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Effects of Buried Depth and Pressure Head on Water Movement of
Wetted Soil during Moistube-irrigation

Niu Wenquan' Zhang Jun® Zhang Linlin> Xue Wanlai’ Zhang Letao’
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Abstract; In order to research the characteristics of wetted soil under miostube-irrigation, five different
buried depths and six different pressure heads were designed to investigate soil water movement through
indoor soil box experiments. The results revealed that the pressure was the key factor to decide the
miostube-irrigation flow, and the buried depths of miostube-belt had significant effect on the shape of
wetted soil. The horizontal migration distance and ratio of width to depth of y decreased with the increase
of buried depths and vertical migration distance slightly increased with the increase of buried depths.
There was a negative correlation between cumulative infiltration and buried depths and changing process
of infiltration with irrigation time was accorded with Kostiakov infiltration model. The simulation model of
cumulative infiltration under different buried depths was established and tested with measured values. The
results showed that the experimental equation of infiltration had a high correlation coefficient between the
measured value and the calculated value. There was a positive correlation between soil moisture
uniformity and buried depth, and the suitable buried depths of clay loam of miostube-irrigation were
between 15 and 20 cm.
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2| Oy P KA T L T K TR P K 22 1 R
FIMEPIAR X £ eh AR ORI Y S
TR e — B O BB, A IR B A T REEOR AT L, B 9 B A K ORI s )

il

eha H . 2013 -02-26 & H . 2013 -05-02
= [E K ERWT I & T4 (863 1141 ¥ B35t H (2011 AA100507 ) i 45 2 A 2 BHEHT 514 114 %% B 55 H (B12007)
EER Y 4 0a, #8500, 38 2K WU 5 ROR) 5 1 K B BE F 9%, E-mail ;. nwq@ vip. sina. com



12 9

A GE e PR TR ) R R A K 2B Y 5 129

MRIX IR s A7 A G P 26 1 BE 5 25 10 AL
R AR 0 K R T ARk RO T
ARAEVS BT R BT LA e A6 ' 25 18 2 SR P A5 LA
LI o SR A A ACHT EAR Bl HE v ik = 52
F4 THE TR o) 2 R T RS R

LIRS K TS B K A A BT O
ST UK B B R R S
KRBT RT 9 B BE B o E P it S AR e .
b ) B (B A R B DR K R )
X R (A P A R B R W] K R
R VE L2 OE P R 4 1 B8 I R B AR A AU R Y
KN e K S K e L A
TERE T 35 2 A A SR A5 i o 52 MK - S48 1 A
R UESE THRIIG & KX LA BRIE R A B3
SR SR VK R R T Y 1 ) AR R
IR SR BN, e SR IR SR R A
SRVCTE S B R S AL S AT I R R
EAH B 5T 22 L F 1 JE U358, Lamm , Camp %51A 1y B
RS LA AR R TR PR EOR A
AT 2 S BT 9T 3 U SR O E K 2
SIMESC R Y 5 AR T 0 A D e B LA
WAy T E () J5 0 SRR Ol 20 em o A, HE g
Je 7 1 9 K A E 2K T 2 80, A M i T ST
HRA KRR

T A Sy 2 IR 2k N8 T X, R T T
SR RAT TR 5L T HE R PL B A A ), SR
5 s T X Gl i T R R HE 2 PF T R SRR a0 g3 A B 5
Wi T REAT BT 2 . L, AR SCLLE N AR IR
MR A, 1 1 WY S g 0k R o B K 2y
A Y520, LS S Bl i 50 B B B S A

1 #PEFZE

1.1 ikt

R T 2012 45 3 ~9 AFEF LR AR K2
[ 5 X K ARE A 5 B R AT, 12 X b B O AR 4
108°,4b2h 34°, J& ML Y (1 3 7 K Bl 1 > 1 v e
X o a5 3 H PEE A A e X =B, +
HER g LR R JZE E 40 em B S
AR BE B R T IR AR A, i 2 mm B
Jo B PR R B ) A 2 0 kL it
B A HE R R HE A - 3 O 2 AR I MS2000 Y
F6 A3 TR A (e [ B JR SCA W) G, ok AR
f 0.02 mm <d<2 mm.0.002 mm < d=<0.02 mm f{
d< 0.002 mm 4 B 5 32.064% . 56.088% Al
11.848% , +HEZBUHE N 1.35 g/em’, H i) F5 K Ht
H0.236 ¢/g, MWAIEFIKE N 39% ,

