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Abstract. This paper presents a large data set on carbon isotope composition (d13C) of modern soils

which were collected under the main vegetation communities along an altitude of 1250–5500 m above

sea level in the Qinghai-Tibetan Plateau. The d13C values of 198 samples range from �28.6 to �15.1%
versus PDB and exhibit a clean relation to different vegetation communities from forest (�25.9� 1.2%)

to shrub (�24.7� 1.4%), steppe (�23.1� 1.3%), alpine meadow (�23.6� 0.7%), alpine desert steppe

(�21.3� 1.6%), and alpine desert (�18.9� 2.5%). We attributed the observed variability in d13C values

to that the mean annual precipitation (MAP) and the mean annual temperature (MAT) are the main

factors controlling the distribution of vegetation types in the Tibetan Plateau, which causes the change in

carbon isotope composition of modern soils at any given altitude. The result of both linear and nonlinear

regression analyses also confirms that MAP and MAT are the major factors affecting the d13C values of

surface soils. In the absence of favorable moisture and temperature conditions, low pCO2 alone is not

sufficient to cause the distinct changes in carbon isotope composition of modern soils in the Tibetan

Plateau. This study provides some fundamental information on the carbon isotope composition of

terrestrial carbon pools and bears some practical significance for the use of carbon isotope data to

document vegetation changes and environmental conditions of the high plateau in the past.

Introduction

The stable isotope composition of carbon (d13C values) of soil organic carbon

reflects the relative contribution of plant species with C3, C4, and CAM photo-

synthetic pathways (Denis 1980; O’Leary 1988; Boutton et al. 1998). The d13C

value has been widely used to address the origin of carbon in soil organic matter

(Cerri et al. 1985; Balesdent et al. 1987; Krishnamurthy and Bhattacharya 1989;

Bernoux et al. 1998), to document vegetation change, and to reconstruct the history

of climate changes (e.g., Cerling et al. 1989; Gu 1991; Boutton et al. 1994, 1998;

Humphrey and Ferring 1994; Lu et al. 2000). The carbon isotope composition of

soils at high altitudes are influenced by a number of factors, including species

composition, temperature, light level, moisture availability, partial pressure of CO2

and O2, and the source of CO2 assimilated during photosynthesis (Teizen et al.
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1979; Körner et al. 1988, 1991; Bird et al. 1994; Li et al. 1999). However, the effect

of changing altitude and vegetation types on the carbon isotope composition of

modern soils in the Qinghai-Tibetan Plateau, the highest plateau in the world, is still

poorly known. In this study, we focus on the effect of altitude (i.e., decreasing

temperature and atmosphere pressure) and precipitation (moisture) on carbon iso-

tope composition of soil organic carbon in the Qinghai-Tibetan Plateau. The aim of

this study is to investigate how the d13C value of surface soil organic matter varies

with vegetation-soil types and regional climatic conditions.

Material and methods

Study area

The Qinghai-Tibetan Plateau, known as The roof of the world with an average

altitude of over 4000 m above sea level (m a.s.l.), is the highest and largest plateau

on the earth with unique environment and climate characteristics. It also greatly

influences the natural environment and climate of adjacent regions. The study

region covers a vast area between latitudes 258 and 42.348E, and longitudes 77.88
and 104.18E, over a large altitudinal range from 1250–5500 m a.s.l. (Figure 1). This

area experiences drastic climate and environmental changes from north to south and

from east to west, spanning several climatic zones from alpine temperate extreme

dry zone in the north to alpine sub-temperate, alpine sub-cold in the middle, and

alpine temperate zones in the south (Institute of Geography 1990, 1999). An ex-

treme dry climate occurs in the northern margin with mean annual precipitation

(MAP) about 30 mm. The main part of the plateau with an elevation of more than

4500 m is characterized by cold and dry winters and cool-humid summers with

mean annual temperature (MAT) of �8 to 8 8C (Figure 2(a)). Low temperatures

usually last for 7–8 months. To the south and southeast are relatively high rainfall

regions with MAP from 370 mm to over 800 mm (Figure 2(b)).

