MM A& 2011, 35 (6): 587-595 doi: 10.3724/SP.J.1258.2011.00587
Chinese Journal of Plant Ecology http://www.plant-ecology.com

FE MM ARR R EFZMEEIICNPILFITE
FHFIE

B o 1* 1 M2 I a3 Y EE a4 5
TaamT TR Fyg2P 444 DPWE HLA
Vel [ R e M PR R 5 ST ST 9T A 2 2R 4 0 % W 5 A T A ST A TN 408 B 4 A TR R R B, bt 1001015 2R ntfs B TR K2 AR
2l BAT 210044; PP EBREB R RN, M 5106505 P EBREBTIXURM AT, =REIE 666303; Pri Rk B BN A ST
BT, YEBH 110016

B 'O T AR A S AT R 22 5, DU R At B R TRACAR . ) AR il L S HA s 2 i
MR 2= B PO AR 2 B AR P MR S A4 N TR MO TSR 5, T3 % 200744 H —20084F5 H 4( i 7 D AR pAe
Pt i AJEVE D KRR (C) BN B (P) T 3R TURLEL SN PRIBOSCR 70 AT, #R0 T 4R ARMRRIUN PIRIFIRAIRING PFR > IR

9561 :22: 1, HEFEMARA R IC : N PA442 119 0 1, WA N TEHAR FHC N PAT728: 181 1; JHEYIMC N : P
SEM AT N TARd s, 151 950 027 : 1, W7 ET FVRACHIN A, 4552 : 14 0 1, FAZRMARIINT723 24 ¢ 1, W Sk nt
RII21 305 2 35 0 1, ARARMEBFEDFIC : N : PITHE KRNRS04 R —3; )M EE T B, Fas ik
R HIC - NS T 2R R v e bk, ik C o PRSI R IEA 08U, SRR AR BN« P,
WERET T ARIR ., TE IR AR B 3R BN P H PSR B O SR, HM A IC - PEEAARRZ H PR
WA, IFAC. Ny P& LS BRI X R R, 4) m 4 S X (AR 5 20 2N e 2 BRI, IS S X M) o 5 5%
PIGER W PR, (HAZNERPRRHI A A — & BA S NP TR o WFFUE SRR, AFEBRARMIT B 508 4k 2
THERHE A — 30, R IREER T XA RS ARk 27 v it F I 5 e A AR )

KA C:N:P AEDFELSE, SRS, EIRIRE], F2 s

C : N : P stoichiometric characteristics of four forest types’ dominant tree species in China

WANG Jing-Yuanl, WANG Shao-Qiangl, LI Ren-Lan®, YAN Jun-Hua®, SHA Li-Qing4, and HAN Shi-Jie®

! Qianyanzhou Integrated Ecological Station of Red Soil Hilly Land, Key Laboratory of Ecosystem Network Observation and Modeling, Chinese Academy of
Sciences, Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; *College of Atmospheric
Science, Nanjing University of Information Science and Technology, Nanjing 210044, China; *South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China; *Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303, China; and JInstitute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China

Abstract

Aims  The nitrogen and phosphorus characteristics of plants represent plant features and responses to environ-
mental factors. Our objectives are to distinguish leaf and litter C : N : P stoichiometric characteristics, nitrogen
and phosphorus resorption of trees, and the relationship between stoichiometric ratio and temperature and precipi-
tation for four typical regions in China.

Methods We studied temperate coniferous, subtropical evergreen broad-leaved, tropical monsoon and tropical
plantation forest in the Changbaishan, Dinghushan, Xishuangbanna and Qianyanzhou Ecological Stations, respec-
tively. We analyzed leaf and litter C : N : P, N, P and the relation of N, P nutrition limitation at each station.
Important findings Leaf C : N : P in temperate needle and broad-leaved mixed, subtropical evergreen
broad-leaved, tropical rain and subtropical plantation forests were 321 : 13 : 1,561 :22:1,442:19:1 and 728 :
18 : 1, respectively. Litter C : N : P of the four forest types were 552 : 14 : 1, 1305:35:1,723:24:1,1950:
27 : 1, respectively. The C : N of evergreen coniferous forest is higher than in evergreen broad-leaved and de-
ciduous broad-leaved forests, but C : P has no relationship with forest type. Leaf N : P was highest in evergreen
broad-leaved forest and lowest in deciduous broad-leaved forest. Plant N : P has a linear relation with latitude and
mean monthly temperature, but neither N or P concentration has such a relationship. Plant at high latitude are
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easily limited by N, those in low latitude are easily limited by P, but results show that plants limited by N or P

don’t have higher N or P resorption. Stoichiometric ratios of leaf and litter are consistent, but environmental fac-

tors have different effects on different kinds of plant.

