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Accurate estimation of CH4 fluxes in alpine peatland of the Qinghai-Tibetan Plateau under
extreme drought is vital for understanding the global carbon cycle and predicting future
climate change. However, studies on the impacts of extreme drought on peatland CH4

fluxes are limited. To study the effects of extreme drought on CH4 fluxes of the Zoige
alpine peatland ecosystem, the CH4 fluxes during both extreme drought treatment (D) and
control treatment (CK) were monitored using a static enclosed chamber in a control
platform of extreme drought. The results showed that extreme drought significantly
decreased CH4 fluxes in the Zoige alpine peatland by 31.54% (P<0.05). Extreme drought
significantly reduced the soil water content (SWC) (P<0.05), but had no significant effect
on soil temperature (Ts). Under extreme drought and control treatments, there was a
significant negative correlation between CH4 fluxes and environmental factors (Ts and
SWC), except Ts, at a depth of 5cm (P<0.05). Extreme drought reduced the correlation
between CH4 fluxes and environmental factors and significantly weakened the sensitivity
of CH4 fluxes to SWC (P<0.01). Moreover, it was found that the correlation between subsoil
(20 cm) environmental factors and CH4 fluxes was higher than with the topsoil (5, 10 cm)
environmental factors under the control and extreme drought treatments. These results
provide a better understanding of the extreme drought effects on CH4 fluxes of alpine
peatland, and their hydrothermal impact factors, which provides a reliable reference for
peatland protection and management.
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19 Abstract

20 Accurate estimation of CH4 fluxes in alpine peatland of the Qinghai-Tibetan Plateau under 

21 extreme drought is vital for understanding the global carbon cycle and predicting future climate 

22 change. However, studies on the impacts of extreme drought on peatland CH4 fluxes are limited. 

23 To study the effects of extreme drought on CH4 fluxes of the Zoige alpine peatland ecosystem, 

24 the CH4 fluxes during both extreme drought treatment (D) and control treatment (CK) were 

25 monitored using a static enclosed chamber in a control platform of extreme drought. The results 

26 showed that extreme drought significantly decreased CH4 fluxes in the Zoige alpine peatland by 

27 31.54% (P<0.05). Extreme drought significantly reduced the soil water content (SWC) (P<0.05), 

28 but had no significant effect on soil temperature (Ts). Under extreme drought and control 

29 treatments, there was a significant negative correlation between CH4 fluxes and environmental 

30 factors (Ts and SWC), except Ts, at a depth of 5cm (P<0.05). Extreme drought reduced the 

31 correlation between CH4 fluxes and environmental factors and significantly weakened the 

32 sensitivity of CH4 fluxes to SWC (P<0.01). Moreover, it was found that the correlation between 

33 subsoil (20 cm) environmental factors and CH4 fluxes was higher than with the topsoil (5, 10 

34 cm) environmental factors under the control and extreme drought treatments. These results 

35 provide a better understanding of the extreme drought effects on CH4 fluxes of alpine peatland, 

36 and their hydrothermal impact factors, which provides a reliable reference for peatland 

37 protection and management.

38
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40

41 Introduction

42 In recent years, due to the aggravation caused by human activities, the global atmospheric and 

43 water cycle pattern has been significantly changed, resulting in an increasing frequency and 

44 intensity of global extreme climate events [1-4]. Recent studies have indicated that the 

45 occurrence of extreme drought events can significantly change the water and heat conditions of  

46 the ecosystem, affecting the physiological state of plants and activities of soil microbes, 

47 triggering changes in the soil structure and function, and breaking the original carbon balance of 

48 the ecosystem, which in turn can aggravate the intensity and frequency of extreme drought 

49 events on a global scale [5-8]. However, research on extreme drought is still concentrated in arid 

50 and semi-arid grasslands at present, and research on peatland is relatively rare [6-7,9]. As an 

51 important global carbon pool, peatlands are carbon-rich ecosystems that cover just 3% of the 

52 Earth's land surface, but they store one-third of the soil carbon [10-11]. As such, peatlands play 

53 an important role in the global carbon cycle and mitigation of climate change [12]. 