Vegetation distribution in the Qinghai-Tibetan Plateau is largely controlled by

rainfalls from the southeast and southwest monsoons. It is characterized by a zonal

pattern from the southeast to northwest following a gradient of decreasing moisture

(precipitation), ranging from forest, shrub, alpine meadow, steppe, desert steppe,

alpine desert (Investigation Team of Chinese Academy of Science 1988a; Institute

of Geography 1990, 1999). Coniferous and broadleaf forests, consisting mainly of

Picea, Abies, Pinus, Tsuga, Betula, Populus, and Quercus, grow in valleys and

mountain slopes below 4000 m. Mountain dark coniferous forests are mainly

distributed in the northern slopes of some mountains at an elevation of about 3100–

3500 m in the southeast, 3500–4100 m in the west, and 2800–3800 m in the

northwest. Shrubs, generally including evergreen sclerophyllous, evergreen con-

iferous, deciduous and broadleaf, and succulent plants, are distributed at different

elevations of the plateau. Alpine meadow occupies the main part of the plateau over

4000 m in altitude. It consists mainly of sedge and grass communities such as

Carex, Kobresia, Stipa, Festuca, Poa, Roegneria, and Koeleria, together with some
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species of Compositae, Chenopodiaceae, Rannuculaceae, Polygonaceae, and Le-

guminosae. Alpine steppes occupy a vast region at elevation of 4400–5400 m in the

interior of the plateau. Stipa purpurea, S. basiplumosa, Carex moorcroftii and

Artemisia wellbyi are dominants of steppes. Usually there are some cushion plants

(e.g., Arenaria musciformis, Androsace stapete) and succulent plants (CAM plants:

Rhodiola sp.; Sedum sp.) (Investigation Team of Chinese Academy of Science

1988a; Chang 1981; Wang 1988). Alpine desert is found in the western part of the

Tibetan Plateau, where the elevation of the plateau plain and lake basins is over

4500 m. The dominants of this vegetation type are cushion minor semi-shrubs

adapted to extremely cold and dry climate. The representative community is

composed of Ceratoides compacta, Rhodiola sp., Sedum sp. Companion species are

few high mountain plants including Ajania trilobata, Arenaria monticola, Carex

moorcroftii, Hedinia tibetica, Oxytropis densa, Pegaeophyton scapiflorum, Stipa

basiplumosa and Thylacospemum caespitosum (Chang 1981; Wang 1988; In-

vestigation Team of Chinese Academy of Science 1988a; Institute of Geography

1990,1999).

In the Tibetan Plateau, a markedly different altitudinal vegetation zonation oc-

curs between the northern part and southern part. In the southern part, for example,

Yadong region, the zone of mountain coniferous-broadleaf mixed forest below

3000 m is dominated by Picea, Pinus, Sabina, Tsuga, Betula, Populus, Quercus,

together with Tilia, Acer, and Hippophae. From 3000 to 3500 m, Picea and Abies

dominate the vegetation, mixed with Quercus and Betula. The zone between 3500

and 4000 m is occupied by subalpine shrub-meadow, composed mainly of

Figure 1. Map of study area showing sampling locations of soils in the Qinghai-Tibetan Plateau.
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Rhododendron, Potentilla, Caragana, Salix, Kobresia, Carex, and Stipa. Alpine

meadow and desert steppe exist from 4000 to 4600 m, which is dominated by

Carex, Androsace, Stipa, and Saussurea. In the northern plateau part, for example,

Qilian mountains, the zone of mountain broadleaf trees composed of Quercus and

Populus is distributed in river basins and oasis at an elevation of 1800–2500 m.