Key words C : N : P, ecological stoichiometry, forest type, nutrition limitation, nutrition resorption
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Table 1 Main species of trees and their life forms

SR SRAEMAED T R FE S o AR EAT I 52,
VR T B e e A [ LA PR YR B RE R AT 00T
A5 FRE SR T HLES 150.15 mm KRy A S I 5 o R
5 1R C 5 o FH T R A0 i FA 0 2, A AN
LR e Rkl e, FY)4P SR - = U R T & -
BHBR BT 6 BRI E (& an i, 2000). FEAIEE
AT TRl — Rl 2 T A S R I B, AN
AR ING P it AR 6 0 P T 18 24 75 P9 1 L
BIEAT 3R ROR, 13 AN R ARk S 2 [ NRI P
.
1.4 HEESHH

M A FEEDIHIC - N PRARELLER R, FF
MIAEHC, Ny PEEMIC : N : PRSP e
FEE R L, R INACE 8T, 55 AR
R FEEIC. Ny P& K&C @ N PRy
FREE M, KIS & 3N ERAE T
RSN

w4 Hh PR 3k AR ARl GRG
Station name Geographic location ~ Elevation (m) Forest type Representative tree species Life form
Kl 41°41'N, 127°42’E 736 R AT VR AC AR I Fraxinus mandschurica DB
Changbaishan Station Temperate needle ZIKA Pinus koraiensis EN
broad-leaved mixed forest MR Tilia amurensis DB
DB

AL
Dinghushan Station

23°09'N, 112°30'E 300

Subtropical evergreen
broad-leaved forest

HEZE Castanea henryi

HEZE Castanea henryi DB
IR E S Cryptocarya concinna EB
ZMMREE Aporusa yunnanensis EB

VG U 43 21°41'N, 101°25'E 570 P 25 [ AR MBI Gironniera subaequalis EB
Xishuangbanna Tropical monsoon forest WREE Barringtonia fusicarpa EB
Station =W Garcinia cowa EB
TRk 26°44'N, 115°03'E 100 A N T AR WBHFS Pinus elliottii EN
Qianyanzhou Station Subtropical plantation forest I JZ{r Pinus massoniana EN
K2R Cunninghamia lanceolata EI;
A Schima superba
DB, M-It #; EB, 3 2R3 EN, % St v o
DB, deciduous broad-leaved tree; EB, evergreen broad-leaved tree; EN, evergreen needle tree.
2 ARSI TR AE(0-10 om) CPIEbRUE(R 22)
Table 2  Soil characteristics of four forest types (0—10 cm) (mean + SD)
Foyy=Sit] pH AL K R0
Forest type Organic carbon (mg'g™")  Total nitrogen (mg-g™") Total phosphorus (mg-g™")
AT B TR AT AR 548+0.14  164.32+£8.48 13.04 £ 0.84 1.56 +0.25
Temperate needle broad-leaved mixed forest
HHFZEMI MR Tropical monsoon forest 4.66+0.14 10.60 + 1.68 1.13+0.13 0.20 + 0.04
T o S i AR 4.08 +£0.07 32.80 +3.67 2.50+0.26 0.29+£0.02
Subtropical evergreen broad-leaved forest
WP N Tk Subtropical plantation forest 4.54+0.21 11.83 +3.55 0.86+0.2 0.11+0.01

doi: 10.3724/SP.J.1258.2011.00587
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(N leaf -N litter)
leafmax
Nresorption M T2 73 TR, Nieag I I35 53 15 8
Niter N TATEV TR T 1R, Neamax M THP LK S 1T

FRIS I A FE 2 & & (Milla et al., 2005).
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2 #R
2.1 AREXEHFHABMES5RAEYHC. N, PT
=88

