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Fig.1 Schematic diagram in different vegetation coverage areas

£ 1 RRHA G & KA KR

Table 1 Basic conditions in different vegetation coverage areas

A i BT FEW 2 25 FE 1% EEM T Main
Vegetation cover type \Vegetation coverage forest vegetation

T
EIEE, A
NG

& #F Clear farming 0

HARA B
60%
Natural grass

K& Soy 30%

2 MR57E

2.1 FINVIAN ST

KHRENE LK NER, ARRERA
20 cm, APMAE4R A 35 cm, 1 30 cm, AR R AR
PRI TR B AT N 358, RN 12 em. FF4G I
SE I [a] N IR RO IR A AR K, A K 2 T B AR &R
FF 8 cm, I FH 22 FH VRS 28 Bl I A2 N IR PN VEZK, BAUR AR
FEW KA — 5, W5 A7 B[] P 9 2R BTN IR /K &
WEFFUEET, &5 minids LIRIEFENKE, BEIIA
BISEIFRE, BNBEEA 120 min, ZEfivhE g
KSNBER, NBRKHTHERIDy.

f=via , L

R f IANBE (mmimin); v BRI TR HNK &
(mm®min); a NWHEH (mm»), Kikd, a
N 31 415,926 mm®, EHUEIRYIA NS HE R PN
B FE R E NS B NP LB MR 1 5
KFEhR, HAHLIEYILEANBEE (mm/min) &)
NBI LB E AR, ARRISIEHRT 5 min -7
NB BN RYIIE NB R EZE; P NBEZE (mm/min)
O E B BN S N B TE R B ME; RO NS
(mm/min) Y AZIA B E B IR ISR,
2.2 TIRAEFRREAFLIEENE

£ 3 NN FIME 478 75 X A R TR & SR L, )
BERERE LR, KRN 0-20 cm, REJEH
(o] S % N AT AR R RIERALRREE . B
FUBEEE . JEBE LB M 3B SR i e . Hor,
PARFR 5T &R AR JIVE I g , e FL IR L AR 4 A AR o
T, AR ST E=] (LI E- 11k
AT R [ HIELE]<100%; BEFLEE. FEEE
FLBG SR R f o i I s 5 Bk R R ML T
2y s o NSRRI A AR & . FLERAE B & /K 1
ME T 2018 4F 10 A 9 Hi#k47.
2.3 TI|MNSIRBIRSE

AT FUE S Philip #5724 Horton #7 . Kostiakov
65 AR 3Tk DS [ b B N [X SR - 398 N 95 3 AR AT A
A, 1R 2 Fiw.
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%2 EHERHPNEEAN X RS KB
Table 2  Soil water infiltration model formula and parameter description

A 4 FK Model name 3\ Formula

2%t B Parameter description

Philip f () =(1/2)stM2+fc
Horton f (t) =fe+(fo-fc)e™
Kostiakov f (1) =at®

S oNHIEK 25 fo AR E ABE R (mm/min); f (D) IABERmmimin); t ANEIE/(min)
fo 5 fo 23 HINFIIE N B R RS E NIBIE R, K NI SH F(O NS EZ (mm/min); t 9 B a)/(min)
a NYIIENB R (mm/min); b AEERATG f (D NABERMmmimin); t A NBH E]/(min)

2.4 HEALE
K F SPSS 21.0 HHT WA AL, BEAILA K
Origin8.0, F|f Excel 2010 i#:47H &l

3 BRGNS

3.1 NEHEWE =X TIRAVIIBYFE

W% 3 i, ANARE A7 21X 0~20 om 4= 35
WA AN LB AN, BRI AR F X RS,
WA R, AL R TR AL, 4

MU RN, SILBE R KRE XA T HRA R
XFEREX 2 (0] WR/NFLBRI A A tE LR, FARE
R BEILBE RN, JEBEILBE R KE XN
RIANBEILRE RN, FEBEILRE R, HHIX
2 FFLBRFLBR AT H AR AE X FIK X 22 (7]

EHHX 0~20 cm 2 YIRS KRR, N
10.44%, FREEXHMK, 4~ 9.43%, KEXMAT
TR AR X 2 6] . AR 36 X 0~20 cm
-2 IR A E K E N 36.34%~39.22%.

