2007 31 3 403~412

Journal of Plant Ecology Chinese Version

410004

NPP 11% ~33%
O,

Li-Cor6400 Li-8100

CO,

Quo
CO,

co,

STEM RESPIRATION AND ITS CONTROLLING FACTORS IN FOREST ECOSYS-
TEMS

MA Yu-E XIANG Wen-Hua™ and LEI Pi-Feng
Central South University of Forestry and Technology —Changsha 410004  China

Abstract Stem respiration is an important part of the annual carbon balance of forest ecosystems and con-
sumes ca. 11% —33% of total net daytime carbon assimilation. Because of difficulties in measurement little
attention was paid to stem respiration studies in the past. However with increasing atmospheric CO, concentra-
tion studies of stem respiration have become popular. Several methods were applied in earlier studies includ-
ing gas exchange measurements and closed method. An open flow system is employed in recent studies. Re-
sults from recent research show that the diurnal pattern of stem respiration is bimodal with a midday depression
and that rates are the greatest in the growing season. Controlling factors include meteorological factors e.g.
stem temperature CO, concentration and humidity and biological factors tree species tree age diameter at
breast height sapwood size and nitrogen content in stem . Latitude altitude and topographic factors indirectly
influence respiration rates through meteorological or biological factors in particular stem temperature. Stem
respiration rate is positively correlated with stem temperature. The mechanism of stem respiration and its con-
trolling factors will continue to be subjects of future research. Integration of meteorological and biological fac-
tors into models of stem respiration will provide insight into contribution of stem respiration to the carbon bal-
ance of forest ecosystems Ttole of forest ecosystems in reducing CO, concentration elevation in the atmosphere
response of forest ecosystems to global changes and development of carbon cycle models of forest ecosystems.
These issues and measurement techniques remain challenging and fruitful areas for future research.
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1
Table 1  Total stem respiration rate in different forests
cPp
T . A Stand density Respiration Method of Dat .
fee species & tree hm™?2 kg CO; hm™% a~! measurement  Respiration/ GPP % ala sourees
Pinus tabulaeformis 17 1944 2794 In vitro - 1999
Betula platyphylla N 895 1703 In wvitro - 1999
Quercus liaotungensis - 677 1700 In wvitro - 1995
Q. liaotungensis N 677 1600 In wvitro B 1999
Cunninghamia lanceolata 20 9670 In vivo - 2005
Acacia mangium 8 1004 10974 In vitro B 2000
P. massoniana B 260 449 In vitro a 2001
. 50 1176 760 . 8 Zha et al . 2004
P. sylvestris In vivo
Simarouba amara and - - 2 200 In vin 13 Ryan et al. 1994b
Minquartia guianensis o
pPVC pvC Wang et al . 2003 6:00
pPvC 12:00 14:00
pvC 6:00
11:00 16:00
16:00
Pinus koraiensts
pmot m~% g7 ! 2005
pmol - m™2 57! S 16:00 ~ 20:00
4:00~10:00
3 Cunninghamia lanceolata
12:00 ~
3.1 16:00 22:00 ~ 24:00 2005
" ” 2 2
Lig-
utdambar styraciflua
CO, 10:00 24:00
2005 10:00
1 Edwards et al. 2002
2005 Huhus Pinus sylvestris Zha et
2000 al. 2004
Larix gmelinii 3 5:00 16:00
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Table 2 Diurnal variation of stem respiration in different forests

Tree species Diameter cm Tree age Time for measurement Time of maximum respiration Data sources
. . - 20 0:00 ~ 24:00 12:00~ 16:00 22:00 ~ 24:00 2005
Cunninghamia lanceolata
. - 18 ~20 33 6:00 ~ 18:00 12:00 16:00 Wang et al. 2003
Larix gmelinii
. oo 0:00 ~24:00 16:00 ~ 20:00 2005
Pinus koraiensis
40~175 21~52 6:00~22:00 18:00 Edwards & Hanson 1995
Acer rubrum
40~75 20 ~ 65 6:00 ~22:00 18:00 Edwards & Hanson 1995
Quercus alba
. 40 ~ 75 21 ~62 6:00 ~22:00 18:00 Edwards & Hanson 1995
Q. prinus
Platanus occidentalis - 10.2 0:00 ~24:00 12:00 Mcguire & Teskey 2004
Liguidambar styraciflua - 14.3 0:00 ~24:00 15:00 Mcguire & Teskey 2004
Fagus grandifolia - 15.1 0:00 ~24:00 12:00 Mcguire & Teskey 2004
0. alba - 15~70 0:00 ~24:00 2:00 Teskey & Mcguire 2002
. . - 50 0:00 ~24:00 16:00 Zha et al . 2004
Pinus sylvestris
Liquidambar styraciflua 14.3 15 0:00 ~24:00 23:00 Edwards et al. 2002
3.2 1~3 3~7
7
3 8~ 12 2005
4
89 11
Wang et al. 2003 Edwards et al. 2002 12
1~3
75% Huhus 90 4
51% 24% 190 7
Maier 2001 Zha et al. 2004 Betula pendula
Matyssek et al. 2002 B.
Catesson 1980 ermanit Fagus crenata  Gansert et
al. 2002 12
Wang et al . 2003 5 8
7 12
P. cembra
2005 6
8 170 6
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Wieser & Bahn 2004 research and education site P. taeda
Hesse Fagus sylvatica Maier 2001
1 4
191 204 8
176 191 Ceschia et al. 12
2002 Tree 3
3

