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Effects of global change on methane uptake in forest soils and its mechanisms: A review. HE
Shan"?, LIU Juan'?* | JIANG Pei-kun'*, ZHOU Guo-mo"*, LI Yong-fu'*> ('State Key Laboratory
of Subtropical Silviculture, Zhejiang A&F University, Lin’ an 311300, Zhejiang, China; *Zhejiang
Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, Zhe-
Jiang A&F University, Lin’ an 311300, Zhejiang, China).

Abstract; Elevated atmospheric CO, concentration, altered precipitation regime, increased nitrogen
deposition, and land cover change have not only changed the physical and chemical properties of
forest soils, but also affected plant growth and microbial activity, with concequences on soil carbon
and nitrogen cycles, including soil CH, uptake. In this study, we summarized the important role of
soil CH, uptake in forests under global change scenarios. The differences of responses as well as the
underlying mechanisms of soil CH, uptake in forests to global change were reviewed. Elevated
atmospheric CO, concentration inhibits soil CH, uptake. Reduced precipitation tends to promote soil
CH, uptake. Increased nitrogen input inhibits soil CH, uptake in nitrogen-rich forests, but promotes
or has no effects on soil CH, uptake in nitrogen-poor forests. Conversion of forests to grassland,
farmland, or plantations would reduce soil CH, uptake, while afforestation increases soil CH,
uptake. The future research should explore the long-term and multiple effects of global changes on
forest soil CH, uptake. In addition, molecular biology methods should be developed to explore the
microbial mechanism of soil CH, uptake.
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Table 1 Effects of elevated atmospheric CO, concentration
on soil CH, uptake in forests

A ARARETY CO,WIE  CH, Wl %3
Site Forest type o, CH, Reference
concentration uplake
(mol + mol™")
HAAL i i AR 500 il [15]
Hokkaido, Japan ~ Temperate forest Inhibition
BIAEZ RN AT 550 ma (16]
North Carolina, Pinus taeda Inhibition
USA
RHERTN SRR 500 il [17]
Jilin, China Quercus mongo- Inhibition
lica
FHEZRAIAR LN 510 L] [18]
Copenhagen, Calluna vulgaris Inhibition
Denmark
FEIRD RN KR 560 i [19]
North Carolina, Pinus taeda Inhibition
USA
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1 CO, WEETHs i ARk 13 CH, WAL
Fig.1 Conceptual model of the inhibited soil CH, uptake induced by elevated atmospheric CO,.
x2 BEWTHXHFE®RLE CH, RIEHIZIT
Table 2 Effects of changes of precipitation on soil CH, uptake in forests
Mo s Frp e SIS CH, Wi S 3CHk
Site Forest type Precipitation variation CH, uptake Reference
(%)
oL TZAM -50 et [21]
Hubei, China Cunninghamia lanceolata Stimulation
o [ g TR 8 I e AR =50 {fiii; [22]
Henan, China Temperate deciduous broad-leaved forest Stimulation
A BN -30~-60 fre Bt [23]
Fujian, China Castanopsis carlesii Stimulation
PRI B8 /R A Fie bk -40 f ik [24]
Melbourne, Australia Eucalyptus robusta Stimulation
B P A T i S -100 itk [25]
Amazonia, Brazil Evergreen forest Stimulation
75 ] 5 v AR P N -100 it [26]
Saxony, Germany Picea abies Stimulation
Hh ] bR TR - ZLAABR +30 % A [27]
Jilin, China Temperate broad-leaved Korean pine forest Negligible effect
T E L WLk R R EMK | T R RARK -50 A [21]

Hubei, China

Mixed deciduous and broadleaved evergreen forest, Pinus

massoniana forest

Negligible effect

( Cunninghamia lanceolata) Mk 133 CH, WIS &: Fifi F#
KA AR BRI B R RS 20% ,60% F1 100% )
WK, LHE CH, Wi 3034 I T 19% . 54% Fil
65% {0 H TR | HIELROK MR A, DL SR 2

TEICRE R HEAT , T R & IS AR AT,
PRI U I Y o A T T A O M R A

T DR DR A R i A X+ 4 CHL, RIS

R I A R AR AR T ST R, U
30% 7K XF 1 1 LU i T B8 £ A ( Pinus koraiensis )
18 CH, WG I 5% . 4 46 45 9T & B,
R AR DB KT i 2 Y - 1] P YR SE AROFN B R A ( Pinus
massoniana ) Mk 145 CH, WU TCH i 52, 0 I 25 412

HETAZAM LI CH, K
4 MR CH, WRYSTXIE G A i B HFAE

Tt O ARAR T CH, W52 e A R 0
HIAUAAS 3 T 3 (H LA AR 3 CH, Wl
LR £ (35 3) Steudler 55 e i R BULE S [ T ¥
T FEM A LT AN AR it o 7R B 0 3% CH, 19T
WCREAR T 33%. Bifi 5 , K et A5 400 JRU i A 3 00 A 4%

i AT 3, 7 U BIR i A PGS 0T A4 L X, 3
ST T4 ) B AR E 29 CH, P9I Zhang 25 ff
FER I, A A T 2R E AR AW O AR
M (Acacia auriculiformis ) 1 3 CH, 19 W Wi FEAIG T
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Table 3 Effects of N inputs on soil CH, uptake in forests

