ERVETI WS R H B OB W R Vol. 17, No. 4
20127 H Climatic and Environmental Research Jul. 2012

Sttty XA, AR, S 2012, NERFFIE B0 e DX R T KA e . AU, A R — A R A IR )], AU 5 ER
BEWFSL, 17 (4) : 504-514, doi: 10.3878/j.issn.1006-9585.2012.11017. Meng Shixie, Liu Chunyan, Liang Wangguo, et al. 2012. Effects of the applied amount
of wheat straw on methane, carbon dioxide, nitrous oxide, and nitric oxide fluxes of a bare soil in south Shanxi [J]. Climatic and Environmental Research (in

Chinese), 17 (4): 504-514

NEFRHIEHEXEEX R IR —KXSE T,
—F k. ST RM—aHARHRFN

& 1,2 > W 2 M 4 2 N 2 4+ 1
At X HEa? A RrHE #HER4E
1 Al K2 BRI B2 B, I 430070

2 P EBHER BT A T E BRI R s %, kst 100029

& B CRASSEAE RS ROE TS A 17325, 08 DX SR B AN [ /N 22 AR5 AT 34
+HEE . BKFE (2008 4F 6~10 ) AL (CHyoV Z5FAR (COp. FATE (NO) FI—FIE (NO) A5H#
WERAT TIRAL . SEHRW . I, FEFFAIEM (FS). FEFT—Fi8 M (HS) FIRATAEN (NS) AbH
FHE— KK CHyw COpv NLO I NO 3428 il 4379 9 —0.842.7 —1.4+£2.3, —6.5+1.8 pg (C) - m™ h™' (CHy),
267.1£23.14 212.0+17.8, 188.5£13.6 mg (C) - m™> h™" (CO,), 20.7+3.0. 16.3+2.3. 14.7+1.7 g (N) - m™> h™"
(N,O), 3.9£0.5. 3.4£0.5. 3.0£0.4 ug (N) -m ™ h™' (NO)D. AZ#eil BRI B B ZESAs sy, . B
R EEARAL R S A E R K. AT NS 4B, FS FIHS ZLBE AT T 2R CH, W (66%K11 59%) , 14
T B8 CO, (42%F1 12%). NLO (41%F1 9%) FINO (30%F1 13%) HEWE, Kk, FEFHE MRSt 74 M1
RIS S A E] FS A HS LB NEREFTH CO, NOL NO HEBUREM 50 73.4%+1.6%F1 43.3%+
1.0% (CO). 0.37%0.01%F1 0.17%+0.00% (N,O)+ 0.06%=0.00%F1 0.05%+0.00% (NO), FS &bFHKHEM R %
F T HS A2, BT R SE s b Ao oK AR AR FH ¥/ 22 RS ATHE R 2L (NL0 FNO HEBURE 5k 2.32%
F10.42%)0 AT WL, 7R HHEA 15 34 S0E IR FF COy NLO A NO HEURIT, N EREFTE M. RIIEWH
ARl A PR 22 T S

KRR R MM EESE BREHERE HORGRH

XEHS 1006-9585 (2012) 04-0504-11 HESES P402 XEFRIRES A

doi: 10.3878/j.issn.1006-9585.2012.11017

Effects of the Applied Amount of Wheat Straw on Methane, Carbon Dioxide,
Nitrous Oxide, and Nitric Oxide Fluxes of a Bare Soil in South Shanxi

MENG Shixie'?, LIU Chunyan®, ZHENG Xunhua’, LIANG Wangguo®, and HU Ronggui'

1 College of Resource and Environment, Huazhong Agricultural University, Wuhan 430070
2 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029

Abstract Using manual static opaque chamber/gas chromatograph and chemiluminescence measuring systems, the

authors monitored the fluxes of methane (CH,), carbon dioxide (CO,), nitrous oxide (N,0), and nitric oxide (NO) from

Wis R 2011-02-15 WEl, 2011-05-10 B EME AR

FENE PR N RSORIE R BRI KR S 18] 2008BAD95B13

fEEEN Fty, 9, 1984 4EHAE, WLWRRE, FZAHIREEAESIF. E-mail: mengshixie520@yahoo.com.cn
BIEE  XIFS, E-mail: ley@post.iap.ac.cn



4 1
No. 4

SEIEHNAE: /NZEREATIA FH OO pl b DRI - IE— TR e . A S A — S A S AR (K 5
MENG Shixie et al. Effects of the Applied Amount of Wheat Straw on Methane, Carbon Dioxide, Nitrous Oxide, and ...

