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Study on Dynamic Change of Soil Permeability in Forest Fire-burned Land in Southwest Arid

Valley: Based on Three-years in-situ Monitoring

HOU Dongdong', LI Yongkang', WANG Yi'**, CAO Longxi®, QIN Xiaosong', WANG Yufan', REN Ping'

(1 The Faculty Geography Resource Sciences, Sichuan Normal University, Chengdu 610101, China; 2 Key Laboratory of Land
Resources Evaluation and Monitoring in Southwest for Ministry of Education, Chengdu 610066, China; 3 Tianfu Yongxing
Laboratory, Chengdu 610213, China; 4 Engineering Research Center for the Development of Farmland Ecosystem Service
Functions, Chengdu 610068, China)

Abstract: To explore the trend of dynamic changes in soil infiltration capacity and the influencing factors during the natural
recovery process of wildfire-damaged land in southwestern arid valleys, soil water infiltration capacity was continuously
measured in situ at half a year (0.5YAF), one year (1YAF), two years (2YAF) and three years (3YAF) after the fire, and at forest
land not disturbed by fire (CF). The results showed that soil unsaturated hydraulic conductivity (UHC) followed the order: 1YAF
(4.19 cm/d)>CF (3.01 cm/d)>3YAF (2.83 cm/d)>2YAF (2.67 cm/d)>0.5YAF (2.28 cm/d). The infiltration process could be fitted
by a quadratic polynomial, and the Philip model had the best simulation effect (the average R210.78). UHC was significant
positively correlated with root weight density (7=0.553""), aboveground biomass (=0.454"") and >2 mm water-stable aggregate
content (7=0.397"), and negatively correlated with rainfall(=—0.600""), ash thickness(=—0.494""), and bulk density (r= —0.465").
The trend of vegetation restoration after fire was closely related to environmental factors and soil properties, and vegetation had
the most significant influence on water conductivity, with a total effect of 0.789. This study can provide a scientific basis for
assessing soil erosion and ecological risks in areas affected by forest fires.

Key words: Forest fire disturbance; Natural restoration; Soil infiltration performance; Dynamic changes; Arid valley
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Fig. 1 Geographical location and DEM of research area (A) and forest fire areas in different restoration years (B)
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Fig. 2 Rainfalls and evaporations in forest fire areas with different restoration years
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Fig.3 Water infiltration experiments in forest fire areas with different restoration years
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Table 1 Overview of sample plots in forest fire areas with different restoration years

FEH MWD WSA, i AR AR WEAYRE REGEE KRR REHE
(mm) 0 (g/em’) (g/kg) (t/hm?) (%) (cm) (kg/m®)
CF 3.30 46.48 1.31 25.52 155.08 92.68 — 2.98
0.5YAF 2.34 35.75 091 70.64 16.03 21.93 6.73 1.24
1YAF 2.56 39.35 0.95 52.41 28.53 28.93 2.58 1.26
2YAF 2.73 39.63 1.02 40.29 44.74 39.86 1.76 1.38
3YAF 2.90 38.84 0.99 26.32 57.25 56.87 0.69 1.79
1.4 TEEksyiSEMEEITESEN it R HUK O ABYERER Sh AR RARAE , ARFSE

3K AN BRI AT DL ok e AE K 1E 3 rp JEHLUT Kostiakov. Philip Fl1 Horton 3 FhZ5 #LEK) 7K 43
B IR Ry HE— AR AR T A H: A AR K B AN [R) P A2 A BR AR Kt £ 37K o A Bt
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Table 2 Parameters of soil infiltration processes models in forest fire areas with different restoration years

i Kostiakov 157 Philip %! Horton F5 7!
f=at” A1) = 055"+ 4 SO =fi+ (fo-f)e™
a b R s y R £ 5 R

CF 16.75 0.29 0.52 3.65 50.30 0.76 66.40 121.76 0.57
0.5YAF 6.17 0.30 0.47 1.04 25.15 0.64 13.37 25.87 0.57
1YAF 35.90 0.15 0.53 5.04 65.39 0.86 60.36 120.72 0.64
2YAF 13.87 0.18 0.45 4.19 33.69 0.81 30.18 75.45 0.73
3YAF 14.81 0.25 0.52 2.68 27.67 0.81 40.24 87.51 0.64
A 17.5 0.23 0.50 3.32 40.44 0.78 42.11 86.26 0.63
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Fig. 7 Principal component analysis of soil unsaturated hydraulic conductivity and influencing factors
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Fig. 8 Impact pathways of influencing factors on soil unsaturated hydraulic conductivity in forest fire areas revealed by least squares method

