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Soil respiration and the 20-year change in three temperate forests in Mt. Dongling, Beijing
YAO Hui, HU Xue-Yang, ZHU Jiang-Ling, ZHU Jian-Xiao, JI Cheng-Jun, and FANG Jing-Yun"

Department of Ecology, College of Urban and Environmental Sciences, and Key Laboratory for Earth Surface Processes of the Ministry of Education, Peking
University, Beijing 100871, China

Abstract

Aims Our objective was to explore changes in soil respiration of three temperate forests in Mt. Dongling, Bei-
jing over the last 20 years from the year of 1994-1995 to 2012-2015.

Methods We re-investigated the permanent plots of three temperate forests (Betula platyphylla forest, Quercus
wutaishanica forest and Pinus tabuliformis forest) which were established in 1992. We measured soil respiration
for 3 years (2012-2015) using a LI-8100 Soil Respiration System. Continuous soil temperatures at 5 cm depth
were measured at the same time. Annual soil respiration was accumulated using a relationship between soil respi-
ration and soil temperature .

Important findings We found that soil respiration rates were significantly correlated with soil temperature at 5
cm depth and that these correlations differed remarkably among the three forests. Annual soil respiration in B.
platyphylla forest was highest, with a 3-year average of (574 + 21) g C-m™, followed by Q. wutaishanica forest
((455 + 31) g C-m™) and P. tabuliformis forest ((414 + 35) g C-m™). In the past 20 years, annual soil respiration in
all these forests increased significantly: compared to 1994-1995, the average in 2012-2015 increased by 85%,
17% and 73% for B. platyphylla, Q. wutaishanica, and P. tabuliformis forests, respectively.

Key words soil respiration, soil temperature at 5 cm depth, temperature sensitivity (Q10), annual flux, temperate
forest
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Jarvis, 2000; Davidson & Janssens, 2006). 1%k />
(Bowden et al., 1993). 743 fit45(Burton et al., 1998).
+3pH{Ei (Sitaula et al., 1995) A4 3% 11 (Fisk &
Fahey, 2001)%5 . oA, -3 B FI/K 73 2 de EL 21
MR T, 75 SRR S KD AR Xk, IR
W AFT A2 5

T8 KA s A, B 1) - 35 e R A
SRR ) )] K £ %5 J (Savage & Davidson, 2001),
11 A I TR] R A T B & 20 WL .- Fang%5(2007) T+
1992471 b 5T 2R R L ¥ 1 #E(Betula platyphylla) .
1L Z=#Kk(Quercus wutaishanica) bk FIH#2 (Pinus tabu-
liformis) bR S R4 i Ay ARbk b, 5 @S2 T —HUk A
FEHE, 1994-19954F 73 Jil il e T H L RPN A, JF
A5 T LA (R VS, 1998). I 204F >k -3
WeJe 5 R AT A2 BRI AS [, AT
2012-20154F 3% H 55 204 1if [7) #F (1) J5 3% (X1 28 1%,
1998; Fang et al., 2007)X}3E i i) +- 5 PP kAT
TEAEWN,

1 MRFHE

1.1 AREXHR

BT T BB B AL UM A S R G0E
REWF5T34(39.97° N, 115.43° E). %X & TR
W AR, R, HEFEERE W, &8
ATl EREKE R (570.3 + 112.2) mm, K#163%
EHTE6-8 4, 1A (4.9 £ 0.6) C, A
17 A3 N (18.7 £ 1.0) °C, HATILAM Y
Yl M (=10.4 £ 1.5) C (FRZEHiAIZE) i, 2012).,
IRAT R A LA R AR (R 7 - o 0 26 PR (1 MEARORITL 2R
BRAR)FIN TR AR GliAa #K) 2 3=
1.2 HiiER

M8 199247 6 B A B g 1 A ik BA 2 SCHiR (Fang
etal., 2007)ic3K, 20114F B Z=FRA TR FAMEMR L IR Bk
MATHAS PRIC K AREHBBEAT T 5 A

