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Soil microbe responses to seasonal freeze-thaw in the subalpine/alpine forests
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Azt Soil microbes are very sensitive to environmental changes. However, little information is available on soil
microbial community during the seasonal freeze-thaw in the alpine forests. This paper aimed to determine the variations of
the abundance and structure of microbial community in mineral soil (MS) at different altitudes over a freeze-thaw season
in the typical subalpine/alpine forests of western Sichuan of China. PCR- DGGE and Real-time qPCR were used to measure
the structure and abundance of soil microbial community, respectively, in three typical forests along an altitude gradient (3
023, 3 298 and 3 582 m). The results showed bacterial and fungal rDNA copy numbers decreased from growing season to
freezing stage and then increased in the thawing stage. The archaeal rDNA copy numbers increased in the freezing stage.
Similarly, the diversity of microbial community varied with seasonal freeze-thaw processes. Shannon-Winner richness
varied greatly with the elevation, with the bacterial H of 3 582 m < 3 298 m < 3 023 m, archaeal H of 3 298 m < 3 023 m
< 3 582 m and fugal H of 3 023 m < 3 582 m < 3 298 m during the soil freezing stage. In the soil thawing stage, the three
microbial H was 3 582 m < 3 023 m < 3 298 m. Our results suggested that the abundance and structure of soil microbial
community in the coniferous forests varied by season. This may have important implications to understanding the winter
time ecological process in soils.
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Fig. 1 Dynamics of daily mean soil temperature in three forests at
different altitudes from Aug. 12009 to Jul. 31 2010. 3023 m: Secondary fir
forest; 3298 m: Fir-birch mixed forest; 3582 m: Primary conifer forest.
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Table 1 Diversity indexes of soil microbial community in different forests

e

TEVE San Fa kg KL ] Sampling period
ampling
Target group forest Index GS FP FPD TP TPL
H 3.65 3.40 341 3.36 3.40
SRl C 0.03 0.03 0.04 0.04 0.04
éﬂ;][z]' 3208 m H 3.29 3.16 3.46 3.58 343
Bacterial C 0.04 0.05 0.03 0.03 0.03
H 3.03 2.88 3.09 3.21 3.52
3582m C 0.05 0.06 005 0.04 0.03
H 1.56 1.92 2.17 1.75 2.03
SRR C 0.22 0.15 0.12 0.18 0.14
HE H 236 177 1.76 1.79  2.06
Archaeal 3298 m C 010 017 018 017 0.3
H 1.10 2.10 2.66 1.74 1.09
3582 m C 033 013 007 018 034
H 2.55 2.37 2.95 2.99 3.17
kRl C 0.08 0.10 0.06 0.05 0.04
HEA 1298 m H 290 288 305 252 347
Fungal C 006 0.06 005 0.08 0.03
H 2.16 2.63 2.98 2.17 2.98
3582
o C 0.12 007 005 0.2 0.05

GS: =K ZFET; FP: KRS H]; FPD: HIER M) TP, L3 gil;
TPL: HHERIALEH]; 3023 m: A2 AMk; 3298 m: KRR ASH; 3582
m: IRV 2R A K ; H: Shannon-Wienerf§ 51 ; C: Simpsonf§ %¥.

GS: Growing season; FP: Freezing period; FPD: Deeply frozen period; TP:
Thawing period; TPL: Later thawing period; 3023 m: Secondary fir forest;
3298 m: Fir-birch mixed forest; 3582 m: Primary conifer forest; A: Shannon-
Wiener index; C: Simpson index.
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Fig. 2 DGGE profiles of PCR-amplified bacterial (A), archaeal (B) 16S rDNA and fungal (C) ITS region rDNA fragments of microbial communities at
different altitudes. GS: Growing season; FP: Freezing period; FPD: Deeply frozen period; TP: Thawing period; TPL: Later thawing period; M: Marker; 3023 m:
Secondary fir forest; 3298 m: Fir-birch mixed forest; 3582 m: Primary conifer forest.
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Fig. 3 Abundance of soil microbiology rDNA gene in different forest communities (mean + SD, N = 5). GS: Growing season; FP: Freezing period; FPD:
Deeply frozen period; TP: Thawing period; TPL: Later thawing period; M: Marker; 3023 m: Secondary fir forest; 3298 m: Fir-birch mixed forest; 3582 m:

Primary conifer forest.
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