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Abstract; Alpine forest soil is one of the most fragile terrestrial carbon pools, faces heightened vulnerability as a result of
global climate warming. The intricate freeze-thaw pattern, influenced by rising temperatures, is expected to undergo
modifications, consequently impacting the structure of soil microbial communities and disrupting essential soil
microecological processes. To gain insights into these dynamics, this study employed 16S rRNA sequencing technology to
examine the response of microbial community structure and diversity to seasonal freeze-thaw in soils at different elevations of

Mount Segrila in Tibet. The findings of this study reveal that the occurrence of freeze-thaw events did not induce significant
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shifts in the dominant bacterial and fungal groups at the phylum level. The prevailing bacterial groups identified were
Proteobacteria, Actinobacteriota, and Acidobacteria, while the dominant fungal phyla were Basidiomycota and Ascomycota.
At the genus level, notable variations were observed in the microbial community structure and composition before and after
freeze-thaw events. Interestingly, bacterial communities exhibited greater susceptibility to freeze-thaw, while the fungal
community displayed a heightened sensitivity to changes in elevation. Furthermore, this study explored the impact of freeze-
thaw events on the alpha-diversity of microbial communities at different elevations. At the operational taxonomic units level ,
the results indicated a significant increase in bacterial community diversity across all elevations, as well as in the fungal
community at elevations of 3500 m and 4300 m. The increase in diversity was primarily influenced by the clay and silt
content within the soil matrix. Additionally, the study revealed that the differences in microbial community composition
became more pronounced at varying elevations, with distinct driving factors identified before and after freeze-thaw events.
Prior to freeze-thaw, factors such as C/N, available potassium, CO? , soil moisture, clay and silt content played significant
roles in shaping the microbial community. Conversely, after freeze-thaw events, pH and available phosphorus emerged as
the main influencing factors. Compared with bacteria, the influence factors of fungal community structure were more
different between elevations. The comprehensive understanding gained from this study on the response of soil microorganisms
to freeze-thaw events in alpine forests at different elevations holds profound implications. As the threat of climate change
looms, comprehending the intricate relationships between environmental factors and microbial communities becomes
increasingly imperative to predict and mitigate the potential consequences on ecosystem stability. This study provides an
important basis for further understanding the response of soil microorganisms to freeze-thaw in alpine forests at different

elevations under the background of climate warming.

Key Words: freeze-thaw; elevation; bacteria; fungi; community diversity

AR, A BRI AR RIS T Bl b A= 25 3R G0 10 4 AR R B AN L SR A Il R A R
SRR BURML X, FHEILG T R 28 8 i TP H93RK P2 DB RL ko 5, & 245 7Y
Foc i X THI IR A 2, U AR R R M X R a2y 1 v PE - R R A A T SR I, RAL R &
ARS8 BE 1 A RIS A AR 23 X SR LE A A IR R 7 A, 22 T SR W X AR Bl W i A
M55 T, R R AU S h R R ARG BRI I 5% R A A W 2 5 A 35 AR AR M T R
HEBEEND AR YRR XTSRRI ] B-ZHE R S R G RE R L, IR AR ST 13
Tl A 0ot A A g e o B A 2 S

VA 3O T P = AN TR, BIRLEE 3 R R R, 332 ) R A R S Bk
YIHEGRAS AL TARIE PE SRR ZS T L MR LR ALR X 26385 I R 2 B, SR i Mg i 2
WA, LR R S B R A PR YR M AR P R A AR R R P A R e T R
AT RS DA B FR B, Watanabe 5517 A H AR U el MR 1o J5E A3 552 56 SF ASEH0L g% 2 1R T
BT AR DI A B L R RIEER R I, b 385 /K SR AT A HLBRAT IG5 Sorensen 5511 X 56
JCFR AR L AN R R AR PRATE AR SE 0 ],  BHLHE e T 12 Wk b R R B LA ML A LA Rk . 48
1, F AT A BTS20 46 FP AR VR RO 1 357 0 FUBRAR R JSA sEI,  UA W A 1 57 1 R Bl i o v 7 308 9 ol A= W
Vi 2L RN A AR 2 5 e A2 AR A R MR IR 2 38 BT BB I A5E VR RO v T4 8 S g IX. S W
Vi RS B ANV 2

