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Research on characteristics of soil infiltration at different
altitude gradients in Liziping Nature Reserve
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Abstract; [ Objective] The purpose of this study was to explore how soil infiltration responds to different elevation
gradients in Liziping National Nature Reserve, Sichuan. [ Method ] Soil samples were collected from four elevation
gradients (1 900, 2 100, 2 300, and 2 500 m) within the nature reserve. Soil infiltration characteristics at these
gradients were measured using the ring knife method. Key factors affecting soil infiltration were identified through path
and correlation analyses. Additionally, the suitability of infiltration models, including Kostiakov, Philip and Horton, was
evaluated by fitting and analyzing the data. [ Result] Soil infiltration rates showed a highly significantly negative
correlation with elevation (P < 0.01). Soil microbial biomass had a significant positive correlation with infiltration rates
(P < 0.05), promoting water infiltration. In the first 20 min, soil infiltration rates decreased by about 50% at elevations
of 1900 and 2 100 m, and by 72% to 85% at elevations of 2 300 and 2 500 m. The rate of infiltration decreased at
2 300 and 2 500 m was significantly faster that than at 1 900 and 2 100 m, primarily due to differences in soil organic
malter, aggregale grain structure, and microbial biomass. The model fitting showed that the R* values were 0.896-0.959

for the Kostiakov model, 0.874-0.965 for the Philip model, and 0.945-0.965 for the Horton model. Based on the R*
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values and the alignment between fitted and measured values, the Kostiakov model was found to be the most suitable for

the study area. [ Conclusion]Elevation gradients significantly affect soil infiltration characteristics, primarily influenced

by soil organic matter, aggregate grain structure, and microbial biomass.

Keywords : elevation gradient; soil physical and chemical property; infiltration characteristic; model fitting; Liziping

Nature Reserve; microbial biomass
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2 500 m) AR IFSERUR IR T X147 ] TR 52k
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mixed forest) & B ¥V I W& AR ( Q. variabilis de-
ciduous broad-leaved forest) & #2-= 24 MR ASHK
(Abies fabri-Picea asperata coniferous mixed forest) |
Eﬂ‘%ﬂiﬂ_lﬁ‘ﬂﬁ( Yushania lineolata forest) . KR
BEEREHAR OG5 R NER 1.3 2 FR,
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Table 1 Basic information of each elevation gradient plot

" ? P B Y Y P 2a
i48/m Mo VLBt LHN REE(E) AN RHE/%
altitude forest type dominant soil type longitude latitude canopy
a community ) ©

H -1 i R S bk
Quercus glauca- HX . Heferjg 011260 05 rQN ~
1900 Populus szechuanica /[\‘%%(Litseu pungens ) Wb EAFE 102°21736 28752'58 30~60
broad-leaved mixed forest
He K AR TE I R A N
2 100 Quercus variabilis deciduous R ( Styphnolobium Ll b A 102°16'38"  29°02'56" 50~ 60
broad-leaved forest Japonicum )
APy A U RN Sk B
2 300 Abies fabri-Picea asperata o A WHAREE  102°23'34”  29°0007” 50~60
. . FH#E ( Betula platyphylla )
coniferous mixed forest
(1 f g =i
2 500 AmEL I A iy WIHEEFRAE  102°024'15"  28°59'40"  60~70
Yushania lineolata forest (Y. lineolata)
®2 BEBRBENMTEERER
Table 2 Basic information of each elevation gradient soil
i K/ R A9k 2 /¢ - A8 ol L /0 - s 23 /9 : A LR /9 S8
it /m ﬁﬁﬂ AL /% KA/ % Bk % BEALBE % AEBRALBE % ﬁm&ﬁ%ﬁﬁ
. (grem™) . water capillary water capillary non-capillary (g-kg™)
altitude ; total porosity . . . . . .
bulk density content holding capacity porosity porosity organic matter fraction
1 900 1.00+0.01 b 62.14+£0.01 b 29.07+0.06 a 37.43+£0.02 a 37.54£0.02 a 24.60+0.02 ¢ 49.5416.67 a
2 100 1.10+0.06 a 58.54+0.06 a 34.25+0.08 a 41.99+0.08 a 45.72+0.07 a 12.82+0.05 d 31.11£6.45 be
2 300 1.00+0.03 b 62.15£0.03 b 13.10£0.02 b 15.77+0.02 b 15.59+£0.01 b 46.56+0.01 a 37.45£2.37 b
2 500 1.17£0.04 a 55.93+0.04 a 12.29+0.04 b 16.74+0.04 b 19.46+0.05 b 36.47£0.07 b 25.10+7.26 ¢

