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Abstract

Aims  Stoichiometric ratios of carbon (C), nitrogen (N) and phosphorus (P) are important characteristics of the
ecological processes and functions. Studies on population ecological stoichiometry can refine the content of flora
chemometrics, determine the limited nutrient, and provide data for process-based modeling over large scale.
Phyllostachys edulis is an important forest type, whose area accounts for 74% of total bamboo forest area in
Southern China. However, little is known about the ecological stoichiometric in P. edulis. This study aimed to
reveal C:N, C:P and N:P stoichiometry characteristics of the “plant-soil-litter” continuum and to provide a better
understanding nutrient cycling and stability mechanisms in P. edulis forest in China.

Methods The data were collected from the published literature containing C. N P content in leaf or surface soil
(0-20 cm) or littefall in P. edulis forests.

Important findings 1) The leaf C, N, P content were estimated at 478.30 mg-g ', 22.20 mg-g ', 1.90 mg-g ' in P.
edulis, and the corresponding C: N, C: P and N: P were 26.80, 299.60 and 14.40, respectively. Soil C, N, and P
content in 0-20 cm were 21.53 mg-g ', 1.66 mg-g ', 0.41 mg-g ', with ratios of 14.20 for C:N, 66.74 for C:P and
4.28 for N:P. The C, N and P contents were 438.49 mg-g ', 13.39 mg'g ', 0.86 mg'g "' for litterfall, with the litter
C:N, C:P and N:P being 25.53, 665.67, 22.55, respectively. 2) In the plant-soil-litter system in P. edulis forest, leaf
had higher C:N, litter had higher C:P and N:P, while soil were the lowest. The N, P resorption rate was 39.68%
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and 54.74%, indicating that P. edulis forest growth and development was constrained by P or by both of N and P
in China. 3) N content and N:P in leaf showed a tendency to increase with latitude, while the C:N of leaf declined
with latitude. N:P of leaf increased with longitude, but the P content and the C:N of leaf showed a opposite trend.
C: N of soil increased with longitude, whereas the N content of soil declined longitude. The N content of litter
declined with longitude. 4) The leaf N content was negatively correlated with mean annual temperature and mean
annual precipitation, but being more sensitive to temperature than precipitation. The positive correlations between
N content and latitude support “Temperature-Plant Physiological” hypothesis, reflecting an adaptive strategy to
environmental conditions.
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2002), H:AE A7 (Phyllostachys edulis)Ze ik 25 5 4
AUme A, EREFME RS K 2 mEE R
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mgg ', FHIMH }478.30 mgg; ANE & 4 6.00—
32.50 mg'g ', “FHIMEK22.20 mgg; PErER 40.60—
6.50 mg'g ', “FEIMEHK1.90 mgg ' BITAI FhC,
NFIPAE S ds KW &P &, A2 RECH65.19%; H
WIENF &, 5 RAHCN25.03%; H/MRRCE &,
R RECNT.04%. NP4 14.40, C:N426.80,
C:P4299.60, &5 REEI A C:P> C:N>N:P,
212 EMHLIEESUFITEFEFE

HR1ATA, BARLHECH 2 48.11-45.05
mgg |, “FYMH H21.53 mgg'; NG & N0.49-
3.99 mgg ', FHIME H1.66 mgg'; ©PEEH0.07-
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WIRCHR, BHARBN39.34%; f/ZEPH R,
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213 EMHEEMESLEITEFHEE

HI R AT, B AT AR R 3 40 C & & b 394.50—
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Tablel C,N and P stoichiometry of the forest-soil-litter system in Phyllostachys edulis forests

PR A n r/AME KA SR b g 22 AR p (K-SH74)
Dependent Min Max Mean Standard Coefficient p (K-S test)
variable (mg'g") (mg-g’l) (mg'g") deviation of variation (%)

I H Leaf C 32 417.10 544.20 478.30 33.69 7.04 0.980
N 68 6.00 32.50 22.20 5.57 25.03 0.107
P 66 0.60 6.50 1.90 1.24 65.19 0.137
N:P 74 3.22 32.17 14.40 6.16 42.66 0.505
CN 14 17.55 60.09 26.80 12.12 45.23 0.233
C:P 12 192.00 565.94 299.60 139.77 46.65 0.080

+45 Soil C 95 8.11 45.05 21.53 8.47 39.34 0.832
N 85 0.49 3.99 1.66 0.72 43.14 0.953
P 41 0.07 0.79 0.41 0.16 38.04 0.087
N:P 41 1.29 7.83 428 1.78 41.44 0.670
CN 81 5.35 32.12 14.20 4.51 31.80 0.784
C:P 41 23.61 224.86 66.74 39.32 58.92 0.600