505

the bare soil of a wheat-maize rotation field applied with different amounts of wheat straw in south Shanxi from 20 June
to 6 October 2008. During the measuring period, the mean fluxes of CHy, CO,, N,O, and NO were —0.8+2.7, —1.442.3,
and —6.5+1.8 pg (C)m™> h™" (CHy), 267.1+23.1, 212.0+17.8, and 188.5£13.6 mg (C)m~> h™' (CO,), 20.7+3.0, 16.3+2.3,
and 14.7£1.7 pg (N) - m™ h™' (N,0), and 3.9+0.5, 3.4+0.5, and 3.0+£0.4 pg (N) - m~> h™! (NO), respectively, at the full
straw-amended (FS), half straw-amended (HS), and no straw-amended (NS) treatments. The fluxes presented
significantly seasonal fluctuations, which were mainly regulated by the irrigation, precipitation, and variation of soil
temperature. Compared with NS, FS and HS reduced the accumulative absorption of CH, (66% and 59%), and increased
the accumulative emissions of CO, (42% and 12%), N,O (41% and 9%), and NO (30% and 13%). The straw-amended
treatments enhanced the total greenhouse gas emissions from the agricultural soil. The calculated CO,, N,O, and NO
emission factors of applied wheat straw at FS and HS were 73.4%+1.6% and 43.3%+1.0% (CO,), 0.37%=+0.01% and
0.17%+0.00% (N,0), and 0.06%+0.00% and 0.05%+0.00% (NO), respectively. The emission factors at FS were
significantly higher than at HS. The emission factors at FS and HS were much lower than that (emission factors of N,O
and NO were 2.32% and 0.42%, respectively) for the same field with chemical fertilization and maize growing. Therefore,
the effects of the applied amounts of crop straw, fertilization, and crop growing should be taken into account in the

estimation of CO,, N,O, and NO emissions induced by crop straw based on emission factor methodology.
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Table 1 Fitting equations for Fig.3
*;Zii bl
s abEE WA TR 2 Hp
a FS y=0.54+0.08x 032 <0.01
HS »=6.52+005x 0.11  <0.05
NS y=2.13+0.07x 025 <0.01
b FS y=-0.04+0.01x 045  <0.01
HS »y=-0.67+0.02x 050 <0.01
NS  »=046+0.01x 022  <0.01
c FS y=20.57-0.08x 048 <0.01
HS y=1586-0.08x 037 <0.01
NS  y=4.65-0.06x 0.19 <0.01
d FS  y=exp(-022+0.13x-0.002x%) 047 <0.01
HS y=exp(-0.51+0.17x-0.003x%) 040 <0.01
NS y=exp (0.09+0.11 x—0.002 x%) 0.18  <0.01
e FS y=15.88-1.40x+0.01 030 <0.01
HS y=1541-1.65x+0.02x 029 <0.01
NS  y=0.51-0.83x+0.01% 0.08 <0.05
f FS y=11.75-329x 036 <0.01
HS »=7.03-257x 025 <0.01
NS y=-087-189«x 0.13  <0.05

FSHINSAHLA A Ak . B 5800 6419.2.
3209.6 kg (C)yha™' LA J242.0. 21.0 kg (Nyha™' o JHAHAT
AL (FSHRIHS) BRAHE R I 2 TORSFHid [ Ak
HO(NS) RABUHR, TR DR FRSFF &k SR
AV RIE RS RT3 8P SR 1 HE i R 2. FS
FINS A FIA HI RS FTFCO,« NoOMINOHEB Z K73 73k
73.4%+1.6% M143.3%=1.0% (COy) . 0.37%+0.01%
H10.17%+0.00% (N0« LA & 0.06%+0.00% A
0.05%=0.00% (NO) (£2).

