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Soil N/P ratio distribution characteristics of alpine grassland ecosystem in Qinghai-Tibet Pla-
teau. WANG Jian-lin', ZHONG Zhi-ming’, WANG Zhong-hong', CHEN Bao-xiong’, ZHANG
Xian-zhou® , SHEN Zhen-xi’, HU Xing-xiang' , Dacizhuoga' ('College of Plant Science, Tibet Insti-
tute of Agriculture and Animal Husbandry, Linzhi 860000, Tibet, China; Institute of Geographic

Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China).
-Chin. J. Appl. Ecol. ,2013 ,24(12) ; 3399-3406.

Abstract: The distribution characteristics of soil N/P ratio in alpine grassland ecosystem of Qing-
hai-Tibet Plateau were surveyed by field investigation and laboratory analysis. Horizontally, soil N/
P ratio was generally higher in west and lower in east in a manner of staggered patch distribution,
with higher N/P ratios mainly centralized in the hinterland of northern part of Tibet Plateau and in
the lake basin area of the northern foot of Himalayas. Significant differences in soil N/P ratio were
observed among grassland types and natural transects. Vertically, the distribution of N/P ratio along
the soil profile from aboveground to underground among different grass types could be categorized in-
to five patterns, including low-high-low-high, low-high-low, low-high, high-low-high-low, and
high-low-high. The N/P ratio showed a significant positive correlation with soil bulk density at 0-20
cm depth, soil water content at 20—30 cm depth, contents of soil available K and total nitrogen, re-
spectively. However, it showed significant negative correlation with soil bulk density at 20—30 c¢m
depth, contents of soil available P and total P, respectively.
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Fig.1 Distribution of soil sampling points of alpine grassland

in Qinghai-Tibet Plateau.
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Fig.2 N/P ratio distribution of different alpine grassland types
in Qinghai-Tibet Plateau.
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Fig.3 N/P ratio of different grassland types in Qinghai-Tibet

Plateau.

1) TS B+ LA 58 Carex moorcrofiii + Stipa purpurea; 2) 26T
F+PRE T Stipa purpurea + Stipa subsessiliflora; 3) =i N M
¥ Stipa purpurea + Orinus thoroldii; 4) PLHE/INGE- L AE AL S5+ 5 Ber-
beris hemsleyana—Stipa purpurea + Pennisetum centrasiaticum; 5) kAR 2
Kobresia tibetica; 6) 346N 3+ F& V> & B Stipa purpurea + Kobresia ti-
betica; 7) LR P AL B Stipa purpurea + Kobresia littledalei; 8)
FHI A Carex moorcrofiii 9) [E VD B+ B B Orinus thoroldii + As-
tragalus strictus; 10) EAEE B+ Stipa purpurea + weeds; 11) 2%
AEEF B+ 5% K 9B Stipa purpurea + Leontopodium nanum; 12) 2846 %;
TR S Stipa purpurea + Kobrasia humilis + Carex thibeti-
ca; 13) BLAEENSE Stipa purpurea; 14) 4 FEME-T5 T & B+ 5 AEE S Po-
tentilla fruticosa—Carex moorcroftii + Stipa purpurea; 15) B F-A5 0t
B Stipa roborowskyi—Carex montis-everestiiy 16 ) P55 -2 £ -
AREL Stipa subsessiliflora—Stipa purpurea + gramineous forage; 17) %8 4E
¥+ THEE Stipa purpurea + Carex aridula; 18) [ VD B - 5 -
AEEFSE Orinus thoroldii—Carex thibetica- Stipa purpurea; 19) SEAEENFF+
VHEEFSE Stipa purpurea + Stipa glareosa.
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Fig.4 N/P ratio of different natural transects in Qinghai-Tibet

Plateau.