Scattered mountain coniferous and broadleaf forests composed of Pinus, Picea,

Sabina, Quercus, and Populus etc. grow on the northern slopes at an elevation of

2000–3600 m. The coniferous forests dominated by spruce trees are located at an

altitude of 2500–4100 m. Subalpine shrub and grassland lie above the forest line at an

Figure 2. (a) MAT of the Qinghai-Tibetan (8C); (b) MAP of the Qinghai-Tibetan (mm) (modified from

Institute of Geography 1990).
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elevation of 3200–4000 m. Mountain desert steppe and alpine steppe dominated by

Stipa, Festuca, Artemisia, and Krascheninnikovia, as well as alpine meadow with

Kobiresia, Potentilla, Polygonum, and Carex, occur between 3200 and 4700 m.

Material and methods

Soil samples used in this study were collected under the main vegetation com-

munities mainly from a northeast–southwest transect that runs along the elevation

from 1250 to 5500 m a.s.l. (Figure 1). This transect covers a broad gradient in

climate and a variety of vegetation communities including forest, shrub, steppe,

alpine meadow, desert steppe, desert and alpine desert. The variety of main vege-

tation types covers a mosaic of soil types in these study regions (Table 1).

(Investigation Team of Chinese Academy of Science 1985, 1988a, b).

A total of 209 samples were collected from 0 to 3 cm depth along the transects

(Figure 1) at approximately 50–70 km sampling intervals in the summer to autumn

of 1999. Leaves, grass roots, and litter were removed prior to sampling. Longitude,

latitude, and altitude of the sites were measured using a GPS 12 (GARMIN). The

altitude of each sampling site was also determined using a Pocket-Altimeter Bar-

ometer, which was calibrated at locations of known altitude during the course of

sampling each day. Diurnal pressure variations reduce the accuracy of the absolute

altitude determination to approximately �30 m. The modern climatic parameters

for spatial interpolation used in this paper (Table 1) are from a database of the MAP

and MAT in the past 40 years from Chinese National Meteorological Bureau (Lin

et al. 2002). The pCO2 (partial pressure of atmospheric carbon dioxide) of each

sampling site was estimated based on a relationship between the altitude and at-

mospheric pressure in the standard atmosphere (Zhou 1997). The pCO2 would de-

crease from its present value of 36 Pa at sea level to 25.7 Pa at 3000 m, and to 19.1 Pa

at 5000 m with decreasing atmospheric pressure (Zhou 1997; Boom et al. 2002).

Among the 209 samples obtained, 198 samples were analyzed for this study, the

remaining 11 samples are all from desert sand and contain inefficient quantities of

organic matter for the analyses. All the soil samples were dried at 60 8C, and then

ground to less than 250 mm. The <250 mm fraction was treated with 1 N HCl at

room temperature overnight to remove carbonates, then washed to neutrality with

Table 1. Relationship between vegetations and soil types in Qinghai-Tibetan Plateau (Investigation

Team of Chinese Academy of Science 1985, 1988a; Institute of Geography 1999).

Vegetation types Tibetan classification – Soil types WRB classification

Alpine desert Frigid desert soils, Cold desert soils Calcic Xerosol, Takyric Xerosol

Desert steppe Morga soils Haplic Xerosols,

Alpine meadow Felty sod soils, Black felty soils Humic Cambisol

Steppe Baga soils, Saga soils Haplic Xerosols,

Shrub Brow felty soils Haplic Xerosols,

Forest Burozems, yellow-brown earths,

cinnamon soils, Bleached gray soils

Humic Cambisol, Orthic Luvison,

Dystric Podzoluvisols
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distilled water, and dried at low temperature (50 8C) (Bird et al. 1994). About 50 mg

samples prepared were measured for carbon isotope ratios using an NC2500 (EA-

IRMS) mass spectrometer. All results are reported in d notation versus PDB

standard. Overall analytical precision is less than 0.1%. Twenty-eight duplicate

samples from different soil sediments were measured repeatedly with an average

deviation of �0.23%.