54 The alpine peatland ecosystem, on account of its special altitude, presentsa higher sensitivity 

55 to climate change [13]. Additionally, with low temperatures and anoxia all year round, peatlands 

56 have sequestered large amounts of carbon in the soil [14-15]. However, when disturbed by 

57 external conditions, the source and sink of CH4 in the alpine peatland ecosystem can be 

58 significantly altered [16]. As one of the main greenhouse gases, the warming potential of CH4 is 

59 23 times than that of CO2, and changes in the CH4 content in the atmosphere can have a 

60 significant impact on the trend and intensity of global climate change [17-18].  However, the 

61 dynamics of CH4 in alpine peatland ecosystems and its response to extreme drought are poorly 

62 understood and lack quantified analyses. Therefore, accurate quantification of alpine peatland 

63 CH4 fluxes under extreme drought conditions at various spatial and temporal scales is crucial and 

64 necessary for fully understanding the climate change process.

65 The Zoige plateau, located in the northeast of the Qinghai-Tibet plateau, is the region with the 

66 highest organic carbon reserves in China and one of the largest plateau peatlands in the world, 

67 thus playing an important role in the global carbon cycle [19]. As such, this region could 

68 potentially have a significant impact on regional climate change [20]. However, due to the 

69 warming and drying trends that have occurred over the past 30 years, the surface water level of 

70 the Zoige peatland has decreased substantially, which directly alters the pattern of CH4 fluxes in 

71 this area [21-24]. Moreover, changes in precipitation and atmospheric temperatures, as well as 

72 the effects of decreased water levels, serve to increase the level of uncertainty regarding the 

73 magnitude of the CH4 fluxes occurring in many ecosystems [24-25]. Therefore, to improve our 

74 understanding of the CH4 dynamics occurring in the Zoige alpine peatland, the effects of 

75 temperature and precipitation variability under extreme drought conditions should be studied 

76 simultaneously.

77 In recent years, researchers have found that CH4 uptake is strongly controlled by soil moisture, 

78 as soil temperature only has a minor influence on CH4 fluxes measured at the Tasmania 

79 Ecological Research site [26]. Daily observations of CH4 fluxes in nine different types of 
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80 swamps in northern Finland have shown that the average CH4 emission is significantly correlated 

81 with the average groundwater level [27]. Related research has also indicated that the yield of 

82 CH4 is lower under drought conditions in peatlands [28]. Moreover, frequent extreme drought 

83 events in recent years have been increasing, and these events have clearly had a profound impact 

84 on CH4 fluxes in the Zoige peatland [29-30]. However, data regarding the changes in CH4 fluxes 

85 in the Zoige peatland under extreme drought are limited.

86 Therefore, the accurate estimation of CH4 fluxes and the factors impacting their dynamics will 

87 help quantify the interactions and feedback occurring between extreme drought events and the 

88 alpine peatland ecosystem. In this study, we observed the CH4 fluxes and environmental factors 

89 at the Zoige peatland in a controlled experiment of extreme drought with the hope of estimating 

90 the drought effects on CH4 fluxes, and we identified the environmental variables affecting these 

91 fluxes under continuous drought stress. The results provide an important scientific basis to 

92 accurately evaluate the contribution of alpine peatland CH4 towards global climate change and 

93 will also help support peatland conservation.

94

95 Materials & Methods

96 2.1. Site description

97 The experiment was conducted in Zoige county in the eastern Tibetan Plateau (33.79° N, 102.95° 

98 E) at an altitude of 3430 m (Figure 1a). The mean annual temperature is 1.1 °C, and mean annual 

99 precipitation is 648.5 mm, with 80% falling during the growing season from June to September. 

100 The mean monthly temperature ranges from 1 °C (January) to 11 °C (July). The experiment was 

101 established in a frigid temperate zone steppe dominated by herbaceous marshes and composed 

102 mainly of Carex meyeriana, Carex muliensis, and Kobresia tibetica. The main soil type was 

103 marshy peat, with the soil pH is between 6.8-7.2 in localized areas [31]. The depth of peat in the 

104 vertical profile of this site is in general 1.2 m. Field experiments were approved by the Institute 

105 of Wetland Research.