L RIFVEAE G /NG FAE R IR IR A 0 22 S, ARl AR R 2 7 3 (P<0.05,1LSD #:38) . T IA, The lowercase letters after the

same column of data indicate the difference among the altitudes, and the different letters indicate significant difference ( P<0.05, LSD test). The same

below.
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Kt HABEE], min;a b A SEL
Philip B8 £(1)=0.55"+4, (2)

A A NEREAB R, mm/min; S g HIEW KA,
Horton fH10 £(1)= A+(A,-A)e ™, (3)
A, HRRAB R mm/min; kb HERSH,
1.3 HiEsbiE
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TR 1 900 m + HER A AR W i ik (MBC) | &
(MBN) &% it 5 HAth 3 MBI AATE R E 257 (P<
0.05) , Ho 5 Bl R A B A s T a2l

x3 ZFEERBETREEUER

Table 3 Physical and chemical properties of soil at each altitude gradient

il L 7 L
BLRALIR, % VAR KR53/ % B HED
o mechanical composition agglomerate distribution ii_% EF% /‘-ti_,ﬁ’, Eﬁ
H/m it Vi 1Y s i
altitude o . R (mg-kg_l) (mg'kg_l)
b e :
[z ?{’ﬁﬁ Bhki =200 mm [1.00,2.00)  [0.25,1.00) <0.25 mm MBC mass MBN mass
sand silt clay mm mm . .
’ fraction fraction
1900  25.89+7.84a 62.16£6.37 a 10.49:£1.94a 37.39£6.05a 19.64£5.98 a  25.4%354a  1647x332a  0.94:0.28a  0.058+0.018 a
2100  23.10+13.87 a 56.39£14.25 a 17.12+5.84 a  30.47£10.20 a 21.74£5.59a  32.3129.12a 14.66x4.80a  0.44:0.16 b  0.040+0.013 b
2300 29.04+7.42a 54.54x8.21a 12.62:1.68a 29.91+3.60a 26.57£1.80a  30.83x4.70a 12.32+1.02a  0.32+0.07b  0.033+0.010 be
2500  32.45+10.36 a 55.93£2.24 a 10.99+1.88 a 27.2+22.18 a  17.32£10.65a 34.99+16.20 a 20.27+8.59a  0.30+0.18 b 0.023+0.004 ¢

£ : MBC. microbial biomass carbon; MBN. microbial biomass nitrogen
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A HH10.25/4% 2 1.50 mm/min, &K T 85.37% ; ik
2 500 m AbH1 2.50 F& % 0.70 mm/min, [EIK T 72% .
TFR BRI 1 900 F12 100 m 1 TI3EA B 55 MR
B A8 TR B 1Y 2 300 F1 2 500 m, HIHEAS
PERERENE T IR IR A B R g ABRHT

ABHRFIN, O/ INGE AT DA et 44 A 5 B
JIHRES . HEE 19002 100 AR 2 300 m A B4R
TES iR 2 500 m Z [EAFTE R & 1 22 5% (Bl 1b) | ifg
1900 .2 1004} 2 300 m Y +HEABRE 7B AL
FHEHR2 500 m, 7K 1 900.2 1002 300 A2 500 m
1)1 ) IR A B 3R AK IR A 6.67.5.83.5.12 Fil
1.43 mm/min; B8 A B RAKIKCH 3.27,3.17,2.82 Fi
0.78 mm/min; P34 A8 FAKIK O 4.81,4.31 4.02 F
1.05 mm/min, BFFEE5 I, AS R4 00 22 (0] +
A B e I RK/AMERIR R4 1 900,2 100,2 300,
2 500 m,
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Fig. 1 Variation of soil infiltration rate and characteristics of each altitude gradient with time
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WoE ., +IANTE 45 (ACE M1 Chaol #5%%) FZ
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BOTE 4 MR AR —E 22 5, RIUNIEIR 2 500
m [958 3 F IR 2 100 F12 300 m (192, BLAH K
2 100712 300 m T HEFLTHY)FECR 2 T2 500
m [, TIEE B ZHEPE Simpson $5 5U7E 45 8 S
JE R 22 5 AN 3 UL A TR Y T SR Y R AR v
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Table 4 Microbial indexes and coverage of each altitude gradient