EES(E4). Ho &L A -4 NP (1,98
+1.59) , T iy L DA R T | Ly b 3 A\ T L
HIEFEHE SRR B N/P SEEIE M (1. 1620. 46) |
I LR T, L e = R 25 5 W

2.2 MERFAESRS NP WEESAR
2.2.1 AN[FEZEA R+ 3E N/P I k1
ATLAAE W, RHER A LR, vk 19 A4 i 92 R
AR A+ HE N/P AR AT 3ok 5 A



3402 A == S 7 = SO 24 &

xR1 FAEFEBEEHO~40 com TEATEEN/P

Table 1 Soil N/P ratio among soil layers from 0 cm to 40 cm of different grassland types

T AR F 2 H AR 44 N/P Soil N/P ratio

Vertical distribution  Grassland type Profile

type samples 0~10 cm 10 ~20 c¢m 20 ~30 c¢m 30 ~40 cm

- -1 Bk S 6 1.080. 08¢ 4.19+0.29a 1.22+0.09¢ 2.10+0. 15b

Low-high-low-high 7 il & # + £ /L5 5% 36 0.49+0.85¢ 0.69+0. 86b 0.67+0.62b 1.04+1.09a
VXTI ST s 12 1.39+1.21d 13.48+18.65a 2.22+2.94c 4.46+5.28b

- A% Pk A ) 30 0.47+0.23b 0.50+0.27a 0.46+0.19b 0.45+0.18b

Low-high-low [ VDB S A 3 12 5.93+1.99a 6.3423.19a 4.87+0.16b 1.9240. 43¢
PIEET 2R AL RS 6 2.510.18a 2.87+0.20a 1.92+0.14b 1.77+0.13b
EYiXIE 12 0.57+0.35¢ 0.69+0.32b 0.75+0.24a 0.54+0.25¢
LA+ T B RS 6 3.80+0.27¢ 5.82+0.41a 4.70=0.33b 3.71+0.26¢
LA+ B VD ) 6 0.40+0.03a 0.46+0.03a 0.32+0.02b 0.19+0.01¢

{-1 Low-high ST B S A 10 6 1.29+0.09¢ 2.00+0. 14b 2.29+0.16a 2.54+0.18a

e AR5 - AT S+ PR EY 6 0.39+0.03a 0.14%0.01c 0.25+0.02b 0.21+0.02b

High-low-high-low

e AR E Vi ) & A A 12 0.85+0.98b 0.74=0.84b 0.770.26b 1.60+1.43a

High-low-high YD+ 2 ) 12 0.89+1.01a 0.80+0. 76a 0.52+0. 63¢ 0.65+0. 65h
FIB /NG AR 3 4 24 6 0.51+0.04a 0.24+0.02¢ 0.35+0.02b 0.46+0.03a
TS S 12 0.87+0.48a 0.45+0.28¢ 0.76+0.71b 0.79+0.78b
E Vit A 12 0.77+0.22a 0.58+0.02b 0.27=0. 14¢ 0.57+0.75b
Lo L AL SE SR e 21T 12 1.38+1.65b 1.311.63b 1.211.50b 1.9442.49a
KA 84 2.03+1.63a 1.22£1.13b 1.04x0.91b 2.04+1.98a
SRR Ju ) 18 3.19+3.77a 0.970. 54¢ 1.05+1.03be 1.15+1.40b

AR FHEA3 B F 7R 22 57 1.3 ( P<0. 05) Different letters meant significant difference at 0.05 level. T[] The same below. 1) Stipa roborowskyi—Carex
montis—everestii; 2) Carex moorcrofiii + Stipa purpurea; 3) Stipa purpurea + Stipa glareosa ; 4) Kobresia tibetica; 5) Orinus thoroldii— Carex thibetica—

Stipa purpurea; 6) Stipa subsessiliflora—Stipa purpurea+gramineous forage; 7) Stipa purpurea + Kobresia littledalei; 8) Stipa purpurea + Carex aridula;9)

Stipa purpurea + Orinus thoroldii; 10) Potentilla fruticosa—Carex moorcroftii+Stipa purpurea; 11) Stipa purpurea + Stipa subsessiliflora; 12) Stipa pur-

purea + Leontopodium nanum; 13) Orinus thoroldii + Astragalus strictus; 14 ) Berberis hemsleyana—Stipa purpurea + Pennisetum centrasiaticum; 15) Carex

moorcroftii; 16) Stipa purpurea + Kobresia tibetica; 17) Stipa purpurea—Kobresia humilis + Carex thibetica; 18) Stipa purpurea; 19) Stipa purpurea +

weeds.
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5) K- Ak-m 2. U R 8 P B AR
o RS R R K S+ D A
FOHAE 3 N EO. R R B R R R,
0 ~20 cm T3 N/P Z#i# K ;20 ~30 ecm 3 N/P
W/ ;30 ~40 em +3E N/P Sz K. Hdr,
10 ~20 F130 ~40 em +JZ[0] N/P 7 3.