106  

107 2.2. Experiment design and data collection

108 Based on the local rainfall data for the past 50 years, we defined daily rainfall ≥ 3 mm as 

109 ecologically effective precipitation [32]. During the flourishing period of the growth season, we 

110 selected 32 days as the duration of non-ecologically effective precipitation (drought days) and 

111 simulated extreme drought over this period of plant growth [33]. The area of the plot was 20 m × 

112 20 m, and extreme drought treatment (D) and control treatments (CK) were set up, 

113 independently, with each treatment consisting of three (2 m × 2 m) repetition plots (Figure 1b). 

114 We buried iron sheets in the soil about 1 m deep around each treatment to prevent the lateral 

115 flow of soil water. A stainless-steel base (50 cm × 50 cm × 20 cm) was placed at the sampling 

116 point and inserted into the ground at a depth of 10 cm. Before each measurement, we filled the 

117 groove of stainless steel with water to ensure the airtightness of the measurement (Figure 1c). 

118 For the extreme drought treatment, we used a magnesium-aluminum alloy shelter (length × width 
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119 × height; 2.5 m × 2.5 m × 1.8 m) to simulate drought, and the light transmittance of the shelter 

120 was more than 90%. The gas in the controlled plot was monitored under natural conditions. 

121 A fast greenhouse gas analyzer (DLT-100, Los Gatos Research, USA) was used to monitor 

122 CH4 fluxes, at a data acquisition frequency of 1 Hz. A TZS-5X thermometer was used to monitor 

123 the air temperature (Ta) and soil temperature (Ts), and a TDR 300 was used to measure the 

124 SWC. A box (50 cm × 50 cm) was connected with the fast greenhouse gas analyzer. There were 

125 two small holes 2 cm in diameter at the top of the box, which were closed with rubber plugs. 

126 There was a small hole in each rubber plug for the insertion of two gas conduits (intake pipe and 

127 outlet pipe) with a length of 20 m and an inner diameter about 4mm. The box was connected to 

128 an intake pipe and an outlet pipe with a length of about 20 m. To ensure the gas in the box could 

129 be quickly mixed and evenly distributed, two small fans (10 cm in diameter) were set at the top 

130 of the box. Each sampling point was measured in a sealed transparent box or dark box for 2 min, 

131 and the measured data from the dark box were used to ascertain the CH4 fluxes. The drought 

132 treatment started on July 15, 2017, and end on August 16, 2017. The measurements were taken at 

133 three periods of one day (first: 9:00- 10:00, second: 12:00-13:00, third: 14:00- 15:00). For the 

134 measurement of aboveground biomass, 50 cm × 50 cm quadrats were randomly chosen in each 

135 experimental plot, and all plants within the quadrats were cut to ground level. After the dust was 

136 removed, the plant material was oven dried to constant weight at 70 °C. Belowground biomass 

137 was collected by digging soil pits at the same locations where the aboveground biomass had been 

138 removed at the sampling depths of 0-20 cm and 20-40 cm. Soils containing root biomass were 

139 placed in 40-mesh nylon bags and taken back to the laboratory, where the roots were carefully 

140 washed and then oven dried to a constant weight at 70 °C. A soil drill was used to sample the soil 

141 via multi-point sampling and mixing. The soil organic matter (SOC) was determined using a 

142 potassium dichromate volumetric method [33], total carbon (TC) was determined by the 

143 elemental analyzer [34], and total nitrogen (TN) was determined via the Kjeldahl method [35].

144 2.3. Data analysis

145 The formula used for calculating the greenhouse gas fluxes [36] was:

146          (1)F
c
=

∂C'∂t × M

V
0

×
P

P
0

×
T
0

T
0
+ t
×

H

100
× 3600

147 Where Fc is the gas fluxes (mg C/ (m2·h)); M is the molar mass of gas (g/mol); V0 is the 

148 standard molar volume of gas (22.4 L/mol); P/P0 is the measurement of pressure to standard air 

149 pressure; T0 is the absolute temperature (273.15 °C); t is the average value of the measured 

150 temperature in the box (°C); and H is the static height (cm). Importantly, the measured data were 

151 analyzed by linear regression to calculate the linear slope of the gas concentration relative to the 

152 time of observation.

