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1.1 HREXER

T T LR 2 AR AR 35 R 4 T 5K B AR 22 0L
MBFFEE A (N29°48', E121°47') , [HIF 349 ha, i3
JEWTIRAIC L e B IX, g UK T LR 650 m, — il g
WK 300 m Zid . DIESRHY O L B AT, b B
JoT 3 B AR AR TR R 43 R K s LA S e ih
BRI AR . L2 ERE A | m Ao, %
b, REMAIRE R, 4% pH {2y 45~5.0,
A S ek P ] PRI R 2R XU, 1953 —2001 A4
M) 25 R W], WX 16.2°C, 24 Rt
FERu A4 154 d, AP FKE 1374.7 mm, P28k &
A 1.320.1 mm, A ARV RE Ik 85%. BB [ AR
ISP s b DX DR AT Bz Ay 5 B V10 bl 1 A A 4 o] P
FEVRAR B B LUK B ( Castanopsis fargesii ) « A fif (Schima
superba) . K (Castanopsis carlesi) « = 11 K
(Cyclobalanopsis nubium) 4 .
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pedata) +711 i7" (Miscanthus floridulus) #4471 46 Hr
B IR AR R A o HoAth T2 S0 Bt - 5 w01 A M
A (Loropetalumchinense) +£14% (Lithocarpusglaber) #
N, B LA BT AR B 2 A (Pinus massoniana) B
R )L VR AT AR + 5 RAA R, R R R
T BV R TVURRAS R U2 o AT 9 0 2 T A R
35, PrikiIe s B AR T LA BB R 1
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TS B AR o 20 RE MR N 23R T 1 hm? AC& PEAE
M (R D, ERAFEHLNBEHLEE 3 1> 20 mX 20 m [{FF
D5 AT AR A AN LA W R A . AR RN DT T2 1
A 1 m RS, 53 5 2 RAE 1R : 0~10, >10~
20. >20~40. >40~60. >60~100 cm, UKL A
IR JIRERCR L RS2 56 55 20 Mo MR 3 AR IR 1
JEUREE N 0~100 cm, 4L 5 ANt)2, HEEMSCYEIN 7
R PRI 2R E  0~60 cm, L4+ )2. A
S BB s 38 3 E P E
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Tablel Characteristicsof plotsunder the different vegetation succession stagesin Tiantong

WS S S S FMa HkIm WREI() Hemi(°) BE i m R EI% PFHFh
THUAR AR FER RV 155 196 26 SE30 25 90 L NN
J& WA RAGHETE 95 163 20 SE40 20 95 VNI EY S
AR A+ RRFA TR 75 121 15 SE45 18 95 KA DR
LA TR 65 135 15 SE10 16 90 R
HEM FikR+ AR 22 164 25 SE20 5 95 FilR A
it R TR 2 115 25 SE5 05 30 £ AN T B
1.2.2 MiXH ik W o HTH R K, %,

TR G ARE R e K kL (g5 R R 10T
A kR T g R S [ 4y kR v,
RS HT R MS2000 0RE G A A s ;- 1358
PRSI R F A )ik 38K o I e SR 632 (105°C,
6 h); JKEGME IR AR KA+, N H SR Y oder
TRIREINE s I LTCR FH AR R B A Ak
1.2.3 1A KRSFRIEARRESITE

FUE K O
6m=100% X m,/mg
TR
_ mx100
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K, On AR KE, % m, b BRI, g5 m
105 CHET LR, g5 pp M LIEABUTE, gom’; m
NARTINIE LR g V IRTIERL, om®; 6, ARG K
K, emiem®; py, NIKHIEEE, glem®s T, b K E,
mm; T8 L2, mm,
1.2.4 X3EILMESGHE
LB dE: TR SLRRE . B LSRR B
FLBRE
P.= (1—pe/ps) X 100%

