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Effect of Biophysical Factors on Spatio-temporal Variation in Stem Respiration*

YANG Jinyan, YANG Kuo & WANG Chuankuan™
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract As one of the key processes, stem respiration play an important role in explaining the variation in forest ecosystem
productivity. Measuring stem respiration and understanding its biophysical controlling mechanisms are necessary to develop
forest carbon cycling models and improve estimation of forest carbon budgets. The measuring methods, spatio-temporal
variation in stem respiration rates were reviewed. The combiantion between in vivo method and mass balance approach would
be helpful for exploring the stem respration mechanism. Special discussion was made on the effects of stem temperature and
sap flow on stem respiration. The maintenance respiration annual fluxes of various forest ecosystems were also compared. With
the statistical analysis, there were siginificant linear relationships bewteen annual stem respiration and forest age’ latitude, and

mean anuual temperature and precipitation. Tab 4, Ref 84
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Table 1 Comparison of methods for studying stem respiration.

W€ J5 1
Measuring
method

J5 3 BAERSE (U

Theory Operation system Advantage

Bl A,

Disadvantage

NS

Reference

Lzl
JE

In vivo
method

M CO,LLAMNR I TT it 2 58 | ML R 58 AL AR S , AR AE A AR AN RE A2 AR AL R TS [ ZH R
E U T B AR A T A A 2 BOR £ A0 2R B D0 R AR Y I 1 K K-
HWECR) — &> AL(RGA), a1 5E ELICOR A Rl Ay ARIEW TIAR, AFT I IE %, M ARG i 7 v il SRk il s
8 # 4 FE T LI-6262, Li-6400,  LI-81005%, CID AJ ik 6t th 22 i A1 451 L (1 AP W T 5 5 AN R AR e S 22, /MW
D 5E 25 AR LB A FIBILCASE E Hofh 2R 58, e 345 45 I TS ] — A ik 47 3 2B UK 22 RE A8 1 A Rk 22, TR
JCO, A PEFT I s — e R R IR A7 fift 4% 4 Campbell s A2 I , KBS WA il 5 5 AR = AU S R A0, A3 T
E ScientificZt w (i CR10Z 51 A4l i 6 5 1T AT , 52 e 0 7 45 SR e A 1
A part of a stem ¥ The measu-rement can be made and Respiration from differen tissues
or branch was Open/close system. stem respiration can be accuratly can not be made accurately.
disposed in the Most gas analyzers are IRGAs such as determined in the field. It is necessary to make mea-
CO, IRGA and the L1-6262, Li-6400 and LI-8100 made According to stem shape,the surements with no pressure
changes of CO, by LICOR, LCA3 by CID and other chambers are designed to prevent difference between chamber and
were measured systems with data storage as CR10 by the disturbance from damaged ambient atmosphere with close
Campbell Scientific tissues. Continual or repetive systems. The minor pressure
measurement can be easily made difference can cause microcliamate
with high accuracy changes and influence the accuracy

[16~18,
20~26, 34]

BRI E
In vitro
method

HCR B 5 A A AU FHIRGA S F s B i, A BB A% 5 ot 3 WA 1S [l 41 20 AR Bt 02 465 28 i o5 5 JBURE D IR L T,
BEAS, il A SE e ARI2E R 3R e Y (Differential 5 . 1) B2 5 LA B JE il J22 147 B 20 A 0002 A 32 mT BB AN 5 X S AR
7% (/i) % scanning calo rimeter), JH T PPILEE 0PI KT BB KK, e FTIER R
B, AUR A TR AR TR R Quantitifying the respiration from I H#f A I QA 15 TRABE S

A% %t 3 P9 A {4 ¥ The respiration rate can be computed xylem, phloem and cambium It can overestimate the measurement
FESEATINAE , jC 5% by the heat balance during the parenchyma cells with few samples and low accuracy.
I % B a] ) fig )% respiration process with IRGA | static It is destructive for stems and
ke R oA f  alkaline absorption or differential branches, and lack of research of
Putting the stem or scanning calo rimeter sampling respiration as the true one
banch sample into

quantitative vessel

and measuring the

gas concentration

with GC. The

measuring time

interval and sample

mass or volume are

logged

[27~31]

