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Soil Ecosystem

Includes roots and numerous consumer organisms

Cunninghum & Caigo, 1999. Environmental Science: A Global Concern, 5e



17 Oct. 2014 YNCenter_Video_Conference Naishen Liang

Soil Respiration (Rs)

Heterotrophic

Autotrophic (Root)
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Figure 2 | Estimated annual global Rs. The dashed line indicates results
outside the time period covered by main data set, S1 (1989-2008), but within
the period covered by the entire Rg database, SO (1961-2008), and should be

considered speculative. The grey region shows the standard deviation of the
Monte Carlo simulations (N = 1,000). Nature, 464: 579-582 (25 March 2010)
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Potter & Klooster 1998 (GBC); IPCC2007

by CASA model
Global Rh =71% of Rs (69.6 Gt C y1)

10 times of fossil fuel emission (7.2 GtC y1)
30 times of land C sink (2.6 GtC y1)

=Plays a key role in global carbon cycle
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Global Carbon Cycle
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Feedback of Heterotrophic Respiration to Global Warming
(Friedlingstein et al. 2006; IPCC 2007)
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Feedback of Heterotrophic Respiration to Global Warming
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Feedback of Heterotrophic Respiration to Global Warming
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Open Questions

» With global warming, will Asian
terrestrial ecosystems continuous be
carbon sink?

» or potentially convert to carbon source?
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Eddy Covariance for Soil Respiration
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Chamber Methods
Static Dynmic
Chamber Chamber
Alll<ali Syringe Stedy Non-teady
Soda lime state state

"~ ] Closed-top | Commociity
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ChinaFlux

A Chamber site
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Manual static chamber-GC method
A i, : _ aplin J

FI ol ':;. i I_' 0 s ! -I.

Gas chromatography

Sampling frequency: once a week
Time: 9:00-12:00

)
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Soil CO, Gradient Technique
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Soil CO, Gradient Technique

Multiplexer

-

=

NDIR

SENSOot Datalogger

1 _

AN

O

[ — '

=5

-

-

::

= \ I
|
gﬁ.
=5
=
-
5

Naishen Liang

sl

23



17 Oct. 2014 YNCenter_Video_Conference Naishen Liang

Automated Chambers for AsiaFlux
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JapanFlux Sites
(since 2000)
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, Heterotrophic Respiration,
Understory Photosynthesis at Tomakomai
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N. Liang et al /Agricultural and Forest Meteorology 123 (2004) 97-117 111

Table 1
Number of sampling points required for the automated chamber, open-top chamber, and LI-6400 chamber approaches to achieve different
degrees of precision (within +10% to within £20% of the full sample mean) with 95% confidence interval

Chamber type No. of sampling CO; efflux (mean + S.D.) No. of sampling points required for
points actually (mg Cm~—2h~1) measurements
measured — —
Within +10% Within +20%
Automated 16 126 + 20 18 5
Open-top 9 118 + 35 65 16
LI-6400 20 202 + 90 355 89

Calculation is based on results averaged for the entire measurement period.
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Soil CO; efflux of a larch forest in northern Japan
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Abstract. We had continuously measured soil CO» efflux
(Rs) in a larch forest in northern Japan at hourly intervals
for the snow-free period in 2003 with an automated chamber
system and partitioned R into heterotrophic respiration (Ry)
and autotrophic respiration ( K;) by using the trench method.
In addition, we applied the soil CO: concentration gradi-
ents method to continuously measure soil CO; profiles under
snowpack in the snowy period and to partition Ry into topsoil
{0y and A horizons) CO; efflux (F;) with a depth of 0.13m
and sub-soil (C horizon) CO» efflux ( F;). We found that soil
C0O, effluxes were strongly affected by the seasonal variation
of soil temperature but weakly correlated with soil moisture,
probably because the volumetric soil moisture (30-40% at
95% confidence interval) was within a plateau region for root
and microbial activities. The soil CO; effluxes changed sea-
sonally in parallel with soil temperature in topsoil with the
peak in late summer. On the other hand, the contribution
of Ry to Ry was the largest at about 50% in early summer,
when canopy photosynthesis and plant growth were more ac-
tive. The temperature sensitivity ((10) of Ry peaked in June.
Under snowpack, R, was stable until mid-March and then
gradually increased with snow melting. R, summed up to
79 oC m~? during the snowy season for 4 months. The an-
nual R, was determined at 934 gCm~2 yv~! in 2003, which
accounted for 63% of ecosystem respiration. The annual
contributions of By, and R, to R, were 57% and 43%, respec-
tively. Based on the gradient approach, R, was partitioned
vertically into litter (O; and O, horizons) with a depth of
0.01-0.02 m, topsoil and sub-soil respirations with propor-
tions of 6, 72 and 22%, respectively, on an annual basis. The
vertical distribution of CO» efflux was consistent with those
of soil carbon and root biomass.

m Correspondence to: N. Liang

o BY (liang(@nies.go.jp)

