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Effects of soil moisture on methane uptake in a tropical forest of southern China

LI Junyi', XI Yi', ZHAO Junfu®"*
1 College of Urban and Environmental Sciences, Peking University, Beijing 100871, China

2 Hainan Provincial Ecological and Environmental Monitoring Centre, Haikou 571126, China

Abstract: Forest soils contribute substantially to the global methane uptake. However, compared with the cold and
temperate zones, measurements of methane flux from the soils in the tropical forests are still sparse, especially in
Southeastern Asia. This gap limits our understanding of the relationship between the methane flux from the soils and the
environmental factors, which leads to large uncertainty in the estimation of the methane uptake flux from the tropical forest
soils. This study was conducted in Diaoluoshan National Forest Reserve in Hainan Province, China. We measured monthly
methane flux from the tropical forest soils by near—infrared laser greenhouse analyzers from September 2016 to September
2018. Soil moisture and soil temperature were measured simultaneously by Decagon 5 TM sensors. Furthermore, we analyzed
the relationship between the methane flux with the environmental factors. The results revealed that the soils of the study area
served as the sink of atmospheric methane during a 2—year period. The methane uptake in tropical forest soils at the top of
the mountain was 0.95 kg CH,-C hm™ a™', while that in tropical forest soils at the foot of the mountain was 1.93 kg CH,-C
hm™ a™'. The methane uptake flux in the dry season ( from November to April next year) was significantly higher than that
in the wet season (from May to October). The former one accounted for about 68% of the methane uptake flux of the whole

year. The mean annual soil moisture at the top of the mountain was 19.2% with an intra-annual variance of 2.8%. And the
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mean annual soil moisture at the foot of the mountain was 12.7% with a bigger intra-annual variance (5.4% ) than that at
the top of the mountain. Soil moisture acted as the significant predictor of the methane uptake flux and accounted for 76% of
the variance. There was no significant correlation between methane uptake flux and soil temperature. For soil moisture lower
than 20% (v/v), the relation between soil moisture and methane flux was best fitted with linear regression. For soil
moisture higher than 20% (v/v) , the tropical forest soils of the study area turned from the sink to the source of the methane
flux. According to the relationship between soil moisture and methane flux in the tropical forests, we estimated the annual
methane uptake of the tropical forest soils was 1.72 Tg CH,-C/a. Our results have important implications for long-term
methane flux measurements in Southeastern Asia and the estimation of the magnitude of the methane uptake from tropical

forest soils.

Key Words: tropical forest soil; methane uptake; soil moisture; soil temperature

FE (CH, ) AT Ak (CO, ) IS R E S R ETE R IR IE HA CO, 1Y 0.45% , 1
TR HHIE Co, 1) 28—34 51, et R BJLHAFE, KR CH, MR AW LT, 5] 2020 4F, B4k 5] 1873
mm’/m* KR CH, R BE A 38 4 CH, HE S WIS i 2 ) A 25 R AR iR 5T Y 4 Bk PR o HE il S
(2008—2017) 3 43k CH,AEHER 21 576(550—594) Te/a, T B I8 T /K A5 W 30 H 3 7 DL KA A B0k
BITFR SR EE . 4Bk CH AR IR 24 556(501—574) Te/a, B8 i 7EXT i )2 5 5L B i 22 & 4 S Akl
JES R i) S-S A i A A e B R o AR R AT B e Y e R B AR B R A
MU A A% O R | T R e S AL B A A B A T A B E i A2 ) BRAEIF g B, 39 Y e B 77 1
BRAIZs 255700 A e AR R AT R AR R CH, A R AR R G R AR B
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ARAZ e AU AR I R f S A A b, LI B CH, e S R R R F
SR —EE, SR, XTI X Y -4 CH, 38 i 5 35 IR 7 22 [R] 9 56 R BN 1T 5%

