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Below-canopy CO, flux and its environmental response characteristics in a

coniferous and broad-leaved mixed forest in Dinghushan China
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Abstract Accurate estimation of below-canopy CO, flux Fcb in typical forest ecosystems is of great importance to
validate terrestrial carbon balance models. Continuous eddy covariance measurements of Fcbh were conducted in a coniferous
and broad-leaved mixed forest located in Dinghushan Nature Reserve of south China. Using a year-round data Fcb
dynamics and its environmental response were analyzed results mainly showed that 1 Fcb decreased during daytime
which indicated that understory of the forest continued photosynthesis throughout the year however understory and soil

acted as CO, source as a whole. 2 Using soil temperature Ts as a dependent variable all of Van’t Hoff equation
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Arrhenius equation and Lyold-Talor equation can explain a considerable variation of Fcb  Among those three equations
Lyold-Talor equation is the best to reflect the relationship between soil respiration and temperature for its ability in revealing
the variation of Q, with temperature 3 Fcb derived from Lloyd-Talor equation is utterly determined by Ts while Fcb
derived from the multiplicative model is driven by Ts and soil moisture Ms . The multiplicative model can reflect the
synthetic effect of Ts and Ms  therefore it explains more Fcb variations than Lyold-Talor equation does 4 Fcb derived
from multiplicative model was higher than that from Lloyd-Talor equation when Ms was relatively high on the contrary Fcb
derived from multiplicative model was lower than that from Lloyd-Talor equation when Ms was low indicating that Ms might
be a main factor affecting Fcb when the ecosystem is stressed by low-moisture. 5  Annual Feb of the forest in 2003 was
estimated as 787.4 296.8gCm “a~'  which was 17% lower than soil respiration measured by statistic chamber method.
CO, flux measured by eddy covariance is often underestimated further study therefore calls for emphasis on methods

quantifying Fcb components of respiration of soil as well as respiration and photosynthesis of understory vegetations.
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Fig. 1  Daily variation of below-canopy CO, flux
2003 10 ~2004 3 2003 4 -~9 Winter data shown were averaged over October 2003 to March 2004
Summer data shown were averaged over April to September 2004
1 n=2137

Table 1 Relationship between soil respiration and soil temperature measured at different depth fitted with Van’ Hoff equation Arrhenius

equation and Lloyd-Talor equation respectively n =2137

Reco ref B/Ea/T, Qo 2
283.16K 10C 20C 30C

4m Air temperature at 4m 0.0467 0.0486 1.63 1.63 1.63 0.014

0.5m Canopy temperature at 0. 5Sm 0.0442 0.0549 1.73 1.73 1.73 0.017

Van't Hoff Ocm Soil temperature at Ocm 0.0271 0.0971 2.64 2.64 2.64 0.032
Sem Soil temperature at 5em 0.0262 0.0996 2.71 2.71 2.71 0.032

Van't Hoff 10cm Soil temperature at 10cm 0.0243 0.1052 2.86 2.86 2.86 0.034
equation  |5¢my Soil temperature at 15cm 0.0230 0.1096 2.99 2.99 2.99 0.035
20cm 20c¢m Soil temperature at 20cm 0.0220 0.1133 3.10 3.10 3.10 0.035

40c¢m 40cm Soil temperature at 40cm 0.0192 0.1240 3.46 3.46 3.46 0.034

4m Air temperature at 4m 0.0465 33399 1.64 1.59 1.54 0.014

0.5m Canopy temperature at 0. 5m 0.0439 37776 1.75 1.69 1.63 0.017

Arthenius Ocm Soil temperature at Ocm 0.0263 67898 2.73 2.56 2.41 0.032
Sem Soil temperature at 5cm 0.0254 69626 2.80 2.62 2.46 0.032

Arrhenius  10cm Soil temperature at 10cm 0.0235 73671 2.98 2.71 2.60 0.034
equation  ]5¢my Soil temperature at 15cm 0.0222 76743 3.12 2.89 2.70 0.035
20cm 20c¢m Soil temperature at 20cm 0.0212 79363 3.24 3.00 2.79 0.035

40cm 40cm Soil temperature at 40cm 0.0184 86896 3.62 3.33 3.08 0.034

4m Air temperature at 4m 0.0460 210.5 1.67 1.50 1.38 0.014

0.5m Canopy temperature at 0. 5Sm 0.0433 215.3 1.79 1.57 1.43 0.017

Lloyd-Talor Ocm Soil temperature at Ocm 0.0228 236.5 3.22 2.27 1.83 0.032
Scm Soil temperature at 5cm 0.0218 237.3 3.34 2.32 1.86 0.032

Lloyd-Talor 10cm Soil temperature at 10cm 0.0197 239.0 3.64 2.43 1.91 0.034
equation  |5¢m Soil temperature at 15cm 0.0183 240.2 3.89 2.53 1.96 0.035
20cm 20c¢m Soil temperature at 20cm 0.0171 241.1 4.10 2.60 2.00 0.035

