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Abstract; In order to study the soil infiltration characteristics and soil quality evaluation under different vege-
tation cover after returning farmland to forest in the loess region of Western Shanxi Province, the field doub-
le-ring infiltration method was developed for the determination of soil water infiltration characteristics. The
soil bulk density, porosity, organic matter, and total nitrogen were studied. Correlation analysis was used to
study the relationships between soil infiltration capability and the physical and chemical properties of soil.
Principal component analysis was also used on the soil physical and chemical properties. The results showed
that; (1) Vegetation type had a great influence on soil permeability rate, which was as follows natural sec-
ondary forest > Mixed forest of Robinia pseudoacacia and Pinus tabulaeformis => Robinia pseudoacacia
forest > Pinus tabulaeformis forest = Shrub > Malus pumila > waste grassland > farmland. (2) After
the conversion of farmland to forest, the soil physical and chemical properties of different types of vegetation
had significant differences. With the better degree of forest restoration, the soil bulk density decreased, and
the contents of porosity and organic matter increased, the soil physical and chemical properties was also grad-
ually improved. Soil infiltration characteristics were significantly positively correlated with total porosity,
non-capillary porosity, organic matter and total nitrogen content (P < 0.01), significantly negatively corre-

lated with bulk density (P < 0.01), and significantly negatively correlated with available phosphorus (P <<
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0.05). With the conversion from farmland to waste grassland, shrub and arboreal forest, soil physical and

chemical properties were improved and soil permeability was also gradually enhanced. (3) Soil infiltration

performance and soil physical and chemical properties were used as soil evaluation indexes. The order of soil

quality of different vegetation types from high to low was as follows natural secondary forest > Mixed forest

of Robinia pseudoacacia and Pinus tabulaeformis => Robinia pseudoacacia forest = Pinus tabulaeformis

forest™ Shrub > Malus pumila > waste grassland > farmland.

Keywords: the loess region of western Shanxi Province; soil infiltration; physical and chemical properties of

soil; soil quality

AT RN, B R AR Ak K R
1999 4F LUK , BUR St A9 18 Bk 8 R (R0 TR L K
PEATAE B AR A GRS Tk Bk, AR &
B B A 5 it 4 35 - 9 1% 45 4 R AR g, K AR
FrB BTk R IK 57 %0, A3 AU 4R T b R A
Jo b A Y M A S IR

M R AR R v AT R O 2R A
b, T HEREFNHOHFRECAFREL, HiEE
N AT A PR B T AN T
- Fr g X MR J A [ G2 e T 5
BT DIBAL ¥ + BB IX O BFSE X, 8 FHZE A PR B 0
BT IE T AS [ At o R R - 18 I a5 4 0 26 LA
AL N A R AR PR T ORI
O A B I 55 A A iR 25 bR b X A B 5 A 1 Y
M, XL SE 200 T A B R X A R A A
AR RFFED S B, A B RRAE 2 4 3 T 4T
WA E AR AR, . N A B ERAE | £ PR AL
JOT A5 22 1 BE T B A i AR B A BRSSO 4
B R R E A VEM So E,

TG AR K 5 R A g Y i
L JEREK LR K | A K B M TR KO B 4 7 v
EERY B IR RN EREERZ —,
FEBER S AT LA 3% H A B MR SR L HE R
SEHR A L AR A A B RE B A DR Oh A A
TIRARFNFE YRR LGS LR ST
KoKpBEEEY , CAIE " R, R
FEGIE LA BRI M LR W ERERNEZ —. £
B RAE S b 1 o 25 S H AT 558 4 R O 1
R A ARSI 5 22 0 SRS R S5 AR 1 98 35 P
TR, G AL B RE X 0B 3 14 5 WA A P R A5
BHAES 1 98 6 U, A 4 2 A X+ A8 10 5 i
ARV b+ HEAS TR, AR B SLBREE K, - B, A
LGN 7 R T 1 O w1 D S = o e w2
H FLBUIR B | 38 B K DL R HL B S P AR
SRRy IR AL TRE R E A S AR PN
AR A g AR B AR CRE) S5 AN [R) 14 A W R
X H A B X R R R CEE R A

