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Effects of Soil Column Heights on Movement of Soil Water and Soil Salt
during Evaporation under Perforated Plastic Mulch
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Yangling , Shannxi 712100, China)

Abstract

Through laboratory evaporation experiments of soil column with different heights and mulched at
different open-hole ratios, the difference of the distributions of soil water and soil salt and their
connections were studied at different heights of soil column. The results showed that, the variations
between cumulative evaporation at unit depth and evaporation time fit Gardner’ s theory for all the soil
column heights. There were 2-variable linear functions between cumulative evaporation at unit depth,
evaporation time and total soil height. There was relatively good relationship between cumulative
evaporation at unit depth and total soil height as well as open-hole ratios. There were also relatively good
relationship between cumulative evaporation at unit depth by unit area of film holes and total soil height as
well as open hole ratios. The smaller the total soil height, the larger the variation ranges of soil salt
content at unit depth and soil salt concentration. The total soil height was a factor that influenced on
upward movement of soil salt. Because plastic mulch with open holes restrained soil water evaporation
rates and also affected accumulation of soil salt on soil surface, it was effective to decrease soil salt
accumulation on soil surface by decreasing open-hole ratios of plastic.

Key words Open-hole ratio, Soil height, Cumulative evaporation of unit depth, Soil water and soil

salt movement

Yo fe H 3. 2009 =10 - 15 &8 H #. 2009 - 12 - 11

* [E 58 3 SR AL 0k 4 BE B B H (50709028 )

EF B . Aady, kA, FRAGARA KB A AIATSE , E-mail: lafang_020@ 163. com
BIRAEE: 2R RIZEE, EENFALOK - TRIF, E-mail : liyikitty@ 126. com



9 1

YT A EIRIT LR R AT LR X K Hhis B 12 i 51

51

RN, 2R ARRAAE YR, BRI L
PO T R HOK T A RN R
TR BRI, R K o kR S R
SR RIE AR o T L 2 I PR o AR R
Sy ) TR A L A A TR T A Ol
{ELTT LA 2 52 W) o 181 28 ¢ 5 A R 1 3K 23 1A 8K
P 78 A A rh ) R R SR A E B

H T i) K O3 2 S i) S 2R 1 ERR R 0L
N0 P TR] 3 7K 73 28 kR BB RS N A
o 032 AT FRCE 7 i 47 A R R B 4 3K o3
7R AR AR DL B AR AT — R A S I (R TR R o
FEEIC. P, TR A A R BE 4 380K 73 28 K e ik 2
A) Y IE 2%, 9 0 1 28 A 1 2 B o0 A R R . DU
TE BN A xF T OB IT LR F T R 78 R B 5B
BT RS B W B - A R e AL A &
IKERIBRE BT o R e, AN SCE R Rz A g
AAEZEAE T X 4 ZANR]  BE EAE 2B 4T 6 LI
TR LR AE T 128 S5, o0 W B BT SL 28 R A6 1F
TR R 5 b R B Y O AR, T A
) vy B AN BT AL RPN R Z2 5 AF Rk $his
Mo ML, BE N A I R B R e it 2%

1 #REFZE

1.1 i N ERMER

SOk A B RS B, R RS RE R
AT a0 S 0 AR Wy R o SR SO
JEASCIN A5 4 BE AR R R R OB A A BN
14. 1% \46.9% F1 39. 0% , 2 W& [E P £ 58 Jit 3t 43 2K
AGER M D T o R ML R I e KT SR,
FEFAFRTIH A, FI K00 0040 R 7k 6, i - 45
AT FA A 2 7K 43 5k 0.043 0. 415 em’/em’
Bt - FE 10 g, T 1050 K He e 18 38, R %
30 min Ji5 {24 h, AR RS I 30 mL IR S R
KB T IE o, WA LEGESHEN
29.3 mg/¢g,
L2 RWHE

