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Comparative analysis and simulation of soil moisture infiltration characteristics in

different communities in the forests of Tianshan Mountains, China
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Abstract; Soil infiltration characteristic is an important link that affects forest ecological hydrological processes. To compare
differences in soil-water infiliration characteristics of different community types, the double cutting ring method was used to
analyse natural forests, Artificial forest, gap grasslands, grasslands, forest edge shrubs, and piedmont shrubs on the
northern slope of the Tianshan Mountains. The effects of soil physical and chemical properties, such as organic matter
content, capillary porosity, bulk density, and water content, on the infiltration process were compared and analysed. Thress
common models were used to simulate the infiliration process, and the suitability of these models in the area was analysed
and compared. The results were as follows: (1) The initial infiltration rate of the soil in the first 60 min in the six main
community types was 2.63—9.00 mm/min, and the stable infiltration rate was 0.85—5.12 mm/min. The average soil

infiltration rate of the different community types ranged from high to low as follows: natural forest > forest edge shrub > gap
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grassland > grassland > artificial forest > piedmont shrub. (2) The soil infiltration performance of the six community types
showed the same trend : initial infiltration rate > average infiltration rate > stable infiltration rate. (3) The Kostiakov model
had a high fitting precision for the soil infiltration process of the six community types and was suitable for describing the soil
infiltration characteristics of the water conservation forests in this study area. (4) The soil organic matter content was
positively correlated with the soil infiltration rate and reached a significant level with initial infiltration rate; the soil-water
content, soil capillary porosity, and soil bulk density were significantly negatively correlated with soil infiltration capacity.
Observation and simulation of the soil-water movement process of different community types can provide a useful reference

for the long-term observation of ecological hydrology in the forest areas of Tianshan.

Key Words: soil infiltration; infiltration model; stable infiltration rate; spruce forest; Tianshan Mountains
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1 HARRBREHARTE
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AR R T P E AR AE 2SR G ST N 4% (CFERN ) K LU AR AR A 25 28 8 8 1 34 BF 5% 3k ( 87°07'—87°28”
E,43°14'—43°26" N) ikt i, HiAb R indbs S8 ARFT B bk 134 1800—2800 m , HA iy K Fili
PEAARIFAE AR RN 2—3°C AR BTSRRI 5.85%10° J/em® + a, 4FFE/K i 400—600 mm, 5 KBS IR
H 65 em! ™ ZIXAEBE R LUK I ZAZ (Picea Schrenkiana ) SRk Ay 2 (7 EF MK, MR BRET BAK R A9 TR A
F B %45 ( Populus talassica ) FIR ILIAEMK ( Sorbus tianschanica) . K LK ( Betula tianscha-nica) 55 , AR F %
HHIF ( Cotoneaster melanocar-pus) . /N 5% ( Berberis heteropoda ) | ¥ 4% ( Rosa spino-sissima ) | 45 2% %4 ( Spiraea
hypericifolia)) 5B ( Juniperus pseudosabina) 433 JL( Caragana leucophloea) F1Z44& ( Lonicera hispida) %5 ,FK T
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Table 1 Summary of experimental forest plot characteristics
) S TSR NS
REEHT) Sl s o Rl Pk
Community type Aspect Slope Altitude/m verage ?dnopy " 'ur anee
density history
N TAHK Artificial forest > FH 5° 1960 0.7 NI
IIRTHE A Piedmont shrub PR3 18° 1958 0.4 Rt T4
MEEHEARM Forest edge shrub FH3 20° 1944 0.4 KAk T
L Grassland 2 FH3E 14° 1950 — NN BT
MREE FHL Gap grassland FH % 17° 1958 — Moz BT
‘ 1950 4EHiA A
R atural fores W ° .
RIRMR Natural forest FH 3¢ 20 1958 0.5 KT

1.2 S5 A B Ik

TEIRG XN MR R P SR B AN ], B S7 R ARAR TR PR Bt | B PRGEEACPR | LLIHTE AR S o 2R
AR HESE TR | BRI 2RI R A B PR, T 12 Bulsa ke, Horh RIS TARE g =2 4K
FEAREHLFE L VEER 3 > 138 350 1A A7 BUREJE 4 | LA 0—20,20—40 ,40—60 cm 53 = 2 HE, 45 2 i 135 7]
(100 em®) HURUIR A 4 1] S50 23 4 D S B AR M B A E 5 00 A o SR LT3 i 3 5 /K 3 3R Tk
& LI SLUE BRI S, ERRREEI S LA MU A SRR R 3 AN R R Y