I ME AR BE 3 (39.95° N, 115.43° E) {7 T4k
1 350 mi¥ypaIb ) L) B4, BRI . FEHR /N R
30 m x 40 m, FeARJEFEN EME, A DB AL
(Betula dahurica) Al 11147 (Populus davidiana); 7+
W2 3= B AL AR (Acer pictum subsp. mono) ATk
HUAEMk(Sorbus discolor)&%; JEARJZ+7p s, FE
45 F#; (Corylus mandshurica). ¥5 ¥4t (Syringa pu-
bescens) . 7~ & A (Zabelia biflora) Fil 1 & 45 £k %
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(Spiraea pubescens) %% ; HOAZ L%, 1 )2 JF90-
100 cm,

IR KMRRREHL(39.96° N, 115.42° E)fr T 1LY
R A BH Y b, #1250 m. AEHL K/ 430 m % 40
m, FEAR)Z FEAREIL AR, A D5 BHAE; TR
W )2 Bl (8 A A R0 A8 il W (Fraxinus  chinensis
subsp. rhynchophylla) 4 Ji; AR F#EAREE, W)
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(Lespedeza bicolor)%5; AWM E L. +2E
90-120 cm,

TFAMREEHE(39.96° N, 115.43° E)y T 1L I 4< 7
) (A BH I L, 41 150 m, ARid 450 aZify o ALK
/NA20 m x 50 m, HMRAHEESS, MERZE R EARE N
Wb, £ Jz)5100-110 cm.
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55 em i ) 2 RE R, s
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T i SRR G 6 5 30k PRI AF DGk B A A S 3 22 5,
b ERERR I T LRI R R (Ro) By, A(0.51
0.05) pmol-m™.s7", W35 i T 3T A BRAR AN A AR
(4> %14(0.29 + 0.04)F1(0.20 + 0.04) pmol-m™.
so ILRMIMQuodi i, M4.13 £0.37; iRk,
}3.97 + 0.47, FIFEMEAR, 43.69 +0.29 (p < 0.05,
*1).
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0.03-4.85 pmol-m™.s™ 2 [, *F-44{H 41.09 pmol-
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g C-m2a ) FIFARK((414 + 35) g C-m2a™) (&13).
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Fig. 1 Relationships between soil respiration and soil temperature at 5 cm depth in three temperate forests on Mt. Dongling, Beijing.
A, Betula platyphylla forest. B, Quercus wutaishanica forest. C, Pinus tabuliformis forest.

R bt AR R L SR A AR (0 JE A - 3T (Ro, wmol-m™-s™) Rl B AU R H(Quo)
Table 1 Fundamental soil respiration (Ro, pmol-m2-s™) and temperature sensitivity (Q10) in three temperate forests on Mt. Dongling, Beijing

FEHIZSAY Forest type

FEREIFIE . Fundamental soil respiration (Ro)

Quoffi Temperature sensitivity

FIHEdk Betula platyphylla forest
JLZBRFR Quercus wutaishanica forest

WIFAMK Pinus tabuliformis forest

0.51 (0.05) 3.69 (0.29)
0.29 (0.04)° 4.13 (0.37)°
0.20 (0.04)° 3.97 (0.47)°

a,b,c, BEMFRFRIC(a=0.05). 3 AR E R bR e 72 .

a, b, c, significance alphabetic flag (« = 0.05). Figures in parentheses indicate standard deviation.

doi: 10.17521/cjpe.2015.0081
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+ HEnEM; Soil respiration (umol-m-2.5-1)
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B2 bRt R 3P A AR A (S5 8) RSl () i R RP IR B IS R) R A8 4 . A, ETEERK. B, IARARMR. C, SIARHK.
Fig. 2 Temporal patterns of model fitted (line) and measured (point) soil respiration in three temperate forests on Mt. Dongling,
Beijing. A, Betula platyphylla forest. B, Quercus wutaishanica forest. C, Pinus tabuliformis forest.

