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Methods for the determination of CO, flux from non-photosynthetic organs of

trees and their influences on the results

WANG Wel’l*JiG (Key Laboratory of Forest Plant Ecology. Ministry of Education, Northeast Forestry University, Harbin 150040). Acta
Ecologica Sinica,2004,24(9) :2056~2067.

Abstract: The CO, exchange feature of non-photosynthetic organs of trees is important in monitoring forest CO, flux. However,
up to date, no standard method has been suggested in these measurements. Six categories of 10 methods for separating root
respiration from soil respiration, and 2 methods for measuring stem or branch respiration were reviewed. The advantage and
disadvantage of each method and its recent advance were also discussed. Under the light of these discussion, data from previous
references (65 data of root respiration and 59 stem respiration data of Pinus ponderosa)were collected to analyze the influence
of different methods to the results. The results showed that root respiration contributed 5% to 90% of total soil respiration,
and near 60% data ranged from 40% ~70%. Study methods showed somewhat influences on the results of root respiration.
The contribution of root respiration to total soil respiration was ca. 40% measured by the isotopic labeling methods, but this
value was enhanced by 33% for those measured by the root exclusion methods and the stem girdling method, and 7% higher
than that measured by the root separation method. This finding indicates that the root exclusion methods and the stem girdling
method may overestimate the root respiration since they disturbed the root system and rhizosphere. Comparing with in vivo
method, the stem respiration rate was overestimated by 72% using the in vitro method based on stem surface area; while, it

was overestimated by 56 times based on sap wood volume for the in vitro method in same study. Therefore, it is necessary to

(30300271)
:2003-11-28; :2004-06-13
1974~)>, s N s . E-mail. wwj225@mail. hl. cn

Foundation item: National Natural Science Foundation of China (No. 30300271)
Received date:2003-14-28; Accepted date:2003-06-13

Biography : WANG Wen-Jie, Ph. D. candidate,lecturer, mainly engaged in tree ecophysiology and global warming. E-mail. wwj225@mail. hl. cn



9 : CO, 2057

fully considerate the method-induced difference when comparisons are carried out by different methods.

Key words :CO, flux, non-photosynthetic organ of forest tree. root respiration, stem respiration, methods
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Table 1 Methods used in measuring the CO; flux from non-photosynthetic organs of trees
. Name of method
Ttems Category
Root Laboratory culture Laboratory culture method
Root separation Root separation method
Root exclusion Trench method

Root removal method
Gap formation method
Stem girdling Stem girdling method
Manual isotope labeling Isotope pulse labeling method
Isotope continuous labeling method
Natural isotope abundance Stable isotope abundance method
Radiocarbon isotope abundance method
In vivo In vivo method

Stem branch In vitro In vitro method
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1.1 (Laboratory culture method )
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Table 2 Contribution of root respiration to total soil respiration measured in different methods
Method Ratio( %) Species name Ref. Method Ratio( %) Species name Ref.
12~62 Picea abies &.Pinus sylvestris 23 84 Quercus spp. 9
Root 40 Quercus spp. 9 Root 49 Cryptomeria japanica 27
separation 48 Quercus spp. 9 exclusion 67 Pinus taeda 9
6,11 Quercus spp. 9 78 Pinus taeda 9
54 Picea mariana 9 54 Pinus taeda 9
82 Picea mariana 9 67 Pinus taeda 9
90 Pinus ponderosa 9 40,65 Pinus resinosa 9
60 Populus etremuloides 9 49 Pinus densiflora 9
50 Quercus/carya spp. 9 44.5 T'suga spp. 9
22,3677 Liriodendron spp. 9 51 Broad-leaved 28
50.5 Tropical deciduous 9 15 Hardwood 29
23 Nothofagus spp. 9 33 Quercus/Acer spp. 30
55 Tropical forest 9 60 Fagus sylvatica 31
43 Tropical forest 9 56,37,52 Pinus sylvestris 13
49 Tropical forest 9 Stem girdling 65 P sylvestris 15
5,20 Fagus spp. 9 49 Pinus taeda 32
23 Quercus cerris 24 Artificial 28 Pseudotsuga spp. 33
Root 28 Pseudotsuga spp. 33 isotopic 12 Pseudotsuga spp. 33
exclusion 69,30,50 Betula spp. 9 labeling 25 Pseudotsuga spp. 33
90 Quercus spp. 9 30 Pseudotsuga spp. 33
48,52 Quercus spp. 9 20 Populus euramericana 34
52 Quercus rubra 25 40, 25, 75 Fagus&.Picea spp. 9,32
55.5 Pinus spp. 9 Natural 49,59,66 Mixed forest 36
40 Fagus spp. 26 isotopi . .
s OpIe 35~45 Mixed conifers 37
51 Pinus elliottii 9 abundance
62 Pinus elliottii 9
1.4 (Stem girdling method)
[13~15]
b
9 o b
, 2000 s 9 900 m* ( s Pinus sylvestris)
5d 37%,2~3 54% , 63% » s
b
. Singh 20d 6C , ,
[15]
[14]
. . o
o b
b b o o
b 9 o

1.5 (Artificial isotope labeling method)
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Fig. 1 Root respiration contribution to total soil respiration (a) effects of different methods on respiration measurements (b) frequency
distribution
1L ( ) Isotopic labeling methods (artificial isotopic labeling and natural isotopic abundance
methods ); RS Root separation method; SG Stem girdling method; RE Root

exclusion methods
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3 Pinus ponderosa
Table 3 Stem respiration rate of Pinus ponderosa measured by different methods
Method Range of stem respiration References

221.4,330.3,445.9 ,518.0 ,270.4 ,330.3,665.1 ,544.6 [75]

L 10.0,8.7 ,8.3 ,5.1 ,6.0 ,6.9 ,8.4,8.0 [73]

n vivo measurement
7.0,8.0 ,6.0 [74]

(pmol/(m® « $)) 682.0,208.0 ,257.0 ,202.0 ,447.0 ,272.0,707.0 ,694.0 (68,697

in vitro measurement ,229.0, 230.0, 447.0, 283.0, 292.0, 707.0, 707.0 ’

8.4,5.8,6.1,5.3,9.2,6.5,6.7,5.9,10.0,7.2,7.3,6.5 [57]

(pmol/(m? « s))

in vivo measurement

10,14.9,17.2,25,9.1,9.3,9.4,6.3,23.4,23.3,6.1,7. 9, [68,69]
7.7:7.5,7.5

in vitro measurement
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