P.=WXpg

Po=P—P,
L, PO EALBREE, %: PO BEILBEE, % P, ik
BEALBE, %; ps N HIEABUSE, HUEH 2.65 glem®;
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KPR ZE T 25087 (One-way ANOVA) H 56 k4
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TERGERZE, Fradem, 2 o B TR 4 i B
WIS LLIR 4 L], 7F 0~20cm 12, TotR Al AR bk
SR T47% AR == T2 (A = s = U1 = Q) B A7 U A=
Fmm T HAR B B (p<<0.05); 380K 2 R A RS
SRR R E B B T W R (p>
0.05). UL, ARk iR 21 5 W10 SR R i ARE B, X
BRI AL R 5% S 2 K T LA B B, TR ]
R 108 T 4 V0 i DR I e R Bl 26 0 3 s A i 271
MIBEIE S Y, REF= A8 2 A NLIR, o) RV 5 %5 Ak 4
R e o7/ PO | = 1D AV okt IO | e R e b ) D A
T, PRk .

& 3K 400, £ 0~60cm t )2, BEZIE
TIEABUT B RAG, SFLBRE . BB, dEE
B LB RUK B R R B (p<<0.01). #£ 0~
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20 cm )2, THARRE IR R A AR SR /N T 1 glem®,
e B AU AR T 115 glom®, £
20~60 cm -2, TR G AR ) IR s ) 25
T HIA . FIHARM DL E MR (p<<0.01); 7F 0~
60 cm )2, TARRSE AR I B FLERE . B LB
B AL B BE FH K Bk A1 SR A 1) 2 3 v T e R B B
(p<0.01). BHEFHFUERE, MY RBR AL, WA
) A o FIVE AL AR, RERRAR TR L,
MRRIET S o il 2 A LA b LBR S I s - BBl e,
R R4 T ) K S VR R R T 5 TE B R e
HUBRHEN 3847 R T FAR R BUR 00, SRR 2+
B WK B e bR, IR I KR TE Al 3 g5 44

WP B0, Shah, BRI AR SR [ R
MAARZ LR, RefedtFLBR RN, Bt e, %
AN SRR ™, M RAHE SR, A
T RGBT AR S ALBR R . U B S
FRY i o R AR B, AR S .

AR T8I 7K ) — B AE R ARk S K SO R ) —
ANFEINENFEFRE. IhE 4 AT, BEARARE Rk,
T K IR RERCN B (p<0.00D). Tifk#kith
FRHs 0~60 cm + )2 3l K5 4 196.12 Al
95.37 mm, 4TI 4F 196.05 F1 95.37 mm 1% Fy &, Ti
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Table2 Soil particle compositions at different vegetation succession stages in Tiantong %
k(R A2 2~0.02 mm) HHRE (ki 1% <0.02~0.002 mm) Fliki (k4% <0.002 mm)

Rkl 0~ >10~ >20~ > 40~ 0~ >10~ >20~ >40~ 0~ >10~  >20~  >40~
10cm 20cm 40 cm 60 cm 10cm 20cm 40 cm 60 cm 10cm 20cm 40 cm 60 cm

THUAR AR 24.42° 24.79% 26.28 28.01 47.748 44.7° 44.35 42.77 27.84° 30512 29.37 29.22
Je HARRAR 25.21° 26.08° 27.03 29.35 47.07° 44.14° 44,02 4264 27720 2078 2895 28.01
R GFON 28.65° 27.61® 29.23 30.62 44,85 42,66 4232 4155 26.5° 29.73° 28.45 27.83
AR RR 29.39° 29.09 2991 30.79 44,25 42.09° 41.88 4157 26.36° 28.82° 2821 27.64
THEM 29.60° 29.98° 30.72 31.66 43.97° 41.37° 4175 40.92 26.43° 28.65° 2753 27.42
B 29.92° 30.22° 30.84 3231 43.89 41.19° 41.62 40.42 26.19° 28.59" 27.43 27.27
Pt <0001  0.004 0.077 0.083 <0001  0.001 0.068 0.149 0.033 0.041 0.094 0.107