4 itig
4.1 FEFFIZAEX CHys COs N,O FANO KRB S

A

13— KA CHyv CO,. N,O Fil NO AT # 4
ISR TR 3 AN FR LA SR .
T FT IS FH 6 0 348 0 1 398 485 R 1 R ) 5 7K
0, BRIeRs g 3 S ALt B2 (Jacinthe and Lal,
2003). HETH B E, FEFFEAN 35855, ki,
U s B, R TEH LRI LB ) £
e s AR AE RIS RELFE (Jacinthe et al.,
2002; Jacinthe and Lal, 2003; Hadas et al.,
2004; Malhi et al., 2006; HEF% %%, 2009; Liu et al.,
2011), B HFEF A FAEFEELLL (C/ND AR

%2 ARNERBHLEHERMTIE—ASECH,. CO,w NOMNOFHZIRBEE, RINHH/MULENFEFT RS EATHE

R

Table 2 The mean fluxes, cumulative emissions/uptakes, and emission factors of CH;, CO,, N,O, and NO at the bare soils

applied with the different amounts of wheat straw

Ak Lb LI SURHE R V)| BRI et (bRl ) HERCR B hrifi i 22)

CH, FS —0.8+2.7 pg (C)-m™>-h™! —0.07+0.13 kg (C)  ha™' -
HS —1.4+23 pg (C) m™2-h™"! —0.08+0.02 kg (C) - ha™' -
NS —6.5£1.8 ug (C) m~2-h™' —0.20+0.11 kg (C) - ha™ -

CO, FS 267.1+23.1 mg (C) - m™2-h™"" 7244.1+505.3 kg (C) - ha™"" 73.4%+1.6%
HS 212.0+17.8 mg (C)*m™>-h™" 5727.7+179.5 kg (C) - ha™ 43.3%+1.0%
NS 188.5+13.6 mg (C)-m™2+h™"" 5092.5+425.6 kg (C) - ha™'" -

N>,O FS 20.7+3.0 ug (N) *m™2-h™! 0.54+0.11 kg (N) - ha™" 0.37%+0.01%
HS 16.3+2.3 pg (N)-m™2-h™" 0.42+0.02 kg (N)  ha™" 0.17%%0.00%
NS 147417 pg(N)*m™+h™! 0.39£0.06 kg (N) - ha™' -

NO FS 3.940.5 ug (N)*m™2+h™"' 0.1120.01 kg (N) - ha™" 0.06%+0.00%
HS 34405 ug(N)*m™>-h™! 0.09+£0.01 kg (N) - ha™" 0.05%+0.00%
NS 3.040.4 pg (N) -m™2-h™! 0.08+0.01 kg (N) - ha™' -

W RN ZE R B (p<0.05),
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X T IREN R LA S R A B 22 5, X
TRER R CON BN (<300 MRS, WA 135
o RS IR A o i, (R R AR, BN
INEEEHE S & TS ERERK. ONKKR
(>30) [AEFT, WIAWFFE /N EREFE (C/N =
700 , FEAAENERESL T, I E 0 IR
AT WE W SRIMFSF e E R it s
HIRT A HLBK  (dissolved organic carbon, DOC),
L b A W A R R SR T e, T R N A
OV BECEIETOHLAE S &, HKmE R,
PR AR T . N H e A S =
(Hadas et al., 2004) o i HFSFF G187 5k & s A
C/N R/I, #OK 3G I 5 o3 fE MU &, T2
AyiE ik, HETE N CO, HEs. AR (0 T
FELL M R MOSIR 1 (Malhi et al., 2006) .