WY Litter  C 12 394.50 517.90 438.49 31.67 7.22 0.511
N 21 5.40 30.20 13.39 6.76 50.50 0.892
P 20 0.30 2.20 0.86 0.58 67.74 0.742
N:P 20 3.00 54.25 22.55 15.18 67.32 0.989
CN 9 14.52 44.74 25.53 9.63 37.72 0.923
C:P 8 219.25 1096.25 665.67 324.97 48.82 0.639

F2 BT DI (C) BN) BEP) A ST R Z B3 BITHKIE- TR BN MR E R IR T2

JEA A JEAZ A

Table 2 Latitudinal patterns of carbon (C), nitrogen (N) and phosphorus Table 3 Longitudinal patterns of carbon (C), nitrogen (N) and phosphorus

(P) contents and their ratios in plant-soil-litter (P) contents and their ratios in plant-soil-litter
EE T RS R p n CEST T R R™p n
Dependent  Intercept Slope Dependent  Intercept Slope
variable variable

- F C 2.619 0.002  0.019 0449 32 I H C 2.842 —0.001 0.047 0.232 32

Leaf N —0.037 0.047 0368 <0.001 68 Leaf N 1.171 0.001 0.001 0.790 68
P 0.657 -0.015 0.012 0.390 66 P 4.070 —-0.033 0.253  <0.001 66
N:P —0.313 0.048 0.120 0.002 74 N:P —2.650 0.032 0.246  <0.001 74
CN 3.069 -0.057 0.602 <0.001 14 C:N 14.897 —0.113 0.513 0.004 14
C:P -5806.047  201.231 0.204 0.141 12 C:P 11.947 —-0.080 0.184 0.164 12

4 C 1.252 0.002  0.000 0.835 95 435 C 2.669 -0.012 0.032 0.084 95

Soil N —0.131 0.011  0.015 0270 85 Soil N 2.115 -0.016 0.053 0.035 85
P —0.456 0.001  0.000 0937 41 P 1.025 -0.012 0.029 0.290 41
N:P 0.005 0.021  0.070  0.098 41 N:P 2.131 —0.013 0.036 0235 41
CN 1.239 -0.004 0.003 0.621 81 C:N -0.275 0.012 0.051 0.044 81
C:P 1.385 0.014 0.026 0316 41 C:P 0.469 0.011 0.022 0.353 41

Wy C 2.697 -0.002  0.007 0.798 12 Wy C 2.563 0.001 0.016 0.698 12

Litter N 63.793 -1.668 0.178  0.057 21 Litter N 2.883 —0.060 0.209 0.037 21
P —0.084 -0.002  0.000 0.955 20 P —-0.561 0.003 0.002 0.858 20
N:P 3.152 -0.064 0.074 0247 20 N:P —0.124 0.011 0.010 0.669 20
CN 2.304 -0.032  0.074 0479 9 C:N 3.037 -0.014 0.196 0232 9
C:P 4613437 -135.896 0.299  0.161 8 C:P 6.433 —-0.031 0.415 0.085 8
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Table 4 Linear regression relationship between leaf nitrogen (N) and
phosphorus (P) contents and the environmental factors

N P
M R n 4% R n
Slope Slope

P/ MAT 0324 0205 68 -0.144 0.015 66

{ERRKE MAP 0308 0.191"" 68 —0.281 0.057 66

P Ul AR R 0226™ 68 0.065 66

MAT + MAP

MAP, mean annual precipitation; MAT, mean annual temperature. **, p <
0.01; *** p <0.001.

A 3 b AN AR T35 CF 5 45%-50% X 7] 4
AR5, 20005 J5KG =55, 2001; 445, 2002),
[, SR H47.8%1E A BATH i CH Rl AR A=
BERGTARZCHENCHESH, g RE N
Ry BATARIT B O i 5 B B AR R AL 7 bk
102 %0 A8 3480 1 - (480.1 mg-g )M AL (T 15 A5 28,
2012), W& T4 BRA92 RNl AR M)ty C & =1L
i P-4 % ((464 + 32.1) mg-g ") (Elser et al., 2000a).
b5t 3358 ARt C 4 (451.0 mg-g ") (8L
FFEE, 2009), BEHIEATH A IS Y& R,
A B RN CAEfgRE Sy, IX— & TEB1TM
TEAEXEOEI TR . K TR, $RAE TS KA
Sk B — T Al B BATRE A AR
oK, BATREAS AT Fa s AN [T, SRR
WAFESLC AL IO IR S5 1, W REAFAECOL B I
17, ART B ECA MR, KRG g e
g T HARR R (AL, 2012).