BT KA AB P, BEE IS RIS, AR ke b
BAME, HRHAEE SRR E 1), ®
e b S W R AT o B9 1R TR B 5 IR ) B
BB ONTIREAR T LAEAB R, X AKG 2
AR LRI A ARG IR 1 AFRA HL B E A
KRG 3 4R, LR KRB EIKID , X ] RER
PR A s RS B AR, AR AR SR fif A
FIT R LB, TR my H A B HERERY . it

A, A AZF) KI5 SRR R KR S B
At DO AR T 9 X 2 P A A T I A5 ) - 391 1
FHRACRI G R EEA B, BRkU, AR5 R
AR BRI b A I A A oK P RER IR - T YAF>
CF>3YAF>2YAF>0.5YAF, X5 Perkins %1%} 35 [
TR AR e S b BB Xk I ol FH 08 8] 4 A8 S
130 HIEABVERE R I A — B AN A B
IR N B R AL S ROR WA AE 22 57, AR5

http://soils.issas.ac.cn



958 +

e %58 %

VEFHAY 3 F A REARAULG A BE i (1924 Philip LAY,
IR AR Kostiakov BEAY, XA fES Kostiakov
BRI S8 o X HHEATE | FLBRSE B IR bR A
AT KB FEARDF o B, AR FLERAETE
mERDE, S Kostiakov SRS R0 R 2, 1M
Philip fEAIZEH N T, @S LR LA R &
MK RY S, DRI (G FL A 3 R R A
X 5 R AT A AR R+ HEK o A B LA A R —
0, H 5 AR A Yt 1 T BT 2 SRS B b A
TIEABTERERILE LR ATT L X T B P AT
XFG R b, H R e o T B R R A B, X
T E M A R, AR [ AR i Rt R B
5 HABBF I X AR — S B4 B
3.2 AEWEFERW AT +IEIERINSKEY

FEZMEZE

Mk H A B MR A2 2 e v FLER S,
. HBRIRGL . REAMEE Z R R R m, A
WFFEh AR A SR SRR . R KRR
AR B UM (P<0.01), 33X ] A N 1E
KI5 B BRI KR A HERTE M 3%, TN 2R PR ) 4
HH IS5 5 I 240 JIURE A T 95 o W R AR U b VR
PEAB TN, B SE T EFLEREO, HeAh, Ak
HAER R I, R AR AN, K R Y b
REWHEWEHITENT, S8 8%, FE
KU DL ERZEEAF TR AL XE5ARBFIEH
358 DR % Rk D - 48 5 7K R 32 R B 47 ) B
ROV (MR R B=0.721, P<0.01, [&l )4 i—%L,
[, AR A Sk OR 5 i A 4 de: | AR
M I 35 IEAH I (P<0.01), 5>2 mm KERPEFI RIA & &2
2B A (P<0.05), X T BE A2 PR A AR GEE ) A
BRI B A AT B AE K T2 A8 B (R 1) MM o6
TSN T b T A A o, AR5 R I ) 2R Y B
PeATile, MR RTE BIEPAE R ZEAG, BRIRT IR
SCRE, WO HEFLBREE, AL IR R, AT
KA ATBPEREN 0 3 th EIE 1M k35 b A B A R
PSRRI A B M e f BB H R B B &R,
SRR 0.789(1& 8B). AH Ak U Ji AE A K 2 F A (U b
i1 A= ) 55 R B ) AN A Yk 3 52 P R 5 il (18
R EZE=0.411, P<0.01), W5+ 5EJEMER I E
7 Z%=0.474, P<0.01),

AW 5T B 58 1) 1 338 BE AL 38 A 6 E 1 Fn S K
R TR N 0.499, 55T K e B R T B9 .
SR, MWK A 22 B3R s . Rk, LT
AR I Hb A 398 AR RRAE R R A8 R - HEA B 1 g

APE IPLERS A e dd Tt v, RIERALBUR K 23
B RIS B i 2L T, At 1 2 kR AR 3 ) b
TET 5% B D H T BE A TR AT o A R 3 2 RO
fLB; 5 —T5 i, m TR S, W RARZ
VT AT I A AT T AL BE S ] I AR R A A
AR 2 B e LI AL B R . g rT L, 4
AL AE KR Bl o A2 22 Bl DR R R i ke A
2784k, PRI PR B K 5 T8 i - 98 FOUL FL B 45+ o T
B 7R LA B VERERY A WAL B BT E, RS
HRTES A CT F14 S5 FORIR T IR ALBRRFAE 1722
e, LU T+ 54 AR K MK 52 3o i v ) 4
DR LA B AR 25 P15 A 4 T4 Bl A3 B3 i A
AR