% 3 TRMAEERX 0~20cm L& LEHITH R
Table 3 0~20 cm soil layer soil physical propertiesin different vegetation cover areas

A8 o R AR (gem™) WIREE 7K 1% SALBUZ% BEILEE % FEBETLB%
Vegetation cover type Bulk density Initial moisture contet Total porosity Capillary porosity Non-capillary porosity
& #F Clear farming 1.3640.05 10.4420.02a 48.65+41.92 40.37+1.56 8.0840.74
4R ZEHE Natural grass 1.4140.02 9.4340.02¢ 46.9140.63 38.0242.04 8.89+1.14
K& Soy 1.3810.02 10.0840.06b 47.7820.89 41.2540.68 6.5340.12

I S E T RN 22 7 1k B KT (p<0.08),  RIFL

Note Different letters in the same column indicated that the difference reached a significant level (p<0.05); The same as below.

3.2 T REIEHBEX T IEK D NSHHE

A FEREYE X E B SR BTy 3 A
BB (Bl2). OANBBRER B (0~5 min): NBHIHA
TIRE KRR, NBKSESTIRERT, T
BRHYGE L . S BN DIEAN B R, AN
AR B A ) 2R R B . @ NIB AR B (5~35 min),
IR B 2 B K 7R B AN 51 IR E ) EH I A
TIEFLBE R, IS R I PG A AN X A,
H AR AR B XN IS o 2 9500 Tl B B R R T 3At 2
FKA/NX, % 35 min I H AL R X 5 HADR 2 F/h X
I NIB I 2 DA Y . @F2 @ NBBY B (35 min &),
FIRFLBR WK 0 FEFE B G, KA EEIER T
[ NiBE, NBEEMNRRE, NRBEE,

H3 4 AT, AR B 7 a6 X 3K o NSl %
HA MR &S, YIENBEERK, NS
HRIRZ, FRENBHEER/N. 3 M/NX LEYIHA
BHERRIN: ARAEREX K, A 4.9020 mm/min
TEHEHX R, v 4.058 5 mm/min, K5 [X /)N, Hy 4.055
3mm/min. HRE R X HIEYIIE NS HFH B & T
BIX. KEX (p<0.05), MigHiX. KEXEREAN
B3, FRENSHEEN: HHXER, HREREXIR
54

Z, REX N, HAEMKIR y: 1.952 8, 1.743 5, 1.559
7 mm/min, 3 FiUN X 2 ] 3R E NSRS T2
Z 5 (p<0.05). “FIYNBHBRIN: EH XK,
KEXRZ, AREREX /DN, HiEHIXSHREE
X, KEXEIERFYNSE R Z R, 1 ERE
HX 5 KEXERAHE.
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Fig.2 Soil water infiltration process in different

vegetati on cover areas
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X 4 FRMEME E X L ENB A
Table 4 Characteristics of soil infiltration in

different vegetation cover areas

WRES e v e
. EILEPANT 3t FRINBEE [SVPNT ST
- . Initial infiltration ~ Average infiltration infiltration rate/
\Vegetation L L1 il
rate/ (mmmin™)  rate/ (mmmin™) (mm min™)
cover type
k=
HHEClear ) heacan1631b 231224002382 1.952 840,035 1a
farming
R
AR 4.902 0+40.009 8a 1.960 840.015 5b 1.743 520.004 5b
Naturagrass
K. Soy 4.055 340.041 Ob 1.982 620.010 5b 1.559 740.000 5¢

3.3 HIBENSIRISHT

K F Philip #%4 . Horton f7% A1 Kostiakov # 7
XA [RGB 78 75 X LK NS B TG, TR
ANFERER I EIE (K 5).

Philip iR, S RoREIERIBR, it 3%
NIBREJIHIR/N, SAHMUR, Fom LIRS R TR
MINEEERHKE, SERIMKICI KRG X R, Hik
NERERX, HER X RN, 5SS E W ZE .

IR E NIBEF fo JEHF X R, R B ARAHIX,
KX/, HSEE RN —2, H5S0MEF
TE—EMZE o

Horton #84rh, fo AREHIIENBHE, HHIX S
KB X LIEYIE NBIEZE 558 4543 mm/min,
4.594 mm/min 5 SCIEA ZE RN o IR E NIBHE
fo IEBEX 5K, A 2.006 mm/min, HGE B R4 HIX,
A4 1.796 mm/min, KE X/, N 1.592 mm/min,
FAD S &5 55 SHIME KNI — B HARW ZE 5/

Kostiakov #i7d, Z¥ a NEKNBREL a
B EEm K KA LS KR . Bt FEHL
JR DO, a N SRR NS R R IE L, S HFX
HARERX  KEIXH) a {67374 5.667.6.102. 6.624
L SYIaa NiZE R RN A—8, WG SRS
SEMAFAE — E i 22 o

Philip #%7%!. Horton 14 F1 Kostiakov H5:7 1]k
SERE RPN TR e BB ERERZ S
T I it ) 45 SR, Horton A7 3 NS FE L&
SORIAT, Philip K2, Kostiakov 2B % .

