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Stable Carbon Isotopic Camposition in Soil Organ ic Carbon and Cs/Cs Source
Var iationsat the Haibei AlpineM eadow
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(1Northwest Institute of Plateau Biology,Chinese A cadany of Sciences, X ining 810001, China 2 College of A gronomy, He nan
U niversity of Science and Technology, L uoyang He nan 471003,China)

Abstract Stable carbon isotopes of organic matter originated from different il layers (0 5an, 5 15
an, 15 25an, 25 35an, 35 50 an, 50 65 an) were investigated in the Haibei A IpineM eadow E-
cosystan Research Station of the Chinese A cademy of Sciences The preliminary results indicated that §°C
values of il organicmatter increased w ith increased il depth  §°C of il organic carbon in 0 5 an lay-
er showed the lowest value, - 25 09%o : while 50 65 an il layer possessed the lower §°C value,
- 13 87%. Based on mass balancemodel of stable isotopes, itwasproposed that the percentage of Ca car-
bon source tend to increasew ith increased il depth Theprelminary study indicated that alpine m eadow
might have undergone a successive process from Cs-dom inated community to Cs-dom inated one How ever,
changing 8°C values in amosheric COz overtime and different processes of il organic carbon fomation
(or eluviation) might somewhat contribute to increasing 8°C values In this case, mass balance model
would underestimate Cs community and overestimate C4 comm unity.

* 2004-01-14 ; :2004-08-20

(1975- ), . . : -Email yxfengl975
@whu com



2

Cs/Ca () 337

Key words :5°C : Cs/Cs urce ; alpine m eadow

Agren et al. ™ recently have pointed out that
the iotopic composition of il organic carbon
(S0C) is a pow erful characteristic of the develop-
ment of il organic matter. It iswell established
that the natural carbon isotope composition of il
organic matter variesw ith il depth!>®. §°C val-
ues of SOC have been previously used to document
shifts in community composition and distribu-
tion 1. Stable carbon itopesof il organicmat-
ter was considered directly related to isotopic sig-
natures of vegetationson it'® **. Different vegeta
tionsw ill generate different stable carbon isotopic

ot is well

signatures of =il organic carbon
known that Cs and Cs plants possess significantly
different stable carbon istopic signatures, and
stable carbon iotopic ratios of Cs plants range
from - 17%o to - 11%o and Caplants from - 34%o
to - 25%0" ™. Because the 8°C value of wil or-
ganic matter is gpproximately equal to that of the
plant material from w hich it originates™, the iso-
topic composition of il organic carbon (SOC) can
be used to indicate where vegetation has shifted
from dominance by one photosynthetic pathway

type to the other'?.

This difference in stable car-
bon istopic ratios between photosynthetic types
can be used to quantify the proportion of Cs and Ca
gecies contributing to amixture of plant materi-
al'® I The 8°C value of il organic matter
should also reflect the relative mportance of Csand
Cas plants in the community. Theoretically, the
5°C value of the il organic matter should be i-
dentical to the existing vegetation at a site if (1)
the existing vegetation has remained unchanged for
a period equal to that of the oldest carbon in the
il profile :(2) the §°C value of amogheric CO2
has remained constant w ith time 3(3) no fractiona-
tion of carbon istopes has taken place in the il
as a result of either decomposition processesor dif-
ferential preservation of plant biochemicals If as
sumptions 2 and 3 hold true and there is a differ-
ence in the §°C value betw een the il and the veg-
etation, then in all likelihood there has been some
degree of compositional change in the Cs/Ca

biomass of the community™. Based on this ac-

know ledgeament, we can re-evaluate relative abun-
dances of Cs and Cs plants in il organic carbon
even vegetation variation history using stable car-
bon isotopic patterns of il derived from different
il depth

A Ipine meadow eocosystan, prevailing over
Qinghai-Tibet Plateau; ‘the third pole of the
world”, made itself the ideal place for the research
of structure, function of alpine meadow ecosys
ten. Qinghai-T ibet Plateau has undergone a long-
tem uplift and succession To reveal vegetation
properties is difficult via traditionalmeasures Pre-
liminary study'™ revealed that no Cs plants found
at the alpine meadow. Stable carbon istopes of
paleosolswould indicate the abundance of Csplants
in vegetation history of alpine meadow. How ever
stable carbon iotope has been used to investigate
vegetation variations, there are stillmoreprobleans
to handle, such as relationship betw een carbon iso-
tope of modern il and vegetation ecology and car-
bon itope fractionation during succession from
paleols to modern ils In this study, §°C val-
ues of il organic carbon w ere investigated to re-
veal vegetation variation history at the alpine
meadow compared with &°C values of modern
plants

