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Study of factors influencing soil water repellency under simulated
forest fire
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Province Engineering Technology Research Center of Ecological Mitigation of Geohazards in Tibet Plateau Transportation
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Abstract: Yunnan pine, as the prominent arboreal species in the southwestern mountains, exhibits abundant resin content and
displays susceptibility to forest fires. Soil in fire-affected areas typically exhibits water repellency after a forest fire, leading to
increased surface runoff and erosion within the affected area, ultimately triggering post-fire debris flows. In order to investigate

the influencing factors and formation mechanism of soil water repellency, unburned soils in the pine forest vegetation area of
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Lawo Township, Mianning County, Sichuan Province was selected as the research project. Indoor simulated fire experiment
were conducted, and orthogonal experiments were designed considering factors such as turpentine content, soil debris content,
initial organic content, heating temperature, and heating period. X-ray diffraction and scanning electron microscopy were used
to analyze changes in chemical elements and microstructure, studying the impact of forest fires on soil water repellency. The
results showed that the degree of influence of various factors on soil water repellency was ranked as follows: initial organic
matter content, heating temperature, heating period, pine resin content, and debris content. The initial organic matter content and
heating temperature on soil water repellency was highly significant, while heating time and pine resin content was significant,
and debris content had no significant impact. All factors could cause changes in organic compounds in the soil, thereby
affecting soil water repellency. Specifically, after moderate burning (temperature < 400 °C), organic compounds in the soil
underwent chemical changes, forming dense hydrophobic organic matter films covering the surface of mineral particles and
filling the interstitial space of the particles, resulting in enhanced soil water repellency. Excessive burning (temperature >
400 °C) resulted in the consumption of organic matter, the destruction of soil microaggregate structure, loose stacking of

mineral particles, and a decrease in soil water repellency. The research results can provide a basis for the soil erosion pattern of
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soil in pine forest fire-affected areas and the formation mechanism of post-fire debris flows.

Keywords: soil water repellency; burned area; pine forest; chemical properties; microstructure
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Table 1 Orthogonal experimental results
4% NRIEPC A Emn WAL G B R KERs i AR
1 100 5 <5 0 0 35 7.61 FIK-ERRE
2 100 15 5~10 0.2 20 3956 11.90 B2 — Wit
3 100 30 10~15 0.5 5 5257 21.94 RN — 1 i
4 100 60 >15 1 40 4122 18.37 RN — i
5 100 120 <5 2 10 3204 15.00 FK—
6 200 5 >15 5 20 8038 25.32 RN — L it
7 200 15 <5 0 5 3584 7.66 FK -
8 200 30 <5 0.2 40 1270 6.95 FK -
9 200 60 5~10 0.5 10 4020 17.94 B2 18— Wity
10 200 120 10~15 1 0 5538 22.84 L
11 400 5 5~10 1 5 6119 1033 TR i
12 400 15 10~15 2 40 9530 29.07 8 E vy
13 400 30 >15 0 10 3397 9.06 TR
14 400 60 <5 0.2 0 11 1.70 FRERE
15 400 120 <5 0.5 20 2300 5.84 FK-TE
16 600 5 <5 0.5 40 3258 8.16 FK-E
17 600 15 <5 1 10 2569 6.06 FAK—VH
18 600 30 5~10 2 0 123 0.45 RE A
19 600 60 10~15 0 20 1 0.28 WAL —IEIK
20 600 120 >15 0.2 5 1 0.16 TR —FEIK
21 800 5 10~ 15 0.2 10 5225 23.10 SRF— R i
22 800 15 >15 0.5 0 132 1.34 FRFI—5RE
23 800 30 <5 1 20 1 0.62 FIK—FHIK
24 800 60 <5 2 5 1 0.15 FIK—FHIK
25 800 120 5~10 0 40 1 0.46 BRE—FK
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Fig. 2 Heating test of undisturbed soil
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Fig.3 Soil samples after heating (numbers in the image represent

organic matter content of soil samples)
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Table 2 Extreme variance analysis results

K MPGREE AR BT R AR SR MRS

1 3315 4535 1523 1404 1168
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Fig. 4 Main effects plot of mean value
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Table 3 Analysis of variance (ANOVA) results

SR F P
SR 12.167 0.010
JinAst ] 7.478 0.024
LNIEReE 5.751 0.041
RS 4.670 0.061

FUEGEER IRy 12.271 0.009
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Table 4 Organic matter content and WDPT before and after
sample treatment

TR XK B S R R R s AL E /%
ARALFR 3319 12.5
200 °C 6065 10.6
400 °C 8702 9.3
600 °C 1652 5.8
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Fig. 5 Chemical element content of soil samples
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Fig. 6 X-ray diffraction patterns of soil samples
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Table S Analysis results of soil samples
microaggregates particles

) Fmkife  EEmEA ALK PRIRIR
e =gy
HpEREL /um /um? /um RE
Kb 2.52 2.54 6.12 0.85
200 °C 3.18 2.87 6.96 0.74
400 °C 3.59 3.48 8.48 0.61
600 °C 1.58 1.76 4.89 0.92

Bt T FRURI ) 3438 K, L 1 5 34 50 Ak HES (FLBR AR
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T, WA AR EE R I, 3L R N, LR
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A = 1 5- 35 0 = 1 N SN S W TR 5 OO b
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Table 6 Results of pore analysis of soil samples

KRR PHALBR/% PR /um® PR K /am FEIER R

KB 44.93 3.89 7.76 0.81

200°C 38.18 3.15 7.23 0.76

400°C 30.19 2.58 7.05 0.65

600°C 45.56 1.95 5.54 0.83
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Fig. 9 Relationship between soil organic matter content and WDPT

after fire burning
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