2006 30 3 441 ~449
Journal of Plant Ecology formerly Acta Phytoecologica Sinica

1 810008 2 100039
3 730070 4 810003

5120 m 4176 m
r=0.905
0~30 cm
0.9465 0.9059 p<0.01
pH

SOIL CARBON AND NITROGEN CONTENTS ALONG ELEVATION
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Abstract Soil is an important component of the terrestrial ecosystem and plays a critical role in global carbon
cycle. Better understanding the distribution pattern of soil carbon storage along environmental gradients will fa-
cilitate the projection of global change on terrestrial C cycling. This study was conducted to examine soil organ-
ic carbon and nitrogen contents in major grassland types along elevation gradients in the source region of
Yangize Yellow and Lantsang Rivers. Soil organic carbon and nitrogen contents were greater at the highest

5120 ma.s.1. and lowest 4 176 m a.s.1. sites and lower at middle site. Soil organic carbon and nitro-
gen contents increased with soil moisture along the altitudinal gradient. Partial correlation analysis showed that
spatial variability of soil organic carbon and nitrogen contents at 0 — 30 c¢m soil layers could be primarily ex-
plain by soil moisture with partial correlation coefficients of 0.946 5 0.905 9 p <0.01  respectively. In
addition soil organic carbon and nitrogen contents showed positive linear correlations with plant cover and pro-
ductivity and negative correlation trend with soil pH and total salt content.
Key words The source region of Yangtze Yellow and Lantsang Rivers Soil organic carbon Soil total nitro-
gen Grassland Impact factors
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Table 1 ~ General conditions of sample plots
Plot Plant community Elevation Lo . . Precipitation .
No. types m Latitudes Longitudes Vegetation type m Soil type
+ O ’ () ’ nl
: Carex kansuensis + Stipa aliena 4176 333247 N 96%46.526" E Alpine meadow 452 Alpine meadow soil
2 Kobresia pygmaea 4218 STST.3TN 96735.456 E Alpine meadow 400.2 Alpine meadow soil
3 Kobresia pygmaea 4213 33726.068" N 97°17.296" E Alpine meadow 410 Alpine meadow soil
4 + . 4285 35°04.756" N 97°44.003" E . 350 . .
Carex moorcroftii + Stipa purpurea Alpine steppe Alpine steppe soil
+ 0. ’ o r
3 Carex moorcrofiit + Stipa purpurea 4298 MSOITN O812.519" E Alpine steppe 350 Alpine steppe soil
6 Kobresia capillifolia 4435 342N 100722, 794" E Alpine meadow 4047 Alpine desert soil
L Kobresia pygmaea 4601 421N 97318767 E Alpine meadow 503.6 Alpine desert soil
8 5120 34°07.632" N 97°39.487" E 542

Carex moorcrofiii

Alpine meadow

Alpine desert soil
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Table 2 Contents of organic C and total N in major grassland in the source region of Yangtze Yellow and Lantsang Rivers
Plot No. Vegetation type Soil organic C % Soil total N %
1 + Carex kansuensis + Stipa aliena 7.72+0.18° 1.15+0.06"
2 Kobresia pygmaea 7.46 +0.20" 0.43+0.02"
3 Kobresia pygmaea 5.02+0.14* 0.35+0.01"
4 Carex moorcrofiit + Stipapurpurea 2.08+0.13 0.19+0.01"
5 Carex moorcrofiit + Stipapurpurea 1.87+0.04" 0.13+0.01"
6 Kobresia capillifolia 3.99 £0.02* 0.37+0.01°
7 Kobresia pygmaea 5.52+0.02° 0.50+0.01*
8 Carex moorcrofiii 6.48+0.10° 1.02+0.01*
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+3E A Soil temperature (C)
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Fig. 1

Different letters indicate a significant difference in same colume data p <0.05
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Fig.2 The relationship between soil organic C total N and soil total salt pH value
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30
3 0~30 cm pH /
Table 3 Matrix of correlation coefficients of pH total salt organic C total N and C/N in 0 — 30 cm soil of the source region
of Yangtze Yellow and Lancang Rivers
N Total N % Organic C % pH Total salt % /N
N Total N % 1.000
Organic C % 0.905™ 1.000
pH -0.366 -0.244 1.000
Total salt % -0.515 -0.407 0.773" 1.000
C/N -0.571 -0.262 0.098 0.132 1.000
% p<0.05 xx p<0.01
3
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Fig.3  Changes in productivity of light graze and weighty graze grassland
A B
A B indicate significant test on productivity different p <0.01

Agriculture Resource District Office of Qinghai Province (

) (1997). Qinghai Soils ( ).
China Agriculture Press, Beijing, 55— 114.

