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Soil infiltration characteristics and its influencing factors of typical vegetation

type in Loess Alpine region

LI Ping', WANG Dongmei' ", DING Cong', LIU Ruosha', ZHANG Peng' ,ZHANG Linlin®

1 School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China
2 Water&Land ECO-environment Technology Institute of Beijing Co. Lid, Beijing 100101, China

Abstract: In order to study the difference of soil infiltration performance and its influencing factors in different slopes of
typical vegetation in Loess Alpine region, the infiltration process of different vegetation types was measured by constant head
method. Soil porosity, soil particle-size distribution, organic matter and water-stable aggregates were also analyzed. The
results showed that; (1) there were significant differences in infiltration rates among different vegetation types. The initial
and stable infiltration rates changed in the order of Picea crassifolia > Sabina przewalskit > Larix principis-rupprechii >
barren grassland. The soil infiltration rate increased with the increase of soil porosity, aggregate content and the decrease of
bulk density along the slope. (2) The fitting effect of Horton was the best on different slope positions and vegetation types,
and the general accuracy for the lower slope is better than that for the upper slope, while the general empirical model and
Kostiakov model are poor in fitting effect. (3) Soil infiltration capability was significantly correlated with soil porosity,
organic matter and water-stable aggregates, among which the main factors affecting the stable infiltration rate were bulk
density, > 0.25 mm aggregate, and total porosity. The main factors affecting the initial permeability rate were > 0.25 mm
aggregate , total porosity and capillary porosity. Path analysis shows that total porosity is the main decision variable affecting
the initial infiltration rate, while capillary porosity is a limiting factor; >0.25 mm water-stable aggregate mass fraction is the

main decision factor affecting the steady infiltration rate. This paper provides a scientific basis for soil infiltration simulation
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and vegetation allocation in Loess Alpine region.
Key Words: soil infiltration; slope position; vegetation type; infiltration model; path analysis; Loess Alpine region

ABERER A S B B 5, 0 R AR IR R SR K IR BE A AR R PR R kA 2
b, B9 LA B RE I B IR /K Lk i Sk E A R Y PR R A LRI
R A KRR AR B A DU 550 S I A B R D B DI 0 LAl M R T BOR IR 5 X
TS EMERAAAE R E BN R — ARG X 35 B 7R 6, Qe 7 0 m 5 X 28 8 A LR
< 0.1 mm BRI R0 L3 A S 10 B 2 T 7E A A il > U B A LR RE AL o ik, [, AN TF] 1
HIHIZERL Y A BPEREZE Sl 5 B I ) 25 5 B AR RN SN . — Bk U AR M = ' AR AR 36 3
SHCALBURAUOL T 75 5 58 TR I BT RAF 9 LS m 7 X il T R B |
SERFAHL, T M A B MR B AR A ok RAE TR T R, (075 3 B A8 gy AR B FLBR RS> #
KA TT MR, AT R R /N, T RREAE R A IR ¢ b 1y DAL bR b Pl T 39 R 25 IS R T B A
Bk B A FE R R, NS PERREE s HE A Mt A B Mt T, L RS, A B PERE IR T Mt
LR ARAR L, S M IS LB AR RE TR s bl Rt R i, A DL AL
BREEFCAR , NS RE I BHEAMI 22", AP SHBAFAE R R b A e L E M e i B oY
S B : BRI ARAFFR A4 38 I b SJEBR AR A B B | A B TR REE I 4 i 5 Bt 30 O Ji L AR AN ok R B 25 4R
QA TR 2 OB 7 - A Sk R e m . P R [R5 DX 28 W] — B 58 X [RIF 50 6 52 1Y) - 3 I8 R AE
SN R ATAE 22 5 (H DL B RS 32 2 P e U [ A e Y B AFAR R | - SR Y 1Y + S8 i AL, 3 [7)
—HERA AL T B Z o AR IR L SR R A AL (2 T IR R = A 22 57 DTS R AR B Y
WA R G A RORBLT (R T B 1 I D, 0 AR b AT WL R4 35 43 BORK $eR L 10 43 A A 6 T 5
W AR R A i AR AE 25 5 ATT S BOR R 7 43878 T WAL B 45 M R A 78 Ak, 3 T3 )
TIRBIA BRI B R DX T R S e IS A AR AR IR N 5, R S AR R
F X, I XK BH A SR 5 20, AN RIS R AR A 25 5 W I, S B e A Rt A A W I 22 5 | 0K 3 PR
12 DX IR ) A RO Y 2 27, IR Rk DR R AR A B 12X 2000 AR I8 R RUAR 52
FHBFREAR TR 7K R RAT R R B | (H A St o A AN 25 8 R K o 264 Fesgin y b 2R Z2 Be B A R
FH, AT RE 2 S EUEPUE KA R, JOE ST R X IME R B R T, WP i B AR B B A AN TR T 19 - 3
ABRFIE B H S BN PR3 0T LS M 1 i 2 BREL B0 20 A1 1) 5 BV, DA S0 M AR B4 2 W T SR K 20 iE
FIR R ST O R SR SO S R A R

