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Soil hydrology with four of ecological restoration measures

in a mountainous area of central Shandong Province
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Abstract: To improve ecological restoration of soil physical properties, soil hydrology, before and after
application of four ecological restoration measures (afforestation on barren slopes, supplemental plantings on
open forest land, prohibiting access to terraced slopes being revegetated, and prohibiting access to barren
slopes being revegetated) was studied in central Shandong Province with typical sample plot method for three
replication. Then infiltration models including Horton’s infiltration model, and universal infiltration model were
tested to determine the best model. Results showed that with all four restoration measures the average fine-
grained soil particles increased 9.44% , average sand content was a low 9.45% , soil fractal dimension
increased about 1. 7% , soil porosity increased 6.8 mm, soil density was a low 0.63 g -cm ™, soil water-
holding increased, and soil infiltration increased about 1.32 mm - min~'. Improvement was greatest for
afforestation on barren slopes, intermediate for both supplemental planting on open forest land and prohibiting
access to terraced slopes being revegetated, and lowest with prohibiting access to barren slopes being
revegetated. With each ecological restoration type the Horton infiltration model was superior. [ Ch, 3 fig. 3
tab. 22 ref. ]
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FRE BRIz, XK AR A SR I T A B S AR, A A Y N S K PR A A B
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AL A SRANERAE B & 5173, RARINGERAK LARFFEEEIAEE, MDA AR A7 A i 1), S
SEIRBET R NRMMRAR G, WAT AL SRS R AT T RS Eeat . B HA R IE, A
R TR R LR | R SHIE . 28 5 DA S8 5 X AR B L K SO0 Y
W AR, (A AR A B R AT L3 K A RO RS AR D A LR
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1 R XA

ABSB S DAL T IR T XA 78, T 1T DR R P (CORTZK ) b, Js /N ¥l 7K 2% 7 1
S, X LM S | I REPEL, SKES ORI S 5 NS, MR 278. 02 km®, M
JE 195 ~903 m,, % DX Jig W s K iy P~ R U, AR ROy 12,9 °C, B s iR 40.5 °C,
SR IR -20.2 °C, JGAEH 189 d, AFH MM H2 564 h, ZARFIRMH %28, 1 d, AFFEKE
664.0 mm (24 h FKFEKEH 170.0 mm) , H160% ~70% Mk KENTE 6 -9 Ay, Kb F2IEA
B M, R EEONE 2, HREE (ISR 20 ~40 em) , FUHORL, NEJ12E, KWK
P (IR AL 1500 t ckm PeaTh)

REROE T B RARUAM . N TRV ERIRERE ;. AR R v 2 2 RIRTTREIR SShR . RARTE
AR N T R TR S AR L% ] i i Bt i B Al bR T R Bl 32 A R Robinia pseudoacacia, A
Platycladus orientalis, JMFS Pinus tabulaeformis, 75¥A Pinus densiflora, FEAT Cotinus coggygria, 1L ZREk
Quercus liaotungensis, AEM Zanthoxylum bungeanun , LI Crataegus pinnatifida, ‘KW Rhus typhina % ;
HEAFNA I Vitex negundo, WKL Lespedeza bicolor, FEBRAE Choerospondias axillaris, %38 Forsythia
suspensa , SSHEME Amorpha fruticosa %,
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M

FERTBEE ARTEHL N, WX A ZRBENLE 5 R SBCE Y8 . O AL 7375 (HRIf ) e + 15
KRR MET s 20 ~40 om 2 HIERES, B[l —ARifEHL 5 RS AR RIR A S R TR
TAEBR ek HIERES R T 2 mm OAERIE ), SRS T RS B RIS T A 7 Y ZBSX-92A AR
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FIRREE (m) . @R FAIFE K KB UKL & 3 A # T, JFHFI ] SPSS itk dt, 43
IS 1 ( Horton ) ABHERYAMIE HI (—JB) ARG 25 M A S B S KT T N B ad e, KA
VBHR | RBHEFRFEABRESH,