B A . X — 25 R REIR R BRIGLEE AN, 2L
b PR 25t 5 W - P, 3R R G R
1) B 5 M K] 35 2 —(Hogberg et al., 2001, 2009). 7F
AT, AR 2 LA HUR & =34
REHb b o IR (2 )220 om L3855 %5 i 483.8 Mg
Chm™), WiARKKZ (75.1 Mg Chm™), T KAk 5
f%(71.8 Mg C-hm™)(#1F ¥, 2015), XTI HE S04
MERR I -1 HE SR PP W 26 ((0.51 + 0.05) pmol-m™:
ST B3 = T AARPK((0.29 + 0.04) pmol-m™2.s™)Fl
JHAAPK((0.20 + 0.04) pmol-m2s7Y) (K1), H4b, 115
7K 43 38 3 5 W JEC 40 R O (1 7 H T 1 47 1 W A T
(Linn & Doran, 1984). A WsTRM, 1IN H
6 BEAT B /K S R n 52 26 1439 K (Raich & Schlesin-
ger, 1992). SZHuJE M, FMEPRAFE Hbth #5140 HoK
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oy At RAF, AR IR, i AA bR b A DY R
e, SRR, MR AR, CRK T RE ZE Gl AR,
1998), X 1] REfd - IEIFIR 52 BB ] o

h T 5 U A DX LAl AR AR T PR IEAT LA,
TR T ] P AL ARAR - SRR (R AH DG SCRR (R
2)o SERII, AT FE MR AT AT I A 464—
1105 g C-m2a™, “FHMEH739 g Cm2a”, w1k
TR0 R, B 2 A R e K L HERR (574 g
Cm2a Y thib &2 BAR K. T2 1
Vbt Al bR L 9 TG 4 3 (4031 300 g C-m2a
FHE620 g C-m2a™), ABFFF KA ARt AL T
BLKE(413 g Cm™2a ™). X ] BE i T R
Z FBRWR BT, il T PR R (U5 RS 5 %, 1995;
Grogan & Chapin 111, 1999).
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Table 2 Annual soil respiration of temperate forests (g C-m2a™%)
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bR B T TR IR SRR
Locality Location Dominant species Annual soil  Reference
respiration”

BT EAMHR Temperate broad-leaved forests
YLEHHEAL Kent, England 51.33°N, 1.08°E Castanea sativa 630% Anderson, 1973
YL[EH AL Kent, England 51.33°N, 1.08°E Fagus sylvatica 575% Anderson, 1973
i E % Heidelberg, Germany 49.33° N, 8.67°E /KX Fagus spp., z1% Picea spp. 470° Dorr & Miinnich, 1987
S [E LT Washington, USA 47.38° N, 121.95°W  Alnus rubra 565% Vogt et al., 1980
KB 77E M Minnesota, USA 4550° N, 93.17°W  #& Quercus spp. 794 Reiners, 1968
2 [H B 8 75k M Minnesota, USA 45.50° N, 93.17° W ¥5 Fraxinus spp. 707° Reiners, 1968
2 [H 1 J8 75k M Minnesota, USA 4550° N, 93.17° W HHA Thuja spp., HEA Betula spp. 739° Reiners, 1968
P 25 F5 LM Missouri, USA 38.80°N,92.20°W  #& Quercus spp., LKt Carya spp. 1013° Garrett & Cox, 1973
FEEHZPE M Tennessee, USA 35.97° N, 84.28° W Lilriodendron tulipifera 1 065" Edwards & Harris, 1977
FEEHZPE M Tennessee, USA 35.97° N, 84.28° W Lilriodendron tulipifera 505° Edwards & Ross-Todd,
FE Y VE N Tennessee, USA 35.97° N, 84.28° W ¥k Quercus spp., 1%k Carya spp. 529° gj?/vgards & Ross-Todd,
EFHZVE Tennessee, USA 35.97° N, 84.28° W Quercus prinus 610° ch?r?r?son & van Hook, 1989
FEJL K% kg M North Carolina, USA  35.05° N, 83.42° W ¥k Quercus spp. 857" Johnson & van Hook, 1989
F1[EF§ Henan, China 33.47° N, 111.92°E Hit¥k Quercus aliena 1105° Chang et al., 2007
HH[EY R Henan, China 3347°N,111.92°E  #it¥k Quercus aliena 779° Chang et al., 2007
*HER T Henan, China 33.47°N,111.92°E  #it¥k Quercus aliena, 912° Chang et al., 2007

