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Soil infiltration characteristics of different plant community
in sandy land of northwestern Liaoning

LU Gang, ZHAI Jing-xuan, LI Ye-xin, WANG Lei, WANG Yun-ce
( College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000)

Abstract ; The method of field double ring infiltration test and indoor soil physical properties analysis was used
to study the soil infiltration characteristics of different plant community ( arbor forest land, shrub land, artificial
meadow , wild meadow) in sandy land of northwestern liaoning. The results showed that soil infiltration characteris-
tics such as initial infiltration rate, 16 min infiltration rate, stable infiltration rate and cumulative infiltration rate of
different plant communities were all represented as wild grassland> artificial grassland> shrub forest land> arbor
woodland. Soil infiltration characteristics are negatively correlated with capillary porosity and silt content, soil infil-
tration characteristics are negatively correlated with soil initial moisture content, soil bulk density, non capillary po-
rosity, sand and clay content, but not significant. The goodness of fit of soil infiltration process under different plant
communities exist difference. The average goodness of fit of Horton Model, G — P Model, Philip Model, Kastiakov
Model in turn was 0.948,0.896,0.893,0.868. The relative error of Horton Model was 15.71% ~68.61 % , which
can be used as a prediction model for soil infiltration processes of different plant communities in sandy land of
northwest liaoning. The ranking of soil infiltration capacity evaluated by principal component analysis is wasteland>
artificial grassland> shrubbery> arbor woodland, The cumulative contribution rate of principal component variance of
the initial infiltration rate of soil, the 16min infiltration rate of soil, the stable infiltration rate of soil and the cumu-
lative infiltration was 99.628% , which better expressed the infiltration capacity of soil.

Keywords: sandy land of northwestern Liaoning, soil infiltration, soil moisture, phytobiocoenose
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Table 1 Basic overview of various places

BH FrAM TEA I NTH Tie B
Items Arbor forest land Shrub land Artificial meadow Wild meadow
Ho A B E122°22'"21.37" E122°22'17.55" E122°22'23.14" E122°22'06.45"
Geographic position N42°43'40.19" N42°43'16.52" N42°43'15.35" N42°43'23.26"
14K Height/m 223.7 220.1 232.5 216.3
3 L2413 /0y
’fﬁi%%%ﬁ i i/ % 08 60 0 .
Litter coverage
] TMQEEBWE/% 65 65 0 0
Canopy density of tree layer
My A 26 i
LD 5 2/ 9 99 98 99 97
Plant total coverage
e fR R g g g B
Soil erosion degree Moderate Moderate Moderate Slightly
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Table 2 Soil physical property

Ly Ao 5 % e N . N P LA 5/ %
i kR LA BEAME  EEEARE  RAKR Mo
+ M SR Initial water Volurrfle wleight Capillary Noncapillary ~ Saturation moisture composition
Land use type content of soi porosity poropsity content N N N
[ T\ Wl
/% /(g em™) /% /% /% WKL BPRL KR
Sand Silt Clay
ﬁ?!(?f?fiﬂﬁ 2.79 1.55 27.05 15.71 42.76 21.23  75.83 2.94
Arbor forest land
AL 1.34 1.51 26.51 17.63 44.14 17.20 70.12 12.68
Shrub land
}\I'j‘—lﬂ% 1.71 1.66 26.99 12.11 39.10 24.59 63.28 12.13
Artificial meadow
Jie 3.33 1.58 25.19 16.48 41.67 30.14 54.26 15.6

Wild meadow

3 SRS
3.1 TEBENSHHE
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Z— BBEERE I IR E O R B MR R R
IUEZJ2
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SELER LI ULy, T SRR K I TR PR K fiE
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WABER, TeARMM TV b + 58— et RAE
FH R TR AS 7 I AR 28 0 7K 70 A — i R it
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R R 7 AR R b X A 98 A7 i R, A 48 T b AR
If, BHEREOKRE SR, BRI A B BRI
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Fig. 1 Soil infiltration characteristics
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Table 3  Correlation analysis of soil infiltration

ABIRHIEAA e 3 e ] } - ANk IR EiN
Infiltration %}]ﬁé‘/zﬁkﬁ i%ﬁi %ﬁ?L&%{E ﬂF%%}L[ﬁ?E Saturation Mechanical composition
haracteristic Initial water Volume weight Capillary Noncapillary st - o -

characienisie content of soil porosity poropsity fmoisture s b HhL

value content Sand Silt Clay
A A B K
. %}JQHA@}: 0.66 0.18 -0.95" 0.17 -0.20 0.87 -0.91 0.68
Initial infiltration rate
402 AIB R
= /IA(%K 0.63 0.13 -0.97" 0.21 -0.15 0.84 -0.91 0.71
Stable infiltration rate
i ABE
AIHABHE 0.64 0.16 ~0.96" 0.18 -0.19 0.85 -092  0.70
Cumulative infiltration
s i
FEAHL 12 12 12 12 12 12 12 12