PO AR IR KR CH,— A BRI FE 2Bk el b R EE AR, —IEET 318 4~k
ROELE 62 NP AR £ 1 BRI M i 25 26 40 BT R W G bk R CHL IR 297 4.65 Tg
CH,-C/a, 25 2Bk 1+ 4 CH, WY 28% 7 , A FFT R I, G ARbk 1 48 CH, AW et 7 i JLH4F I A
BARIN Y BRI, B TR R R ARG I 5 2k 5 S ZR AR 1 48 CHL RO 2 BR7AE Ak 1Y
i 1o S AL AT oA B . AR T FEA ARk R AR BRI R HR AR Y CH, 3 2
SRIAE D AR5 R W ) #4302 B o B VR A2V i AN A, L4 CH B B R/ B sl 9K 8)
N iR i i — 25 B BFSE

1 B L1 G AR Tl A7 3K Vg e 4 2 R S, 2 TR B (R e R X 2 —  ARBFGEE x 2 1
T ARAR - S S A7 ot 3 1 SAH DG FRBE IR -1 2R 4F (2016 4F 9 F 2 2018 4E 9 ) BN , & 7 53 Hr#viiy #%
PR 3 o 308 e ) 2 AR AR S S PR R - 1 O AR BIFTE 4G SR S R T S DX ] P 5 3 e L0 A A
PR - 1 B e T A Ak R L SR
1 #RE5HE
1.1 W5 IXHENL

WS B F A I % 1 E BN B (18°43'—18°58'N, 109°43'—110°03'E) M HFST X8 (& 1 AY£T 0,
HARA) o AT TR A B A5 BB rh BLag B S 3.8 U7 hm?, 2 3R [ 5 22 A9 $Af AR AR

PRITIX 22— A PP IEEEAE , AE R Kl . AERRK R 1870—2760 mm , AEXS R 24.4 C &
% HSEYRIR 15.4 °C |, H AR SR 809%—85% 7

http ; //www.ecologica.cn



4980 A E = 2%

H T 7 2 LU el B SRR A L TR L 53 J31)
DA 1Ly R PR AR 3 AR A, PR HCAS W 5 53 ) A L T
(TR 970 m) AL A (VAR 260 m) A1 15 P 1 3
LA R PR REAE R o, TSR LAl R 21
I, R FIA M ( Vatica mangachapoi) | Eli 5T
K ZFE F ( Neolitsea obtusifolia ) . Y& " B & ( Croton
laevigatus ) . ¥ ¥ Wi Bk ( Syzygium tephrodes ) . Bt #i
( Gonocaryum lobbianum ) F1 JLT ( Psychotria rubra) %,
ISR R AR b o, 3RS 220 1 M g e, 5
2B B A B A ( Dacrydium pierrei ) . P\ AE 11 )L 109° 1o HI%E
( Symplocos poilanei) \BL W42 ( Eurya cuneate) | 151 AR tﬂﬂ-giiﬂ - iy
( Pentaphylax euryoides) . Z115% 78 #k ( Syzygium hancei ) Fl DR A A
Jik M- 52 Bz 48 ( Daphniphyllum paxianum ) %27 0 {7 F 11 1 HRXHEGE
T 9 P L AR AR T LI ) B A b AR AR 32 R 20 Fig.1 The geographical location of the study area
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Table 1 Soil physical and chemical properties in tropical lowland and montane forest

TiH A (G b AR FRAT L b AR bR
Ttem Tropical lowland forest Tropical montane forest
pH 5.65 4.62
St i Total C content/ (g/kg) 9.84 23.39
2% & & Total N content/ (g/kg) 0.91 1.59
4 it Total P content/ ( g/kg) 0.12 0.14
AL C:N 10.81 14.71

A AT HLI & i Soluble organic C content/ ( mg/kg) 94.1 180.61
Al A S i Soluble total N content/ ( mg/kg) 10.59 15.6
TCHLE 42 Tnorganic N content/ ( mg/kg) 8.73 11.38

B A58 A Ammonium N content/ ( mg/kg) 5.07 8.71

il A & i Nitrate N content/ ( mg/kg) 3.66 2.68
T A B Available P content/ (mg/kg) 6.38 24.16