4 g

1) AR TR 1 1 - 498 A8 1 1 B 2k 0 TR 2 AR
MRS, Hr, H8EE R SRR
}: 1YAF>CF>3YAF>2YAF>0.5YAF, ¥ —ik£
1 X 0] AR b b 0l B oK oy A B iR, 76 3 R A
BRI Philip AEEVER 1 BEF AT Hh TR0 AR AT
o+ A B, 1 Kostiakov A8 Y f 15 %5 R AH
X5 2%

2) MK JCGT b A A R AR R S K R S AR E
JE | M T AR A F>2 mm K R P SRR e L
IEASE, SR . 5% IR R R 5 5
B R G o R R TR S PR B R - AR R K
RSB0 TR, (AT LA S 25 0 0 bR T b
AR, mEkE RS H R R HY, 0H
4 R 1 X bR K 30 1t - 398 A 9B PR BB S T e i 3, R
B 0.789,

W FE 45 9 A B 148 7% V4 R 502 00 23 s XObR
b SRR 1L R P A BRI Sh AR L, I X
DX 35 R 08 ) 2 S48 A R LR AR

S 23k

[1] Moradizadeh H, Heydari M, Omidipour R, et al. Ecological
effects of fire severity and time since fire on the diversity
partitioning, composition and niche apportionment models
of post-fire understory vegetation in semi-arid oak forests
of Western Iran[J]. Ecological Engineering, 2020, 143:
105694.

[2] W5, K S, & RIEEEELOR R AR
S HLBEIE U RS R BT[], TAREHBTAR, 2021,
29(3): 786-797.

(3] Hh [ e 7 s I 2 & 5 6 BN BT LD DX T 23T 4%
M]. dEst: BReAiid, 1992: 1-211.

http://soils.issas.ac.cn



5 4 19

PEARPRAE . PR T ARG 88 BV BE Y B A5 R AT —— i T = AR S g U

959

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

WA, Wi, Wi, . PR X T RNA 06
Bl X G404 [T]. L2440, 2020, 38(2): 303-313.
BEHEE, Bk, R BN R B K IR B 3 S
HE[I). ZRARBG K, 2025, 43(2): 55-59.

P, EE, Rk, & ROl B K RIE B A
BERFSE[I]. MOl R IEAE T, 2020(5): 116-122, 130.
BRATZ. 5T B IR FESZ MR R XS] il
Mol RHE, 2021, 42(1): 1-5.

Tian Y P, Wu Z C, Li M Z, et al. Forest fire spread
monitoring and vegetation dynamics detection based on
multi-source remote sensing images[J]. Remote Sensing,
2022, 14(18): 4431.

Wang Y, Li Y K, Cao L X, et al. Temporal variation in soil
macropore properties and hydraulic conductivity in
croplands in the dry-hot valley region of Southwest
China[J]. Journal of Soils and Sediments, 2024, 24(4):
1576-1590.

SRIBERE, XARER, MRYLM, SF. R SRR R LR
T R H A B SR, 5, 2024, 56(3): 601—
609.

Ramirez R A, Jang W, Kwon T H. Wildfire burn severity
and post-wildfire time impact mechanical and hydraulic
properties of forest soils[J]. Geoderma Regional, 2024, 39:
¢00856.

Vieira D C S, Malvar M C, Martins M A S, et al. Key
factors controlling the post-fire hydrological and erosive
response at micro-plot scale in a recently burned
Mediterranean forest[J]. 2018, 319:
161-173.

Sajjadi S A H, Mirzaei M, Nasab A F, et al. Effect of soil
physical properties on infiltration rate[J]. Geomechanics
and Engineering, 2016, 10(6): 727-736.

BRI, XU, 2K, 55 LIEABIRHE R
PRI ERFKFKH, 2019(7): 1-5.

CHR, ¥/Ah&, XUEDK, 55, ARG 13K
I ANBEEME BOE I R -[0]. K 2R EIESE, 2025, 32(1):
57-65, 72.

RYV, AT, ARk, . RHTRRRZ 2B RIEA
BRIE B R N K (7). K H AR 2RI, 2021, 35(2):
47-54.

JUREE, FOUE, Kk, . RXONE R ISR
TIRABFRIE LI R [I]. DK R AR R (o
L), 2023, 21(5): 71-80.

XIRLHT, s, MR, G5 B4 Rk E R K
SC B A S (9], K R ARFFBESE, 2023, 30(6):
206-213.

55, M, REIE. AR R0 T 2R B3Rk 5
ANBEFIEBOK F125: S 85T T]. RHEFR, 2020, 57(2):
347-358.

TKRELL, PMERRE, XL, BRICRE RG22 e BB AE 4 138
HALME BT [J]. ARAEMOL K= 4R, 2012, 40(6):
41-43, 107.