Table 3 Seasonal variation of stem respiration in different forests

Time of Month of maximum Month of minimum

Tree species Diameter cm Tree age . . Data sources
measurement respiration respiration
5~10 i
Larix gmelinii 16.4 31 May - Oct. 7 - Jiang et al. 2003
5~10 .
L. gmelinii 10.2 17 May - Oct. 8 - Jiang et al. 2003
18~20 33 I~ 12 7 - Wang et al. 2003
L. gmelinii Jan. — Dec. ang et at.
5~9
Pinus koratensis B 46 May — Sept. 8 N 2005
1~12
Cunninghamia lanceolata - 2017 Jan. — Dec. 7 ! 2005
1~12
C. lanceolata B 13 Jan. — Dec. 8 ! 2005
1~12 7 8 .
Liquidambar styraciflua 14.3 15 Jan. — Dec. 7or8 1 Ewards et al. 2002
1~12
Pinus sylvestris B 30 Jan. — Dec. 7 - Zha et al. 2004
4~11 6 7 )
Fagus sylvatica - 25~35 Apr. - Nov. 6 and 7 - Ceschia et al. 2002
6~ 10
Betula pendula - Jun. - Oct. 3 - Matyssek et al. 2002
10.92 12 -1 5 - Maier et al. 2004
Pinus taeda : Jan. — Dec. aier et al .
5~9 §
Picea abies - 14 May — Sept. 7 - Janous et al. 2000
4~12
Pseudotsuga menziesii - 60~ 112 Apr. — Dec. 5 1 Prayn et al. 2002
10 ~ 12 .
Pinus cembra - % Oct. — next Dec. 6 12 Wieser & Bahn 2004
40 ~75 21 ~52 2~10 6 - Edwards & Hans 1995
Acer rubrum Feb. — Oct. dwards anson
2~10 6 7 N
Quercus alba 40~75 20 ~ 65 Feb. — Oct. 6 or7 - Edwards & Hanson 1995
2~10 6 7
0. prinus 40 ~75 21 ~62 Feb. — Oct. 6or7 - Edwards & Hanson 1995
7~ 11
. 16 38 86 85 8 2 Gansert et al. 2002
B. ermanii Jul. — next Nov.
7~ 11

50 75 130 140 8 2 Gansert et al. 2002
F. crenata Jul. = next Nov.
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Table 4  Relationship between stem respiration and CO, concentrations

Tree species

Pinus ponderosa

Liquidambar styraciflua

Stem respiration

ot m !

Atmospheric CO,

CO, 2x

2 x Atmospheric CO,

O, O, 1.4% Co,

Atmospheric CO, 1.4 x Atmospheric CO,

Total stem respiration 16.9 13.9 18.5
Growth respiration 45 8.2 10-1
Maintenance respiration 12.4 3.7 8.4
4.2 R = 3.940 6
4.2.1 D*H *¥7° R D H
1995
Pinus tabrlaeformis 12.6
cm Betula platyphylla 9.2 ecm
17 12.9 cm
y = 0.309 56012365
y =0.66e>%"3  Jiang et al. R =
2003 1/0.032 7x +0.003 3 R =1/0.036 7x +0.010 8
13 > 17 > R=1/0.016 6x +0.019 1 R
20 2005 mg CO; kg FW=+ h™! « 1999
Fraser Pinus contor-
ta R=65.67D"> R
D 2005
+ Ryan & D R =
Waring 1992 AD"® A D B 0
4.2.2
1997
4.2.3
65 cm 3.158
pmol m™% 57! 45 cm 2.860
pmol m™2 7! 25 cm 1.235 Maier et al. 2004 1
pmot m~% 7! 2005 y =
Acacta mangium 25.06 + 1. 36x 12 y =35.52 +
0.33x ¥ x
R=21.017 D*H *** R 4.2.4
D H 2000

>4 cm

Quercus liaotungensis
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78% 5
y = 10% ~65% 8 13% ~
0.004 6777 y x 68 % Hesse
2005
Pinus resinosa Ceschia et al. 2002 1997
1998
Tsuga helerophylla Pinus el- 176 191
Liottit var. elliottit 191 204
Ryan et al. 1995  Ryan Waring S
1992 R, =0.004 86V exp 0.066 3T,
Run V,
T,
4.2.5 CO,
Simarouba amara Minquartia
guianensts
Ryan et al. 1994b 30% ~70% 1997
4.3
Ceschia et CO,
al. 2002 1995
2005 Li-Cor6400 Li-8100
Quercus  prinus Acer
rubrum Q. alba 3
Edwards & Hanson 1995 3
40% 25% 10% 5
3
5 Li-Cor6400
Li-8100
5 cm
2005
Wang et al. 2003 Lavigne & Ryan 1997 Maier 2001 Amthor 1994
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