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Fluxes of CO,, CH, and N,O from seasonal freeze—thaw arable soils in Northeast China

CHEN Zhe', HAN Rui-yun', YANG Shi-qi', ZHANG Ai-ping', ZHANG Qing—wen', MI Zhao-rong’, WANG Yong-sheng’, YANG Zheng-1i"

(1.Agricultural Clear Watershed Innovation Group, Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of
Agricultural Sciences/Key Laboratory of Agro—Environment, Ministry of Agriculture, Beijing 100081, China; 2.Farmland Irrigation Research
Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 3.Beijing Research Center for Information Technology in Agri—
cultural, Beijing 100097, China)

Abstract: We monitored the dynamics of soil CO,, CH, and N,O fluxes of two typical agricultural ecosystems( paddy/maize field ) in Songnen
Plain using static opaque chamber—gas chromatograph method. The greenhouse gases (GHG ) emissions showed obvious seasonal pattern,
which could be divided into four periods—— freezing, snow cover, snow melting, and frost free. The freezing and snow melting periods were
critical for greenhouse gases(GHG ) emissions. During these two periods, CO, emissions from paddy and maize fields accounted for 74.9%
and 68.6% of the total cumulative CO, emissions, respectively. The CH, emissions from paddy field amounted to 95.7% of the total CH,
emissions. In the maize field, CH, showed absorption during the experimental period. However, it had large releases during snow melting.
Soil N,O emissions showed intensive explosive release during the short snow melting period. The peak of N,O flux from paddy and maize
fields was respectively 40 times and 99 times higher than that before soil freezing. The cumulative emissions of N,O from two farmlands
accounted for 73.9% and 80.4% of the total N,O emissions, respectively. During the snow covering period, CH, and N,O were weakly
absorbed. In addition, different land uses showed different patterns of GHG emissions. Paddy had higher potential GHG emissions than
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maize field did. Taken together, CO,, CH, and N,O fluxes from paddy field were net emissions (source ), and the total cumulative emission

was higher than that of maize field. The average emission rates of CO, and CH, were significantly higher in paddy than in maize field.

However, CH, flux of maize field was net absorption (sink ). The average GHG flux was significantly different between these two types of

farmland. In conclusion, GHG emissions during soil freezing, thawing and snow melting periods should be taken into account when evaluat—

ing the GHG emissions in seasonal frozen regions. GHG emissions under different land uses are different.

Keywords: black soil; non—growing season; greenhouse gas; freeze—thaw cycle; snow cover; source and sink; net greenhouse effect

SRR £ B DX I A2 IR R T Y 5
M), Al 2 BR A A7 A VR i 22 4 R4 ) T AR ik
79.3x10° km?, (7 B4t 2 BRFfi b S AT A9 82.7%1, X
FEH X SRR, AP o R tg , 14k
it KA ML, Sl b AR 25 28 40 T LA 2 A 4 BK
fk EAEIRA TP EE AR AP, AP OR AR BRI R IK 3
T, FEVR L IX A 3G ML ST o3 S TN A, W] RE 3k
KA AE A ML iR A DL CO,.CH, AT N0
PR ACHE , XA AR I 77 A 1 S s[RI, AR AR
ZN RS R T T KNG LA B R S
REN SRR P 22 ¥ O I T 2 A A L HE
JHECRFAIE DA KO i B BTk i) LR R P AR 2 2
AT, AR AR A ZR U Rl e 2 I I KA & AR
YRR HE IR, VRS K R FE b LR R
RHE T AT RE (5 B e 4E B 20%~70%", X AT fE
Bl FAEAE K RIS R R mh s . W I VR 45
FE BRI EES KRN FKAMA SRR, X
AR AR ARG AR X R R
TSR 53 S 1 B e 2 T 0 S - B A
A FIHERC . 5 PR I R I, 7F 1 4 R & -
fil L R R CO, CH, 1 N,O (9 FR T B 3 1 i vs-1el,
DR , ZE PPN 2775 0 4 X A 338 == SR HE I 24
Z AR A K ZEMHEEE O B B R 2 5 D e
AR, JEAE K ZE L GHR AR NI AE AR U355
I CRAERT (B AR AN 5 () B, X AT BRI A IR AR
KA = A HE .