L2 {EkE

R B (IR 1) b A AR K R 8 PR A A
B, AR 10 mm AT HLBCRG HIAE, BAS (I x & x
&) A 120 em x 50 ecm x 50 cm, + fH P EH HEEH
25 mm X FR/NFL (B L4 B 6T 250 mm, 34 35
1S mm ) o S fd 1 UL 0 34 178 45 AR B A8 Ak i B, AR s
2R W ST O e ST R N I VR (s pU L
T G2, T TR R 00 348 90 A 00 T 7K 434 A A2 A ) T
LT T e A ARG T R 1 AR Al R A S BUZ 4
Ky, 2 R ) 2 0 5 (JREJEE 0. 06 mm) |, HESR 1T R H]
Pz ik J7 20 T8 U A T4 A A B AL L AL R 2
10 J5A~/em® s SN2 Ry JE 205 A AR 37 2, 388 o AR50 7 5
J&, LABI 1A Al 18 2ok A v 3 O s A R 40, et
HARHN 25 mm (181 2) o A5 I AT B 3l i 2t
K, T FCHH R AR T A R 25 em® 3R 5 PO 5 8 Y 5 IR
LI 2l AR FE K B 7 o A )2 R A R L
M K B K

-~
<
() :’\j/

3

6 4
B e B A
Fig.1 Schematic of experimental equipment
LR 2. 983508 3 R 4. B 5. B kA
6. 1 ¢

(b)
B2 O R B
Fig.2 Moistube enviro-grower

(a) BiH  (b) B R AL R B

L3 RARFERNERER

MRBCE S K, 23 0.5,10 15,20 em,
Fe T3k 6H 0 1.8 m, i B e+ 4 il 78 AU T 2
1.35 g/em’ , £ HE AR T, BKER 2.9% . A
W 2%t JRIR S em, JZE T 6, T 5870 3% i
BRI, TC SR A (R B 20 4 1) 8 20 A e 4 P S ERO



130 gk Bl ¥ #Ht

2013 4

IKALER o R SE K B 4 )5, 7 BT iR AR i %
HEOKIFE], 1 h Y AERE 0.5 h P 1 YT i 48 A1 5 IR
KL ZIRE 2 ~6h NAERE L hica 1 k,6 ~12h A
BERA 2 hag s 1k, BEJS 10 53¢ I (8] 1) f 28 7 0 K,
[F 8] B A4 o B EROB K 7 AR T 10 em B H5 K =
60 emZ FELAL . 3 LA JLA RSS2 R, 24 36 7 e T
ELREEIAF] 20 em 45 1R ALK, THRE K RS
HESK ] o RERAE RS, SR 1 em B IRORE, X
R A K P EE B 5 om Ab, JBORE T B2 18] B oA
5 em, NFRJZ H 2= W R FR, 2 A BRI, DT
MR S T KR

He T3k K BEE 6 Ak, 4350 0.4.0.8 1.2,
1.6.2.0.2. 4 m, i LB ka1 d, Gl i 587K B
BT g WY 15 em, BEFE 4 h JUE 1K
b [ A4 7K A 2 JE o

R 1 8 LS 35 2R 4 20 2 RO S0 B K 3 4
[ W

c,=1--"1 (1)

