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Numerical Simulation of Soil Water Movement in Qasis Cotton Field
with Drip Irrigation under Mulch

CHUAN Zhi-qiang''* , FANG Yi-xiang'** ,SHENG Yu'*,ZHAO Cheng-yi’
(1. Xinjiang Institute of Ecology and Geography. Chinese Academy of Sciences, Urumgi 830011, China; 2. Graduate school,
Chinese Academy of Sciences, Beijing, 100039, China; 3. China Agricultural University, Beijing 100094, China)

Abstract; Based on the theory of the movement of unsaturated soil-water,a two— dimensional vertical plane model was developed to
simulate soil water movement under drip irrigation under mulch, The soil water movement of stratified soil in the experimental field
was calculated under the condition of drip irrigation under mulch. The field test was carried out in Aksu water balance experiment
station to verify the numerical simulation results of soil water content in different test field with different irrigation treatment., The
result indicated that they had better conformity. Comparing the soil water content of 0~ 10 cm depth in different time and different
location observed by PTM-48( Photosynthesis Transpiration Monitor) with numerical simulation results, it can be found that the nu-
merical simulation results was less than the value of field test, but the changing tendency was agreeable. So the numerical simulation
model of soil water movement under the condition of drip irrigation under mulch is acceptable. From the research result ,it can be
found that the soil water movement was explicitly various in different depth for the clay stratification in 30~40 cm depth. The obvi-
ous difference can be seen in 0~30 cm of soil profile, while there is no sharp change below the 40 cm depth., So the irrigation water
quantity should be reduced and the irrigation frequency should be increased to enhance the water use efficiency.
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1 #R57F*
1.1 Rigit

BT 2006 4F 4 H 27~10 A 12 B £ Rz 5 55K F
FIRB Y ( 80°45'E,40°27' N) HEAT , L uh 53R 1 028 m, RERIR
WHRBRS G, ZEF KR 45. 7 mm, 6 H BAF$ 2 950
h, TFEH 270 d, HHECARMAEEL AEDY 1. 40~1.53 g/em’,

RIAEY R ARTE, BHR B R P AR 357, M HEEE R 1. 95
X106 #k/hm’, BRI /DXL 0. 65 hm? , 3L 12 /MK,
F/NKEFN 73.4 mX6. 8 m, B FHEERME TN KR
HWUOIT . B HIH#EK 58.5 m* .54 m®.49. 5 m® Fl 44 m*®,3 4>
#H.

W ERAE /N H S SR WM U EE AR E
RN THREMBES - KXFBIETE. AT @A 27
FOE,. 8 10 d Wl —K 23 A7k, KR ERE 7 d Ml —K
HIEEKER, TR R 00 E + 1 H i 20~
150 cm By + 35 K3, W B3 I BAY 0~80 cm AL T 1%
W 5E 3 I E KE,

1.2 HFHER

A TR AT AR A T I E 3K 4338 TR L MR IR - 3K
Szt KA MK E AT R R A TRET N 4+
Bk 45 sh A R, e oy i ot

oh _ o chh o ohy_ oK) _
cth) 5 = o [DG) 221+ = IDh) 7] — S — (1)

R W EHKBEKL, om; 0205 + A EKE, om®/
e’ s ¢ EEE] by 2 HEEIRE, om, b FRIE; 2 KRR,
cm; K(h) S H3AERAFKE, cm/h; D) WY
B, cm? /h; S MR EEKIF, em®/(em® « h),
1.2.1 RBIMKEHHEAEEY
h{x,zst) = ho(xs2)

0L X502z Hy»t=0 (2)
s ho(x2) R L GUEAK K535 cm; Ho RHIMHHLT
AGREE, cm; X, Ho SR ITHE K I 42 i fik B R KRR
#,cm,

1.2.2 R&H

B TR I S T 4K 402 sh Y X BR b L (LB 3T iR B
1 —A™ 2 7 T 5% ¥ 4 A9 38 B35 1] (Vertical Plane) B AT (40 & 1
Bras),

Bl #EERX REE

(1)AB.EF b sa) # o, B b ih 53 5 07 1 /K i 8 2
LETREEERERABBERGD],

—D(h)g—:+K(h) =Rt 002=0 (3)

RPEEEYHE LER D,
(2)C.D AL, BN IR, 8 BILL C.D 4By
AT IX 9 1E %€ i (Constant Flux) ¢, » 81 ;