M [E]#E7K B Field capacity/ (g/g) 0.28 0.64

1.2 HEacRES A

FERFSE XL TOURTIL B T CH, 3 2 | CO, i H A 5 IR 8 P 14 45 -+ 188 3 R - 9638 B8 ) 2, F 2016
9 HE 2018 4F 9 AR A MG 1 R, ZHIEHZE RN, W& LT/ R 50 m x 50 m, LU BEIRE 1A K
/N30 mox 30 m FEHE YA E AR 1 TR, 7R RS RE L T A3 TR A G = AT (10 mox
10 m) , A 15 - SFERPE IR L i A S A P o 30 o 0 SR AR B R — N RE D R BE LA B A I
I (LSRRG A IR BUREE N 10 em) . TIERFIRIRASR AR 20 em, K 10 em, FAS T IEIF IR FRAS
T 1k T (AR T BB

PR ot 3 2t R — A Al i £ 1 R AT 5 0R = SUAR T (LGR Inc., San Jose, USA) M &, J il & J5 2k
B S OIS HOR o AR B & B AT R BRI TE Y R . BE RIERIEZY 5 em MY IR
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BN 3R (2 RIARFI KR ) H1 Decagon 5 TM 14845 ( Decagon Devices Inc., USA) &, & TR fE
P8/ IN N SR o o P A i 25, R VR R 2 A o A R - I i T AR YA B AT R Y - S H ot i
HHGE S RIPERE Y BAPEIR IR 1 R a2 170 s, — 3R =0k BOHSP- 3598 1 S 24 0 & 11
g TEARWEIE R, AR LR fd o fUE, 2 e I,

TE T+ RUFE AR SR A BRAHT MR T 18 P e 3 6 i, A 19 - /K 86 oy SMOS T2 3 AU , ok T SMOS
BAE AL B Ly (CATDS, https -/ www. catds. fr/) , HA ST A8 FHFLAE B 0 ( MIRAS ) A ) e i 5 6 A5
TR — R LB i@ s . T L BBe iy 2535 KRR, DRI A s HE R 1 O T 4= 438K
Sy RCE TR
1.3 Hdiabr

K H MATLAB R2018b #1 RStudio # /4K 8 G474 7T 43 M1, 2K Pearson A3 X) CH, i & |, CO, il
R IR | SR R AT AH O AT

AR RBTT A AINT

- 2 (=) (y —¥) (0

Z (x; _@22 (v, =9)°

A, & 2« B,y 2y BFME,

1T -3 CH, WS Bl A T 3800 B A3 I 52 B SR R ) G 2R T 2 LR AR O 3
FaF R, 38 CH, MR CH, MR, B A58 00 F 43 Be etk [0 05 B0l - 48 CH, WROOR + 3983
JERICER

By +tBix + & (x < a)

B BB (x @)t (x> a) )
Ay W e« & LR o 2 CH B EZ BB ITRBUE W LB, B, B, WA RE & ZHk2E,
FFH RStudio ( http ; //rstudio.com/ ) ) segmented £ 7E1 70 Be [l , 04T W7 s A8 31,

i2 Jl MATLAB R2018b R PFE1 7 4 il 151

¥

2 EHRE5S

2.1 SRR R Y F Y AR Ak

K2 J&/RT 2016 4F 9 H % 2018 4F 9 AW X K2 14 (5 om) MR AR E W R AL, 5RMTE
AR — B, R O B Z (L TR bk 24.9 °C, LLIEIARE bR 27.5 °C) , B/ M H BRAFE4C
Z(INTAEMCA 11.5 °C I IREHIN 15.4 °C ), LLITRUARE S il 47744 - 398 8 HE Ll BBRE AR 3.3 °C . X F -3
T RE LI TR b A7 P 34 - SR B O 19.2% , AF N B B/ IN (2.8% ) o 17T LI IVARE 1 P 41 2308 BE AR O LA, oA
12.7% , HAE N8 K (5.4%)
2.2 AT A e ) 2 AR Ak B S

Kl 3 JB7R TR B9 X CO, il Al CH, 38 i A 215481k, Ll TOURE b R LAV M 25 R O, A TR (B £
SRR AR ) | L TSR HAR P-4 COLHERUE 290 1.72 wmol m ™2 ™', ILIREHL 24K 2.36 pumol m ™2 ™", HL7E 4—
10 A CO,HECR T £, Xt CH, 38 i, Ll T5URE b R L BV b e A 5 st B PN S AR A CHL, A (L TRURE s 45
S35 CH, W GE 8294 0.25 nmol m™ s, LLEIEEHLZ A 0.51 nmol m™ s™") , AHELTF CO,, INTH AL CH, &
WALy 2 U B e IR R A A A ik LU TR CHL MRAC P 221 0 8 LR LR 0.15 nmol m ™2 57!