X C,—HEKYS R

O— ¥ LT KR, %

0. —5 i THURE R L HES K, %
R S5 AN 5K

AR 25 A B H A 3 R, R B U Y
{8, >R FH SPSS X B4l i 47 73 BT , Excel FEI

2 HBRE5OMW

2.1 EAxH iR ERR M

AR X 6 s B30 AN () s ) [ — R 7 1] 14
PR AL QAR B Tk Sk i G A M,
K3 s

n

¥ =64.84 x +25.61
R?=0.995

0 0.I4 OI.S 112 1;6 2I,O 2I.4

Ji J17K s/m
3 Gl B R 0 K Sk 50 YOG R i &
Fig.3 Effect of pressure heads on discharge of

miostube-irrigation

MIEL3 AT LA H 7E 0 ~ 2.4 m JR T3 7K Sk [
P DR Al 3 N 2 P 4 B A ik 2% P R T A%
PER s T3 7K Sk A 72 A R T 1) S B ol DR 3R TR
A7 U Ak B R 7 7K Sk B i e R R i e TR

7K Sk X AR T O e B S, e W MO E S At
JE B W B AR — BE, B F7 K Sk 2 R B IR 3
ST R T EC 20 S S AR A5 Hh 2 ORGSR
Sk k-FEFER N
0 =64.84H +25.61 (R2=0.995) (2)

A Q—— R A, mL/ (m-h)

H—JE Sk 3k ,m

JE F3 7K 3k %ok b HEK 43 A8 19 52 0 32 3 B A B
TR 1K 3K IR R A BT 19 TR ) B R, A B
AL 2 38K 5 B TR 1K Sk I, R HEAS Rl
TRZ T 13K, A B S kR
% DX SR T K R S A A b, AT B I8 R 4
AR AR 0 BRI AR R S - AR T gk
Sk 5 G 2, W R A R AT Ao T 9 AT
B FAEPIM R E /NI ATk RN AR IE Oy, B
JRA /N IR A, SE B K H s BB R A K, T
LA 5 FE K37, 42 TR VR AR R R A TR
HERL AN

P L b 0 43 B TR T g K Sk R e S O HE O
B SRR S R O TR BN R
SVIES LTS WIPIP S YRR Ik
O RE R SR B . S, R 1K Sl
N5 ST Ab 1R 0 S K R A B T A A B
ZB, T 2l 728 A 35 10 Ak 1 K 4332 sl i 1
U, AT 37K Sk AR i 45 51 ke 4 498 32 2 7L B i 2
J2 - 7 AR B 1 7 A, - S A L 1 B
B, 1 I A S A S 135 A 1 L IR Sl TR A R
TR T 2 375 5 10 R R 45 e S T o 5 R g
Fr K A BLAT B 25 N R S T g R /N
AT o b R O 3 S G IE R W T ok
Sk A S8 TR 3 R VR B A R R R R X 5 S 4
a2 s K GUHE L R S0 45 AR — 80, B/ T
Pl E A5 1F N B A B ST R AE S AR AR ], R O, 7E
ARl T S 3 e R AR A R g K Sk £ 8 T S 9 fone
A A e
2.2 EREWEHNEENZN

B4 SRR REER A0 F 438 Bt A s B e K
60 h P B ] f A Al i 7

phy P 4 A 20 B X O g R A S A
AB A IS A VR o R ) S SR N i PR
A B A S B G T T B B O A H Bt
A5 i B R R (08 I 0/ o 9K 30 h S Ay
Sem PO B B3 AB R 10 em 1K
5.8% VR 10 em YL 15 em K 21% 3 15 cm
() B A B IR 20 em (K 19.4% , ASRIHRVE TR
A8 86.4.198.2.185.9 . 153.7.119.6 mL/(m+h),




12 9

A GE e PR TR ) R R A K 2B Y 5 131

Zit NEH/em
2 o ®» o D
S & &5 & S

5o}
[=]

0 2‘0 4;0 6‘0 8‘0
i ]/h
4 RERET R AL G5 MK A o 2
Fig.4 Cumulative infiltration curves vs time with

different burying depths

Mo R ARV RO E B A B R BN T L.
53 2% B 4 38 i g Bout i A O AT R R ORI R
M), 58 R Ty R T R B T B A LY
(@ o N 4 W = W A O @ K R (BN
GBI IR, H Ry BN & R B ARG T+
5 0 %o AR A Y [ R O 1 R, AT 4 R T (0
B T, TN U R A B RN .