Results

Table 2 shows the results of 198 samples for their carbon isotope composition of

soil organic matter with the MAP and MAT from the Qinghai-Tibetan Plateau,

spanning an overall altitudinal range from 1250 to 5500 masl. Figure 3 shows the

variations in d13C values of all soils for this study as a function of changing

elevations, in a range of �28.6 to �15.1%, averaging �23.3� 2.2%. Though no

all of d13C values of soils show a clear relationship with altitude, however, below

3500 m, the d13C values of soils from forest and steppe are distributed in a wider

range, a general trend of gradual decrease is apparent with increasing altitude,

ranging from �20.5 to �28.5%. Above this height, the d13C values are more

scattered, specifically the soils from desert and alpine desert sites (Figures 3 and

4(f)) show that a significant positive shift with increasing altitude is observed,

varying from �23.5% to �15.1% (Figures 3 and 4).

Soils under different vegetation types show visibly different extents of d13C

values. For example, soils under desert and alpine desert are characterized by the

most positive d13C values from �22.5 to �15.1%, averaging �18.9� 2.5%, and

desert steppe from �23.9 to �18.5%, averaging �21.3� 1.6%. Alpine meadow

ranges from �25.2 to �22.4%, averaging �23.6� 0.7%. Steppe have similar d13C

values to alpine meadow ranging from �25 to �19.6%, averaging �23.1� 1.3%,

shrub from �27.3 to �19.6%, averaging �24.7� 1.4%, and forest from �28.6 to

�23.9%, averaging �25.9� 1.2%.

Comparison of the carbon isotope values of soils under each vegetation type

versus MAP, MAP and pCO2 (Pa) demonstrates that both the MAP and MAT are

nonlinear negatively correlated with d13C at higher correlation coefficients

(R2
MAP¼�0.86, n¼ 198 data set; R2

MAT¼�0.91, n¼ 198 data set). The pCO2 is

not significantly correlated (R2
pCO2¼ 0.024, n¼ 198 data set) to d13C (Figure 5).

In this study, we also used the methods of linear regression analyses to explore

the effect of environmental factors on the d13C of soils from all of sets. First, we use

a linear regression method to explore the effect of MAP, MAT, and pCO2 on the

d13C based on the data of 198 samples (Table 3). Considering the effect of local soil

solution water and groundwater on d13C values (Feng et al. 2000), we excluded 24

samples from these analyses. Among them, five samples (sample nos. 119–123, see

Table 2) were collected from the margin of saline lakes in the Qiadam Basin, and

nineteen surface samples (sample nos. 14,17, 124–139, see Table 2) from the areas

of oasis along the ancient Silk Road. Then, we perform this method on the data sets

of 198 and 174 samples, respectively, to compare the results of regression analyses.
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Figure 3. The d13C values of surface soil samples under different vegetation types from the Qinghai-

Tibetan Plateau plotted against elevation. (1) Forest; (2) shrub; (3) steppe; (4) alpine meadow; (5) desert

steppe; and (6) desert and alpine desert. Data use from Table 2.

Figure 4. The d13C values of each vegetation type in the Qinghai-Tibetan Plateau against elevation

showing visibly different extents of d13C values. Symbol P indicates MAP range for each vegetation type.

(a) forest; (b) shrub; (c) steppe; (d) alpine meadow; (e) desert steppe; and (f) desert and alpine desert.
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In the linear regression analysis, both the MAP and MAT are negatively correlated

with d13C at the 0.0001 and 0.01 significance levels, respectively. The MAP has

higher correlation coefficients (r¼�0.52 (174 data set) >�0.39 (198 data set))

than MAT (r¼�0.20 (174 data set) >�0.19 (198 data set)). The pCO2 is not

significantly correlated (p> 0.05) to d13C (Table 3).

As shown above, both of MAP and MAT are the primary factor affecting the d13C

values of surface soils in the Tibetan Plateau. Figure 6 shows a trend analysis result

that takes the nonlinear relation between d13C values and two climatic variables

(MAP, MAT). A saddle-shaped response surface has two peaks: one in a warm and

aridity–semi-aridity region with mean MAT> ca. 4 8C and MAP< ca. 400 mm; the

other one, in a cold and aridity–semi-aridity region with mean MAT> ca. �4 8C
and MAP< ca. 400 mm. However at range of MAT from ca. 4 8C to ca. �4 8C and

MAP< 800 mm, the d13C values are clearly controlled by precipitation and in-

crease d13C values with decrease MAP; The range of MAT ca. 4 8C to ca. �4 8C are

cover mostly areas of Tibetan Plateau (Figure 2), imply that the MAP has more

important effect on the d13C values of surface soils in the Tibetan Plateau.