Z R A RE PR A5 1 2 IR BB AR A BB LT i
BT AT o A SCLAE P 3 4 IXORIRIR A AR TR
SEMRBAR TE AR R S el R M T TR B
WEFE I AB AL, 0 A LA 5 B T 2 (6]
5 PP AN A AR B 2R B R A 1 B DU O 3
R UK AR AR A A2 B B S

1 WFsE XL

WF5E DXL T 1L PG 4 5 B 48 51 U 8 g R 900~
1590 m, i ¥ AL b5y 36°1427"—36°18"23"N, 110°
39'45"—110°47"45"E. J& T 5K B2 i 81X, 52y 7Y
] AR L AR 38 km® 1% Ml DX R B R AR
19 0 il 1B~ T DX, AR AU 10 °C L 4R B R OK &
579 mm, HIERM DG T £, T H R AR %
AR R BE AR R AE . EE AR (D
I HME(Betula platyphylla Suk.) .iL H ¥k (Quercus
wutaishanica Mary) ., I # ( Populus davidiana
Dode) %5 4 WL 1Y K AR AR Ak (2) i B B (Robinia
pseudoacacia Linn.) ) #4 (Platycladus orientalis
(L.) Franco) .Ji#& (Pinus tabulaeformis Carr.) %541
BN TR (3) 3 R (Malus pumila Mill.) | 34
(Pyrus bretschneideri Rehd.) 55 22 55 M (4) 8 41 B
(Rosa xanthina Lindl) | i% ¥ (Forsythia suspensa
(Thunb.) VahD) 45 3 K bk (5) % B2 ¢ (Potentilla
chinensis Ser.). M B ¥ ( Setaria wviridis (L.)
Beauv.). [ 2 B ( Bothriochloa ischaemum (L.)
Keng) SF HLAEY) .
2 Witk
2.1 MR E

TEAIT 5 U 380 P 6 JOAT A P R it 4 I g
Ti] | T 4 45 A A () 949 U0 A b SRR 4 K i s
SRR > A TR B AR 32 SR 8 B R B R LT R LA Sy
IFGET G2, 4 A Hb R 2K |l 7 S X IR 78 45 FE Py
BE AR 20 m X 20 m FETS  FERE DT N AT HE )
T U A SRR ARG R, PR A I 0 WL 1
22 ANl

BFAN B IR S T 2018 4F 67 7 BEAT , i TR



553

X5 2 < 7 o b DR BB AR R 3 A B R AE S 38 B P A 103

ABIEMENSE SR, TR WX fy 4 B 150 1% 1)
R 3 A AB S A, 25 BRI A A
LRG0 ISR N 3R AR N 8 em  AP3R EH AR
15 em B3R JTIT A 4 rpOilc B — Bomt 6] )5 #2547 00 7€

00 E s 308 o A L 3 1) PR T P I — 5 H Y K (2
T 1 em BRIKIRD Ja IF U6 T L8 4 S 3R K A —
0, Iy 1k A s 5 88 38 E AT 60 min, 1T 500 Hh
AB AR SN BABR FEABEN,

®1 HEFEMER

p 424 vilis
iz Wed/m BE/CY W B/ (ﬂi’i‘;cm B8 /m (;[fgi%
WA MR 1138 19 FH 3% 16 10.58 6.52 82
T AR AR 1140 18 I¥F 35z 16 12.81 8.31 75
TH B B 1168 22 FH 33 17 10.34 7.01 75
SR > AL A 1125 15 F1 33k 15 7.95 5.54 85
R 7| 1163 21 IFF 35 15 10.12 3.05 80
THE AR 1062 23 IoF 35 15 3.23 2.10 90
Tic B 974 16 FH 3%
A B O BED 926 14 FH 3

23 TEHEARE

RN B U 3 ANk BN T
i B AR BERE S, FHAR B 100 em® B 3R T1 78 4R 05
I HI R A 020 em WA JFOR £ 2 A4, &0+
e A OKE AR B LB S AL R S
Febr . TEFR JTHURE Y [A] B B SRR AR A B A4S
TRAT 2 I - A LT % &t pH L A2 AL 2 B 3 AU
F AR SR A
2.4 MEFZE

