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Abstract: Soil CO, flux at different depths is an important means of researching the soil CO, dynamics. At present, the
impacts of clear—cutting and slash burning on forest soil carbon emissions focus on surface soil, while their impacts on soil
carbon emissions at different depths are not well known. In this study, CO, flux along a soil profile (0—80 cm) was
measured in an uncut secondary Castanopsis carlesii forest (CT) and a clear—cut, slash burnt (SB) stand of Castanopsis
carlesii located in Sanming, Fujian. A scattered infrared CO, detector was used to measure soil CO, concentration, combined
with Fick's laws of diffusion to estimate soil CO, flux at different depths. Results showed that, (1) SB changed the apparent
CO, flux significantly. Within two months after SB, the soil surface CO, flux increased by 68 %. However, the soil surface
CO, flux decreased by 37 % two months later. (2) After SB, soil CO, fluxes at depths of 0—10 ¢m, 20—40 cm, 40—60
cm and 60—80 c¢m decreased with the exception of an increase at a depth of 10—20 cm. In the meantime, SB decreased the
contribution rate of CO, flux in the 0—10 cm soil layer, and increased the contribution rate of CO, flux in the 10—20 cm

soil layer. (3) There was an exponential relationship between soil CO, flux at 0—10 cm and temperature, and the soil CO,
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fluxes at other soil depths were linearly correlated with soil moisture in the control plot. After SB, soil CO, fluxes at depths
of 0—10 c¢m and 10—20 cm were exponentially correlated with soil temperature,, which illustrated that SB changed the soil
CO, flux response at different depths due to environmental factors. Thus, in order to estimate and predict the impact of clear
—cutting and SB on carbon exchange between soil and the atmosphere accurately, it is necessary to consider the changes in

soil CO, flux during different periods after SB and the response of soil CO, flux to SB at different depths.

Key Words: clear-cutting and slash burning, CO, flux, soil vertical profile, soil temperature, soil moisture

- IENE A R Bl b A 2SR G R Al i, 2T R R S A S R B MG R R R A
PEFIT . N3 305 R 0 BRI B 5 BUE 28 R GumR it AR, B A5 4005 B MR i 73 S0 P O BR TR, B2
WFFE e BT — M0 P9 ) AR Ak 1) RSB CO, A 87% 3k A T AR bR | 8 i JobedE 3k
T 7 T AR e e 1t 32y 5 O 7 5 ) IR R )3 R D S A S R o A AR A B R AT
b, RIS B A A58 Xt - ST 1) 5 g B ECATL A et v B DPA 2 25 R B I e -y FL AT S 3

B B AT O B AR KBt - e I S L R A T R AT (H R RS AN TR TS shxt - R Co,
A FIEREE R 78T R B R AS TR E - 3 CO, 3 i 1 S0 DU LA G, 3 CO, e
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7 HAN10 A XS R KB RE BE TR B
1.3 HHEERW COo,im & uim

RS UEY TR AUAE ARG DX )38 T AR BF 58 R Li-8100 a2 v 0N + 3830 CO, 38 i | 76 R An i
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Table 1 Soil properties of control treatment ( CT) and Slash burning ( SB)

e IR SR A T A e

Treatment Soil depth/ Total C/ Total N/ pH Microbial biomass C/
cm (g/kg) (g/kg) (mg/kg)
X (CT) 0—10 16.33+0.40Aa 1.46+0.01Aa 4.39+0.17Aa 202.3+1.24Aa

10—20 10.85+0.10Ab 1.15+0.01Ab 4.40%0.31Aa 142.48+3.52Ab

20—40 5.70+0.03Bc 0.81+0.01Bc 4.36+0.08Aa 108.61+4.19A¢

40—60 3.81£0.07Ac 0.76+0.01Ac 4.370.3Aa 60.00+2.93Bd

60—80 2.93+0.09Ac 0.69+0.01Ac 4.32+0.25Aa 54.75+1.04Ad

BB (SB) 0—10 13.91+0.14Ba 1.43+0.01Aa 4.14x0.20Ab 153.86+7.67Ba
10—20 9.49+0.10Ab 1.15£0.01Ab 4.5120.18Aa 125.09+14.67Ab

20—40 6.4220.13Ac 0.91x0.01Ac 4.1320.15Ab 78.29+2.11Bc

40—60 4.3320.16Ac 0.84+0.01Ac 4.08+0.07Ab 84.69+4.32Ac

60—80 3.21£0.12Ac¢ 0.78+0.01Ac 4.060.09Ab 42.32+1.21Bd

FerP B N AR E 22 s R IR K S AR AR L2 R AN EE 2 (7] 25 53 8.3 (P<0.05) , RIF/NE R F R AR A IR R 22 A2 5 8
#(P<0.05)