4 JEoR TRFFEET B CH,WBGE 5 O, HEBGHE 21 56 & |, CO, HEGH =N RE i B CH, W GE = H PRAE
i 0.2% , 3 Z M B AHCHIFAR .3 (P=0.76) .
2.3 AR B R A o e 0 S R R A A S ) g

Kl 5 J&oR TRt B CO,HEBUR CH, WIS - 38 BE R FE 1 56 & . % T CO, AR, MF5E I B CO, 11
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KJET MODIS MCD12Q1 -3 i%icdls ) i e s #2924 1.72 Tg CH,-C/a,
3 itie

3.1 PR I A e i

3 e R H e AR R (SRR RS N A ) AT e A AR (A AR T R ) A
ZIRHEEIREY  l TR ZRAK S — R A AN B B DR A R R A R e AR, AR ST,
Tz LU THUAE b A 2 1Ly RRRE B3R B AT, AW BRAR IR A R B T3 — 2510 & S Z AT K i
FFEUESE (£ 2) . Ea AR T EAR A (27°03'N) FURIFSE & BUAZ AR N TR 4 38 A7 2 3 80 A FBE I (e
AF3E N 1.86 kg CH,-C hm™ a™ )™ Gong S AE A R4 (21°27'N) RELE—4F A8 S LI 22 W, 3y 2R Ak
4 Sy F I (FR B4R RN 0.33 kg CH,-C hm ™ a™') ™| Davidson Z57E IV P (02°54'S) BIRFFE L & B, $hify
FRAR AT A T g WA 4 H I iR B 0.83 kg CH,-C hm ™2 a™' ¥ | Zhao 284 T 45k 54 WHH 7%
RSB 5E Y F e 3 A, I 949 1 R Bl A O BAO(E, UTIE SE T AT AR PR - HE R AR 1 H e I
I

F2 ABAERESATER RS EE

Table 2 Annual CH, flux of forest soils in different regions of the tropics

FP e e 5 9
b A [5]  J5 F

5 o pF 2 F NLESRIDgL e =4 N
f#“" '%E /I‘E U‘JEE‘EH‘M. Annual CHy flux/ Regression equation /jé)tﬁk
Site Latitude Longitude Measure time References

(kg CH4-C hm™2a') between CH, uptake

and soil moisture

SR 27°03'N 118°09'E ?g}ﬁgg}f 1.86 2?2‘31’;_1'35 [32]

HEA 21007'N 0 110°54°E %%215(%2?1;;?9 0.33 ;2'81;2_0'19 ) [33]

B 02°54'S  54°57'W 19%%0;5”2;2{;() 0.83 2?2'%3;;1'56 [34]

iz 21°56'N  101°16'E i(iiflé?‘giﬁ% 1K, 1.86 9‘;‘)-04’6‘2-33** [38]
K Z A A W 1K) k=037

v g 18°43'N  109°53'E ?%;ﬁg?lggg 1.44 ;(:)367’“6_1'28 ES o

i 13°11S 71°34'W ?gﬂﬁg‘i%ﬁ 316 ;2.002—2.40* 01

* ORI FHEA (P<0.05) 5 * = TR FH K (P<0.01)