FHIATTIZ KL M - 2 L i AL IR B fndlE B4
FLBRE s ME AR L AT 00 4h S oK B T
% TR A 25 A vk IR D A BIL BT & 1 5 1R B2 1112
E T pH Pl 9L E A 2 A & it A A b
BAA— FH BRI b £ 0 00 i 42 9 7 i NH, FHCL R 28—
FHBR BT L 0 1 I 5 AL & & s NH, OAc = #E—K
O B 1 0 O L FLR O R S BRSOk 15 ],
2.5 HEBRESHSHF

FIFH Excel 2010, SPSS 25.0, Origin 2019 #
Canoco 5.0 M #EATEAR ge it o A sl K R 55, iz
FH AR 205 22 20 B ik CANOV A) X 38 B J5 A [A] 3t 2
B FRAE M AL Ve Btk 47 22 Rk b, 12 M
Pearson #H 5& 43 81 A1 26 Pk TC A% 43 B (RDAD fF 57 4 3%
BiERe S EA M A A O R R A o
(PCA) HEAT IR B 5 AN [) b 2K 19 = 358 o i oA
3 RS0
3.1 AEMETIENSHFE

T HEI A B T REARE h Hh AR I L L e A A
PIARIX B KRB . 1 Al SRR MRS AS TR
MBI A B B R P — B AR HL A EA
BIRIRI B, IR A B H R R K HEEE A BT
FEA RS 2 B 2RI R S AB S — B

RS . £ A B SRR A AR, AR A B
[&] AT LOKE A B 3 BRI 0 B T By BE (0~10 min) B
I By BE (10~ 40 min) M8 & By Bt (40 min J5), A
HIA T 507 SR 385 K 50 1 FH B B0 K
FE LB B A 38 3R AR ARG B IR B R B 1
KomFZEEEEIRMG] ) LHA S E N WE
FH o A 3210 1 L R B8 A5 SR L A8 B R T 2% 5 7
BB B, 3K 4 ik B AR S K 7E E /R
TiEsh, AB#E R Bk # e . mE 2w
HLFERT 10 min, B TH) G By BE A B R K, A8
SRR AE BB BEAR LB, 40 min S5, £ HEA B H
RGP R, A B BRI TR A 1L,
40

35 Wi ]
~ —o— 3.5 p g
g 39 —— WA 3o F—8—f——%—%
a SooEER S a2
el T T e .
<20 — %%ﬂﬂ 1'0 + + "
g 15 0:5 0 T

0 10 20 30 40 50 60
NI [/ min

B1 FEEHERTENSHE

Hi e 2 AT, B v SR Bk AR A [ Al 26 1
TR AB RS B WU IR R L X
AL TR S = SR AR = o e b = T A AR > S R ] >
FERIHL AR 25 M R0 5 B R RS R
ABHERMAB B BEYARE LR, ML LIEAR
R AIE I S A T A FHRTRE 3 T AR v S LA R AR UK A
M. A FRE R 3t - AN 2E A 2, 3 fL
BRESH HL AR 22 T A B TR RE R 22 . RIEA B EfE
P4 A3 6 T 42 i AR AR 8 B 2 7 T L B Ak DB S 7
T FE o) S O 2K S5 B A B R



104 KPR 2= R %35 %
300 o peAH F2 AEEMHAER T ENESHT
—o— A _ -0 N - = P
250 A R /n/:/o g WBEF RBER TR AB B
E 200 | —o— @%% /U/E/O:A/A KM (mmemin ) (mmemin ') (mme+min ') (mme*min ')
o~ —+— @7'(% /A e +0 4 19+ 7 p
@ 150 L S0 WA 21.9640.47a 3.43+0a 1.4740.08a  268.314+4.82a
2 —= /: MM 18.65+0.47c 3.004£0.02¢  3.874+0.08c  232.19%4.70¢
100 - 54 R
< 5 & A k¥ WK 16.59+1.12d 2.624£0.01d  3.3220.05d  198.9943.19d
, BAH 20.384+0.72b 3.2240.02b  4.214£0.06b  252.4843.43b
0 1 1 ] . . _ ~
s T 49+ + + 4144+
0 10 20 30 40 50 60 FRE 124940271 1560011 2.3620.01f  141.4440.671
ANB B H/min AN 14.7350.62e 1.97%0e 2.7640.0le  165.3140.52¢
B2 AEEELEBEIBENEZRETH FERH 12.0140.241 1.1540.01g  1.9940.03g  119.36+1.87g
3.2 BHEAEMENTEELHER KHE 10554055 0.88+0.01h  1.53+£0.01h  91.83+0.47h