1.5 TIEFITE CO, il & M TTEk A5
PBO LA Fick 55— 98U A ES KR , S RIER B 418 CO, 38 f (F,) T AT CO, 1 e B 6 13 I FLAE
I AR TR BOR TS | Maier, 2014 #7}1,
Fi =Dy E (1)

dz
A, D AT CO P BLREL(m*/s) ;€ HIRFE 2(m) 13 CO, M (mol/m’) ; AWFFH,0—10 em CO,
)3 1 e s DA B A IR 10 em [R]AY CO, 1M A BE 11510 T8 5R WL CO, i it 10—20 em CO, 138 5%
R A R EE 10 em 120 em [ CO, MR BERR BETHRLAY 10 em WREERY CO, i DAL,
D THRA RN

D, =eD, (2>
K, e Mﬁw%{zﬁfﬁ%i&-aﬁa H KA CO, U HURE(T=20 C 8 293. 15 K. P=1. 013x10°Pa i}, D
47x107° m* - 57", R BATA AT ARG o1 (AR AT AT 58 & B, Moldrup2000 A5 15 ﬁﬁ
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Fig.1 Inter-annual dynamic of soil vertical profile CO,concentrations in the SB ( plain line) and the CT ( dashed line) plot from June 2012
to May 2013
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fluxes calculated according to the gradient-based method ( vertical (dashed line) directly measured with Li- 8100 chambers within
axes) using the Moldrup et al. (2000) diffusivity model two months after SB
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H ORI 42 - R 0 W35 25 5 2013 4F 3 H & 5 H - B B bl - e B 38 in i 7, % BERE R[] 4 2
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B R e 5 0T B 3 B KORAEAR (L A RAR L (A AR be s T2 SRR B R, Bk e S

Xof REAS TR B 3 /K a0 25 S5 B RS JE BRI TS . 2012 4F 6 H % 2013 4F | 1, AR IORS R E H 5
IKEBE XK 7). HAIELL 0—20 em B EIES KR i 22, WA RRARBEIY 7% —32% B AR 22 B Ak
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Fig.7 Inter-annual dynamic of soil vertical profile temperature( A) and water content(B), in the SB ( plain line) and the CT ( dashed

line) plot, from June, 2012 to Mary, 2013 at each depth
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BB 40—60 em LR 1 CO, MG T SK AT W3 USSR LRI COL i 5 Lk i
PIJ0 R E A AE
%2 FRRELHRE(T)FLEHEE (W) 5 CO, BRERMMINA FTHMESHY

Table 2 Parameters of two models of CO,flux in relation to soil temperature(T) and soil moisture content( M) at different soil depths

Ib3g A g R=axe'" R=axW+b
Treatment type Soil depth/cm a b R? a b R?
Xt CT 10 0.578 0.086 0.689 ** 3.544 2.386
20 1.665 -0.023 0.051 -9.954 2.958
40 0.275 0.013 0.037 -3.416 1.045
60 0.059 0.088 0.232 -4.088 1.209
80 1.047 -0.042 0.269 -3.851 1.487
Bk Kk be SB 10 0.993 0.03 0.246 " 2.165 1.551
20 0.843 0.037 0.226"* -0.367 1.874
40 0.254 -0.021 0.004 0.976 -0.031
60 0.141 -0.015 0.011 -0.913 0.294
80 1.184 -0.159 0.042 1.431 -0.26

* FORIRFN W FIKT(0.05) , + + FIoRIBFIL 2 Z MK (0.01)

3 e

3.1 B fkpant HHEERUL CO, i AR LAY IR .

B Kobext 1 CO,Tm R AR, 5 KB R BOULIN I RI A 56 AHFgE i, B A Be bRl 2 A A Py, 41
FM CO, MR 2 TRIR %45 5 540 5T 250, Wiithrich 2576 B -1 B RIF I & 30 55 44k Be 2 42 i -+ 30
W ARG EARCRR R R 6 0 S R R (B 7)) B A AL b R AT
PR IERPIE ) ORI B B AR T AR R R B A L R 25 - pH T AT
filo A W ) A A T T i e - BRI 2 KO R M P SR AR o8 45 P SR AR e Al ) B, ) st 348 o 35
Z0, b I R 2 2 )R H IR CO, M K T R AT R R A kOB 2 A H R R
WISET HR M b6 R, 2 A PR B FRAR Y K 2 0 DR (1 456 25 DS S R P R T iR &
A1 COmEMEAR Y AR ICbes/ D R T YRR 5 R - A MU A | A 1 88 CO, 3l
TR KBS AR AR I s R 5 L 1 CO A R
3.2 R BET HHERRIEREE CO, i B YR .