BREIFFLZE Z IR K R G A N R 5
LR FRIE RS . AR RER A PVC & I T A, B
¥ 8.4 em BEJE 0.2 em, 5 43 5 2.5 .10 I
20 em X [F]— R BE kA 6 NS [ 119 7 T £L R T
I HE AT 2% &, A 26 7 I T L 6 Sk B O AL T
P E AR R AR 2 R R T vk 1 B
BETF AL 5 5 0 (4 B M) . 0.69% . 2.78% .
7.71% \18.70% F1 100% ( AN ) , H A FFfLE A

il

0.69% By fL4#% K 1 mm ,2.78% 7. 71% F1 18. 70% b
FLARARTEI B 2 mm, JEE AL 528 A 4 R 55 () BE 43 A,
1R . IR SR A 250 W S 20 4T, 763X 56
AR R FEARE , 78 AR 08 v A g A AU ) B [
FE N 30 em, 7R ZE A [A] A 5 A A R 4R T AR [ £
78 UL 7 7K T 28 o, A AR 3 36 2% 10 T 1 oh 37t
KAZEKRE SN 0.001 em/min, P55 i B2 OR 157 7
(25 £3)°C,

® ©
1 BRI LR A

Fig. 1 Distribution of open-hole ratios
(a) FFILEE0.69% (b) FFILH 2.78%
(c) KT 71% (d) JFFLA 18.70%

EREYI IR K I E AR 0. 326 em’/em” IR A
S5, HE BB B (1,35 g/em’) 3R 514 A £
HE o B R 4 R — 5 LI A [A] R B E A
Bt AR RCAE L R F (LP2102, R 0. 01 g)
R DURE I E A R A % i B R i AR A
YIS 3 Y AE Y B 28 S R A AN W] A I 2 R R
S, BERNAF R R B 2.5 .10 2 20 em AT B A 2%
Jk B[R] 43 3] 52 2 070 .4 260 .5 700 17 740 min, 7&K
157 16 J5 S BITE b AN ] T8 B B, TR D E A
TR BB AR R BT IR 29 20 ) B0 ¢
TR RL LS HOK IR R o XA — AR R 225 min
JE T E 24 h SRICGR)ZH 30 mL g, R HIHE 5

E & it

2 HEROW

2.1 TEHEZRKSELE
2,11 ARG X A IR B B AR R Y R )

X AN ) A A i B 1 ok U, A A R B R
KRR R REAKEE T, RS KRS LIRS
JEARE 22 R o A e B A AR BE 2 5 I
FEZE R o R Ak 3 1 A8 Ak, AN TR) e B AR TR
JEE AR B A R DXl B A B R 2K A AR Ak W X, F
FEAESE , BARZE K5 ) 5 AR RGE e R

E=a'" (1)
A E—FBFEkE,cm
o— 5 IR A G R AL
t—— 7% K W} [E] , min

GO T, 8 SCEA TR FE R R ZE K i A [ ) %)

RRZE R 5 A B L, B
E, =E/H (2)




52 o Bl B ¥ iR

2010 4

{rp E,—RARERY
H—— 1 RS em
AN TR) A i B Y S TR B R AR 2 K e B[] AR
b E EiRER, W2 SR TR EAEAR K
e 5 IS P B TR B R R A i T [ 8 Ak A, R
- R B TR SRR R i B R b A EE R 2 g
P/IN A E RE N B TR E RAR AR R AR AR R
20 cm AR B L H S 10 em £ 4 2 100 min
BT B R FRZE R A 22 1.3% , 5 5 em 4%
780 min B AN IR E RRZE L wAH 22 1.5% , 5 2
em T FE 300 min [ [ AR B R B 28 R A 22
2.3% ;10 em B IR BRRZE L H 405 5 em LA
1 600 min B i B0 PR BE R AR ZE R A 25 - 0.26%
52 em - HE 480 min B 1Y B0 R B B EHZKE L A 2
-1.33% ;5 cm AR E RMZEKES 2 om 1 4E
840 min B Y FAAL IR BE R L A 22 0. 13% . +
v B2 /0N B R B R AR 2R K 22 I N . B
TR BE B i /N AN ] 1 e B 1Y 78 % B () 2
LRI, R e N 7 e B TR AR Tk R AR
i, A TR] ey BE AR B R BE R AR R L i S B ) AF
HLMELR

H2€ & & ,g/cm

E, =At"? -B (3)

A A B—HGSH

- 04r o 2em

g —o—S5cm /0/.