APPFR ARSI R B 16 C B 1 AR AR L
K(370.10-568.00 mg-g "), 5t 111 3k ) 24 L J5 5 A

(Cryptocarya concinna)M ¥ C& &, = M4
(Aporusa yunnanensis)' v C& & 5 AK; M NAIP

AN [ 40 ol ) 10 A2 A g 8 A R (N 7,75
36.30 mgg ', P40.45-2.72 mgg "), TUXURZNE )
F B (Gironniera subaequalis)' AN &5, T
T (R ER HBAA (Pinus - elliottin) M FrNE i fik; K
E ULl IS M (Tilia anurensis)M P &, T
JHI S (R AR P& BB . VA IC & AR
PRIEE 3441.70-545.90 mg-g ', VUXURLNH 52T
RIS C o Rt i, KA s A I CH &
TAIS.  FVE M N i A8 A 13 48.60—18.80 mg-g
T 3 ) A P VR N B I AP
S EARNIEIE 40.23-1.19 mgg ', KE s EY
PPt f e, T YN Sl U O AA 03 P 0 (P P 1 B
K, VAEY NP & 5P et 5 A BT
BE(43).
22 AREIREHFHESEFITEFHME

N TR] X 358 285 PR ST (0 A 4 1) 2B A A i
FEFE R4 WA AR C N P (321
13 ¢ 1) AT Ry (9 N T ST AR (728 - 18
1), AHTH SRR IARIT (561 < 22+ 1) ik 34

R3APARMRALIM S AEVE I IC. NRIPE & I HhR A 22)

Table 3 Leaf and litter carbon, nitrogen and phosphorus content in four forest types (mean + SD)

Pl no e Ao o
Tree species Carbon content ~ Nitrogen content Phosphorus content
(mg-g) (mg-g ") (mg-g")

It Leaf ibitrst stk 41 Pinus koraiensis 14 522.90+21.00 1520+ 1.60 1.30+0.30
Temperate needle broad-leaved iy 1. s mandschurica 4 45552+1240  2020£260  1.36+0.25
mixed forest

KM Tilia anurensis 3 484.90+14.00  25.60+3.30 2.33+0.40
G HES TR N =M Garcinia cowa 12 44597+12.99  13.50+1.30 0.81 +0.04
Tropical monsoon forest W R Barringtonia fusicarpa 12 49035+20.75  19.98 £2.04 1.30+0.12

FFW  Gironniera subaequalis 12 446.73+19.80  31.00+1.80 1.03+0.10
NP AT 2k i AR HEZE Castanea henryi 7 494.80+27.48  19.00+2.08 1.03 +0.23
Subtropical evergreen broad- . .

5 ; onc 48.60+18.84 2020+ 1. 1.15+0.

leaved forest WIREFEH: Cryptocarya concinna 7 548.60 + 18.8 0.20 36 5+0.09

LS Aporusa yunnanensis 7 374.87+27.41 20.27 £ 1.05 0.90 +0.12
MR N TR VEHAR  Pinus elliottii 12 52270£19.62  10.02+1.38 0.62+0.13
Subtropical plantation forest 4 i ahamia lanceolat 12 51065+15.06  10.88+1.13 0.75+0.11

LEKY Pinus massoniana 12 522.59 +15.97 14.77 £ 1.68 1.02+£0.19

Afir Superba schima 12 490.85+21.55  16.42+234 0.63+0.15

FEY) IR EFRACHK Temperate needle broad-leaved mixed forest 14 48547 +28.17 12.94 +1.98 0.93 £0.21

Litter  ys2= M bk Tropical monsoon forest 12 504.57+21.96  17.05+1.25 0.70+0.08
W HAGH i 2R [ AR Subtropical evergreen broad-leaved forest 6 5141241928  14.22+221 0.43+0.12
Wi A N T4k Subtropical Pinus elliottii plantation 12 526.36+17.97 5.63+1.36 0.24 = 0.09
WARHAZAR N TAHR Subtropical Cunninghamia lanceolat plantation 12 518.81 £ 16.41 7.47+1.36 0.29 +0.06
WA ARTT N TAK Subtropical Schima superba plantation 12 486.28+14.82  10.89+1.01 0.30 +0.02
W I BB AA N AR Subtropical Pinus massoniana plantation 12 521.51+16.40 7.72+2.10 0.36+0.15

www.plant-ecology.com
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WZETAR(442 : 19 1 1); FHTEWINC - N« PRI EN
HMRIRAR(552 14 1), WHGHE N T SREF M
E(1 950 : 27 @ 1), VARG SRR TR D IIC
N:PH1305:35: 1; #rZ=mAREEDHC NP
HT723:24: 1,