WA= MK /m ACE #65%% Chaol #%4 Simpson 5% Shannon F§%X B
microbial altitude ACE index Chaol index Simpson index Shannon index coverage
1 900 1473.20+417.83 a1 470.07+418.19 a 0.996=0 a 9.21%0.52 a 0.999 80 a
i 2 100 1216.00+307.29 a 1 212.14£306.28 a 0.996=0 a 8.93+0.50 a 0.999 820 a
bacteria 2 300 1317.23+90.60 a 1312.54+89.10 a 0.997+0 a 9.24%0.15 a 0.999 720 a
2 500 1239.97+310.18 a 1 235.82+309.98 a 0.996+0 a 9.09+0.47 a 0.999 720 a
1 900 815.87+25.56 ab 811.25+26.53 ab 0.96120 a 6.42+0.07 a 0.999 70 b
O 2 100 518.39+75.44 b 516.56+74.74 b 0.886+0.040 a 5.46%0.51 a 0.999 920 a
fungi 2 300 599.71+213.69 b 597.87+215.06 b 0.966+0.020 a 6.67+0.80 a 0.999 920 a
2 500 1141.872303.42a  1139.62+304.14 a 0.895+0.090 a 5.85+1.11 a 0.999 8+0 ab

24 ARBHIENSTIEUSE
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FERLE S5 R 55 R —B, 7E Philip B8 +
HEWG K 2 (S) $A45 5ERIEIR 2 300 m (AR RE

SRTHER 2 100 m, T S2IN S5 SR M ¥E4K 2 100 m 1Y
TR 2 300 m; BAREATE R (A) L4 i 5 3 il
WK 2 100 m AR T3 1 900 m, i SE {8 i
1 900 m B9 KT 2 100 m, KGR IIAE S
S5, Horton BEALLLE 45 R AHEIK 2 300 m
A5 TR 2 100 m, 1715 S0 45 SR A K 2 100 m

5 TR 2 300 m;A A K/NHEF IR R it
$£2 300.2 1001 900 .2 500 m, 1M & A B Z 5L
{8 5 TR 6 52 R 1L, Horton BRI H A, FT A Y481
GET MR R 2ZE R, WA, 2S5 (k)
E B 593k (EERC ) f peak B R IR
A0 b (H 55000 — 5, e RE R IR A 7Y
X} 3 ABIERR Kostiakov #5H R* 4y 0.896 ~
0.959,“F-¥J{E H 0.935; Philip #% R* Ny 0. 874 ~
0. 965, Y48 J9 0. 929 ; Horton %1 R? g 0. 945 ~
0.984,FH#IME K 0.971, i ik A BRI 5y
BrUA Bl 240 R? KON, 2745 % B AUA 1 5 52
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Table 5 Analysis of fitting results of soil infiltration model at different altitude
o Kostiakov 5 7 Philip #71 Horton #5754
R/ m Kostiakov model Philip model Horton model
altitude
a b R? N A R? Ay A k R?
1 900 7.01 0.39 0.937 10.89 1.66 0.915 7.91 1.11 0.34 0.984
2 100 6.14 0.34 0.896 8.76 1.87 0.874 6.80 2.38 0.20 0.967
2 300 5.75 0.42 0.931 9.77 0.89 0.934 7.53 2.51 0.48 0.945
2 500 1.44 0.62 0.959 2.28 0.31 0.965 2.02 0.73 0.62 0.980