M 3 MR 4 T IR BRIE ARG, 4% b 2 T e
Ptk B ) AR A A AN [R] . el A T IR R D T A AR A AR
Wz Je AT L i 7 B FLBR R A LR L &

R P B T AR UE 2 WA TP AN RNE B R OR T
P<<0.05KF LR W3. TH.
R3I AEAEERLERNTEYESR

B A A2 R R E(P<0.05) ML e ey FER BT
SEAL A e T4 B ARE/%  (groem D)
S A T N 1.12~1.28 g/em’ 1K YHEM  55.07£0.83a  6.62£0.54a  1.1240.10c  0.1740.03a
VR 3k T 8K Ve A bk < 1 5 bk < T B AR < 3l B b < 3 IHW?IR ?3.06i3.’12a i.ssio.s;oab 1_1./1i0.o%c 0.1440.04a
- N X . WA 532422774 5.660.46b  1.160.05be  0.10%0.01a
el TR AR =S A . AR B ALIUEL 5 WA 5452+£1.14a 6.1740.60ab  1.13+0.02c  0.14%0.05a
HEPF AR HZE RS R O 3,996 ~6.6200 5 1 e £ SRR 52.8140.35a 5.30£0.20be  1.18£0.02be  0.104:0.03a
FLBREE N 46.75 96 ~55.07 20, AL LA AR B AL WAM 52184173 55240.11b  116%£0be  0.15%0a
B RE AR, AR U, - HEAS R A N T Ak FeEM  46.7520.76b 4574031 1.26+0.11b  0.18+0.05a
07 B M, AL B R R R R R AR KHE 47754285 3.9940.31c  1.2840.07ab  0.17+0.04a
x4 FEAEHELBENTIEUFER
— HHLFT/ 2R/ 2/ B/ A/ ol
(gekg ") (gekg H (g kg ") (mg kg ") (mg kg ")
WA 17.4742.26a 1.1940.01a 0.53£0.06ab 2.8140.45¢ 179.17428.92ab 9.0340.35a
AR AR 14.67+2.34b 1.1740.11a 0.44+0.04ab 2.047+0.07c 204.83445.50a 8.85+0.33a
A R 13.07+1.23bc 1.084+0.10a 0.4240.06ab 2.2040.48c 130.28+18.46b 8.9240.16a
a7 16.724+0.29ab 1.1840.01a 0.512£0.07ab 2.4440.86¢ 136.31+6.38b 8.50£0.48a
S 12.194£0.59¢ 0.98+0.68a 0.54=+0.11a 5.07+1.23b 69.50+22.25¢ 8.96+0.21a
AR 12.9140.78bc 1.024+0.18a 0.3640.21b 2.6641.52¢ 200.17475.83a 8.8040.57a
Tit 4 11.384-1.00¢ 0.414-0.01b 0.5024-0.06ab 5.3442.01b  100.75%2.84bc 9.0040.11a
e 10.94+0.76¢ 0.497+0.09b 0.3740.01b 8.70+0.31a  126.504-33.13b 9.0240.09a