e FHE Quercus variabilis
THEF Henan, China 33.47°N, 111.92°E ¥ ¥k Quercus variabilis 900° Chang et al., 2007
T [EBEVE Shaanxi, China 33.38° N, 108.50° E  #fi{kk Quercus aliena 7717 Liu et al., 2003
1 [E /5T Heilongjiang, China 4537° N, 12753°E  ZZ ¥k Quercus mongolica 785° Wang et al., 2006
1 [E B4 JpiT Heilongjiang, China 45.37°N,12753°E 1% Populus davidiana, 813° Wang et al., 2006

FI#E Betula platyphylla
H[E BT Heilongjiang, China 45.37°N, 127.53°E 1114 Populus davidiana, 786° Wang et al., 2006

BIMEM Juglans mandshurica
1 [E 87T Heilongjiang, China 45.37°N,12753°E /KM Fraxinus mandshurica 781° Wang et al., 2006
FrIERIL Heibei, China 4250°N,117.35°E  [4#¢ Betula platyphylla 575 Wang et al., 2010
fEJE5 Beijing, China 39.95° N, 11542°E  [# Betula platyphylla 574° AW This study
thE b5t Beijing, China 39.95° N, 115.42° E LA HKE Quercus wutaishanica 455" AWF5T This study
IBHESTHAR Temperate coniferous forests
Je AT Washington, USA 47.38°N,121.95°W  {jik2A Pseudotsuga menziesii 490° Vogt et al., 1980
[ AR RIHM Washington, USA 47.38° N, 121.95° W  Tsuga heterophylla 650° Vogt et al., 1980
FEEBEWIN Washington, USA 47.32° N, 121.58° W  Abies amabilis 620° Vogt et al., 1980
£[H Rk kahM South Carolina, USA  33.50° N, 81.67°W  Kn#2 Pinus palustris 509° Reinke et al., 1981
S [E W HIA M Florida, USA 30° N, 82° W HEHAZ Pinus elliottii 1300 Ewel et al., 1987a
S [E W HIA M Florida, USA 30° N, 82° W MR Pinus elliottii 850" Ewel et al., 1987b
T [E Bk Shaanxi, China 33.38°N, 108.50°E  jifif Pinus tabuliformis 609° Liu et al., 2003
FEH K Gansu, China 38.43° N, 99.90° E HiE =12 Picea crassifolia 584° Chang et al., 2008
1 H 7l Gansu, China 38.43° N, 99.90° E AL A Larix principis-rupprechtii 570° Chang et al., 2008
T E R Gansu, China 38.43° N, 99.90° E H83E A Sabina przewalskii 518° Chang et al., 2008
tH[E BT Heilongjiang, China 45.37°N, 127.53°E £} Pinus koraiensis 514° Wang et al., 2006
" SR IEIT Heilongjiang, China 45.37°N,12753°E  azikmtf4 Larix gmelinii 403°  Wangetal., 2006
3Tk Heibei, China 42.50° N, 117.35° E W A5x4 Pinus sylvestris 453¢ Wang et al., 2010
HE L Heibei, China 4250° N, 117.35°E  #E£Jb75m424 Larix principis-rupprechtii 435" Wang et al., 2010
HrH L5 Beijing, China 39.95°N, 11542°E  jfiif2 Pinus tabuliformis 414° AT This study

DA BER IR L IEPIR I e 5 a, BRI b, £0AM RS HTAY ¢, LI-6400; d, LI-8100,
1) Different letters denote the different measurements of soil respiration: a, alkali absorption method; b, infrared gas analyzer; c, L1-6400; d, L1-8100.

doi: 10.17521/cjpe.2015.0081
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EHERE 1L FRERAE AR
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platvphylla wutaishanica tabuliformis
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F NPT 5 Annual soil respiration flux (g C-m2-a™)

M Forest type

B3 JbntZR R L SFl AL ARbK Y - IR AR & . afiibR
RIS I 22 5 525 E (o = 0.05).