2.2.2 N[E H R+ N/P R0 2 ]
DIE M, R B BT, ASE A SRR By 13
N/P [R5 AR AiE 2 5 B 1.

Lyt~ 37 3 5 S A i v, B R )R IR B Y
Hahn, H5E N/P BN, £5 )2 )R B 3 25
FIKF(10 ~20 em .20 ~30 em +JZ2BR4M).0 ~ 10
em )20 N/P FE0.95 DL b, 11 10 ~20 .20 ~30 #1
30 ~40 em HJZHY N/P H7E 0. 89 LT, 20541 24 F
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Table 2 Soil N/P ratio among soil layers from 0 cm to 40
cm of different natural transects

SRS Ui v T 6 338 N/P Soil N/P ratio

Natural Profile

transect samples  0~10em  10~20em  20~30 em 30 ~40 cm
I 90 1.85£1.20b 2.57+0.67a 1.0320.95¢ 2.49+3.33a
I 42 0.91+0.84c 1.27+1.04b 1.2120.64bh 1.36+0.48a

m 66 0.96+0.72a 0.88+0.69b 0.83+0.84b 0.65+0.52¢
v 108 1.52+1.85b 1.81+2.14a 1.32+1.48¢ 1.15+1.03d

|t Alpine steppe zone; Il < L A Alpine shrub-

by meadow zone; I : LI 57 3% 5 5% 241 Mountain desert and semi-
desert zone; IV ; 11113 A FEJ5AF Mountain shrubby steppe zone.
& EZURE RN, 38 N/P B K 7E 20 ~ 40
em Y [N, B 2R EE A3, N/P B @ik /. A
A+ J2H] N/P 2253 W3
e LR DA T R 1 L R A ) g o B
H+EHRE RN ,0 ~20 em +3E N/P BN,
20 ~30 cm N/P Z#/)N ;30 ~40 cm N/P L&
J.0 ~10 F120 ~30 cm +JZH] N/P R 0%,
2.3 EIEEF I N/P 5N TFRIER
2.3.1 HENP H5HBATHXER HENPE
H PR G R TR
y=-16.1198+0. 2096x, +0. 1149x, +0. 0003z,
(n=54,R=0.327,R,=0.124 ,R,=0.211,
R,=-0.070) (3)
X (3) FTLAE Y, 3 N/P(y) SEE (x,) M
ZFE () SIEARDC, M5 MR (xy) R R.
FHT 3R - %of e FE B AR AR R 48 1 HE N/P (152
M R AR A B 2%
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SR FRIOCR TR
y=5.0162+0.0030x,-0. 0036x,-0. 1112x,,
(n=54,R=0.448" R, =0.245 R, =
-0.268, R, =-0.365) (4)
M (4) FTLAE 5 - N/P Y 32 A %
HFJE=5 CRUR(x,) . =10 CEUR (x,) FAAEIAH
XHRRE (%) , TR H B (2, AR (1) |
% H AR () e H BSR (v,) =0 CHRIR
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C R FNAF S AR O B 25 iy FE L R AR S R 4+
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M) 38 5
2.3.3 BEN/PREBHTFHXR L3 NP 5
PR R TR
y=0.1763+0.0015x, +0. 0007x,+0. 0066x, +