M IRIC o NE 5 40 ) PR 5 4o e I b i) 22
M (p < 0.001, n = 36), HF—RMHBEHIES
PR TR) 22 53 W 2 AR R ARARBER A, AR
Fh 2 I AT 3 22 7 (p < 0.05, n = 12), i
TRAR I LA (Pinus  koraiensis)5 /K M) (Fraxinus
mandschurica)~ YT T 2% i AR I = B AL 2e 5 3L
by 5 B b ) 294 4225 22 S (p < 0.05, n = 12), #iiy
ZE MR B 5 = (Garcinia cowa) 2 WA AFHE
BEFRFR(P <0.05,n=12). M HIC : PYEAF AR
FAY[E) S Ja]— KRB AR R ) 22 e & (p <
0.01,n=12), HESESC : NZELL AN : P
S 453 ] P AR T R 1A 05z 15 (30.10),  F #iiy AL
PR Ry 78 R AR5 M A i S R R 1R LA AR A o
vh AT B TR AT BRI SRR 1K (10.99), FR T AENE
oty N AR 5 BT 25 AR IRt it 55 ] 1 4% i 2 )
HRE AN, SLARANTR] HIE N AN TR 3F 7% R) G
BT WA N TARIGTTEPIC - NFIC : P22
e T Al R TR P, A AR S AR 2
Fto JHVEPIIIN « PAE & ARSI [R]85 7% 5+ o

CEE AT RN, RARAFRIIC : NFIC : PHY
T N AR N EEARL, A0 34 DX 3 Bl bk
fIC - NFIC : P25 A 25-26M1321-561, WAl AT
FRIKIC « NFIC : PAY 3 42511728, AN [A] X sk 1)
BGAARIC - NAIC  PEAT I W (1) — B ERFE (R 4)

R4 ARSI LA A RS R

23 MHAEBC. N. PREERHEITELLSSIRFME
KEIKF

TEAFBRM BB e R S 'S AR,
YR C, P REBEAE F 134 I T =i 3
I, ARA R RICE B ARG R
WP < 0.05, n = 126), M NG RERE H
AR T T REAG(E, HEA K RA R EH @ >
0.05, n = 126); HEPM FIC. N PA2ATHE S
[R5 &AL A IC « NAIC : P52
MIKKR, HYAEE@ > 0.05, n = 126), M
HION © PH A PSR EREE ALK RE <
0.01, n=126).

AR I (I C i A K R 2 A
KRR, NFPEEE HBF/KERIEMHKEKR, HIX
3FIAHSEME A B 2E (p > 0.05, n = 126); FPH 1K)
C. N, PR IS KR SR AL A HIC
N. C: PFIN : P5 HFE/KES RO CR, (HAH
KHEALZE (P> 0.05,n=126).

24 N, PFIRIBRIGFE

TEAA DI AR AR B v, JAGHY 2= R AR N
WS R AR AIE 5 7 A S St A I ARSI AL, P AT
MR A T TR AR R A AN R AR . TF
P N T SR AR NP IR A6 5 9 e R i A G
W E S, AT TR ARV ST R 5 AR
L% [ AR e () P i R )G W S R (p >
0.05). fHILEM T, A T bk bb AR sk AT
HEIINTRRICR . 52 AL, WA R AR S
T ZE R AR TP PR IR IR AR AR T 2 Hs  TAK
5 Ay o SRR AR, R T A AR AR IA R AT B v )

Table 4 Ecological stoichiometric characteristics of different forest types

PRI Forest type C:N:P

WA EL FVEACAK Temperate needle broad-leaved mixed forest 321:13:1
A ZEMI MR Tropical monsoon forest 442:19:1
P #h 2R FE AR Subtropical evergreen broad-leaved forest 561:22:1
Wk N T4k Subtropical plantation forest 728 :18:1
AT EL FRVRACHRIEVEY) Litter of temperate needle broad-leaved mixed forest 552:14:1
A ZEM M%) Litter of tropical monsoon forest 723:24:1
VAT SR AR 754 Litter of subtropical evergreen broad-leaved forest 1305:35:1
WA N THIETEY) Litter of subtropical plantation forest 1950:27:1

doi: 10.3724/SP.J.1258.2011.00587
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Fig. 1 Relationships of C, N, P ratios of leaf in different regions with monthly average air temperature and precipitation.
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Fig. 2 Nutrition resorption efficiency of forest in different
regions (mean + SE, n = 3). SEBF, subtropical evergreen
broad-leaved forest; SPF, subtropical plantation forest; TMF,
tropical monsoon forest; TNBF, temperate needle broad-leaved
mixed forest.