®1 DERESEEHEERAZEYEEHR

Table 1 ~ General situation of plant community in different ecological restoration measure types

A E RS R TYIRE% F AP TrAHB AL TV
BARAME i N THibk g, EHFRE, BHTEH 0.2 0.3
GiMAME A T4tk W, FEFR, BT E, SEMT 0.5 0.6
e Y T MR KR MR, BIET, TR, AR 0.5
FeE MG NTFER ik, JJER, MRE, §I8F, 7R, R 0.3 0.6
b &= i) RIRHERE MRA, HIRT, S, FHTR, MR 0.5
Fe B KIRWERE MRA, WINF, ER, FWTR, MR 0.8
o R NI TEML, ik, FRRAL, #IRCT 0.5 0.2
RSN NTIRHER 4B, Wi, MRRE, Wik, FFR, LEL 0.6 0.6

3 HEREH
3.1 HEAMBIE
3011 RMEBAMSRAFAE  N[RME IR SRS AR AT AR 2,
x2 BMESEERELIEPARNELEINNRESERRERTS
Table 2 Soil particle size distribution in different ecological restoration measures (over size mass ratio)
) ANTA] BB (mm ) 3R ST T 23 L/ %
g&;ﬁi EZ Ak AL RL i s ML, Bk
2.00 ~1.00 1.00~0.50 0.50~0.25  0.25~0.10 0.10 ~0.05 <0.05

BUMKME i NTBiAk 44.71 24.06 18.98 8.72 2.17 1.34

B AME S N T 4libk 39. 68 26.10 16.19 12.82 2.55 2.67

i =Nl RIRERE 37.39 25.79 28.38 6.51 0. 46 1.47

Fe W e AT I 23.95 30. 06 16. 09 21. 11 4.92 3.87

) ] KIRHE 29.93 22.21 28.35 14.10 2.08 3.33

T B AL RIRHE R 34.73 25.90 20. 92 13. 66 1.37 3.39

Hofs 34 NT A 43. 14 30.21 17.87 6.49 0.28 1.99

HEER=PE AT FER 23.91 29. 67 26.05 14. 85 0.85 4.67

M2 ATLIE . 45 Fh 4 3 LOHLED R 5 B B e (42.29% ~55.72% ), HRJE A1 Bk & B (23.91%
~44.71% ) MBS & 5 (6. T7% ~26.03% ), TR R R &R (1. 34% ~4.67% ), BHAITr
AR & B AR, AR D RN A R A MR R PR e B M
SRbRE™S ) R T 2RI 1 00EnE, SR BN S RERAYNE, AR5 AR
H5HRE®REZNERE TG, A, EESBEYEE, LIRS RRE ST KA Bk, BT
T BARAN , FEGUMCKME | TG MORIER 3 E 3 FMEE R 3D, A ORFRLEDBR S BT,
YYD RL AR SRR o G N, BN, FEEE MU, AR AR Bk A AT I REAIR T 13, 4%
8. 0% , 2B RLFIRL K B3 M BEIN T 19. 1% M1 2. 4% , WA [RME 5 585 it v] LAA S in +
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HErP AR ) i, R I RS, R RO E

3.1.2 BMEUMA ML ASBERESMTIELBELE 1, WK 1A, B
SMALBRE | AE B FLEE M B FLBE B F 40508 40.0% ~43.8% , 13.5% ~16.1% F125.4% ~
28.4% ; BELIGH41.9% ~46.4% , 13.7% ~16.5% F127.5% ~30.8% , M+ HEFLIR R 0938 R
(R IEALBR R S S ERifLBR R Y e &, % LRREINY , AL N 11.3% , 8.4%,
8. 1% M5 1% , IEFBEILENFNN3.6%, 1.9%, 2.5% M 1.3% , FiHEZEHEN3 ~54%, KWL
P it St , AREH St T R HEFLBR R, (R FIRSEXT LR P S R A — e 225, X B L
B2 ) 4 e R B B K FAE B ALBRUE (AT E 2 FH 1 5 ~10 £i5) .

