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OE: BRI R B OSRIE SOM R T WL T 3 R Rk A (R ATLIR . AT AR . EARLMOM A B TERE, FF
SPHT T A ORAR R ARAE XS H3E A B RN, 45 FE . OB AB IR 947.7 ~ 1 220.5 mm/h), 55 1 HrBLABHR612.6 ~
751.6 mmv/h) . 26 2 BrBEA B #(479.0 ~ 591.3 mm/h) ., 5 3 BrBr ATBHI#E(352.9 ~ 433.4 mm/h) . Feudd AIB T (272.0 ~ 369.0 mm/h)
FHABHA(373.1 ~ 498.2 mmvh)HFEFE BAT ARSI, BRI ABHERA,, HoAb A iR SR - R BAT Slib>
EMAEARRIMALARLI, QIR ABHZER ., | MBEABEEM TP ABHREETZ 0~ 10 om HZFREELII 10 ~ 20 cm
+ 2R (<2 mm)Ad: A - AR T AR 5 2 BB A 3 B BERIRR S ABER EEAZ 0 ~ 10 om +)2AEBEFLERE AAIR (<2 mm)
AW LI 10 ~ 20 em + JZ4IRAR K LRI . IR (<2 mm)H: 9y B FAR 25 3 n] S R0 - e BATFLER . A S AR & A
BRI LA B H R, @Kostiakov HIRLEFIAAR R ARSI T LA B FE A I AR,
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Soil Infiltration Characteristics and Influential Factors Under Three Typical Forest Stand

Types in Anji County of Zhejiang Province

GUO Feng', YANG SisiZ, ZHANG Lin®, QIU Zhaowei’, WEI Kanli*, GUO Yanrui®, ZHAO Tianheng’, FAN Changjiang®, QI Shi*®

(1 Anji Transportation Investment and Development Group Co., Ltd., Huzhou, Zhejiang 313300, China; 2 Anji County Water
Resources Bureau, Huzhou, Zhejiang 313000, China; 3 College of Soil and Water Conservation, Beijing Forestry University,
Beijing 100083, China; 4 Shanghai Agricultural Development Promotion Center, Shanghai 201403, China)

Abstract: In this study, the infiltration capacities under three typical forest stand types (moso-bamboo forest, moso-bamboo-fir
mixed forest, and fir Forest) in Anji County of Zhejiang Province were measured using a table-top double-ring infiltrometer, and
the influence of soil properties and root characteristics on soil infiltration rate was analyzed. The results showed that, 1) the initial
(947.7-1 220.5 mm/h), the 1% stage (612.6-751.6 mm/h), the 2™ stage (479.0-591.3 mm/h), the 3™ stage (352.9-433.4 mm/h), the
stabilized (272.0-369.0 mm/h), and the average (373.1-498.2 mm/h) infiltration rates increased with intensified degree of
bamboo invasion. Except for the initial infiltration rate, the others generally reflected the following pattern: severe invasion
(moso-bamboo forest) > moderate invasion (moso-bamboo-fir mixed forest) > no invasion (fir forest). 2) Initial, 1% stage and
average infiltration rates were mainly influenced by clay contents in 0—10 cm layer, fine root biomass (<2 mm) and soil bulk
density in 10-20 cm layer; 2™ stage, 3™ stage and stable infiltration rates were mainly influenced by non-capillary tube porosity,
fine root biomass (<2 mm) in 0—10 c¢m layer and fine root long density in 10-20 cm layer. 3) Fine root biomass (<2 mm) and root
length density may indirectly affect soil infiltration rate by influencing soil non-capillary porosity, bulk density and clay content.
4) The Kostiakov model was the best model to describe soil infiltration process in three typical forest stand types.