AN TR) 7 AR A 7R 2R A R A I T i i B
FRICR AR A B 5 R I A AR S 8OR TR
MRS e BT A AR R 22 5. B 4 AT AL, O[] 2
TN A RN 10.94~17.47 g/kg, HEM KK
SRR AE AR > R A8 AR = R A 0K = ¥if1 A bk = R bR >3
R >R >R M, FELSASER 0.41~1.19
g/kg R B Rg FKIR UK A= bR = TR 58 R = B AR > b A
MR VEARR S SE R >R T Fidh . B AR UL, AR
B BLT A A R R R OR TR AL R B AR, &
Berp K AR A — 0. 2R S LA
J i AR OCT . AR R AR K O B IR T
okt F A I Wy 3l o o3 AR T K 3R o BT B L
PRAS 3B Ab 1 T o . A W AN L OB 1 AR

AR 55 A8 4 28 U AH OC (2 & 5 AR AL WA T B R
. BMESHERSEZ W R R HE M
Jita N T (5 ) A AR B RN RS LT L A
PR X R AR AR
33 tEANSMseSLEBEAMERMEXYE

H 3 5 A, R AR R S LA B 1Y
MR, LA BRI SFLBE A 2. %
BUOER AT HLT R IEAH G, S R AR U KR

H 20 B8 &I AMHE,. HEABRIES

SALBRE AEBEILEE A A S R 2R
FIEMKE (P <<0.0D), A HEEM B A X (P<
0.01) , 5 HAL W 5 1 3 17 AH ¢ (P <<0.05) ,

i & 3 FIER 6 AT, ASHIF 5% T e 4 b L A R 4



553

X5 2 < 7 o b DR BB AR R 3 A B R AE S 38 B P A 105

ABHRHER) 95.5 00 A HLBT & & M AR A LB 5 4%
ABIRPRIEA G R i . 4% T IR 1 X A
B RS2 R SRR R O A AL S SR O 7700,
Fok AR B LB e A AL S U

WY+ AR B FLBR R | A LTS BRI A
BRIEW ERINR, LA S Z LHEALB A A, (2
Je A AL 2 B A SR FLBUIR B 8] 45 5 0
HERABPERE

£S5 TENSHESIEEURFHEXXRSN

RN

e BALEE FEEEARE AE FHEKR O HHLR 25 o AL R pH
o3

by 3ue 0.839 " 0.939" —0.884" —0.043 0.975" " 0.833" 0.330  —0.787°  0.563 —0.443
g% 0.891°" 0.951°*  —0.926" " —0.181 0.940"* 0.894"" 0.295  —0.843" "  0.554 —0.467
FHABHE 0877 0.957°*  —0.918"" —0.138 0.961"" 0.876" 0.348  —0.829"  0.540 —0.468
ABEE 0877 0.957°*  —0.918" " —0.138 0.961"~ 0.876 " 0.348  —0.829°  0.540 —0.468

T % Fm P<<0.05; x * Fx P<0.01,

e F
-

TEEKR

2 2%
Y ' ' Lo
W O URA AR T AR AR D g A A X IR S 4K 7 3 R

Bl s ARTEARM G O F i < AR H
B3 ITEANSHUESIEENETF RDA SN
Fo TERFNITENSBENTEGRE

T fRER/ % F P
A ML 77.0 61.1 0.002" "
JEEE LB 17.9 38.3 0.002" "
T 1.5 3.6 0.074
A 0.7 1.7 0.220
SALBREE 1.1 3.0 0.096
AL 0.4 1.0 0.354
KR 0.4 1.3 0.266
£ 0.7 2.1 0.160
e 0.2 0.5 0.480
pH 0.1 0.3 0.578

34 B#HEAEMELERESZSITH

+ e A B PERE R 1 R AL M R R AR R
P2 — 8 T LA T B BEE RS AN R A 9 1 2 4 7
Hb 28 B - R L B AR AN L e Bk 2
JEAE R P 36 A5 L £ SPSS B b i A7 3 B4 40 A
PR AE T > 1 R 4R TR 3 AL 3
FEAEAE 4> 591 9.862,1.769,1.203, BT 2% TT Bk R
KF) 91.67 % (& 7). UL ISR Sk Y 3 AN F2 54 ]
DAARGF Ml 2 Wb A0 8 45 1 i B, b, RIHEA B R
b B ALBREE A BB AL A E 2R A PR