Sample number

o RRTE 5%KFETHIM 3, Note: * stands for significant correlation at 0.05 level.
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T, R A6 AS R AR K T T AR E A
LN AR RE R T AR A T fx +
AB IR B B FRR E A8 B B LA i R0CR 1T R
ANa] IOPA D EEX A B T RRAEAB A [F] B Btk
TTE— B XF LM, FET 1L, SR Kostiakov A5 7
(1574 1) Horton AR (FHY 2) Philip #E81 (F5 3)
G — P ZRE A (BARL 4) % D H A [RTRE 13K
ST NG R TIG , AN AR LA R (3
4) 2l SE A SRR RE R C R (B 2)

M 4 Al R [EAE YIS 0 T IR B R

[l AR 4005 00 BE A7 AE 25 57, K/IMKIR A Horton
B> G — P ZEG AL > Philip £ 5 > Kastiakov 5
A1, Horton B I IE RN 0.836~0.994 ,F-34 K
0.948;G — P L ARG B E R BN 0.730 ~
0.988, F-#4 4 0.896 ; Philip AL sE ZECH 0.730
~0.974 ,F-¥1 75 0.893 ; Kastiakov # BILLA () 2R & £
M 0.772~0.95, F-1 4 0.868, 45~ b 1) e 8
PRI P & R EAE 0.730~0.994 2 [a], Hoh Horton
g 3 4, 3 B Horton #X A 4% Kastiakov 155
Philip #8] G — P Z5A B8 T BB 4 1fi S L Py b XL
Vo Hh A B CPRAE B, H Horton 57 0] LLHE 41
AL FIUIN XD b i A B L R R B B

R4 TBNERBUESH

Table 4 Parameters of soil infiltration model

Kastiakov #1411 &2 8k

Kastiakov model

Horton BHEIHA S5
Horton model

Philip B S5
Philip model

G- P LA ISR
G — P synthesize

T H AR fitting parameter fitting parameter fitting parameter model parameter
Land use type f()=a™ S =f+fo-f)e™ i=0.5570°+4 S =M +N
a n R? fe fote k R? S A R? M N R?
IAMIE 4.338 0.389 0.952 1.376 5.083 0.472 0.978 7.716 0.517 0.974 3.858 0.517 0.974
Arbor forest land
AL 5.293 0.185 0.924 2.998 3.829 0.394 0.984 6.393 2.312 0.974 3.197 2.312 0.988
Shrub land
i
)\I A 6.137 0.192 0.772 3.478 7.288 0.763 0.994 7.714 2.568 0.893 3.857 2.568 0.892
Artificial meadow
T H b
16.96 0.128 0.822 7.05 8.811 0.03 0.836 15.051  9.829 0.730 7.525 9.829 0.730

Wild meadow

FIF Horton ZEAHAL (f(1) =f.+(f,=f.) e ™, 2
() IAB B 0 W ANBETE S, f S k
REEEIGIAE IS HO UA T XU A R
HHOK A B, IR TN RS, |
F 4 FTLIA 1, Horton Z5 5 BB YT TE 22 807E 0.836

o

10 20 30 40 50
I} 8] Time/min
—o— Sl i 2 Measured curve

—— (R A i 2k Modle 2 fitted curve

~0.994 2 [8] , 2B RIS Mo [R) RS 4 B 1 8 A8k
FMI AT G R R B . Hrp £ HTE 1.396~7.05
ZIA),f,~fAETE 3.829 ~8.811 ZJdl, k {H7E 0.03 ~
0.763 22 [H), HI/NFIHILG & K B ARG, BB AL A I e
IR KR O

—~ o~ 6 s
=k Tr A A - % A
E24 X\ Arbor forest land E2 5 Shrub land

< s
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g2 EE
25,1 5
i £ K
®WE 1t e
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Fig. 2 Measured curves and calculated curves of sandy land
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W SCIBHE SRR S AT X HE, A IS 4 MR AT ST, Horton #5258 Philip BRI G — P £5 &
ANB RN IREFMX R BRI S5, fiF5  BIRIAARHRZEEN, TR XD 1 A5 iy 52
T, Kastiakov #57  Horton #%7Y Philip #2%! G — P Wk A5, 254 1 2 BT, Horton FTY A 4LL& il 28 4530
LR R 2 X iR 2 BT 0 0 o 1,78 ~ 7,63 SEMABINE . PR, 256 X &> FE 1S 1 5 A
0.55~6.61.0.66~9.83.0.66~9.83 mm + min~" , FHX}  PBBIAILA 0B A S A S Bl 2k S5 F 5 kiR
WREM AL BN 51.32% ~ 101.51 % . 15.71% ~ 22 ,1AK Horton BEHYTEAF 5 VD b £ 38 A 158 1Y 52 B
68.61 % .19.07% ~83.28% .19.07% ~83.28%, Xt i#2, A AR AR DU A 8 0 B2 - 0045 3

x5 TMAEXRSERTHEHERNAEITIREFBEITIRE

Table 5 Absolute error and relative error of the measured infiltration rate and the calculated value