48 - 32308
=46 445 34 =307 283, et
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Figure 1~ Soil porosity under different ecological measures

T ALY i EAR KN B LB S AR B LR, AU Sk SR R K Ay, T
AEFPAEYEROE T IRE ), e TIEROIE) B (UK) ThRER &Ik, J5 & 3RAE T 383 B T3 K o8,
RARKPBRFAEFHIRE S, v s T30 (5) 5 (UK ) ThAERYsRES " 3 BB & e il e 35 £
BEALBR SKIEIR AL . BE5E R, S5MrkE R AF, K-SOCRUMRR T3, SSLBEE R 40% ~50% , AEE
BB 10% DL b, EBESBEABELAIEL: 2 ~4, SXEERML, %058 X 50 S5l
BREE (KT 40% ) IFAMIE, (HAEBRESEBERELABETm 1 1.7~2.1 CF¥1:1.8), &R
JER1:1.8~2.2 (CF¥1:2.0), UHBEFLBEEM - EAERE A B MR, Hit, BEILEE
(R4 15 B T A O s R/ N AL B LU RN AL BR S5 4, AR S8R, DAAS [l it %L R B2 (0 H2= B A LB
BE) g m i mE mR (E 1) F . R LRSS E R R A R TR s Ak, O B MR M RS
BE, EHE/NETE B
3.1.3 XMEFE AENBENEAF HIEEEELE 2, TUEL. BERTH LEEE R 1.49,
1.54, 1.58, 1.59 g -em ™ BEJGMI N 1.42, 1.47, 1.50, 1.54 g -em ™, P it 52t ) 19 £ 3%
WG AT TR, B[RRI R B A B 22 0], 1 8% B RO (3% FE RN S5 18 2 i
WREMHAE) M. FE AR 5. 9% , HiMREME 4. 7% , BHHEET 4.9% , FiEEE2.6% .

T A R A T Y BRE — SRA M T R AR ALBRTE | AR R
FEAE RHOK SRR . AR TR, R R A R B (BT WA ) AN LB R P U7 T
WAERI R 52, %5 B (AR ) 38, FLBRECR >, RZIRR, — MRS EEEZ N 1.0~1.5 ¢
com T, ZERRAFRY IR 1.25 ~1.35 g cem T, SUUAHLE, IZAFSE X R HER S (1B B TS I E
Sk 1.55 A1 1. 48 g cem ) FA7E B R AW S A A1, PRIUL, %o 49828 B (R AIGBR I IB 1, (R +
eLER SYERERE R . AR AR, M 4 RS + 1% B A PRI (E MR R RE . R R R K
AR AR, R BMCRME RS BT, /RSl B Ak
3.2 IEfEKYFE

BB ERTR AR G KR LK 2, NE 2 nIE S . BERT RS KR RS EKE
FI 8 i K SR YE B A 160.0 ~175.0, 101.6 ~113.6 F154.0 ~64.4 mm; &8 VUGN 167.0 ~185.0,
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110.0 ~123.2 F154.8 ~66. 0 mm, BREG¥AIHeE ., HRHEMAME | FRHOEA | TEHEEEME HE 7T
TR, DA IR Rt K B A B R (B R R K R SR S E S B E R L) B, WA
KN 8.45% , 11.42% , 5.36% F17.94% , ¥ BA /K EI R 1.48% , 3.42% , 1.41% F12.48%
FW RS FIE St )5, KRR AR i T R R, (EOR RIS T K PR M R A — 2
Sl AREAR, APIME S A it X W A i 7K P v R LI KT B K (T R R A 3 ~6 1) o
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Figure 2 Soil water-holding under different ecological restoration measures
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BT, BT iR MR 6 2 ARG TR A . AR R A A FAE K E B AORTR], o2 IRl 5 i 21 2k
MRAIEERGE SR> R AR, M 4 Bl it xd + e K A IR S R R R (K 2) . MEH
R BEFE AR, HUOERMAME R BT, B/MOET s,
3.3 TIENSHHE
3.3.1 kEAZ#E ESBEAIGNHEABERIMEIWE 3, NE3 TTLE . B0+ 50
FAB M FJEHE A 2. 40 ~3.30 mm -min "', BEF HHEAFRB HREE N 3.40 ~4.49 mm -min "', %
BARAME | TEdEREAR | TEBEAE A B E Y, N RS ERR SR (BRI SESBE
MR R L) K F, SRS T 36% , 72% , 42% , 32% . BTN, 4 Fhs 8 /s s 1
BB ERRBE A I, ARG S R E A 220, SRS, X i
FaB R A AR R R R T i Ak, HUR MM RS 3 E, /MR A