ULk, B 4 38 B R R R R R A B
RALAESCI G, 43 5 KA TR 5 em 5 10 em 1)
43 h Wb DL K3 5 em 5 15 em 1 60 h b, X FH
J2 R BRI b DX R 2k 1) 3 J2 W 1 B ) A T G
(), Ve TR VR i A E SRR S O AR
KPR R, B A B A I TR IR AR
I, 36 B 22 2 R 0 i i e A, L R A B AL
BRI

AR T R A B S0 R 2
BFEMRIECES) , HUA KRG Kostiakov A5
BERL, NSRRI o 2970 0. 847 B4 47 31 TR 72 A i &
AR IR L LN T 8.75% ; NB R E AR
2.95,

1501
1=2.949 8 108464

120} R2=0.9414 .
=
S
i 90}
\
< oo}
o~
Bk

30t

0 20 40 60 80
B i1/

5 RitABESHERL R
Fig.5 Relationship between cumulative infiltration and time
K1 SPSS ZI0i8 A Bl A 73 A i £ 57 [ 7 /iy
In7 =0. 8471n¢ — 0. 3241nd +2. 002
(n=61,R*=0.994 sig /AT 0.001) (3)
XFa(3) BEAT AL TR, 7
[ =7.40:"%7 g% (4)
L I—RiFAZHE ,cm
(—— KB d——3E, em
X (3) BIH A (R 1) R RIFAB R T2
FUBER d AU ] ¢ B9 LR A AT, ¢ M IERE AR T, 4
HPGEWAER 1% ¢ B2 L d B35, 9F H ¢ Fl d
FIATFIEZEAME KR

F1 FWEERLDERSHR

Tab. 1

Regression analysis of factors

A OS5 ¥ 7% bR HE AL R 5

cfif s BT RENE

F K5 BE7 R ENE duoE RAR?

0. 986
-0.133

71.572
-9.64

Int 0. 847 0.516
Ind -0.324 1. 46

<0.001
<0.001

2605.273 1 <0.001 0.994

A (4) AR A [ PR AN [m) I 220 2R3 A8 1
TR KR T B R A0 R B R BRI o AR o fH I
AR EIA BRI BAE D T 0 M o R PTG B
DUE A S RO B AT S, AT 6 BT R
H1 L AT DU X D 3 T 1 LA, R it
IR AN [ B R T AGS B E A B R
JEE , AT 22 5 o ST RS S - R HE S R
2.3 SR X K B 0 $8 1T RS B R i

AR SRR T HEOK 612,24 1 48 h i, 9 116 £ K
VR s M A T TR o

M7 " LA Y, o 4 I 1 4 o s M
B MK - iz B9 S B I () 22 AL A TR . HEOK 6 h
Ja BRI 0 em FI S em B 3 9 B UK OF- iz B8 BB R T
e Fas B IR R T 5 em (TR His BB R T

150

y=1.005 1x-0.311 4
R?=0.964 3

S

0 5I0 1(‘)0 15I0
T e
Pl 6 S I R T A A B A
Fig. 6  Comparison of calculated value and

measured value

KR EE . 12h )5  REER (d<5 cm) 1 HiZ2 F
B MK iz B B B 22 (8 46 /), R (d =10 em)
i 55 /KPR 22 (B R I T A SE S 7 1] 4



132 gk Bl ¥ #Ht

2013 4

w

w [=} O (i8]

—— (O cm

—&—5cm

—— 10 cm

——15cm

=2

12 24 36 48
s 7] /h

IKPAE# B 5 /em

<

g

% 12

I

> 9

% ——0cm

‘2 6 —&—5cm

{mi

e ——10cm
3 —¢—15¢cm

—— 20 cm

0 10 20 30 40 50

I 15 /h

P 7 O [l A PR T M0 02 3% B o A5 K I ) Y O R i 2k
Fig. 7 Changes of wetting front under different burying depth

I R WA K, WK 48 b, TR H s B B Ok
FRFEHIEE ., WHEREEL yOKFEBEE
I B IS A% 0 B 22 Lo ) W] R S A R AR 1 0 AR
i,y BESE R P38 KM B # N, 2 d =5 em I,y 2
1, B K S AR A2 RS I B 3 AR R 45 0 A ) 1
RE ;2 d=10 cm B,y B HAE /N, B K FFE 2 /N
T EL R B TR AR A BT .

