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Abstract: [ Objective] The effects of snow removal on soil organic carbon (SOC) compositions and carbon
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pool stability during the freezing-thawing period in a Bayinbuluk alpine wetland were analyzed in order to
provide scientific data to help the alpine wetland in coping with future climate change and to formulate a
regional carbon neutrality strategy. [ Methods ] A field experiment was conducted in September 2022 with
two treatments: snow removal and natural snowfall. Soil samples were collected during the initial freezing
period (November), the freezing period (March), and the thawing period (July). Soil water content (SWC) ,
electrical conductivity (EC), pH value, SOC content, very unstable organic carbon (F,), unstable organic
carbon (F,), stable organic carbon (F;), and inert organic carbon (F,) were measured. [ Results | O There
was no significant difference in SOC content after snow removal during the initial freezing, freezing, and
thawing periods, but there was a decreasing trend. The SOC content after snow removal decreased by
2.87%, 6.65%, and 4.49% during the initial freezing, freezing, and thawing periods, respectively. @ There
were significant differences in the SOC contents of F, and F; after snow removal in the initial freezing period
(»p<<0.05), and these values were 8.72% and 12.26%, respectively, lower than with the natural snowfall
treatment. There were significant differences in the F; contents among different treatments in the freezing
period (»p<C0.05), which were reduced by 25.57% after snow removal. There were significant differences in
the F,, F,;, and F; contents in the thawing period (» <C0.05), among which F, and F; were reduced by
22.10% and 25.57% , respectively, after snow removal, while F, was increased by 34.92%. There were no
significant differences in other components. @ The carbon pool activity in the initial freezing, freezing, and
thawing periods was 5.99%, 9.71% and 20.39%, respectively, greater after snow removal than with the
natural snowfall treatment. The SOC exhibited a decreasing trend after snow removal, but the stability of the
soil carbon pool exhibited an increasing trend. With the freeze-thaw process, SOC content showed a trend of
first decreasing and then increasing, while the stability of the soil carbon pool showed a trend of first
increasing and then decreasing. [ Conclusion] The short-term observation results showed that freeze-thaw
cycles and snow cover removal had no significant effects on the SOC content and carbon pool stability, but
the effect of snow cover removal on soil was greater than the effect of freeze-thaw cycles. Additional long-
term observation studies will be needed in the future to better serve the scientific management of alpine
wetlands and to help implement a regional carbon neutrality strategy.

Keywords : alpine wetland; freeze-thaw period; snow removal; organic carbon components; carbon pool stability
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Fig.1 Schematic diagram of test design
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Table 1 Effects of snow removal during freeze-thaw period on

soil organic carbon and its components

i A Lk B/ UREE I/ R/
453 (g kg™ (g kg™ (g kg ")
SOC  101.164:3.36" 93.3043.51"  97.68+2.54"
F,  65.8140.83" 67.58£1.02*  63.3840.82™
FREM  F,  3.894+0.36%  3.6640.19"  6.36+0.26M
F, 8.11£0.30%  8.4940.30™ 11.0940.894
F,  22.1840.65"  20.274£0.86"™ 19.1640.81"
SOC  104.1545.86%  99.9542.68"  102.27+5.46
F,  62.64+1.17"  64.95+1.48"  63.5840.96
HAKE F,  3.81£0.17%  4.93£0.22%  3.59£0.61""
F,  9.2440.96%  8.934+0.41%  8.22+£1.03"
F, 24,310,634 21.1940.85%  24.60+1.33%
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Fig.2 Effect of snow removal on stability coefficient of

soil carbon pool during freeze-thaw period
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Fig.3 Effects of snow removal on soil organic carbon, electrical conductivity,

water content and pH value during freeze-thaw period
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Table 2 Two factor analysis of variance on the physical

and chemical properties of soil affected by

snow removal during freeze-thaw period

b ELi PN GRE e SR RBR X KR AR A
F b F b F p
SOC 2.00  0.18 1.08  0.37 0.10 0.91
F, 0.76  0.40 0.23  0.80 0.17 0.84
F, 149 0.25 .77 0.21 6.40 0.01
F, 0.98  0.34 .99  0.18 2.77 0.10
F, 6.45  0.03 3.49  0.06 0.32 0.73
SWC 0.30  0.60 426 0.04 0.54 0.60
EC 1.57  0.23 0.71  0.51 0.13 0.88
pHfE  0.001  0.99 0.24  0.79 0.47 0.64

TE:SWC Oy BB KE SEC M SR, p<<0.05 RARTEILHK
THRERML, p<<0.01 FREZHNR T AW R ELML,

FRASHERN TEENHREEAS SEHS
BRI E XS
N RBRS G e BEALYE RS R R AL 2
[ f) 5 22, P RR AL B 4331 3% T SOC, pH {E , SWC il EC
55 4 Bl 53 HE AT AH OGP 23 BT BT AR 43 A (45 1 I 3%
3.4 KE O, hE3IAHL, ARETLAET pH H
H5FHMAREEMCKR, 5 SWCH B&F fAHK
KFR,SOC 5 F 4150A 3 IFAH L & i) 3 it
TEWPERZIG.F, M F 450 BT M 3 1E 40 ¢
KHR,SOCH F, MHXABWEIT FRE,

WAL TCAR I3 B Al 0. B SR BE T Ak B (18] 4a) SOC
5 F, 45y, pH {HM EC 5 F, fl F, 4145 .SWC 5 F,
25 R R TEAH OG0 AR 5 1 R = 40 B (] 4b) SOC il
SWC 5 F,,F,,F, fil F ¥ EMEMELR,

2.5

*3 BARSRETIEBEASHRASNHEXESHN

Table 3 Correlation analysis between soil physicochemical properties and carbon components under natural snowfall treatment
mH F, F, F, F, SWC EC pH 1A
F, —0.48
F, —0.26 —0.24
F, —0.42 —0.35 0.44
SWC —0.15 0.33 —0.29 —0.04
EC 0.34 0.30 —0.29 —0.42 —0.36
pH {H 0.15 —0.61 0.65" 0.53 —0.72" 0.13
SOC —0.26 —0.39 0.49 0.98" " —0.07 —0.34 0.62

T o RARZARIRTE 0.05 K FAHATERFE RS » * RARZIBIRTE 0.01 KF N HFERHEESR, TR,
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Table 4 Correlation analysis between soil physicochemical properties and carbon components under snow removal treatment

mi H F, F, F, F, SWC EC pH {H
F, —0.04
F; —0.10 0.83""
F, 0.28 —0.53 —0.47
SWC 0.32 0.11 0.27 0.42
EC —0.57 —0.35 —0.26 0.12 —0.17
pH {H —0.25 —0.13 0.11 —0.39 0.04 0.28
SOC 0.63 0.03 0.05 0.76" 0.63" —0.31 —0.49

4 BAREERSLETHRAILIEERCERSHRASIH TR N
Fig.4 Redundancy analysis of physical and chemical properties and carbon components of
some soils under natural snowfall and snow removal
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