%5 NEMHAEE X LIENSBEA LS KR
Table 5 Fitting effect of soil infiltration model in different vegetation cover areas

R it S Philip #57 Philip model Horton 574 Horton model Kostiakov £ % Kostiakov model
Vegetation
2 2 2
cover type S fc R fo k R a b R
vE
it Clear 12.053 1.365 0.846 4543 2.006 -0.059 0.824 5.667 0.236 0.829
farming
HARAERL
13.244 0.919 0.704 15.826 1.796 -0.302 0.932 6.102 0.302 0.630
Natural grass
K& Soy 14.595 0.835 0.900 4.594 1.592 -0.056 0.886 6.624 0.320 0.895
43 i PRHEAS [F) El 2E 280 133 K 73 NVBRFAIE S B2 Wi R 3R 1)
AY

FIEIRIY NE KD — D EEIAY, R

SE T FERFA N T HOK A BARRUR IR, HAZEE
FEKBRIR AR . IR B AR R N AL
LA NE T RN RE I 4R s .
t, RELROVIIE NS RGBS RE VIR A
RIGAIRRY], AR EREX LGRS E R B
TIEH X AR EIX, X5 B R X AR & R
(60%). HIEIPIIR S KFICAE K. ZEREDIR

FE, LHEORALE (AEBE LD £, MAERER (N
B) PIHEARAE T AMBERRES, AR EEZ 4K
SR IR FLBRIAL 2 T S5 e <0 AR
STV 8 Y M — 0 QIR A S 5 1 3 - [X g Y
TR R IR T D, AR B A FLI X £ 3%
NBHI TR, SR NB 3R BB AR
Fo [FRE, WABASECT0 G A T B, HEAA

WEFCIR R B, S L IRHIIR NBE R FUE NBHE R
M EZREFN LR EARE, HEEHXKR.
H AR A A B X 4 AR S KR BRI, T HARE R X £
HERHTHE NIB R R I X5 SR 2 PO o 4 SR —
B Ho e b m R K NSRRI AT AT U R B
2 0~20 om FIEEIKREURIT, LHOK DI HIIGNBE
FIEL o FRTENBIE AR T LR BRI ) — D
bR, AulIngIREY, AF/DX HIERENER
TEREIX > [ AR A B DX > KL X o 16 A A 2 P
R, FEBCE f0 R e NB R AR LA 2, AR Y
ok B, RIS, (T AR EPANS E  X B 41
B IS S AR AU 5 LI B T S
AL 18 . EHFIX I S 0 0, T Bk DX A2
ANBFRRTHREREX ARG, ZadTEXA
NRIBHERRE, HIEEONERL, AUS LR, K
FLBE A2 o TR E X ATIR N R E B H
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Bih, XAlfe s ke X HIRAARE R, HRFLK
AR XIEESEPIG IR R, HRsER S
AR R, SILREAEREHRR, Hp LTl
Bt B St - B M e P AR B F oK R AR S
(056 AT LA L I X AN [ e 6 70+ 4989 3 i
T s R 2 ORI AL AAS AR Rl 408 o - AR i
N, RFLBREERRR, RHOK NBHREK, N
REHRPREEAMER, 5EFLREREMG. ANFE
FEWE 7 25 X TIEAN B HRIRIN . HIE N B EF>
TEINBERSFEANBER, X 5EEEEN R
N PR IR R AR AZBRAR . KRR, BT S8
PEHhIX 5 FhAS [F] R 5 X NBRHE R 7L
ZER—

iz A Philip. Horton. Kostiakov f7ix 3 f: it
HL TR Sof 21 A8 B MRAN [ AR B 7 5 R K o NS 2
HATHLE KL, Horton NS RG 21 R 22 B ARAS [ 46
P78 55 X ISR LE RO A, X5 A5
CU8Y k- 7 - X FROIT 7 285 Ve AR AL 70 7K A5 2900 K
AT AR L e B X 33895 08 M AT B 9T 0 R
Kostiakov $8L & %R £ 4F, Horton £24 2, Philip £
RPN B R I 72 o T 98 X3 PRI AS [R) T A 3 A TR 41
HEMRERMEZEFER, (HEFHE—BRAA

5 4 ip

1) AE Y 78 26 52 M 21 R FEAR 3K 73 NIBHHIE
TE R R X IR W) UR N2 R 8 NS 57
A 4.058 5 mm/min F1 1.952 8 mm/min, HR4EE
XA E4Em 7 LBy AN B EE, 15 4902 0
mm/min; K& X LY NS E AR E NIBH R
PR T AR R ANEHIX .