25 TEANESHIEENERFHNERREXE
S

W SR UDRZE L (EDRL BRL R ) | TR K
TCAE W A i i, R 0 K DL R AR ) 4 R
(ACE ,Chaol , Shannon , Simpson 8 %%) 5548 br{E A
AR P AB RN AR &, Al
R, WKL [1,2) mm BERS B ATE ACE,
Chaol Simpson 85U FIE I Chaol 845 6 1~ +
5P B R Z AR/, R 88 A 315
B TRIAR AL L R L AT 2R K [ =2.00 mm  [0.25,
1.00) mm,<0.25 mm] % #&  MBC, MBN . 4fl i§
Simpson 88 LL K B ACE  Shannon Simpson L
11 A DAH#EA T2 40 BUH 367 753

y=-82-0.12 X, +0.84 X, +2.77 X, +
6.55 X,+1.65 X,+5.96 X, +10.17 X, +1.22 X, -
0.001 X,-8.22 X,,+1.43 X,,,(R*=1,P<0.05) ,

(4)
Ay PRI AB A X, kRIS X,
i X, M <0.25 mm FIRIRE &8, X, 8[0.25,
1.00) mm A RAEE & X, 8 =2.00 mm B RBIKE
5, X, MBC; X, MBN; X, N4l 5 Shannon $5%(;
X, HE T ACE $8%0; X,, b E 1A Simpson $8%1; X,
S ELFE Shannon 541,

WA 75 L3P 4 A B R 02 50 s
(F£6),%6%,.<0.25 mm AR [0.25,1.00) mm
HIRR  =2.00 mm PR K & MBC MBN 40
Shannon $8 %% VA K L F# Shannon 84 3% A B
AR A AR AR [ 2R RS & H s ACE il
Simpson FEEOT 18735 A8 3 R 77 A 42 1)
SN o MBC A 329 A8 37 A i LR AE
BN B K (0. 861 ), E B Shannon 8 K Z
(0. 742) ;WL i) 1 T3 AB 377 AR 1 H 2

TR fe K (-0.654) , ELBH Simpson 8§ £k 2
(-0.31), BLAk, 38K & 1 A E A Simpson 18
BOuE 1T 1 A8 R A 4 O8O, H A7 3
MBC FIE & Shannon $§ A9 8] 32 IE ALV 52 ), 7=
A T SRFU R B2 IE AL 5 [ 0.25,1.00) mm H A
=2.00 mm BB EE MBC 205 Shannon #5245 .
FLPA Shannon 806 3359 A8 K 7= A H &
IR N, {H 52 BBy ki & 5 MBC, B B Simpson .
Shannon 88 A4 (8] 4 G500 52 ) | 4006 + 3 A%
R HE ACE #5850, Xt R B A8 s = H %
TR, 52 MBC 1§ Shannon 8 %4 [] 3 £ %00
SomA ek T 3 R A RAE . MBN X 4 45
Y B BR A E R IR AN, 2 A A
AR T2 E RGN R ), s Ext 3 ABVERT, dad
SIHTEREE R V-3 A S AR a4
VEFH DL B g 3 5407 % 31, MBC (0.866) | #3 kL &
(-0.644) E # Shannon #§ % (0.511) , H &
Simpson F54X( -0.329) S 52 1 + 58 A B H R F
AT,

AHSEAESTHT (T 2) e, £ BT AB HUR
MBC f MBN 5k 2k & 2 fAH GO R (P<
0.01), HHEETH ACE F8 55 + P A B R R
BEAMKIKR(P<0.05) ,MBN 5 +HEFIHA B
MR P F IEAHICICR (P<0.05) ,MBC 5 13-
PJAB R R IE M 2656 R (P<0.01) 5 IEAT,
MBC 5 MBN 24K i IEAHCE R (P<0.01) , ¥
A E S A E AL ¥ [0.25,1.00) 5 <0.25 mm [
BIKRE BERAAELR (P<0.05) ,Bi<0.25 mm
VA B A &5 e/l T 0.25,1.00) PB4 5 il 42
1i[0.25,1.00) F1=2.00 mm FE& G & 5 1T
P ABH R R IEA R, R SOR R R A
HZ X K AB BRI



52 1 LA, % 95 T 1 AR A AR R 6 0 AR B B 5 149
F6 MEERFHTBEBFEHNEENBZERE
Table 6 Path coefficient of environmental factors on average soil infiltration rate
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X X, X3 X, X5 Xg X; Xy Xy Xy X, DR
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Fig. 2 Correlation analysis between environmental factors and average soil infiltration
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