1 M aterials and methods

11 Study location

T he study w as conducted in the Haibei A Ipine
M eadow Ecosysten Research Station (HAM ERS)
of Chinese A cadeny of Sciences Itw as established
in 1976 in order to understand the structure and
function of alpine meadow ecosystan, form and
development of bio-diversity, the adaptive and evo-
lutionary strategies of gecies, and the mpact of
global changes on grassland ecosysten. The
HAM ERS has been expanding as a open field sta-
tion of CA S in 1988, one of the key stationsof the
Chinese Ecosysten Research Network (CERN ) in
1992, the unique research station of International
Tundra Experiment (ITEX) in 1998, amember of
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International Center for Integrated M ountain De-
velopment (ICMOD ), andNorthern SciencesN et-
work (NSN) in 1999

The HAM ERS is situated in the northeast of
Qinghai-T ibet Plateau at an altitude of 3 200 m,
37°29' 37°45' N, 101°12" 101°33' E, with an av-
erage annual tenperature- 1 7 . Thereisno ap-
parent four seansw ith only wam seaon from
M ay to October and cold season from Novenber to
April The annual average air temperature is
- 17 with extreanesof maximum at 27 6 and
minimum at - 37 1 . Duringw inter months, the
average temperature can drop to - 15 to - 20
in highland area In summer, the average tanpera-
ture in thewamest month (July) is 14 to 22
in the valleys and 4 to 10 in the mountains
A verage annual precipitation ranges from 426 860
mm, 80% of which falls in the short summer
grow ing seaon from M ay to September.
nual average sunlight is2 462 7 hoursw ith 60 1%
of total available sunshine

The il typesof the HAM ERS are dom inated
by mollic-gryic cambisls and matcryo-sod il in
three rich elements as nitrogen, phoghorus and
potassium. They are characterized by higher or-
ganicmatter content, a thinner il layer, and low -
er mineralization rate

The an-

12 &°C measurenentsof il and plant organic
carbon

Soil samplesw ere collected from K obresia hu-
milismeadow using a push probeat 5 10 an in-
crenents to a depth of 65 an. Six setsof samples
w ere collected random ly during the exuberant sea-
on (July to August) in 2002 Soil sanpleswere

separated from live roots and air-dried indoors to
constant mass in an oven at 70 , and ground to
pass a 2mm sieve Inorganic carbon-free sanples
(samplesfor OC §°C analysisw ere treatedw ith 1
mol- L *HCIl at 25 for three days to remove
carbonate C) and finely grounded plant samples
w ere digpatched to FinniganMA T (Bemen, Ger-
many) DEL TA™"®XL istopic ratio gpectrometer
under EAM S (Element analyzer and mass ectro-
meter ) oconditions Interface between element-
analysis meter and gectrometer is Conflow 111
(continuous flow 111). Operation condition : oxi-
dizing furnace tamperature is 900 , reducing fur-
nace is 680 , pillar temperature is 40 Stan-
dards consist of the Peedee Belennite (PDB) for-
mation from South Carolina, U SA. The resultsare
expressed in 8°C relative to the PDB standard in
the conventional dper mil notation as follow s :

&°c = [(Pc/“C)s/ (PC/®C)sa- 1]x 1000,
w here ** C/*C are the imtopic ratiosof sample (s)
and PDB standard (sta). The overall (sample
preparation plus analysis) analytical precision is +
Q 2%a

2 Results

2 1 6°C values of modern plants

One hundred and two plant gecies, repre-
senting 70 genus and 25 families have been exam-
ined The results show ed that the 6°C valuesof all
plant gecies measured had a narrow range from
- 28 24%ot0 - 24 84%o and averaged at - 26 51%o
(Table 1), which indicated no C.(or CAM )plants
found at the alpinemeadow , all plant gecies per-
form Csphotosynthetic pathw ay.

Table 1 §°C values of modern plants grown at the alpine meadow

Family Ranges of &°C value (%o) Family Ranges of &°C value (%o)
Boraginaceae (2) * - 27 44 - 26 13 Primulaceae (2) - 2712 - 26 41
Chenopodiaceae (1) - 26 17 Ranunculaceae (8) - 2709 - 2532
Compositae (13) - 2824 - 2512 Rosaceae (6) - 2651 - 2584
Cruciferae (3) - 2752 - 26 19 Rubiaceae (2) - 2593 - 2574
Cyperaceae (10) - 2763 - 2613 Salicaceae (1) - 2582
D ipsacaceae (1) - 2525 Scrophulariaceae (6) - 2820 - 2487
Equisetaceae (1) - 2532 Thymelaceae (1) - 24 97
Gentianaceae (12) - 2811 - 2603 Umbelliferae (2) - 2762 - 2536
Gramineae (11) - 2745 - 24 87 V iolaceae (1) - 2545
Iridaceae (1) - 26 47 L iliaceae (1) - 27 86
L abiatae (3) - 2692 -2579 Papaveraceae (3) - 2822 -2716
L eguminosae (6) - 2175 - 2484 Plantaginaceae (1) - 26 13
Polygonaceae (4) - 2774 - 26 06 A verage - 26 51