153 Repeated-measure ANOVA with Duncan’s multiple-range tests were performed to examine 

154 the main and interaction effects of date, treatment and block on the differences in CH4 fluxes and 

155 environmental factors in 2017 (SPSS, Chicago, IL, USA). A one-way ANOVA analysis was 

156 performed to examine the properties (above and below ground biomass, TC, TN, SOC) at 

157 different depths in 2017 (SPSS, Chicago, IL, USA). To further evaluate the relationship of CH4 

158 fluxes and environmental factors, a correlation matrix analysis between CH4 fluxes and 
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159 environmental factors was conducted (Origin 2017, USA). The slopes of those linear 

160 relationships were analyzed and compared by SMA (Standardized Major Axis) regression 

161 analysis, using the SMATR (Standardized Major Axis Tests and Routines) package [37]. R 

162 v3.5.1 with the corrplot package was used for the correlation analysis [38].

163

164 Results

165 3.1. Climate during the experiment period

166 During the experiment period (32 d), 14 precipitation events occurred in Zoige, with 6 days 

167 including ecologically effective precipitation events (≥3 mm). The daily precipitation ranged 

168 from 0.1 mm to 20.6 mm (Figure 2) and the average precipitation was 1.9 mm. The total 

169 precipitation was 58.9 mm in the control treatment and 0 mm in the extreme drought treatment 

170 during the experimental period. The precipitation mainly occurred in early August, and a 

171 transient rainfall occurred at the end of the treatment period. The highest and lowest daily 

172 temperatures were 15.3 °C and 8.4 °C, respectively, and the average temperature was 12.9 °C 

173 during the treatment period.

174

175 3.2. Effects of extreme drought on CH4 fluxes

176 From the end of June to the middle of July, there was a transition period between a weak CH4 

177 sink and a weak CH4 source of the Zoige peatland (Figure 3a). The emission of CH4 from the 

178 Zoige peatland reached a maximum around August 16. During the pre-drought period, the 

179 ecosystem functioned as a CH4 sink, and during the extreme drought and post-drought periods, 

180 the ecosystem functioned as a net CH4 source (Figure 3b). Compared to the control treatment, 

181 extreme drought significantly decreased the CH4 fluxes of the Zoige peatland ecosystem by 

182 31.54% (P<0.05, Figure 3b, Table 1) in the drought period, and there was no significant change 

183 in the pre and post-drought periods of the experiment under the extreme drought and control 

184 treatment (P>0.05). Additionally, the difference of CH4 fluxes between the control and drought 

185 reached the highest value at the peak of plant growth (Figure 3c). The extreme drought 

186 significantly decreased SWC at depths of 5, 10, and 20 cm (P<0.05), but there was no significant 

187 influence of the extreme drought on Ts at depths of 5, 10, or 20 cm (P>0.05, Table 1).

188

189 3.3. Effects of extreme drought on plant biomass and soil physicochemical properties

190 The extreme drought treatment significantly decreased the aboveground biomass of the Zoige 

191 alpine peatland ecosystem by 42.75% (P<0.05, Figure 4a). The extreme drought treatment 

192 significantly decreased the belowground biomass by 59.73% and 59.65% at a depth of 0-10 cm 

193 and 10-20 cm, respectively (P<0.05, Figure 4b). Under both treatments, the root mass of the 

194 subsoil (10-20 cm) was higher than that of the topsoil (0-10 cm) (Figure 4b). Subsoil (20 cm) 

195 SWC was higher than that of the topsoil (5, 10 cm) (Figure 4c). Significant differences in TC and 

196 TN between the two treatments were observed at a depth of 10-20 cm (P<0.05, Figure 4d-e), but 

197 there was no significant difference in TC or TN between the extreme drought treatment and 

198 control treatment at depths of 0-10 cm (P>0.05, Figure 4d-e). There was also no significant 
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199 difference in SOC at depths of 0-10 and 10-20cm (P>0.05, Figure 4f). The organic matter (TC, 

200 TN, and SOC) of the subsoil was lower than that of the top soil (Figure 4d-f). 

201

202 3.4. Relationship between CH4 fluxes and environmental factors

203 The regression analysis showed that the Ts at the depth of 10 and 20 cm had a significantly 

204 negatively relationship with CH4 fluxes between the two treatments (P<0.05, Figure 5b-c), as the 