PREI R (&12)
3 e

31 WUFITEFFEM LR
FEAWEFL, WA e R AT IC @ N 2 P

www.plant-ecology.com

JUE o321 2 13 0 1 (T E R T 829
29 : 1), BFMLT2BRAEMM FHIC : N PR
1212 :28: 1 (McGroddy et al., 2004). V. #ii A T4k
IC : N : Pii bt 728 - 18 : 1 (JRFLE M1 881 :
40 : 1), WA H SR ARC : N PRTRE LA 561 ¢
2201 (JRTEE T 449 49 1 1), B EEmE TAaERK
S, PEFERARIC - N PR 442 0 19 1 (JR
T 142042 0 1), 5E0KCFR—8 W iE
TR e E AR IIAIC - N 2 PIRJR 7Ly
W1 426 : 31 0 1F01 868 : 53 ¢ 1, WBFL T ERA
WIREHC : N @ PIRFLL@GE 007 : 45 : 1;
McGroddy et al., 2004), V4R N T ARAIE s i
SRR AR A IIC © N - PIRFEEZ 05 038 -
60 : 1F13 371 : 78 : 1, ¥ T AIRAMBEDHIC
N : PEF L. 53R KRR R IX (7T 45 A (He
et al., 2006, 2008)FHLL, AHFITHBR T #iy =T AR
(B K C - N (144D T35 J5U X - 1 C - N
BME17.9), HABFTARFIC © NI B & TR
MR C © NP, FRIX AN o PIRSPIME
(15.30)H f T AT A s 1 Rl VR A8 A BT A3 4% A 1)
N : P (11.05-14.94), & TG N TR 5 Jefn
(Pinus massoniana) (14.71) 5 A% K (Cunninghamia
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lanceolata) (14.70), 5 #4i7 Z= W AR 42 2R £ &
(Barringtonia fusicarpa) (15.22)81, {H2 LA
HPIE AT 5 S A AR (RS /S, /N T By A
AR s 2 AR 10 LA AR

TH O 6) BE A Fy N AR 5 0 A 4 i b
(K65, 2010) 1 B AR 5 KA (Schima superba)
R, ARG N TARIR By R A 5 30 Fts o 4o i i bk
() AN I AP B AT, (H2 HENF & A
T I R AA T A NS R 12/3, AT AT A
N ARG AN - Pohy14.48, 1 W B 3 4
W P ) [ 2 AR 022,70 0 SERGHE A T AR I AT 55
ARG 23 R TR B R VAT AR I LB R IR, A
1 N AR AT (N P 347 LU P ARG 5 2 i A
Hh R A 5 A, H B TP A SR, A
BB N TAREIN P iy EE Y ARG 5 S R 1 bk
() o

Han%%(2005) [R50 45 SR B, v [ AS [w) 0 82
R 7S3FP G AR A AN P LA P34 (E A
14.4, KT E FEVRASHRIN @ P (12.51), (H/N T
A3 X AR AR LN - P CPIAMEH19.19). 5
SBREEAH TN ¢ P (Reich & Oleksyn, 2004)
AL, AR R A E ETRASARION : PEEDNT
AERCP M 13,8, At 3/ DX 3 R 4% AR - 4 i W1 szt
E TR, BARBIRRD, R AR A TR A
I LIAN HRMIN - P (11.79F111.05)fik T 4Bk
BE, HABFTA RN - PR TRk . 16
DI RS L PP EIC - N2 PAE DRI A (R AN [i) A 385
AR Fh 2 038 AT LA R 1 7 S e ik, X RS
ANTR] M 53 BT B R K 3 N A 5 (MeGroddy et al.,
2004; Reich & Oleksyn, 2004; Han et al., 2005).

MAZER BTSSRk AT B LRk L Y
AR, 2 IR AR I b PR B L, i )
C: N, C: PHIN : PZ X F#{L(Reich & Oleksyn, 2004;
Han et al., 2005; Liu ef al., 2006) . A7 57 H LA
TEIX S, H TR E BRI 2200, #A Z5 MY AR
5N By 5 2 i PR R AR A 5 A BRI 5 R 9F AN 58
4> M [ (McGroddy er al., 2004; ik bk Fl % K FE,
2004; Niklas, 2006), HAHFFT Wi N LA
vl i LSRR A i 1 A 26 B DX R SR bR . AR
WAT LA, AER/NRIE B, S AfE R X A
FIREAY, M T 2ESN R 2= S, Jndi s A e TR AT Ak e
W EEEF AR B C - NS C : PErTYR R A

WA AR C 0 N2 T B i 4 i
bR B AR, R As N TARIKIC - N5
C : Plgim, BEIRGRE WL T N TARRE Y B HAT 3%
HINCE =, MRWERLIN, PFESKE T, AL
MR D e R 2R S8 3 o T R AR ),
AR I A BE A5 R N T AR AR B R AR ik #
NS