1 #MREFE

11 RIS

TRES A T 75 148 I8 B S BR022 1M /N I B, b Ak 8 - 5 it D 50 1) 5 9 o i P A Y, VR e R
2448—2562 m, Ja& 1= IR REEUBE, FK A28 5K, 24T K[k 506.5 mm, H EZELH1E 6—9 A, £
AR RIZE AR 1762.8 mm, e RZE KB 4—6 A 8 TULRIR B 1w 2EDC/N R, R E Rl 2000 43R
BEE RV IO 1  £2 ( Picea crassifolia) SEALTEMFA ( Larix principis-rupprechii) A83% [RIF ( Sabina przewalskii) .
Hh EYD B Hippophae rhamnoides) K72 ( Caragana korshinskii) 55 | F B AR FH YA % 4 &5 5 ( Carex crebra) | FE
FERPEIR AL ( Elymus nutans) RS9 ZE/ 5% ( Potentilla anserna ) 55 , ISR N ¥ + R T & B ) 1L HAE S £ Al
St
1.2 Bk
1.2.1 FEHA SRR AR

WIFFEIX AL T 75 1 AR 0 22 1 TE/ N, 2000 AR EATIB BHEAR, AT BE D 3 mx2 m, 2018 4F7 A= 8 A,
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TEU IR A PRI 1 = AZhR ARLVE EAAR B BIATIAR 3 ol B AR 1 S AU U A AT R A DT R S s AR
R IR (R ) o F MRRE IR B o E AT AV 2028, o M S B 4 5 B OO 40 =22 L R /INT 173 B E SO R 3
B2, 1/3—2/3 WO HSEAL, KT 273 WD I B0 Bk — bl S RUAR 9 S R AE AN RIS 70 3 A B3 2 4 10 mx
10 m AREHLIEA T REAAG I B P[] — S0 25 A i DR A A [F] — Vi i JEE L

BEAMREHL U AT — X 2R =55 43 AR HZE 2 A 60 em TR A 3T, HI3R TS B 7 1] b A% 20 em 43
JEREERVRTFE B2 3 AR, I 360 VRN TR, B4~ S o= < DUk B sh £ 500 g 2%
AAAET = A AR, 36120 48,

R1 HHERBERL

Table 1 Basic information of experimental sample plots

i N
Mgk BB e Diagnﬁljeijr at Py FA R ﬁiﬁﬁrﬁrth
Vegetation type Slope/ (°) Height/m N Stand age/a Coverage/ % ’ g
breast height/cm vegetation

Y RATR R E B B
i ol 10—18 4.65 5.52 20 83 B ORDL3E W B B

icea crassifolia P

QRS

AR B FREE AR HE BB L
Sabina przewalski 1520 348 >4 20 70 B TR LS KBS
LeAr TN e 1 e W N
LT i . os " “ IR L 2 A

i ) ‘ ' e BB
principis-rupprechit
e HE RAR HER., NE 2B H
- 20 — — — 87 T AR LS B R A
Grassland 4

H

1.2.2 ML E

FNHEACKIEE S LB EHR R IIE MR e A E | S kR BB BB AL
JERAE BASFLBREE ; I Mater Sizer 2000 WHOGBURL 3B AN 22 1 HEAUMRZH B, IT4% [ bRl 23 S FkE ( <0.002
mm) KK (0.002—0.02 mm) B (0.02—2 mm) ; I E >3 mm . 3—2 mm 2—1 mm ,1—0.5 mm ,0.5—
0.25 mm ,0.25—0.1 mm ,<0.1 mm £ MK FRPE AT SRR & i ; FBR IR B AR B Rkl 2 A ML & i
1.3 HdlEatr