Key words: Forest stand types; Soil infiltration; Root characteristics; Soil properties; Moso bamboo
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AU, XM ARAR A L AR e R L R
R, BFREAS R AR 3 280 1 438 A B ARAE X P4 X
AR SC R A R L

T A BIEREZ A YR R M A 2 R
AR o MR I A B 1B
B R, FEASE IR E . R ERE L.
SEES T s 1 724 | 2 A D w2 K1 o = K S e
AU B 52 ZePEXT H I A B UK iz sh A i
FRW, HHEAPURARTHRE(R IR+ HOKRE BT
WAL, 3T R S RS RE I NTER R, A
U VA 8N 1 YA w31 R 371 ke kT A P <
IR, FHYR RPN A B BE 0, —
i, FEYIAR R AT DU O R IEL RN L S
BBk B e A B N S —0
1], A ZR 5 3 o O A SR AR E T A S A )
W, SRR S R S RRE, R RS
PEREI, ARREIMO IR AR R AR . MK
MR 1 FR % B FAR AR 8 B B 22 ek, I T+
BB B RE RS ) SR R TR AR BIAR R
BB BT A AERE R A4+ . Wang 5 AU
R R, 4R X LA B HAREER;
Lu 2 \PHCR AR T + 39635 5 il 1 BAT I/

FBAT(Phyllostachys edulis))” 12 5341 FE 3 [ B J7
WX, AREEILHL T RIBRIR R RS, AW AR R AR

AT, B ZIL AN R APR38R
X, BATARE AR AT 2, FEARBE
MHAEAM, FHBELIEWBATA AR BAT2E
U B BT FEER T BT AR AMG £
HESR O A WU Z R AR RHAED™, S X
PP ARIZ ARG L3 A B RAE K 32 252 i R R AT
ANEFE . FET I, AW LATTL 2 B 3 R ARy
R (BATHN . BT ARSI FZARLEH) N BT
FERG, M RV MR R IR
fib, 7 Hr HIEAB RIS, AT TR E
(EBLINNLIES so 0 ans i i s I

1 HR5HE

1.1 HAREXER

WF 5 XA, T W VA8 W N T 22 3% ELK £ R KRl
B (30°36'30.3"N, 119°35'1.455"E), J& T 72X
S, AEREKE 1400 mm, FEAESLES—8 A,
ERRR 16.6 Co TIEFZONRE, )RR 50 ~
70 em, Lt BATHAYALL, AT T EM I B4
AM ., B, BT AR
1.2 HigE

DIFFSEIX. 3 Pl RURR p A (58 4 AR i) B AT 2k
L BRI BRI . RAR IR ALIR)
FFFEXTGE, TEGREN, AR HEA— B OL , TE5
PRk A L BEDLAE 3 41> 20 m x 20 m BFEHE, JF7E
FEFEHLNBENLAT % 5 1 mx 1 m BIRESVE N A
Bl N, 3 AR AT AR EEAE DL LR 1,

Fz1 HEHEKRER

Table 1 Basic information of three plots tested

oA E-EARRL L K (m) W e MRS EE(BR/Am?) - HERT + 2 (em)

BAT LR 9:1 73 8° [} 2100 O 58
EM-EARIH 5:5 75 9° [iifs) 1350 W 57

U7 SLIVIN 1:9 76 9° i) 925 gig: 56

1.3 TENEERENE

FEBEE A 5 AR S s DY 2R 4% 30 em,
HPIREAZ 60 em Y22 B OB A B (Ui A 35
T T 3 em, 14 4 g/L 50358 WORE 7K 53 500 R sppR
BB A IR FIINER ARSI N ERFISNER KAV i JEE SR ¢
TRFF 4 om, 10N FRAKCK B BERE R % 0.5 em T FH YRS
6], FFEE0 RS PR 4 IHAE 0.5 cm R AT A]
AEERE, I HIEABERIREFEA BB
14 TEHSIORREARENE

TERA AB IR ST, R TIREE IR

i, PTG+ . RHERILBE . R R
FLEREE . BLAb, FERGA A & FF 5 —Aab K-
RS L2 M, A TIE B3ERIas &K . B3
ZE P TR M 0, A5 B AS P T B R A 1 AT
TH/KTE 2 mm TR NVEBE T AR, BEH AR 2R
PR Bt KUk B AR R, AT R AT 4% 88 1 mm
BRI RIBITYRME, 4245 <2 mm Al >2 mm, FF3r2E
REMRIRRER LY & BiE#H WinRHIZO-
pro R R /T RGO ARG R E TR A
Wi, MM EAR R4 B AR 25 B S 40
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1.5 fEHRiE 2) Horton 5%,
151 HEABHEFITE TN B H RS f(t) =f. +(f0 _fc)e_k[ (4)