A L ARG R I H B R SGE AR T2 (11 H—RAE 4 7)) B T2 (5—10 ) (£9 0.28 nmol m™>
s7") o Keller Fil Reiners FIBFFT 8 % B0, BFUTIA BRI (10°26'N) 192 8 R A | FR do W W50l B 76 T 28 88 15 (29 0.61
nmol m™ s7") % | B MR S A VR R I RIS (18°23 N ) HRGHY L1 b TR AR A AF 5 the I, - 398 Y e ek Ak L B
MR T (2 0.26 nmol m™ s7™) ¥ BLITHIAEAE L 111 (23°10"N) RF 7 the 2% PR, 18 FF o 14 WG A 338
ARAEWFFE AR I E Z 5K (29 0.09 nmol m ™2 s™') , & ZE 5 (£9 0.93 nmol m™? 57" ) 7
3.2 R RN B X AT FROPR - 4 e M AP S

TR R E T A AR, S R eSO HE A A RS, G R AR Y
Ly 1 R MGAS J2 T (R b AR, R o A LAC T - 0000 8 357 22 B0 i 0 1) B A DG, L A MR T L i o P e g A A
I ZE 7D 76% (P<0.01) , 7 H A BR300 B B e i i i = A E . — B0 2598 78 By FL At b IX 1
PR A UESZ (£ 2) o Fang 5576 E 25 B 4 PURUIRAN (21°56'N) (B 58 & PR, - 39800 13 T g A8 Y o i
WAEAR I 37% (P<0.01) Y | Jones ZEERBE (13°11'S) BURFSEIAIRE %2 L, B g W MACE 2t 5 + MR 188 5L B 3% 11
K (R=0.79,P<0.05) " | Rowlings Z57EMR K (26°45'S ) H AT ZRAK Y 5256 2 W |+ B89 B 42 1l P o i
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W (R=0.52,P<0.01) " XSESIGHEREN AR AY -+ 800 D 22 A A 0I5 2 P e SR Ak e R 3 T Y e g et
PR E TR A

MR AR A TT LR i R 7 A AR SR SR P A T T 4 T e PR 8 B HE ORI SR T, AR
FEH, TCIE SR 1L T b J2 L AR M, 3300 38 R e W S =2 [ B0 A B 35 (A A DG DG 2R (L2 - 498 T
BT T AR SRR FEEST X, B Y B e AR A 7 AR, R
S U R AR, TR R X ARG AR A 198 R e 3 o 174 559 104 5% e e LA AT 5 P A AR, 0, Werner
S 2 B VEBUIR AN (21°57' N) SR IR AR W 5T K 30, A 498 T R A BE A R HE o T AR R Y 5% (P <
0.05) "', Werner Z7E 15 JE I PHHE (00°16"N ) #4t7 ARAKSE I Hh-th 2 B, - 8 188 5 R e W A3 4 TG Wb 38 T G
£ (R*<0.05,P<0.01) '
3.3 HRAHE AR A F e R AR A

AW L I 25 BOE Z 5 THRUEEAG B S 1Y 2017 453 (30°N—30°S) #RAk +8 (1.35%10% hm? ) i H e I
Wi 52k 1.72 Tg CH,-C/a, T} Dutaur I Verchot iz HIZ5 A /0 A48 48 1 #AAiy AR AR 1 TP B i lie 1) 58 -l
1B, Al 550 RGHE AR PR (1.93% 107 hm ) -3 (4 B B R SGH B  4.65 Tg CH,-C/a"™ . H1 T Dutaur 1 Verchot AT
FEMTH T LEASHIF 58 b 3 R A DMK TET AR, ELAS [ 3 o B 389 32 Bl s B AR M s (L i ik 2
L AE R L NALER , B = AEUN SN A SSMECHE ) |, PR LA S A 25 SR T RE AR AR B K I e P, BR T 256 T i
SR A ESE R Curry f# ] CLASS( Canadian Land Surface Scheme ) 5 5 AR L $HF 2R AR (1.55%10° hm?)
BB FR e G B R 311 Tg CH,-C/a'™! | B TR (i Fi T T KA HGAH AR AR T B (2% 10° hm? ), FLASERLAY
KHESHL B RN Ky 1R SRAEAH FH 8 UL 5t A/ | DR A RS 25 R AMAF R R AN e 1 . VAR b R /Y
TR AR 498 P e IR AT 9 A3 AT SR 5 2 B 22 S b ORI ) 245