A [R) 42 T VEE K R[] P Bl R P 38 0 i 4R
K-35 B8 BE S 7 /)N, T S FS B S e Ok, 1
RN 5 em B, b 3 B 0 B0 V0 5, 9% i B TR 1Y
AR, 2% )2 B0 i 5 Y B R) 2 AR (R S
10 em 1 BEAY S R] A 6. 1.19.5 h) , # PR KR )22
AN B (20 em HERAE U 45 R L R 2
1) .

ST S0 A b 3R O 2R W AR AR R B
KT Al AR R B R R R HiE R

BB 5 M /0N B A E K R Y JE K, S (] B TR
T 5 T FAs B 0B B9 8 T — 350 R X WV 4 K T BE
=8 A RSN - NN L RSy N & 7y 47 )
BN, F B T R K, RO L R N Y R
o AW 58 v oK OF BE B BE SR A A A 5 AT AR
2 U300 T4 Y R Y A T A T M T R 45 08—
0, R THRA K E R 8 1K, R 5EfL
Bl 8 /N 35 S S R /N T B, T B T R 1 R B
i 30 TS B B0 G T A A 2 B K
SR Ry 5 22 [ s sk, PR O T A B R R AL
ViV
2.4 BRINEEEKS DR RHEERNEIG

SR Y i AN [ J2 TR K o o A 7 A —
S AEMEOK 60 h S5 AN [ HE LI ORGSR
TR e B4 A (0 ~ 30 em) AR QI 8 s, K
PR A,

M8 AT, fof i R ) VR T 4 K R R
LA A AR B B 25 S, A Bl A BT K S B
AR, 1o 2 70 A D ] 30 3 e AT, G R R 0.5 em 1Y
FOKFRAE )2 30 em PEALF A 4 HE Sk R
Mo AR T S w0 a5, KT 00 AH [ B B 4

LT K%
5 10 15 20 25 30

|
w

L2 em
2

|
9]
W

|
(%)
(=}

=35
K8 [l 438 KR E A
Fig. 8 Vertical distribution of soil moisture under

different burying depths
IR IEAKEFR (B 2 B — ), B A A A W] B
BLR SRR T L5 e P pE R W 2P
T, B R RG2S o RT  E RE
[f] 48 h N HEEE S 0.5 .10 cm [ 3R J2 3K 31| 16 118 i [H]
351 0.6.1.19.5 h, 3 H 3 5 K FE K 15% LU
b G R 2K AR R, S 15 em
R V6 VP 5 T R AE R LR 2 em b, 3R DA
AP A5 A7 LR 2 L5 ) = 8 K 0 A T B 1) R
PR
Z1 7 HYR 0.5 .10 .15 F1 20 em 5 1 4K
Gk BBk 16.0% (19.3% . 21.5% . 22. 8% Fil
20. 1% , Hop P2 2 /K SR GO S BLAEHE T 15 em,
MW 10 m RZ ., — AT, e 5] R4
AR E EAOC, M AE 15 em B H BT B K ME
FEAR 0 4% ] HE K I (8] 60 h P, 3R TR 15 em 5] R %L
5,0 em Ik,
WAL L A MR, SRR S KR
S AR B 22 5, O IR B A B AN R] X 4R
U450 B g 00 T B4R IR E R4 e — B, R A
W KRB R 5.0% ~25.1% Klﬁlﬁbﬂz
P&k R B2 KE S 15 om SRR, KL
T, A SRS REBOK G RZ B W, RS
HuTE 78 A, I HIR 2R &R Tk oK 4 ﬁ%dﬁ%ﬁ
T HE I /N, AN FEAE TR )2 5 U 1) 0, {FL 2 3R 52 i) {8
TR B AR 5 7 B, 3 170 52 e VR 0 AR R 19 43 A F K
Ay W, PRI 3 R P SR A i T R A SR B Y



12 9

A GE e PR TR ) R R A K 2B Y 5

133

HE . HIAES ~ 15 em J@3E & KN A B il A
EPIIR R AR RS HER/NT 10 em B, £ 48 h
Z P B b ORI KA K, K A R R R R
1%, 3R Ry 15 em B, 8 45 e K(H H BUAE )2
T 3 em Ab, ATAT R 1E R TCRLGE K, 53 Ak, IR
15 em F1 20 em B, 300 A A8 T T O 0 109 7K 2
S S E R K .