Ee R FE AR AN B RTE 0.05 KT 2R B (Duncan Kk,

*3 XREEHAREENHRTIEIELRESTK
Table3 Change of porosity along soil profiles at the different vegetation succession stagesin Tiantong

LR % B L% B LB %

BT 0~ >10~ >20~ > 40~ 0~ >10~ >20~ > 40~ 0~ >10~  >20~  >40~
10cm 20cm 40 cm 60 cm 10cm 20cm 40 cm 60 cm 10cm 20cm 40 cm 60 cm

OO AR bk 67.25% 65.022 62.61% 58,542 4695 46347 44.25° 42147 2030  18.68° 17.36% 16.40°
Je AR 64.58° 61.52° 58.98% 56.17% 44.40° 4373 42.66% 40.98% 20.18* 17.79% 16.322 15.19%
BREUPOIN 61.09° 57.37° 54.35° 49.11° 42.68° 41.65° 39.42° 36.81° 18.41° 15.72° 14.93° 12.30°
LA 56.43 52.28° 49.84° 4567° 42.47° 41.85° 38.39° 34.81° 13.96° 12.43° 11.45° 10.86"
TEM 51.93° 49.48° 45.98° 44.42° 38.90° 38.11° 35.05° 34.16° 13.03° 11.97° 10.93° 10.26"

Pt 50.25' 48671 43.30° 39.92° 38.76° 37.83° 32.94° 30.79° 11.49¢ 10.84¢ 10.36° 9.13°

P {if <0001 <0001 <0.001 0.003 <0001  <0.001 0.005 <0008 <0001 <0001  0.003 0.007

He R —HI5E A BER/RTE 0.05 KT EZE 5 B3 (Duncan ks,

F4 FEBEMBTIEIE LEERRRE. KEEARKRESEMIKETH
Table4 Change of bulk density, water stable aggregate and water holding capacity along soil profiles at different succession stages

+ I ABUR R /g/om® IKFE P A SR A4 e 2 B % K E/mm
yar S
A 0~ >10~ >20~ > 40~ 0~ >10~ >20~ > 40~ 0~ >20~  >40~ 0~
10cm 20cm 40 cm 60 cm 10cm 20cm 40 cm 60 cm 20cm 40 cm 60 cm 60 cm
THUAR Ak 0.72% 0.81% 0.96% 1.24% 68.58% 63.33 59.68° 48.09° 69.43*  67.37°  5932°  196.12°
Jig WIARAR 0.82° 0.92° 1.012 1.28% 63.46" 58.11° 53.13% 44,752 59.61° 57.50° 50.24*  167.35"
BEFIPOYN 1.15° 1.21° 1.29° 1.36° 52.89° 49.96° 4473 3458° 56.98° 48.44° 3830°  142.72°
FHIARA 1.19° 1.25° 1.31° 1.42° 48.67° 44.98° 34.26° 33.26° 54.17° 42.36° 3248°  129.01°
HE 1.24¢ 1.29¢ 1.42° 147° 42.26° 38.15" 3241° 30.63° 43.78° 36.25° 3030°  110.33°
i 1.32° 1.35° 1.48° 1.55° 39.75° 36.39° 31.18° 29.56° 40.49° 30.70 24.18° 95.37°
P {if <0001 <0001  <0.001 0.005 <0001 <0001 <0001 <0001 <00001 <0001  0.003 <0.001

He R HIE A BERRTE 0.05 KT EZE 5 B3 (Duncan ks,
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2.2 AREIEEMEEYEEE IR SKEFIE