TEHL Kostiakov 772  Horton J7 2 38 FHZR 507 % 3 Flviy FHAGSEAL 78 SPSS 18.0 HXAS [Al AR 9 2 AU (1) 1 18
AB R THIA BRI RS HOE LA ABEZE > 7 SPSS Hif AT ANOVA J5 2253 #T , Duncan £ 5
FbAs  Person AHIEAMT , AR Z 0 BIH B RS HTHREE ST, 7E Origin 8.5 HFER,

2 HR5ITR

2.1 R[RIE B2 4 A B RHE

A1 RTAL T 2 A2 A AT A bRHE A FAT AR R HE 60 em 2 N RIS HUR A 2 5N
3.59.2.04 .3.01 ,1.45 mm/min , /#7510 35 22 7 bR B 25 & T o v ith ( P<0.01) o UhBIAHESE Rt , ARk B
A EUGE IR M AR IWEE . I LR 3 PP S TR A S AR PR R R B (3R 2) , MHb A E N T
T Hl, FLBUR B AR T i Rk | 392 PR A MHl 2 3k AR 2 | =F 5 19 M Al R R T 3 T R LR B
TAEYUT S, AEIE T SRR AT B, X 38 (4 B3 1 PR AR SE b 2 ) DOT4R  T R BB E MR aE ™ L X
SRR S B ST Al R R AR S A o i DR A e AR B AT B A e R 2 I R KR T
PRHL, AT REZ i TAFSE XN IS SR, A5 S, 5 B0 b B 254 A B NS BE TIRRAIR
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— YL 3 PR B i R AN AE B 2 S (P>
0.05) fHATSAFAE 3B AR W7 5 103 = A2 > AR & R >
HedbvE MRS LT A2 > AR v A S AR IE LA
R T R A bR S LB B LB R R
BN FH AL SHRE R R > AL v iy, AR
LTI > T A2 SARE BT FR 37 3 Fhobk i 19
TIEALBE AT A B 2E 5 (P>0.05) , {HARJL & A
Mt BALBE B LB ERUN, KRB ERTHE S
FEPR L AT AR AR L, 33X 2 Hy T AR AL A DAy i A
it ST AVE Y F 6 H R A gk = R A A,
TR A, FORPERER S, N Z Mk A
e LG SRS, B T B L A H R

3 AR HLAE A [R] 3 7 1] 1) 3832 15 T R AN A
FH2E5(P>0.05) (EAR I K e A2 hH AR A
AT HR FFR S H AR S AL I AR AR 8 3
MR <P <AL, X TS 3 R
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HlgaAs  AREss ARERM TR
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Fig.1 Soil infiltration characteristics of different vegetation types
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Fig.2 Soil infiltration characteristics at different slope positions
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N EIEAFRS BRI T R R, KSR R RS ) A ATB R () BERTE] (2) AR
it FEBE OAR [F R T HEA TR0, 45 R AN 3 FiR . B 1 = A2 bRH T Horton BERLIULA R 5 KA T 0.862—
0.918 38 FHZ IR (R* AT 0.614—0.839) S AR Fie 22, 3 AR A B MR B A 1 F B A8 i R A 5
PG FRBE IR, Aedby& A BRI, Horton A7 (0.827—0.910) 05 F2 FE B 4f, 5 Kostiakov 15274 (0.853—
0.899) AT RE AN 22 A K, 18 AR B0 (0.702—0.785) LSRR B 25 . XF TARE BRI AR HE 3 FhB 840l 75
JE >4 Horton 1571 (0.895—0.930) >Kostiakov £ %! (0.883—0.984 ) >3l F Z 0 FE A (0.756—0.982) , X} 3t Hi
A B PSR S2: Kostiakov 1571 (0.938 ) >Horton F5 (0.938) >3 £ 164 8 (0.830)

16 - N 16 -
Hilgnts AL AR
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Fig.3 The variation of infiltration rate with time on the slope-surface