THENP 5

0.0370x,+0. 0082x,
(n=54,R=0.318,R,=0.078 ,R, =-0.030,
R,=0.096 ,R,=0.238 R, =0.055) (5)
M= (5) AT RLE 52 3 N/P A 3 A
K572 0 ~10 cm # FAEWHEE (x,) (10 ~20 em H T
W (x,) 30 ~40 cm MU N AW (x, ) HEBE T E
(%) A (%,), 100 20 ~30 cm M FAY) &
(xy) J AR (xg) XT3 N/P JCHH R, A
PP X 145 N/P 5 I R 8 31 1 KO
2.3.4 HHEN/P S5 HEYHHATHER HHENP
et L7 SR RIIP Yy h
y=-1.5087-3.858x, +13.8317x,-8. 6021 x,-
0. 1888x,+0. 1814x,+0. 1398x,
(n=54,R=0.470" ,R, =—0.240 R, =
0.373"* ,R,=-0.267 ,R,=-0.321",
R,=0.289" ,R,=0.231) (6)
H(6) TLLE H, 52 m 38 N/P (%) 3228 4 ¢
PR T2 .0 ~ 10 em H3EZH (1) 20 ~30 em +
A5 (x;) 30 ~40 em HHEAHE (x,) 0 ~10 em +
HEE KR (xg) 10 ~20 em FIE S KA (&) 20 ~ 30
em HHES KR (x,) 110 ~20 em HIEAE (x,) Fl
30 ~40 em 3 E K (g ) WIXT 135 N/P JCHH 5%
Wi [WIE, 3 N/P 5 20 ~30 em HIEAH 0 ~ 10
em THEE KR 10 ~20 em T3S /K& PmAH ¢ 225K
PIAF) KT 25 0 ~ 10 em T3S K & 0 A
FRBOR IR B F K. HEY N 3t 3 NP
A T
2.3.5 HEEN/P 5 TR FHER  HENP
5 b E T B A AR
¥=5.9970-0. 5400x, —0. 0403, +0. 0050, +
7.9437x,-11.4130x,-3794. 7806x . +
3788.4629x,,+3834.7821x,,+26. 1742x,
(n=54,R=0.787"" ,R,=-0.212 R, =
-0.353" ,R,=0.314" ,R,=0.355" R, =
-0.505"" ,R,,=-0.1514 R, =0.1512,
R,,=0.1526 ,R,,=0.2184) (7)
(7)) AT LLE 5 3 N/P Y 328 4
B R F 02 1 pH () ) LR (v, ) | A
(x4) \é/ﬁ(%) \%@;(%) \E\ﬁ;‘%ﬂ({ké\%(%o) \7J(
FARVERR (w), ) IKEEPERR (v, ) AT & SR (x,, ) , T+
BEGERUA (v, ) V2B (x,) AL (xg) L EA HLIK
(%9 ) IHTERR (x,5) F1 HCO,™ (x,5) ¥ +3% N/P JGHH
. FRE, 5 NP 5 RO AU &
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Table 3  Soil N/P ratio of alpine grassland ecosystem in

Qinghai-Tibet Plateau and natural transects in other areas

EBRGRA HHEN/P SRR IR

Ecosystem type Soil N/P  Reference
ratio

Rt H 7.92 [38]
Farmland in Northeast China

HRIETT A w ) i 4.84 [39]
Alpine meadow grassland in Heilongjiang Province

[EIPARTINR T 4.42 [40]
Wetland at Minjiang River estuary

SRALHRE 0.92 [41]
Tidal wetland in north Jiangsu Province

RESEpRUE 0.13 [42]
Desert grassland in Inner Mongolia

iy B I TR SE R 8.36 [35]
Temperate coniferous broad-leaved mixed forest

A ZERIAK 5.65 [35]
Tropical seasonal rainforest

3T i b 8.62 [35]
Subtropical evergreen broad-leaved forest

R Ll R A 7.73 [43]
Subalpine meadow in south Gansu Province

HEET R TR 0.10 [44]

Achnatherum splendens grassland under enclo-

sure in Qinhai Province

PRAR T LL 1o 0 L 4.58 [32]
Alpine Kobresia graminifolia grassland in east

Qilian Mountains

B+ R R R AR R 1.32 [45]
Natural grassland with long awns in Loess Plateau

TR P FE R 19 A M Y 1.59 ABFFE
19 grassland types of alpine grassland in Qing- This study
hai-Tibet Plateau

T L JE B 4 A [ SR bt 1.36 ARBESE
4 natural transects of alpine grassland in Qing- This study

hai-Tibet Plateau




12 4

FEBRAE T A e A

€ SR L 3 A1 R IE

3405

X 7 7 fr D e S B J L HE NP R R AR R
ORI TE R A B 4 3 .