I 1a iR, AR K fE 35 i 24 b 5
TREEIBE I B . oA L2 @, AR R,
RIS BN, FLBRE T, K 5iXee o Ry,
Ks £ >60~100 cm +)27E &P BE & 2 [ 2 7 A 3
(HHE d =5, F=0.262, p=0.925), iiH7EREMX,
FH ALV K RS MVR &y 60 cm. A, 1H8 K 7E T
e AR e, A5 RE 60 cm DL AR . fE 0~
60 cm TIEFIH b, BEECRHERE, ST IIN K @Y
K (p<0.05), 7£0~10 cm 2N, K AEXMWREERZ
A B 2R (0 =5, F=61.41, p<<0.001), Tiitk#x
I Kefemi, S 4.25 mm/min, 244 1.35 mm/min )
3.15 fiF; #£>10~20 cm 12, HAHYIEEE 2 A1) K
AW RE 2R (d =5, F=32.88, p<<0.00D), ftit 2
TR, 3R 7 41 2 0] 1 2 55 P O L B /N o ) 0~
60 cm IR 4 A4+ )ZEH) KSHUEASE M (B 1b), Ttk

55 ¢

50 kg W T AR

45 L O JG sk
= 40} B R bk
S a5t W
E 30t 0 M
)
¥ 25y B it
w20 |
5 15 ¢

Lo}

05

]

0~10

=10~20 =20~40 =40~60 =60~100
+ 2% fem

a. (IS

EEIFIFK#E / (mm- min )

M KA e, 4 3.28 mm/min; o ARFAAT I AR
MRRZ, 439k 2.330 1.95 mm/min; 5L AR ARORTE AR
%, 43512k 1.63 1 1.29 mm/min; #LHh 1% 0.87 mm/min,
THA AR AR S HE AN fF) 2.54 1% FI4LH () 3.77 f%. LSD £ H# k.
MR ER, BT YIS MYBEE 2 KeBMEAF L
W B %R (=5, F=10.69, p=0.002), ¥} tH45EH
W, MBS RN G, L KIEC SR ER D
# (p<<0.05), 15 HAMKILEE ER (p>0.05), i
BRI E ARG, K ¥WEA R EER S, BUS R
TR G, Ke WA R . BUOMBEBE g, ©-
HAABUR RS, AHUR. AR LI 32 Wi
3 RIS R (A, A K FIAR s B T R I 4 o
1953—2001 IR G vt PRI, R EARIX IR B R 8
JEAE 0.5~1.8 mm/min i [ ({4715 4 80.2%, Xkl 1% i
B AT AR D MBI AR, TR S DU R R
R I =2 A

55

45 | 3.28
4.0 ]V
3.5 2.33b
30 T 1.95be
25 F '|' 1.63cd
20 F 1.29d
15 T T 0.87e
1.0 T
0.5
0 -
TRtk EMARR PSR RIS A FiH
A
b. AR Gk

e B P S AN TRER R AE 0.05 7K 122 57 3% (LSD K6
1 RERRARBUR BB LR A A 5K F 3 d o A Ao 3 40 e 5K AR
Fig.1 Distribution of Ksalong soil profiles and the differences of average K at the different vegetation succession stages in Tiantong

2.3 TIEYIEMRMIEF KRG

Ks 53, RBUTEAFLER S e R E5, i
K5, BRERS KAHKHEA R ES (p=0.585), I
BRI Y K FAHCHEEACY 23 (p<0.0D),
FEAH G R B /NGRSy = SRR i > /K RS E [ SR A4
PrE>HRL T > B AL > A B LR > B ALK
> MRS E >R SR, HANETEL, BRETRAN,
5 B B DR 7 [R) AH DG R R 0 R T IR A B 2 KT
(p<0.01), UtBHTEMI BRIt fE b, T38RI AP AE A
HAEM .. Rk, 3E— TR TS KSR AU R
TR RPN T, 25 KRR E DR,
HAERR ISR Z M ITIE R R i, &L
T 8K EME N A RR T WhESE (XD, Bh&E
(Xo), Fhkifra (Xg), TIEABURE (X, KEMEHE
FhEGE (X)), BILEE (Xo), BEBE (X, dE
BELBE (Xg), EF KAFNWEREY, RHZTE L
B U 7t S 0 K AR A AR R R 1, 4504

Y = -2.058+0.112X,—2.028X,+ 0.102Xg

LK, F = 8261> (Fgp=4.50), R=0.956, P<
0.001, Ut BA A= 7 Rk BIRK B K . 2 0 Rl 45
TR, MR, HARRUT R EE B LR R K
BRI o Ry T AR IR L R 120 Sl K B 00 ) 3 e
JE, M- SRHTmAS T (K 6).