4 #Hig

AW FEIE i 2016—2018 4F 13 2 L BAHE ZRbK - 4 PP o 30 i FURH G B BRI TN 1, e Rk T g 4 &
LR el A Bty AR R L S B0 T e AL, ELF 2= PG o 1) s TR, BB % THFREIX
FBEM IS ) B8 A, kT Rl s DX Y et T UL 3l 552 2 A i, L RS 23 3ty s W) P A B, B 224 4B
18 SIS AT LA B 1 A Bty bk 8 PR o e 0 = AR AR RRAE , SR T 0 AR A BRI Be i SO VR TG

N
5% 3Lk ( References) :

[ 1] TIPCC. Climate Change 2013 the Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate. Cambridge: Cambridge University Press, 2013.

[ 2] Dlugokencky E J. 2020 NOAA/ESRL. www.estl.noaa.gov/gmd/ cegg/trends_ch4/.

[ 3] Saunois M, Stavert A R, Poulter B, Bousquet P, Canadell J G, Jackson R B, Raymond P A, Dlugokencky E J, Houweling S, Patra P K, Ciais
P, Arora V K, Bastviken D, Bergamaschi P, Blake D R, Brailsford G, Bruhwiler L., Carlson K M, Carrol M, Castaldi S, Chandra N, Crevoisier
C, Crill P M, Covey K, Curry C L, Etiope G, Frankenberg C, Gedney N, Hegglin M I, Hoglund-Isaksson L, Hugelius G, Ishizawa M, Ito A,
Janssens-Maenhout G, Jensen K M, Joos F, Kleinen T, Krummel P B, Langenfelds R L, Laruelle G G, Liu L C, Machida T, Maksyutov S,
McDonald K C, McNorton J, Miller P A, Melton J R, Morino I, Miiller J, Murguia-Flores F, Naik V, Niwa Y, Noce S, O'Doherty S, Parker R
J, Peng C H, Peng S S, Peters G P, Prigent C, Prinn R, Ramonet M, Regnier P, Riley W J, Rosentreter ] A, Segers A, Simpson I J, Shi H,
Smith S J, Steele P L, Thornton B F, Tian H Q, Tohjima Y, Tubiello F N, Tsuruta A, Viovy N, Voulgarakis A, Weber T S, van Weele M, van
der Werf G R, Weiss R F, Worthy D, Wunch D, Yin Y, Yoshida Y, Zhang W X, Zhang Z, Zhao Y H, Zheng B, Zhu Q, Zhu Q, Zhuang Q L.
The global methane budget 2000—2017. Earth System Science Data, 2020, 12(3): 1561-1623.

[ 47 fashh, xVH, 228, JIER, Z0K0e. RBRAR AT 2R AR 38 B B i 52 e BRI F S R . BT AE 352241, 2019, 30(2) : 677-684.

[5] skUHE, TREIEK, KA. Rl A S R G b R A A L AR U E I PLEE. AR 257, 2015, 35(20) : 6592-6603.

[6] LiTT, Huang Y, Zhang W, Song C C. CH4MOD ,,.q : @ biogeophysical model for simulating methane emissions from natural wetlands. Ecological
Modelling, 2010, 221(4) : 666-680.

http ; //www.ecologica.cn



4986 A E = 2%

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

Lu X Y, Cheng G W. Climate change effects on soil carbon dynamics and greenhouse gas emissions in Abies fabri forest of subalpine, southwest
China. Soil Biology and Biochemistry, 2009, 41(5): 1015-1021.

WNEE, YA, skobkiE, MRINAE, SCRUR, BESCHR. BRI SV I A i F e G . AR AR, 2010, 21(2) @ 500-504.
Chen H, Wu N, Yao SP, Gao Y H, Zhu D, Wang Y F, Xiong W, Yuan X Z. High methane emissions from a littoral zone on the Qinghai-Tibetan
Plateau. Atmospheric Environment, 2009, 43(32) . 4995-5000.

Griinfeld S, Brix H. Methanogenesis and methane emissions: effects of water table, substrate type and presence of Phragmites australis. Aquatic
Botany, 1999, 64(1) : 63-75.

