IR ) A1 30 em (45 IR 1) A5 2 AN B A9 AR R
SR I, 2R IR A R A KR [ AR R
WK R LT R K 0 ~ 40 em + 2 E Nt
R J2 2R 0 2 S K ik F) (]
FEK it (0.36 em®/em® ) i B 45 1k 45K, 4 T 43 7 L
AN () A 3L T 4 K R R R o A I O

VIR A5 AT 5 T 1) 38 56 2 00 38 A5 A 0 B K R L
R (1B 2 B/ 3) 4 E .

HoAlh 2 F 46 B8 Al B B 3 20 T 2 i
) MG A6 L S B A ) P A RS BN R
) PR B T RE R K 43 0 ¥ A) 4 A HL R B OR /2
TN L 2 B 8 T AF R T A B 9T
ST 37 A A oA D 3R B R A L AR
W 584 B 8 ) B [ 2 1% R 70 em, AR 4 X % i 28, B
B % TR T T AR ] DI — 2 (35 em x 100 em) /E 2y
BT IR (B A 1 A AG K JEE 2 35 em  AE K
100 cm) A S &5 Bk 5 2 15 BUE B A
o 53 b AL A, MR 24— P i A S
IO R 0, 4 3 Sk () BB D 43 5035 E 30 em
L0 L/h, 7T 5, 4% 100 em K B2 i 9 A7
SRS TR I ZE B L M T M S 3 T L e Al A%
RIS, L TR 1o R R T, A L AR R
R VR R K B L BRAT S  Z IR, M
TG — Ve R

R 2B 75 52 R R S BF 9T 45 5%, Rl 8 T L B
3 AN Ab PR S, AH X AL G b 3 E v A A S
TRHE (35 em) 5 5 AL B p 515 .30 em f) i 9 47 11
R X A 4, R DA A St TSR AR AV, LR O A
e B3 LA S 1 2B 7 LB, 346 AT 1 (6] 38 56 56 ) L
A 00 1 AT AR

4 ERE5SMW

4.1 RWHERRER SHWIE

Hb R U H R g b, T A SRR H =20 em,
oK FFSE 36 h, #EK B R 0.35 m*, KB AT, KF
J5 ) b BRI HEAE 10 em (&1 1 P A) 120 em (8] 1
thQ ) AT S K R a0 S gy A A
By anE 2 3 R .

BEIKIF IR IG L 7K F 28 1% E 17 0 Sk Bl IR A
bk g, SO Sk S S K R BRI
T S0 L AN DR 4™ B ol 00, 5 K B, T Sk
A B 3 K R e R o 32 E TR K 43 b R RN 2R R AR
FHAE 52 R Vi A 0 ) DX I R (8] 3a v
5 ~40 em TR FE O Y b R A Y WG, b
15 ~35 em Jfid £6F2 B2 5 ), 0714 108 B 0 % R L R Ry
HB X AL TR S (il 3a H1 0 ~5 em, K& 3b
15 ~45 em REEAN I FRER) o

Do FH b AR AR RS S FOR Ak b T T 9 g rh
K SRS A PEAT T BN, S5 R R B BRAS il S8,
T - 39 55 7K B 43 A7 AP R0 S IR AR W) G B
(E2) P22 M, MBI 2% R, 73 5 A K
F 0.034.0. 040 cm’/em® (2 2) , ML R % R Fe/IME



%9 1)

2R GE B S T IR AN FH — U 3 O A R LS e A 195

KAt (em? cem™)

Bt e o)

0 01 02 03 04 05 0 01 02 03 04 05
20
20 x q .
£ 40 i £ A0 A
X =
% 60| 60
o IhHfE O WA
801 o 0T o sy
FEAE HEL(E
100 L 100 -
(a) =10 ecm (b) x=20 cm

2 IR K oA B K 45 SRR A 51 B S 9 A A (] A6 B 4k 5 oK ko A S0 -5 BRI O X L

Fig.2 Comparisons of measured and simulated soil water content distributions at different sampling sites
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Fig.3 Comparisons of measured and simulated soil salinity distributions at different sampling sites

0.8, Nash ZCR A ¥ N 7E 0.34 ~0.62 Z [a], £ A
Fe 2 U 2 P 5 B h i 4 A 45 R R R e S I
S A (K 3) M MR R, 3 B AN KT 3,31

2 HERIMITEYESHRIEBR
Tab.2 Validation results of numerical model

and soil physical parameters

4.24 g/kg (£ 2) R Fe/ME N 0.6, N 1E - 0.06 ~ BUH A o/ em M. Ry RN
0.38 ZI‘EU,%Ei%ﬁj\%ﬁﬁWﬁﬁMﬁﬁi{ﬂﬂﬁ . 10 EP; 0.029 cm®/em” 0.034 em®/em” 0.8 0.34
N - e g o - 20 0.034 cm®*/em® 0.040 em®/em® 0.9 0.62
2 I R 2 B BEh 4 40 A BRI R 2 , (1L g (fj) o fon pfer i 27T
3l g/kg 24 ¢/kg 0.6 -0
NAadcd S 4 . . 7 B /.\ﬁu
MRBEA I BRI A 8. TR L w01 o