ARG MG P G T R , +HEAE R/ 50
),

R, =2l 600 (1)
At

A IR, N HIEABE R (mm/h); AL N NIRTEAL I}
Bt (min) N A B 17Kk E (em); 600 Ry %4 R4k
152 ABBERr AT HEABRIETEAIE
Mo, 3l AB AR LR BB E:, BRI
X HIEAB IR T 08T, T TS AR Y
FrBe, FZBT B NS R RRZ I BE B REE,
TIEABHR AR T NS IR RO TR

DL = —apt P )
Krp: DI £ T B RAYZ AR (mm/(h min)); i
FIOREIAMN . BT ARIEZHRSEAZARLN; o, p
HPE ISEG ¢ AT
1.53 HHEABER

1) Philip #&71

1

f(t) —st 2+c 3)
e A NEEABR(mm/b); s Bk KK
TIZHL; ¢ HRGEABZ (mmv/h); £ 9 ABIFTE] (h).

X o AREAB R (mv/h); fo APIRAB R
(mm/h); 1 M ABEHE (h); &k HILESEL
3) Kostiakov &7,

f(t)=at’ Q)
K o F1 B EBRING SEL
1.6 HEZITHSH

i FH LR 2R 5 22 (ANOVA) 73 H AR [ AR 43 22 ] -
BRI PRACIE T | A BBt LA B AR 22 5, R
M Z o054 A MSEH T B BB 5T 52 1 - A8
AR EFHN T

2 HEREHW

= FhEL R ARy KB + SEEECRIR U TR

3 RS RUAR > A 1 ESEAC B A MEFUILRR 2. 7R
0 ~ 40 cm LJEWN, BATLME LEAERE )RR
JER BN, 4 pH Rl -+ 2R A IR
2 THA - SRR BUBMA L B 4 A T
AR AL TAZARGUAR, BATAIM 0~ 30 cm L2 4
AR, MARBEILBE . BALBE . 2R
PR 85

21

R2 HIREKREUMER
Table 2 Soil basic physiochemical properties
+JZWREE (cm) e A (glem’)  MILBREE (%) JEBEILEE (%) ALk (gke) pH 2 (g/kg)

0~10 BAT LA 1.11£0.08a 49.11+347a 1047+2.02a 29.02+4.05a 491+037a 246+028a
EM-EARRLHK 1.19+£0.03a 4282+471b  8.72+0.99 ab 22.54+2.03a 444+046ab 1.71+031a

VX NLIVAN 120+£0.05a 48.12+3.26ab  7.34+0.83b 2822+1521a 428+0.10b 1.64+0.78a

10 ~ 20 BATHI 128+0.06b 4243+2.15a  743+1.03a 17.70+3.40a 4.78+0.10a 1.32+032a
EM-EARRZEHK 1.41£006b 44.04+554a  638+0.09b 13.77+335a 4.75+0.18a 091+0.21a

ARGl 146+0.02a 4479+2.09a  5.90+0.06¢c 1279+ 0.60b 496+023a 0.84+0.04b

20 ~ 30 BAT LA 127+0.01b 3989+4.10a  582+187b 11.19+1.32a 5.17+£027a 090+0.25a
BRI 133+£002b 39.63+2.84a  727+080a 11.08+1.76a 520+0.18a 0.77+0.19b

IZNLIVAN 147+0.10a 44.19+327a  6.66+0.11b 842+45la 520+0.10a 0.62+021b

30 ~ 40 BATHI 145+001a 39.69+292a  526+048a 7.65+0.74a 549+0.18a 0.57+0.07a
EM-EARRZMR 137+£0.03a 42.14+£3.29a  456+0.71b 735+1.55a 5.43+034a 0.53+0.09ab

ARGl 139+0.02a 3646+271b  543+043a 6.68+1.12a 524+030a 0.48+0.07b

40 ~ 50 BAT LA 1.33+£0.06b 40.40+132a 5.86+0.45a 440+1.01b 506+0.06a 0.28+0.06b
BRI 1.47+007a 38.70+£2.0la  566+1.08a 639+153a 526+0.06a 0.46+0.07a