P, 2 T B URAS B AT 5T AR FE 0T P4 8 6 2437 L VR R i ) 0 8 ARobk - AT IURE , I 5 A1l
P, D 5E BRI, 45 e B e BOR  R T VR T SRR W R AR R LSRN 45 R A S
A 200 B A ECBRURE PR AR RS PFR2 I B8N R 0 17, 48 /18 AR e v 5 S BIA PR JS A S &% R i T A
SRR W TR R R R A B R

http ; //www.ecologica.cn



&t
H

1142 H Bl 44 %

1 #REFE

L1 BRI

WF5E DI T PG 360 H I DXOPRE b X 5 2= 4210 (29° 10" N—30°15"N, 93°12' E—95°35'E ) , i 44 i
4100 m, AR R PR -ARIE T . MIEILFRH R, @RI SE R 5 C  MXHEE R 73% ,4E oK
ik 866 mm, FEKZTE 4—10 A, HHENFRYERZE, FEMWH 2R KR K (Abies georgei) . J7 K
( Juniperus saltuaria) JFEEMI( Salix paraplesia) F15; LU FLHY ( Rhododendron simsii) %5 .
1.2 fEahRAE

BFANRFEI T 2020 4F 12 A (SRE5)EH]) (2021 4F 4 H (RhRIE ) #E47, S MK 3500 m 3700 m
3900 m 4100 m 4300 m fERBIFENLA , FHERAEE B IR 1, AL E—D 10 mx10 m BIHTT  7ERETT
AR L EfiE 3 N IBORE SR EE 0—10 em BYZRJZE T8 VRIS 72 [R]— BURE SURFE DR ML 3 > T
IRA A — 1 RN RIBREAE 5 MRS 2] 10 4 i 3 B3R, I AR e 20, IR
— BTG T RT3 — 53 —-80 CUKFEPR-AF , T 3 il

F1 BFRUSESRRIERHEMLS

Table 1  Collection site of soil from alpine forests of the Serra mountains

W/ m L5 (N) ZE(E) A B SEEIE Mean temperature/ °C SEBIFE TR EE Mean snow depth/mm
Elevation Latitude Longitude Habitat type 2020 4% 12 A 2021 4F 4 A 2020 4F- 12 A 2021 4F 4 A
4300 29°37' 94°37" HF 3.79 9.68 149.06 30.42
4100 29°38’ 94°42' HF 3.86 9.71 194.98 59.24
3900 29°34' 94°34' HF 3.89 9.71 89.60 12.13
3700 29033’ 94°33’ HT 3.89 10.17 63.33 5.96
3500 29°33' 94°33’ HF 4.61 10.33 61.07 5.11
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Fig.1 Phylum level community composition of bacteria and fungi before and after freeze-thaw
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Fig.2 Cluster heatmaps of bacteria and fungi at genus level before and after freeze-thaw
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Fig.3 Diversity index of bacteria and fungi before and after freeze-thaw
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Fig.5 LEfSe analysis of bacterial and fungal community before and after freeze-thaw

LefSe : 2k P4 H 51437 Linear discriminant analysis Effect Size;p: [Tse: 450 H ;f;ﬂ-;g;)ﬁ

VR BRI R
3.2 URERHTE A YIRS S A O G R

VREEFE AL 225 ke - e B R S5 N R ARk i 23 [A] 4 5 B A M i) AR A0 B 3R (9 70 A, DT e
A5 BRI DS R M TE R ALY ZEARRRE T, A REVE 1Y -2 RE X R

http ; //www.ecologica.cn



1148 AR ¥ I 44 3%
5
Q <, L
M o =
o e gz 5§ = % g8 = 3 %
Mantel's p
TOC — <001
™~ — 0.01—0.05
=0.05
Observed C/N Mantel's »
OTUs — <02
AP
— (0.2—0.4
>
AK mm =04
Pearson’s
€O I 0.8
pH 0.4
0.0
soil moisture
B
clay+silt
4
2
4 e
) 1y 5
o M o =
- S & & = % 8 = 08 3
TOC Mantel’s p
— 0.01—0.05
TN
— =0.05
Observed N Mantel’s r
OTUs — <02
AP — ().2—0.4
. =04
AK
Pearson'’s
COs* I 0.8
04
pH
0
soil moisture I ~0.4
Simpson

clay+silt

6 FRNEHEEMERERESHES T EELERE Mantel 5347
Fig.6 Mantel analysis of bacterial and fungal community diversity and soil physical-chemical properties before and after freeze-thaw
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