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Abstract: Soil surface CO, flux (R) is overwhelmingly the product of respiration by roots ( autotrophic respiration, R, )
and soil organisms ( heterotrophic respiration, R, ). Partitioning soil carbon dioxide efflux with highly variable results has
received considerable attention, as differential responses of these components to environmental change have profound
implications for soil and ecosystem C balance. The contribution of each group needs to be understood to evaluate
implications of environmental change on s0il carbon cycling and sequestration. We present results of a strict literature search
of soil surface CO, flux and partitioning studies and analyze global trends in soil carbon dioxide flux and partitioning between
biomes, and age classes. There are statistically different and increasing trends in soil surface CO, flux between biomes
following the sequence of biome types as boreal < temperate coniferous < temperate deciduous and tropical,, whereas, it is
somewhat surprising that no difference was found between neighboring biomes. R, is each strongly (R* =0.62) correlated
to annual R across a wide range of forest ecosystems, biome type, measurement method and stand ages. Published data
from all biome types indicate relatively wide range for the 95% confidence intervals, spanning 60% of flux contributions

throughout the range of R;. The resulis for forest ecosystems in different biomes confirm the general decline of R,/R; with

ESWE: BR"+—1" EHEPHE S ER B H (2006BAD03A07) ; EZ Ml R B R K B H (2006-68)

545 B 34 :2008-02-07 ; 4&iT B #4:2008-07-03

EEB A REF (1966 ~ ), B, FAHERAEA, BL, TEAEFMRESENRRAEDED. E-mail halin66@ 163. com

# B INAVEE Corresponding author. E-mail xiaowenf@ caf. ac. cn

Foundation item ; The project was financially supported by 11th-five year scientific support ( No. 2006BAD03A07) and State Forestry Administration
(No. 2006-68)

Received date:2008-02-07; Accepted date:2008-07-03

Biography . HUANG Zhi-Lin, Ph. D. , mainly engaged in forest ecology and landscape ecology. E-mail hzlin66@ 163. com

http://www. ecologica. cn



9 WER 5 YR KM X ZRpk e i K A 43 iR e 4079

increasing R,. Of the groups and R, included in this comparison, only boreal and tropical forest sites are significantly
different from each other. Boreal sites showed significantly higher (a <0.05) R,/R; ratios than tropical sites, while either
temperate or tropical forests did not differ in ratios from any of the other forest types. Significant difference emerged from the
comparison of R; and R,/R; for forest stands of different age (@ <0.05). Increasing stand age corresponded to smaller
confidence intervals and generally lower flux sums for R, while, there is no significant difference between the three age
groups (@ >0.05). While chronosequence studies report mild increase in the R,/R; ratio with age, for the mean of R,/R;
ratio and variance, of young class is larger than that of intermediate and mature groups, no significant difference could be
detected for different age groups in the global data set (o >0.05). Site-specific measurements are always more desirable
than the application of inferred broad relationships. Measuring R, is straightforward and commonly done; however,
belowground measurements are difficult and expensive. Thus the relationships and R,/ R, rate for each biome presented here

provide a new approach and useful baselines that can help constrain estimates of terrestrial carbon budgets.

Key Words: soil respiration; biome; stand age; forest
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Table 1 Partitioning studies, total annual soil CO, efflux (R;) in g C m~2 a~!, heterotrophic flux fraction (R,/R;) , and its variance

TEmeroER

L];E%gilz‘ iﬁ"i jidii)% M(ﬂ?) Total annual soil CO, ifmuiz}fi flux ER DL
iome etho Age efflux (Ry) fraction (Ry/Rs) References

L7 Ak “e M 633 0.49 [12]

Boreal forest 4G I 500\560 0.09\0. 14 [12]

“*c Y 680 0.03 [12]

Trench M 496\415\377 0.42\0.59\0.52 [13]

Mod I 1215 0.39 [11]

Mod I 660 0.48 [14]

Trench M 540\338\375\375 0.73\0. 86\0. 8810. 94 [15]

Trench I 425\337\551\570\484\397 8 g; \0-7110. 7010. 6210. 781 [15]

Trench Y 137\85\513 0.98\0.89\0.97 [15]

Trench M 6401117011520 0.62\0.44\0.36 [16]

Trench M 564\319 0.78\0.83 [17]

r exc M 470 0.43 [18]

r exc M 330\327 0.5\0.7 [19]

r exc M 178011780\1780 0.67\0.76\0.71 [20]

“*c M 533 0.65 [21]