Figure 5. Relationship between d13C values of six vegetation types and their MAP (a), MAT (b) and

pCO2 (c) showing that both the MAP and MAT are nonlinear negatively correlated with d13C, and pCO2

is not significantly correlated. (1) Forest; (2) shrub; (3) steppe; (4) alpine meadow; (5) desert steppe; and

(6) desert and alpine desert.

Table 3. Result of linear regression analyses for the relationships between the d13C and precipitation,

Temperature, and pCO2.

Regression equation r f df p

N¼ 198 d13C¼�21.458 (�0.336)–0.0055 (�0.0009) � MAP �0.39 35.352 1.196 <0.0001

N¼ 174 d13C¼�20.259 (�0.393)–0.0082 (�0.0010) � MAP �0.52 64.169 1.172 <0.0001

N¼ 198 d13C¼�23.011 (�0.177)–0.0956 (�0.0347) � MAT �0.19 7.588 1.196 0.0064

N¼ 174 d13C¼�22.956 (�0.188)–0.1006 (�0.0372) � MAT �0.20 7.315 1.172 0.0075

N¼ 198 d13C¼�22.097 (�0.957)–0.0495 (�0.0406) � pCO2 �0.08 1.487 1.196 0.2242

N¼ 174 d13C¼�22.029 (�1.196)–0.0507 (�0.0525) � pCO2 �0.07 0.931 1.172 0.3360

MAP: mean annual precipitation (mm=y).

MAT: mean annual temperature (8C).

pCO2: the partial pressure of atmospheric carbon dioxide (Pa).
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Discussion

The organic matter of soils is principally derived from surface plants. The major

factors that affect the composition of carbon isotope of plants include the pathways

of photosynthesis, the pressure of atmosphere, the d13C values of atmosphere CO2,

temperature, precipitation, available soil moisture (e.g., Smith et al. 1976; Francey

and Farquhar 1982; Körner et al. 1991).

Distributions of C3, C4 and CAM plants supports results of carbon

isotope discrimination

Indeed, surveys of plant communities usually reveal a bimodal distribution of d13C

values (C3 plants typically in the rangeof �23 to �36%, and C4 and CAM plants in

the rangeof �10 to �18% (e.g., Körner et al. 1988; O’Leary 1988; Griffiths 1993;

Boutton et al. 1994; Sage et al. 1999). C3 plants, forest trees generally occur at

elevations below ca. 4000 m in the Tibetan Plateau. Above 4000 m, meadow

communities are dominated by almost all of C3 plants. Alpine deserts are domi-

nated by xeric Chenopodiaceae (such as Ceratoides lateens and C. compacta).

Figure 6. Trend analysis result of soil d13C values and climate variables (MAP, MAT) in three di-

mensions. Z¼ d13C values, X¼MAP (mm), Y¼MAT (8C).
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Crassulacean acid metabolism (CAM plant) is a photosynthetic pathway usually

associated with succulent plants in arid habitats (Drennan and Nobel 2000). More

than 60 species of Crassulacean plants (such as Rhodiola sp., Sedum sp.) occur at

deserts to Alpine deserts arid habitats above 3500–5500 m elevation in the Tibetan

Plateau (Investigation Team of Chinese Academy of Science 1985, 1988a).