HIEABHCRP G IEA T, BUEF bR oo™ A R AR K & . dEA B3Rk s s +
Wiz, MAYIZEMEIR MRS K M R B (BRI R e A RO T Ik, RS R R Ak
SR K IR BE 1 M B BK SCHE bR, AT LA Sd 38 A2 B LI SR 480 AR bR o AR 5K £ . W3R K TR T
ABHHR N5, mTLMRIFRZ KB A SRR EE, OB RPN ER, b hRER
et

KIRIRDL T HIEAB A A E 2B R, B T oK N R AR Z s, E5Z2 300
BT SRS (HOJE | AEBCRGLEE ) A S BREE BT (ALACRIZK Sy BV BT 55 ) 48 s e, 6 At 25 1
AHIRI T #8 0 AR BOIR 0 B Ot -3 3 R A e Ve, e R 3 B A FLBDIR 0 B ik 4
FJRE HIEABRERFE | RFFT AT TERAE A
3.3.2 EEABEAR  HIEMABEREAEER WG KM Y — 9058 R Pk EER . R
WA, T E M A AR X A K RO, B 5 A B HERE XS T 1k LU S = Uik AR
SRR, SRR A S A BN . AR SREE, WA E M A B
S ARMAE R AR K £ . WFRKIR e R E T B, A 20 a2 DORE A R iR TiF £
i | PR EAZR BB E NG TILR . OEHLSB AR, f=a ™ +b, fHl
SIRRIB BERFABEL], o, b, n BIHZRSE(b S TIRBR) . QIR (Philip) AL f=
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Figure 3 Soil infiltration under different ecological restoration measures

(172)S 77+ A, Hop, £, SHL B ABE WOKEMABEE, A BLZBSHE Y TRS
R, @FW (Horton) A f=f + (fy =f)e ™, K g, £, LAt BHHABER, 1BE, RBE
MABNE, b NZRBBH

MEAHIFFRE, JERE (Philip) A0S XA B HERIIA RO 2, REAAR X, H
U, 2B R ( Horton ) 2256 /0 FE A B A TG . AIRME RS~ 45 PR 25 A
B SEINME AL B AT L AN 3R 3,

®3 B[MATBERETBENSFHILNEMSERNIIE

Table 3 The contrast of fact number and experimental number about soil infiltration character in different ecological restoration measures

AB SIS Horton 571 I8 AL
e N3 _h .
EBER A (mm +min~") f=fo+ (o -f)e M 2R f=at™" +bZH
Tt L
Jo /e Jo Je k R? a b n R?
) FIMH AT 40. 58 3.16 66.76  3.06 0.56 0.999 34.76 2.62 1.04 1. 000
BMREME
M JE 49. 89 4.18 39.57 4.20 0.33 1.0 32.68 1.63 0.78 0.997
Y& BT 26. 18 2.74 36.47 2.63 0.25 1.0 35.68 3.11 0.53 0. 986
Tic I v A
MG 46. 46 4.73 62.69 4.95 0.41 0.999 44.18 2.60 0.58 0. 999
EARHT 20. 63 2.40 48.02 2.54 0.77 1.0 17.76  1.11  0.99 0.995
LA 26.33 3.40 239.8  3.42 1.49 1.0 15.09 2.08 1.06 0. 997
HER 31.30 3.30 50.90 3.29 0.46 1.0 38.01 0.29 0.76 0. 995
B EE
HEE 42.08 4.49 62.60 4.55 0.50 1.0 38.22 0.17 0.75 0. 995

