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.> Soil respiration and its temperature sensitivity
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 Soil respiration (SR) is an important component of the carbon cycle
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» Global SR rate has been increasing
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.’ Soil respiration and its temperature sensitivity
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The temperature sensitivity of soil respiration is a key parameter determining the climate-carbon cycle feedback.
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High carbon dioxide uptake by subtropical forest
ecosystems in the East Asian monsoon region
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“The total NEP of East AS|an monsoon subtropical
forests was estimated to be 0.72 + 0.08 Pg C yr-1,
which accounts for 8% of the global forest NEP.”

.> Forest ecosystems and the carbon cycle
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’ Global variations in Q,, of soil respiration

71 a R=051P<0001 '1b R=049P<0001 '7 C R =0.05 P=0.713
5 - e 54 ° 54 °
= o . . = 5 . - LI
0'- _ir ] - . O'- 31 3 2 - % 0'- 3 H : ™ .° ]
e ] $ B 3
- . o [} . L ] ‘
1 . 1 1
5 0 5 10 15 20 25 5 0 5 10 15 20 25 0 20 40
MAT(°C) MMT(°C) Ts(°C)
nd R=034P=0004 '€ R=032pP=0000 ' f R =0.38 P=0.002
5 - . 5 - ? 5 <
2
o . o A o H
o 34 ..“o : O 34 28 o. O 34 e @
LET™ L]
1 /| L ] L) ° 1 il ™ .. ‘ 1- ' 'S
.- i 0 1000 2000 0 1000 2000 -100 O 100 200 300 400
384 field measurement MAP(mm) MMP(mm) Ps(mm)
20 data from 114 Mg R=011P=0373 ' h R=002P=08% '] I R =0.60 P<0.001
z published papers and 5- ‘. 8 ‘e 5- )
g 15“ b k 9 ™Y s . . 'O_ o . g - 9 e - ®
E one oo o 34 s ¢ O 3 o o8 308% O 3de. ol e )
z E— "“‘a-"r —"-ﬂ”*t‘
§ 10 1 - L '. L 4 . - 14 ° -
- 0.1 02 0.3 0.4 0.5 0.6 0.7 0.1 02 0.3 04 0.5 0.6 0. 0.1 02 03 04 05 06 0.7
5 MANDVI MMNDVI NDVIs
U—
12 13 14 15 16 17 18
lumcopl Wang et al. 2010 SBB

- NDVI effects removed



@

Ecosystem
® Forests (328)

A Grasslands (152)
Climatic zone

© Boreal (41)

® Temperate (328)
©® Subtropical (85)
» Tropical (26)

> Global variations in Q,, of soll resplratlon
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> Global variations in Q,, of soil respiration

Haaf et al. 2021 NCC
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Variations in Q,, of soil respiration across China  zhuetal 2009 science in china

24 o
22r
20F
2 1.8 F
;3, 1.6 [
1.4
1.2
LOF | 1 . . , . .
0 5 10 15 20 25 30
Soil organic carbon (kgC/m?)
24 o
Qo value :
10 1.5 20 25 g E
S
... conducted an inverse modeling analysis to retrieve
the spatial pattern of Q,, in China at 8 km spatial
. . . . . P, »=0.
resolution by assimilating data of soil organic carbon il o e
into the CASA model. 0 500 1000 1500

- Precipitation (mm)



> Variations in Q,, of soil respiration across China
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Variations in Q,, of soil respiration across China Zheng et al. 2009 SBB
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’ Variations in Q, of soil respiration across China
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> Variations in Q,, of soil respiration across China

Feng et al. 2018 BG
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> Variations in Q,, of soil respiration across China Lietal. 2020 GCB
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.> Questions remain to be asked

* Whether and how dataset update may modify previous conclusions?

* Does Q,, vary among forest types and along geographical gradients across China?

« What are the climatic and edaphic controls over spatial variations in Q,, of SR?

* Direct vs. indirect effects? Interactive effects? Differential responses to climatic and
edaphic factors among forest types?
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.> Synthesis of published studies

o  FREZEIR(http://lwww.cnki.net/\EHEEE

« Web of Science (http://www.isiknowledge.com/\EHE

- 20185E1 1B Z &I BT FE 2 &ZF/A918 3 (peer-reviewed publications prior to Jan 1, 2018)

SR

1. RuERECORNENE, BFIMEHISCIE RikEIIBRZAENHR(in situ measurements, control plots
included for manipulative experiments)

2. PR tRIBFRIFSEE!, SCISFFRFNSRENIE. AR R E({ERSF information

available on forest type, start and end dates, and location of measurements)