M ARPREAY ANLZAY it K- CH, Wik S5 30k

Site Forest type N addition N level CH, Reference
(kgN-hm?-a!) uptake

PR BRI R 100 o [29]

Guangdong, China Mixed pine and broadleaf forest NH,NO; Inhibition

HETAR WAk TR it 150 ] [30]

Guangdong, China Secondary forest NH,NO; Inhibition

T N ik HF 84.2~333.7 EiNH| [31]

Guangxi, China Eucalyptus robusta UF Inhibition

YTy FAR AR A 40~120 ik [32]

Jiangxi, China Pine plantation NH,CL Inhibition

Fiy L /K A3 11 i =2k TR 25 i [33]

Alps, Switzerland Temperate spruce forest NH,NO, Inhibition

H AL i i BN TR Bt 50 i [34]

Hokkaido, Japan Larix gmelinii NH,NO; Inhibition

JIESPNIEE R AR A2 TR 200 il [35]

Vancouver Island, Canada Douglas fir NH,NO; Inhibition

sy 3 7 eI ikt 10-40 K 361

Inner Mongolia, China Cold temperate coniferous forest NH,CI Negligible effect

RREISE o FEPRHF b AR 10~20 itk [37]

Inner Mongolia, China Cold temperate coniferous forest NH,NO; Stimulation

B2 SR 2 FAHE L T b JRE 125 fie it [38]

Barro Colorado, Panama Tropical montane forest Urea Stimulation

21% ~35%. W BLARE Y A8 W BT 2R R 8L 0T
Rl g b kB, Al A CH, MR AR B T
7% ~31% . FE R N 1) SME R AL T - 35)
PRYEERE , (425200 1 ARAR 148 CH, Wl A A
HEOM T V&Y 200 R B AR R AE Y, IR T
KA CH, i) 38 F T SR o 227 2) T 5
G BEMEAMHI[ W0 NH, 1 CH, 765 F/KF 138
FrHUGE RN 42U (MMO) AR 1) I NO, )
RS2 | TSR Ak L B s iy AL I 2 35 4 R $R 5
BB RS ] A5 Y W AR £ HE CH, R+
MTE R PRGN ARAR P SMR A S AR AES RS
AR B i o B AR 48 CH, SRk
RUTREAR T ZO 20 AR i BR AR HT, TP be 44k
FRATE PR SR T 55 A1, U A 23 18 i S S Ak TR T
PEF &, — 8 S0 T & E AL T g Ak
CH, '™ PRI U6 FRpk -4 CH, Wi 5 i 224
PEHEBRAE Maljanen %57 7556 Hh & B, TR N A
JRANGE R B b i 1 W ot A T B 36 1, (AR L T =
¥ ( Picea asperata) ¥k 13& CH, AR ISGHE R & T
16%.

HMIRRE i A BRAR 158 CH, RIS 52 e ik
it & I R 26 B AH 6. Aronson 251 il 5 Meta 43
Mg B, G0 B R RS N2 1 o 3% CH, YWk i
77, i) 0 BN ) 23 055 - CH, Y I iR
1, TR A AT AR 3% CH, WS 5% 48
(oIl LB JE 100 kg N - hm™ + a™'. Zhang %5 BF 5%

KB, AR A (50 kg N - hm™) A (100
kg N - hm ™) FIFE (150 kg N - hm™) &b BE S 501
P H LRI IR S CH, S X5 W I R 45 T [
T 6% 14%F1 32%. 5351, FRAR 58 CH, WISt 325
H5 NH, WREE 2 FOAHDC, 5 NO, Wk B 2 fAH ¢
B ARG Mg U R IR AR AR R A [ T
BAEAFEIARE LI, F AR A G T 115
CH,, WS, Ty A FR e 4 Ak T DA - 338 v [] Ak TE L&
Pt b A v B A A L, A A AU B A R T 3 i R e
FALTEIE T, RS S A AR E T 3% CH, 1Y
WL 3k PH 4 BRI T, R A I e s e
P T A B B A AR P A T S O
TR ARG S A= U | TR 28 R0 A R st 38 R B 41k
TR P18 P 2 BRI = 8 JIC {8 35 5