205 CH4 fluxes gradually decreased as the Ts increased. The correlation between the subsoil (20 cm) 

206 temperature and CH4 fluxes was higher than it was with the topsoil (5, 10 cm) temperature 

207 between the two treatments (Figure 5a-c). The dynamics of the CH4 fluxes correlated well with 

208 that of the SWC, both in the extreme drought and control treatments (Figure 5d-f). The SWC at 

209 depths of 5 (P<0.01), 10 (P<0.01), and 20 (P<0.01) cm was negatively correlated with the CH4 

210 fluxes under the extreme drought and control treatments (Figure 5d-f). The correlation between 

211 the subsoil (20 cm) water content and CH4 fluxes was higher than it was with the topsoil (5, 10 

212 cm) water content between the two treatments. Moreover, there was a significant difference in 

213 the slopes of the SWC at depths of 5, 10, and 20 cm between the control and drought treatments 

214 (Pslope<0.01, Figure 5d-f). The slope of the CH4 fluxes under the extreme drought treatment was 

215 lower than that under the control treatment relative to the SWC. The correlation of CH4 fluxes to 

216 SWC was higher than it was relative to Ts (Figure 5a-f). 

217

218 The correlation matrix analysis between CH4 fluxes and the different environmental factors at 

219 depths of 5, 10, and 20 cm were negative under the two treatments. The correlation between CH4 

220 fluxes and subsoil (20 cm) environmental factors (SWC and Ts) was higher than that with the 

221 topsoil (5, 10 cm) environmental factors (Figure 6a-d). The extreme drought decreased the 

222 correlation between the Ts and CH4 fluxes (Figure 6a-b), and the extreme drought decreased the 

223 correlation between the SWC and CH4 fluxes (Fig 6c-d). There was a stronger relationship 

224 between the SWC and CH4 fluxes than between the Ts and CH4 fluxes (Figure 6a-d).

225

226 Discussion

227 The influence of extreme drought in relation to the variation of CH4 fluxes has been recognized 

228 in earlier studies [30,39-43]. For instance, CH4 fluxes measured by the eddy covariance method 

229 at Mer Bleue bog in Canada suggested that the total CH4 emitted during the growing season with 

230 extreme drought was less than that during the previous wetter year [44]. Meanwhile, three 

231 drought scenarios (gradual, intermediate, and rapid transition into drought) at 18 freshwater 

232 wetlands investigated in Everglades National Park, USA revealed that more CH4 was emitted 

233 than net carbon uptake could offset as the relative humidity increased [45]. Our study used a 

234 control experiment to simulate an extreme drought event for the reason that the controlled 

235 experiment had better consistency in soil and vegetation conditions. We analyzed the effects of 

236 extreme drought on CH4 fluxes and the relationship between CH4 fluxes and environmental 

237 factors in a typical alpine peatland. The results clearly showed that extreme drought significantly 

238 decreased the CH4 fluxes of the peatland ecosystem (Figure 3b), which was consistent with 
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239 previous studies [43-46]. With the decrease of SWC and anaerobic degree, the transition from 

240 anaerobic environment to aerobic environment decreased the generation of methane and 

241 increased the thickness of the oxide layer, and the produced methane was oxidized by more 

242 methanogens [47-49]. Extreme drought can also decrease the anaerobic environment of CH4 

243 production and reduce the activity of methanogenic bacteria and anaerobic microsites, thus, 

244 decreasing the emission of CH4 [49-51]. 

245 Extreme drought also had potential effects on different soil physical and chemical properties 

246 [52-55]. Across the observed content of the soil organic matter, our results indicated that the soil 

247 content of TN, TC, and SOC in the control treatment were higher than that under extreme 

248 drought (Figs 4d-f). As previously reported, one possible explanation for this observation is that 

249 drought might alter the distribution and transformation of carbon in the soil via the movement of 

250 water and solutes through the pore matrix; thus, this might result the decrease of these matters 

251 [54]. Additionally, with the vegetation coverage up to 90% and abundant rainfall during the 

252 growing season in the Zoige alpine peatland, the large amount of methanol released from dead 

253 plants will provide the substrate for methanogens, but the active conditions for methanogens 

254 changes with the changing water conditions of the alpine peatland, resulting in reduced CH4 

255 emission [55]. Our results also found that the soil contents of TN, TC, and SOC of the subsoil 

256 (20 cm) were lower than that of the topsoil (5, 10 cm) (Figure 4d-f). In contrast, our results also 

257 showed that there was a higher belowground biomass in the subsoil (Figure 4b) than the topsoil. 