RBEAESS 1 U h R T EEEM, RIESKE,
HSCIRTESS 2 E R T EEAEN 2WES 3
WO R HE F AR . R R B SR Y 3 A N ie A
PP, Py HEWT TN
P,=0.306X,+0.313X,+0.313X,40.313X, +
0.299X,+0.312X—0.310X; —0.083X s +
0.296X,+0.301X,,+0.101X;, —0.280X ,, +
0.171X 1, —0.165X ,, (D
P,=0.098X,+0.050X,+0.048X;+0.048X , —
0.139X;—0.051X+0.056 X, 4+0.577X s +
0.067X,—0.080X,—0.505X;, —0.011X,, +
0.598X ;4+0.014X ,, (2)
P,=0.188X,+0.069X,+0.129X,+0.129X , —
0.143X5+0.075X+0.116 X, +0.507X s +
0.280X,—0.223X,,+0.579X;, +0.204X ,, —

0.160X,;+0.315X,, (3)
x®7 BHEARREMELERE PCA S
i H P, P, P,

MBHEF X)) 0.306 0.098 0.188
RBHERX,) 0.313 0.050 0.069
FABRX,) 0.313 0.048 0.129
ERABE XD 0.313 0.048 0.129
BALBREE (X 0.299  —0.139  —0.143
EBEFLBRE (X 0.312  —0.051 0.075
AEX,) —0.310 0.056 0.116
THEH K (XD —0.083 0.577 0.507
HHLF (X ) 0.296 0.067 0.280
R (X ) 0.301 —0.080  —0.223
X, ) 0.101  —0.505 0.579
B (X 15) —0.280  —0.011 0.204
B (X)) 0.171 0.598  —0.160
pH(X, ) —0.165 0.014 0.315
USRI 9.862 1.769 1.203
TR/ % 70.441 12.636 8.592
RitoiEkE/ % 70.441 83.078 91.670

TE SPSS #kh i F Z— score 1 %t 4 1T 41 48 4%
BEAT AR AEAL AL H B A5 e AL 22 )5 10 2 800 A 3 o
R AR B M 24 R i AS oL,



106 KPR 2= R

% 35 &

25 B T 5 ACER , A OR [R] A B 2% A R
WG AER ARG, Rk 8 Al BPHE MG .
AN TR s MRS 20 0 25 A AR I HE T O AR AR
(2.990) >R A (2.444) > FIBL AR (1.777) > I FA Ak
(0.463) > A (0.092) >3 B (—1.338) >Fi &
M (—2.784) >R H (—3.642),
WFSE LA 3 A 3 43 BE X o7 A R AF A8 5 BT 2 B 32
LA S R B 22 R LU A1 Ry A 5 38 A 48 T o
P::9362P14—L769P24—L203P3

12.834 (3)
*8 AEAEHEXBEMITERS TN
MR P, P, P, B/ HF
WHEM  3.572 0.556 1.801 2.990 1
IR 2.189 0.954  —0.395 1.777 3
WA 0.871  —0.741  —1.112 0.463 4
R 3.27 —0.532 0.044 2.444 2
WP —1.232  —2.680 —0.236 —1.338 6
HEARM  0.036 1.432  —1.419 0.092 5
JEEHL —3.778  —0.028 1.308  —2.784 7
AH —4.928 1.039 0.009 —3.642 8
4 W

Mo RAE AL 2 R AR A
ST B 2 vy IS IR BR 2 A L S (] 4 2 4 40 15 e
ROFYABHER LB ERMA B B FE
ZE5t  NBTERER BN AR A0 T S 0 A T, X
IR A WA AT R A R AL, b T
WAk L AR R B AL | FLBR S H 2 L DA bk
HBH A AR TR ARl S RL R IR AR MR A2
PERE SR I o B SR K A PR DA J3E e o A 9 0 e IS
BH TR AR 2R T O s L TR AR K o3 B BE D B 6