& 03k A 10em ¥

11\\3{ ’ —x—20cm /,/

S /

¥ 02} It &

K o

= ¢ A

W A

0.1H d J:FDDD P

X DF/D e e XX

& o XX —H

=) xxx )

0 30 60 90

A5 H /min®S
B2 B R R B A R A
Fig.2 Variation of cumulative evaporation

for unit depth with soil height
Al LA B A M B BILS LR 1.
®1 E,-HEERBXRANSERIESEZUE

Tab.1 Parameter variations with different heights of

soil for £, — H power function

AR/ em A B R
2 0.009 0 0.046 7 0.979 1
5 0.003 7 0.0200 0.993 1
10 0.0019 0.0106 0.9951
20 0.0009 0.0050 0.9973

HI 1 Al UL AR A S S8 A B B
A R S s AR RO, RS R
WEMRER LM R 5 AB B A 5 A2 L ]

VA5 2 R B R A 5K
A=0.0182H """ (R*=0.9993)  (4)
B=0.093 1H """ (R*=0.9985) (5)
B3 (4) C(SIRA(3) MR 1Y E,, 132w
%i%%ﬁﬁﬁmm‘ﬁ
= 0.018 2H "% 4" - 0.093 1H """ (6)
2.1. 2 iﬁimr“%u%ﬂ%%ﬂ$ﬁ$ufﬁi§ i
o ivg Al
AR ANET K 3 ) LARAS AN AE 4
T2 8%, K78 A T S i 2 K 7R SO B
97 i B R R is R o BT LA AS [l R S B B
T R HOK O R B A . RO e — BER R 3
2 e (S N b & 8 R SV S = S
e, - el HE 22 10 A7 A8 B 2 R 2 K 4y BT
BT AL T AN (7] A g BE Y S0 TR R AR
I ] A2 AL B AF 4 Gardner BHIEC R, X TR
IF] 1 B LT L%, 78 K SR BOAN R Il
B3 /R 1 10 em i B A AT A A ) BT LR
ZR T B AR P 2R 2 i N ) A2 A e 2%
ROVZE AR, 420 — B o) 728 A i B2
R R 78 R ARSI AR, A B SR R
BOR, A B R 78 SR B — FLR S e — e L 3
AR BA A AN [ BT AL AR AR AR e

A B TR B R AR A8 S B R AT L BRI L, A T e BE
TAE R AT R A RS T A

[ A4 o BE AN BT T LR R KRB £ 2 H
AR S GRS AT B A e B A EOT FL R R

M F) 76 A¢ 2R 40 o (L
T 015 ——0
g - 0.69% o
2 .~ 278% &
= x—7.71% o
po SR T o .
W o—100% & ,,x“x, x
=4 o X
= vo' - % X A
g 0.05f P : x -
i o xTxe P -
22 oo RETT A w
X R
& j sﬂﬁg’; i!=-' % : . oo 4 See & |
) 20 40 60 80
It IHJ VI /min©3
B3 AR 78 K 12 4k
Fig.3 Variation of cumulative evaporation

unit depth

Hie 2 W UL, X AN ] g B A, JF AL RO 0 (&2
B ) I (9 28 A R B o« BN O, LB IH 3 B4 T 7%
RBBAFAEKZ T E FER)Z KL IBE X
PO, TR 78 R R A N e SRR R R 22 5 M
BEITFLAR i 0 4% 2 100% I, AN [A] o B2 4 FE 10 28
RBB WM . VLB IR K R R o LRI E K
1 HORTE B E R 0 ~ 100% 15 T £L 28 % 15
A ZE R RS a MU, AT A o — o B, AS ] o JEE 1



9 1

YT A EIRIT LR R AT LR X K Hhis B 12 i 53

FEI o — o, th AL BT L6 300 K T 380 A, K o
HE - AE I o — oy (55 B IBEIFL 3 16 56 28 T L
KERM N
a-a,= Clnu+D (7)
A w—ERIF LA, %
C.D—HESH
o, —— R 2 R BB, A AR AR AR /N IR
Horp I 0. 0003

x2 AEABEBRAAENIESERLMTHERRZY o
Tab.2 Evaporation coefficients « influenced by

different open-hole ratios and heights of soil

RN BEIFILR %
/em 0 0.69 278 7.71 18.70 100

2 0.0005 0.0023 0.0041 0.0055 0.0069 0.0090
5 0.0003 0.001'1 0.0016 0.0023 0.0028 0.0037
10 0.0002 0.0006 0.0009 0.0012 0.0015 0.0020