258 Moreover, a higher SWC in the subsoil (20 cm) was found relative to the topsoil (Figure 4c), and 

259 this might have been because plants will allocate more roots to absorb more water and nutrients 

260 in deeper soils, thus leading to a decreased SWC and soil organic matter [56].

261 Some prior studies have reported that environmental factors, including Ts and SWC, might 

262 influence CH4 fluxes [57-59]. Across the study period, our results found that Ts had a significant 

263 negative relationship with CH4 fluxes under control treatments at depth of 10 and 20 cm in the 

264 Zoige peatland ecosystem, with the CH4 fluxes decreasing with the increasing of Ts (Figure 5b-

265 c). This negative relationship was in agreement with several studies [60-62], which suggested 

266 that CH4 oxidation rates increased faster with increasing temperature when compared to CH4 

267 production, leading to the decrease of CH4 fluxes. In addition, the alpine peatland is low-

268 temperature and anoxic all year round, but the oxygen content and temperature are increased 

269 greatly in the peak period of plant growth, which provides an environment for methane oxidation 

270 and enhances the activity of methane oxidative bacteria [58]. Additional results from this study 

271 indicated that the correlation between subsoil (20 cm) Ts and CH4 fluxes was better than with the 

272 topsoil (5, 10 cm) Ts under these two treatments. This might have been due to the subsoil not 

273 being easily disturbed by changes in the external environment, making it more suitable for the 

274 survival of microorganisms related to methane production and oxidation [62]. Another founding 

275 in this research was that extreme drought decreased the correlation of CH4 fluxes and Ts (Figure 

276 6a-b). One possible explanation for this could be that extreme drought releases sulfate into the 

277 soil solution, and this increase could stimulate sulfate-reducing bacteria, which could compete 
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278 with methanogens for access to organic substrates that might sever to reduce the influence of Ts 

279 on CH4 fluxes [63].

280 In addition to Ts, CH4 fluxes are sensitive to the SWC, and previous studies have shown a 

281 strong relationship between the water table and CH4 emissions [63]. Here, we compared the 

282 relationship between CH4 fluxes and the SWC at different depths and found that there was a 

283 significant negative relationship between CH4 fluxes and SWC in the Zoige peatland ecosystem 

284 (Figure 5). This might have been due to the increase of SWC hindering the diffusion of CH4 into 

285 soil pores [64]. By comparing the slope of CH4 fluxes under extreme drought and control 

286 treatments, we found that extreme drought significantly decreased the sensitivity of CH4 fluxes 

287 towards the SWC (Figure 5d-f). A possible explanation for this could be that extreme drought 

288 significantly decreased the SWC and changed the hydrothermal conditions of the soil, which 

289 could affect the production and oxidation of CH4 fluxes [65,67]. CH4-oxidizing microorganisms 

290 are able to be retrained under extreme drought conditions, resulting in a higher CH4 consumption 

291 during a drought, which could lead to the observed decreased sensitivity [66]. In addition, we 

292 found a better correlation between CH4 fluxes and subsoil SWC than for topsoil (Figure 6c-d). 

293 This might be due to the correlation of CH4 emissions and the concentration of CH4 dissolved in 

294 the pore water, which was controlled by rhizospheric oxidation of CH4 driven by plant 

295 photosynthesis [68]. With more water, the subsoil could provide a beneficial environment for 

296 higher methanogen activity [69]. However, a detailed analysis of the microbes and enzyme data 

297 is needed to explore these possible mechanisms in the future studies.