~D(h)g—h+K(h)=qo,z=O 4

(DR BE B EMAEKK i1 FH BB 3
EFHRAFEE (No Flux),

(4) Ao, Ff b A HAR AIEEABKDR, KER

(5) af HFHFEM. HFKUEEMKHEFT R IEHE
7K 351 5 (Free Drainage) , BJl .

oh
oz

2 BRWIESREESH

2. 1 A E R AR K
K F + 38 1% 1% oK 1 B (pedotransfer function) 48 3 van
Genuchten BIK 1S (WE D,
F 1 HHATHOKA R V6 ERSHE

=0,z= Hy,0<C{ax<<X %)

135 6./ 6./ a/ K./

HlH  (em® » em™%) (em® » em™3) cm g (cm« h™1)
0~30 0.035 4 0.446 0 0.0146 11,4718 0.7133
30~40 0.052 2 0.494 0 0.006 2 1,6201 0.3529
40~100 0.050 4 0,459 0 0, 0060 1.6358 0.5000

SEAEYAEBER(ET, )R FAO—56 Frf# i) Penman-
Monteith AR THE . 1R 7E R FIAR 6] 26 & BAR U8 L BrAE
YA EEY I E AR BOR TR . MAR KR Feddes iR
BOHHE X TR L REE B R hy ke ks e 53510 — 15 em,
—30 em.—800 cm.,—16 000 cm,

2.2 1REBEKRR

FIH Galerkin F BR 8 50 8% 58 B SRR M BB R % .
WRBUTA XS G =R BT, S KR S on; YA
FARREAR B EEKR, BOMBERHE, 0~40 cm BKEH
2.5 cm,40~150 em KK 5 cm,
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2.3 HBEKE
2.3.1 AEEKLELRSETREARINESREER
Xtk

T 2 S SE 5 R Je] e K AL 38 2% 4 F 30K 4338 B B
USRS LI ETERE T R E & R A KR LR, i
AT LA e AL AN S (B M) B 0 R T BT 2 3T R U RR B
R R A AR T R AROK SME SR L IR RT LA R
[ 0~30 em fAFEIR 2, SEM AR T 30k 2 BB UE R /) .

Bk / (cm?- cmd) A 7kE / (cm3. cm3)
0 0.1 02 0f3 0._4 0.5 0 Q.l 02 03 04 0:5

g 10: 10
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g - A SOT L A

+ 70 — BmE 70+ — B
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(a) 4bE 1
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30-

0 01 02 03 04
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B 50 S0
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(b) fbE 2
0 01 02 03 04 05 0 01 02 03 04 05
£100 10
&30 30°
g0 50
H70: 70-
9- ) 90-
(c) 4b7 3

0 01 02 03 04 05 0 01 02 03 04 05

10: N 10-
E . -
§30~ S 30!
=50 ;‘Ez‘mﬁ\j 50- . Qsmh
570; - ﬁﬂfﬁ ', 70+ - ﬁiﬂ{ﬁ .

90: 90!
(d) 42 4
H2 BT(EY) . EEER)RE#EKRLR
HIE &7k EEHES STRIE L
2.3.2 BESW

ASCR 4 SRR T O SR T (0 B - O E 1 &
B Ok B EREG QMR MR .
BX 2005 4 SL R B0 XM ADA AT 50, 18 B BE T R A 04
PR S KR SR A K RN B G L 2.
F2 BETREZUTLRADEFERRRE LR

- WEMAC RS KEPERE PR E/ %
T R BT MR BT R
2h 39— 0.95 0.94 0.8  0.88  4.09  4.55
b 0.96 0.97 0.79 0.92 3.8 4.0l
= 0.94 0.95 0.8 0.9 500 3.88

L] 0.97 0.92 0.87 0. 89 4.62 4.67

3 #R5iTie

3.1 AEAREBFHETLI®RKkSTH
1P 2 T LI A A S (W) & 405, 26 08 B8 ST 1

PERVRENE S B M B R T (4 T LK s SR . Rl AT
PAE HH H 8| E 0~30 om FEFEIR 2, SCI BT i 33K o
BAERME R/ PTRER B 4 FriR i+ e K B K, FE B B
BUK K38, 3 B BB 77 70 (8 BUK o) B TRL 38 1 S BOBE T 23
(BRI /I, 5 28t B ] - 8K 43 S DU B K T 1B R R L s IR
FERRIA] 0~30 cm WIS K FREMUE. IS 30~40 cm
PR R L X LK SE S - EREERN RS RET .
) 7 301 T A £ 5K AR PR BB AL . 40~80 cm #Y H3EOK
Sy ARAL A bR IS K MR K

& 2 ] EE LR AR TR Y, (E K B P R B AR, 2
Pk AR TR &M B B KRR K T F K
PBEEEIR AT, T RER [ F KRN R4 T 808
WEET B LAGE i K B TS B0 B B 5 R E AR AR .

