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Abstract

Aims Nitrous oxide (N,O) is one of the most important greenhouse gases, which contributes a lot to global
warming. However, considerable variations are observed in the responses of soil N,O emissions to experimental
warming, and the underlying microbial processes remain unknown.

Methods A warming experiment based on open-top chambers (OTCs) was set up in a typical alpine steppe on
the Qinghai-Xizang Plateau. The static chamber combined gas chromatography method was applied to investigate
soil N,O flux under control and warming treatments during the growing seasons in 2014 and 2015. Gene abun-
dances of ammonia-oxidizing archaeca (AOA) and ammonia-oxidizing bacteria (AOB) were quantified using
quantitative real-time PCR.

Important findings Our results showed that the warming treatments increased soil temperature by 1.7 and 1.6
°C and decreased volumetric water content by 2.5% and 3.3% respectively during the growing season (May to
October) in 2014 and 2015. However, there were no significant differences in other soil properties. Our results
also revealed that, the magnitude of soil N,O emissions exhibited substantial variations between the two experi-
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mental years, which were 3.23 and 1.47 ]ytgm*z-h*1 in 2014 and 2015, respectively, but no significant difference in
N,O fluxes was observed between control and warming treatments. AOA and AOB abundances are 15.2 x 10" and
10.0 x 10° copies'g ' in 2014, and 5.0 x 10" and 4.7 x 10° copies'g ' in 2015, with no significant differences
between control and warming treatments during the experimental period. Furthermore, warming-induced changes
in N,O emissions had no significant relationship with the changes in soil temperature, but showed a significant
positive correlation with the changes in soil moisture at seasonal scale. Overall, these results demonstrate that soil
moisture regulates the responses of N,O emissions to experimental warming, highlighting the necessity to con-
sider the warming-induced drying effect when estimating the magnitude of N,O emissions under future climate
warming.

Key words climate warming; nitrous oxide; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; Qinghai-
Xizang Plateau
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Fig. 1 Photos of the study site and warming experiment. A,
Photo of the study site. B, Open-top chamber (OTC) warming
facility.
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Table 1 Warming effects on soil physicochemical properties and microbial biomass (mean + SE)

i A3 HER AR THTHA AL B WA EDER
Year Treatment NH;-N (mg-kg™") NO; -N (mg-kg ™) SIN (mg-kg ") MBC (mg-kg™") MBN (mg-kg ")
2014 XHHE Control 1.8+0.38 250+ 1.6 268+ 1.7 890.4 +23.7 91.6+4.0
i Warming 3.0£0.60 235+13 265+ 1.5 801.9 +40.8" 682458
2015 X8 Control 224025 5.96+ 0.4 8.20+0.5 7326113 422+15
M Warming 3.0£0.19° 4.04+04" 7.02+03" 720.1+18.6 413+24

* p<0.05; %% p<0.01.

MBC, soil microbial biomass carbon; MBN, soil microbial biomass nitrogen; SIN, soil inorganic nitrogen. *, p < 0.05; **, p <0.01.
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0.25). SRT, SKAE H AR 3N, 018 & A7 15 W% 5
Mi(2014: p < 0.01; 2015: p < 0.01, $2).
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Table 2 Results of repeated measures ANOVA on the effects of warming
(W), measuring date (T), and their interactions (T x W) on soil N,O flux

10 A 10 B
% ~ 8} 8t
& 8 b
o 8 6 6F
®ad
K 2o 4 4t
L2
z 2 2t
0 0
AOA AOB AOA AOB

El4 2014 (A)M12015 (B)FEAKZ=HEIE IR AT AOA 5 AOB
flamoAFER F FERISEA CFBEARHER 7). AOA, ZH AL
B AOB, AN .

Fig. 4 Warming effects on the abundance of AOA-amoA and
AOB-amoA during the growing seasons of 2014 (A) and 2015
(B) (mean + SE). AOA, ammonia-oxidizing archaea; AOB,
ammonia-oxidizing bacteria.
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0.38; 20154, AOA: p = 0.55; AOB: p = 0.61).
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SEHEENOE B E S IR A L& ()
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TxW 2 040 099 18 132 017 3 it
df, EIHHEE. * p<0.05;** p<0.01, VAN e i
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Fig. 5 Relationships among warming induced changes (warming-control) in soil N,O fluxes, soil temperature and soil moisture. A,
soil moisture and temperature; B, N,O and soil temperature; C, N,O and soil moisture.
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Appendix I Daily mean air temperature (lines) and daily precipitation (bars) during 2014-2015 at our experiment site
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Appendix II Soil temperature and moisture in control and warming treatments during the growing seasons
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Appendix III Relationships of changes in soil N,O flux with changes in edaphic variables, microbial properties, AOA and
AOB
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