(B, FEHUEEABRA R ILER 2,

F2 KWK ITEEAER

Table 2 Basic physical and chemical properties of the soil in the study area

IR Al i ol EL L 4l B e
eI iE Eﬁ cjlﬁdii]:ir ig%ﬂ( * ﬂiMj':jiT;i(mi E%ﬂ@ B oif}f r:iair
Community type " Soil density/ storage . Soil waler-storage Ca;{l.llary content/

depth/em (g/cm’) capacity/% OB T ity PO/ % (¢/kg)
AT Hk 0—20 0.78 31.78 12.76 42.60 24.84 30.35
Artifical forest 20—40 0.81 31.45 12.69 41.47 25.40 21.11
40—60 0.93 28.50 11.33 38.48 26.61 19.35
LTI A A 0—20 0.78 37.64 13.76 46.49 29.51 45.73
Piedmont shrub 20—40 0.78 34.21 11.04 45.02 26.44 27.27
40—60 0.85 33.18 12.52 43.43 28.00 26.11
MREZHEARIR 0—20 0.67 34.83 11.79 43.46 23.58 27.42
Forest edge shrub 20—40 0.81 35.86 10.85 47.03 28.93 17.60
40—60 0.84 29.55 11.06 39.59 24.49 16.62
ML Grassland 0—20 0.65 39.45 11.88 52.01 25.58 54.21
20—40 0.69 38.78 12.08 52.05 26.79 35.18
40—60 0.79 35.60 11.68 45.97 28.41 13.20
R 0—20 0.55 36.03 20.93 51.19 21.01 43.10
Gap grassland 20—40 0.93 31.14 19.41 40.81 28.53 32.98
40—60 0.98 25.51 18.91 35.73 24.78 15.83
B0 0—20 0.66 41.03 17.09 57.10 26.78 125.78
Natural forest 20—40 0.76 35.95 13.49 49.41 27.12 88.84
40—60 0.77 31.59 14.48 45.46 24.36 50.14

BRI R FHER T 2 H 3 KA A R, FHER T (55 5.1 em A& FL 100 em®) 43551 B 0—20 20—
40 40—60 cm =JZMARRE LR ERE N, R L F &, 3] R E— D23, B 8 0 A
K, ZIE KR A I TR BB s < b TS O CE — AN S B, SER T IR Z A 1) B as BT NOK AR
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KA G B FB AR T G 1 mm, RIZK 2R ERFELE 5 em, HK S5 T J), HETF UG 1 S H 55— K
OIS Z) T AR IR T BT 5 min P, B0 B 3 —UCBEAR , O TR I B N 2K RO . S 45R% 5 min B4R
—RERR,, BN G = AR P i R 414 . 1 min .2 min .3 min 4 min.5 min. 10 min 15 min 20 min:----- AT
SRCSRITE] ¢ 1y tyeeeeeet, o DRAERE TP BRI 6] B RER TN ANOK (B AR ER TIK T — EARFFTE 5 em S,
IR AT BN LE 3 YA B N K AR [F] IR, a] DI R ik SRS A O IE AR . B AEh, A
Bt FEE I E =R,

ABHERE R R A B IS ) IR R IE S 4L 8w (W R B B R SFEBEHR e
BHARFNEE DR 4 DABIRRIT M, PR B Sl R = ) A B I BN B &/ A B I ], AR
IEIGHT 3 min BPFEAB RO E B AR K5 A 3R = KBRS i/ Ik B R8BI i
[i] 5 B2 B BN LA ] N 98 i il TARUE B BB 3 3 B 0 B R — B I T N I B AB S,
1.3 ABHAR

ARHBIE T 138K 3 NSl B THEURIK s 3, BT LA, RIVE A d (8] B AR ™23 Ak T 338K
IBENEAT AR oy R ME, BT LA, M A5 L 2 5 H A WA 0 3 S K A 2 — SR & g R A
Kostiakov #5575 —25W HIR A A Horton J7 B2 A Philip AB T RE, ABEHIH .