Butterbach-Bahl K, Papen H. Four years continuous record of CH,-exchange between the atmosphere and untreated and limed soil of a N-saturated
spruce and beech forest ecosystem in Germany. Plant and Soil, 2002, 240( 1) : 77-90.

Castro M S, Melillo J M, Steudler P A, Chapman J W. Soil moisture as a predictor of methane uptake by temperate forest soils. Canadian Journal of
Forest Research, 1994, 24(9) . 1805-1810.

Castro M S, Steudler P A, Melillo ] M, Aber J] D, Bowden R D. Factors controlling atmospheric methane consumption by temperate forest soils.
Global Biogeochemical Cycles, 1995, 9(1): 1-10.

Peterjohn W T, Melillo J M, Steudler P A, Newkirk K M, Bowles F P, Aber J D. Responses of trace gas fluxes and N availability to experimentally
elevated soil temperatures. Ecological Applications, 1994, 4(3) . 617-625.

Wu X, Briiggemann N, Gasche R, Shen Z Y, Wolf B, Butterbach-Bahl K. Environmental controls over soil-atmosphere exchange of N,0, NO,
and CO, in a temperate Norway spruce forest. Global Biogeochemical Cycles, 2010, 24(2) ;. GB2012, DOI. 10.1029/2009GB003616.

Chen W W, Wolf B, Yao Z S, Briiggemann N, Butterbach-Bahl K, Liu C Y, Han S H, Han X G, Zheng X H. Annual methane uptake by typical
semiarid steppe in Inner Mongolia. Journal of Geophysical Research: Atmospheres, 2010, 115(D15) : D15108, doi: 10.1029/2009JD013783.
van den Pol-van Dasselaar A, van Beusichem M L, Oenema O. Effects of soil moisture content and temperature on methane uptake by grasslands on
sandy soils. Plant and Soil, 1998, 204(2) . 213-222.

Wu X, Yao Z, Briiggemann N, Shen Z Y, Wolf B, Dannenmann M, Zheng X, Butterbach-Bahl K. Effects of soil moisture and temperature on CO,
and CH, soil-atmosphere exchange of various land use/cover types in a semi-arid grassland in Inner Mongolia, China. Soil Biology and
Biochemistry, 2010, 42(5) . 773-787.

Wolf K, Flessa H, Veldkamp E. Atmospheric methane uptake by tropical montane forest soils and the contribution of organic layers.
Biogeochemistry, 2012, 111(1/3) : 469-483.

Dutaur L, Verchot L V. A global inventory of the soil CH, sink. Global Biogeochemical Cycles, 2007, 21 (4). GB4013, doi: 10.
1029/2006GB002734.

Curry C L. Modeling the soil consumption of atmospheric methane at the global scale. Global Biogeochemical Cycles, 2007, 21(4) : GB4012, doi:
10.1029/2006GB002818.

Billings S A, Richter D D, Yarie J. Sensitivity of soil methane fluxes to reduced precipitation in boreal forest soils. Soil Biology and Biochemistry,
2000, 32(10) . 1431-1441.

Maljanen M, Jokinen H, Saari A, Strommer R, Martikainen P J. Methane and nitrous oxide fluxes, and carbon dioxide production in boreal forest
soil fertilized with wood ash and nitrogen. Soil Use and Management, 2006, 22(2) : 151-157.

XuMJ, ChengS L, Fang HJ, Yu G R, Gao W L, Wang Y S, Dang X S, Li L S. Low-level nitrogen addition promotes net methane uptake in a
boreal forest across the Great Xing’an Mountain region, China. Forest Science, 2014, 60(5) : 973-981.

Fender A C, Pfeiffer B, Gansert D, Leuschner C, Daniel R, Jungkunst H F. The inhibiting effect of nitrate fertilisation on methane uptake of a
temperate forest soil is influenced by labile carbon. Biology and Fertility of Soils, 2012, 48(6) : 621-631.