ARG, AR BB AN R R B 8 CO, il i, %t BEAR LE, B AR kB8 10—20 em TR +1E CO, il &
I B AR FIVR EE 4 CO Mt 34 i 3 AR, Rl B HRk BBl TR [R] - 2 X T RHER M CO,iE
HINTTECR, B HRAREE 0—10 em )2 CO, TTHR B35 TR, 10—20 em +)2 CO, TR 3% JF, Ha+
JZ CO, sk Te &R 1k,

)2 0—10 em R R A A LIRS RA SOHERROE 48 CO, P 5 19 R B A 0T A X B
i 0—10 em 1222 FM 14 CO, il & 1Y FZETTIRE (Kl 6) o I Aok R IE R T 75 Y 25 /R ,0—10 cm
B e AR BE R (FR ) RIS R 0—10 em SRR T B, 1 % 12 CO, BTk AT,
H— M, KBEREAK 0—10 em 2R RIS % )2 CO, Tk R RAR A 2R N 7 R JObe A%
0—10 cm £ )2 CO, /" &5 FECHXFFM CO, M & 1 Tk F MR T B, JEMFEAL 0—10 em £3 CO, il , Bk
KBEFE 10—20 em +JZ CO, TR LT, EEA LT = mAEEAE, 155, B =R A BERFEIK 10—20 em
1 3SR AT %12 CO, bRy # » , Hk, B ABEREIR T 0—10 em (3454, fif5 10—
20 em )25 KA SRS HAG5R RIE 3 mRKA % 2 0,8, e A s sh Y iR S
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FENPIG . HJo, B ARCBERE N 10—20em t- B L8, BRI 4 2 R B I TH i S M s e
BN 10—20 em 235 B =AW, &R AR dEix 2 CO, BIHERL, &5 )2 COo, & K&
HXFFM CO, 1 TTRRAS R JCBRE 20—80 em -3 CO, I HH MM T %) IR | A7 ] A it Ji PR 2 W5 1 ke
FEAIZ T2 AR R AT, AR B A OR S IR 1% 2 B KR T B 2R L2 0 S F2 e B AR ZR 0P T F Y
W JE v T S A VP B I A e | T R AR R IZ )2 CO, e ) RARYE A, B R OBEXT 20—40 em
40—60 cm 1 60—80 cm +-3 CO, TTHkR IC B E 520 A 5 A il BE 2% 12 CO, & IR IE 5 3 Co, Bl
B FRIEEREEGE , S E0% 12 CO, Tilk R %A BE 2k, hubnl WL, BAR B AR AE T 1500 CO,
i (H AU I TP A LR 0 A, AR T IR R E T
3.3 R[AIREE L1 CO, 38 o X i RN B 7K R g i iy

b ST RN K AR R YT ST ) xR R AR Y ARG 2 WX R - R W (0—10
em) ) CO, i i 5 + 18I BF AR 0 3 AR BRI ¢, Ak + )2 COoL il 5 R IR E TC B F 18 86, B Ao
FA KN T 158 CO, il & HoA B | HAIFGE KB 10—40 em +)2 A 118 CO, il H R HEE KR
B R FELETAE, K, RS 10—40 em 3 CO, 38 7] it 322 + 3 5K R, S5 10—40 em +
25 CO, 5 TR W E RO O . 5o BRI A [ Y 2 B AR B RE Ml 358 0—20 em 19 CO, i
SRR RIEBHC, TR TR AR R EREILT 10—20 em HJZA &K (15 R HELE M & Ak
A5 TR T E KR T I W s S A D3 — O T IR TS T 10—20 em - BEARA W 05 P
FRIERE N, 51 T %12 co,mu ) BTt

ABFFE XS BEAEHL 10—20 em F1 20—40 em DL R AKCFeRE D 20—40 em + /209 4 CO, i m 58K
R (E 2) , SEAHEIIFT ALE T e rb (O FLER A 3 p R i 0 Bk AR, &
KA N2 3 LB oK S RSN, (45 CO, 78 b i fL fa A2 BB AR T+ Co, il &, o5 — i,
S K A vt S e R A R IR SR A I ) R W B el R Ol R FRAL, A R
MK E N 4 CO, B R ER T X AT RE SRS KB K A BRI A G, ARBFSE A 20 em R LA
T IR E IR TR AFEK ST BRI GO, B /K SR G AU 23 6 #F - R HE O T 25 7= A 9l E
40—80 cm /2 HI1E CO MR — EAm (B 1) AT K REURIR A, CO, 1l & — E R 2 1R B 7 /K &
M /N

4 %t

H2 AR JCRAE S S P L DX AN T A it , X DRI AR e — B AT IEE PGS . AR TE
WFFEAN R EE L5 CO, 8 5 X B AR IR I, (1) B AR e Xy 1 B8 14 52 Wi B 45 1] 1) 1 228 A T 7 A= AN
FlRZI AR I 2 AN H N, R L CO il X R, 2R, AR R b R+ 3 COo, i
R T XTI, (2) B RPN FREE Y CO, 8 = AR FE I, Horp | B R B> 0—10 em +)2
[ CO, i #2255 10—20 em [ CO, il 5, [FIFF B R E £ 2T R0 CO, i & 1 5Tk %, iF%E{% 0—10 em
+ 2/ CO, i Tk E, I H IR 0—20 cm ) CO GBI TTRAE, (3) Bk ka2 AR +3 Co,
XTI R R R A R R TR B R X T R A A e s e 1 5 TR R B
TRl 3 1= 48 CO, 3 = AR AL , A AN IRI IR BE + 358 CO, 38 Xt T3 AR JObe A M 1
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