(1) Kostiakov A BRIl

1) =at™ (1)
K1) HABRE  mm/min;t HABEE], min;a F1 b RIS,
(2) Horton A B R
() =1+, -1)e™ (2)
P I() MABFR , mm/min; I PTG AB % mm/min ;bﬁ‘?iéfﬁ/\@‘z{i,mm/min;c pop SO
(3) Philip A
I(t) =A + Bt™®° (3)
L 1) MAB R (mm/min) ;¢ HABHE] (min) ;4 HFEEAB R (mm/min) ;B WK SE,
1.4 Btk
K FH SPSS 19.0 Al Origin 9.0 #Ef7 HHEA B S BB S5/E K,
2 HROM
2.1 LIEABSRESRHE

ARV REVE 2RI B RAEAR bR 3R 3 P, AR LA L IRA BRI RN R —E 255, Hi,
RIRMR NI BRET Fo it R M ARERBEACHK 1L FTE AR A 0] 2R 8 25 18R 70500 9.00,2.63 .3.96,3.58 ,5.41
267mm/ min;; M5 E A B R4 85,12 .2.19 1.95 1,40 ,1.70 ,0.85mm/ min ; *F- 35 A 3B %43 51 46.50 |

£3 REBELM @A BB ERR

Table 3 The characteristic indices of soil infiltration of different community type

- W A Fais A BB R B S

. Initial infiltration Stable infltration Mean infiltration Accumulative

Community type . . . e
rate/ ( mm/min ) rate/ ( mm/min ) rate/ ( mm/min ) inflitration/ mm

KIRM Natural forest 9.00 5.12 6.50 780
NTHK Artificial forest 2.63 2.19 2.49 298.8
MR H L Gap grassland 3.96 1.95 2.74 328.8
B Grassland 3.58 1.40 2.53 303.6
MRGHE AR Forest edge shrub 5.41 1.70 3.20 384
I HT#EAHK Piedmont shrub 2.67 0.85 1.55 186
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2.49 2.74 2.53.3.20.1.55 mm/min, KIKMTCIE W) 0 .
s R s s \ —=— ATH
B T AR VB8 3 R T HAb TR —e— 1 HEACHE
, s o s —a— BRI A
AR T ARRIE R R R A RAUK T s s
—— KR

KIRMR, TaB AR B AZH ARG E S /M
B33 BRAE LU BTHE A 5 R ARAMRAEAR ] ] P 3808 6 2
IIATHEAR B AR 4 A7, M08 302 L A AR
3 1#

TS AR R )R e AR A 1 R, ASIR]

—— PRGHEARK

NS A
(=)}

Infiltration rate/(mm/min)

~

L R Ty e T I O T
ﬁ%>¥ig?§j§ﬁ$>$%?§ﬁ$ﬁg*ﬁ IEJ%%O /‘Tﬁﬂ:lﬁj &0 Infiltration time/min

HEIE LA R L, AB T IR W S 3B R 5w , T
JE B ] RUHERS | B WIS, e AR E e — N RIE R g
KL BARIFRE A BB B, o RIRARAERE A5
5653 R P 018 35 R R U g R T A R R R | LB 35 o SR B 1) 52 Do SR A b, 1 L AT AR R A 2
gy e 1| B2 R NN RS L 5 S 1
22 HEABHSBROEE ST

SRHSEI Y 1A BB 3 R TG A5 T AR (A HDUE BE A S B T HE L2 4

R4 NEREPSHHEPASHER

Table 4 Regression results of model parameters

El1 FEBERBLESEIEME

The soil infiltration process of different community type

2 i ar SRy e AT FEHE T
REE 2 Kostiakov model Horton model Philip model
Community type 1()=a™ 1) =1+(1-1;) P I(t)=A+Bi™%>
a b R? I, 1i-1, ¢ R? A B R?