3.2 AREFREFHEVIAIN, PFFEOIERFHE

TR, ARV A S B 7 5% 5 B AT
A2 W] i 5 5 (Aerts, 1996; Aerts & Chapin, 2000; Liu
et al., 2006), IR IR T AR
L O A= i W P (E W N ISR R e
LA A0 15 B, S Ay R R AR () HE S
(Castanea henryi)[FINF & /N T AR X 35 4 1) HoAh 24>
P Ao ASHIF 5T AP AR 4 L X AR P i B K T
e 2 DX (PR ), TS I 245 5 1 XA P LG 1)
PRI, B 5 2B BRI AR b, Rl ] 45
REPA] AR 7= 5 2 1) R i (Aerts, 1996; 577 AN
MR Z, 2001).

BT, AR 5, AIGER L X (1A T )
PR, =2k B o X KA ) S 5 SENIR B, 4
N N HL AT B R 0 P N W U 8% K (Chapin &
Moilanen, 1991; Aerts & Chapin, 2000). {H&, A
LN PFEA PRS2 A 58 A S0 FF i g ik
R BRI AR N AR S0 S i 4 R b L i
B ) TRAS PRAT B S R P P IR R, H Gy 2 Y AR
H17] S EN S < A B T a7 N T = R A
TEE RS AR PN PR AL 230 6 8 vy 1 M AT 3 ] 1 Ak
PORFZERIAR, (R T4 T 26 B 1 vy N Ak
55 ] B A5 (2010) I BF 9T 45 AR LG, ARBFST I
£ i T ARN ) 35 20 TR ISR IS AIG, 1T PR 35 0 TR
ORI B3R AR R SREF AR ION. PFR A
WE A8 35 B i, 3K R RE 55 M PR A Tl R 22 S AT
Ko PRIk, SZNEPRR G AR A — i B AT = IN
BUPF ISR, ANRE T st ph R A i A S R R 4y
P EARHE S B AR S  AHCTR LA L, B
FLA S R0 RSO . Uk mT L, AR e
[N PIR RS T REFEA R AHYIXIN, PFRA )
B b S N AL () R R AR, 2010) .
Killingbeck (1996)i\4: 7E R 3T (M)
BAMUN TR HR %, F20 et vl fe U2 [l
AIRFIE, FEA) A% 22 5 AT BE S iy 3 221
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Ja T R 1) - K 25 (Oleksyn et al., 2003; Luys-
saert et al., 2005).
33 MANFMPHIItEXASAEHSEMEKE
BIXFR

HARM B IINL PAREAIC 0 N @ PRI T A%}
M FRAAEIE N, (TSR], AN, PA
FHAIC : N PURRAAAE R R IR A B R (148
b Hi4 . ReichMIOleksyn (2004)%F 4> 1k452/MF A1)
WEFURIL, B P3SN T s, A INFIP
HFEAK, N« PTFE; ARG B34 T R 46 %
X, NFIPI T, X B S A O
R ) A BT B 27 R - T AR08 1) A ) b BB B 5 |k
(), BREEUT AR TE X, B A P38 SR T, N
PFF 1, 1K T P2 iy 2 IR ARy g 11 = 2 PR R
F, MINGE AR R 1 3R i 4 1 ) 2 2R
il A 2 (Reich & Oleksyn, 2004; Lambers et al.,
2008) . ASHIFFT A NFAP (1) 75 5 A bt il & 19 =g 1T
FRAC, 12N - PHIREMICR L, X 5Reichfl
Oleksyn (2004)7E 4= Bk ] 1B 90 25 W HE A — 2L
{H 2 54T P A5 (2007) 5 Han %5 (2005) 75 H [F R
IREEE FIEA—S, vTRE XA AR
P EARA KRR fERGTHIIX, FFREKETEL 500
=5 000 mm [AAZ4k, i RN - P FR/K S KA
I (Townsend et al., 2007), X5 W57 45 B4

D AHE N TR LAt X 355 AR bR AR L
AAHEEPC : NEC: P, BHAEMFIMN, PFRI4%
RN, N TARRE P R i e [ o 25 % 2 v T R 8R
R, XTI R 5 N TARMES RN G [AIE, BIAE3AS
Sl e AE 2 ) D8 b 22 AR, H 3 X 3R AR
MAEDIT A C : N5 C - PROAAIT, S T ek
o R A 22 T 1 LU ) (AR AE