C4 plants composed mostly of Gramineae (such as Imperata cylindrical var.

major, Arundinella setosa, A. hirta, Themeda gigantea var. caudate, T. triandra var.

japonica, Eeragrostis pilosa, Cynodon dactylon, Setaria viridis, S. geniculata, S.

plicata) and some species of Chenopodiacea occur only at lower elevations (below

ca. 3500 m) and in some arid regions (Investigation Team of Chinese Academy of

Science 1988a; Wu et al. 1992; Wang 2001). Similar distribution of C4 plants also

occurs at below 3050 m in mountainous region of Kenya (Tieszen et al. 1979). The

significance of temperature and precipitation in determining C4 occurrence has

since been corroborated in several studies (e.g., Teeri and Stowe 1976; Rundel

1980; Hattersly 1983). The global distributions of grass genera according to pho-

tosynthetic type revealed that the most consistent criterion for the occurrence of C4

grass genera was mean temperature >22 8C and mean precipitation >25 mm for

any month (Collatz et al. 1998). In the Tibetan Plateau regions, around above

3500 m, had no monthly temperature above 22 8C with >25 mm of precipitation

even in July (Institute of Geography 1999).

Our study shows a general decrease in d13C values of forest and steppe soil

organic matter with increasing altitude below ca. 3500 m (Figure 3), suggesting that

may be related to the decrease in C4 plants with increasing altitude as discussed

above. Above ca. 3500 m, the d13C values of soils from desert and alpine desert

sites (Figures 3 and 4(f)) showed a significant positive might be related to the

present CAM plants at high altitude.

The potential effect of CO2 on carbon isotope

The discussion of potential effect of CO2 on carbon isotope will focus on two

aspects: firstly, are the d13C values of atmospheric CO2 changing with elevation

gradient? Levin (1984) and Körner et al. (1988) have demonstrated that atmo-

spheric variations in d13C values are very smaller in the different elevations; for

example, in central Europe d13C increases by 0.2% between 1200 and 3500 m, both

in summer and winter (Körner et al. 1988). Thus over the range of sampling areas

between 1250 and 5500 m in Tibetan Plateau encounter variations in atmospheric

d13C one order of magnitude smaller than ca. 0.5%, only a minor portion of the

observed d13C values range from �28.6 to �15.1%. Atmospheric variations in

d13C values do not explain this large variation in d13C values of soils.

Secondly, though the d13C values of atmosphere has not a lager change along the

different elevations, but at high elevation, the lowering of partial pressure of CO2

and O2 induced by the decreasing atmosphere pressure will lead to the decrease in

the ratio of Pi=Pa (Ratio of intercellular to atmospheric CO2 partial pressure) in

plant leaves, causing lower rates of photosynthesis and heavier 13C in plants
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(Körner et al. 1988, 1991). There have been some studies of modern C3 plants and

their carbon isotopic composition in the Qinghai-Tibetan Plateau. The results from

both Li et al. (1999) and Luo (1998) together with ours (Wang et al. 2003) showed a

steady increase in the d13C values of C3 plants with increasing altitude. The dif-

ference of mean d13C values per 1000 m increase in altitude is 1.14� 0.76%, which

is comparable to the value (1.2� 0.90%) obtained by Körner et al. (1988) based on

a global survey of carbon isotope discrimination in plants. Although we accept that

the d13C values of soils from different vegetations will response to pCO2 change in

the different elevation, however, this does not explain the generally decreases of

d13C of soils under forest and steppe below ca. 3500 m and large increases of d13C

of soils under desert and alpine desert above this height. Our regression analyses

results also suggest that pCO2 is not crucial factor affecting the d13C values of soils

in the Tibetan Plateau. One of the causes may be that the effects of vegetations

cover up the ones of pCO2 on carbon isotope composition of modern soils at any

given altitude.

Variations of carbon isotope of soils associated with MAP and MAT

It has become known that precipitation or moisture is an important factor affecting

the 13C values of plants. The different carbon isotope composition among C3 plants

can be explained by different proportions of stomata and mesophyll resistance to

CO2 uptake (Farquhar 1980, O’Leary and Osmond 1980; Vogel 1980; Farquhar

et al. 1982). Plants under different environmental stresses will alter the relative

magnitude of the two resistance components (e.g., Mooney et al. 1974; Farquhar

and Richards 1984). Low precipitation or humidity (both air and soil) and large

ambient vapor pressure deficits would decrease stomatal conductance and reduce

the ratios of Pi=Pa (e.g., Farguhar and Sharkey 1982; Farquhar et al. 1982), hence,

heavier 13C yields in plants (Farquhar et al. 1982). The decrease in temperature

with increasing altitude will increase the ratio of internal to external partial pressure

of CO2 (Pi=Pa) in plants, and reduce the d13C values of plants (Farquhar and Wong

1984).

