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Abstract

Aims The forest-alpine tundra ecotone is one of the most conspicuous climate-driven ecological boundaries.
However, dynamics of soil microbial biomass and quantity during different stages of the growing season in the
ecotone remain unclear. Our objective was to understand the temporal and spatial variations of microbial biomass
and quantity to explore the main drivers in the ecotone.

Methods We collected soil samples in a forest-alpine tundra ecotone (dark-conifer forest, timberline, treeline,
dense shrub, sparse shrub and alpine meadow) during early, mid and late growing season (EGS, MGS and LGS).
The number and species composition of soil microorganisms were determined by means of the plate count
method. Soil microbial biomass carbon (MBC) and nitrogen (MBN) were measured by the chloroform fumigation
leaching method.

Important findings Vegetation and seasonality significantly influence MBC, MBN and microbial community
structure. Microbial biomass distribution among vegetation types was different in the three stages of the growing
season. MBC above treeline was higher than below during EGS and MGS. The MBC of dark-conifer forest, tim-
berline and treeline during LGS was significantly increased, and MBC differences among different vegetation
types decreased. There were significant differences in measured soil microbial quantity between above- and
below-treeline vegetation types; bacteria of dense shrub were highest among vegetation types. The amount of
cultivated microorganisms was LGS>EGS>MGS. The ratio of MBC to MBN was the highest and the quantity of
fungi increased largely late in the growing season. Statistical analysis showed that there were significant correla-
tions between MBN and bacteria, fungi and actinomyces quantity, while only MBC and fungi quantity were
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significantly correlated (p < 0.05). Litter input and snow cover late in the growing season were external factors of

microbial seasonal variation. Soil microbes and alpine plants competing for nitrogen may be internal factors. Plant

nitrogen absorption early in the growing season and microorganisms’ nitrogen fixation late in the growing season

enhanced the alpine ecosystem’s nitrogen fixation and utilization. Climate warming may extend the growing sea-
son of alpine plants, increasing the alpine soil microbial biomass, and accelerate the decomposition of soil organic

matter, which may change soil carbon sequestration rates in the alpine ecosystem.
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Fig. 1 Dynamics of average daily air temperature (A) and soil
temperature at 10 cm depth by month (B) from May to October,
2009 in the forest-alpine tundra ecotone. AM, alpine meadow;
DCF, dark-conifer forest; DS, dense shrub; SS, sparse shrub;
Ti, timberline; Tr, treeline.
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Fig. 2 Seasonal changes of soil microbial biomass carbon (A), nitrogen (B) and C: N (C), as well as quantity of cultivate bacteria
(D), fungi (E) and actinomycetes (F) of soil in forest-alpine tundra ecotone (mean + SD). Lower case letters indicate significant dif-
ferences among different vegetations within same season (p < 0.05); upper case letters indicate significant differences among differ-
ent seasons within same vegetation (p < 0.05). EGS, early in the growing season; LGS, late in the growing season; MGS, middle in
the growing season. AM, alpine meadow; DCF, dark-conifer forest; DS, dense shrub; SS, sparse shrub; Ti, timberline; Tr, treeline.
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Table 2 Results of two-way ANOVA for the analysis of the main effects of vegetation types (from dark-conifer forest to alpine
meadow), season (three times collections from May to October) and their interactions for soil microbial biomass C, N and microbe
quantity determined in 10-cm depth soil layer in forest-alpine tundra ecotone

A FEH% Vegetation 75 Season FEHExZ=HT Vegetationxseason
Variable df F p df F p df F p
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WA A SRR AL MBC/MBN 5 26.53 <0.001 2 541.92 <0.001 10 17.07 <0.001
4 Bacteria 5 8620  <0.001 2 22.59 <0.001 10 7.16 <0.001
TLE Fungi 5 55.36 <0.001 2 166.69 <0.001 10 14.13 <0.001
JRZE R Actinomycetes 5 51.18 <0.001 2 58.46 <0.001 10 14.37 <0.001

MBC, microbial biomass carbon; MBN, microbial biomass nitrogen.
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Fig. 3 Relationships between soil microbial biomass carbon, nitrogen and bacteria, fungi, actinomycetes quantity.
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