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Abstract

Aims Soil microbe plays key role in mediating terrestrial carbon cycles. It has been suggested that climate
warming may affect the microbial community, which may accelerate carbon release and induce a positive feed-
back to soil climate warming. However, there is still controversy on how microbial community responds to ex-
perimental warming, especially in cold and drought environment.

Methods We conducted an open top chambers (OTCs) experiment to explore the effects of warming on soil mi-
crobial community in an alpine steppe on Qinghai-Xizang Plateau. During the maximum of the growing seasons
(August) of 2015 and 2016, we monitored the biomass and structure of soil microbial community in warming and
control plots using phospholipid fatty acids (PLFA) as biomarkers.

Important findings Short-term warming treatment significantly increased the soil temperature by 1.6 and 1.6 °C
and decreased soil moisture by 3.4% and 2.4% (volume fraction) respectively, but did not alter either soil proper-
ties or normalized difference vegetation index (NDVI) during the growing season (from May to October) in 2015
and 2016. During the maximum of growing seasons (August) of 2015 and 2016, the magnitude of microbial bio-
mass carbon (MBC) were 749.0 and 844.3 mg-kg ', microbial biomass nitrogen (MBN) were 43.1 and 102.1 mg-kg ',
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and the microbial biomass C:N ranged between 17.9 and 8.4. Moreover, all three showed no significant differ-
ences between warming and control treatments. The abundance of bacteria was the most in microbial community,
while arbuscular mycorrhizal fungi was the least, and warming treatment did not alter the abundance of different
microbial group and the microbial community structure. Nonetheless, our result revealed that warming-induced
changes in MBC had significant positive correlation with changes in soil temperature and soil moisture. These
patterns indicate that, microbial community in this alpine steppe may not respond substantially to future climate
warming due to the limitation of soil drought. Therefore, estimation of microbial community response to climate

change calls for consideration on the combined effect of warming and drought.
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Table 1  Short-term warming effects on soil physicochemical properties and standing vegetation
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3R E Soil temperature (C) 12.80 + 0.30 14.40 +0.20" 13.90+0.20 15.40 +0.30™
3 Kk (R A3 ) Soil moisture (volume fraction) 13.20 + 1.80 9.80+1.10" 15.60 + 1.80 13.30 +1.20"
GRS Soil organic carbon content (%) 3.20+0.20 3.20+0.20 330+0.10 3.32+0.10
MWE & Total carbon content (%) 4.50 £0.20 4.40+0.20 420+0.10 4.50+0.10
A% & & Total nitrogen content (%) 0.38+0.02 0.38+0.02 0.38+0.01 0.38+£0.01
AL 8.50 £ 0.20 8.60 + 0.20 8.70 +0.20 8.80 +0.20
JH—{bAE 4 35 %% Normalized difference vegetation index 0.27 +0.01 0.26 +0.01 0.18 +0.02 0.19 +0.02
* p<0.05; **, p<0.01.
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Fig. 1 Microbial biomass carbon (MBC), microbial biomass nitrogen (MBN), and microbial biomass C:N under control and warm-
ing treatment during the growing season (August) in 2015 (A) and 2016 (B), as well as the relationships between MBC and MBN
(mean + SD). The gray bars and cycles represent warming treatments. The white bars and cycles represent control treatments.
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Fig. 2 Effects of short-term experimental warming on differ-
ent soil microbial groups (mean + SD). A, In 2015. B, In 2016.
AMF, arbuscular mycorrhizal fungi; G', gram-positive bacteria;
G, gram-negative bacteria; F/B, ratio of fungi and bacteria;
G'/G", ratio of gram-positive bacteria and gram-negative bacte-
ria; S/M, ratio of saturated PLFAs and monosaturated PLFAs.
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Table 2 Results (F values) of two-way ANOVA on the effects of short-t-
erm warming (W), sampling date (T), and their interactions (W X T) on
microbial community

AP Microbial community T W WxT
4l Bacteria 159.90" 0.11 430"
WL CBHPER Gram-positive bacteria 173.66" 093 2.6
FEZRKMMEE Gram-negative bacteria 67.70" 0.00  2.50

MR BB Arbuscular mycorrhizal fungi 720" 849 0.03

H# Fungi 212 0.18 213
JZLE Actinomycetes 2428 537" 0.02
HHME L Fungi/Bacteria 123.85" 0.15  0.01
GG

Gram-positive bacteria/Gram-negative bacteria 0.27 045 028
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BEAR ST K 5 Total phospholipid fatty acids 157.39™  1.67  1.08
* p<0.05; ** p<0.0l.
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Fig. 4 Redundancy analysis of soil microbial community to
soil environmental parameters. AMF, arbuscular mycorrhizal
fungi; G*, gram-positive bacteria; G-, gram-negative bacteria;
F/B, ratio of fungi and bacteria; G'/G~, ratio of gram-positive
bacteria and gram-negative bacteria; SM, soil moisture; ST, soil
temperature; TN, total nitrogen content.
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Fig. 5 Relationships among warming-induced changes
(warming-control) in microbial biomass carbon, soil temperature
(A) and soil moisture (B), and the effects of short-term warming
on soil temperature and moisture.
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