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Table 1 Characteristics of plhnt communities and their environment
No. of plot 1 2 3 4 5 6 7
Age of exposed shrinking area 7 17 29 41 55 65 105
A0 N  Total N of soil AO layer( g/ kg) 0. 52 14. 29 20. 10 19. 21 25.2 24.9 22. 2
C N Total N of soil C layer(g/kg) 0. 14 0. 40 0. 70 0. 70 0.32 0. 73 1. 60
A0 0. M. of soil AO layer(g/kg) 12. 40 351. 43 338. 60 488. 87 457.20 447. 91 405. 40
C 0. M. of soil C layer( g/ kg) 11.9 10. 10 13. 50 18. 44 9.22 6. 10 6.5
A0 Bulk density of soil AO layer( g/ cm?) - 0. 587 0. 894 0. 546 0. 119 0. 113 0. 124
C Bulk density of soil C layer( g/ em?) 1. 270 1. 323 1. 314 0. 978 0. 991 0.919 1. 50
A0 pH pH of soil A0 layer - 8. 55 7. 44 7.20 4.89 4.36 4.23
C  pH pH of soil Clayer 8. 75 7. 00 6. 65 6. 45 6.02 6. 30 6. 15
R H(%) 86. 3 88. 6 92. 1 93.7 96.8 94. 5 93.2
Air temperature( C) 4. 78 5. 48 5. 44 5. 54 5.32 4. 72 5. 04
Near surface temperature( C) 5. 20 6. 06 5. 50 6. 30 5.83 5. 41 6. 04
Surface temperature( 'C) 5.95 6. 12 6. 40 6. 18 5.73 5.32 5. 63
Sem Sem soil temperature( C) 6. 20 6. 06 6. 09 5.78 5.38 5. 10 5. 44
10ecm 10cm soil temperature( C) 5.70 5. 58 5. 98 5.25 5.23 5. 06 5.27
Biomass( t/ hm?) 3. 058 48. 853 110. 772 184. 688  271. 810  308. 009  382. 265
Net primary productivity(t/ hm?2 a~ ‘) 1. 356 4. 840 6. 145 8. 427 10.014 11. 215 12. 624
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Table 2 The estimated CO, flux from soils of glacier shrinking area on H ailuogou G lacier

1 2 3 4 5 6 7 8 9 10 11 12
No. of plot Month  Month Month Month  Month Month Month Month Month  Month  Month Month  Mean

1 18.25 24.71 33.07 53.98 6273 109.87 7869 69.95 57.78 47.14 37.26 26.61 51.67
2 19.37 26.61 33.83 2889 61.97 56.26 63.87 50.18 47.90 36.12 27.37 23.95 39.70
3 23.57 25.47 30.79 62.35 105.68 93.14 73.37 63.87 66.53 49.80 48.66 34.21 56.45
4 20. 15 25.09 33.83 81.73 70.71 112.53 86.30 76.79 68.43 55.50 43.71 31.93 58.89
5 31.17 2851 3574 76.41 108 73 120.89 170.31 143.70 132.68 81.73 47.90 44.86 85.22
6 26. 13 31.55 50.18 103.78 172.59 244.82 208.33 184.76 156.25 149.78 68.81 44.10 120.26
7 32.69 34.97 47.52 129.74 192. 74 284.74 356.59 332.64 207.95 145.60 99.98 38.78 158. 65

3 , CO
, 70 % Conlin &
Raich & Schlesinger(1992) Lieffers [27], 5°C
CO2 R 5.27~ 5. 44 C, CO,
CO, 684 PgCea '(Pg= 10"7g),
CO, , CO2 ,
1995 Raich & Potter C
1~ 9 Pg, CO» CO2 ,  Raich 1992
CO2 ,
, s CO, 2.4
CO2 )
5 123 4 ,
CO, , CO» ,
2.0~ 90.2 kgCO hm™ 2™ 1124+ 26 40836 kgCO2ohm™ ™a™ ', CHa

1873, ., Pettenkofer 40. 891 ¢CH4*hm™ od 1,



426

22

CO,
, CO»

CO» 7 [28]

Raich
CO>
s C 02

(Referncenes) :

[ 1] Honghton, J.T., L. G. Meiro Filho, B. A.Callander, N. Harns, A.
Kattenberg & K.M askell. eds. Climate change 1995: the science of
climate change[ M|. Cambridge, UK: Cambridge University Press.
1996, 572.

[ 2] Schlesinger, W. H. Carbon bakince in terrestrial detrius[ J|. Annual
Reviews of Ecology and Systematics, 1977, 8: 51~ 81.