e BATARH A PIING B H22.20 mgeg!,
F B 753 Bl i A A RN LR F 3 5
(18.6 mg-g ")(Han et al., 2005), F&[EH &R EgALFEAT
102AMR AR J TN i (18.6 mgrg (EPB A,
2012), 3 E R ALFEAT 654 Bl 4 AN B 1)
JUFTP4%0(17.55 mg-g B4, 2007), HHTA
113270 4t RN (16,06 mg-g (1A B
28 2010); A% Tt 5t 4358 MRl N (26.1
mg-g ) (#CFFEE, 2009), BHRILVEHBS2FHRIYIH: F
N (24.7 mg-g YR LS, 2010), 3%+ 5 5 X
126F I Fr NS B (24.1 mg-g HCBIE A1
F, 2006). A IFFUR AN A ARG AL 5 e A
AR, SigmtRrpATLL, 5 S Rha B
N, PEo, T BIA N & SR AT — RSN, 5
LR R LR AC  f hk D FR A R, BABR R
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G0 B R 1564 (1A R SREEE, 2010); 55—
JiTH, N#E S AR B KAT I, KBTI
T AR XK B AR, A OBOR FH PN 3K £ L
AP A BN AR BN 3, TR 1 B /K B
i 5 BN, R T LA FH A 2 D
(B ERERAE, 2015), LB ANE SRS TAEK
T A 7K R B 22 1) o T A5 3 b X ) SRR, A T
A AKAE B K B D IR PG A6 57 H X [ AR

T E BRI PP E EoA1.90 meg !, Sk
TORA3S8AM YR B P (2.0 mgg ) (Eh AL,
2009), FE A5 LR 102 M AR P& 5(2.0
mg-g AL AL, 201240 TR R
ARH PP £ (0.74-0.93 mgg (RS Bt 5E, 2010),
WITT R 3 1L 320 4 B P25 5(0.86 mg-g ' )(A
BoRaE, 2010), 4EEE 101 FARAMYIHT F P =TI
1 F-45%2(0.94 mg-g ") (MRAIREE, 2011), Tk [H 75350
AR P B LAT P9 42(1.21 mgrg)(Han
et al., 2005), F&E AR AL 654 R P H
B LT 50(1.28 mgg UL, 2007), #
T R X 126 R P E(1.6 mgg HORIE
ALEFFSE, 2006); G RGP HWS2F AR A
P EH(2.60 mg-g (BALIVESE, 2010). X gL TR
7R L AR b ELAT B A K T R o vy ) 2
71, AR E DG GRS T T EA ROK R  ER
FURRZ TR, UL 7SS e B ) o R rp 7 2K
IR (¥ 5 il (Michaels, 2003), rRNA &1 -5 2ok
YA R PR BT, AT BT P
T AR

MWIEE AR C:NL C:PHIN:PSHAL T A
TS R B0 el DL L (RS), IREEBTHRM
C:N (26.80){H /N T3 E ZR i AL FE HINSTEC  #IT L
b= R Y P T35 T 7 NG £ =11 R | N 2 3 114
YT YA A D X, X AT PNT
FEEAA . AWTRIE T R RN S R X
NIF W R R FRARAE ) AE K R, e S 30
[FIC:NFE{%(Lu et al., 2009). BT A C:PIE 54
BRI N R C.PAHALL, B EAR TNSTEC. #iiL4F,
W v T oAb RS SR T AR, i P AR
WA . BPTRI F AT BAR NP (14.40),
X R BUE A BT AR R A KR, Ak
(1 A K TR W 18R 1 TN S GR R, fE 4N PP
WA AE T 2 UL B AE, BT DL gt AR KA )
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Table 5 Comparisons of C:N, C:P and N:P of Phyllostachys edulis leaf in China to previous studies

Fhid 55 o BT AR RS RARIE 765

X4k Study area CN C:P N:P Bl ki Reference
4HEATHk National bamboo forest 26.80 299.60 14.40 This study
4=ER Global 23.80" 300.90" 13.80 Elser et al., 2000a, 2000b; Reich & Oleksyn, 2004
NSTEC 13.50" Ren et al., 2007

29.10 313.9 11.50 Renetal., 2012
WL R 1l Tiantongshan, Zhejiang 42.10 758.00 18.00 Yanetal., 2010

48.40 678.00 14.00 Yanetal., 2010

30.70 338.00 11.00 Yanetal., 2010
VIR Dianchi area 37.71 267.50 8.60 Yan etal., 2011
3R Losses Plateau 21.20 312.00 15.40 Zheng & Shangguan, 2006
AT Y03 Taklimakan Desert 17.50 249.00 15.00 Lietal., 2013
Jt3 & JHid Beijing and surrounding area 17.30 242.00 13.90 Han et al., 2009
4L AR Wanmulin, Fujian 18.49" Linetal., 2011
oINS R Hangzhou Bay Coastal Wetlands 16.49 Wu etal., 2010
FABCF )5 Songnen Plain 13.00 Song et al., 2012

*, JUATTE.