Fig. 3 Averaged annual soil respiration flux in three tem-
perate forests on Mt. Dongling, Beijing. a and b denote sig-
nificant difference among forest types at o = 0.05.

32 LTIEMFRFBES20FHTH

W3R, 12205, 3ANFEHL I 1 1 Rp Ik aF
0B AN R SE R 9, 384 In 2 45 17%-85%2
. PUR3MR R R RSO, &2, HT
iz A% Ak, T BRI L T = ARk T 1 8RR I (Bond-
Lamberty & Thomson, 2010; k%8 Al 4= ) iz,
2012), IR, 3ANFEHBI AW AE 204 (Al FF A R 53
FIHERR S IR BRAR  JHAA PR PRI 1 A 4 53 ) L1990
4F#195.0. 75.2. 94.5 Mg-hm ™28 Ji11 $1]20104F:1£1198.6 .
139.2. 199.9 Mghm™?, H i & EW & MN19.0.
18.8. 17.0 Mg-hm™#4 i1 %39.7., 33.4, 40.0 Mg-hm™?,
HUMRIR78%—-135% (HHE5 7, 2015). L RIFIIE 1%
NP, 1 B2 1 #5843 (Hanson et al., 2000; Shibistova
et al., 2002), HRAREDEMIG N WK< F T
WIS e PRI, T BENF I PR JEC A AR A v i
FECE P A ). RIS B K
AT R b Lo MR R v 38 5 N AT LA, P
DA 2R 70 W) I AR AN 2 5 3 L IR P R ) A4 Y 1) A
o HEAN, Mo ERH R A s T BLF B
HEpHE . R /K 3 45 B RS Wi R 1 1R AR AL
MY 51 A 338 I W (1) A% 4k (Raich & Schlesinger,
1992; Sitaula et al., 1995; Boone et al., 1998) ., 11}
W A 30 R (P B N6 B, I 3Fh AR PRAE 1T 204F K ¥ B
S AR AT 2 Ik
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33 AHAEM

RIS 2R R L 3l AR AR 2 R ) - 4
WREAT T L3 U, - 55201H 20904 AR 1) 1358
WEIRARIEAT T X e fEr b e, BUR3ANR AT
REZ 25 AL SR AN 7 12k
331 TiEMKmZE RS

AR R0 A0 . HR TR R A+ 8
A WU IR IR JE S A AR AR R 1) 25 R S o e, sk 2 A
FN TP A E 520 (Scott-Denton et al., 2006;
Tang et al., 2005), MIfiiAJ AE- 535 T IEIPIRAEAERER
(A= AR S o FRATT AR AE IRl — A 5 ot - 438 i ik
17752, BJEk A 30 2048 /i UL vy B A& 47 &
TR REXT VLI 45 7= A 5
332 tiEKkS

B AK 4y 2 5 A - SR ) 2[R % (Bowden
et al.,, 1993), MFATM LIEIFIEEAULHEFE TS cm
THER XA I ORI R T, ATRE S
PR FRAT TR L SR T (At
333 1ERIMEHTFZ NG

FEA KR (1 L P S () O RAN R A K
Z=(Monson et al., 2006). Ak, i AE K2 gy
AR T 1) Quo S A AN A AE - IR R ] e 2y
SR IR AN E I
EEWME BERHAAFEAE(31321061473133-
0012). 2R TALHR B K E XAF A5t %] (2014-
CB954001) #= & E # % I & $ 1 B (XDA0505-
0000).
Bt oF BAF R ATIEL. RS, K
Ae. FARIF, ARRFARLFEZEFLT L
Frfeh, bmXFEER. ADE. . Z0,
IAREARFAESIMSBELITFLTERENL, F
EAFRILTSAREASAAZ MR EETE. ¥
EH . AT TAEAR B KPR B, —
FECHH
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