Andrew EP, Ralph EJ, Boerner JL. (1987) . Relative nitrogen min-
eralization and nitrification in soils of two contrasting hardwood
forests: effects of site microclimate and initial soil chemistry.
Forest Ecology Management, 21, 21 -36.

Bai JH( ), Deng W ( ), Zhu YM ( ), Luan ZJ
( ), Zhang YX ( ) (2003). Spatial distribution
characteristics and ecological effects of carbon and nitrogen of soil
in Huolin River catchment wetland. Chinese Journal of Applied
Ecology ( ), 14, 1494 — 1498. (in Chinese with
English abstract)

Berendse F (1990) . Organic matter accumulation and nitrogen min-
eralization during secondary succession in health land ecosystem.
Journal of Ecology, 78, 413 - 427.



448

30

Burke IC, Lauenroth WK, Parton W] (1997). Regional and tem-
poral variation in net primary production and nitrogen mineraliza-
tion in grasslands. Ecology, 78, 1330 — 1340.

Calderon JF, Louise EJ, Scow KM (2000). Microbial response to
simulated tillage in cultivated and uncultivated soils. Soil Biology
Biochemistry, 32, 1547 — 1559.

Dao TH (1998) . Tillage and crop residue effects on carbon dioxide
evolution and carbon storage in a Paleustoll. Soil Science Society
of American Journal, 62, 250 - 256.

Estavillo JM, Merino P, Pinto M, Yamulki S, Gebauer G, Sapek
A, Corre W (2002) . Short term effect of ploughing a permanent
pasture on N,O production from nitrification and denitrification.
Plant and Soil, 239, 253 - 265.

Fang JY ( ), Ke JH ( ), Tang ZY ( ), Chen
AP( ) (2001) . Implications and estimations of four ter-
restrial productivity parameters. Acta Phytoecologica Sinica (

), 25, 414 -419. (in Chinese with English abstract)

Fu H( ), Chen YM ( ), Wang YR( ), Wan
CG( ) (2004) . Organic carbon content in major grassland
types in Alex, Inner Mongolia. Acta Ecologica Sinica (

), 24, 469 — 476. (in Chinese with English abstract)

Hachl E, Zechmeister-Boltenstern S, Kandeler E (2000) . Nitrogen
dynamics in different types of pasture in the Austrian Alps. Biol-
ogy and Fertility of Soils, 32, 321 —327.

Hadi A, Inubushi K, Purnomo E, Razie F, Yamakawa K, Tsuruta
H (2000) . Effect of land-use changes on nitrous oxide emission
from tropical peatlands. Chemosphere-Global Change Science, 2,
347 - 358.

Holt JA (1997). Grazing pressure and soil carbon, microbial
biomass and enzymes activities in semiarid Northeastern Australi-
a. Applied Soil Ecology, 5, 143 - 149.

Li LH(
storage in grassland ecosystems. Acta Phytoecologica Sinica (

), 22, 300 - 302. (in Chinese with English ab-

) (1998) . Effects of land-use change on soil carbon

stract)
Li YL( ), Peng SL( ), Zhao P( ), Ren H(
), Li ZA ( ) (2002). A study on the soil carbon stor-

age of some land use types in Heshan, Guangdong, China. Jour-

nal of Mountain Science ( ), 20, 548 —552. (in Chi-
nese with English abstract)

Li ZH( ), Bao YJ( ), Kou XY( ) (1999).
The effect of different human disturbance on net primary produc-
tivity of plant and community in steppe. Acta Scientiarum Natu-
ralium Universitatis Neimongol (

), 30, 745-750. (in Chinese with English abstract)

Liu H( ), Cheng SK( ), Zhang L ( ) (2002).
The international latest research of the impacts of human activities
on carbon emission. Progress in Geography ( ),
21, 420 - 429. (in Chinese with English abstract)

Loiseau P, Soussana JF (2000) . Effects of elevated CO, tempera-

ture and N fertilization on fluxes in a grassland ecosystem. Global

Change Biology, 6, 953 —965.