40cm 40cm Soil temperature at 40cm 0.0142 243.5 4.80 2.84 2.10 0.034

Q. 10°C
Van’ t Hoff Q1 Arrhenius Lloyd-Talor Qo
Lloyd-Talor 01 20C 0, 2.3230C 0, 1.86

" Lloyd-Talor 2 Feb



850 27

4 Feb  5cm 2 Qp 2.7
1.08 Fcb
0.3
T T 02
i E g E
2 E 2E o
8z 8z
= =
S S o
&) &) " R B
15 20 *. 3,05 30
. PR o g
. -0.1 L w .t
g I
Soil temperature (‘C) Soil temperature (‘C)
2 a b CO, y  Sem x

Fig.2  Relationship between nighttime below-canopy CO, flux y and soil temperature of S5cm depth x  for winter a and summer
b respectively

10~3 y =0.00887exp 0.0987x n=1592 R>=0.023 Q, =2.7 4~9 y = 0.0927exp
0.0069x n =545 R*=0.0004 Q,,=1.08 a the fitted curve for winter October 2003 to March 2004  y =0.00887exp 0.0987x n =1592

R*=0.023 Q,,=2.7 b the fitted curve for summer April to September 2004  y = 0.0927exp 0.0069x n =545 R?> =0.0004 Q,, =1.08
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Fig. 3  Relationship between nighttime below-canopy CO, flux y and soil temperature at Sem depth  x  at daily a and monthly steps respectively
a y=0.0073exp 0.1092x n =211 R*>=0.1506 Q,, =3.0 b y =0.007exp 0.145x n =12

R*>=0.776 Q,, =3.14 a fitted model y =0.0073exp 0.1092x n =211 R* =0.1506 Q,, =3.0 b fitted model y =0.007exp

0.145x n=12 R*=0.776 Q,, =3.14

3.3 Fcb
2003 ~2004 Scm 0.21 +0.05 m’'m~’ 10 ~

3 0.15 m’m™? 0.12 m’m~° 4 -
Scm Ts Ms



3 Co, 851

1 1
283.16 -225.9 T +273.16 -225. 9))'

R*=0.039 n=2137
7 Ms R? 1
Feb

F, :0.0193exp(309- ( exp 0.899Ms +8. 158 M’

F&7K Rain
Scem 338 & Soil moisture at S5cm in depth
20cm 138 & Soil moisture at 20cm in depth

040 - L.l 40cm 338 ¥ Soil moisture at 40cm in depth 7%
0.35 - -1 80
R -+ 70
o 030 p AN T ~
g N %, 1 \ AN % ‘ {60 &
< 025 i ] £
o E O A 7 b A \ £
e J \ v 7150 =
’w E 0.20 - ‘s
H RZ] 40 -4
g 015 =
E : 430 &
g .
» 0.10 B Y
005 | L 10
0 —o
2003-01-01 2003-05-01 2003-09-01 2004-01-01 2004-05-01 2004-09-01
H #A Date
4 2003 ~2004 Scm 20cm  40cm

Fig.4  Annual variation of daily mean soil moisture at Sem 20c¢m and 40cm in depth and rain from 2003 to 2004
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Fig.5 Annual variations of daily mean below-canopy CO, flux simulated by Lloyd-Talor equation and multiplicative model respectively
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Lloyd-Talor 0.082 +£0.037 mgCO,m s~' 2 2004 Feb 0.075 =
0.034 mgCO,m s Lloyd-Talor 0.077 £0.034 mgCO,m*s™" 2
Ms  Ms Fcb Lloyd-Talor Ms
Fch Lloyd-Talor Feb
" 2003 Feb 2004 2003 Ts  Ms 2004
2 Lloyd-Talor 2003 ~ 2004

Table 2 Annual respiration of 2003 ~ 2004 estimated by Lloyd-Talor equation and Multiplicative model respectively

Average respiration  Accumulated respiration Soil temperature Soil moisture
Year Model ) 2 -1 o 3 3
mg CO, m~*s ¢Cm™%a C m’m
Lloyd-Talor
2003 T . 0.082 +£0.037 708.6 +290.2 20.6 £4.8 0.230 £0.048
Lloyd-Talor equation
0.092 £0.024 787.4 £296.8
Multiplicative model * 29
Lloyd-Tal
2004 ovesaor 0.077 £0. 034 663.4 £295.9 19.9+4.9 0.189 0. 050
Lloyd-Talor equation
0.075 £0.034 643.5 +£292.2
Multiplicative model * *
3 CO,
Table 3 Comparison of the below-canopy CO, flux in different forest ecosystems
Soil respiration
Location Vegetation Period Method mg CO,m~%s~! Reference
la 2003
EC 0.092
Dinghushan Mixed forest 2003 this paper
la 2
. . @ 2003 . 0.111 78
Dinghushan Mixed forest 2003 Static Chamber
A ta 2003 o 0.132 7
Dinghushan Evergreen forest 2003 Static Chamber
la 2003 0.13 9
Dinghushan Evergreen forest 2003 alkali-lime absorption ’
la 2003
0.070 7
Dinghushan Pine forest 2003 Static Chamber
la 2003
. N ‘ . 0.169 6
Xishuangbannan Tropical rain forest 2003 Static Chamber
a 0.084 21 78
Hawaii Evergreen forest Static Chamber '
2003 Feb
8 17 % 2 79 7 FCb
738 9 Fcb
6 21 3
4
1 22
Feb 0 Co,
2 Feb Feb
Scm 20cm

3 Van’ t Hoff Arrhenius Lloyd-Talor Feb
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