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CO, flux in the upland field with corn-rapeseed rotation in the karst area of

southwest China
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YANG Fang'?
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Abstract; Farmland ecosystems constitute great carbon sources in terrestrial ecosystems and have important influence on the
global carbon cycle. As China has promised to reduce carbon emission significantly, China’s agriculture is facing the
challenge of carbon sequestration and reduction of carbon emission. As the environment in karst area of southwest China is
unique and upland field covers a large scale, further research is badly needed to quantify diurnal and seasonal variations of
soil CO, flux, and to investigate the effects of temperature, soil water content and soil properties on soil CO, flux.

Taking upland field with corn-rapeseed rotation in Kaiyang country of Guizhou province as our study subject, we used
static enclosed chamber coupled with GC to observe the soil CO, flux of all the rotation period. Continuous measurements of
soil temperature and moisture were conducted together with several other physical and chemical properties of the soil. It was
found that the upland with corn-rapeseed rotation performed as the source of CO,. The mean CO, flux was (178.8+104.8)
mg CO, m>-h™" in the rapeseed growing season, (403.0+178.8) mg CO,m>-h™' in the maize growing season, and
(271.09+176.37) mg CO,-m >+ h™" for the whole rotation period. These values are in the upper part of the range of
published soil-surface CO, flux date. There were significant positive correlations between soil CO, flux and temperature in

both diurnal changes and seasonal fluctuations. The diurnal fluctuations of CO, flux showed similar patterns and fluctuated
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from minimum around 12 pm to maximum at 1 pm to 3 pm. For the seasonal variations, soil CO, flux was positively
correlated with temperature in the whole crop rotation with the minimum value of 31.10 mg CO,mh™" in February and the

"' in August. An exponential function provided the best fit for describing the

maximum value of 665.46 mg CO,- m >+ h
relationship between seasonal soil CO, flux and temperature for the whole crop rotation, with the higher correlation found
with the soil temperature at 5 ¢cm depth. About 86.7% of the seasonal soil CO, flux variations can be explained by air
temperature, while 80.5% by the soil temperature at 5 cm depth. The results showed that the temperature was the
determinant factor controlling temporal variation of soil CO, flux both diurnally and seasonally. The correlations between soil
CO, flux and soil water content differed for the two kinds of crops. For the rapeseed growing season when soil water content
was relatively high, the soil CO, flux and soil water content had a positive correlation. While there was a negative
relationship between soil CO, flux and soil water content for the maize growing season. Both the relationships were not
statistically significant which indicated that the soil water content was not the determinant factor for the soil CO, flux
changes. The Q,, value was calculated as 2.02 based on the atmospheric temperature, higher than pinewood at similar
latitudes and evergreen broad-leaved forest at lower latitudes. This meant that the upland field corresponded more sensitively
to the temperature changes. The significant positive correlation between soil CO, flux and soil pH indicated that the soil CO,

flux was influenced by several parameters at the same time.

Key Words: soil CO, flux; temperature; moisture; karst area
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Table 1 Physical and chemical characteristics of the soil

AU A HA A B R
pH Organic matter Total N Nitrate N Ammonium N Available P
/(¢/kg) /(&/kg) /(mg/kg) /(mg/kg) /(mg/kg)
S-H{H Mean 8.30 33.40 2.67 16.0 3.1 11.9
FrifEfw 2= SD 0.08 2.80 0.52 17.4 3.6 3.8
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2011 47 A 10 A% 325 kg/hm® 19 HLA3E 7 JR 2 —1K
2 WIRFE
2.1 CO,RAE e il i 115
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TERFUR W = STz (4[] B 3000 40 A PSR 38 S em WREE L RAUE T LSRR H R AR AL, R
FHAKARRBE T it R ) p e R S = I E
2.2 HHERE SR AL FERAL I T

T HERE S A R 0—10em )2, BRAYAS AL LA ZUR S K I R FHB e A0, HLAY AR S = KT
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FIEALBR S KR (%) = (HIETE S /K Ex TR EX100) / HIEFLBE
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Fig.1 Diurnal change of CO, flux in different months during the crop rotation
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Table 2 Correlation analysis between soil CO, flux and temperature in the diurnal observation

] o SRR i i SRR
Observation date Air temperature Soil temperature Observation date Air temperature Soil temperature
in 5 ¢cm depth in 5 ¢cm depth
2010-11-09 0.775** 0.776 ** 2010-12-27 0.849 " 0.823**
2011-02-27 0.644* 0.392 2011-04-19 0.843** 0.910**
2011-05-18 0.943** 0.858* 2011-06-01 0.649* 0.505
2011-07-20 0.872%* 0.887** 2011-08-21 0.665* 0.283
2011-09-23 0.316 0.171
* FRAIEME B (P<0.05) , * = FRHIEMER 5.3 (P<0.01)
TN MR (BIAF IR BE 298 20 em , FREEAT R 4N 600 - 5 430
BIFPBIRZER FR ) 45 CO, i W 38 R IE w1 s B
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E/J 5&4_[45 fj] P, ﬂﬁ o4 1 ZIK IS ﬁ j\] ﬁ ( lzl 3) U\ 2010 E'E 12 Fig.2 Soil CO, flux and temperature variation after disruption
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Fig.4 Relationship between soil CO, flux and air temperature Fig.5 Relationship between soil CO, flux and soil temperature in
Scm depth
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558 P14 5K B R