AR RUAN ] A S 2 I 45 4 B Bt A 7

S A FLBR R R A LTS S R R R R B
A AROCHE . AR S A A PR O o R M bR
I S T e, FLBGRE B AT BB A 5 B 1, - SR
HEBG LB LS . KRR S WEIE R, o e
IBFAARZ )5 I — 2 AF R IR IR SRR S H
Jo B A A JEE 4 R T A AR L 5k 5 A BF 5T 4 SR AR AL
BEAN AHIETE A2 BL, + 38 B IE S FLIE VA AL
Jit AR A OC FEA HL BRI A B A LB R B
FE TIEABERER) FER W N R L AL B B
& LMK I I2 Bl I 1) 2 SERUK R S T Z2 /0
FEEEBREE Kz rEiE, FEELREZE,
KA NG AR, B0 TR A R, R
FE AR B A B A R HEAT , 0B 0B PR AR

LA 0.02 mm WAEBE LB E ., TP AL

JoT S S e A= R AT 7y 1Y SR bR A YA R B e, W] L

A ROBE A FLBR SR A T )R R T B R R e

ARy R A BUB S T P S A )

JofifE - R 25 T B ik, 30 T A I AR 45 48 T

T Y PR VIR AT DLk st o R A AL B 1 1 2 ) 4

UEABR O PR R Z A Y MR %

DA SRR B BE Ik 1 A DR A R e - R A8 R

et BT, i it — &

e T R A A R L - A ) B A
BRI 254 B Y AR 5T K 43 FSR 4 1 f
JELRE 5 8 AT LU A T R . RS
PR b Y 58 T v T O R M R R L, HLUR AR ARRTTR 58
AR 8 A fe AL 5 kN AR B g A R A L
Qb T T T 3R AR B S G Y AR AR A IR A A
SEZR IR S L R i SR R R Y
FOMEAR S E LR . Ak A T 43R EA &
MR 551, H AR BT B B RO . AR SR AU A
BERACPE T 2 A 07 T A R B (R B R
FRAE LA S AR Wy T A %ok - 8 o i ) 52 00 L 4 5 N 2% B
ZNZ, s E T, DU 56 35 3 78 i + DGR BF R RS
AN FAEBE A+ I RPN R R
5 &5

W PH A DA [R) AR 2 A i A8 3 R+ B
e R A7 B3 2 5 (P <T0.05) , IR AE AR IR Ak
AR AB PR RE SR P AL TR b AR L, +-
BB FE S BALBREE | AE A LB R A AL A A
AEmEWNEFEEMHEP<<0.0D), 5EAEEW T E
FAHIE (P <C0.01), 55 30 B &2 o 3 14 G (P <<
0.05) , K AV A EBEARE SR ELEN
S, 254G B RRE R T A M T Y
TR R T N N B/ B o N L N = R 2/ L
A TG A R T 3 i el . R, 7E
RS/ AN R J A R NER ST =S ESVRS 81 RPN
R SR A B 0 4 B it AR A R OMA 1) TOUR R v 2
TR, LABG T 0 % 0y A S 0 fife 3R L 0 7T 8 3 2R
AR A 58 o A AR T RSO .

5% 30k

(1] XEMW, EERE S % 8w s AS TR E
AR i E R B B ). 2017,32(1) 2 11-19.

(2] THIEW, DL, A B, 45, 3 + e b S0 20 s 4 e fh
P B X A= AR A i 1 o LT LBl A= 4R, 2019,28(4) ¢
34-46.

(3] ¥, B, T 4L %, 5. pedb 28 + o B X AS A 57 5%



553

X5 2 < 7 o b DR BB AR R 3 A B R AE S 38 B P A 107

(4]

(6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

PEF BB 5 0 - S R B P (). T 2 X 5T ,2016,33

(3):476-485.

AR, AT & TR WX R N T

BR A B A e B [T ] Aol TR 2= 4, 2014, 30 (16)

283-289.

g, BRI, TiEW. 5.8 RETHELSE RX AR

R 28 Y 4 S BT B TAN L) L A A PRI 2 41, 2019, 28 (4)

850-856.

WA R IR S H N 4R 1D T AR AR A 1

BIEMELT L AR UMl K2 %4, 2013,41(3) :57-62.

W G R, S L AL B b XM O R T e

i 5 B e (). o [ BRBE A)2% L, 2019,39(2) . 713-722.