Borken W, Davidson E A, Savage K, Sundquist E T, Steudler P. Effect of summer throughfall exclusion, summer drought, and winter snow cover
on methane fluxes in a temperate forest soil. Soil Biology and Biochemistry, 2006, 38(6) : 1388-1395.

ki, WO, FESSE, MAIR, ER. ME L GRS FE L AR SRR i B R, Aol 2017, 53(6) @ 135-140.
PR, VR4, B, MRk, ZEREAE, XUSCAS. SRUAI BT L FARAR BT 1 3 R pead TS, ARAR S BRI A4, 2020, 40(2) ¢ 126-132.
Kerr Y H, Waldteufel P, Wigneron J P, Martinuzzi J, Font J, Berger M. Soil moisture retrieval from space: the Soil Moisture and Ocean Salinity
(SMOS) mission. IEEE Transactions on Geoscience and Remote Sensing, 2001, 39(8) : 1729-1735.

Toms J D, Lesperance M L. Piecewise regression: a tool for identifying ecological thresholds. Ecology, 2003, 84(8) : 2034-2041.

Chan A S K, Parkin T B. Evaluation of potential inhibitors of methanogenesis and methane oxidation in a landfill cover soil. Soil Biology and
Biochemistry, 2000, 32(11/12) . 1581-1590.

TR, BRABE, A, XN, BT, B BT K 98 AR RS AR N TR - B s s e AR AS 2R, 2019, 39
(10) : 3517-3525.

http ; //www.ecologica.cn



12 4 BHAG AR IR X r R PR AR S T eI B 4987

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]
[41]

[42]

[43]

Gong Y, Sun F, Wang F M, LaiD Y F, Zhong QP, LiY W, LiZA, HuZ M, JiangZ Y, Wang M. Seven years of wetter and delayed wet season
enhanced soil methane uptake during the dry season in a tropical monsoon forest. CATENA, 2021, 203. 105276.

Davidson E A, Ishida F' Y, Nepstad D C. Effects of an experimental drought on soil emissions of carbon dioxide, methane, nitrous oxide, and nitric
oxide in a moist tropical forest. Global Change Biology, 2004, 10(5) : 718-730.

Zhao J F, Peng S'S, Chen M P, Wang G Z, Cui Y B, Liao L. G, Feng J G, Zhu B, Liu W J, Yang L' Y, Tan Z H. Tropical forest soils serve as
substantial and persistent methane sinks. Scientific Reports, 2019, 9(1) . 16799.

Keller M, Reiners W A. Soil-atmosphere exchange of nitrous oxide, nitric oxide, and methane under secondary succession of pasture to forest in the
Atlantic lowlands of Costa Rica. Global Biogeochemical Cycles, 1994, 8(4) : 399-409.

BLH, JriggE, BE%, M, R STl 2 E AR CO, HEOM CH, WISCRHIE. T VYA, 2006, 26(2) : 142-147.

Fang HJ, Yu G R, Cheng S L, Zhu T H, Wang Y S, Yan J H, Wang M, Cao M, Zhou M. Effects of multiple environmental factors on CO,
emission and CH, uptake from old-growth forest soils. Biogeosciences, 2010, 7(1): 395-407.

Jones S P, Diem T, Quispe L P H, Cahuana A J, Reay D S, Meir P, Teh Y A. Drivers of atmospheric methane uptake by montane forest soils in
the southern Peruvian Andes. Biogeosciences, 2016, 13(14) : 4151-4165.

R, M. LT RERGETT AR MRk B, 1999, 14(6) : 613-618.

Rowlings D W, Grace P R, Kiese R, Weier K L. Environmental factors controlling temporal and spatial variability in the soil-atmosphere exchange
of CO,, CH, and N,O from an Australian subtropical rainforest. Global Change Biology, 2012, 18(2) : 726-738.

Werner C, Zheng X H, Tang J] W, Xie B H, Liu C Y, Kiese R, Butterbach-Bahl K. N, 0, CH, and CO, emissions from seasonal tropical
rainforests and a rubber plantation in Southwest China. Plant and Soil, 2006, 289(1/2) ; 335-353.

Werner C, Kiese R, Butterbach-Bahl K. Soil-atmosphere exchange of N,O, CH,, and CO, and controlling environmental factors for tropical rain

forest sites in western Kenya. Journal of Geophysical Research, 2007, 112(D3) . D03308.

http ; //www.ecologica.cn