2) BRI G T Mg SRS, A ddEm 7+
BAERE LB, MM T Wb NERE;, 57
BEAHEE, KOS X FEAC T 3 LB A B FLIR
FE, FEAK T LIBYIE NIBE R AR E NS,

3)Horton B4 R S U, Philip AR 2,
Kostiakov A58 (140 & SR 2
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Characteristics of Soil Water Infiltration in Different
Vegetation Cover of Jujube Economic Forest

LIU Huanhuan®, WANG Gailing"*, YIN Haishan?, HE Runping®
(1.Institute of Resource and Environment,Shanxi Agricultural University, Taigu 030801, China;

2.Institute of Plant Protection, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China;

3.Agricultural Resource and Economy Institute, Shanxi Academy of Agricultural Sciences, Taiyuan 030006, China)

[ Objective] We aimed to study the effects of different vegetation cover on soil water infiltration

characteristics of jujube economic forest, to simulate the soil water infiltration process of different vegetation cover
and select the optimal model of the study area. [Method] The soil water infiltration characteristics of jujube
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economic forest under different vegetation cover were conducted by using the field double-ring infiltration test
method.The soil water infiltration process of different vegetation cover areas was stimulated by using Philip model,
Horton model and Kostiakov model. [Result] W The soil infiltration rate of different vegetation cover areas showed
the initial infiltration rate was the highest, the average infiltration rate being second ,and the stable infiltration rate
was the lowest; @The initial infiltration rate of soil in natural grassland was the largest,while the average infiltration
rate and the stable infiltration rate of the soil in the clearing area were the highest, and the initial infiltration rate, the
average infiltration rate and the stable infiltration rate of the soil in the clearing area and the natural grass area were
significantly different. 3The Horton infiltration model had the best fitting effect on soil infiltration process in
different areas. The fitting effect of Philip infiltration model was second, and the Kostiakov infiltration model had
the worst fitting effect. [ Conclusion] The characteristics of soil water infiltration under different vegetation cover of
red jujube economic forest were significantly different. The Horton infiltration model is more suitable for studying
the soil water infiltration process of the jujube economic forest in this area.

Key words: Jujube economic forest; vegetation cover; water infiltration
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Three-dimensional Model and Verification of Soil Wetting
Front Migration in Negative Head Environment

ZHU Jun, LI Ting , XIE Tian , ZHANG Aiming”
(China Institute for Radiation Protection Key Laboratory of Nuclear Environmental
Simulation and Evaluation Technology, Taiyuan 030006, China)

Abstract: [ Objective] This study aimed to control soil water content more effectively and guide water-saving
irrigation. [ Method] The sand and loam in Yuci area of Shanxi Province were selected to establish soil wetting front
migration experiments under three kinds of negative head height(0 m, -0.5 m, -1.0 m). The negative head soil
moisture wetting front migration test and Hydrus-3D soil moisture migration numerical model were used to research
the law of soil moisture wetting front migration and the validity of the model. [Result] The cumulative infiltration
increases with the increase of time, and also can be expressed by power function. With the increase of time, the
wetting front gradually expands to horizontal and vertical directions, and not only the curve presents a 1/4 elliptic
shape, but also the maximum wetting distance with the square root of time can be expressed by linear relation. The
infiltration velocity of wetting front decreases with the increase of negative head height and can be expressed by
power function too. The measured wetting front envelope area at negative head of -0.5 m and -1.0 m was used as
model validation data. The deviation of wetting front envelope area between numerical calculation and measured, is
0.51%~7.21% for sandy soiland 0.22%~16.03% for loam. [ Conclusion] The three-dimensional model can be used
to describe the migration characteristics of soil wetting front in negative head environment, and to predict the
movement and distribution of moisture content under different conditions.

Key words: negative head; cumulative infiltration; water front; infiltration velocity; Hydrus-3D
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