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Abstract

Aims  Woody-tissue respiration (Ry,) is well known to be a large component of the terrestrial ecosystem carbon
balance. In order to quantify the intra- and inter-specific variations in stem respiration, investigations were made
on the temporal and vertical variations in Ry, in order to reveal the vertical pattern and the regulatory mechanisms
of the temperature-sensitivity coefficient (Q1).

Methods CO, release rates and stem temperature were measured in two typical deciduous species (Sophora ja-
ponica and Salix matsudana) from March through December 2013 in a suburban park in Beijing. All measure-
ments were carried out at three heights (10 cm, 140 cm and 270 cm) corresponding to the base, breast height and
first branch of the trees.

Important findings It was found that the stem respiration differed significantly between the two tree species.
The Ry, in Sophora japonica was 1.12 (July) to 1.79 (May) times of that in Salix matsudana for the same months
except in April. Clear diurnal cycles and strong seasonal variations were found in the stem respiration per unit
surface area (Rg). The seasonal variation patterns of Ry, were unimodal for both species; however, the peak month
differed between the two species, i.e. July ((5.13 £ 0.24) umol-mfz-sfl) for Sophora japonica and August ((3.85 £
0.17) pmol-m s for Salix matsudana. Stem respiration during the growing season (July and August) was high-
er than in the dormant season (November and December); whereas the seasonal variations of Q) showed opposite
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trend, i.e. higher in the dormant season than during the growing season. Ry increased and the diel patterns of Ry,
varied with height; the pattern of stem respiration was unimodal for trunk and diauxie for branches, respectively.
Stem temperature was found to be the dominant factor regulating the diurnal dynamics of stem respiration at a
daily scale. In addition, Q) higher at the top than at the base. Stem temperature and Qj, collectively determined
the temporal and vertical patters of stem respiration. During the growing months, daily accumulated respiration
per volume of woody tissue (mmol-m °-d ') was linearly related to the inverse of stem diameter measured at breast
height. The level of respiration was better expressed on area base (pmol-mfz-sfl) for comparisons among individu-
als and examination of temporal and spatial variations of the same individual. Therefore, the spatial and temporal
variability of Ry, should be considered in the construction of city forest carbon budget model so as to reduce the

estimation error.
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Table 1 Basic characteristics of the sampling trees
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EL Sal 13.8 21.6. 16.8 12.9
Salix Sa2 15.7 29.1 22,6 185
matsudana

Sa3 18.4 34.2 28.7 22.8

a, &5 (cm).
a, heights for measurement (cm).
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Fig. 1 The seasonal variations of stem respiration and air
temperature in Sophora japonica and Salix matsudana (mean +
SD).
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Table 2 Comparisons of respiration at a reference temperature of 10 °C (R)¢) and temperature-sensitivity coefficient (Q;9) between two species
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Species Month Regression equation (umol'm™s™)
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Fig. 2 Seasonal variations of temperature-sensitivity coeffi-
cient (Qy9, A) and stem respiration at a reference temperature of
10 °C (Ry9, B) on stem surface area base for the non-growing
season (Oct.-Dec.) and growing season (Jun.-Aug.) in Sophora
Jjaponica and Salix matsudana (mean + SD).
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Fig. 3 Dynamics of stem temperature (7)o, Ti40, T270) and
stem respiration rate (Ryg, Ris0, Ry70) at different heights (10,
140 and 270 cm).
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Table 3 Fitted equations for stem respiration and temperature and temperature-sensitivity coefficient (Q10)

R B ETEVEE IR i Ou IS
Species Stem height (cm) Regression cquation Time lag (min )
b 10 Y =0.8761"7% 154 2.09 0.722"
Sophora japonica 140 Y= 090240821 136 227 0.754"

270 Y=1.0132e""% 122 2.50 0.846"
L) 10 Y=0.8115¢"04%> 176 1.54 0.707"
Salix matsudana 140 Y =0.9232¢™% 152 1.73 0.854"

270 Y= 0.9273&>7%" 126 2.11 0.955™

% p<005; * p<00l.
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Fig. 4 Analysis of the relationship between stem respiration
and temperature at different heights.
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Fig. 5 Analysis of the relationship between the daily stem
respiration accumulation per tree expressed on a volume basis
and the inverse of stem diameter measured at the breast height
(D™ in Sophora japonica and Salix matsudana.
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BRI AR R (p < 0.01). HHRRIUENIFE
BEAR AR A4, PRI A2 [ CO, 2 B T 1% T3
2, AW BCAAL AN (umol-m s )ik kL T
WO T LER . S ANPI PR A () 22 5 B T Bl
20 ()R S A ) L AT — s A B
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Table 4 Result of covariance analysis (Dependent variable: Daily stem respiration accumulation rate)

s R J5 i %7 FlE P
Source Type I1I sum of squares Degrees of freedom Mean squares F values Significance
FEAA Corrected model 4809.961° 2 2404.981 64.400 0.000
A Intercept 836.282 1 836.282 22.394 0.000