KRR Natural forest 9.53 0.15 0.92 5.12 3.88 0.05 0.89 5.12 0.81 0.57
AT Artificial forest 2.79 0.04 0.48 2.19 0.44 0.06 0.72 2.19 0.04 0.81
MRE FHL Gap grassland 4.72 0.22 0.97 1.95 2.01 0.08 0.90 1.95 0.16 0.87
B Grassland 4.8 0.27 0.83 1.40 2.18 0.06 0.79 1.40 0.31 0.73

o588
ARERAAM 6.94 0.33 0.92 1.70 3.71 0.05 0.89 1.70 1.228 0.58
Forest edge shrub
IJ_.IHU(EA\% 3.99 0.39 0.91 0.85 1.82 0.07 0.94 0.85 0.13 0.86
Piedmont shrub

R* 58 74K

H 3R 4 W LAE AN E 0 R T RIS T3 A B o B REAURS T YA i 25 5%

Kostiakov ABERIT o 2065 A HEL, VS — 20000 B NI F 3 A B R o (B IR/ 257 1 4
S50 FLIRE AR B LR G L2 R R W52 5 b (E 1 K/ INT LRI A B R BT BN FR T b (R,
WU 35 58 25 Bt P [ /N PR b . 26 3 AT 240, Kostiakov TS OB AL o (HA T 2.79 5 9.53 Z ], Hir
TR a (EI I, 5 RIRMAUH AB R KRR — B, o (EAE N TARANL TR A MR /N AR 75 2
R b {ETE L ATHEAMRFREEIE AL, 15 BH LU AT HE A MRAIRZEIE AR 75 35 5 i Fof [0 2 Ul o 3R A P

£ Horton AB 7 REH B S AR A B A0 A, LA 15 8 R IR N TR MR R | R AR R
MR ILHTEARBR B W) 1 A B 253 0 8.46,2.56,3.53,3.22,4.89 ,2.36 mm/min, 5 52l { AH 2% 0.07—0.54
mm/min

Philip 77 FEH A NFRBHR KA BE A HA7 ARG S8 B, B {H7F 0.04—1.228 Z 8], B —ERE 2
B THIIR AB R KN, B AHS/ MBI TR 3% 538 2 SEIN TARWI IR AB R/ MY 45 R —3

ARG A8 3 R B A5CR vl LU IR UE 7 R A 0 R B0 R 3R, R, L& RO B, i 36 2
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rRDLA 45 AT DL Y Kostiakov A 5 R ELAE 0.48 F10.97 2 06) , N TG HI5E 2 EUR /N, 7 Horton £
o HE R RS T AR S B Ak AR B 3T 0.90 ; Philip BURHE R AT 0.57 5 0.86 Z [8] 1 ik
2.3 ABHRZWHEF 28

FHOE LA, MK e Hohig s, ARG E 4552 3 - LR E W0hG foK e T A Pl
S A R AR B KRR PR S 1 e BN A W Al R R A R e 0 Rk, 3 5 7E SPSS AR A
BRHIE S5 m B 0 BRI R R AT T AT

K5 TEANSEXRE5EZMEFRIEXINT
Table 5 Correlations between soil infiltration rate and different influencing factors

AP A

. EEILIRE . TS KRR
Organic matter . . Bulk density/ . :
content/ ( &/kg) Capillary porosity/ % (&/em) Soil moisture/ %
¥k A8 7R Initial infiltration rate 0.743 ** -0.731%* -0.776 ¢ -0.566
FasE A8 % Stable infiltration rate 0.411 -0.521 -0.643 -0.423
TFHIABH Average infiltration rate 0.371 -0.714* -0.512 -0.417

w ok x S FRRAI R EGE 0.05,0.01 BE K

THAPUT S RS BIEABEREIEMC, BSVIRABREB REKF, HEAES TIRABRI R
WEFOAR, TEBEILRES LEAB R E IO, H S50 AB R AL R 8 AKX,
TR E KRG A B IR R IR E , LIRS KRB, IR IR A AR, T RLUE, 76 IS5 A [R]
SO, BB R LSRRI SR | B 3 Sk B RS i dosl, B2 E AR

3 it 54R

3.1 ABREE K E R T

T OB AR BE I ME S A ER TR s Y I R, A B 1
Ko 2 TGO BGEATRFERT 402 3 AW B B I B B BN BB E I B B BOK Ay BB F
VEFH , 4 - 3 R00RE I BRI B RR K , X F T8 i) 38 i By AN 1B B B K T HALBY Bt s BB BE T 8K £
BLZ BB 5177, %8 B R K BRI ORL R A FLEBR AL 2h , I T i se LR, B 2 Rk, IR
BE T BRI I ; 1895 B B LR E oK SR ik B A K e B I EH T & 8h, J& TR Rk s sl
AP ANBRAEFRE . X W R AR A B S BAAEL R BRI EG WS RS A B
FFaE N BRI AH R A R A

