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Methane and Ethylene Consumption by Forest Surface Soils from Different Zones and Driving Mechanisms

WEI Jin*?, XU Xing-kai?, HUANG Yao?, WANG Yue-si?

(1.College of Resource and Environment Science, Nanjing Agricultural University, Nanjing 210095, China; 2.State Key Laboratory of Atmo—

sphere Boundary Layer Physics and Atmosphere Chemistry, Institute of Atmosphere Physics, Chinese Academy of Sciences, Beijng 100029,

China)

Abstract: Forest surface soils were sampled at 0~5 cm under temperate, sub-tropical and tropical forests, which were respectively located in

Changbai mountain, Dinghushan mountain and Xishuangbanna district in China. A series of laboratory incubations were done to study the dif-
ferences in methane (CH,) and ethylene (C,H,) consumption by the soils at a same initial carbon concentration (about 40 wL-L™* C as CH, and

C,H,), and the differences in soil atmospheric CH, consumption in the presence and absence of approximately 20 wL -L™* C,H, in the
headspace. There was a larger consumption potential of CH, and C,H,, and a larger maximum oxidation rate of CH, (V) in temperate forest
soils than in subtropical and tropical forest soils. The half saturation constant (K,) for CH, oxidation changed greatly among the soils, indicat—
ing that the CH, oxidation characteristics varied with different sites and with different vegetations at each site. Through comparing soil CH,
and C,H, consumption at approximately 40 wL-L™ C as initial CH, and C;H,, it was observed that soil CH, consumption was more sensitive to
the variations of land use in tropical zone, climatic condition and vegetations than the C,H, consumption. In the presence of ethylene (about
20 pL-L* C,H,), the soil atmospheric CH, consumption was inhibited by 83%~100%, with a maximal inhibition in tropical soils. Both factor
analysis and regression analysis showed that soil water/salt extractable organic carbon and nitrogen, and soil microbial biomass were the main

factors influencing CH, and C,H, consumption in the soils.

Keywords: methane; ethylene; oxidation; forest soils; microbial biomass; dissolvable organic C and N
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1.1 TERESEMENE

ARYMETE I T 2 R A ZRAK 33853
FIRAEF R EH Pl AR A SR IR X P Uil
PR ML 250 A A S LU AT R AR AR AR
X, 3 AL X ARSI A 5298 4.1,21.5 F1120.9 C,
AE SRR 3 2y 855 .1 557 i1 1 564 mm,, K
P L XA [ YRR A S AR TR ) 22 2 4 398 A0 335 R - 21
M(KP,740 m) . =R 2K (SF, 1680 m) EHEM (BF, 1
910 m) ML 54T (TD,>2 100 m) 448 ; T Rk 1 1
I3 BIRAE P ZERIAR(RF) | AR S 10 A AR AR
(RB)FIASHE (TG) 5 WAy B - A FE AR LR 44 o
(29 300 m) i 5 EAAR(PF) T RTRASH (MF) (22K
B LR [ MR (MEBF) MR MUk )5 45 1 13 (DTG) .

TEA& PRHEBEDLIE SR 4 mxd m 75 B I 25 [ b 32 U
&Y, R R J1 R4 0~5 em 343 (— iy 6~8 i),
IRATEVER LARES iy 5 3y bk 8 LU
Bk A NTEERE WA AR 6 N, it
HERESh I 2 mm G 78 0~5 CY R H A7 5 S8R b
RFIESA REENE . HHER CFE N &l
MT-700 fR AT . FIIFH 2585 F7KF0 1 mol - L

KC 5 B4R 18 (L9 =105, m/im ), =2 #2738
1 5 HE TOC-V g / TN P22 4 5K AR VA PE A LR A
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A S KA R R KR 45%, TR 24 h %
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40 pb- L, F37 BRI A 55 35 FF G B B e v i, 29 16 h
ZeAT I E 55 R, I BERR 24 h IE—IR, K5 3% 7~10
do BTN — D EE
123 FHRIE 2 A B HR RS AR PR e S A ]
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Table 1 Main attributes of 0~5 cm forest soils under different climatic zones

I oH (k) IR LR KB HLA SR IR BN AP AEYIR
Img - kg™
T ARAR
KP 53 140 39 200 232 3770 698
SF 51 153 159 92 1323 285
BF 5.0 244 227 54 2 052 465
TY 51 146 181 30 1143 224
FE e N
RF 5.7 71 0 107 38 624 110
RB 55 76 0 104 30 429 70
TG 4.7 62 0 119 9 204 40
VAT R
MEBF 4.0 55 1 45 2 535 95
PF 41 71 0 28 0 308 51
MF 41 101 0 58 0 650 106
DTG 47 51 0 36 0 306 52