20 0.0001 0.0003 0.0004 0.0006 0.0007 0.0009

B3 B T AR S A o - o b w B
PR BN, o - o, BT FL R A AL E B
K, R 10.20 em A1 o - o Bl TFFL R A A5 1L
WEERE MM . X o — 5w AT SRR BOE R AT
B AN TR AR B A O R B R T 0.977, 43 #
Bl 4 b A BE 09 X Bk B RT L, 280 C LD T A
fEREH RS Km0, T BOR B R RN A

C=0.0013e"™" (R*=0.9317) (8)
D=0.0021e """ (R*=0.8950) (9)

W) () RAL(T), HH (T HRAK(D)
APAS ] BT AL K R R 3 IR T
() B R BE SRR 78 K i 1 BREOC R

E, =(0.0013¢ """ Iny +0.002 1e """ 4

0.0003) ¢* (10)

0.009r —<—2cm —=—5cm
—a—10cm  —x 720cm - —

=3
[=3
S
(V%]
=T

a-ap/cm-t~03
o
(=3
(=}
[=3}
" '
| \
| \
| \
| \
|
|
|
|
|
[ ]

0 25 100

BRI %
B4 TR R A o — o FifRSEEEFF L 238 11 A A 34

Fig.4 Variations of (a —«,) with open-hole ratios for
different heights of soil
K 3010 ) X ek ] 3R 53 0, T 45 5007 R JBE 2 K 5t
JE e, WIS T] BE BT L3 B 1A oy B2 A2 A 114 o BOE
5t
e, =(0.0007e " Inu +0.001 1e > 4+
0.0002)¢"? (11)

(1) A T 5 — i %0 7 T LR G R
PR RARIR B A TR R R R
2.1.3 M AN BT L 3 ke B A7 L T AR

PLVR B BB R K 1 5 1)

W e — BT AL N R BLAL IR B SRR R
5 B T LB T AR 2 L Sk RS S AL T AR R
W R LR (E) " St R £ WL E,
Wi 7 B T L 6 g R 2 R ) 5 B T LRl 0 ~
100% B, AN [6) 4= 4 8 B2 25 1 N 1Y B B 8 A
K, H TG KER I ST R & b, E Bt 7 T FL
AR OC F R TR O R LA B A OC R BUR &
PR AT R FH 1% bR B0 A AS ) 44 8 B 1Y) B Bt T AL
AR B

E = Fu’ (12)
A F S—aSHK

FRIFALRENR O E, ;S <05 A [m) 44 & B 261

T F.SMMAENES,

R3 E-uRBREBXFZSHBLIESETLE
Tab.3 Parameter variations with different heights of

soil for £ —u power function

AR E B /em F S R?
2 0.2361 -0.7552 0.996 5
5 0.1408 -0.7549 0.997 1
10 0.0745 -0.7825 0.997 2
20 0.0530 -0.7742 0.9975

HI 3R 3 AT, TR AR B FOBE R s Y
B SR 0N T 280 S AR AR /INBCHE 244, i T
A (12) 88O 1, I LR AE 0 ~ 100% ), JF
FLABIN E BROR 5 A e B RO it £ 72 A i
Ao K F O AR A Ak ] 5 A5 38 O R B 2R A 5

F =0.3836H """ (R*=0.9878) (13)

X (13 FRAK(12) I E, 7] 2758 S IF LA A
AR B T o B

E, =0.383 6H "7y %77 (14)

2.2 TEEZHHSFE
P2 SV [ 7 N=193 200 DA

K AR Ay Y R Rl SO 13y is
BNNEN ) 1K Iy 2 R AR BOR A i 4 b
Bale, TIEE N RRALB™E, A THEL
HIhs BRI R Y — N R LR B A
TEoh e, £2— W EIE R T 8
X202 g e T K 4 AN R 3 1952 B0 Ak 06 2R
FECIE DR B B, I R RS R
B T S KR E R RIE . R R RS AR =
AN TR B R i RN ER VR BE A A A& S PR o



54 o Bl B ¥ iR

2010 4

i /mg. g
0 5 10 15 20 25

—o—2cm
—e—5cm
—a—10cm
—x—20cm

VAJE/em
O ()}

(2)

KlS  Te] e B A

B PRI /mg. 1!

0 300 600 900 1200
L
W
3 ]
5
%( 6% —o—2cm
- E —e—5cm
of —a—10cm
x —x—20cm
12 >‘|(

(b)

A R O A

Fig.5 Distributions of soil salt content and soil salt concentration for different heights of soil
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