[ 3] Singh, J. S. &S. R. Guptal. Plant decomposition and soil respiration
in terrestrial ecosystems. The Botanica Reviews, 1977, 43: 449 ~
528.

[ 4] Raich, J. W. & K.]J. Nadelhoffer. Below ground carbon albcation in
forest ecosystems: global trends|[ J]. Ecology, 1989, 70: 1346 ~
1354.

[5] Raich, J.W. & W. H. Schlesinger. T he global carbon diox ide flux
in soil respiration and relationship to vegetation and climate[ J].
Tellus, 1992, 44(B) : 81~ 99.

[6] Raich, J. W. & C.S.Potter. T he global pattems of carbon dioxide
emissions from soils[ J]. Global Biogeochemical Cycles, 1995, 9:23
~ 26.

[7] Schlesinger, W.H. & J. A. Andrews. Soil respiration and global
catbon cycle. Biogeochemistry, 2000, 48: 7~ 20.

[ 8] Phillipson, J., R.J. Putman, J. Steel & S.R. J. Woodell. Litter in-
put, litter decomposition, and evolution of carbon dioxide in a beech
woodland W ytham Woods[J]. Oxford. Oewlogia, 1975, 20: 203
~ 217.

[9] Thierron, V. & H. Laudelout, 1996. Contribution of ot respira-
tion to total CO, efflux from the soil of a deciduous forest[ J].
Canadian Jour nal of Forest Research, 26: 1142~ 1148.

[10] Wang, Ninglan & Zang Xiangshong. Mountain glacier fluctua-
tions and climatic change during the last 100 years[ J] . Jour nal of
Glaciology and Geocryology, 1992, 14: 242~ 250. [ s

. [J1. [J1,
1992, 14: 242~ 250. ]

[ 11] Cooper, W.S. The Recent Ecological History of Glacier Bay,
Alaska: The Interglacial Forests of Glacier Bay[ J]. Ecology,
1923, 4: 93~ 128.

[12] Palmer, W.H. & A. K. Miller. Botanical evidence for the reces-
sion of a glacier[ J]. Otkos, 1961, 12: 75~ 86.

[13] Heim, A. The glacaciation and soilifluction on Minya GongKar

[J]. Journal of Geop hysical Research, 1936, 87: 444~ 454.

[ 14] Crocker, R. L. & J. Major. 1955. Soil Development in relation
to vegetation and surface age at Ghcier Bay, Ahska] J]. Journal
o Ecology. 1923,43: 427~ 448.

[15] Klingensmith, K. M. Denitrfication and nitrogen fixation in
floodplain successional soils along the Tanana River, interor Alas-
ka[J]. Canadian Journd of Forest Research, 1993, 23: 956 ~
963.

[ 16] Klingensmith, K. M. & K. V.Cleve. Pattems of nitrogen miner
alzation and nitrification in floodplain successional soils along the
T anana River, interior Alaska[J]. Canadian Journal of Forest
Research, 1993,23: 964~ 969.

[ 17] Bunce, J. A. Short and long-term inhibition of respiration of car-
bon dibxide efflux by elevated carbon dioxide [J]. Annds of
Botany, 1990, 65: 637~ 642.

[18] Savage, K., T. R. Moore & P. M. Crill. Methane and carbon
dioxide exchanges between the atmosphere and northern boreal
forest soils [J]. Journal of Geop hysical Research, 1997, 102:
29279~ 29288.

[ 19] Davidson, E. A., E. Belk & R. D. Boone. Siol water content and
temperature as ndependent or confounded factors controlling soil
resprration in a temperature mixed hardwood forest[ J]. Global
Change Biology, 1998, 4: 217~ 227.

[20] Raich, J. W. & A. T ufekcioglu. Vegetation and Soil respiration:
correlation and contwls[ J]. Biogeoche mistry, 2000, 48: 71~ 90.

[21] Vance, C. Rootbacteria interaction: symbiotic nitrogen fixation,
In: Waisel Y., Eshel A. & kafkafi, U. eds. Plant roots: the hidden
halff M]. 2nd ed., New York: Marcel Dekk er Press. 1996.

[22] Jiang Gaoming & Huang Yingxio . A study on the measurement
of CO,emssion from the soil of the simulated Quercus liaotungen-
sis forest sampled from Beijing M ountain areas| J]. Acta Ewlogica
Sinica, 1997,17: 477~ 482. | R .

Cco, . [J]. 1997, 17:
477~ 482.]

[23] Lu Shaohui, Fang Jingyun & K. Makoto. Soil respration of
mountainous temperate forests in Beijing, China[ J]. A cta Phytoe-
wlogica Sinica, 1998,22: 119~ 126. [ s s .

s [J], 1998, 22:
119~ 126.]