X H I — KA CHy Al &M 5, #EBEHTAYS
FRI& HACH M TENVE & &, FrBlbe s sl (NH,D &
TR RIS 5 B N ¥ (Hadas et al., 2004) .
R A, A T LIRS — R
FIFT CHy R NH, RN E M CHye 534, i

P £ FGE AN T I8 T UK NH,, R NHy
AE % 5 ot 40 4k I8 16 95 M 47 45 45 & (Schimel,
2000) o K, FEFFIE H AL P43 NH, 5 &b
e 338 K T e K/ CH W AR S e a5 3 i 1
BN, SRIMAEAS LSBT, /N REFTIE OO+
EICHVE T B (R S AR /I, PR CHy MR
MR ARE . ERERS, G A 1
5 o A MU & o TR, ki 4 3% CH,
AP AR EURIR Y, I AEFE AR PE 14 O, Wi
FERX S EBURARIBEI N, ik, FEFFIE HALEE CH,
HeOE v T AN E AR, - S8R & BRI
IR A TR FT AN I FH AL 2

X T KA N,O Fl NO AZ il &1 5
I RS AT I LR L7 L] 00 13 N,O AT NO
PR, e, WKRIWIRE, FEFFE BN 1
BEMAE T 1, CHE AR S A b R
A, JEHUE S R I i A A A A AL R J
AL R RS Y EE 2848 (Beauchamp et al., 1989),
FE AR I FH A BETC AL AL S S0 o T RS AT AN 38 1 A 2
(Liuetal., 2011) , XA A AL EE 16 4L
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IS A A T8 2R A = T A FEANIE AR, JE T3 3
A a4 FH A RS B 5 o 1) R AR . AR SR
K&, INERFTIE SRR IREHLA S &=,
TAEYIEA A SO FE LL B NL,O T NO 47,
(HICRFEL I ] — A S L JLE I ] (Hadas et al.,
2004), H:k, FEAFIEH SNt DOC &
(Malhi et al., 2006) , i DOC 75 34 N4 o3
e JE 1 358 G A4k 40 TR TS 7% (Beauchamp et al.,
1989) , e hn s AHfL I RE N,O 1 NO 4~
TR, E R T 2 A WLk, ek + I
R Oy THFE, 390 3Erb i REGAEE, b0
B3 AEE NoO I NO P~ A5 #E (Miller et al.,
2008). IcJr, i HAFSFF AR & B GREAEH, Nz
FEFF I 2 o0 A S5 R TR R, 386 o 1 398 3 1 308 1 38
RAEYEYE (Liuetal., 2011); $R1M, AHFT ES.
HS I NS Ab 2 A0 9 3~ 2 + e 52 3 0 A
22.540.6. 22.740.6. 22.9+0.6 C, AWM BNFEFFE
PS5 A S8 T i 5

4.2 EEFEFF CO,. N,O #1 NO HEM AR

AHEFE FS Ml NS AHLEHFEFF A 6419.24
3209.6 kg (C)-ha™', EHFFFH CO, NLO Fl NO
HEM R B A 73.3%F1 43.3% (COy). 0.37%FH
0.17% (N,0). 0.06%H1 0.05% (NO), #JLLF HiAH
FARSFT, DG AR, HSGREA T ER, @
W AE AT A L B HE R R B TS A e .
Jacinthe et al. (2002) MM T 5 [ fk 2 A% A [F) 5
FFif HE[0. 3520, 7040 kg (C)-ha™' i ikt 1
5 COy HETL, 1T B4 2N REFTAE CO, HETK
RECH 47.7%H1 60.8%, WAL T AWFF/NEZREFTE
7% CO, HERE . I/ FERTIE T XN R )2
Wi, FiE TR RS, MBS TR
WA F L3 CO, HESUHE % (Potthoff et al., 2005;
Curtin et al., 2008), X AJ HEJ& FEAHXHEH CO, HE
TR B RN 2 — o PeAh, FEFFAL 2 pe o RS FF C/NL
BN LR e T 11 2 S A T RE T BUECR
GRS =,

BURF ) SRR 17122 B2 (IPCO HEE 1.0%
Gi—1E A RER ALY [ ZCRIVE DR 1) NLO HEL
K1/ 2% (IPCC, 2006). Novoa and Tejeda (2006)
LIIVHAE T3 10 R RIS TAEW R NLO HEIK
PR G, WSS R B Rk A NLO HE - B2 4%
WAL R A By« AP BRRS il %
g ORI b R S R R s, HRIE R ARAEY)