B A2EL Inverse of diameter 3700.128 1 3700.128 99.081 0.000
FFh Species 335.130 1 335.130 8.974 0.009
1% # Error 560.168 15 37.345

&t Summation 15220.594 18

T IF & 71 Summation correction 5370.129 17

a,. R*=0.896 (adjusted R* = 0.882)

b LG SZ I B AR AR AR 1 B,
VR BRI LA B AR A B R 2 W) T 22 0y
Bre SEHEoR, EHERR T EAARBIEOR S 2 IR il
N, B2 AR AR B )5 MR PR AR A A S T
5o WSHL LI ESE (LA LR, AT 5 BT AR
it ELAR (BB PR I (AR (> 0.90) K TP
ILEE BRI T 223 TR = 0.896) 0 L0} LL I
PR SEARHGR MG T, T LA LA H AR AR
T TP R T IR AR 51 ) o

3 Zigfnitit

L5 PR TR T P 1) L o R B, T
WP IR ) 2 S Y S, 60K 22 50 0 AL BRI K ST
TEAHIE). X ATEEE TP R AT B
ST S 3B 45 K ANTR], DT B8 P EB C O, 1) 33
PEAFAE 22 I RN o VF R ER Q0T )X [ AR b
DX 2R 8 1) 14U S R0 T ) W R 5 R B, A AL
A FH 2 RS LA ] 88 o PR AR I W0 v T S LA
Filre A% Bz GRG0 B3 e — e RS R Ry B2 %t P B
COL AR IR HE, X st T PR A ] o A 22 53 1)
T H 5 K (Steppe et al., 2007). 11 A 5T K ALAN
A0 53 Sl 2 TR AL RO LA ) SRR AR A, 5T
gE YR EEQOIDIZ S M) & .

ARBFFE, W WA PR H BRI
AR T PR 3R o PR AR T RO AR A3 L
FIAASIF IR H BNASHE 5y, B850 e o B 4k
(9 Ry H AL AR S5 00 T 8 H AR I 7 — 3%, A
X R R B B i 2 AR IO (— o B Ak ) )
R0 R M 2, H AR R H R HII S, X
ARE S T b R R I v, O T R A O
(Liberloo et al., 2008). TEA IR 1) 7 15 AR ARG

ORI, WAk S R TR A KR R S
TAEKE, XEFNEED N EKET, B4
ZH A I AR FRVE PR A 7S 2 IR AL, T
58 [ IR PR SR A 187 3 £ 21 2R A K T B () i S R i
SR, X S E R I R R R IE S (F0 4
%45, 2013).

308 T T[] B 2R AN [i) v b RS T R o) L A
FURIN, Ry Sk AR AT PA 5 52 BH S8 PR 6 58 40 A1,
P 4 B DN v P R B T 0 . AR SRR B 1T
T E e FL Q0 25 5 2 38 JOAS T Wi A 1 AR AN o
AR . 56l 2 A A 22 BIOKPH B, H AR AR
AN, ATy T, AT TR T B T R .
Stockfors (2000)IA Ay, U1 ERANTE RS P 50 (1) 3 B2
e, WA AT LTI A S (A I £ 3 185 8% 1)
W2 o Syhb, TP S 4 ) o A R R A AR
2338 ORI T B AR A o DR B2 U0 U R B 11 PR A
ABIFFEAE I 705 8 AR A R S 2 WL 7 1o A7 75 32
1T SRR I TR