* | geometric average.

#6  FEBETH0-20 cmT3E)ZCN. C:PHIN:P S HAL CAWFFTE; %6 Lo

Table 6 Comparisons of soil C:N, C:P and N:P in Phyllostachys edulis forest in China to previous studies

WIFTX 4k Study area C:N C:P N:P B ki Reference
4 EATHk National bamboo forest 14.20 66.74 428 This study
SERARFRO-10 cm Global forest 0-10 cm 12.40 81.90 6.60 Cleveland & Liptzin, 2007
AFREHI0-10 cm Global grassland 0-10 cm 11.80 64.30 5.60 Cleveland & Liptzin, 2007
W EHLFE R R Cold plateau of China 11.70 24.00 2.70 Tian et al., 2010
" EAHLL Organic soil in China 14.90 131.60 8.00 Tian et al., 2010
#; 1 #1J510-10 cm Loess Plateau 0-10 cm 12.92 22.85 1.88 Zhang et al., 2013
R Y Taklimakan Desert 14.80 2.69 0.18 Lietal., 2013
B P71 AR #R0-10 cm Sub-tropical forest in South China 0-10 cm 2.30 Liuetal., 2010
2.50 Liu etal., 2010
3.60 Liu etal., 2010

AP FE #B4E  (Agren, 2004), BEIT S U1k
A BEoR RN R, iR B
P C:PHIN:P (Elser et al., 2003), X 54 K %5
Y/ELRAHT . (RGBSR mC S B — MK
HABARMNAIR, A CHING PR 25 i e 2w
SR T FE VRIS A, PRI T M AR Cid
FE P FH AR (AU 5% (Aerts & Chapin T11, 2000;
Wright et al., 2004).
32 EMMIBEEDSUZTEFIFE

T EETAR0-20 em 132 A HLIK(SOC)
&0 8.11-45.05 mgg ', “FIH{H K21.53 mgg
T 3R E R X0-10 em$IBE(Robinia pseudo-

acacia) #k [ SOC % & (10.20 mg-g ")( 3K I 4fj &,
2013), IL 77 4 45 020 cm + 3 SOC % & (16.55
mg-g ) GRWIAAZE, 2013), #5rh Hb X 4R k4 0-10
em FHEEESOCH #(16.27 mgg kil X 2%, 2013),
TG AR LR 2R 2R 0-20 em 13 /ZSOC
i (4.22-5.19 mg-g H(FE T, 2010); K THE
23 T VH 2 XU B T PR AS [R]85 B B AR 4R 0-20
cm 132 SOCH #(31.2. 45.8. 56.9 mg-g " )(X| Jyfli
4, 2010), — L[ Jti50-20 cm 13 )Z SOC ¥ &
(34.26 mg-g YVFICHREE, 2009). MM AN 1A
HUBR s AT B, AT & BT bR 112
g AL TR R K, IR T
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A HUR I NS 5 1P, X T BEZ T BAT
MR IR R, HAA oAk, EWaK, i
FA L P B (T /DA 2009), LUK BT EE A
W53 5 AR IR AT T L B AN TR RIS, (RIS
AR F LY R R R 2, — AR,
FRIE A5 AR T AR R (E 44104, 2003).
KEETH020 ecm T HE)E AN & 4049
3.99 mgg ', FIIMEK1.66 mgg !, T RIEE &
JEX0-10 cmAl BEAR IR 4 505 50,92 mg-g (K I
415, 2013), EEHHLX AFHKr0-10 em T2 AN
£1(0.63-0.94 mg-g (KL X 2%, 2013), & T-PY)1]
PG b0 Ll A R AR B 2R R EN S
(2.74-6.51 mg-g YKIFKHLE, 2010), FERURZA
W 4RI AR0-20 cm 2 AN E(1.94 mgg ) (ZEH
BRIV, 2005). TP CL NouE A REGEH,
- S P 5 R PR AP AE IE AT S, 3 DR A 2 38
i CE BRI, M AT £ TN R RS
MTAENA b B, K INTG % 2 5 2T PR
G ROL R, A PEKNG {63 # (Mclauchlan et al.,
2006). 11EC. NI 2R FTE YA IE & ()58, 7R
TR BB /D R PR AR ) X 3, A A R T AR
PR/ X BN R, AR, 6 7R il
ROEI 7 R XSk, A REE . WEYHIE R
K, AT EHRNZWBER, HWER KR K
23 T -1 AT R R AR
KEEHR020 cm T2 2PH & 40.07-
0.79 mg-g ', FIME K041 mgg, T X4
Flbk230-10 em -+ 1 )2 4P £(0.10-0.12 mg-g )
(R 5%, 2013); 5K HILE SR ARG X AT i
ZHR0-20 emt- 12 AP E H(0.45 mgg YIRS