B RS RAS R PT AT R RS F AR a4
¥ IERHE.
5% Ak

[1] Marschner H. Mineral Nutrition of Higher Plants. New

(2]

(8]

[10]

(11]

(12]

[13]

[14]

York: Academic Press, 1995

Aerts R, Chapin FS. The mineral nutrition of wild
plants revisited: A re-evaluation of processes and pat-
terns. Advances in Ecological Research, 2000, 30. 1-
67

Koerselman W, Meuleman AFM. The vegetation N/P
ratio: A new tool to detect the nature of nutrient limita-
tion. Journal of Applied Ecology, 1996, 33 . 1441-1450
Vitousek PM, Howarth RW. Nitrogen limitation on land
and in the sea: How can it occur? Biogeochemistry,
1991, 13, 87-115

Elser JJ, Bracken MES, Cleland EE, et al. Global
analysis of nitrogen and phosphorus limitation of primary
producers in freshwater, marine and terrestrial ecosys-
tems. Ecology Letters, 2007, 10, 1135-1142

Wang X-Q (EZ ), Yu G-R ( FHEHi). Ecological
stoichiometry characteristics of C: N: P in ecosystem.
Acta Ecologica Sinica ( 27 4R), 2008, 28(8):
3937-3947 (in Chinese)

Reich PB, Oleksyn J. Global patterns of plant leaf N
and P in relation to temperature and latitude. Proceed-
ings of the National Academy of Sciences of the United
States of America, 2004, 101, 11001-11006

Zhang L-X (5KWN#EZ), Bai Y-F (17K %), Han X-G
(%) . Application of N:P stoichiometry to ecology
studies. Acta Botanica Sinica (fi¥)%:H), 2003, 45
(9): 1009-1018 (in Chinese)

Wardle DA, Walker LR, Bardgett RD. Ecosystem prop-
erties and forest decline in contrasting long-term chrono-
sequences. Science, 2004, 305. 509-513

He JS, Fang JY, Wang ZH, et al. Stoichiometry and
large scale patterns of leaf carbon and nitrogen in the
grassland biomes of China. Oecologia, 2006, 149.
115-122

He JS, Wang L, Flynn DFB, et al. Leaf nitrogen/phos-
phorus stoichiometry across Chinese grassland biomes.
Oecologia, 2008, 155 301-310

Thompson K, Parkinson JA, Band SR, et al. Compara-
tive study of leaf nutrient concentrations in a regional
herbaceous flora. New Phytologist, 1997, 136: 679 -
689

Braakhekke WG, Hooftman DAP. The resource balance
hypothesis of plant species diversity in grassland. Jour-
nal of Vegetation Science, 1999, 10. 187-200

Yin X-R (fRE%) , Liang C-R (2474E) , Wang L-X
(EASLHr). Plant nutrition stoichiometry of different re-
covery succession of typical grassland in Inner Mongo-

lia. Chinese Journal of Plant Ecology ( HY S

[15]

[16]

(17]

[18]

(19]

[20]

[21]

[22]

[23]

(24]

[25]

[26]

(27]

), 2010, 34(1) : 39-47 (in Chinese)

Xu L-L (%), Zhang X-Z (K7W ), Shi P-L
(G K5%L), et al. CO, exchange characteristics of al-
pine meadow eco-system in Qinghai-Tibet Plateau. Acta
Ecologica Sinica (E3%24%), 2005, 25(8); 1948 -
1952 (iin Chinese)

Zhang X-Z (3KZEW), Shi P-L (A ¥%L), Liu Y-F
(XUF3F), et al. Soil CO, emission and carbon balance
of alpine grassland eco-system in Qinghai-Tibet Plateau.
Science in China Series D Earth Sciences ( 11EF}# D
B - HERRLE) , 2004, 34 (suppl. 1) : 193-199 (in
Chinese)

Wang C-T ( EHJE), Long R-J ( BHi %), Cao G-M
(BT EK), e al. Soil content of N and P variation
characteristics of the main grassland types along the alti-
tudes and its influence factors in Three-River-Source
area. Chinese Journal of Plant Ecology (Fi¥)HE 2%
#2), 2006, 30(3) : 441-449 (in Chinese)