3 ATAL, MILG IR HARSHOE , B (Horton ) AR AL HIE HI 800 A\ 1B BEAY AR RB LT Hh
S RIS i IX 2% Pl BRARAE ) E e B i A, e 2 0T ( Horton ) AJBRETRE 45 2R Ll T 22 S A6 Y £ 3
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P TS, KU ( Horton ) 2256 23 XU L B0E HI Tl R A 0F 5 DX SRR AR A 1 1 HE A B R AR B9
LIt

4 Bt

TER MG ARAME | eI AR, S B BRIRS 25 55 4 B E IS, A AR L3 h ki) o &
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fiff ) B AR R

4 R S F it 0 B BEEAR A B RAR T R A e o pk , U BAMAME RIS T, /b
HOPRS R E R

JUE AR AB ISR A5 (BUKAE ) S EFANE K Z A N BB SRR B E R, il M AE E
AB R KT R 250 T AR E 2, EENE A B i B ILF R 5 L PR (FLBREE
TR AL/ INEARSE ) A 56, WL A B S YR AR, P AE SR — A S AN R bR 28 T
BAERERIARXT K/, MAUE BRI MRS HOE , FE M ( Horton ) APBAS Y Y25 R L i FH 28 46 A 50 ) o 432
TS, FEWI A (Horton ) 2256 2% 3R HEAIE I T 148 12 AIF 5 X S8 2R ARAR 8 - 33 A8 R Ik 1Y
B

MR AR AT, AR SRR K S BRI 82% , R T— AR R SREX 4 FhA LAY
ABBERE, A0SR T IR SR K SCRON o TR SR PR IR S, AR T i
M, R RACR W, MO S AT B A A R stk R R 22

L P DX A= BB S FE T - e A 2k RAEHT AT o 2 %A, —RABE NI B EHEm, £
BRI N i MOR A 0, R R, X R AR P R DR T R R (IR | U A ) A
TORABS IR SN A R, SR B R AR O AR A R, PR A e A
TIEA R, PIERME R RN, A AR | (HAROSE I R, R A AR, AEAE B S
T IS B9k JUAR (RIS N 3 a) , 4 FIETERIME B RIS RO ), o bk BARAME L2 1 SRkt
D, T A AR AL 2 Ao 3, AT RER T EL 4 A2 S Rl R RN R A B
JEIH, BER A B I M IELE, A AMESRESS 2 e ffE & H g,

AL RLEIENS B IRFIEAAL R R, RS SR A AR BRI, 45RO A AR B
BRE, KERARNOEISMARBE ", ERFEEG, SCER%E, ARG, ¥ié
HEAH BRI, AR BRI LA R AR HOR IR A 25 R G n B 0 TR T
ALBESAT NN LB E A, YRR TR IIRE, (EH K SR AR R F 55
T, AR, A B ARAE S 5 A B 5E 564 &, IIRALER ok,

HeAh, I EE R A B R A AR AN e R 2 EOR AR IR S A LA, A
FLARFIIE AR Ak ix — BB AR ) SR N e il 2 By, S0t A= A5 B B2 B Al 2 B AL AR S R R BUAIRES, H
W, 7 PR b b ST DX 3 A A SR A

S 3k
(1] #EJEC AESBEMEEEEET]. hEK AR, 2003 (2): 1-2.

[2] k. EFREERESBE TRPIJEREE[T]. PEKEGSFRE, 2004, 2 (3): 99 -102.
[3] B, HZ, wAW. It XABBRE G TEARMBIRG )], KA, 2003, 17 (1) 15 -28.