F7 REBTHEEDCN, CPHINPSH A CA WS R A0 L

AREE, 2008), /N T ELEA_LIE7R LR A0-20 cm
+ AP ER(0.50 mgg ), DI RYHIEARS
5RO A S IEARDC, TS AR
Y 3 i 2 UM DGO SEANEE, 2012), 78 il R & 78
il ) ML DX 3 A Ak R, I JRITP G 3R ) kA,
IS5 P BRI, I, HHEREE
S LIPS R E BN ER, BT I IE A Xk 1
Z o mitE, miERvE g, BRI A S WiFe. Al
Mn 55 45040 49 2 T W B B8 e AL T B, et
SR AR AT R 7K PRI IR 1 FH GRX R RS 8 5K, 2005) ,
DAYEBATARIE AL X I 3R PIe 3 A T P 5K

MF6T LA H, FEEBTH0-20 com TIEE
C:N{E 5 EA ML R b e, 1Mo 42ER0-10
emARAR L2 . T IRCNES R S AT HLUR
AR AER, TEMARE S R, 17
DA ST B R S R B, AN K AT LU 0 H 4N
R AR (L et al., 2012), 1 & 783 A X B4
Sy RAENWRE, BT DR T REH IINTT R I B &
EBTH0-20 ecm 132 C:PH 5 4Bk H10-10 cm
THEEMC PR, (KT 2E0-10 emARk 11E)2
(FIC:PAH, T 35 sy i XD 5 [X 45 1l X C:PAH,
X TP T 52 5 X 380 Vi A X A AN
Wr R RS, Co EA I IEACT /NS, 2012).
33 EMHAZBMESKFTERFE

BT E D CEH394.50-517.90 mg-g ',
AR N438.49 mgrg . BATHEEWICE BT Y
B CEHREHE UM, S Jr i 5 HED
IIEREEA G, VR WIAE o R R b 22 BLCOL [ T
KB AL G IC, BT LA TEIC P 8 (438.49
mg-g AL T A CE R 478.30 mgg ). XT3

Table 7 Comparisons of C: N, C: P and N: P of Phyllostachys edulis litter in China to previous studies

WFEX % Study area C:N C:P N:P B KIF Reference
4:[HE/THk National bamboo forest 25.53 665.67 22.55 This study
AERFRA Global forest 573 1175.60 20.30 McGroddy et al, 2004
F MK HIL Changbai Mountain, Jilin 39.43 552.00 14.00 Wang et al., 2011
J"Z353W1 - Dinghu Mountain, Guangdong 29.57 1035.00 35.00 Wang etal., 2011
P PE AR YN Xishuangbanna, Yunnan 30.12 723.00 24.00 Wang et al., 2011
YLPET-XEM Qianyanzhou, Jiangxi 7222 1950.00 27.00 Wang et al., 2011
WHT K111 Tiantongshan, Zhejiang 59.77 777.00 13.00 Yanetal., 2010
49.36 691.00 14.00 Yan et al., 2010
40.50 567.00 14.00 Yan et al., 2010
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ST ENFIPR UL, EAEEPE N e
R KR, K2 H0oy A e A K SR SR L
BERR IR 2y, FEOU R R 2 R AR R
W, BT, XSRS B G RN P I A
IS ZE T AR, AT ERT A BORURIH, DRk
HHION. PER(13.39 mgg ' 0.86 mg-g )i/
Tt HN. PE Q2220 mgg ' 1.90 mgg ).
K7 HRBE BT EYICNL C:PAIN:PS L
fih AR TS RIS L g R, R AT DUR IR ER ]
EBATHCNAIC:PE/NT O KER 05T, Xl fES
BT R EE YN, PEER AR, Kt
FER BT IR V08 R 2677 o K 4
FECUT B, 2009). N:PAEAR T A g3 Ll AL vE T
JAPN, T E T AR . AR AN A T
TN P43 70 2% B AR K22 5, 9 dn:
W SRR AN R 2 T S VR TR AT L, ReE i
B 2375, Xl RIAE D) S E T AR BRI
725t (Aerts & Chapin 111, 2000). A W57 EBIRLTE
YIC:N. C:PHIN:PHARA S MDA LRI H — 301
B, LN A SRR R A A R R DA G (CF
YE7raE, 2011), FEARWFFCH I — A PRI
34 EMHEY-LIE-AENRFESUETEF
FHE
ARGy (A A A A R ORI L R 1 A
WA, LRI C:NPUHT I 5 C:NFIC:Pil
AR AL B CNFIC:P (RE4Lgl: 5
R Z2) (At FE R L (B2 4 2R R 2 [H, 2010) o A4S
W-FIED)- T IR R G R — N EE R T A5
AR, TSR R AR B AR 3 TR KU,
R AR T 8 CHEP=E AT ML, [R] I 7%l D
T AR B b, FhIE ) 50 8 )5 5% 57 1R 38
T4, AP AT T R, BN REHIC N,
P M LGN 1 A S 2 BRI A W R
M S AN 22 57 VE (Ladanai et al., 2010). JacksonZs
(1997) [ F 58 K L 4 BRAE B 40 AR ¥ C:N:P 5 1 F 1)
PO AR, (H38/NTIRTE D IC 37 o % I LU,
X A] B M) ) E R SCVE A 0%, E R AEAE(2011)
F 5 b [ 4R AR R S 20 1) A S AL 22 BRI, R IR
AN BEARARI I 55 VA D) Ak 2 e e 2 A
e AR (2013) R IR IR I AEAN TR 2
RERE S RV AR AR S A T BAS e, HYS
RIS R AT AR AR AR o ASHIFF A5 H A A