Subtr M 592 0.76 [22]
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L];E%gilz‘ iﬁ"i jidii)% M(ﬂ?) Total annual soil CO, ifmuiz:i flux SEIH
iome etho Age efflux (Ry) fraction (Ry/Rs) References
Subtr M 905 0.4 [23]
r exc I 905\338 0.65\0.55 [24]
M bal 1 858 0.53 [25]
r exc M 564 0. 66 [24]
Mod M 4381967\1124\1050\1003 0.341\0. 11\0.27\0.38\0.23 [26]
E A b Trench M 5131405\ 0.17\0. 48\ [27]
Temperate coniferous Trench M 564 0.5 [28]
forest Trench I 6861556 0.431\0.43 [28]
Trench Y 991 0.41 [28]
I reg M 670\648\576 0. 16\0.40\0.52 [29]
I reg M 644\773\1015 0.26\0.47\0.58 [29]
Trench M 596 0.65 [30,31]
Trench M 300 0.77 [32]
Trench M 727\841 0.77 [32]
m bal 1 811 0.65 [33]
m bal M 518 0.62 [34]
r exc M 597 0.46 [35]
r exe 1 427 0.52 [35]
r exe M 780 0.52 [36]
r exc I 654 0.49 [36]
m bal M 8561849 0.69\0. 61 [37]
Trench I 710 0.7 [38]
m bal 1 710 0.75 [38]
r exe 1 1263 0.48 [39]
g M 1713 0.8 [21]
r exe Y 1263 0.48 [39]
Gap 1 618 0.43 [40]
1B I 1183 0.45 (8]
Subtr Y 950 0.33 [41]
Trench Y 1703 0.45 [42]
Gap M 1299198711255 0.54\0.49\0.54 [43,44,45]
b Trench 1 1184 0.56 [46]
Temperate deciduous Isot I 485 0.7 [47]
forest Trench M 89218121951 \678\451 0.59/0.57/0.67/0.65/0.75 [30]
r exe M 660 0.61 [14]
I exc M 162711824\1801\2176 0.45\0.29\0.46\0. 65 [48]
Trench M 815\7831785\784 0.2310.3110.3310.38 [27]
Trench M 532 0.57 [49]
Excl I 1097 0.55 [50]
Mod 1067 0.55 [51]
r exe 1 1754 0.3 [52]
Tsot 1 840 0.42 [10]
m bal M 387 0.57 [53]
Mod M 53811668 0.57\0.29 [52]
Gap M 940 0.49 [54]
Gap M 642 0.61 [55]
Gap M 487 0.96 [56]
m bal M 660 0.77 [57]
m bal M 494\1100 0.57\0. 48 [58]
Trench I 660 0.39 [59]
Subtr M 754 0.48 [22]
Trench M 1123 0.48 [60]
r exc Y 987 0.72 [61]
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L];E%gilz iﬁjiﬁdf %%) Total annual soil COZ hetemt_rophic flux if%x ﬁk
iome etho Age offlux (Ry) fraction (Ry/Rs) erences

Trench M 371 0.67 [62]
r exc M 650 0.77 [63]
Trench I 1290 0.37 [64]
Trench Y 850 0.49 [64]

AR Trench I 478\430\435 0.54 [65]

Tropical forest I 1374\944\454 0.48\0. 40 [66]
Trench I 11051912 0.34\0.53 [67]
Trench M 779\821\899 0.52\0.46\0.46 [67]
Trench M 1373 0.524 [68]
Trench I 944\455 0.575\0.598 [68]
Model M 610.9 0.54 [69]
Subtr M 1650 0.59 [22]
r exe Y 1610 0.3 (6]
Tsot Y 2400 0.37 [70]
Gap Y 1570 0.42 [71]
Trench I 850 0.44 [72]
Subtr M 1210 0.45 (73]
1Be Y 2220 0.27 [74]
Subtr M 1650 0.59 [22]
r reg I 835 0.5 [75]

1) Jt75 ZHk Boreal forest, %4}k Temperate Coniferous forest, Y% #% M #k Temperate Deciduous forest, F4 ZEHk Tropical forest;2) G H
SHEBR\C AR\ Isot FIfE, BYY) Clip, 443454 Comp, 33 Gird, iR V4F m bal, B Mod, $1E& Subtr, HEEIH r reg, MRV r exc,

B Trench, HRE Gap; 3) Y.I.M 5 FUFI/R SRR | P ARAN BLR AR

B LR, A1 R, W& L B —BAT & A—IR
IR AR BRARAE WA X BTk (B 5 A
Ry/Rs RIAWHEYHXBS THRIBE  HEX A
R,/Rs EXHE 451K 58% .52% .53% 71 48% (& 1) ,
Ry/Rs BE 2= A YR X B 280/ , 6 ZRAR R 4
WM 7.4 5. BRALT ZRARRIET Ry/Rs BB E
ETHREREI, MEKAXRZHBREDEZR
(a>0.05), FMTIERFIFRTERZE(R/R;) BIK
KT R 52.5% AKX AN 3% ~98%

T AR L IEIFRA 51% ~65% K B R FFR,
TRHFET AR AR, 5770 TR 1 o R 2R 1 [ R 47 %
~57% F1 48% ~ 59% , $&HF FRARI 5 7% WP IR TR 28y
4% ~51% (95% KBS XH) o
2.2 R, 5RHXR

Bl 2a R 143 BRI FTE I B0 566
A, HMAEE Y R, =0. 431 R, +68. 78, R* =0. 619,
V] 451 P B s R 28 s 2R 53 I 3R 7 1 S8 P U S5 e | Y T
R ERS TMEIR(95% BIEXBIN) .

O k77 ##Hk Boreal (45)
v AR Temperate coniferous (36)
O R 7% 04k Temperate Deciduous (38)

070 & itk Tropical (24)

0.65 |-

0.60 |-

0.55 |

0.50 | T
045 | l

0.40 | | | | |
600 800 1000 1200 1400

TP R, (gCma)

FIFIEI TTERA Ru/Rs

Bl AELEYFE XA R GOE B R R SRR R R
Fig. 1 Mean heterotrophic flux contributions to total efflux and mean
total soil CO, efflux (Rg) for each biome type. Error bars are 95%
confidence intervals, and numbers of studies per group are indicated in

the legend
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LA AR FRRASREY Ry 5 Ry ZIRIEIFER REIIAID8 0.79.0. 77 A1 0. 82, Fik BAR .3 M 5C /K F

(a<0.01),
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Fig.2 Global relationship between annual soil respiration ( Rg) and its heterotrophic ( R;) component ( a) Annual soil respiration (Rg) and its

heterotrophic (R, ) component by each biome(b)
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Fig. 4 Effect of stand age on heterotrophic flux contributions (R,/Rg)

in dependence of total soil carbon dioxide efflux (Rg) at forest sites
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Fig.5 Soil heterotrophic flux contributions ( Ry/Rg) for all biome

types and stand age classes
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