A LADL(EL R ST (00, 40 cm LR 885 K AL R
B X PRI T R S T R IEOK M IE B B2 T oK e L,
FrR AT A &4 — B 6 KA (Free Drainage) &£t
AER R RWE 2 iR, BB IR B B ISEPR .

3.2 AE#EAKEAGEFHT LHKSEIHEN

FOAE T K E S EER R KR IR
Ho LA BRGSO R,

HEHAFNT B TARSCRAN L REM REER. B
PAASCIRIR T 5 Mt %44 (Constant flux=1.4.6.6.12.,24),
il 3 W EnBEE LA A4 1F Ak LS KR BB B AR A,

IRETKEK/ (em? . cm™)
0 0.1 02 03 0.4 0.5

20
40
60 |-
80 I —e flux= 1.0
- flux = 4.0

TIRHE / om

100 - flux = 6.6
120 - —— flux =120
140 | = flux =240

160 -

3 SHIAREHTEAETR

3.3 FEREREMA 0~10 cm HIFHE KRN

RALL@%) PHYTECH 2 RIRFH] 6942 PTM-48(Photo-~
synthesis Transpiration Monitor) , B 2h ¥ BT 3% sk T #08%
6] Y 43k S S S AL (ENE 1 v BC HrhEf &, CHG ).
A HFHEHEKSE (6 F 20~24 ) 413K 43 50 (8 RO 40
Z ST .

¥ PTM-48 S2H¢ WMl 0~10 om B9+ 3K 4> 8048 5 HUE
SO 40, HAR LR LW &, BESE I Bt & W L PR 1B 1L
[ Y S 45 R AL 5 SRR K X PT B ol TR R AR R
BT E A % R ) L B R R, X R A R
ATREF=E H AR KR 2 TEE B B B LA A Y 5
R R ERERT A, MR S KRR,
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B4 0~10 cm HI|EKEEME S LEMITLL

MAFFRELEE; R, 2L B0 5% B 5 R R B
8k 4 B e - T B9 0~10 cm, AR B4 K7
RIKIREM, ATE0~40 e FEMTEEREBEKHEE
ZH R EERE TRLE S,

HXHRKHE / (cm - cm?)

0 2.0 4.0 6.0 8.0

5 ExHRKEEN TR ENSH

BT 30~40 cm K £ R HYFFTERE 130K A2 3 DA K 13 &)
T 57K B RO EA AR HE X IEAR R A K R i)
SRR M, BEKR XS K8 R B A R K # A B A
M HAERAEKZH, SERATEEPELIEE® O~
30 cm,

0~10 cm AR A& K B EAR R WK &R 1 KK I (B FEBL T
R eh R R B0 A BRAR I B 223 R L DR R TEAR 2R R K I AT % 1
K RARAWE R A, FREEEMBREE,. ALRER
A BRSBTS T REE R KR 2 . 4R
HERYBT A3 B MEMRALFEEEEITRA 0~
20 em, KT I BEEARBCR A 25 em, E MG (E] L 75 B K B R
TKE/AN SN K, 330 BE RETH 2 AR 2R WK i B oK S RE R i R
R AR F AR .

4 & iF

Ffr SR FH ) 4 3 o S TR B B i 8 2R A RE 8 AR S AL 0L R
TN T LK E R,

Wi B Lk RIRERRZRERKPMEE. T L
B LK RN PB4 0~30 em B{LH BIX,
40~80 cm AL X s FTERI A KM LR HI20. 9020 LA By
WA COLHREHM) 431 7E 3 5 #|H 0~30 cm,

245 b [X T AT ) RE B AR I 23R R o) TR R e
B X R BRBE A B0 2 MRTE RS /K S RE TR = HEBE /K RO P
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