R 5 P BT AR ES AT R E 767

iR, BTHEYICP. NP (665.67. 22.55)H KT
I 7(299.60+ 14.40), 1 4 C:NAEAHIT; {H Vitousek
(2003) FIHIE 57 & IR Bk 4 4R (Rhodomyrtus  tomentosa)
16~ WL %Y. MR B I N AE AN ) A=
BREP EFIRK, HENPHEIEAB . HYA-
35, X7 AR (2010)F 5% 2 B e v b X 4
A AES RS TS T HEC, Ny PASLAATT
i, PRGN Y S TP N, PRA EEN
LEVETEANSE, Bil]H3h N PAOALS B G )
WAHHING P& FIFLAEQOTIFFEIN A St i
B DA B P i NP KT R B
FAA o LEAEVGILIE rRE X (R PR EZ A5, 2015)FIBE
WD b IR IX (MRS, 2014), FRbk L1
[FJC:N. C:P. N:PEBME T m v Rk &4, 5ASC P
FH e —8. MY)- TR E Y RIS ik
b E HRHIE, XY R — KR,
FLPIRRA 1 £ BT e 10 55 70 22 R B Rk s -+ 38
HHC, NFIPIGER, TMIXFh T8 O¢ R IR I 75 22k
TR AN HUAIF SR (AR AESE, 2014).,
35 EMHFELIRFITE

Koerselman A1 Meuleman (1996) R i 7& A~ [F] 4
YAk AT R S SR AS H, UNP > 1638 RPRR
il, N:P < 14 7"N R, 14 < N:P < 1615 1] 7] I 52 3]
N. PRI E% 3 A 52 5 35 PR ] (Tessier & Raynal,
2003) . AR bW bR ik, B E B AT NP A
14.40, 5 WINCFIP WY A oG 38 W] fig 1 O e B AT AR R
MR . AR B A E O 3 (Han et al., 2013) LA
KA AR S5 RN PRI 23 51000 39.68%
H154.74%; C:NFIL A M >FEY, C:PHINPHE
WAy P> ), A28 AR AT R A AR
I RE T 2 H 2 BIPIC R MR G . A A RS 4S
SR A X R A S [ s S (Rl A R bR IR —
3, ZhangZ5(2004)XF T B P 5 vk Hb DX 2 Ji (1) Tt 8 55
IR, N:P > 23R IAPRRA], N:P < 21K B ANBR
il Chen®5 (201 1)} Hp [F P 52 1l ZR 8 K57 H AR IR
PIX ORI, NP > 14K IUAPRR S, NP < 1258
LN Giisewell45(2003 )} 5 J5UAE ) H- A HHF
LR, N:P > 20N PRR ], N:P < 105K AN
Hil, AT AR 32 2N Pt A R A
o BraEHH NP 25 3L UR RN PRE B i 45
RN BREIER, b m (NPT B Aff i e (1)
iR, I it A S B 2 it 5 N P A £ R T4 F A
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N:PIlfs S 1) e £ I MEFMNT RS, 2005; Cui et al,
2010). ITAER, BEAE RAANDUFERBE N, ik 4
R HNIEIN, LLE T L J5UA 52 N PR I 6 A
B HH IR N AN G, A 2 PE LA R 4 0 3%
(1R Hl(Giisewell, 2004). fH M\ H 77K, FENJLRE
W A7AE I BT B AT PR ATS TH 52 21N 25 16 R
FWIE FEINTORE ] LU IR, BT
AR R GRR S, 2015).
36 HFEIHENZTETEFIWEE