The variations in precipitation and temperature are a crucial factor not only

affecting the d13C values of plants, but also controlling the vegetation distribution

in the Tibetan Plateau. Studies of modern plant distributions indicate that crossover

precipitation and temperature strongly affects the competitiveness of C3, C4 and

CAM plants (Investigation Team of Chinese Academy of Science 1988a). Regional

climate condition plays a key role in the distribution of vegetation communities. In

the absence of favorable moisture and temperature conditions, low PCO2 alone is

not sufficient to cause the distinct change in carbon isotope composition of modern

soils in the Tibetan Plateau. Huang et al. (2001) also indicate that in the absence of

favorable climatic conditions, low pCO2 alone is insufficient to control the dis-

tribution of vegetations.

Our results indicate that both of MAP and MAT are the primary factor affecting

the d13C values of surface soils in the Tibetan Plateau, a saddle-shaped response
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surface of d13C values corresponding the variety of MAP and MAT. However, the

generally positive d13C values of soils from alpine deserts in higher altitude, does

not been explained this large shift by low pCO2 and low precipitation, there, a

contribution of CAM plants must be considered, suggest that carbon isotope is one

of the most sensitive indicators of vegetations in Tibetan Plateau and its conditions

may be determined largely by the climate of mountainous region.

In our study, 24 samples collected from the margin of saline lakes and oasis

areas, where mean precipitation is less than 200 mm, show relatively light d13C

(�23.8� 1.5%) (Table 2). The large amplitude of negative shifts in the d13C values

of soils may reflect an effect of soil solution water and groundwater.

In addition, Bird et al. (1994) discussed some other factors that might cause the

change in carbon isotope composition of grassland soils due to changing altitude,

such as the effects of decomposition, and the influence of wet condition and

sampling locality. In our study, these influential factors may also play some role in

determining the proportions of C3 and C4 grasses at any given altitude. For this,

more work would be required to substantiate these relationships.

Conclusions

The data presented here for the changes of carbon isotope composition of soils

under different vegetation communities along an altitude gradient in the Qinghai-

Tibet Plateau demonstrate that the d13C values of soils exhibit significant positive

shift with changing vegetation communities from forest to shrub, steppe, alpine

meadow, alpine desert steppe, and alpine desert.

MAP and MAT are crucial factors not only controlling the vegetation distribu-

tion, but also affecting the d13C values of plants in the Tibetan Plateau, which

causes the change in carbon isotope composition of modern soils at any given

altitude. The results of both linear and nonlinear regression analyses also confirms

that MAP and MAT are major factors affecting the d13C values of surface soils. In

the absence of favorable moisture and temperature conditions, low PCO2 alone is

not sufficient to cause the distinct changes in carbon isotope composition of modern

soils in the Tibetan Plateau.

There are many factors affecting the composition of carbon isotope of organic

matter as mentioned above. Identification of the underlying cause, however, is more

complicated because of many uncertainties such as the effect of soil solution water

and groundwater, the degree of re-utilization of respired CO2 during plant photo-

synthesis, the degree of decomposition of organic matter, and the age of the carbon.

Therefore, accurate estimate for the contribution of these influential factors should

be included in future investigation of this area. Our study only provides a pre-

liminary framework of carbon isotope composition of soil organic matter in the

Qinghai-Tibetan Plateau and some fundamental information on the carbon isotope

composition of terrestrial carbon pools, which might have some significance for the

use of carbon isotope data to reconstruct vegetation changes and environmental

conditions of the high plateau in the past.
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