Bai J-B ( FIT%7K) , Xu X-L (#2%K), Song M-H (*K
BHAE) | et al. Effects of temperature and nitrogen input
on soil carbon mineralization of three kinds alpine grass-
land in Qinghai-Tibet Plateau. Ecology and Environmen-
tal Sciences (HEANIIEZAR) , 2011, 20(5) : 855-859
(in Chinese)

Li M-C (Z=HAI}), Liu H-Y (X3 H2), Song D-W
(RKFE), et al. Water use efficiency and nitrogen use
efficiency of alpine plants grown in the east of Qinghai-
Tibet Plateau. Acta Ecologica Sinica ( ¥R,
2007, 27(6) : 1216-1224 (in Chinese)

Wang J-L ( E#HK) , Ouyang H (BKFH4E) , Wang Z-H
(EH4L), et al. Influential factors and distribution
characteristics of topsoil organic carbon of alpine grass-
land ecosystem in the south slope of Gongga South
Mountain-Laguigangri Mountain. Acta Ecologica Sinica
(HEZ244) , 2009, 29(7) : 3501-3508 (in Chinese)
Land Administration Bureau in Tibet Autonomous Region
(P H VR X L 45 3 5 ). Grassland Resources in
Tibet. Beijing: Science Press, 2001 (in Chinese)
Institute of Soil Science, Chinese Academy of Sciences
(hER =GR 5 ST ) . Physical and Chemi-
cal Analysis of Soil. Shanghai: Shanghai Science and
Technology Press, 1978 (in Chinese)

Agricultural Regionalization Office of Qinghai Province
(AR XK Jp /A% ). Soil Resources in Qinghai
Province. Beijing: China Agricultural Science and
Technology Press, 1997 (in Chinese)

Liang X-Y (¥ 84 ). Soil Resources of Shannan Pre-
fecture in Tibet. Beijing: China Agricultural Science
and Technology Press, 1991 (in Chinese)

Yan Y-L ([E4R K ). Soil Resources of Naqu Prefecture
in Tibet. Beijing: China Agricultural Science and Tech-
nology Press, 1991 (in Chinese)

Zhang B (3K %), Li S-H (Z28H)) , Xiao D-Z (¥4
##5). Soil Resources of Ngari Prefecture in Tibet.

Beijing: China Agricultural Science and Technology
Press, 1991 (in Chinese)
Wang H-Q ( E¥51), Wang J-X ( E#EF). Soil Re-



3406 ANDES B S 24 %
sources of Lhasa Prefecture in Tibet. Beijing: China community and soil stoichiometry characteristics of
Agricultural Science and Technology Press, 1993 (in grassland in Hulunbeir. Acta Ecologica Sinica (4752
Chinese) Hi2), 2012, 32(11) : 3467-3476 (in Chinese)

(28] Zhang T-Z (3K K3), Yao Z-F (B F5). Soil Re- [38] Zhang X-Y (k%) Sui Y-Y (F§EKT), Zhang S-L
sources of Nagqu Prefecture in Tibet. Beijing; China (/> K), et al. Spatial heterogeneities of total car-
Agricultural Science and Technology Press, 1992 (in bon, nitrogen, phosphorus and potassium content in
Chinese) black thin-layer soil. Bulletin of Soil and Water Conser-

[29] HuJ-Y (&%), Guo K (¥ #7), Dong M (7& vation (7K AFHEER) , 2008, 28(2): 1-6 (in Chi-
M%) . Relationship between leaf structure change and nese)
ecological factors of dominant species of alpine grass- [39] DaiJ-J (¥#%), Shi F-Q (f1&JK), Zhang H-J (5K
land. Chinese Journal of Plant Ecology (#1752 M%), et al. Soil P condition and regulation in west of
%), 2008, 32(2): 370-376 (in Chinese) Heilongjiang Province. Grassland of China ( ™ [E %

[30] Tang M-Y (JEW X)), Feng M-G (LHIJ%). Data Pro- #1), 2001, 23(3); 45-48 (in Chinese)
cessing System ( DPS) Software. Beijing: Science [40] Wang W-Q ( E4EAF), Tong C (4 JII), Jia R-X
Press, 2000 (in Chinese) (ViEEE ), et al. Ecological stoichiometry characteris-