3. SEIRRRAZEIMSE, PhEaRIE R E AR (RM<HIFNE R E SR X D s RIER ST

(at least one complete year of measurements)

4. Q,BETF5 cmFLIRE

EIERAY(Q,, values calculated from soil temperature at 5 cm depth)

5. 15?.551'|'§Q105975:z"§ E;EIW

T EQ, A& (Calculation of Q,, is clearly described, or

regression coefficients for calculating Q,, are provided)



169 publications

399 records

25 provinces
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Synthesis of published studies

®l TPEHSEMHAESRGFEREIIREMHXEE
Table 1 Supporting information of the dataset of annual Q)9 in forest ecosystems across China

A i FT @ 258 Type of variable

-t Variable

HuE A
Site

SEAE
Climate factor

EEEE

Vegetation factor

T IRE R

Soil temperature and moisture

=t $iAiAGA
Soil physicochemical properties

- SR P R

Temperature sensitivity of soil respiration

W75 G R

Measurement method information

L #R{5 & Literature information

ZECN). £H(°E). #ik(m)

Latitude (° N). Longitude (° E). Altitude (m)

T E(C). FRKR(mm), FHEH(@mm), FHESmn mm™), 3% EFHECC). Kk
% 4F [ /K & (mm)

Mean annual temperature (°C), mean annual precipitation (mm), annual evapotranspiration (mm), andity index
(mm-mm’l). mean annual temperature of study sites (°C). mean annual precipitation of study sites (mm)

W KR, HEtG@), HHBUE S (m’ m™)
Stand type. stand age (a). leaf area index (m”-m™)
8 5 391 ) °F 2 - R R (°C). RN (6] - A R BRAR('C). MR W) IR B A KR @ m). )

0 B K (%)

Mean soil temperature during measurement (°C). soil temperature amplitude during measurement (°C). Soil

volumetric water content during measurement (m*-m™>). soil mass water content during measurement (%)

HIREHE S REke"). HRARSR@Eke™). BHREEE, HRFEE ™), HIRENE

Soil organic carbon content (g-kg'l), soil total nitrogen content (g-kg‘l), so1l carbon-nitrogen ratio, soil bulk den-
sity (g-cm™), soil pH

+ 3P FE HUR 1 (O)0). Van't Hoff /7 2 9 iE AR

Temperature sensitivity of soil respiration (Qy0). the determination coefficient of Van't Hoff equation (R%)
B E Y, SRMEOW. COMEHZEGFIREGE, SRKREEE. 40N, R2HE@FEEAS
R HEFA[ZE. HIFASRER)

Start date of measurement, end date of measurement, CO, measurement method (Alkali solution absorption, Gas

chromatography, Infrared method), chamber method (Static closed chamber, Dynamic closed chamber, Automatic
opening and closing chamber)
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.> Analysis
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.’ Analysis

ANCOVA
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A E

ST 8] 7 3 P n
Effect factor Forest type Regression equation
“0E DBF Y=0044x+097 0.09 <0.01 88
Latitude ENF Y=004x+1.04 0.10 <0.01 110
MMF + MBF ¥Y=0027x+1.70 0.08 0.01 7
MMF ¥Y=0027x+1.70 0.08 0.01 69
i 3 DNF Y=-026x+3410 0.60 0.02 8
Longitude EBF Y=-0049x + 786 0.12 <0.01 118
) ENF Y=-0033x+598 0.06 0.01 110
53K DBF Y=0.00059x+ 1.92 0.26 <0.01 88
Altitude DNF ¥=0.0012x +2.03 0.83 0.01 g
EBF ¥ =0.00063x + 2.06 0.17 <0.01 117
ENF Y=0.00044x+ 201 028 <0.01 104
MMF+MBF Y=000041x+220 013 <0.01 7
MMF Y=0.00041x+ 220 0.13 <0.01 67
FE¥HEE DBF ¥Y=-0052x+3.11 0.10 <0.01 85
Mean annual temperature EBF Y=-0076x+3.78 0.08 <0.01 118
ENF Y=-0067x+335 030 <0.01 110
MMF+MBF Y=-0053x+331 022 <0.01 75
MMF Y=-0051x+330 021 <0.01 69
EHEEAKR DNF Y=-00025x+4.72 0.59 0.03 8
Mean annual precipitation
FEEN MMF+MBF Y=106x+145 036 0.03 13
Andity Index MMF Y=106x+145 0.36 0.03 13
TRAHESR DBF ¥=0016x+185 031 0.01 54
Soil organjt carbon content EBF Y=0020x+184 0.26 <0.01 61
ENF ¥=0012x+202 022 0.01 62
MMF+MBF Y=0019x+184 0.26 <0.01 34
MMEF ¥=0.020x+ 1835 0.25 <0.01 29
TREBETR DBF Y=035x+1.54 035 <0.01 46
Soil total nitrogen content EBF Y=041x+1359 044 0.01 61
ENF Y=018x+1.89 0.17 0.01 62
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.> Analysis
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Table 2 Multiple linear regression of the temperature sensitivity of soil respiration (Q;) with climate (MAT, MAP) and soil factors (SOC, TN)