2) H P34 54 OB R ARSI (N - P
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C: PR A B3 LA DGR R;

3) 4 T AR ARR I NI P IR > RSO R 5
b IR RO A B, AN, P
B FECYH Y IN PRRSRRCE
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www.plant-ecology.com

W i P A I S8 AR R SR 2R AN e LB P T 2
BRI AT R L, DOV A A T R LA
T LA AL

st ERAAHFEEB0670312). E KA
“973”4t % (2010CB833503) 4= ¥ & #} 5 2. 4] 31 7 &)
B (KZCX2-YW-QN301)% 84

S 3k

Aerts R (1996). Nutrient resorption from senescing leaves of
perennials: Are there general patterns? Journal of Ecol-
ogy, 84, 597-608.

Aerts R, Chapin FS III (2000). The mineral nutrition of wild
plants revisited: a re-evaluation of processes and patterns.
Advances in Ecological Research, 30, 1-67.

Agren GI (2008). Stoichiometry and nutrition of plant growth
in natural communities. Annual Review of Ecology, Evolu-
tion and Systematics, 39, 153—170.

Chapin FS III, Kedrowski RA (1983). Seasonal changes in
nitrogen and phosphorous fractions and autumn retranslo-
cation in evergreen and deciduous Taiga trees. Ecology,
64, 376-391.

Chapin FS III, Moilanen L (1991). Nutritional controls over
nitrogen and phosphorus resorption from alaskan birch
leaves. Ecology, 72, 709-715.

Davidson EA, de Carvalho CJR, Figueira AM, Ishida FY, Om-
etto JPHB, Nardoto GB, Saba RT, Hayashi SN, Leal EC,
Vieira ICG, Martinelli LA (2007). Recuperation of nitro-
gen cycling in Amazonian forests following agricultural
abandonment. Nature, 447, 995-998.

Elser JJ, Dobberfuhl DR, MacKay NA, Schampel JH (1996).
Organism size, life history, and N : P stoichiometry. Bio-
Science, 46, 674—684.

Giisewell S (2004). N : P ratios in terrestrial plants: variation
and functional significance. New Phytologist, 164, 243—
266.

Han WX, Fang JY, Guo DL, Zhang Y (2005). Leaf nitrogen
and phosphorus stoichiometry across 753 terrestrial plant
species in China. New Phytologist, 168, 377-385.

He JS, Fang JY, Wang ZH, Guo DL, Flynn DFB, Gengrg Z
(2006). Stoichiometry and large-scale patterns of leaf car-
bon and nitrogen in the grassland biomes of China. Oeco-
logia, 149, 115-122.

He JS, Wang L, Flynn DFB, Wang XP, Ma WH, Fang JY
(2008). Leaf nitrogen: phosphorus stoichiometry across
Chinese grassland biomes. Oecologia, 155, 301-310.

Hogan EJ, Minnullina G, Smith RI, Crittenden PD (2010).
Effects of nitrogen enrichment on phosphatase activity and
nitrogen: phosphorus relationships in Cladonia porten-
tosa. New Phytologist, 186, 911-925.

Hou XY (#&%4%8) (1982). Chinese Vegetation Geology and

Chemical Content of Dominant Plants (H [E 4% Hh 3 A



TS P PR AR LS A I CN P AT 22 E 595

PLAREYI AL 22 8 57). Science Press, Beijing. (in Chinese)

Killingbeck KT (1996). Nutrients in senesced leaves: keys to
the search for potential resorption and resorption profi-
ciency. Ecology, 77, 1716-1727.

Koerselman W, Meuleman AFM (1996). The vegetation N : P
ratio: a new tool to detect the nature of nutrient limitation.
Journal of Applied Ecology, 33, 1441-1450.

Lambers H, Raven JA, Shaver GR, Smith SE (2008). Plant
nutrient-acquisition strategies change with soil age. Trends
in Ecology & Evolution, 23, 95-103.

Liu CJ, Berg B, Kutsch W, Westman CJ, Ilvesniemi H, Shen
XH, Shen GR, Chen XB (2006). Leaf litter nitrogen con-
centration as related to climatic factors in Eurasian forests.
Global Ecology and Biogeography, 15, 438—444.