TE.RF.RB #1 TG 4> IR LB F M . TR 5 AR MR 2% [l + 38 s KP . SF BF 1 TD 43 S 32 1A M M L0RA AR . ZW Ak 5 HEMORI S Iy + 3
MEBF ,PF MF Hl DTG 43 il X 2 T #4417 7% XU S R bR | 25 FE A AR At I TR 58 AR R AR 105 2% Tl 138

R B0 15 75 B[] PN - 39891 E R Joe 8 20 I 8K
ORI R AUR AL A (R>0.95) , TR AKXy . v=
1/W xd (Co=C)/dt, Hir v Sy F kg m 2, 4 48 Ak 1k %
(pmol CH, /C,H,~C-g*-h) ;t g8 3%mt[E] (h);C, F1 C
(pmol CH,/C;H,~C-mL-1) 4351 0 B A t B ¢ 5% 2,
IR B s W gk HIE T (g)

MRS AR 3 125 R V=V Wl (K+C) L,V
IV e 53500 Ry FR G S 38 AR R B 8, BN
pmol CH,~C -gt-h%; K, F1 C 4351l Ay 224 i Fc A B
BEWIAE L, BRI IAh wL'CH, - L, ARSI Ny
IN =KV X UCHIN o VL LNV HRZARE: 1/C Ry HAE
B, TR K IV e R IV o 205000 B R
RRNFREE , Pt — 2T Ve A1 Ko

AT LSDygs 2K LA [R] - HEH e il 2 4 S AL 1
255+ (P<0.05) , F F SPSS A1~ 1 fiff A [i) X ds§, 2%
MRS BERN I AL T B K, IRET TR
EVS

2 HER5ITIR

2.1 AEXIBFHFKTIEARRIRE BT LS
RAARIIE R R0 ey TR FRJGE s Y Apk 1 g
e AR S TG SRR (R 2), X5
Steudler A —01, DLRGHE AY K L RE LT AL
R e W7 A 2 (11.7 g CH,-hm2-d2) B - 5l 1
MRHE (3.3~7.7 g CH,-hm2-d ) @ FESE T X — 2518,

V e A2 S HELE SN A (FF ) 7 A2 BN T B8 381 A B
AALHE R AT R LI BE AL V o BTG
FNE I FRAR (P<0.05) (3R 2) , U IR AR A 44
B PR e S A T I -2 TAR PR ) 7 B Y o R A3k
AN Vo B 5 T AR AR 18 (P<0.05),
FHY R AL RE T, FLE R ] BE R 2T AR
FAITRF PR AT T AR A FRAR , SN IR B S SR L A
T H B AR A K 3 i
T R A KIS R e b (R 1), 7E
FIGEL AR MR BE T, P KU 4 3R 25 T PR - 43 A FF B
SR F 38 5 F R RS 1 A A5 B MR R 255 [l
(P<0.05) , Horr 55 el + 3 B b S fh R e/ iIX R
-3 ) S i A FR e Ak OB AN A 25
R - R e S AL TR V () 38 080 T 559 1L bk
H(P<0.05) (3% 2), WHLIX &5 B FARE S <R AR, (H
S BT b X 5 e, KA K AT 38.2
kg N-hm2 -a*3 38 pH 3@ % 7F 4.0 Z£4 , RKRIKTF
PEXURAAZ= AR R HE (R 1) BRI, 0 300 Lyt X 2R
SR B AR AT BB L R e UL RE ) B I T
ZERRAR 398 38R AR A3 FR o S AR P 1 A
i& pH {8 5.814, 7F pH4.8~6.0 i I PN , ARbk 1331 &%
SAALRETIBE pH S InmE R,

K 27 48 F e S A 1 30 008 301 e R A Al o —
P TR L AR AR e SR R0 T 1 B e AR
A0 BRI 5 R e 2 A 7 0 R e SEAL B, ARAR R DUAIR
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Table 2 Consumption rate of methane and ethylene by forest surface soils and kinetics constants of methane consumption