[31] Zhang F-W (5€EA6), Li Y-N (ZJEA), Wang S-P tics of wetland soil carbon, nitrogen and phosphorus in
(TERFF) , et al. Response of soil organic matter, total different water-flooded frequency. Journal of Soil and
nitrogen and total phosphor to different land use patterns Water Conservation (/K £ PEFF244R) , 2010, 24(3) ;
in alpine meadow of Qinghai-Tibet Plateau. Chinese 238-242 (iin Chinese)

Journal of Agrometeorology ("1 A\ K4 ), 2009, [41] Gao J-H (E @), Bai F-L (HXJ¢), Yang G-S
30(3): 323-326 (in Chinese) (##:l) , et al. C, N and P distribution characteris-

[32] Yang C-D (#8f%), Long R-J (JEHGZ4:), Chen X-R tics of tidal wetland in different ecological zone in north
(BRF5 %), et al. Characteristics of carbon, nitrogen Jiangsu Province. Quaternary Sciences (5 PUZLAH5Y) ,
and phosphorus density in top soil under different alpine 2007, 27(5) : 756=765 (in Chinese)
grasslands on the eastern Qilian Mountains. Chinese [42] Geng Y (Bk #E), Wu Y (R i), He J-S (B4
Journal of Grassland (FEIF 2R ) | 2008, 30(1) ; ). Relationship between leaf P content and soil avail-
1-5 (in Chinese) able P of grassland in Inner Mongolia. Chinese Journal

[33} Han W-X (E%j‘ciﬁ:) , WuY (5’% B’ﬁ) , Tang L-Y (iﬁ ofPlant Ecolog}’ (*E%Ct?&#ﬂi) , 2011, 35(1): 1-
L), er al. Leaf carbon, nitrogen and phosphorus 8 (in Chin::se)
stoichiometry across plant species in Beijing and its pe- [43]  Liu H-X (XIRE), Wang G (£ HI). Nand P stoi-
riphery. Acta Scientiarum Naturalium Universitatis Pe- (:hll;orriel.ry of plazl and S})ﬂ o ZSIOE;} (ziiec;jon gl;d.i ent ‘0[

S S gy, . 3 sub-alpine meadows. Journal o nzhou University
iy 2000, 483 B0 i Since) (AL - AARERD)
. , o , : 70— in Chinese

[34] Liu C U ), Wang Y (£ 7, Wang N (£ [44] LiY-J (ZWHE), Cao G-M (HI"E), Long R-J (i
), et al. Advances research in plant nitrogen, phos- w . .
phorus and their stoichiometry in terrestrial ecosystems f{ﬁﬁ) Effects of dlff.erent grassland utilization types on
A review. Chinese Journal of Plant Ecology (Hi#I/E 7 soil content of 01rgan1(;P (:arbor:F total N and total P.
- ) ) Grassland and Turf ( B JR5EHE) | 2012, 32(5):
4R, 2012, 3654}1) : 1205-1216 (in Chinese) 26-35 (in Chinese)

[35] Wang J-Y (Ef%6), Wang S-Q (E#4 ), Li R-L [45] AnZ (% ). Niu D-C (44375) , Wen H-Y (X
(Z2]2) , et al. C:N:P stoichiometric characteristics WGaE) | et al. Effects of N addition on nutrient resorp-
of four forest types’ dominant tree species in China. tion efficiency and C:N:P stoichiometric characteristics
Chinese Journal of Plant Ecology (Mi¥J'EZ5*4R), in Stipa bungeana of steppe grasslands in the Loess Plat-
2011, 35(6) : 587-595 (in Chinese) eau, China. Chinese Journal of Plant Ecology (Hi#¥)4:

[36] Yang H-M (## ), Wang D-M ( E& ). Ad- A2H1), 2011, 35(8) - 801-807 (in Chinese)
vances in the study on ecological stoichiometry in grass-
environment system and its response to environmental
factors. Acta Prataculturae Sinica (¥MV224R), 2011, fEERINT Tk, 51969 4F4:  #4%. FBEMNF & RAES
20(2) . 244-252 (in Chinese) s 54 Y ZREENFSY. E-mail; xzwangjl@ 126. com

[37] Ding X-H ( T/NE), Luo S-Z (% HE), Liu J-W HERE SR

(XU4:#4) , et al. Longitude gradient changes on plant