[24] Bunnell, F. L., S. F. M acLean Jr. & J. Brown. Structure and
function of tuntra ecosystems| J]. Ecological Bulletin, 1975, 20:
73~ 124.

[25] Peterson,K. M. & W.D. Billings. Cathon dxide flux from tun-
dra soils and vegetation as related to temperature at Barrow Ahska
[J]1. American Midland Naturalist, 1975,94: 88~ 98.

[26] Billings, W. D., K. M. Peterson, G. R. Shaver & A. W. Trent.
Root growth, respiration and carbon dioxide evolution in arctic
tundra soil[ J]. Arctic and Alp ine Research, 1977,9. 129~ 137.

[27] Conlin, T. S. S. & V. Lieffers. Anaerobic and aerobic CO, ef
flux rates from boreal forest conifer roots at low temperatures| J] .
Canadian Journal of Forest Research, 1993, 23: 767~ 771.

[28] Luo Ji, Yang Zhong & Yang Qingwei. CO, emissions from soils
in Abies fabri forest region on the east slope of Gongga M ountain
[J]. Acta Pedologica Sinica, 2000, 30: 403~ 409. [ s

, . Cco,
[J]. 2000, 30:403~ 409. ]



4 . Co, 427

CO;, Emissions From Soils of the Deglaciered Region on Hailuogou
Glacier in the Past 100 Years

LUO Ji, LI Wei, LIAO Xiaoyong, HE Zhuw ei
( Institute of Mouniain Haz ards and Environment, Chinese Academy of Sciences
& Ministry of Water Conservancy , Chengdu 610041, China)

Abstract: Hailuogou glacier has been retreating since the middle of the 19th century and primary vegetation sue-
cession has taken place in the deglaciated region. The increase of greenhouse gases globally is believed to result in
climate warming causing glacier recession. Mountain and high latitude ecosystems are the most sensitive to glob-
al changes. Soil respiration is a major COx flux within terrestrial ecosystem as well as betw een the biosphere and
the atmosphere. Greenhouse gases are predicted to increase temperature and other global changes. The observed
values which varied in different plots or with different measuring methods or by different observers, together
with regional or landscape estimates of annual CO» fluxes from small scale leaded to uncertainty to the study on
the global carbon balance. In this study, spatial versus temporal variability of soil respiration was studied on the
deglaciered region on Hailuogou. Our overall objectives were to compare the characteristics of different soil respt
ration which was based on the achievements of the studies on the glacial recession region and vegetation succes-
sion and to establish a series of soil CO; flux. We also tried to express our opinion on the already existed global
patterns of soil CO2 flux.

Soil respiration rates were measured during 1998 to 2000 using a soil respiration chamber connected to a
portable photosynthesis system ( CI- 301). The chamber was a cylinder, 24. 5 cm in diameter and 30. 0 c¢m in
height. Vegetation succession on glacial recession region is serially divided into 7 stages: hetbs community, @)
Salix Populus sapling forest, ®Populus young forest, @deciduous and broad-leaved forest, Ggoniferous and
broad-leaved mixed forest, ®A bies Picea middle age forest (Teoniferous forest. The series of soil CO» flux were:
51.67,39. 70 , 56. 45, 58. 89, 85. 22, 120. 26 and 158. 65 kgCO2*hm™ 2 d™ ', respectively. Environmental var-
ation affects soll respiration rates. Seasonal change in soil respiration is influenced by two principal environmental
factors, temperature and moisture. Soil respiration rates vary exponentially with increases temperature.
Q10values , a convenient index in comparing the sensitivity of soil respiration with temperatures. In the early
stage (the first through the third stage) of primary succession, soil respiration is mostly influenced by atme-
sphere temperature, while in the sixth and the seventh stage, by Sem and 10em soil temperatures. T he response
of soil respiration to change in soil moisture w as less marked than for temperature. The net primary productivity
at each stage of succession, and site age, and biomass, and N content in C soil layer all impacted soil respiration
rates w hen different sites were com pared.

It is prognosticated that with the increase of atmosphere temperature, the soil CO2 emission flux in herb
stage will increase at the highest rate whereas that of coniferous forest at the lowest one. In this study, our aim
is to By com paring with the world wide research achievement, the soil CO> flux in various soil types of the pri-
mary succession on Hailuogou were greater than Raich and some other’ s results on different soil type with differ

ent vegetation throughout the world, and taiga’ s CO2 flux was 2.4 times higher.

Keywords: Hailuogou Glacier; primary vegetation succession; soil respiration; CO2 emission