25 LA i T Rl SR O Ok 15 ~ 20 em
U] TG RN ST R A AR — 3K
Ay T R R P A BRI — B B B

i SR A A R T B AR O Y,
IR FAAL 2 R ) ol O O P E B R

(2) i K12 B2 10 R 5 S IR L y 2 BE AR IR
4 H R T B/, T B s RS B 32 TR R I D
BEA SRR B OR, LR AR T A IR R N KR
OrAT S BERE i LR 75 B M AR 2 R AR WA AR
KRB, R S A fR T i MR 15 ~20 em Z [A]

(3) Kostiakov #5 B GE AR 47 b 2% 38 A [A] #L I8 2R
A B R S e, A 2 BB R S0 IR Y 3
RN, NGB 4 BRI W 4L

Energy Conversion and Management,

Agricultural Water

3 Hig
(1) i i BB, 5 TR R &R,
& X x W

U BSCH, BE, A, . RE R KEBEORMITEERLT]. KBRS K TR ,2008, 19(6) :60 ~63.

Yang Wenjun, Tian Lei, Du Taisheng, et al. Research prospect of the water-saving irrigation by semi-permeable film[ J]. Journal
of Water Resources & Water Engineering, 2008,19(6) :60 ~63. (in Chinese)

2 Petty J, Huckins J, Martin D, et al. Use of semipermeable membrane devices (SPMDS) to determine bioavailable organochlorine
pesticide residues in streams receiving irrigation drainwater[ J]. Chemosphere,1995, 30(10) :1 891 ~1 903.

3 Koumanov K S, Hopmans J] W, Schwankl L. W. Spatial and temporal distribution of root water uptake of an almond tree under
microsprinkler irrigation[ J]. Trrigation Science, 2006, 24(4) :267 ~278.

4 Golcii M, Pancar Y Y. Sekmen energy saving in a deep well pump with splitter blade[ J].

2006, 47(5) :638 ~651.

5O OBRRZE, WA, ECHE, F. R MOKEM T RIRABREREEWERIT]. KLRFAR, 1999, 5(2): 70 ~74.
Fei Liangjun,Tan Qilin, Wang Wenyan, et al. Infiltration character and influential factor of point source under adequate water
supply[ J]. Journal of Soil Erosion and Soil and Water Conservation,1999,5(2) :70 ~74. (in Chinese)

6 Franzluebbers A J. Water infiltration and soil structure related to organic matter and its stratification with depth[J]. Soil and
Tillage Research, 2002, 66(2): 197 ~205.

TR, RS04 RIS UMM AR R R BR AT AE [T]. P E K AR R ,2012,10(6) 132 ~ 38,

Zhang Jun, Niu Wenquan, Zhang Linlin, et al. Experimental study on characters of wetted soil in moistube irrigation[ J]. Science
of Soil and Water Conservation,2012,10(6) :32 ~38. (iin Chinese)

8 A, RN, W, . AEX LK ABRIEWELIRE )], Rl TR, 2009, 25(6) : 40 ~45.

Li Zhuo,Wu Pute,Feng Hao, et al. Simulated experiment on effect of soil bulk density on soil infiltration capacity[ J]. Transactions
of the CSAE,2009,25(6) :40 ~45. (in Chinese)

9 b4 BEBERE, Zhou Xiaobo, 4. IR F /K AN SARME L HRS ERHE AR [ T]. HEEDUM TR 244, 2012, 30(4) 491 ~496.
Niu Wenquan, Fan Xiaokang, Zhou Xiaobo, et al. Effect of initial water content on soil infiltration characteristic during bubble
irrigation [ J]. Journal of Drainage and Irrigation Machinery Engineering, 2012, 30(4) :491 ~496. (in Chinese)

