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Abstract

Aims Terrestrial carbon (C), nitrogen (N), phosphorus (P) stoichiometry will reflect the effects of adjustment to
local growth conditions as well as species’ replacements. However, it remains unclear about the hierarchical re-
sponses of plant C:N:P to P addition at levels of species and functional groups in the N-limited alpine meadow.
Methods A field experiment of P enrichment was conducted in an alpine meadow on the Qinghai-Xizang Plateau
during 2009-2013. The stoichiometric patterns of four functional groups (grass, sedge, legume and forb) and five
representative species, Elymus nutans (grass), Kobresia humilis (sedge), Oxytropis ochrocephala (legume),
Taraxacum lugubre (rosette forb), Geranium pylzowianum (upright forb) were investigated in 2013, and the effects
of P addition on species dominance and plant biomass were also analyzed.

Important findings Both plant nutrition content and C:N:P varied significantly after five years’ P addition, and the
responses were consistent at species- and functional group (exemplar species excluded)-levels in the alpine
meadow. P addition had neutral effect on C concentrations of grasses, sedges and forbs at both species- and func-
tional group (exemplar species excluded)-levels. P fertilization increased plant P concentrations and thus decreased
C:P and N:P of the four functional groups (exemplar species excluded) and the corresponding species. N concen-
trations significantly decreased and C:N increased in grasses and sedges after P addition, and the species-level re-
sponses were consistent with the functional group (exemplar species excluded) level. P addition significantly
increased N contents and decreased C:N in Oxytropis ochrocephala, but had neutral effect on N contents and C:N
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at the functional group (exemplar species excluded) level of the legumes. While N contents and C:N in forbs resp-

onded to P addition differently at species and functional group (exemplar species excluded) levels. In the N-limited

alpine meadow, species dominance of grasses increased gradually after P addition due to the increased N and P use

efficiencies, while the biomass proportion of forbs decreased because of the lowered nutrition use efficiency.

Keywords

P addition; C:N:P; species dominance; alpine meadow community

Sun XM, Chen JJ, Li JX, Li L, Han GJ, Chen NL (2018). Hierarchical responses of plant stoichiometry to phosphorus addition in an
alpine meadow community. Chinese Journal of Plant Ecology, 42, 78-85. DOI: 10.17521/cjpe.2017.0253

B AT R AR RG R T2
HAFEITCR(EZLBO). AN). BE(P)) P A}
“#(Sterner & Elser, 2002), I P [a] ) H 2 77
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Ry LA AR i — P ERAIE o

F - A [0 P e £ 110 22 S P i 12 2 5 M ) A

() A KT T SRR () SE 4 Re D, ERETR I Fh
YRR R AR AR A . N T AR AP E 5 5 30
sz e, FET IIREREIYIP Z FEE I SR 4R G
PRI 3 0 R 5 38 2000 7 (1 A 28 T HL (Sun er
al., 2016). AThRERERAES KRR T WA KR
3 AR A P85 D] 25 ) AR IE AR B R B 1, 461
UNAE B IR B = B AR, AN [ 9 ) REARE X FR 1) 5
SRIUAS [F] B SR B, R e 520 55 4 2 4R 1 B V& 1Y)
P AN 5 46 (Wang ef al., 2013). FITLAP & 8 ANV 5048
TR RS E L AR, i H A T
REREACT BT 2 LLRRAE . T T DhREBE M 1T 2= LUy
11 B B YH A e i b 1) 5o T P B W N7 ) 22 S
TR 5 RO ) AR 85 ) PR o A Al o A o LU,
FRATTA O 2048 B 52N PR 1) P vy S 0 o) % R A 0T
Z(Sun et al., 2016), 7 HPEIIXTYIFIKF-FI D g
FEKFCy N. PR CN. C:PRINPHIF N,
FUPYN 0K BV DR R i o5 2R 1 N TEALER, R AR
R PR AR R R AL S TR

1 #RA7E

L1 REXER
ARSI AEH N S ETT(34.92° N, 102.88° E;
K3 000 m)HEAT . 2S5 SERE 9 ZE IR IR 1) 15y
JEAAR, A4 C, FREKESS mm, 4
ZAREN1 200 mm. FER R Y 2 AE A FUARY) Y
PR Y = 5 B ), 3 B O R AR ) S A Bl
i (Elymus nutans)F 3¢ (Festuca ovina), 35 5F}HP)
& 5L (Kobresia humilis)F & 55 (Scirpus  triqueter),
SR B AL B S (Oxytropis ochrocephala) T ¥ 4% B
& (Medicago falcata), VL J 7% 28 F )1 H 7 A 9%
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Fig. 1 Effects of P addition on species dominance of exem-
plary species and biomass of each functional group (mean + SE,
n=3). C, P5, P10, P15, nutrient addition 0, 5, 10, 15 g'm>-a”".
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nutans; K.h, Kobresia humili; 0.0, Oxytropis ochoocephala; T.,
Taraxacum lugubre; Gp, Geranium pylzowianum. Different

lowercase letters indicate significant differences between treat-
ments (p < 0.05).