R3I ANERBRMER

Table 3 Results of infiltration model parameters fitting

i # 2R Bl ﬁﬂiéﬂi Kostiakov #& 7! ) Horton #&%1 ) ﬁﬁ%?}_%ﬁ’ﬂ )
Vegetation types Sh.)[?e Sample Kostiakov model k Horton model k General experienced k
position number model
Hii =tz i vk 8 y = 16.383 (703 0727 y=3.500+9.000¢ %%  0.862 y = 3.500 + 12.740 "% 0.614
Picea crassifolia i i 8 y = 6.5234700% 0.931  y=3.050+2.300e %2%  0.907 y = 3.050 + 2.618 1~*7® 0.821
T 8 y = 7.483470100 0.988  y=5.700+1.800¢ %87 0918 y = 5700 + 1.931/7%7 0.839
ALt iR 20 8 y = 51407017 0.894  y=2750+1.950¢%% 0910 y = 2.750 + 2.480 ;"% 0.702
Larix principis- iz 8 y = 8.403 ;7019 0.853  y=5.500+2.750e 010" 0.827 y = 5.500 + 3.058 70702 0.764
rupprechii T 8 y = 4905717 0.899  y=3.600+1.150e %" 0.844 y = 3.600 + 1.360 17" 0.785
AR A = 8 y = 476970130 0.887  y=3.200+1.500¢%"*  0.895 y = 3.200 + 1.629 ;6% 0.756
Sabina przewalskii gz 8 y = 51387018 0.883  y=3.100+2.650¢ %% 0905 y =3.100 + 2.671 ¢ - 0.982
T 8 y = 10.529 ;70151 0.984  y=7.250+3.250¢ %" 0930 y = 7.250 + 3.575¢ %% 0.903
i H M Grassland 8 y = 2.058 1703 0.938  y=1.800+0.250¢ %2  0.888 y = 1.800 + 0.281 %57 0.830

y FR LIEABER (mm/min) ¢ Fm A IFIHBKIEHE ¢ min(min)
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27 P A, Horton BEFRUGEAS [AAE #2780 (1) + 58 A8 i BRARHEL B 5K BE 34 7E 0.8 LU I ; Kostiakov 55 7Y i
G SR O LA BERG 22 (0.727) , HABARAL YR T 0.85 (HAE ¢ #1m) 0 FlE ) 1E TS5 I, BB i
HE1E TCTF KA O, AFFE BRI ;38 2 S AU AU S BE A 22, D RATAE 0.614—0.982 Z 1], X 51 H 2%
SEUTE SR IX A ST I3, R A TR bR ) A DL SR S B, A 32 [ R b P 0L R B B, X
AR AT T B A3 5 R I R A B RS TR O HIEA B R B RS Z
Kostiakov #7  Philip #5741 Horton #7413 A RV 1 7K 28 b [X. ’7%5#5\%(24} 18 58 Ty LA 5 ) % PR FH 28 56 A5
TS A Bife) 48, RIS R 2 DX 3 AR TRV 9 %o A 8 s o P AN ]

23 THHOKGFABRE KR
231 LHERARTERON A R0

AT T IRAER DI CHY 16 DT (3 4) 5 108 R F2B R TAHSCral UK B .

B AR VB RS H A E E R F AR (P<0.01) 5 S8 fLEE AEBELBE  BE LB
IR R TEADCICR (P<0.01) o £FE 2 TSR SAM BRIE BT, & /N )3 S e 1 138 i) B SE R i 37
BAKAES P AR EEK - e S, WIFL PR Rl 2 0L, + 5B S B K BE T T, AB RN Y AL
B A H S LB RE XA, I E N LB R LA RE I BGR, th 3 1 TR IR [0 R Ak
MR B LB RO, A E ), S SRR 0

B R PBEF S>3 mm,>1 mm, >2 mm >0.5 mm,>0.25 mm,>0.1 mm 7K Rt P 3 A 5 bl 5 3% 1A
KRKFE(P<0.01),55<0.1 mm IR T AR (P<0.01) , i 15>0.25 mm HY A1 R M e,
RWABHAZ>0.25 mm FIEREA IR K, TIRBRAE St A5 0L 6 1) E 298 hn 2 —, RIFR Al
REEMPN R Ky e A e Y A KRR LT . LIERIR A s AL fr
KPR GEBHEEE . SR S LR R B EADEOE R (P<0.01) M E R AR (0.665.,0.663) .t
A BB i DRSS F T 1 A T3 A RS A G AR A LB & i i | I BRI A5 R il 22, A
RA RAFHESEKRE ) (2t HHEAB

FB AR B AR LI AL 3 SR S B WA (P>0.05) . 5 m IS AR 45
iR

x4 TENSHRESZWMEFTEXEST

Table 4 Correlative analysis between influencing factors and soil water infiltration capacity