10 X H X, 24, T RNEWHREKET R L ROABSRIT]. A5%4,2012,32(3) . 871 ~878.

Liu Muxing,Nie Yan,Yu Jing. The infiltration process of clay soil under different initial soil water contents[ J]. Acta Ecologica
Sinica,2012,32(3) . 871 ~ 878. (in Chinese)
L1 Rl R LR i A SRR RAOULICECRE S [T]. s EAESR 2=, 2005, 13(1) ;104 ~107.
Zhang Miaoxian. Optimum matching between soil infiltration body and crop root system under trickle irrigation[ J]. Chinese
Journal of Eco-Agriculture, 2005, 13(1) ;104 ~107. (in Chinese)

12 Patel N, Rajput T. Effect of drip tape placement depth and irrigation level on yield of potato [ J].
Management, 2007, 88 (1) :209 ~223.

13 Lamm F, Stone L, Manges H,et al. Optimum lateral spacing for subsurface drip-irrigated corn[ J]. Transactions of the ASAE,
1997, 40(4) .1 021 ~1027.

14  Camp C, Bauer P, Hunt P. Subsurface drip irrigation lateral spacing and management for cotton in the southeastern coastal plain
[J]. Transactions of the ASAE, 1997, 40(4) :993 ~999.

15 B2, RAE, ERA, 5. FUREHT AR R e BT [T]. madeRol R 2E2E 4], 2000, 28(1) :57 ~61.

16

FIEPY . R THENE KBTS HO R OK S A B LB SR R A2 R, 2008, 35(6) 1507 ~509.

Li Daoxi, Peng Shizhang. Computer simulation on soil-water movement under the condition of different irrigation design parameters



134

gk Bl ¥ #Ht 20134

20

21

22

23

24

25

26

27

in subsurface drip irrigation[ J]. Journal of Shenyang Agricultural University, 2008, 35(6) ;507 ~509. (in Chinese)

Hoogland J, Feddes R, Belmans C. Root water uptake model depending on soil water pressure head and maximum extraction rate
[ C] /ISHS Acta Horticultural 119 I International Symposium on Water Supply and Irrigation in the Open and under Protected
Cultivation, 1981.

THURIE, FhPURR, FRIILL. T Green-Ampt BEAL IR K Sk BUK A BRI N7 RS HORM[T]. AKFI2 4, 2010, 41(1)
61 ~67.

Ma Juanjuan,Sun Xihuan, Guo Xianghong. Varying head infiltration model based on Green-Ampt model and solution to its key
parameters[ J]. Journal of Hydraulic Engineering, 2010, 41(1) :61 ~67. (in Chinese)

HURIE, PNV, 4 K. SRR K Sk AR AR T B 3K iz Sl M EUEAEL T ] ARk AR 24,2006, 22(6) :205 ~207.

Ma Juanjuan, Sun Xihuan, Li Zhanbin. Numerical simulation of homogenous soil moisture movement under varying-head
infiltration of single water Qtorage pit[ J]. Transactions of the CSAE, 2006, 22(6) : 205 ~207. (in Chinese)

EBE, NP, FRIMLL, % REAB KK ST 23K B BAERANLT]. R, 2011, 42(9) 245 ~49.
Wang Rui, Sun Xihuan, Guo Xianghong, et al. Numerical simulation for soil water movement at different infiltration heads[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(9) :45 ~49. (in Chinese)

THIRIR , FAPURR, FR A LL. AB KX LA B SH s [T]. #EBEHE K 24, 2004, 23(5) :53 ~55.

Ma Juanjuan, Sun Xihuan,Guo Xianghong. Effects on soil infiltration parameters of infiltration head[ J]. Journal of Irrigation and
Drainage, 2004, 23(5) :53 ~55. (in Chinese)

SRILL, FhVUX, BIAYA , 5. AR AB KK A AF T 19 Green-Ampt BEHI[J]. Rk L4k ,2010,26(3) :64 ~ 68.