TR E! Forest type [])9 772 Regression equation R’ F P n

DBF 010 =—-0.027MAT + 0.334TN + 2.00 0.38 13.06 <0.01 46
DNF 010 =—0.099MAT + 0.06650C + 2.81 0.99 99 86 <0.01 6
EBF O10=—0.001MAP + 0.451TN +2.92 0.50 28.38 <0.01 61
ENF 010 =—0.060MAT + 0.0065OC + 3.11 0.44 22.97 <0.01 61
MF 010 =—0.041MAT + 0.01450C + 2.72 0.33 6.30 <0.01 29
All 010 =—0.047TMAT + 0.012S0C + 2.83 0.33 49.55 <0.01 208

n, PEA R K/h. DBF, MM #k; DNF, % H &4k EBF, W4 EM 4K ENF, WS MF, IR . MAP, SEREK R MAT, E-F35UR; soc, +

WAV & TV, HIRERT &
n, sample size. DBF, deciduous broadleaf forest; DNF, deciduous needleleaf forest; EBF, evergreen broadleaf forest; ENF, evergreen needleleaf forest; MF,
mixed forest. MAP, mean annual precipitation; MAT, mean annual temperature; SOC, soil organic carbon content; TN, soil total nitrogen content.

- *BEREESE, 2020, EYIES IR



.> Analysis
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- QIZ=RERZSIR(MAT. MAP)FILIE(SOC. TNEEMGZSTIN
- SOCFIMAPEIEIRSQ,,, MAPIEIEIZSOCIHIHEIREQ,,; MATEESEE IEPE(XQ, ,, tBEEIEIT TNFISOCIHHEIFEQ,
- QMNIFEEREEZMATIISOCT N, ELXETNFIMAP.
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.> Take-home message

.« Q EFE LEBE—ERIERIEE, (B{FEERKTIRITER(Q, did not differ significantly among

forest types, but showed large spatial variability)

« Q, BEMATFIMAPRIIE DTS/, FESOCFATNAIIEINTDIE X (Q,, decreased with increasing MAT
and MAP, and increased with SOC and TN)

» SRFLTIEEFrIRFEE3%AQ,ZE[ER, MATHISOCEQ, ZERERMNEEFINER
(Climatic and edaphic factors explained 33% of spatial variability in Q,,, MAT and SOC are the primary
factors affecting Q,,)

» ARFMRERQ, NERRINERFEESR, HNIRIREFAIIR R A—2 Environmental
controls on Q,, differ among forest types, and Q,, responded differently to environmental factors among
forest types)
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Spatial variation and controlling factors of temperature sensitivity of soil respiration in forest
ecosystems across China

ZHENG lJia-Jia'?, HUANG Song-Yu'?, JIA Xin"*" TIAN Yun'', MU Yu'?, LIU Peng'? and ZHA Tian-Shan">*

'School of Soil and Water Conservation, Beijing Iorestry University, Beijing 100083, China; *Yanchi Icology Research Station of Mau Us Desert, Beijing
100083, China; and *Key Laboratory of State Forestry and Grassland Administration on Soil and Weter Conservation, Beijing Foresiry University, Beijing
100083, China

Abstract

Aims Our objective was to determine the spatial variation of the temperature sensitivity of soil respiration (Q1)
and it’s controlling factors in forest ecosystems across China.

Methods Based on published papers, the field measurement data of soil respiration were collected to build the
dataset of annual Qg in forest ecosystems across China. Further, the spatial variation and the drivers of Oy in dif-
ferent forest types were analyzed.

Important findings The results showed that 1) Q) ranges from 1.09 to 6.24, with a mean value (+ standard er-
ror) of 2.37 (+ 0.04) and no significant difference among different forest types; 2) When all forest types were con-
sidered, Q) increased with increasing latitude, altitude, soil organic carbon content (SOC) and soil total nitrogen
content (7N), but decreased with increasing longitude, mean annual temperature (MA47) and mean annual precipi-
tation (MAP). Climate (MAT, MAP) and soil (SOC, TN) factors together explained 32.8% variations in Q. MAT
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