F 6 UM T LA TN Ke i B B R B4
W5 W RN (Gl grisss 2408 0.22, Durbin-Watson
it 1.84, BT 2). K GMXH T HEmA R
K6 iR B IME K R s IR > B AL
FE>HPRL i IR R ) AR R 4L-0.464, X
Ke 7742 ELE I S RON B, (RIS AT DLl i 9E B 4 FLBR
FEFUR R [0 K PP ARk I S s Bkt K
PR I B IE AN 559 (0.195), (R I AR T
AEHEBE FLBRBEN K A IER N R (0.663). B
Bt LIEARRUTEAE L S N, T ARE
IR s g, P Ha R B LR, HEmide e g
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S, MR R, AEAES TR RAEERSL, WAL
8, RARGE IEE Y HALBR EAREOR, MK 1E 1 4

RR SR, ALY AL IR ST AR S, AT
MRS E L IZ B S s B LR, LR
AL PR R EC I I, R] DA R B AR B
Al Koo

R5 TEIENSKESTIEMIERFZERIEESH
Table 5 Correlation analysis among K, and soil physical factors

X1 X2 X3 Xa Xs X X7 Xs Y
Xy 1 -0.760" -0.118 0958~ -0.963" -0.963" -0.928” -0.957" -0.933”
Xz -0.760" 1 -0.555 -0.848” 0.804” 0.820" 0.815" 0.779” 0.858"
X3 -0.118 -0.555 1 0.071 0.003 -0.019 -0.055 0.033 -0.117
Xa 0.958" -0.848” 0.071 1 -0.965" -0.942” -0.922” -0.918™ -0.947"
Xs -0.963" 0.804~ 0.003 -0.965" 1 0.946" 0.905" 0.953" 0.946"
Xs -0.963" 0.820" -0.019 -0.942” 0946~ 1 0.983" 0.968" 0.932"
Xz -0.928” 0.815" -0.055 -0.922” 0.905" 0.983" 1 0.906~ 0.902"
Xs -0.957” 0.779" 0.033 -0.918™ 0.953" 0.968" 0.906~ 1 0.923"
Y -0.933” 0.858" -0.117 -0.947" 0.946" 0.932" 0.902” 0.923" 1

T Xiv Xav Xav Xav Xov Xou Xoo Xeu Y ZMMZTREORL S L RS iy B0k, ABURCEE . AKBSTER SRR &, RALBRRE . B SLBRE . JF B LKA

FIGKF . " RIRAE 0.01 KV LA PE B3 .

F6 TIEFEMERTFHNIEEMSKAENBERY
Table 6 Path coefficient between Ks and main soil physical factors

[EPBNREFS
5SS AHICRHL HEERS R
X2 —Y X4—Y Xg—Y N
X2 0.858 0.195 0.394 0.269 0.663
Xy -0.947 -0.464 -0.165 -0.317 -0.482
Xg 0.923 0.345 0.152 0.426 0.578

e Xov Xav Xeo YZPRIZOREPRLIE L BT AEBAFSLBE AR K%,

2.4 TIEANRSTIREMSKRILER

Kl 2a#H], TEEZE (0~10cm) HHLFUFRESH
S A R A x4 (RP=0.904, p<<0.0D),
MR FE N B (20a/Zcdy), #ETIEA YT
O IR, RAVURRE R EEN R, 25
WEE g, SRR IR S . AL s
FTE ARG e VR A% O, e Re % (41 3R T 3k T
J K Rk BB AAT2Y, B i 52 Koo 18] 2b K WI7E 0~60 cm
TIEN, SEBH B RGP KRS kil
2 (RP=0.791, p<0.01), Ui /> ¥k 28.38 g/kg