FEh R (FEAE 20 g/kg DL B X AR 2R
(BB DL 22 o O A AT 45 3238 [l 2 o MR T, B

P2 BEAT B AU, LR — U i E Al Y 5 B

ST AR A e P Y S ) B S RO 4 BT SR Y PP ) A
AABON TR o T R PRk Hhis s 4201 RGO KR Rk 5 Kk

MU AR, A el 3 e AN ] Jo 3t & 398 o 5 i Ak oK £
Bl 25 MR DURS BT A 1o 2 — P
4.2 BFEEHY

IO7FH DA b 28 A 36 1) R0 0 2 B, e RCRI AR 5 3
T BCE A R (8 5.15.30 em 2k 3 Fh TR

BTG 5, 7K 43 DT 8 30F A S8 i 3 20k
—ER ] JE (£ 3),3 A0 R ZE (0 ~
40 em) I EH KB 0.17 em™/em® | T} 5]
0.36 cm’/cm’ (HH ) FF /K B ), AH B AOTE K B 26 %
W2 BIRBRRINE 3 PR,

3 AEAHETEREZFHATHHANK EKE ZERERRAE
Tab.3 Duration of drip irrigation and corresponding amount of irrigation, evaporation and deep drainage

under different treatments

T HEHF Mokt KA/ R W)= B IR LR R

WP/ em h mm ARA/mm ERBKR/ % Bhik/mm BRERBKE/ % BURE/mm EEBUIRR/ %
5 21 99.7 2.3 2.3 4.8 4.9 7.2 7.2
15 12 57.0 1.8 3.1 2.9 5.1 4.7 8.2
30 15 71.2 0.9 1.3 13.2 18.6 14.2 19.9

28R B GRS B 28 At B IR KT ZR A 10 S B TE A T R LR



196 & o Bl B ¥ iR

2017 4

T R LR AR T A5 RV 2 K ) A
JK T T HE K B R K R 22 F AR . 15 em T E
AR TR 2 A B ) R )2 R
) A 5K BT K i K e s K R b, 5
5 cm 130 em A EE, 15 em fHEAK B 43 510820 9 h i
3 h, K 5 R D 43 % 1 20%

3 A4 HE 2R R AR 4 R 2.3.1.8.0.9 mm
(#£3), B8, K H AT HmZE Rk, (HH
(AN K B4 3 B0 2B U B 0, 15 30 em ZhBETR
2B e K, PR FGK 18.6% , M L Z R, 5 em Al
15 em BUHL A 4.9% M 5. 1% ,F52 1, i T4t
K JHE K KRS em AL BRAY B IR LR R EL
15 cm ZbFRHEAS  (HHIR B IR 8 B AR E T 15 em,
BAITE 4515 em MEE,5 em 1 30 em A0 FEH 2 K i
W% 78R NS T 2 F53 BRI 53% F1202%

4.2.2  AN[A] BT A 3K R 23 A AR 1 B R ROR
AL

ANE] H Ak P E 7K 45 o ) T 3 K R A

TKAEER 2 /em
UO 5 10 15 20 25 30 35

(a) 5 cm

(b) 15 em

1EOLANE 4 Fir s, N Rl DUE T A RO 25 K
e A (e, B VR VR Y I K R . BRI O
iz 3 1) + 3 3% 2 19 K 43 A D K 4 1 F B B IR
JEW WM A o 5 cm LB 15 em Lb B[] 138 5 Y
KAy YR B AT LA 5 em b PR + 3 3% T
Vi, BEBC 1S em QBB ;30 em A0 HUAT A 2 — AR 43 K 43
B ZEITHRNRIE)ZE DUR AR B ek . Sk,
Bl H N, 7K 5 1) b e RV 98 B B 7 0 B 1%
W R, o 30 em A EERIECN A B, Z LIS 2
it L, T )2 K PERR AL b2 4 s 1R B
El| By w5 = R 1T = Ll i B 95 0 2 & Oy
LB Eh R LU

AFL IV 3, 7K 245 PRI % 9 i A (] 2 % 4k 3+ 0
HTH B AR i A G DL AN 5 TR o T TR A B O R
S ER TR A, T T T Ak R T U A RS [ R B
T IR AR AR DX S o0 A AN ] Bl R R 0K, 4 g
RAC DX BB T T 8,5 cm b P 32 B 7% 9 4 BT 3 7Y
BRI B ER X 5 15 em 1 30 em b B 4R

7J( l}f

; 0 5 10 20 25 30 35
0

cm?/cm?
0.05
0.10
0.15
0.20
0.25
0.30
0.35
040

(c) 30 cm

4 7 [ SRR CH) 8 7K 235 SR ) T 5 K i 20 A 1 2

Fig.4 Simulated distributions of soil water contentat end of simulation for different treatments
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Fig.5 Simulated distributions of soil salinity at end of simulation for different treatments
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