AT LR 10 AN Jr F8 380 5325 0 1) DB i A,
AR Z AT RGN W ELESE, ARE
HOS PR RIS TR O o AR T 4 T 14 b i) EE ASEAT
Pl I 25 o0 AT o WFSC S SR SRR, AL AR Ak )
JERAEJE = T 50, ARSI 57 Rw A~ 1 010 1H.
KFJa#(2.32>1.98), W HE-—WRIME, EEKS
BT WP R A R U e T AR KR, X2
FARA A TR TP LA GEREOPIR A =, 17 4 FEIT I
EU A= PRS0 3 82 7 4 Bk U (Saxe et al., 2001).
TER T FERR FE b, Onof BRI & i B2 (1 19 n &2 BT
R b R A RS PR AR T K S
OB FZ R, 52 5T IE 1 8 MR T IFI Oy
T BOGARR,  HLBEAR AR 2 1388 0 52 BRI P
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(F14518(Kim et al., 2007)HW) 15, SR0M0, LAEL4KZ
KON, BT A RR IR E K Qo AR T (K T A
{7 B 15 78 AN (Lavigne, 1996; Ryan et al., 1996), £
SRGBARN G 10101 (2.0) KA A TN
X U P BBUR A R~ 10 7K o HBOR 22 I 5T R,
ST 38 O o (BLAN 5 S AT WP MR 0 i JE W 2 ) 552 52
MR AT LU A P AT T 5 K
AR SRS IOV (EARSE, 2008), FEA TR W
H—E MR R (Tjoelker et al., 2001). AL, 7E4
Je FIRIFGE A, AR A0 s T IR 1 o A 7K i
SO VRAR BRI B, PSS RIS A, I
2 FE TR RE S I R U R B I S AR S
PUSE A UURG 2

&% itk

Amthor JS (2000). The McCree-de Wit-Penning de Vries-
Thornley respiration paradigms: 30 years later. Annals of
Botany, 86, 1-20.

Araki MG, Utsugi H, KajimotoT, Han Q, Kawasaki T, Chiba Y
(2010). Estimation of whole-stem respiration, incorporat-
ing vertical and seasonal variations in stem CO, efflux
rate, of Chamaecyparis obtusa trees. Journal of Forest
Research, 15, 115-122.

Atkin OK, Tjeolker MG (2003). Thermal acclimation and the
dynamic response of plant respiration to temperature.
TRENDS in Plant Science, 8, 343-351.

Brito P, Morales D, Wieser G, Jiménez MS (2010). Spatial and
seasonal variations in stem CO, efflux of Pinus canarien-
sis at their upper distribution limit. Trees, 24, 523-531.

Ceschia E, Damesin C, Lebaube S, Pontailler JY, Dufréne E
(2002). Spatial and seasonal variations in stem respiration
of beech trees (Fagus sylvatica). Annals Forest Science,
59, 801-812.

Damesin C, Ceschia E, Goff NL, Ottorini JM, Dufréne E
(2002). Stem and branch respiration of beech: From tree
measurements to estimations at the stand level. New Phy-
tologist, 153, 159—172.

Edwards NT, Hanson PJ (1995). Stem respiration in a
closed-canopy upland oak forest. Tree Physiology, 16,
433-439.

Kim MH, Nakane K, Lee JT, Bang HS, Na YE (2007).
Stem/branch maintenance respiration of Japanese red pine
stand. Forest Ecology and Management, 243, 283-290.

Lavigne MB (1996). Comparing stem respiration and growth of
jack pine provenances from northern and southern loca-
tions. Tree Physiology, 16, 847-852.

Levy PE, Jarvis PG (1998). Stem CO, fluxes in two Sahelian
shrub species (Guiera senegalensis and Combretum mi-
cranthum). Functional Ecology, 12, 107-116.

Liberloo M, de Angelis P, Ceulemans R (2008). Stem CO,

www.plant-ecology.com

efflux of a Populus nigra stand: Effects of elevated CO,,
fertilization, and shoot size. Biologia Plantarum, 52, 299—
306.

Ryan MG (1990). Growth and maintenance respiration in stems
of Pinus contorta and Picea engelmannii. Canadian Jour-
nal of Forest Research, 20, 48-57.

Ryan MG (1991). Effects of climate change on plant respira-
tion. Ecological Applications, 1, 157-167.

Ryan MG, Hubbard RM, Clark DA, Sanford RL Jr (1994).
Woody-tissue respiration for Simarouba amara and Min-
quartia guianensis, two tropical wet forest trees with dif-
ferent growth habits. Oecologia, 100, 213-220.

Ryan MG, Hubbard RM, Pongracic S, Raison RJ, McMurtrie
RE (1996). Foliage, fine-root, woody-tissue and stand res-
piration in Pinus radiata in relation to nitrogen status. Tree
Physiology, 16, 333-343.

Saxe H, Cannell MGR, Johnsen @, Ryan MG, Vourlitis G
(2001). Tree and forest functioning in response to global
warming. New Phytologist, 149, 369-399.

Sprugel DG (1990). Components of woody-tissue respiration in
young Abies amabilis (Dougl.) Forbes trees. Trees, 4,
88-98.