T

30 | §

i
-
&
~
&
ﬁ 20
y=5.542In (x) - 1.480
=5 )
&5 R*=0.904
- -
§ 10
=5
0 20 40 60 80 100 120 140 160 180
FEFER /a

a. I LT R BB E e R

N, KeikBmfl 4.06 mm/min. 4 HUT T E 80N T
28.38 g/kg If, KBEAHLBT & =BG INmEE I, SAPLUR
T AT 28.38 glkg I, Kot FREEH . X HHRFHEN
FIE [ 25 N BT S48 R — 502, W] 0L, A HLUFAE &
WHE MR T Ko AR THAER, AN 15
IK 53 (P PR FE K T 38 LB 82 1 5 /KA FH T B 1
BB, hE 2b &1, RERBEBTRYT, %1
A LT R BT A 1.41~31.50 glkg 2 JA], KR
3hbTF/NT 28.38 glkg HIVERI N, [RIIE, KBl LA K
MR M.

o ilifE
T s b e s
g
5
3 o
i) 3
o
Z 2
§ y==0.004x"+0.227x+0.844
o R=0.791

1 L ! 8

THEEHLR BRI L/ (g-ke)
b. HHLT S AT G KRR R

B2 LA AR MALAOR ot e RACE LI 3 @A AR B iefe G K E G X £
Fig.2 Change of SOM in surface layer with vegetation succession time and the rel ationship between SOM and K, along soil profiles
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1 RECH SR A, ]S4 T 0~60 cm
TSR I R AT R . AR B AR B, MR
NESEENRRTE Jo i S O = I L AR PN = S ]
AR R AR TR, R 2 TR AR A T KRSy
{IERENEEI RS

2)  HIEABUTER. AREE LR KL L B
i 12 DAL G KR (0 B2 A 7o AR 2 3K
P EEE TR SR S, S S R T KR [ B AR
7 ARBEABUE LHOK S I EEEE, EYTER
FLBTITAR FLAE BE SR N, RE N 1K > A8 KL
BeE SUiBURL (iGN s SN iAVrie - SR TR e e (ORI RS )
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Effect of syndynamic on soil saturated hydraulic conductivity

Peng Shunlei*?, You Wenhui'?*, Shen Huitao'?
(1. Department of Environment Science, East China Normal University, Shanghai 200062, China,
2. Tiantong National Sation of Forest Ecosystem, Chinese National Ecosystem Observation and Research Network, Ningbo 315114, China)

Abstract: Saturated hydraulic conductivity (Kg) is acritical parameter affecting soil infiltration capacity and water flow,
and K is senditive to different land use patterns. To study the effect of vegetation secondary succession on K, the
experiment was conducted in the evergreen broad-leaved forests with the succession chronosequences of 155 years in
Tiantong National Forest Park, Zhejiang Province, Eastern China. Ks was measured by the constant-hydraulic head
method along 60 cm soil profiles under the different vegetation succession stages. The results showed that values of Kg
reduced quickly with soil depth under different succession stages. There were significant differences of Ks among all the
succession stages in the 0-20 cm soil depth. The average K in the 60 cm soil profile significantly increased from the
bare land, Lithocarpus glaba + Laroptahon chenese shrub, Pinus massonian forest, Schima superba + Pinus massoniana
forest, Schima superba forest to Castanopsis fargesii forest. In the shrub stage, the average Ks had showed significant
difference to bare land. In the Schima superba forest, the average K had increased significantly. When the succession
went into the climax stage, the average K reached maximum value (3.28 mm/min). Soil bulk density, non-capillary
porosity, and silt content were the key factors which affected K. Soil organic matter (SOM) was also increased with
vegetation succession and positively correlated to K. This study suggested that Ks was significantly improved with the
forest succession process in Tiantong National Forest Park. High values of K could explain that why the overland flow
was rarely occurred in this region.

Key words: soils, moisture, physical properties, evergreen broad-leaved forest, succession chronosequences, saturated
hydraulic conductivity, overland flow, soil organic matter (SOM), soil macropore