Note :* Data in parentheses indicate numbers of plant geciesmeasured
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2 2 §°C values of different il layers at the
alpinemeadow

Table 2 showed that the 0-5 an SOC was en-
richedw ith the heavier isotope (6°C = - 25 09%o)
relative to the plant samples by approximately
1 4%o (102 plants investigated show ed Czphotosyn-
thetic pathway and possessed 8°C values ranged
from - 28 24%o0 to - 24 84%o., and averaged at
- 26 51%0). However, §°C valuesof paleool! (5
65 an ) organic carbon ranged from - 21 73%o to
- 13 87%0, which were significantly higher than
the average §°C value of modern vegetation and
modern il (One-Sanple Test, t = 4 914, df = 4,
P= Q 008, and t= 3 941, df = 4, P= Q 017 re-
pectively).

Table 2 §°C values of organic carbon in different

il layer sat the alpinemeadow

Soil layers(an) &°C values (%o) D
0 5 - 25 09 (6) * Q 04
5 15 - 21 73 (6) Q 25
15 25 - 21 65 (6) Q 07
25 35 - 20 53 (6) Q 17
35 50 - 18 93 (6) Q11
50 65 - 13 87 (6) Q 10

Note :* Sanple size

3 Discussion

3 1 Definition of modern soilsand paleosols

W e tentatively defined 0 5 an layer asmod-
ern il layer because their §°C values did not show
significant difference between those of modern
plants (One-Sanple Test, t = - 1 419, df =
101, P = Q 159). Theother 5 65 an il were
defined as paleosnl due to their significant higher
&°C values compared w ith modern plant 8°C values
(One-Sample Test, t = - 4Q 233, df = 101, P
= Q 000 ;One-Sanple Test, t= - 41 147, df =

101, P = Q 159; OneSample Test, t =
- 54 082, df = 101, P = Q 159 ; One-Sanple
Test, t=- 72 560, df = 101, P = Q 159 ;0One-
Sanple Test, t = - 130 997, df = 101, P =

Q 159, regectively).
3 2 Basisof °C values of =il to reveal vegeta-
tion var iation history

Stable carbon isotopes of il organic matter
w as directly related to iotopic composition of vege-

tations grow n on it'"**. D ifferent vegetationswill

result in different stable carbon isotopic signatures
of wil organic matters ™.
il organic carbon and modern vegetation are sim i-
lar even identical due to that modern il organic

carbon mainly derived from modern vegetation

8°C values of modern

T he difference betw een them is related to microor-
ganisn reiration and mineralization after death of
plants Stable carbon isotopic fractionation during
transform ation of plant litter to il organicmatters
It was reported that carbon
fractionation caused by il and microorganisn res-
2%,
w hich would result in elevation of §°C values of
modern il organic carbon™®**". Recent study'*
danonstrated that stable carbon itopic fractiona-
tion mainly occurred at the beginning of decomposi-
tion of plant litter andwould remain stable after de-
composition Soil organic matters are composed of
carbon derived from plant, bacteria and water or-

should be concerned

piration is very snall®™, i e , about 1%o

ganisns Some studies™*! have showed that bac-
teria and w ater organisn s contributed little carbon
to il organic matters and could be neglected
Based on these investigations, it was reasonable to
propose that it w as effective and objective to utilize
carbon isotope of paleonls to recovery vegetation
history.
3 3 Useof §°C values to reveal Cs/Cs sources of
il organ ic carbon