]
]
(4] ABibE, @, w4, INDKONREASBEIE[)]. PREUK LR, 2004, 2 (1) 4 -10.
] wmike, AEF, SRR FEIVRAM Y A S E RO ESE[T]. PEDK £ AR RRREE, 2006, 4 (2): 7
-12.
1 M, A, FHR. TS AESEER N []. P EKEARFEE, 2005, 3 (3): 60 -64.
] P EREE s R, IR (M) R EUERbAEOR AR, 1978 511 - 525.
[8] REZE, 2Pk, P LHEIM]. 2 B bt B2z, 1990 12 -16.
] MRRAL. EHEEEIM]L dest. o EMl M, 2002 57 -357.



5525 EH 3 M B W ARSI R T &b il X R K SRR 349

[10
(11

IR HE, ke, XM, MOl AES TRA2E(M]. dbat. FEMOL R, 1999, 63 -65.

]
]OTRR, R KRERIEMAEE T M. dbst s EMO R, 1999 45 - 55.
]
]

[12] FBARsE, EXRME, 8. BABMIBMOKIBRIEGE TR []]. W2, 1998, 15 (1) 63 -68.
[13] B4, =fe, T8, % U iE R R aE B EKEE [ 1], Wil REEdR, 2007, 24 (2) .

135 - 139.

[14] BBF, REE, LR RMAEEXT RRABERA )], PP, 1996 (3): 27 -31

[15] s®ohl, BiLs, EHE, % GPExE LA TR REOK S WIER[T]. K -RER, 2005, 19 (6):
44 —48.

[16] mifZ, Mk, sKATH, 4. ESMRMOKSCISEBE IR ], KRR, 2001, 15 (5): 60 -75.

[17] PHILIP J R. Theory of infiltration about sorptivity and algebraic infiltration equations [ J]. Soil Sci, 1957, 84 (4). 257
—-264.

[18] SMITH R E. The infiltration envelope results from a theoretical infiltromete [ J]. J Hydrol, 1972, 17 (1) 1 -21.

[19] ZEKE. oA BB PIRHRTT[T]. K ERFFIFIE, 2002, 9 (4): 4 -7.

[20] W3R, RSPk, SN, S IRMEWITRRAOMIR EIFN FE EBOR[T]. sENERE, 2002, 20 (1) 7 -13.

[21] SRAE. TN PRILPG A iRl DK SRR SR HORBIE RS ], DK 2R FR, 2004, 2 (3): 108
-110.

[22] M2 RTASBEIVRIERN[T]. K ERFEITE, 2006, 13 (4): 127 -129.

H SO0 OOSOSOSOLO 0000000000 0000000000000 00O 0000000000000

AL ER B ELHEERENTEMHRCIR

2008 44 H 3 H, H#mTIARABE S Y 48K B> BAT BRI 30 B —vh [ 4% i 3 4 I % B AT
MABACI HIER 3, %50 B AW VLG & B ™ Z AT . M E R B 1 BATIRIC AR 50 hm?®, 7230 H
SERY 25 a N AT AR 5 000 t, MRS IR E SR, BGEIEE . ZBATARERICIE
VIR BE 55 RIS JA B B2 £ 55, ARG HE R LR A U2,

P&, WITIAREBE BORMIE A B 2800 ZARRF 9T R B . ATARE BB BE S T4 B, AT ARG A [k
H5.09 t ~hm ™, ERARY 1,46 15 . PG 1. 33 5, X—BF0 R, AMUAER] T EH AN Z 1)
INAT, A S E MO R 5 B () S2 R, A5G T E SO IE S B, I i WA Be (i SR ZE WL
I % Sl AT MRBRIC I3 H

ZIH EEASE . BYTMEBICT R R . BT R AF T i S AR S, W E X
HEB TR A AT AR BT F R AE 28 R G A R AT 1) ik i S5 A F 2R S, ATy [ AR IR
ISR B ORI PR T IR E FE R 22 5y B bR A rh iy b fo