BT A TONA . N:PRf A 26 5 (1048 n ing 4
T, C:NBEAE 25 5 14 0y FEAIR (R 2) o 20 P My 1t 3 22
AR, NS S R R AR R
(R4), S PEAC PR AR A6 CCRE Ty, AT
FRCN IR B W2 IEAH GO R, 14 R SRt -
R AR (TPPH), TPPHIA KI5 NI
HIE PIURNA R 2805 PR AIG 5 S50 0 A A S 3 2 1)
BEAIG, 1T R NP 5 A 42 C 75 KRR FH 1173 % A
S SZNFAP I 1L F2 (1) ) ) 2 35 %0 il B UK, NORIP
(1 58 0 T T R o ) A A I I 6 AR P 2k
N, TN RITP AR JE 2 B B i J5E T o 1717 4 o PRI,
XA FARIE N R I R 2 7355k
5 ERSAE, B B AR R LR A 654 R R A 1)
N. PAGZETH R R, Iy NAIPRE A £ B T i AT
A3 /S0 1 B AT G o W 3 M i (T P A A,
2007); AFFTH AR RO A D REREVR N PIRARAS
2ET R IN, RPN, PR i T
LA (TR CEE S, 2010) . AT R ILEATH: F ()
N:Pifi A 26 5 1) T & i 35 0, 3 5 Reich £ Oleksyn
(2004)7/F5t43° SF|70° NFI1-12.8 ‘CE|28 Ciu[H N
1 28070 fili b i 4 i B 14D i A 43 5 A ARG R A 34 <l
(38, NP ) 4 i A B 1T 55 Zheng A1
Shangguan (2007)fF77 & I3 115 R 34°-38° N [H]
R o N:PRE 2 P T T K 4518 — 3. N:P{A
I8 285 FSE AR AR AT R B 0 DX Sl T A7 S R K
NEDIRFR, K TR A AR R KF
(AT 5 S o] ) BV ROBEHET, A AR AR
(HEVLVE5E, 2013).

ETH R PA R C:NBHZ I I PR (E3) .
H ] {14 A 7K DR RS v v 38 0 b P i R k>, 8
e B KRR, PR K 0 5 M M A G Y
Wi PR 25 o AHFST H I FNL P3 B  FK B Y R ok,
MIENE R AR LU Y, 3 N 6] B 7K e .
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FLP B AU (6 4) . HanZF(2011)%) o [E R4 Fr 11 A
JCE MR IURIN, R NP BE 28 14 KT
ARG o AT ST i P B R B Bt 2 9 K e
IR B S F, TINTC AR I B 5 () 28 FE a3,
A HE 5 B N TG R IR R R KT B K A R (GR
4). 34k, Han%5(2011)28 SERE B 5T - R H I BRTHI
A A 7 RS B 1R S B R “km B AR S A
[« PG O TRORE S Lo, oA
i FAHIR R 2 s B, FLARER R SRR 2% [a] B 25 Jf:
AGERFIE . AR B AT HCNAH Bl 22 B2 38 I %
K s5 K2 HRA g A8, cHIT0A
AT REAET, FEY G 5 R EE s A L]
NN FIBARA Y A KR, S man i3 iE
J, SRR KA ORYT, S K R 203,
T3 N T 5 W RS, e 3 B C NI PR (Lu et
al., 2009; Planchet et al., 2011; T /NEE%%, 2012). {H
WA RV IREHEY) RN T EELE E RN
P G ) AR 38 D0 A 8, A 23 b X LA 3 L
Bl VF e R R (5 R BRAE, 2015). AN, HEH
KRB 2=V R TR Z AT, ARSI SO
GO Rl — AR, GRAIE T FE AR 0 R R BRI
Wb 350, T A Rbdek 2 R A% e 08 1 o L 4%
EINE

BT IRCNBEZL S 4 n, N& &2
JEE BN FRAR (R 3) o WFF A E -3 (7K 0 e 52
Wi A 400 1) 23 RN A AR Y, T s i) L 4 i N
FI TR, 1T B AR - 387K 40 1 52 i 2 B G
ZL[P)(Liu et al., 2006), | /NEEZE(2012) KL HJH0-10
em TIESOC. N2 3| FK s AWMV TR
SR REN, A 28 B AR FE (T i i N, XS A
SCRIWFFTEE RAR R o 3K & PR A A DUR B JSUF X
TEFEIK EAN A230-360 mm, 475K 5 49501 900
mm, PEZKN 3TN TG E kA LT T L2
W BT S, HOE AR N A, Rl 2 R
JE R T, B KRR S IE IN (1 055-2 100 mm), [%
K T HENTC R WA R N 5, 3 80t
NICER TR, BRI A2 L )8 n 3% N
TR, CNLEH &