Liu XZ (X%, Zhou GY (Ji[Hik), Zhang DQ (5K{&iH),
Liu SZ (X&), Chu GW (#E ), Yan JH (HR1E)
(2010). N and P stoichiometry of plant and soil in lower
subtropical forest successional series in southern China.
Chinese Journal of Plant Ecology (FHYIAZA%4R), 34,
64-71. (in Chinese with English abstract)

Lu RK (&) (2000). Soil Agricultural Chemistry Analysis
Methods (T ERM AL 5347 7772). Chinese Agricultural
Science and Technology Press, Beijing. (in Chinese)

Luyssaert S, Staelens J, de Schrijver A (2005). Does the com-
monly used estimator of nutrient resorption in tree foliage
actually measure what it claims to? Oecologia, 144, 177-
186.

McGroddy ME, Daufresne T, Hedin LO (2004). Scaling of C :
N : P stoichiometry in forests worldwide: implications of
terrestrial redfield-type ratios. Ecology, 85, 2390-2401.

Milla R, Castro-Diez P, Maestro-Martinez M, Montserrat-Marti
G (2005). Does the gradualness of leaf shedding govern
nutrient resorption from senescing leaves in Mediterra-
nean woody plants? Plant and Soil, 278, 303-313.

Mulder C, Elser JJ (2009). Soil acidity, ecological stoichiome-
try and allometric scaling in grassland food webs. Global
Change Biology, 15, 2730-2738.

Niklas KJ (2006). Plant allometry, leaf nitrogen and phospho-
rus stoichiometry, and interspecific trends in annual
growth rates. Annals of Botany, 97, 155-163.

Niva M, Svensson BM, Karlsson PS (2003). Nutrient resorp-
tion from senescing leaves of the clonal plant Linnaea bo-
realis in relation to reproductive state and resource avail-
ability. Functional Ecology, 17, 438—444.

Oleksyn J, Reich PB, Zytkowiak R, Karolewski P, Tjoelker
MG (2003). Nutrient conservation increases with latitude
of origin in European Pinus sylvestris populations. Oeco-
logia, 136, 220-235.

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

Ren SJ ((EH74%), Yu GR (%), Tao B (F33%), Wang SQ
(FE285%) (2007). Leaf nitrogen and phosphorus stoichio-
metry across 654 terrestrial plant species in NSTEC. En-
vironmental Science (FAEFI2E), 28, 2665-2673. (in Chi-
nese with English abstract)

Richardson SJ, Allen RB, Doherty JE (2008). Shifts in leaf N :
P ratio during resorption reflect soil P in temperate rain-
forest. Functional Ecology, 22, 738-745.

Sun SC (#M154F), Chen LZ (MR Z) (2001). Leaf nutrient
dynamics and resorption efficiency of Quercus liaotun-
gensis in the Dongling Mountain region. Acta Phy-
toecologica Sinica (FAYAA%AR), 25, 76-82. (in Chi-
nese with English abstract)

Tessier JT, Raynal DJ (2003). Use of nitrogen to phosphorus
ratios in plant tissue as an indicator of nutrient limitation
and nitrogen saturation. Journal of Applied Ecology, 40,
523-534.

Townsend AR, Cleveland CC, Asner GP, Bustamante MMC
(2007). Controls over foliar N : P ratios in tropical rain
forests. Ecology, 88, 107-118.

von Oheimb G, Power SA, Falk K, Friedrich U, Mohamed A,
Krug A, Boschatzke N, Hérdtle W (2010). N : P ratio and
the nature of nutrient limitation in Calluna-Dominated
Heathlands. Ecosystems, 13, 317-327.

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

Yan ER (/& 25%), Wang XH (E7 %), Zhou W (&) (2008).
N : P stoichiometry in secondary succession in evergreen
broad-leaved forest, Tiantong, East China. Journal of
Plant Ecology (Chinese Version) (FH¥)EA244R), 32,
13-22. (in Chinese with English abstract)

Yan ER (j/85%), Wang XH (T-A51£), Guo M (¥F1H), Zhong
Q (fif5#), Zhou W (J&E) (2010). C : N : P stoichiometry
across evergreen broad-leaved forests, evergreen conifer-
ous forests and deciduous broad-leaved forests in the
Tiantong region, Zhejiang Province, eastern China. Chi-
nese Journal of Plant Ecology (FHW)AA24N), 34, 48—
57. (in Chinese with English abstract)

Zhang L (74K), Luo TX (¥ K#f) (2004). Advances in eco-
logical studies on leaf lifespan and associated leaf traits.
Acta Phytoecologica Sinica (FAH)AEZSR), 28, 844
852. (in Chinese with English abstract)

TUEMZ: SRR SI R SRR

doi: 10.3724/SP.J.1258.2011.00587