Kucera I Kirkham "' 48§ H} | HUA 78 -+ HEK 5035 1] - AR Pk A PR 2555 i sl 8 i T H el fe KRk i i
LT, 23 CO M A S AN LI 2] i 7K 4328 Ak Ve A H A s 3 B, A 2 DS ) = S A Ak 4 55 4
PIAR ZR T B, DUIEE LIASHI 7K 43 % - 3P (s . AEASIF S T | 38 K e I e AR i R 5 1 4
CO, 3 Tt 22 [AIAH G OC R A T8 2] ik 257K WK 43 I A 1 Ry AR S 50 R 49 [ 52 i) CO , 38 £ 7y de S 22 FR
il A
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3.4 3 pH X} CO, il IR

FE CO, 3 2 W I ), SR A 1 FH 3 s BRAR M 0T, 202 pH [ HIEA ML & i SR AR
BB (E 1), MR, CO, A pH KF] B F IEAHKEKR (R =0.398, P<0.01, n=17) 8/~ T pH
BT R T CO, MR, pH BT BE R UE A i vk, HE T4 0 COL 38 i, X e B 1 H e il X 4 gk i
B P AR Y CA W IT R e W R AR W TS L) pH (/N R 3, ok SE 7—81Y
4 pH H>9 B, 3001 FH AT B8 SZAM 0 s a5 > AHEST 35 pH $ME 0 8.3, PR T i sl X6 - P il A7 i
HEH
3.5 ERAFHX FH 4458 COo, i & bR

FEABEFEH CO, 38 55 [ N HAth M DO AR B 09 25 SRR AT LB an % 3, iR IX R bk HE CO, 3 5 4b T[]
o 7 A 1l DX VTG R DO 1] i Y R R I CO, il ARSI, BR T A — 2 ORI 4
SRR PE A I B SE X AR A 118 CO, 38 2 R T A I, S i Hh i 3% €O, 3 kBt 26 85 [ (6K 1 1 72 14
s B RIS 0 R R 5 T 4% A BT IX (Y e e i 92 S5 ok | m B 32 B2 5 DR 78 0 406 8 3t DX 45 v 1Y)
T 2 A ) T A SR

RS RGBT (NEP) 355 R0 A0 2 A 7= 1 (NPP) SRRl . ARG B A S R 5
BRSO , WAZBUN [ 5 T R 3 P o SR IF 0 ) BB DR A5 A0 35 T LA g S0 el X 2 e 3 A 9
TSR T

®3 EARMNHR EREMX MK ETE CO, BEEMILE

Table 3 Comparison of CO, fluxes in upland field of different areas in China

Hh st lB7ES30 RN HE CO, i i/ (mg COym™h7") SCHR B
Site Crop Observation time Soil CO, flux References
M MEE-Fk la 271.1+176.4 LN
)i EK-NAE la 182.21 [36]
b INK-KFE la 161.0—324.2 [35)
1L v E¥N 1% 418.2 ‘
[t} INFZ-FR la 183.1 [39]
7R N 1% 145.58+137.51 (40]
[LiE ZINE la 241.7 [41]

4 Zig

(1) SeIH g e X eV Rt - 3R IR CO, MRS, th TR R ARIR M 22 5 A K 2 Co, il i,
BENTERERKTE COER, BRI CO, i K (271.1£176.4) mg COrm >h™", WoRF /e M
AR — i X BRI

(2) CO, il H AR S B A K S A A R A, =5 2 32 TR RE AR Ak 1) 52 ), 5 R AR A e 3 308 38 A S
W, CO, i Z AR A 5 R AR B ol e 2R TR B 8 AR BUE M DG C R R MRS 2+ e d
BRI T, CO,iH 5 HHERE (WFPS) FHOCOC R A (H 38 5K ik & sl IR, 25 Rl B2 B [ 52
Wi - 3EEREI . BFSTIX BT R Qo0 2.02, A SR 1 €O, 388 o X ek J32 1 i 17 48 Ry AU

(3) fEGEBHE 7 =Un BB AR A2 S i [R] IAR HE COLHER, bR 4964 ML 43

(4) CO, 5+ 1 pH FAAEN B F LM IEAH SC O R, Ul B g e 5 1 118 | pH () 7 = BB AR a2k e
Yty gl , 4 e R AE A
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