THRIL. FEVLEIET £ MR IO K CPail st 13 4544 Kok 3
PEBE AN E[D]. WHR: P4 RS ACHE K%, 2020.

Geomorphology,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

FHZE, 46, RTFH, F. WEWLXEHEEKE
I v A g B AL SRR A BT [J]. MOl B £ R
2023(4): 62-66.

RFEFE, BAAE. Ace iAok A B
fiE B R 1], +3E, 2023, 55(5): 1129-1137.

A EE B KA AR AL B AR Z 0 & op [ A2k
5{Ri%: GB/T 17296—2009[S]. H & 5 1 i fR 41,
2009.

JHRRE, IV, SKENEE, . BT E ORI A gk B R
WI[I]. Hi2k, 2021(6): 84-86.

W, % T B K IR SO0 RN [J]. £ R,
2021, 12(14): 91-92.

JESE, ToriB, XPER, S, m o EEOR B R AR K K
JoF 2 FINRIC R B A8 ) PLBT “420” FRMRK R 1)
[J]. 3BEEAIR, 2021, 25(9): 2015-2026.

Keeley J E. Fire intensity, fire severity and burn severity: A

brief review and suggested usage[J]. International Journal
of Wildland Fire, 2009, 18(1): 116-126.

Kargas G, Londra P, Anastasiou K, et al. A note on one-
and three-dimensional infiltration analysis from a mini disc
infiltrometer[J]. Water, 2018, 10(12): 1783.

i+ H. EHERAHIIML. 3. dbat: hE RO A,
2000.

FRILT, . ST 43 28 KA R R R (0]
T+ e, 2019, 56(1): 227-241.

BORME, EE, FOPEAL. TR R O K AR B
WAL PUALAREBE 24, 2021, 36(6): 204-210.
B, AU Bk K DX A b RIS b A B 38 1 2 S F
[D]. KF: RILIEE R, 2023.

FHNLL, F5, RAAR, 5. K240 E kOB Al
PR L AR LA B RREF SR J]. K R ORHF2 R,
2014, 28(4): 13-17, 22.

ZERAPH, XURRDE, BB, 5. mrAER AR
Tl - S B S K A3 A B RRAE BRI (D). (oA 4R,
2021, 39(6): 867-878.

INIE, B, BN, TR TN AR v A R 2 AR
+ s B Ak PR B RS B2 m []. ARk B 2%, 2011, 47(2):
103-110.

B, EAM, T, 5. 84 e KA R
HENBRAE LW R 0], A 45244, 2020, 40(5):
1610-1620.

BN, MW, ZZ00H, 5. = r AR SSMR SRR 1 T
B RLA R R ZREPE R A S R[], AR AR TSR,
2016, 40(3): 200-211.

B, LT 2 [ bR T R ok e S AL
BARIEDISE[D]. BRI A%, 2024.

Perkins J P, Diaz C, Corbett S C, et al. Multi-stage
soil-hydraulic recovery and limited ravel accumulations
following the 2017 Nuns and Tubbs wildfires in northern
California [J]. Journal of Geophysical Research: Earth
Surface, 2022, 127(6): €2022JF006591.

KT, DA IRATSE, . BT XKARRKKE S
B IEAB L SKOE I R R [J]. K 2R FF224R, 2024,
38(4): 114-121.

http://soils.issas.ac.cn



960

+

i

o558 &

[42]

[43]

[44]

RERYE, Brihal, s, 55, Bl T AR 4 o B P i
HHEAB R 1 B RARHERFFE[I]. DS 22 4
(A RBEEMR), 2023, 46(3): 398-405.

WhBE, B, ER8, 5. JORXEE =L RS +
HEK S W) BARAE A SR e (0], P K R R RLE O
B 30), 2023, 21(3): 78-85.

Gabriel J L, Garcia-Gonzalez I, Quemada M, et al. Cover
crops reduce soil resistance to penetration by preserving
soil surface water content[J]. Geoderma, 2021, 386:
114911.

[45]

[46]

[47]

A, WM, MRET, SF. B e R A O [F A
WA T7 A A B B[], K R ORFFeER, 2025,
39(4): 60-70.

KR, MRBUME, TTREIMR, 55, dbatil X AR g 2R R 4
AN SRR B N Z )] K B R EFAR, 2022,
36(6): 171-178.

Kang W R, Zhang Y Y, Wu S X, et al. Spatial distribution
of theoretical soil macropores on a continental scale and its
eco-hydrological significance in China[J]. Journal of Soils
and Sediments, 2024, 24(2): 563-574.

(REHE: £0F)

http://soils.issas.ac.cn