EIE . R W AT R B R 5 AR A W R R R A Kk B

KW A B M RR R W BT ] K R AR RS . 2013,
20(4) :29-33.

BT ABC, A0] TR L 25 K PH L A5 W 0T R A A XS T P R

SR BB REL) K 2, 2019,33(4)

58-64.

BV, A TR, G L EX
ANBFRE R W % (1] 4
1610-1620.

o 70 A Pl 2 A -
AW, 2020,40(5) ,

Tang B Z. Jiao ] Y, Yan F C, et al. Variations in soil infil-
tration capacity after vegetation restoration in the hilly and
gully regions of the Loess Plateau, China[ J].Journal of Soils
and Sediments,2019,19(3) :1456-1466.

MR 22 bk 58 0 A R L 55 RAT DR L B B XA [ K
AR bR - S A R S H S RS ] P R
MOk BHE K 2= 24, 2016536 (10) £ 34-40.

A BH RS, 58 T, A5 0 3Bl AN T AR A 2 Y - K
SIANBRE B m R R [T A4 &2 2R, 2016, 35
(3):597-604.

FEHILL, BE A  RBE OR 45 TG BTk AR 7 AR X

(EB% 100 T)

[19]

[20]

[21]

TR AR R, 220, A6 R R B R R KL B &Y
Fy 22 ROBERFAEL) ). L 2% 41 , 2019, 37(5) 1 717-727.

van Genuchten M T A. A closed-form equation for pre-
dicting the hydraulic conductivity of unsaturated soils
[J].Soil Science Society of America Journal, 1980, 44
(5):892-898.

Lu N, Likos W J. Unsaturated soil mechanics[ M J.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[22]

(23]

[24]

MR A B REAE B e (K2R 43 A [T 0. b mtbRoll K 2 2
#%.2021,43(1) :77-87.

fifg -1 B A e fb 43 A (M. 3 b b md o B A0l i R
#,2000.

E I, Be A2, X
1A E RRAE e Ho 5
34(5):231-237,243.
ik e B . 4 5% 1 » 25 [
A J5 PR A 49 B P
(2):416-424.

T A2 AR 5E TR, A B R R [ 8 T b ok
R VA B S AR R A A AR AR LT D0 A A A A
2017,28(5):1626-1632.

XIMR 4 BV B XA [ 9% B2 A AR
2 PR L) 1K b R $ 27 41, 2020,

NI, 458 7 8 4 KGR #R R Ak 22
AR ] A A %4, 2017, 37

Shao Q, Baumgartl T. Field evaluation of three modi-
fied infiltration models for the simulation of rainfall se-
quences[J].Soil Science.2016,181(2) :45-56.
BTl o o5 BLIE, 5 W0R , 5 65 % K 1L bR DA [ B 9 1
R ANB R MR L BT SBLT ). A Sl
2019,39(24):9111-9118.

N TEL 25, 55 32 AR 10X 6 il N bR A Al 7K U5
FRRE I [T 2 KBRS PR 5. 2019.33(3) : 165-170.
Li X Y, Contreras S, Solé-Benet A, et al. Controls of
infiltration-runoff processes in Mediterranean karst

rangelands in SE Spain[ J].Catena,2011,86:98-109.

MARTR BT 10 SR 45 [ 2 s ) O 5T 4 3
ABHEAT S H R i ] 3 [T 1K £ R $5 2 4L 2010, 24
(1) :33-36.

FEBER N ER AR SE W BRI L

AL T B A 9 & (], B AR B B R S 2R IR
2020,40(11) :156-166.

We/NdT - FEA, 3 2, A5 1 R A R K E X £
T 12 [ M BR PR BE 254, 2015 ,6(4) 1 238-247.

Hoboken: John Wiley and Sons, Inc,2004.

B EG AR A 8 E IR E SR (D] 22 0 22 M
K2£,2020.

FEM, E ok, Dl AR LB AN
MR L) ] K £ AR, 2018, 16(4) - 73-82.

A 5 A PG BT A X Bl A SR S5 I S 43 A e R i L
AT D] b5t b stpkoll K2, 2019,



