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CO, emissions from upland and paddy red soils in mid-subtropical China
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Abstract: Although CO; efflux plays a key role in carbon exchange between the biosphere and the atmosphere, our
understanding the factors affecting its temporal and spatial variations is rather limited. Field experiments located in mid-
subtropical China were conducted with the closed chamber method to investigate the effects of land use pattern (upland and
paddy) on red soil CO; evolution and its related factors including soil temperature ., soil moisture, dissolved organic carbon and
microbial biomass carbon.

Meanwhile, the annual soil CO; emission fluxes in upland and paddy soils was also estimated in this paper. The results
obtained from this study indicated that, CO, emission fluxes for paddy soil were significantly lower than those [or upland soil in
summer (flooded), but significantly higher in other seasons (non-flooded or fallow). Soil CO, fluxes had marked seasonal
fluctuations, for upland soil, with the tendency showing maximum value in summer, minimum in winter and intermediate in
spring and autumn; However for paddy soil, with maximum value in autumn, minimom in summer and intermediate in spring
and winter. Soil temperature was the dominant factor influencing CO, emission from upland soil, and the exponential
relationship between soil CO,; fluxes and soil temperature could be used as a model for estimating the annual soill C(), emission
flux for upland soil. As to paddy soil, the soil CO; fluxes were mainly affected by soil maisture, and could be used to build an
exponential equation for computing the annual CQO,; fluxes for paddy soil. The two exponential equations mentioned above are
Fdy=10. 379X %% r={. 805" (p=<C0. 05) for upland soils Fdd:=317- 45X e Mmoo 7e0* (p=20. 058) for paddy soil,
where Fdl (Fd2), t and m are the diurnal soil CO, flux (as g CO:/{m® « d)), so0il 5 cm temperature ( C) and soil moisture (%
WHC, soil water holding capacity}, respectively.

‘The annual fluxes were estimated with the following method : Firstly, the polynomial equations were built to describe the
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so1} tempera‘turc {for upland soil) or soil moisture {{or paddy soil} in relation to the cumulating time (dJ during the entire
experimental period. The equations are as follows;

¥ = 27.56 + 0.3527x; — 0. 010225 4+ 7 > 107 %2} — 2 X 1077« + 1 X 10 "z}, Rl = 0. 9881

¥ = 86.15 — 0. 8083x; + 0. 01Mxf — 1 X 10 " + 3 X 107723 — 3 X 1071%%5, RE = 0.9179
where y; and y; were soil temperature and soil moisture, respectively. Both x; and x; were the cumulating time after the.
beginning of the experiment.

Secondly, as the relationship between the diurnal and annual soil CO, flux could be described by a differential function: Fd

=d Fa/dxr. where Fd is the diurnal soil CO; flux (g CO,;/(m? » d}), Fa is the annual soil CO, flux (kg CO,/(m® ~a)}, and x
is the cumulating time (d). Thus, the annual soil CO, fluxes for upland and paddy soil could be calculated by the following

integral functions,

365 - .
Fal = [ {0.379 X EXPL0. 0887 X (27.56 + 0.3527x, — 0. 0102z} + 7 X 10752 — 2 % 107728 + 1 X 107%43) ] idx,

i

345

Fa2 = J ) {31?.455( EXP[ — 0. 049 X (86.15 — 0.8083a; + 0. 014z — 1 X 107428 + 3 % 10772 — 3 X 107 %25y 11 d x,
!

.
which were from the combination of the above exponential and polynomial equations using soil temperature and soil moisture,
where Fal and Fa2 is the annual soil CO, flux (kg CO./{(m% » a)), and x is the cumulative days after the experimental
beginning (d). With the integral functions. the annual soil fluxes were predicted as 1. 37 and 2. 73 kg CO,/(m* *» a) for upland
and paddy soils. respectively, |

Key words :closed chamber method; C(O); emission flux; red soils upland; paddy
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Aungust, 1299; and Time 3 and Time 4 determined in November,
1999, respectively. The columns with the same letter were not
significantly different {(#<<0.05) by Duncan’s method. Error bars

represent SD of the means
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Fig. 2 Scasonal changes of sail CO; flux under upland and paddy Fig. 3  Seasonal changes of soil temperature under upland and
conditions paddy conditions
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Fig. 4  Seasonal changes of soil moisture under upland and paddy
conditions
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Fig. 5 Seasonal changes of dissolved organic C under upland and
paddy conditions
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Fig. 6 13Easona1 changes of soil microbial biomass C under upland
and paddy conditions
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Table 2 Variables for the difference in soil CO; flux between upland