(=]

©U 00000 Chinese Journal of Plant Ecology



TR () ol 00 34 FEE ST PR 0 o7 AN V. 3 e R
HE JRE DR 2 2 )1 H 9 A T P i o B RN S T
LI R S R S T )RR B B PR
B, 5SRO PUNIN A e A — 2 (EI1B).
2.2 HIFKERINEEREKFEC, N. PEEXIPIHRM
BN 2

bR SRS S SR A A, CE B AR H AR 3AN D)
BETHE (AN 7 i L) ) R0 i 7S o) P I £ i 7 K
B2, PUHSINXT C & & 1A B35 (B2A. 2B).

RAFHRITS BB PN 50T P INAE ) F K F
AT REBE KT O 75 g B P b e 92 — 2,
IR B EBE L (p < 0.05); T SRHEYFIKFE L

D C /aP5 =aPl0 = P15

®

w
(=3
(=)

200

100

ke &
C concentration (mg-g™)

0 1 8 &

25-C
201
151

* k%

10

£
N concentration (mg-g™)

L\

10rE

S (o)) o]

AR
P concentration (mg-g™")
[\]

N

E.n K.h 0.0 T.1 G.p

Y Species

VNGRS e R A A S R LE X BE AN 2 JE AR 81

BER, ABAEDRERE K ECNE SR YR T
E T, PUSIIN AR R DY R K P B (A i)
PN B IC R E R, (HRPIFKE 3 EER )
POV H 8 A S FIN S S B P N 2 35 N B, 1 BT
RZRKEHH LN T2 ETHp <0.05). EYF
KR REREKE L (A S SRRy, PRI, 1
e R R A FIEYIN G & B2 5 T HAL YRR Th g
F(p <0.05)(E2C. 2D).

TEYIPE EAEA N DN RERF AT (A & SL 8 P Al
AH R0 P2 AR N o 2R — B, IBEP &R
ISR IR N < 0.05)(E2E. 2F). S5xfiE
FHEE, AR AP B AR T HoAh 3 MR T REH

I C = P5 = Pl0 == PI5
500 -B

400 T I

300

200 H

100 H

VI I I I IIIIIIIIIIS

LA
LA

VI GGG IIIIIIIS

0

O ([T

GR SE LE F
25-D

201

15+

*

10~

L

L]

[T AT
TIERRETRERR AR
LLLL LA

L LD

LLLLLLLL 77D

GR SE LE FO
YifE# Functional group

E2 PHIINPIFKFRITREREKT-C Ny P& M CP 3 H+hr k1R %, n = 3). Duncan’s% 5 L ***, p <0.001; **, p <
0.01; *, p<0.05. C. P5. P10. P152pBUFEPAINE N0, 5. 10, 15 gm*a'. GR, KA} SE, YAl LE, &k FO, 4435

5 Ean, TEREERA Koh, FRE L O.0, JAEME; T JITHE AT Gp,

GES L

Fig. 2 Effects of P addition on C, N and P concentration at exemplar species and functional group levels (mean + SE, n = 3). *** p
<0.001; **, p <0.01; *, p <0.05 among treatments following Duncan’s multiple range tests. C, P5, P10, P15, nutrient addition 0, 5,
10, 15 g'-m2-a”". GR, grasses; SE, sedges; LE, legumes; FO, forbs; E.n, Elymus nutans; K.h, Kobresia humili; 0.0, Oxytropis ochoo-

cephala; T.1, Taraxacum lugubre; G.p, Geranium pylzowianum.
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Fig. 3 Effects of P addition on C:N:P stoichiometric characters at exemplar species and functional groups-levels (mean + SE, n = 3).
*Rk p<0.001; ** p<0.01; * p <0.05 among treatments following Duncan’s multiple range tests. C, P5, P10, P15, nutrient addition
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ochoocephala; T.1, Taraxacum lugubre; G.p, Geranium pylzowianum.
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