TR T FEA K WIB HR SR LS
Soil environmental variables Sample number Initial infiltration rate Stable infiltration rate
ZH Soil bulk density 60 -0.696 ** -0.778 **
S ALBR B Total porosity 60 0.761 ** 0.784**
JEEEFLBRE Non-capillary porosity 60 0.764 " 0.721**
EE B Capillary porosity 60 0.544 ** 0.591 **
FHHLI Organic matter 60 0.663 ** 0.665 **
TKAR A R A >3 mm 60 0.538 ** 0.534**
Water-stable aggregates >2 mm 60 0.670 " 0.655"*
>1 mm 60 0.662 ** 0.659
>0.5 mm 60 0.716 ** 0.681
>0.25 mm 60 0.765** 0.771*
>0.1 mm 60 0.476 ** 0.452*"
<0.1 mm 60 -0.476** -0.452*"
HLRAL AR Ak Clay (<0.002 mm) 60 0.144 0.045
Mechanical composition H9RE Silt (0.002—0.02 mm) 60 0.117 0.031
i Sand (0.02—0.2 mm) 60 -0.136 -0.039
+ 384 7K i Water content 60 0.083 0.046
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2.3.2 s L EEABMERE £ T R

78 SPSS HiXt L I 16 A5 - BEB PEVERE B I DG 747 £ o o0 M, 5 R an e 5 o, 36 5 W,
16 NPT Al S g 4 APl ST A9 Ay, BT 5Tk R 82.959% , il HISR AR + A B HERERI M, 55 1 4 Tl
Ay A B i KAk R IR e | STk R 45.219% ,>2 mm . >1 mm . >0.5 mm . >0.25 mm B 7KFa M ARG
W BT R A MU KRR AR R, RIS A 5 v A Al B A LB RE AR L B 5 26 2 A s
TR B RN I , 7 22 5Tk R 18.599% , Rk Mk & i v AP & AR AR (-0.966) , —#F # fif 1
B 5 3 AT R T B EALBRR S R LB B LB AR 3 E A LR A
4 A ERS P B R AR EIOE , ATy 0.940,

x5 TEKSNBEENR PCA 53R
Table 5 PCA analysis of soil infiltration capacity

F %4} Principal component 1 2 3 4
S FLBR Total porosity 0.700 -0.119 0.650 -0.107
25 Soil bulk density -0.489 0.239 -0.610 0.071
A FLBR Non—capillary porosity 0.770 0.167 0.268 -0.217
BE 2K Capillary porosity 0.474 -0.287 0.694 -0.015
AHLIE Organic matter 0.814 -0.026 0.083 0.231
Hiki Clay ( <0.002mm) -0.075 0.905 0.260 -0.052
BV Silt (0.002—0.02 mm) -0.021 0.919 0.187 0.121
kL Sand (0.02—0.2 mm) 0.047 -0.966 -0.231 -0.049
+-HEF Kk Water content 0.016 -0.168 0.184 0.940
IR FE P AT R A >3 mm 0.824 -0.100 -0.139 -0.131
Water-stable aggregates >2 mm 0.907 -0.040 -0.095 -0.060
>1 mm 0.909 -0.060 -0.150 0.018
>0.5 mm 0.926 0.051 -0.178 0.069
>0.25 mm 0.889 0.134 -0.080 0.123
>0.1 mm 0.721 0.257 -0.488 0.038
<0.1 mm -0.721 -0.257 0.488 -0.038
FFHF{E Characteristic value 7.235 2.976 1.999 1.064
Fi#kE Contribution rate/% 45.219 18.599 12.492 6.648
ZiF kR Cumulative/ % 45.219 63.818 76.310 82.959

BEHE R F LA AT R AT A Y 11 AN AL 60 ZUBEEAE A AR o R AR AR B R (Y, B

F(Y,) T Zm M e RS N SRR AR IES M, SR BN
Y, =-3.391-4.767X,+7.890X,+13.693X, ,R*=0.818, P<0.001
Y,=-18.393+10.196X,+69.626X,-42.721X, ,R*=0.781, P<0.001

A, X, AL X, >0.25 mm BUERIK X, SALBREE X, . BESLIRE

AIHL, R AR B R A R B T AT >0.25 mm AR BFLEREE , 20 ) 75 BRI £ 2 1 4>0.25
mm FIRAE SFLBEE BEFLBUE, b T AW 05 1 B T3 0 R S SR RN 15 R ) 5 W AR, it — 2P
AT .