Because il organic carbon is originated from
vegetation on it, the photosynthesis pathways of
plants, air pressure, 8°C values of amosphere,
tanperature, lar radiation, and il moisturew ill
influence 6°C values of il organic carbon® !
Thisprovides us a basis to infer vegetation succes
sion at the alpinemeadow. After 5 15 an il lay-
er, 8°C values of il organic carbon (paleos! lay-
ers) maintained steady and ranged from - 21 73%o
to - 13 87%a The abrupt elevation of 8°C values
of il organic carbon indicated that there must be
ome carbon urcew ith higher §°C values adding
to the deeper layers, i e , Cs or CAM 9urces
Based on mass balance model of stable carbon i-

tope, 2 78%, 25 03%, 25 56%, 32 98%,
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43 58%, and 77 09% of carbon from Csor CAM
ourceswould be incorporated into modern and pa-
leosol organic carbon pool, repectively (Table 3).
M odern il layer (0 5an) at alpinemeadow only
contained 2 78% organic carbon from C: source,

k™ and

w hich w as acoordant w ith our previouswor
the resultsof W ang and Y ang'®.
ly indicated that modern il organic carbon was

mainly originated from Cs plants, rather than Ca

T hese data fim-

plants as revealed by §°C valuesof il organic car-

bon and modern vegetation On the contrary, 6°C
15 an
layer) tended to increasew ith il depths, propor-
tion of Cs contribution increased w ith depth reach-
ing approximately 77 09 % at the 50 65 an
depth, which informed us that there might have
been a dominant duration for Ca plants and Ca

values of il organic carbon (beneath 5

plants might have undergone a long time to de-
crease

Table 3 Percentage of s0il organic carbon derived fran Ca plants*

Soil layers(am) 8°C values (%o)

Csplants (%) Caplants (%)

0 5 - 2509
5 15 - 2173
15 25 - 21 65
25 35 - 20 53
35 50 - 18 93
50 65 - 13 87

97 22 278
74 97 25 03
74 44 25 56
67. 02 32 98
56 42 43 58
22 91 7709

Notes :* Calculationw as based on the follow ing equation (mass balancemodel) : *Coii= *Ccplantx P+ *Ccplant( (1- P), where P
refers to percentage of Ca plants as carbon source to il organic carbon A verage 8°C values of Cs and Cs plantsw ere defined as
- 12 5% [11 13301 gnd - 26 51%0, respectively ;while §°C value of il organic carbon (§°Cwil) were decreased by 1%. due to
fractionation during il respiration, microorganisn resiration, and mineralization!?l

3 4 Other factors influencing 6°C values of oil
organ ic carbon

A s summarized in the introduction, several
hypotheses have been proposed to explain changing
§°C values with =il depth, including changing
5°C values in atmospheric COzovertime and differ-
ent processes of OC formation On this point,
eluviation of il organic carbon would, in certain
degree, contribute to the elevation of stable carbon
iontopic ratios of il in deeper layers Some re-
searches™ supports a C-mixing hypothesis (i e »
that §°C value in SOC are influenced by them ixing
of newv C inputs with existing and older SOC
pools). Surface litter inputs (which have lower
§°C values relative to SOC), in combination w ith
subsurface C inputs from microbial decomposers
may contribute to a shift in §°C valuesw ith il
depth A coording to the fractionation hypothesis,
0C is enriched in §°C values as a result of dis-
crimination against “C and preferential utilization
of C compounds by =il microorganisns during
decomposition'”.  This discrimination most likely
occurs during enzymatic reactions asciated w ith
metabolisn by il microorganisns A ssuming
that kinetic isotope effects prevail at the presence
of large available C pools, then compounds con-

taining C aremore readily metabolized than those
containing ‘€. A's a result, residual SOC be-
comes more enriched in “C”. Furthemore, the
Suess effect ™™, which is essentially a dilution of
amospheric €02 by 0O from fossil fuel com-
bustion and biomass burning, oould have ocon-
tributed to lower 8°C values in surface il by low -
ering 5°C values in plant, litter inputs®. The re-
cent addition of CO: depleted in “C, from biomass
burning and fossil fuel combustion, has changed
the annual average 5°C value of atmogheric CO>
from - 6 5% to about - 7 8% The ‘Suess
effect” could be partly regonsible for changing
8°C values with =il depth®. In this case, the
mass balance model w ill underestimate Cs commu-
nity and overestimate C4« community. There is still
room reanained for evaluating plant community
variation at the alpine m eadow.

In summary, analysison stable carbon isotope
values of il organic carbon will provide direct
chemical evidence, which will allow acceptance or
rejection of the hypothesis that Cs plants might
have replaced Csplants at the Haibei A IpineM ead-
ow Ecosystem. In this study, 6°C valuesof SOC
increased w ith depth in a predictable pattern that
serves as a surrogate for different patternsof Cs/Ca
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ource into il organic matter The data show ty dynamicsw here these plant communities co-ex-
that SOC §°C is a time integrated signal and pro- st

vides evidence on the temporal Cs and C4 communi-
Acknowledgements : | thank the Haibei A IpineM eadow Ecosysten Research Station for facilitating this research
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