Ojima D, Schimel DS, Parton WJ (1994) . Long and short-term ef-
fects of fire on nitrogen cycling in tallgrass prairie. Biogeo-
chemistry, 24, 67 -84.

Puri G, Ashman MR (1998). Relationship between soil microbial
biomass and gross N mineralization. Soil Biology Biochemistry,
30, 251 -256.

Qi YC( ), Dong SY( ), Geng YB( ), Yang
XH( ), Geng HL( ) (2003) . The progress in the
carbon cycle researches in grassland ecosystem in China.
Progress in Geography ( ), 22, 342 - 352, (in
Chinese with English abstract)

Tilman D (1996) . Productivity and sustainability influenced by bio-
diversity in grassland ecosystem. Nature, 379, 718 - 720.

Wang CH( ), Xing XR ( ), Han XG ( )
(2004) . Advances in study of factors affecting soil N mineraliza-
tion in grassland ecosystems. Chinese Journal of Applied Ecology

( ), 15, 2184 - 2188. (in Chinese with English
abstract)
Wang DX ( ), Li YB( ), Yang GH ( )

(2004) . Progress in the study of the environment of the source
regions of Yangtse River, Yellow River and Lantsang River.
Journal of Northwest Science-Technology of Agriculture and Forest

(Natural Science Edition) ( (
)), 32,5-10. (in Chinese with English abstract)
Wang KX ( ), Yao M( ), Xu LJ( ) (2001). A

focus topic of global change study: carbon cycle. Journal of Zhe-
jiang University ( Agriculture and Life Science) (

( )), 27, 473 — 478. (in Chinese with
English abstract)

Wang SP( ), Wang YF( ), Li YH( ), Chen
77( ) (1998) . The influence of different stocking rates

on herbage regrowth and aboveground net primary production.

Acta Agrestia Sinica ( ), 6, 275 - 281. (in Chinese
with English abstract)

Wang SP( ), Zhou GS( ), Lii YC( ). Zou
JJ( ) (2002) . Distribution of soil carbon, nitrogen and
phosphorus along Northeast China transect (NECT) and their re-

lationships with climatic factors. Acta Phytoecologica Sinica (

), 26, 513 = 517. (in Chinese with English ab-

stract)
Wang W ( ), Liu ZL( ), Hao DY( ), Liang CZ
( ) (1996) . Research on the restoring succession of the

degenerated in Inner Mongolia | . Basic characteristics degener-

ated grassland. Acta Phytoecologica Sinica ( ),
20, 449 — 459. (in Chinese with English abstract)
Wang YF ( ), Chen ZZ( ), Tieszen LT (1998).

Distribution of soil organic carbon in the major grasslands Xilin-
guole, Inner Mongolia, China. Acta Phytoecologica Sinica (
), 22, 545 -551. (in Chinese with English abstract)

Yang X( ), Wang MX( ) (2001) . Reviews several as-



449

pects of terrestrial carbon cycling. Advances in Earth Sciences (

), 16, 427 — 435. (in Chinese with English ab-

stract)

Zhang N( ), Liang YM( ) (2000) . The effect of arid
climate on the structure and above-ground growth of Bothrichloa
ischaemum community. Acta Ecologica Sinica ( ), 20,
964 - 970. (in Chinese with English abstract)

Zou L ( ), Wang QJ( ), Zhou Q( ) (1995a).

Studies on the cycles of nonlinear oscillation behavior at the
alpine meadow ecosystem. | . The power spectrum analysis and

the fluctuation cycles of rainfall and primary productivity. Alpine

Meadow Ecosystem ( ), 4, 219 = 239. (in
Chinese with English abstract)

Zou L ( ), Wang QJ( ), Zhou Q( ) (1995h).
Studies on the cycles of nonlinear oscillation behavior at the
alpine meadow ecosystem. [[ . The power spectrum analysis of
air temperature fluctuation and the relationship between its cycles
and the fluctuation cycles of primary productivity. Alpine Meadow
Ecosystem ( ), 4, 241 — 253. (in Chinese
with English abstract)

Zhou XM ( ) (2001). Kobresia Meadow in China (

). Science Press, Beijing.