Published: 5 November 2010

1 Introduction

The world’s soils contain about 1550 Pg of organic car-
bon, which is more than twice the amount in the atmosphere
(IPCC, 2007). Forests worldwide contain about 45% of the
global carbon stock, a large part of which is in the forest
soils. Recently, Bond-Lamberty and Thomson (2010) esti-
mated that the global soil CO: efflux, widely referred to as
soil respiration (Ry). was about 98 Pg Cy~! in 2008 based
on a five-decade record of chamber measurements, which is
more than 13 times the rate of fossil fuel combustion (IPCC,
2007), indicating that 20—40% of the atmospheric COz circu-
lates through soils every vear. Overall, R, is the largest com-
ponent of ecosystem respiration (RE) and the second largest
flux in the global carbon cycle after gross primary produc-
tion (GPP). R, is therefore a key process that is fundamental
to our understanding of the terrestrial carbon cycle (Davidson
and Janssens, 2006). A relatively small change in the carbon
flow into or out of soils can strongly influence the global car-
bon cycle. For example, it was reported that the global Ry
increased by 0.1 PgCy~! between 1989 and 2008 (Bond-
Lamberty and Thomson, 2010), and that the positive feed-
back from this enhancement of R by global warming would
further raise atmospheric CO; concentration by 20-224 ppm
by 2100 and resulting higher CO- levels would lead to an
additional temperature increase ranging from 0.1 to 1.5°C
(Friedlingstein et al., 2006; IPCC, 2007).

In forest ecosystems, micrometeorological studies (i.e..
eddy covariance) have shown that, on average, about 80% of
GPP is respired back to the atmosphere (Law et al., 2002),
and R, has been estimated to account for 60-90% of RE,
with marked temporal as well as spatial variations (Law et
al., 1999; Janssens et al., 2001a, b; Liang et al., 2004).
Therefore, R has recently received much attention from re-
searchers and its accurate measurement is critical for devel-
oping a reliable model of carbon exchange in forest ecosys-
tems (Jassal et al., 2007; Zhou et al., 2009).

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Inter-annual Variation of Soil Efflux at Tomakomai
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Sustained large stimulation of soil heterotrophic
respiration rate and its temperature sensitivity by soil
warming in a cool-temperate forested peatland

By MARICAR AGUILOS',

KENTARO TAKAGI**, NAISHEN LIANG

Naishen Liang
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On-going Project

In-situ incubation

Evaluation of effects by short-term climate change, natural
disturbance and human disturbance
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On-going Technology

Understanding
mechanisms

Answering questions:
Carbon sink?

source? oy T e

PR ?
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Sampling for Soil *#C
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Profiles of POC & A™C of Japanese Forest Soll
POC/ wt%%

® B LIX
O XHEX

Older SOC seems more sensitive to temperature than that of new SOC
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Ecosystems (Biomes) in Asia

T— ng._pfec_ipuat.ion © 2002 Brooks/Cole - Thomson Learning
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Seasonal Changes in Soil Efflus at Pasoh Tropical Forest
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Soil Moisture Response of Auto- & Heterotrophic Respiration

'_\
H

=
o

Rp (CJmol m’ s'l)

9
8
7
6
5
4
3
2
1

[N
(€]

Ry (Cmol m’ s'l)
=
o

(63}




17 Oct. 2014 YNCenter_Video_Conference Naishen Liang




Naishen Liang

17 Oct. 2014 YNCenter_Video_Conference

Soll Respiration at Different Land Use Types

Soil respiration (umol m?s™)
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Soil CO, Efflux vs. REDD Credit

With 30% of logging intensive (low-impact logging):

T,=23.5°C + ( )
C =38 tC/ha ( )
d = 13% (decomposition ratio of CWD)

$ =15 USS$/tC

Total carbon lost at the first year after the logging:

>'$=(3.32+5.70) x 15 =135US$/ ha

REDD credit =247 - 135 =112 US$ / ha
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Low Power Consumption
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S_ubtroplcaI_Broadleaf_Foﬂr_e_st‘at Mt. Ailao

' g

2990, doi:10.1002/jgrd.50300, 2013

£Soil respiration in an old-growth subtropical forest: Patterns,

components, and controls
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Soil temperature at 5 cm (jae)

CH, flux (mg m'2h'1)
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A comparison of methane emission measurements using eddy

covariance and manual and automated chamber-based techniques in

Tibetan Plateau alpine wetland
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Inner-Mongolian Grassland
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Seasonal Permafrost meadow, 4100m, Tibet Plateau
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Soil Respiration of Subtropigal Forests
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Seasonal Changes in Soil CO2 Efflux at Xitou Flux Slte

30 —

25

20

15

Air temperature

10

Soil CO, efflux (Cmol m™? s™)

— Air temperature

40

Soil efflux

= SOl temperature

11/9/5

11/9/19

11/10/3

11/10/17 11/10/31 11/11/14 11/11/28 11/12/12
Time of 2011 (yy/mm/dd)

J 10

100

80

60

20

24

22

20

18

16

14

12

Volumetric soil moisture (%)

Soil temperature




17 Oct. 2014

YNCenter_Video_Conference

Naishen Liang

Is soil respiration regulated by surface soil water content?
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Following rainfall, soil respiration increased immediately to a
high value. However, the rate had returned to the general lower
level by the next day.
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Multichannel Automated Chamber Systems
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Chamber Network Publications

Liang et al. 2003. Tree Physiol.

Liang et al. 2004. Agr. For. Meteorol.
Liang et al. 2005. Phyton

Liang et al. 2005. J. Agr. Meteorol.
Takahashi & Liang. 2007. Geochem. J.
Takahashi, Liang et al. 2008. JGR.
Takagi et al. 2008, GCB

-~ Sano, Hirano, Liang et al. 2010. FEM
- Liang, Hirano etal. 2010. BG
"B Aguilos et al. 2011, BD

Yao et al. 2012, JFR

| Tanetal. 2013, JGR

8 Yuetal. 2013, EP
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