FH % 6 T, 9195 3 R 5 R S IR ) 1l AR R B S K/ R>0.25 mm A SRR TR B < BAT FLER
<MAFLIREE | M FLIREE Y B A2 R K, H 0.939, X W15 T 77 A 11 1 42 TF 0N B R, Ui D S L ek
K, P05 BRI K ; [R]85 B A FL IR L >0.25 mm A 584 (] 322 X5 400 358 0 28 7= A 118 £ 3800 B 55 (- 0.178)
>0.25 mm AT R 0095 3R A BLHE IE RN 555 (0.404 ), Huim 1o B FL R R 1B 485 L B X6 400958 3 o 410 ) 422 1F
BN R (0.361) B FLBRBEXHE HURAT F A & m T /B, AT L I B LR R 08 R A
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NSRBI TB AL UE 15 995 4 S T A OGO R (0,544, 3302 B 5 L BRLUE X 9 % L1 A
(=0.446) 7 | KFLIRE 11 TF UM (0.846) LA FEM , T ST 5 LB E X105 4 1 A0 e 0 S il i — %
PR 2R KRN R HHRe SIS M DR AR BT, B FLE SR R SR L, FL 8, 0 2
PR FEFRHIF T, (Durbin Watson2.213 , B 4358 12 2 %0 =0.468)

x6 TEFIEMERFHLIEVNSEXRNEREY

Table 6 Path coefficient between initial infiltration rate and main soil physical factors

- H A LT R ]Jﬁﬁﬁfﬁf.[ WA
Factor Correlation Direct path ndirect path coellicien Decision
coefficient coefficient X, X, X, A1t Total coefficient
X, 0.765"* 0.404 " 0.518 -0.157 0.361 0.455
X3 0.761"" 0.939 " 0.223 -0.401 -0.178 0.547
X, 0.544 " -0.446*" 0.143 0.846 0.989 -0.684

X, :>0.25 mm HBA >0.25 mm aggregate ; X5 L BFLBRE Total porosity ; X, AL Capillary porosity

H12¢ 7 W, >0.25 mm PSRRI i 204505 AL IR X a8 sl S R B s A o 3 1) I i/, B 3 xR
BRI KA W W AR R . A BRSO B 3 i T VR SR WG 2 25 T 1S R AR 08 A Ik
INEEH >0.25 mm B ERIREY B AR R BRI, 9 0.460 , X Fa 15 8 37 A (10 1 42 1E RN i o [ I 5 5
AL IR (E] 0 R I8 R P A 1 TE SO B 5 (0.315) 5 A LB B X A& 08 % 1) B 42 1F 80 5% 59 (0.271) L {1
HOl 28 >0.25 mm F IRV R 5 8 5 A 1] 22 15 2000 B (0.518) , 25 5 X A 15 1 S58B4 67 300 4 59
(=0.323) i1 >0.25 mm P1ERAK | GFLBRE (B2 X R 8 sl 30 7 AR I O8O 05 . IR SR R BT 1, >0.25 mm
SRR VR HE PSS 1, B EHEP AR 2, BALBREEHEP A 3, 0rh>0.25 mm /KRt P R A4 B mi s R 1
FEYSRHA T, W T AR/ NEAR T RS B S LR A1>0.25 mm KA AR i
MR T EEARRB R MFLBREE  >0.25 mm KRR VE A 3 R S SV 1 1) SR 084 K, - 18 2 s/ ML
BabE e, HEMfEE 3B . (Durbin Watson 1.767 , 4@ 48 22 80=0.426)

x7 TEFEMERFHLIEREEXNERZY

Table 7 Path coefficient between stable infiltration rate and main soil physical factors

T eSS AR ] ]_"Eﬂfﬁi@?:%? l SR
Factor Correlation Direct path ndirect path coellicien Decision
coefficient coefficient X, X5 X, A1t Total coefficient
X, -0.778*" -0.323"" -0.237 -0.221 -0.458 0.398
X, 0.771*" 0.460 " 0.166 0.149 0.315 0.498
X3 0.784 " 0.271"" 0.264 0.254 0.518 0.351