Steppe K, Saveyn A, McGuire MA, Lemeur R, Teskey RO
(2007). Resistance to radial CO, diffusion contributes to
between-tree variation in CO, efflux of Populus deltoides
stems. Functional Plant Biology, 34, 785-792.

Stockfors J (2000). Temperature variations and distribution of
living cells within tree stems: implications for stem respi-
ration modeling and scale-up. Tree Physiology, 20,
1057-1062.

Sun JW, Yuan FH, Guan DX, Wu JB (2013). Dark respiration
of terrestrial vegetations: A review. Journal of Applied
Ecology, 24, 1739-1746. (in Chinese with English ab-
stract) [FhEAT, ZRUME, MM, REKLE (2013). Rl
LA I P Ry BFF 0 . R AR S AR, 24, 1739—
1746.]

Tarvainen L, Réntfors M, Wallin G (2014). Vertical gradients
and seasonal variation in stem CO, efflux within a Norway
spruce stand. Tree Physiology, 34, 488-502.

Teskey RO, Saveyn A, Steppe K, McGuire MA (2008). Origin,
fate and significance of CO, in tree stems. New Phytolo-
gist, 177, 17-32.

Tjoelker MG, Oleksyn J, Reich PB (2001). Modelling respira-
tion of vegetation: Evidence for a general temperature-
dependent Q,¢. Global Change Biology, 7, 223-230.

Vose JM, Ryan MG (2002). Seasonal respiration of foliage,
fine roots, and woody tissues in relation to growth, tissue
N, and photosynthesis. Global Change Biology, 8,
182-193.

Wang M, Wu YX, Wu JL (2008). Stem respiration of dominant
tree species in broad-leaved Korean pine mixed forest in
Changbai Mountains. Chinese Journal of Applied Ecology,
19, 956-960. (in Chinese with English abstract) [ %k, i



RS A 27l i PR AN [ R T AR PRk 4 R Ol FE PR AUt 205

FEAE, BUHFE (2008). K I ZIRA B A R ACMR 12 2R
Fhb T IPoE R . YA 244R,19, 956-960.]

Wang WJ, Wang HM, Zu YG, Li XY, Koike T (2005). Cha-
racteristics of root, stem, and soil respiration 0,y tempera-
ture coefficients in forest ecosystems. Acta Phytoecologica
Sinica, 29, 680-691. (in Chinese with English abstract) [+
A, M, HICHI, #BEE, MEZFER (2005). M
RAEF A 2S T 5 - SENT IR RR S R AL O, o IR AE 23 7.
YR, 29, 680-691.]

Wang WJ, Yang FJ, Zu YG, Wang HM, Takagi K, Sasa K,
Koike T (2003). Stem respiration of a larch (Larix gmelini)
plantation in northeast China. Acta Botanica Sinica, 45,
1387-1397.

Wang XW, Mao ZJ, Sun T, Wu HJ (2011). Effects of tempera-
ture and sap flow velocity on CO, efflux from stems of
three tree species in spring and autumn in Northeast China.
Acta Ecologica Sinica, 31, 3358-3367. (in Chinese with
English abstract) [ £ 7545, B 7%, Ik, RiE%E
(2011). 5 FKZ AR UL SE MBI T JSE 0T A< A B 348 Aot
FRIMCOBHOE M. LR, 31, 3358-3367.]

Xu F, Wang CK, Wang XC (2011). Intra- and inter-specific
variations in stem respiration for 14 temperate tree species
in northeastern China. Acta Ecologica Sinica, 31,
3581-3589. (in Chinese with English abstract) [ &, T
B35, EXE (2011). ARACZR 1400 bk -3
RPN FRIRIAR 5. 2R AR24R, 31, 3581-3589.]

Yang QP, Xu M, Chi YG, Zheng YP, Shen RC, Li PX, Dai HT
(2011). Temporal and spatial variations of stem CO, efflux
of three species in subtropical China. Journal of Plant
Ecology, 5,229-237.

Yang Y, Zhao M, Xu XT, Sun ZZ, Yin GD, Piao SL (2014).
Diurnal and seasonal change in stem respiration of Larix
principis-rupprechtii trees, northern China. PLoS ONE, 9,
€89294.

Zha T, Kelloméki S, Wang KY, Ryyppo A, Niinistd S (2004).
Seasonal and annual stem respiration of Scots pine trees
under boreal conditions. Annals of Botany, 94, 889—896.

S
B
&
3
IE

el e & B

I
Sk

doi: 10.17521/cjpe.2015.0019