5 FHMLiE CH, IRyt 3th 78 25 35 4K B A Bz 4 E

- b 7 5 7 A3 Ao R ) e A
IR A A | A4 e 3 CH, WlkRE ) —
e IN= I % R B e S e w2
i, BRI T CH, 1 O, MY 8L, Fm BiE 2 —2e A
B, R o ] R CH, M (£ 4).
Carmo 25 A 78 W, K 6 P AR MO Ak o0 B 3 3
+ 4 CH, WIKRE ST F I T 67%. 8 FH WFoe4a i, 7%
MRIE AR Ay e A T, + 38 CH, W ISCRE 1 R &=
TEEH AR Z A R BR ARG AL S N TR 3 i £
HECH, W i A Al 1 e, N TR 5ECH, 1)
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Table 4 Effects of land cover change on soil CH, uptake in forests

o 15, b A I 1 LR R 2 CH, Wi 23k
Site Land use 1 Land use 2 CH, uptake Reference
B P S5 407 1 R PNULREZEYN EHl ] [54]
Espirito Santo, Brazil Coastal Atlantic forest Pasture Inhibition

Hh [ WL KRR R T REARAR il [55]
Zhejiang, China Natural broad-leaved forest Pinus massoniana Inhibition

5 [ HAR iy 7 ] b A H i [56]
Michigan, USA Temperate deciduous broad-leaved forest Cropland Inhibition

o [ A KR R AR il [57]
Fujian, China Natural broad-leaved forest Cunninghamia lanceolata Inhibition

FEERA R A W = A2k et [58]
Copenhagen, Denmark Cropland Norway spruce forest Stimulation

BN K FAR A ek [59]
Scotland, UK Pasture Pine forest Stimulation

B IR 2O Hiih BRI e gk [60]
Laois, Irish Pasture Sitka spruce forest Stimulation

Tt 3 FL AR Hii W = Az e gt [61]

Fribour, Switzerland Pasture

Norway spruce forest Stimulation

WH&E%%(22.64126.83) wg CH, - m>-h! ,fﬂﬁ\j
RO CH, WHCHA Y 409 5RE LB,
KIRMREAL Ky B RIS, T8 CH, WIS 3T [
T 22%. RIRMELAL I N TG 138 CH, MRl %
T RERYEE A - 1) T IEALBREE T R BRI CH, 1 O,
P85 2) AL > Tate ™ BFFE R,
A IFAG IL B aok R 4R G i R Y BT A Ak
A T3 CH, B9, [R] A BILJBT A 25 52 i) 4 48
PRAPEFN T NS ) 45 KR | )42 52 0 12 3% CH,, 1y
W ;3) 135540 98/ Nikiema stslod pp oy JE il ,
e CH, AWt B E & UK. Zhang 551 BT £
Y BN A s e k1 B RR ) ARk T8 CH, i

SR, b B S Ay N AR S —J7 TR AL
TR T AL S — O T U T H B
TR A SRS 2, T2 iE 1 3 CH, 1y
WL Livesley 2510 % 30 | 0 M W A2 K W ( Eucalypius
robusta) M5, L3 CH, HERIRE (60 pg CH, - m? -
h™) 5678 CH, Wil (=36 wg CH, *m™ - h™').
Barcena %V HFSE & B, AR e A8 S IR 8 = 42 MK
338 FH e Rk T B Bl 1, AT T -8 CH,
(WL SC 46 Nazaries 5550 2 30, M i A A6 Ry A A%
MR, -3 AL 3 TR e S A TR P AP S RN T B R
WETRAZ I 442 ( RuMP pathway ) %/t CH, 9 1 %Y
B A AT (MOB 1) o v 6 A1) 19 ) ] 22 S R &
% (serine pathway ) % fb CH, A9 I AU H e S8 fL I
(MOB II ) ¥4k, 14 CH, BYW I RE Sy 1g 5.

6 B =
ARARAHE CH, WU CH, 77 2E A& A A fkid

FRZEETERRIEE IR KRR CO, WRIE TR WK SRl
A ANIE R A UL S 4 A T AR AL R T AR AR 4
CH,, W) IR 358 25 A AU E D e 95 21 5 454, 52
M 7 R4 CH, Wk B RTARAR L HE CH, TR —
SBRAR A R - 1) S B e 1 RRAE R T 3 B
I8, XTI A2 B A 2 AL HEAT T 43
SRIMT, ZRAK 38 CH, WRMSORT 4= BRAE Ak Ay 4 301 g 17 4
Tk B A AR R - Z 0] (4 28 B S M LA e 2 R A
RYIIFE RS 50 CH, W RN &, BT
SRSB4 CH, WU 52 W AT 9T 2 4 P e AR
A SRS, WA HE CH, WIS i (X BIF 5T 30
FHGE. FIL, AR R FE v, o) E SR LR LT
TATAAIF ST« 1) LN T AL 50 R AR o0 7 45 7 vk
WFFEFRAR 18 CH, WSk 4 BRAE 1 1% 1 309 g 17 4
TIE LA B S5 A R 7 [0] A 28 B2 R AL 5 2) &5 4
NERE M FREL A (PLFA ) AR M4 B 8 I FL VK ( DGGE)
FA v B R B B 2 A0 # ( T-RFLP ) 5545
FHEW2E 5T 7, s e ERAS AT #R Ak 3 CH,
W WSS i %) G A= 0 2 AL 5 3 ) ot A5 4004 iR
VTGRS R X FRAK A5 CH,, WS4 5 i) B AL

S25 3k
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