KAANE CHa F M % /pmol C » g« bt VR CH A1 CoHg Ak 3H % fpmol C » g + b L e AT DAL 24
R VS IN L ES A R R LA Vinax K
(2.12+0.08)pL CH, -L™ (2.4240.03) pl CHy *L™ (41.140.7) pL CHy» L™ (19.6+0.3) pL CoHg+ L™ /pmol CH4-C = gt e W jul CHy - L
TR bR
KP 7.9040.86 76.89+27.14 843.6+189.9 569.0+7.7 4194.1+449.0 173.8+49.2
SF 5534142 39.25+13.69 267.2+625 511.2+72.1 514.8+36.5 445+17.6
BF 11.02+1.12 70.57+4.32 491.0+66.3 620.9445.4 856.5+160.4 248439
D 456+0.76 47.94+9.27 2285+17.7 321.2+16.7 332.3+10.8 17.1+5.9
LSDg.s 331 49.42 134.2 736.9 81.2
WA A
RF 1.0940.20 32.34+3.98 217.3+28.8 230.9+10.9 331.1+47.2 212422
RB 0.33+0.12 9.90+255 61.2+10.5 183.8+16.5 111.1+234 33.0+12.11
TG 0 1.8140.23 20.9+3.9 149.0+16.1 108.5+21.5 173.1+27.2
LSDoos 0.43 8.64 471 105.1 55.2
AP B bR
MEBF 0.37+0.05 2.85+0.40 40.4+4.0 98.6+9.4 208.9449.4 200.6464.1
PF 0.184+0.05 2.5640.20 387428 86.9+4.6 245.3430.6 236.04:38.8
MF 0.0940.03 2514047 36.6+6.1 156.5+4.9 145.9+22.5 147.7+26.3
DTG 0.07+0.03 2724043 333447 83.7+86 93.7+13.0 83.0+99
LSDoos 0.13 1.15 21.2 93.9 118.0

T 1 IR DR T LSDogs A5 1) 3 IX AN [e] 2 b - 498 FRY I 5 £ 0 A A 9 22 S, S 25 K0 0.05; 2 R HESR AU L% 1,

Ko 1B 2 AT A SRR 3219, 3R 2 v K, S0 FEL T~
201 pL-L* CH, Z (8], A8k 3 Rl A R, Ul AN [A] IX 5
PR [R) DI TRl A T 398 o S At A B
257k,
2.2 AEXEHEMKTIERRS ZHEELFFELR

TEAR R L U ke 8 1sf (40 pl- L*CH,/CH,-C),
PR A58 297 AR BAT T B S AR AR U R
BRI PR 1 458 0 S A b o 238 i T 5 S s R
AR s R Oy R s AR 398 2 0 A Ak RE
J1, 5 BEE TR LA EL , SRR A X A/ (%
2), Rigler SEAH5E R = AZMANTE AR 1 338 BE A 2,
I A AR HLA AR R R, SR nT BB AH IR A Pk
EATHEAGERAE Y, Xu ZExF H A kLK & 5 B 7
MR B AR AR R A A5 80

FEAH [ R B FE I, Al HH 5 BT Rk
TR B AL AR G LR B B 87% |
53%71 38% , I H 7y Mcih 1 S8R = T HHE FIE
i bk 13 (P<0.05) (55 2) o AN [ DI AR Ak 1 3
P A A S IR AR B o RIS i
X PREE sl S A S5 AR A R BB B R A | B X0 2 RN A
P TRAH T g AT RN A6y i X, 55 34T 2R RN AR 1 48

AH EL , 76 AR LR R P s IV 30 bR 1 S5 B 41k
R PR B35 5 T LR AL ORI RRAR (R
2) . T AR 1 R o S T o 3R B A L A s M R
N5 BRI O A2 AN R (3R 2) s B R[]
AR O = AR Ak T 8 9 e S Ak B R IR
WE R T O EAR AL, UHE AR 3 (% 2)
F AT D0, AR AR A 1 R e A ) R A A
SRR U B 3 S T T AL
23 BIREZHEIHFR L ERK XS KK B R
i)

NN 205 (20 pl« L™ CoH, ) B AR AR 3 K AANE
R BE A AL A MHRIE T (3R 2) i #6h 83%~100%,,
Jackel ZEHR AR 10 pL-L* 245, I&50HAR 4K
AN H R AL 98% Bl , R il i A Ak F e A
AT R R e B B S e T i, 2%t
T B R BT A - 45 e S0 TR A S 4 o
351k 86% 98% K1 93% , =H Z A4 B EMER
(P<0.05) (£ 2) ;X R LG A7 A 7] B 2 R FR bkt
HERAANC e AL RE T, JE R B AL
+3E Kb HEEEFF L LA, AT Ca,
Mg SEFE , M LIAAR R 3Esc s Ca Ml Mg & &
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15 4 500 F1 580 mg - kg8 A F1] T 1 45 Ak BT K
FRRAE , [RIASE e ST B 7 AR 485 F Ay Ay b - rp ]
TP A sz T, X AT e SR AATEXHE L AR
A A 35 e R B T R AR AR R B X 2,
A5 A A DRUOAS ) = bR G 2 A= AR Ak, P UM
A5 ] 18 R e A 0 TR e T RS I MR ok A
BB (P<0.05) (% 2),