B NoO FHEUR 14 0.17%~ 14.6%, 17 e 1 60%
FEHRTE 1.055%/ 47 . WG SAS 2 1) /N 2 RS AT
NoO AP TP ME (1.0%, IPCC, 2006
F11.055%, Novoa and Tejeda, 2006, [ i 1 {2 AL
S IR D1 = 13 s A (= S E A N re R A M)
N,O HE A T (2.32%, Liu et al., 2011) . JifiEAER
BRAR N /N RS FE B O/N, SE M BERS FEA 4L 5
I HARSFRE AR T RAE AR K, dEim ey
TESIPR O RAF I AR R N . T LA,
FEOS TAN I NE AR, AW AR KR, e
FEAF NoO HEUA 7 233 K. Velthof et al. (2002)
HEREFLARAE DR AE RN, K5k NLO HEJS R 7 X 4
H3<0.5%- 0.5%~1.5%F1>1.5% 3 N[, SRiA
WL LW, WACFIED) A KRBT R #E NLO
TR eI = AR, Rk, SR HER T
T ARAEM RS NoO HER, W 254525 R it Aotk
Bl FRAFIR . TRV E B EYRE, {E
WHERRDL S A BER i AR 3 A5 1)
M. T IA HASAT NO fHk i & Btk WL kaE, X
Liu et al. (2010) R1& T [A]— 3R 50 Ho PPk £k L it AL
RN FEFE NO HECRECN 0.42%, [FIFEHT
JNERIBR R ARAEY) 50, 3 NO HEl R 5w 2% =
T AW FA it AEAR b /N2 FEFF 1 HE R 2

ZE LR st R, BT AR A B R R R, Wit
N FEBEFIFSF I R (ZEIRAE e, A, HERE
ARG AP RERZD MR, #ei s
i3 CO,. NLO F1 NO HEji, Al XK
CH, W, DR R kR R R == SR HE . A
TRIER EAR e 4, IR E A= S BN IR
FORN, DR A R RERR it NERIARS FF A 2 7 =X
(Liu et al., 2011). FXF TALGRIREFT AL KK
VEL i IR A, AR SR P A il I R AR A
VE A KRB HEAL T =55 7K S RS T 38 B o
o DL ES e AP R =1, 3 AL A)
ML), X Rt bim =, g
AL IR RN TG PG IR 80N, (Ju et al., 2009;
Liuetal., 2011),

5 it
AT A 55 A1 R W0 T 3% R 1 X A /s A

FEFT A0 H &4 13— K< A) CHs. CO,. N,O Fi
NO § A8 il & . & H H3E— KA 0] ) CHys CO,s
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N,O FI NO A2 4 il £ 3 I H B 8 (1 2215 AR A RR AL
IR A FEME . RN ORI AR B R, EE
A% H 88 1 KR CHy WIS 3678 K HETSCIR
AR B G4 CHBER #>10 mm) 23 e it
35 NLO HEG, /NI BER S AE CH FE R SR <S mm)
Aefs W 3 T 13 NO HEjit. 13 28 CO,. N,0
ANO HE 8 B RS AT 34 58 i 38, - 5
SR CH, W I B R AT I FH B9 0 g 9 2, R B
TR HH 80 7 %A% B 398 R I = SRR . AR
MM, m T2 ) A Sk JU R, AR AT 4 FRTAN I H
AbEE CO, HEHUE T 1 2 S s B g W M . I8 A,
FF COyv NLO Il NO HE il 2 50 b A FF i FH 248 T
3N, BHERSFE . bt AR AR AR VR Y RE S ek
W HASFT CO,v NLO FINO HE, BRI, Btk
IR FEFE RS REFF AR RO A, R
Frod A FEAFIE B 7 AR AR AR KR O
2 2 S IE A FT CO,. NLO A NO HEJBU &
PR,

Bugst PR BB T ) WAL AR
B EAEA L ETRAE W AT RSO T HOAR SRR
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