Wik T
ik
Mass
balance
approach

ity 0 A F 09 SR CO, i A I T B B O R A AR AR AL T IR RS e, DUIL AR R %
CO, il hk, ML vty CO, e 3 3 o 0 1 23 PP W Jr i, 24 2R L ) DAy i, oK 28 {5150 BB B DA
1CO, WIGEAT . 3B {22 11 35 20 sl AR AR AR B A6 T cOo_ e BT CO, BRIt SN A B FLAS [l ) 7o 25 ol o 1l 535 AR K
LR IETY ﬁiﬁﬁ%?ﬁ?ﬁiﬁzﬁﬁﬂ’WTCO,*ﬁﬁi Providing a more accurate method 72 5|, £ 5 Wi £k i 2% 5 i 1ff 7k
Estimating inner j5 4 19 22 {f ¢ 7] 322 9 2 A Ji 3 ¢ for estimating woody tissue It is a method with flaws because
CO, fluxes which Hirhco, w1 respiration and the measurement is based on hypothesises which
are the storage, The CO, concentration of stem sap is more reasonable than that from can not be measured directly and
transporatation and flow can be measured directly by direct measurement the significant difference between
diffusion of CO, in microelectrode or the CO, difference stem respiration componnets. The
sapflows between stem CO, emission and accuracy can be affected by the

the of sap flow when the sap flow is uncertain factors

stopped or relatvily low

[39~41]
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Table 2 Models between stem temperature and stem respiration rate

fE# [ ESL] AEN SRR
Author Vegetation type Model Paramemter me‘aning
R: FITIFIE R R : 15 °C N DL F IR R 7
SRV R =R ™" IR
48] s s
Vose & Ryan, 2002 White pine forest T =T (h-1) +[T,-T(h-D]}/8.5 R Stem respiration rate; R, : Sapwood respiration rate per
volume at 15 °C; T.: Sapwood temperature
. KA MR :
[511 = (7-10)/10
Ceschia et al., 2002 Fagus sylvatical L. forest R=R,Q
T LT O3 B R
Meir & Grace, 2002 4] %Tﬁm% R=R e Ry: Tjjﬁ(‘ﬁi;ﬁ_: -
Tropical forest 0 R: Respiration rate at some temperature
ro: TRIALUTIL R M P B M R T
Ryan et al., 1997 L7 Rtk R= M /"y HLBUREL; T,: 10 TR 1S °C
i Ty

Bolstad et al., 2004 [©°]

Cernusak et al., 2006 [©7)

Damesin et al., 2002 24

Curtis et al., 2005

Yokota & Hagihara 1998 ¢

Boreal forest

JLAR AR

Northern hardwood forest

Al R A U S R B

Savanna ecosystem

eI/ SRR

Fagus sylvatical L. forest
B35 NN

Northern hardwood forest

H A i A1k

Chamaecyparis obtusa forest

- (7:20)/10
R=R,0,

- (I-TR)/10
F FRQID R

- (T-Tb)/10
R RTbQIO

— f PIxTs
R=54

R =R exp(K0)

: Mean tissue respiration rate; M,: Sapwwod volum per
gound area; T': Tissue temperature; 7: 10 °C or 15 C
Ryy: 20 CF WL BT %
R, Sapwood respiration rate per volume at 20°C
Fo DGE R T 0P GE 5 e 2 LR B R F0000 R T I
W T BRI
F: Measured stem respiration rate; F,: Stem respiration rate
at reference temperature; 7,.: Reference temperature
Ry LRI ik 5
R.,: Basal respiration rate
By: SRR %

B, Basal respiration rate
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Kaipiainen%s (1998) UIE F Xt B IR 45 ( Pinus sylvestris)
05 B9 AR T CO i 39 48 R 2 IS Jmy [H] B2 47 A K. Gansert