FER IR 7S PR [RI R TE 2R 0 - 4 A B PEREDT s s R b, bR TR 1 AN 3 mT 0, SRR AR A DU 331N 18 4
PR (IR A B R A B R R ABEEMBE B ) BT HA R R A REZEH TR R R
SR L PRI B 56 FE A K A 2 a0 A AR AR A 4 1 3987 A s 3l | TAGse 335, DO bl 7 - 38K 4y A B
M, R AR R T 2o RIS AT AL, (2 i 3 rh R AR R B, T B T 30 E . X
TR R A BRI TR 45 R B IR b A S A8 R B /N T 3 b DR = AR R R B IR
B 78 R TG 2 i O RIS i SR R 2R 1 N TR 18 3 M R A R SR AR R A8 B IR, B T L e 8 v
B AN 7= 055, PR SR A A TR DR LA 5 A TR A . 1) 110 3 GRS RS B0 A A K G 2R

— AN, HIEE R ZWIE A B RGBT VA S A R N T 447 1 R AE + 1015 35 1
B RIRAB RS R REE A TR M R AR T A AR G A B i DA TR B IR 2 2
TR .25 5 [T, AR 38 B BB Ry, e B AR R D35 PR I R T ek, 2 AT X o AR 19
HAERRS, AT UGS KM ZIR G X L B RS R, N RE NSRS,

B X 45 FIAS ) - 8 28 B 1 A B BB EA T HRSTAURIE T i, P AS RIS TR () A 4DUKS B TAN N IR AH ], Kostiakov
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ANBEAI b AEAE L HTE AR I, 18 T LT T8 AMR B i [R] 9 /D 3 3R e P, 3K T R [ 10 1 B B T 3 254
ARG S N SV TT AR A B 5T ), A5 Y Kostiakov A5 815 240 e Horton 45874 Al
Philip B SRORIF 2518 . Kostiakov BEALE TG AB AKX MRS, B TamMEAX EHTABR
B

PR SAUARR RS 00T, IR A EAR I 22 5, R s 2 i G T A PERE . T fLBR, T
HORAE B LB A R FUECR X A W RE MR 111 - 8 A AL BRI S [m] A 18 J5 bl | - S92 4 R D K% J68 5 ot
SEEAME BT UIANOC . T A HLETE R A 0y 2 b BB RO 5 1 8 SR 5T, et L BUIR 10 DTG ] 422 5%
me - IEABYERE . VN (R DR 5, 38 A D 1 S5 LIBT3 5 £ 2 11 SR A4 ) T G T [ 422 5% ) + 9898 355
PeRe

IR R R RS S SN LAY [ B | DR A I SR ERE B . RIS 2K O
TE AL AE 1 N 3l 0T EAWHR A B R, BT LA 20 K A P A R B2, RIS JBOR
T IAL BN SRR 2 | AR RE AR AR RRAR S R ER 2 AT R AR A I /N TR
flfeva S B LA T UL R IRAR K 70 T B e 80, X HAS SRR AIg iR — 2L,

T IEE K A B A W T TSR, — 5 T2 AB 1 3R] 6 &5 K X A RS2, 55— 7 T 2
AB R SRR R, SEUEAB R A,

WA R BRAAREE IS R 5 A P IR Z AR OG-, RZ I M 3 B BRAG P 55 T 64 T S8 M ok 5 e -
BB ERE  HIEX T AR REASAE T TSR ) 1018 28 1o 7 S R Bl 4 T 1 o B AT, 4
SR XS R R AL T AN [RIAE 4 S B B 3 T - 3K 5338 3l S N8 s R A Y 3 BRARRAE K 73-F-0 e 45 22 i 7
WA RRRADIE S
32 Z5ip

I B T R AR DR AR AR PR Rl ot REZRHEACHR | LT HE AR S R BRI VR 2R ALY 1
BB AT, S B A LB i B LB A IS KRR LA B YRR RS, PEAN R = R
NSRS B

1 2] UL ASBIFSE XA [ 9 S A 8 T 9 o 5 % 7 A B 22 S AR K, AR/ R0 7 D /i 2 5 10
5 RRRIL R L AEAE AT, BT DL A TRl B 00 R A AR M Bl AR 1 148 KA B A o st HIE A B YERE , A
REEA 3= 5 HK SCAE S DR RS i I K SCAE 3
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