24 FMARXIGTIZEREMZHELERNER

e 3 4 a2 PR o A R B 1 R F AR AR 1]
i , ﬁf%iﬁ% CH, i CH, /ﬁﬁklﬁ%ﬁi%@%ﬁ \7}(/1%'1
BN BRI A HLA S AR oG, bk [ 5 A SR
W E 280 R? A1 P {EL LS 4.,

3 i X AR AR 3 H e A 2 ks A S U C
N S REANERIH A 8F ,R?=0.70, LAk
R BE R 20 R Ak 22 5 5 U Y s i AR
BEEXR, I HENIRHX R A E A 5T ER
AH2 M AR R2AEL(FR 4) KR A Pk
B FOK AR A ML FRAk 8 20 S A g AR
ARHBTRRRREE K AR, X T bt + 358 Y B 4 Ak , iR
AN G FEXT 3 /i X 38 A5 B Bt 4351
PEA T FAATIN, R BRAEAR P L DX I ARbk 4
IR A LA B o B B A AL 52 I R (R? D)
SRR T KRV HLRR ; 3 /1 X ZRAK L S (o A Wik
A5 B A AT R B R DG, R,
IR . KRS A BRI P & 2
SRS [ b DX FRAR - 38 F e 5 20 AR R 2L
25 F R SRR BE AN R A= 3 A g Ak

3 ik

(1) 7 AR 35 B e F 20 SR AL R e T iy
Sy 3, I B B R 0 B ok b AR AL R
(Viw) o T AR HE R e AR IR T R 88 (K ) 22
AEIERA T, DI S8R AN ] DX LA R[] DR 3aA [ A
T 3 b A AR HLA B B 2 e B e X
Bl I (7 S L s e R i U e A T B =i e e
2 AL

(2)FERMRE M (29 20 pl- Lt CHy) fETERT, &
IR JT BB R 14 AN [1) DX 55 AR 3 4L R AR I Y e v
B PINH FNH1E N 83%~100% , St H 2B AT
Py 4%

(3)SEMAAN [7] DX I AR AR - 38 F e 0 2 0 S A
BRFIRME YRR AKAERE A VIRA , 3T HAK
VP BIURR & X & M S A s i R B v Kk

B2 % 277
x3 HAMERETEEHSSRERRMZHEENLEF
SIS RE

Table 3 Two eigenvectors from a principal component analysis of
the standardized data of forest surface soil properties,
and of methane and ethylene consumption
at a leveled initial concentration

F Gy
1 2

3% pH(K) 0.530 0.030
IR ML 0.761 -0.554
KB TERHLA 0.717 0.498
RV TER L 0.870 -0.326
EETEAHLA 0.900 0.373
KM A 0.808 0.562
VA TE R 0.983 -0.093
JKHETE NH,™-N 0.728 -0.582
LEWETE NH,'-N 0.453 -0.801
K NOg-N 0.437 0.827
AT NOg-N -0.088 0.164
A 0.954 0.169
WA RS 0.974 0.057
CH, b 0.911 0.116
CoHa S 0.921 -0.269

R4 FZRRETEREMZHEEURRETETERE S
BIZR BT R &L
Table 4 Coefficients of linears regressions of CH, and C,H,
consumption by forest surface soils against main soil properties

X y a b R P

; ; H -84.7+57.4  2.6+0. 364 <0.001
KA BLEE CHa 84.7+5 6:05 0.36 0.00
CoHs  -27.3+305 2.7+0.3 0.686 <0.001

; o H 130.8+31.0 12.4424 O. <0.001
KA LA CHa 30.8+31.0 0.339 0.00
CoHs  216.0£250 7.9+2.0 0.244 <0.001

; ; H -87.1+46. 2.6£04 0.4 <0.001
b LR CHa 8 6.6 6:0.4 0.489 0.00
CoHa 574237 24402 0769 <0.001

; o H .9+19.1 5:02 0.7 <0.001
A LA CHa 50.9+19 35:0.2 0.790 0.00
CoHs  1659+21.0 22+0.3 0553 <0.001

S H -34.2+23.2 .2+0. 784 <0.001
A CHa 3 3 0.2:0.0 0.78 0.00
CoHs 9644212  0.2+00 0.683 <0.001

P H -31.4+20. 12401 0819 <0.001
R CHa 3 0.8 0.1 0.819 0.00
CoHs  925+17.7  0.9+0.1 0772 <0.001

FEH TR y=a+bx a b B fE h F i EAR R,

PEAPLA
SE T
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