A5 90 b, PR TE R I 45 B A v 1 R b
XA T, v BRI A T B AN o7 W | 2 1 SRAE A5 %
F A W e R RS A S R -
S VX S OGP 3 CO, . CH, AT N,O 38 5 119
AR, DUHA Ry i — 25 D R R il A 85 il 2 AAHE
R LS RE, AR A 2 - R == SRR IR
BRI PR AERE2=BE o R 7 B A0 % AR HH A
Tk FH AP R =T SRR E SRR 2
SRR TR M R A AR S AR 4 R R
PEHULN IR, R [ FE VS Ul X A H - 8 = <A

HFER AL R AR R
1 #MREFE

1.1 X Be R

S TR XA IS R T 7 IR S 6 T IR VLA
H RS HB A BCT IR A AR iR R K LS
kK ) AW A6 B Pa AL RE i ] R g, JE T LR A e
AFEZE R I AR AR A KK A 200 d, BRARAEALE
B ZRR R 110 d, %8 T 98 A Kbk
PEZERA R, BRI/, AR 2 Bk
T8 ARERK FEIE T, FAE 2.6 C, il m ik
1-36.8 °C, My 36.3 C, AHFHIE 2500~2700
°C,JCFE 125 d, 4EFE 7K & 400~600 mm , 4E 34 4 fH AT
HEAF 4K 4446 h, HHEEAIDIRAE L B+ Ff 4
TR o . KR 2K R EOK,
AT S APIE 9 AIEY, A b AR A -
JKFE H 128°4842.5088"E,45°49'46.4088"N ; £ K H
128°52'24.744"E ,45°47' 51.7524" N, 1 25 FF Hb 1~ 45
0~30 cm - ZFEARPALPERIE L 1.
12 HRRESUE

RGP e AR 10 AW 2 IRAE 4 A RCVEHEIR
PR, BPAEA K 2R b IR R R VORI 3 ] A
4 Adf) 10 AbAE 11 AbAERSIRES
K, R R A R B T . AR UIESRAE
AERNE 3K B[] N WA 263 2 d —3k T 11
AR 2R A 3 AW BIESE R URES, RN B N
10 d —W A WM A0 8 2014 45 9 J]JiE % 2015 4
5 AW, SHFEILE, R
FFKZE H AR — O P 0 CLAUF i H = H &%
FRAET 0 CHBE NI ALAY H ;4 H 5w il 47
ZRT 0 CHhHERWAERTHEmIRFRET 0
CH Ik, iz AT ANl AL, FR R 3 25 3 (Snow cover
period ) ; Bl &5 1] (Snow melting period ) i F 25—k H
WH ik e T 0 CHY H T BT 28Rk H 5
METEAL S, LT A RN R, BB AT
TR E AL, % A 3 7  (Thawing period ) . H2 HE 1

Freezing period )



2016 £ 2 A MR 9,55 RIE MR RRELK B 3% CO, CH, N0l BEAFAERESE 389
F 1 KFEEMERETIZEELER(0~30 cm)
Table 1 Soil physicochemical properties of paddy and maize fields(0~30 cm)
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Table 2 Average greenhouse gas flux during non—growing season and repeated measures ANOVA on sampling date and field type

HESRRZ

JEA: K Z2 3450 1 Mean fluxes(Mean+SE) 78 5 2 Coefficients of variation

— — [K 2% Factor P

Greenhouse gas  /K#FH Paddy KM Maize field — /KAGH Paddy — F K H Maize field
CO/mg-m>+h™  37.97+3.46a 22.92+1.90b 0.89 0.83 M) Date <0.001
KEHL Field 0.001
B[] ke DatexField <0.001
CH/pg m>+h 37.05+4.13a -13.24+1.08b 0.92 -1.19 Ast[E] Date <0.001
FE Field <0.001
it [a] B DatexField <0.001
N,0/pg-m=+h™ 25.445.5a 20.95+4.27a 1.97 1.92 iFE] Date <0.001
FEHL Field 0.118
A ] xkEH DatexField <0.001

T AR RN SRR IR ARG 2 A 22 5 3 . MK @=0.05,

Note : Different lowercase letters mean significant difference in greenhouse gas flux between two soils at 0.05.
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