(2004) UM AL 2 IR T, SRGAHLL, EHERELCO @
St R H AIREAIR, CO, I dat 34 30 ] W] B i R 2 A UAL 114 32 1
{HJ&, Edwards & Wullschleger 55 (2000) &3, F5%k (Quercus
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i HAS AL 2, M iTIA Ry CO, 3 5 3 32 40 ] mT 6 2 52 B e
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Saveyn¥ (2007) E KX ILERE (Fagus sylvatica) Itk
WIS (Quercus robur L) WFFE, K IARIRZER T CO, i 1 2
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Table 3 Annual stem maintenance respiration of different forest ecosystems
; 2 FFIED
i B MR BWR REE SRR T S
. . Stand age Latitude MAT  Precipitation BA/ EiR i M e
Dominant species . . 5 Mg(C) hm Base References
(year) ©) (°C) (mm) m? hm LAI vear!
3 A
WFMERS Pinus contorta ssp. latifolia 40 39 2 740 352 12.3 0.61 R AR [79]
Sapwood volume
3 1
WEMERS Pinus contorta ssp. latifolia 65 39 2 740 404 12.1 0.74 IHIRR [79]
Sapwood volume
M1 A R
WFMERS Pinus contorta ssp.latifolia 245 39 2 740 44.7 7.7 0.79 R [79]
Sapwood volume
HA R #H Cobtuse 8 35 15 1543 2.4 T Dry weight [83]
S SRR
2K Pinus resinosa 31 46 3 804 424 6.2 0.7 [43]
Sapwood volume
PURRERAZ, AEHIR i 1
Tsuga heterophylla, Pseudotsuga 39 45 9 1320 67 8.7 1.62 KA [43]
menziesii Sapwood volume
NI - R -
%?\Ikﬂ#ﬁ\ Pseudotsuga elliottii var. 2 29 » 1180 2.1 29 146 BUR RN [43]
elliottii Sapwood volume
FIAR, AR, dEEZ0m BRHAR T
Quercus alba, Quercus.prinus, Acer 75 35 133 1400 21.5 5 0.97 - [53]
rubrum Sapwood volume
A2 Picea mariana 150 55 542 32 4.9 0.57 FMFL Surface area [65]
JtFE KGN Pinus banksiana 63 55 542 17 2.2 0.12 Z 1 Y Surface area [65]
WK UL4s Populus tremuloides 53 55 542 34 2.2 042 KM Surface area [65]
MK Picea mariana 115 53 390 36 5.6 0.48 FEH FH Surface area [65]
Jb LAY Pinus banksiana 63 53 390 13 2.5 0.17 Z1i f Surface area [65]
WK ULI4% Populus tremuloides 68 55 390 27 33 0.68  FEMF Surface area [65]
JCSE IS Pinus banksiana 14 53 390 9.1 2.8 0.21 F A Surface area [65]
BRI 7K K Fagus sylvatica 30 48 9.2 820 17.5 5.6 1.54  {&F! Volume [24]
BRI KT X Fagus sylvatica 30 48 9.2 820 17.5 5.6 1.82 ZE 1 FH Surface area [24]
Fta AL, MRk, ARk K, A
Sterculiaceae, Ulmaceae, Legumin- 3 25 1520 4.4 2.09 o 7 [64]
oseae Surface area, volume
IS Pinus densiflora 40 34 13.5 1494 29.54 2,55 {&F Volume [19]
AR Pinus densiflora 40 34 13.5 1494 29.54 1.72 FZ 1 L Surface area [19]
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Table 4 Regression models of above-ground woody tissue annual maintenance respiration and influencing factors

AN BN Sy e REL FEA P
Influencing factor Regression model R? N
Ml Forest age Y=-0.0103X + 1.523 0.201 25 0.025
Z5 ¥ Latitude Y=-0.039X +2.793 0.528 27 <0.0001
AR MAT Y=10.070X + 0.686 0.583 20 <0.0001
AE %7K B Precipitation Y=0.002.X-0.188 0.628 27 <0.0001
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