Guo Xianghong, Sun Xihuan, Ma Juanjuan, et al. Green-Ampt model of different infiltration heads[ J]. Transactions of the
CSAE, 2010, 26(3): 64 ~68. (in Chinese)

AN, FWRAe, WA, % BEMEH T MELIFEAS THOKGEBZmOrE[T]. FEMHPK =, 2008, 27(5) .80 ~82.
Ren Jie, Wang Zhenhua, Wen Xinming, et al. Effects of capillary depth on soil water transport under line source permeation of SDI
[J]. Journal of Irrigation and Drainage, 2008, 27(5) :80 ~82. (in Chinese)

FETHE, MR, REW, &5 LS BOR BN LUK I8 88 Fe fp B A M [T]. B 4,2010, 18(3) 1435 ~440.
Zhuang Qianyan, Su Derong, Song Xuefeng, et al. Effect of emitter depth of underground drip irrigation system on soil water
transportation and turfgrass growth[ J]. Acta Agrestia Sinica, 2010, 18(3) :435 ~440. (in Chinese)

ke, REZE AL B AL 3T I T A IR B X A N TR A K B OK A R AR I [T]. Al TRE~# 4% , 2001, 17(6) :
31 ~33.

FHUF, E2TL. EKIFEAS LRG0T ] A HUER 2011, 42(3) 51 ~57.

Li Shuqgin, Wang Quanjiu. Simulation of soil water distribution under vertical line source infiltration[ J ]. Transactions of the
Chinese Society for Agricultural Machinery, 2011, 42(3):51 ~57. (in Chinese)

RIS , J5 FE R 3t S0 0 X B Kk o AR R e A 2 [T ] 9 R HE K 24 4% , 2008, 27(6) :48 ~50.

Chen Peng,Su Derong. Effects of subsurface drip irrigation on soil moisture and underground root distribution of turfgrass[ J].

Journal of Irrigation and Drainage, 2008,27(6) :48 ~50. (in Chinese)

(#5163 T1)

20

21

22

23

24

25
26

27

28

Fjellerup J, Gjernes E, Hansen L K. Pyrolysis and combustion of pulverized wheat straw in a pressurized entrained flow reactor
[J]. Energy & Fuels,1996,10(3) :649 ~651.

Collot A G, Zhou Y, Dugwell D R, et al. Co-pyrolysis and co-gasification of coal and biomass in bench-scale fixed-bed and
fluidized bed reactors [J]. Fuel,1999,78(6) :667 ~679.

Roy C, Lemieux R, de Caumia B, et al. Processing of wood chips in a semicontinuous multiple-hearth vacuum-pyrolysis reactor
[M]//Soltes J, Milne T A. Pyrolysis oils from biomass: producing, analyzing, and upgrading, ASC symposium series 376.
1988:16 ~30.

Janse A M C, de Jong X A, Prins W, et al. Heat transfer coefficient the rotating cone reactor [ J]. Powder Technology, 1999,
10(6) :168 ~175.

He Fang, Yi Weiming, Yao Fusheng, et al. Simulation of biomass pyrolysis in down flow tube reactor [ C] // International
Conference on Energy and Environment, Shanghai,2003:233 ~238.

Colomba Di Blasi. Influence of physical properties on biomass devolatilization characteristics[ J]. Fuel 1997 ,76(10) :957 ~964.
Janse A M C, Westerhout R W J, Prins W. Modelling of flash pyrolysis of a single wood particle [ J]. Chemical Engineering and
Processing ,2000,39(3) :239 ~252.

Rath J, Steiner G, Wolfinger M G. Tar cracking from fast pyrolysis of large beech wood particles [ J]. Journal of Analytical and
Applied Pyrolysis,2002,62(1) :83 ~92.

Stenseng M, Jensen A, Dam-Johansen K. Investigation of biomass pyrolysis by the rmogravimetric analysis and differential
scanning calorimetry[ J]. Journal of Analytical and Applied Pyrolysis,2001,58(4) :765 ~780.