I NLIVAN 147+00la 3829+0.88a  574+053a 852+1.6la 538+0.10a 0.59+0.06a

e RPFEZNEER NG FRARRIFRR ] — LR ARS8 T 2557 8 3 (P<0.05),
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T, 2. SHBLAB S, SRIAEREABE)
1 ZHAEMSPERTHIENERNTUEXRR
NEM B
Fig. 1 Change rates and infiltration stages of soil infiltration rates
under three forest stand types
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ARG M N, B HAPEAS AR 2 R] 22 5 1 3
BATAARE IR-1 BB A B 3% 717.8 mm/h(/&] 2D),
IR-2 rBEAB #HZ N 591.3 mm/h(& 2E), IR-3 BBt
ABHFEN 433.4 mm/h(& 2F). BT AKIRISHRIT
IR-1 BrBE A B # N 751.6 mm/h(/d 2D), IR-2 [rEt
ABHZEN 5750 mm/h(& 2E), IR-3 BrBEABHE N
426.6 mm/h([&l 2F), FZARGEMAY IR-1 FrBEABHRE R
612.6 mm/h(/&l 2D), IR-2 i AB# %N 479.0 mm/h
(K 2E), IR-3 BrB AB#HF N 352.9 mm/h(&l 2F),
23 TEANSEREZMEZR

BITARMHATYE 6 MABBEIETRMEL TR

50T (R 3), S5AREW, e NS £
HZEN 0 ~ 10 cm +JZ2MAIHR (<2 mm)AEY = HEE
BALBE; mE AB M EZERE R 0~ 10 cm +
EHER SR 10 ~20 cm B2 AEBE LB
M -3 AB R0 FE R ZE R 10 ~ 20 em HJ2H+
MR H MR (<2 mm) AW A 1 BB A B
R ZE N 10 ~ 20 cm T2 AR A i T3
REMREEREG2 mm); I 2 BrBORE 3 BBt
ANBHEREERZEH R 10 ~ 20 cm T 20 I
L OIRAEY R AR SR 2R E, AR (<2 mm)Fy
FEXT 3B R R E

R ZR AR R - 3 X - 18 A B 5 () B A 54
TR LA 3, ARRA IR 5 B em e
FHHEVERT I A B EOR, 03 E | JEBEfL
BRURE AR 5 i T Bl e B R R AR
10 ~ 20 ecm T JZAUAIRA YRS B HR TS 1 By
BEAB A HIEN N 034 F110.53, 10~20cm +J2
() IEZEFE A0 ~ 10 om )2 HIEFRINER | BB A B
SRR —0.27 F10.34, 0~ 10 cm +JZ2A940
AP E A BRI 2 rBEAB HRIN I
Ml 22 ECH 0.25 F1 —0.18; THEAEBAESLBREA R E AB
MR 2. 3 FrBABHERN B RN
0.49. 029 F10.43, 10 ~ 20 cm TJZMARKBEEXES 2
I 3 B Be BRI EHSE NN 0.88 1 0.68.
24 TENEBEBPE

XF 3 AR TR (Y 3B R T AR R
H, PEERILE 4. ANFEMIIZEET Horton FRAY
P E ZEU(RY M 0.691 ~ 0.747, Kostiakov FiH R?
4 0.874 ~0.906, Philip £/ R* >4 0.832 ~0.888. £
I Kostiakov #UA R AHXT e 4, Horton BLHY [y
RORAHNT 5 2%

FE 3NN RIS ST e 45 3R % 2 AR SV AR
BIE AT, K ST E AR B B UEA T L, LA IE
Fof pR g, HCARER MR 1, D0 Sel (g 5 A
EARMAR FARIZIT, 45 AR REU(RD) DL R AL
AWML, K 4 Frs, #4K I Kostiakov #EAY 1) 1E
Ho B R BCE T 1, 78 3 MRS 2B R 0.901 ~
1.000 2, HIF Hfol sR0L A B D R0 R #RE 0.97
DL I 5 Philip A1) REGE FJE 0.888 ~ 0.977, SWiiE
BORALIK F Kostiakov #2851 Horton #5281 R 050
FEl R 0.826 ~ 0.902, B R . X SEAIIEG 1)
HeE RBCIEAA R, ULRABIRIL A ROCR G A Bk, 1
JIE T Kostiakov #E I ] DA - HIABE U [ AR 2T
() 38 A B HFAIE
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Fig. 2 Infiltration characteristics under three forest stand types