and paddy sails

i h5) CO, BBHEREAT % R 80
Season Seil CO; flux versus . Coefficient ()
FF + 1% {8 ¥ Soil temperature{ C) NS
Spring T+ W@ HE Soil moisture( % WHC) 0. 817"
I 155k Disselved organic C(mg/kg) — 0. 815
W4 BB Microbial biomass C(mg/kg} 0. 828"
NE + B E Soil temperature{ C) NS
Summer 1R F Soil moisture{ ¥ WHC) — 0. 805*
Al B PE B Dissolved organic C(mg/kg) —0. 875"
% 4= ¥ B Microbial biomass C(mg/kg) — . R49*
ZE 1 B F Soil temperature{ ) NS
Autumn IR F Soil moisture{ ¥ WHC)Y 0. 855
A #EHE % Dissolved organic Cimg/kg) —0.876*
M4 91 B Microbial biomass C(mg/kg) 0. 928"
& + 38 F Soil temperature( ) NS
Winter + 88 B Soil moisture{ % WHC) 0. 843"
H] 8 ¥E 8% Dissolved organic Cimg/kg) — .G85 *

B 4 97 B 8% Microbial biomass C(mg/kg) 0.991 "
* B E KT significant (p<10. 05),NS T B ¥ not significant.

&
{0. 378 X EXP[0. 0887 x (27.56 + 0.3527x, — 0.010%x} + 7 X 10 528 — 2 X 10772 + 1 X 1079 3dx,

{317.45 X EXP[— 0, 049 X (B6.15 — 0. 8083z, + 0. 014ax% — 1 X 10~*#} + 3 X 1077xf — 3 X 107 "“xiy ) da,

HHFal Tl Fal 535 2 B Fo K B 4L CO, Wy4EHEBGE B BB EH B Fal M Fa2 KKK 1. 37.2. 73 kg CO,/ (m?

L a)l}

B REN L B AR E R CO, FHHGER W 0.17~11. 64 kg CO,/(m? » a), AR K 75 1 B & T 45518 1
RHLHCO, FHUER(-37~2.73 kg CO./(m? » a DA FRE AN FHRE., XREA LT E, R E -8 CO, £HIGER
ARG HRETARWEE. REMKE L8 CO, FHERRERE ., A AR E R SN - MWE CO, EHiikE
BRH2.41~3. 08 kg CO/(m* « a) B F ARG R . AT RSHE RS BLAHLHEESF L.

3 it

(DAFRMATAMRD LR CO, R BEERERELW, BAAEREB ARG FS) AENEREEHERTE
i, MAEK HIE KB CRERETRARED HH A EENEER T 24,
(2)CO, H#HBEBEAABHFIHER FERUABERR FHRERZ LSRG AHNDKERE . RKEELS,

HERK.

(DERMEFEREDERERNERCKEICO, MW ESE T TH L HEF GER) SERMEE L EE AR . 521

GKHEDCO; HEfhE .
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(O EFEHRF P HKHLE CO, HFEREBGER 2310 1. 37 # 2. 73 kg CO,/(m” « a),

£3 FRAMNAARTCO ERSITRNEE . BEHE TEESRANMENRRERXE

Table 3 Soil CO; flux in relation to soil temperature, meisture, DOC and MBC under upland or paddy conditions.

IR F 2 Hm X T & ) R HERY®
l.and use Affecting factor Regression cquation Coefficient 7
o 2 i#h Upland T + I H Sail tetaperature Fa==0. 370 " 0887 x g 0. 805"
+ MR iR Soi1l moisturc Fd=19.49—0. 702X m+0. 007 X m? 0. 776"
] B Dissclved arganic C Fd=0. 0006 X g™ Piesxd 0. 7617
i 4 B ik Microbial biomass C : NS
7K A Paddy 1 HEiE B Soil temperature = NS
+ 8 B Soil moisture Fed =317, 45 X =0 08 —0. 7607
A #§ tE % Dissvlved organic C — NS
% AE S &% Microbial biomass C — NS

DFBP FdETHCO, HB/ (g CO/m? «d) L WMS em +EEEFCC)om 15 1 W (X WHC) . 3 + W% H OL8E (me/ke)

In above cquations, Fd, tv m and 4 represent soil CO, flux (expressed. as g COy/(m? » d)).soll 5 em temperature ( C), soil moisture (% of

WHC, soil water holding capacity ) and seil dissalved organic carbon (mg/kg), respectively; @ » BE K significant{p<0.05) ., NS FEE

not significant
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