X, X Soil bulk density

ARSI A LSRN T S HNE R R R R A AR RO, TR 0.4 DL UL AR A
REARFIE WY AR 70 A MR EEYSE . DHERIAMR R A Y (0 B ) , B MM R S 2k
FOPRIL S e T R RERT BRIE A8 0L S f - R AY TET 45, B B 1 R HEAY SESCRE sl 1 IR BTIR R BE TT , K 0
RBPRAMCHE AR —Jr A P A AR B RN T P i RALBR, e R R B AR )
— 7 AR ZR A ARGTIE 227 A A LA & W e 45 130k i 16 D SRR T 10, HE T S - 3 i B B e . E
b2 4525 9 R L A AP LB E ARG 25 B R 3R 2 AR A 1 R 1 BSR4
(8 32 FE AR P BAR A 25 2 Ul D T AR /)N 5 TR AR B A WS B L A8 R S AR 2 AR R 25 i AR
Ay A AR 0 O R A OG OGRS AR AE 0.85 DL, HER 2 KA 0.5—1 mm  1—2
mm R AR R 1A B PERERY 1 T s IR0 4500 R SR R AR 2 i AR 3 1T AR o, 13
FRBT/K 1 i) B 1B, ARSI AR 28 5 R 0K Dol 50 22 B0 AR DG P B 5 T 20 45 1 B9 R BT
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AR T BRI 1K T OGNl is 3l RO 2 AR I AREOR KR R REFH LR K 2> B 8 R 2 128
AN, BRAR FRAE L 5O g 58 Hp s IR b, HESh YA R R SIOX A2 e A DL o0
ST SR D T G R R B, O - R A g R ok A BRI R HE
BT LS 0 Kice 2 BE  E TE A3E R e | ISR LS IR S A A L& pH &
N FHREAIEMICKR, TRABRES ZBORP R By N IR h Y 0 3 BEAF A IEAR G C R | X £
SIPIDAR] T LK S AR BT S S B S 0 B, Al e T e A
B A SEMIURAL . BUEY R LS I R IR, BT A i SR s D S R AR
TIEMAEYEN TIRAESRRAELENHDZ — , S5 RZ LGSR, HIRREG AR A PR, B 24k
Mo WA B 08 BSR40 I S MR 1 DR TG AR 2 s A O W8 R Y
B A 22 Wy ARG R AR OC , DR A W DX T BE RS ks BRI LS KA AR MR e
P HHEBEMERR Y . PRI 1] O R AN LA HEA T VR AN A K AR S5 S o i i T ot

3 g

(1) AFEFEER T A B R D 225 V1B R RS R BRI R 518 2 42 > 48 1% AT > e 6%
A8 > 372 B b 5 [R]— 35 (37 = P B RIB B iR AN A ) 35 2 Sk (RTS8 1 3 0 0 R 37 5 088 5 A2 > 408
T [BIAA ST TE T2, o35 57 75 V5 25 A2 > TR T > 412 15 1 5 ) — e 28 700 A R [R) 39 A2 9 38 A 98 RAFAE
2T T AR AR FAIAR 1 098 B 1k B S AR L& AR R 1B SR I R BN E iR s Rk
PR AT , Fedb T A R AT 5 S R A A B R N A SR/,

(2) XEASTRISBEA () 3 b b % 57 6 b 14 A8 o R A RN, 0045 5 B i 8 119 /2 Horton A7 247E 0.8 LA
I ; Kostiakov AU BRVE T ¥ 25 A2 MM L A LA AE BERS 22 (0.727) , AW ER A7 K T 0.85 5 38 2 AR AL &
KR BARA 2 U RENAE 0.614—0.982 Z[1]  (EX 75 1 2 A2 AR b RIS 322 [ AP HiL %) mv 1 33467 B3 2 b 1 41
AR,

(3) TIEABMERE S FLBURAL KRR PSR AR o 52 740 A LT & S A i R B B A e, S R B R
FMINE, F R AT SRR AR R R T 0T US4 A 32 R4, 2 B R K Rt A B R IR | R LA 4L A A
T BEALBUR G A T KR T B TTERR N 82.959% , £ IT 0T AT A I 18 R I BN o>
0.25 mm FARAE BFLEE BEILEE MRS EEN EERN T HEE >0.25 mm FRME BFLEE, @
FRAYHTO N, A FLBGRE S R 4] 78 i R e S B R R 2R i B LR SR A BRI R 15 >0.25 mm [T
R A BUE R B HOR I B BRI R, H DRI ARE 12 REGETK (0.468 ,0.426) , BB 5 HUR 1 5
i PR 3R A SR R
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