®3 IENBERHE TEFEE

Table 3 Multiple regression models for soil infiltration indicators

LA (] 5 A R? P

SIR y=0.648RBD1,.19+0.41NCPy_;+0.173 0.8825 P<0.001
IR y=0.765clay(-10+0.416NCP;_5—~0.005 0.544 7 P<0.05
AIR =0.464 RBD19.55—0.759 BD20+0.877 0.730 4 P<0.05
IR-1 y=0.372RSAD214.2~0.131RBD19_5—0.504BD) ,,+0.814 0.5110 P<0.05
IR-2 y=0.274RBD1 14_20+0.246RLD1 4_5—0.572BD_5+0.663 0.715 0 P<0.001
IR-3 y=0.364RBD1 4_5+0.16RLD1.20—0.579BD .2+0.702 0.8120 P<0.001

e FHREEE R R R 2 EIRE, cm; RBD1 A <2 mm MRAZMAEY =% ; RLD1 <2 mm MR K% ; RSAD2 NRE>2 mm

RIS R clay S HERRRL &

BD Jy LIEAT; NCPOWARBE LKL ; TN v LR & ; IR AWIHAE R, IR-1 NE—HBA

B IR2HEZHBEABR; IR3AEZMEABE; AR FFHABLE; SIR WEREABE, TH.

3 e

3.0 ABKRSABIRAFES TEHEMER
EATKREEI A B RIBWIR R RS, AW 5 4
NARMBEESE I S5TI6E, BB EBENT- AR
FIBATEEARRY . AR5 R, AR A YR A
Pyt AR K% B B 10 35 22 5 (P<0.05), ZHAR(<2 mm)
HH AR (>2 mm)FEPEAE AR R AR 53 S8R 22 57 51 1
i, ULRH AR R SZ MR R e R . AR AE )
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0.02

(e xR RIIRIR B TR P<0.001, P<0.01. P<0.05 W E/KT-; SRELLF/RIELN, AELEFRIGEN, MBERRZNAEE)
B3 TIENSMHEEZIMERMEHFIZED
Fig. 3 Structural equation models of influencing factors of soil infiltration capicity

R4 MRS LBTHIRENSRE

Table 4 Soil infiltration models under three forest stand types

Vi Kostiakov #57%1 Philip #57 Horton #5171
I s R? It R I R?
BATAA »=365.913t"*% 0.906 ¥ =82.041"% +334.962 0.888 ¥ =369.14 544.69¢ 55 0.696
BAT-HZAIRASH y =346.465: 0.874 y=120.918° +287.216  0.832 ¥ =340.52+906.21e*" 0.691
AZAR Bl y=291.898:"3 0.897 y=91.929"° +237.547 0.858 ¥ =272.97 +648.39¢ > 0.747
25001 2500 e
(A) BATLLH (B) BATH AR - "
= Kostiakov —— 3=0.901x R’=0.974 = Kostiakoy —— y=1.0002x R’=0.975
~ 2000r e Horton —— 3=0.826x R’=0.931 = 2000F o Horton ——»=0.887x R=0.954 44
g A Philip  ——3=0.888x R’=0.964 g A Philip ——3=0.977x R=0.960
E 1500} = 1500F
ﬁ l.l @ﬂ# e® 000 =
= 1000 Bibeo 00} = 1000}
B 500t = s00f
0 1 1 1 1 1 0 1 1 1 1 1
0 500 1000 1500 2 000 2500 0 500 1000 1500 2 000 2500
SEME (mm/h) SHUE (mm/h)
2500 . "
(C) EZARglM
= Kostiakov —— y=0.987x R’=0.983
~ 2000 e Horton ——3=0.902x R’=0.966
g aPhilip  ——3=0.971x B=0.970
E 1500t -
s
+ 1000 e
B £
=500
0 1 1 1 1 1
0 500 1000 1500 2000 2500
SEM{E (mm/h)

B4 =MHROEBLRENERTMEMEZITEEMXLE
Fig. 4 Comparison of measured and calculated soil infiltration rates under three land use types
RATFMISA AR R S RS RI  WEE T 3 YT Sh A LRI >
TAMSB-EARRHMAZARLI, XATREERY 3.2 TEMRMIR RSN TENSEENE N
BATAREEI T 10 ~20 em L2 RA YA R R F B SRR ZR R R IR S ) S R
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