] P 55T BRAR T VR 0T 5 1) S A K 22 1R 1
W F7 50 VIR DL SR T4 0 50 f 10 5 e B8] 35
(FRERZFAE, 2006), X -T-AH [ PR YR LR RS
AR T A . ABIESH BT ARV N
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O BB I FEARGR3), M AN R
B RS (AR A R T D35 I, Fh b mT DAHERRT B47
NG 25 (1) PR WS 03 Bt o 28 P58 1D 388 o T v () a3
AR, 2 TR — o N A X B = (15 ol
L) S B SRATZ 0 F PR, S R R TR
Wz, X — rin] LA EAT TN SR 20 B 0 i
FEARAT BIEDIE(3R3). AT, IREEHIX BINITHR
WD IHE IR S T s a X
W i 4 P L XN = 1) AT A 2 ARG L X B K,
DRI 2R S A A R ey LR A — e R Ll T
ETIINTCR RS, (2 T BT POE A K AR
IR E BT ARNL PRI 2 ) R 39.68% Al
54.74%, T4 ERKENFIPHERIS 21 H50% (Li &
Han, 2010), BINFFRICER ] BAC T2 3KKF, i
P-F I AL 4 OIS v 1= A BRZK ST o AR N 5 o) e B
FRICE IR RE ) A2 18 N F% 0 SR PR B ) — P 2 2
e, IREE R L AT B, A A AR g
WOR A LFRA R T 07 0, Mk, 485580
AT 78 AL N, AR 32 B AR s R 4 Wi e 0 10 77 X
SR IE N IREE . WX R VE, FRE BAT AR A I A2
FINAIP PRI TTER I R, H 2 A K52 2P BRI EE
N 5821, Killingbeck (1996)\ A kh7& M HNFIPS>
A I 1.00%H10.08% I 24 A 58 4 Wi, Kozovits“¥
(2007) KB, 7ERAEHGIFPIREIAESE R, NR RS
S, PASESEI . AT BATEE YN G &
KT 1.00% (13.39 mg-g "), PEEZ2%T0.08% (0.86
mg-g ), RIBTETEYI RN FINEA #5827
FUFF RO, T PIIRE BEAT TR 2 I RO, X
— G HHE T RE 'AKW REZBIPICRE E LM
PRl No PFRAFIHERY REAE W] W A N
P 55 B A 25 BRI PR RS % o NS I3 iy v N
WRE, N:PHINFHRSCEE, FEAK A Fy PUA AP R
;. PUN LB = PUR FE AP PR, FRAIEN:P,
AEE R I N B AN P R AL %6 T Yl 25 53 i (R AR 2
452007, A% 2011). R, Bl 3 B R A
T ' SR AE IR 1) U H 2 98 H, N Wl G b 6] R )
AU B REAE 7 AR RS (1 5 R, 338 17T 5 ) 21
MEMEE RGN S5 ThRE, BIAE A TAES
I 12 s AL TR0 5

4 LR

ARSI 0] 2 X B AT R A A - - v

Fhid 5 P BT AR ES A TR E 769

WNESARC, NAIPIC 7 & S A SCE I (e A
SIHT, R T BATMRARRIZLCL Ny PASL AT
RFAIE S ILBE 20 23 1 AR A (PR R R i PR 2%, T
AT T BT R G BRI (1 22 e A L N 7E GG
AEEZE N REBTHRAESHFTRBEFIE: Wy
C:N426.80, C:P4299.60, N:P}j14.40; +3ErhC:N
1 14.20, C:P A 66.74, N:P A 4.28; W& WCNN
22.53, C:PN665.67, N:P422.55, A4 24 A IE
C:NKIL Ay mp >3 Y)> 138, C:PFRINPRIL K :
PHTEY>T >3 N PRFIRIBCR 43 1) 4 39.68% A1
54.74%, F&E BT SR 0] RESZ 2P RE 6l Ek
BNFIPICZ (I PR o BTG 25 TR 46
77 0 FEZ B E R BT A NS &L NP
Wi 5 205 P2 PO 184 I T 184, €Nt 5 446 58 488 o vy P31 o
BT R BN A 4 R )G I R, 14

SCRFUR R AR B, R NS B ST
AR R K AR ] W 2 ME SR OG, AN
o HE T PR PR o I L K S U . SR ) B
FIPEKE I BT N:PRE 2 BE 3G 0y 5 i,
P&, C:NRHZFERE iy FRA%; BATAR T IEC:NE
28 P T, NS 20 B R N A, BATAR
PR T TN B B 20 P58 188 T T FARAG

E&£mA B R AF R P ow A Kk 5 9%
(1632013011). =28 2 M4 FHFF IR BT R AL Ak
4% % A (CAFYBB2014QA036) Fa Ak Ak 35 AT b
FHAE £ 7R (201404408).
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