298

299 Conclusions

300 We found that the condition of extreme drought significantly decreased the CH4 fluxes in the 

301 Zoige peatland on the Tibetan Plateau. The Ts and SWC had negative relationships with CH4 

302 fluxes under the extreme drought and control treatments. Extreme drought decreased the 

303 correlation of the CH4 fluxes relative to the SWC and weakened the sensitivity of CH4 fluxes 

304 towards the SWC. The correlation coefficient between the subsoil (20 cm) environmental factors 

305 and CH4 fluxes were higher than it was with the topsoil (5, 10 cm) environmental factors under 

306 the extreme drought and control treatments. These findings indicated that extreme drought might 

307 reduce the contributions of CH4 emissions from high-altitude peatland into the atmosphere and 

308 decrease the global warming potential. However, the mechanism of CH4 fluxes affected by 

309 extreme drought remains unclear. As such, our further work will focus on the response of soil 

310 enzyme activity and soil microorganisms to extreme drought events and the coupling of 

311 microbial process and macroscopic phenomenon.

312
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Table 1(on next page)

Table 1. Results (P value) of effects of CH4 fluxes, Ts5, Ts10, Ts20, SWC5, SWC10 and
SWC20 on block, date, drought, date*drought and date*block in 2017.

Ts 5/10/20, soil temperature at depth of 5, 10 and 20 cm; SWC 5/10/20, soil water content at
depth of 5, 10 and 20 cm.
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1
CH4 fluxes Ts5 Ts10 Ts20 SWC5 SWC10 SWC20

Block 0.679 0.960 0.999 0.900 0.072 0.066 0.034

Date <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Drought 0.015 0.624 0.617 0.499 0.023 0.034 0.033

Date*Drought <0.001 0.775 0.960 0.937 0.354 0.883 0.499

Date*Block 0.006 0.623 0.994 0.947 0.100 0.790 0.793
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Figure 1
Figure 1.

(a) Zoige peatland in the eastern part of the Tibetan Plateau with the location of the study
site, Sichuan province. (b) The picture of experiment site. (c) The zoning schematic map of
experiment plot.
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Figure 2
Figure 2.

Daily average precipitation and temperature of Zoige peatland during the experimental
period in 2017. Point-line chart and histogram indicate temperature and precipitation
respectively
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Figure 3
Figure 3.

(a) Effects of extreme drought on CH4 fluxes in 2017. (b) The total mean value at different

periods. (c) The difference value between the extreme drought and control treatments. Bars
show ± SE (n=3). The arrows indicate the dates of the experiment. *: statistically significant
at P<0.05. CK, control; D, extreme drought.
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Figure 4
Figure 4.

(a) The impacts of extreme drought on aboveground biomass. (b) The impacts of extreme
drought on belowground biomass. (c) The impacts of extreme drought on SWC at depths of 5,
10 and 20cm. (d) The effects of extreme drought on total nitrogen in the different soil layers.
(e) The effects of extreme drought on total carbon in the different soil layers. (f) The effects
of extreme drought on soil organic carbon in the different soil layers.
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Figure 5
Figure 5.

Relationships between CH4 fluxes and (a) 5 cm, (b) 10 cm, and (c) 20 cm soil temperature,

and the relationships between CH4 fluxes and (d) 5 cm, (e) 10 cm, and (f) 20 cm SWC in the

different treatments. CK, control; D, extreme drought. P<0.05 indicates a significant
difference between CH4 fluxes and environment factors (Ts, SWC). Pslope<0.05 indicates a

significant difference in the slopes between control and drought treatment.
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Figure 6
Figure 6.

(a) Correlation coefficient matrix for CH4 fluxes and Ts in the control treatment. (b)

Correlation coefficient matrix of CH4 fluxes and Ts in the extreme drought treatment. (c)

Correlation coefficient matrix between CH4 fluxes and SWC in the control treatment. (d)

Correlation coefficient matrix between CH4 fluxes and SWC in the extreme drought

treatment. Fluxes. CK, fluxes in control; Fluxes. D, fluxes in extreme drought; Ts (5, 10, and
20 cm), soil temperature at a depth of 5, 10, and 20 cm; SWC (5, 10, and 20 cm), soil water
content at a depth of 5, 10, and 20 cm. Light and dark red represent the degree of negative
correlation. Light and dark blue represent the degree of positive correlation.
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