Kastiakov 15 %1 Horton 1557 Philip Bt G — P LG pR
- il 28 I?zstiakov model _ ‘il;loiton model _ ‘:hilip model _ G- is;:nthesize mmfel :
L we wpe | BATBOE WAFRDE AR RHRE BXWE RNRE AMBE  dEE
: Absolute error Relative Absolute error Relative Absolute error Relative Absolute error Relative
/(mm - min™") error/ % /(mm - min~") error/ % /(mm + min~") error/ % /(mm - min™") error/ %
IrApE 1.78 101.51 1.11 68.61 1.23 65.87 1.22 65.49
Arbor forest land
AL 1.79 51.32 0.78 24.20 0.66 19.07 0.66 19.07
Shrub land
)\T i 3.79 94.09 0.55 15.71 2.57 64.01 2.57 64.00
Artificial meadow
.ﬁ?lﬂj‘ 7.63 64.35 6.61 51.21 9.83 83.28 9.83 83.28
Wild meadow
3.4 LTIEKS NERESEM FHIIE ANBZ (X)), 53900 0.498 0.500, HE W5

AP R 4 FIAEHIREE LRABRET R 582 P, =0.498x K, +0.500% X, +0.501 x X, +0.501
P SPSS BHT XIS 3 KD 16 min MESIE 5, (%, psttsbnobiote ECR) , 55— U 19 Tk
BMGESS & AR TR I IPBT LS EAR 551000 62800 53— 04O TSR 0.347% , B2
XA TIR, WA S TR IMIIE 7 4 i ot gy 26 1 ot FL ) A3
IR IRCHIES 1 99.628% S 1A RT RN e s, T 2045 W0 A V2SR A AIB K 16
FE PRI T R0Y 4 TRRIIEGRIET 0 A RBAB B 4 MEbR G AR, i
BN, LIBEABR(X,) Ik, AR 0.501, 7] L R AR
R E AR AR B RIE, 16 min AT (X,)

Fo TAKHNEBESH PCA SR

Table 6 PCA analysis of soil infiltration capacity

Ty B B R R FHER FHRE % HETRE %
Principal component ! 2 ! 4 Characteristic value Contribution rate Cumulative
Pl 0.498 0.500 0.501 0.501 3.985 99.628 99.628
P2 0.839 -0.473 -0.183 -0.179 0.014 0.347 99.976
N T R RV TS RE I R TBNBREAENH
WRES EA AR ERS TR ITESEY R+ Table 7 Evaluation of soil infiltration capacity
%@ﬁﬁ%ﬁﬁ?ﬁfﬁj\o U\%:z 7 ﬂ [/‘/( % ﬁ . Jﬂ‘?&"i&iﬁ%/\ THYIREE Phytobiocoenose 1543 Score  HEFF Sort
@ﬁgjj ﬁﬁ%ﬁlfﬁﬁiﬁ(ﬂifﬁﬁi& >}\I$iﬂ3>7§7ﬁﬂ‘ Fr AR MM Arbor forest land -1.415 4
Ho>TE AR, 33X S PR S XD b SRR K I T R HEAHRA Shrub land ~0.966 3
’ﬁt'ﬂ{ﬁgjjﬁ'o ;‘:E%*E%:\ ﬂ%ﬁﬁ% ufxd—j:lgﬁgi AT H Y Artifiicial meadow -0.568 2
B B, P Mo SO L 1, 45 L Wi ey 2o

Pe2e, AT AN TP AMIBIR R Z X o
I —E S R AR T, L AObR Al R 7 i 45

£ KA —E R, T A B RE R R D BAT G5 R AT, 2R X B — (A A b
TR TR AR R ) SR, HIELLRALER 5 FE ], B LR

JiF o5 Lo 85 /0 B K e ARoK B AR . B D
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WA TR IR AR R, n] LI 9820 Kb
KA PRI K | B2 R SR K RE ) B LR S R
WDl - A5 A A ) 1 b S T A8 A R A
ot - A AT AR IR] 3 5 A 5 S 5 0 8 X
AFEIR I LA RE S b, 153 T AR AR AR
TEANBHS RIR BN THO M, SOt 3 2
S0 L R FERE YRR LB BE b, 75 w0
BRI BB AR/ INFEA S B b > BB b
> BRSNS BB b > bR > B, AL
PR AERANR] 32 PR 0 AT 3 4 18 8 4 LB A
N AR FL B R B LA S Y - e, M K fiE
Ty, RS HUAS [ 0 A Y L B R AR fELAT
TE—E 25, ORI R BRI 0~ 10
em R ABFHE(E Y R I N - TCAE VD > A A Bk
UHlL, X GASCEE R —E, X N XD+ 5
MG, T IRALBEE RO, S B R K I ] 0,
IKBESIZE . AAEBUD MR 2R E K BE S 1 95, X0 i
TR U RACR, HIE,0~10 em 2JRA BT
MEAE B N TORE Bl v > AT AW VD L, A2 4 I B
5i0 LD 3 2 K AR VK BE 145 05 T IS

5 45 &
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