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Ecological stoichiometry in a forest ecosystem in the hilly-gully area of the Loess

Plateau
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Abstract; To understand, nutrient eyeling and relationships between the soil and plants in forest ecosystems in the hilly-gully
area of the Loess Plateau, combined field investigations and laboratory analyses were performed to study the ecological
stoichiometry characteristics of trees and soil, and their relationships. The results showed that the carbon (C), nitrogen
(N), and phosphorus (P) contents of leaves were significantly higher than that of trees, and the contents of the surface
soil (0—10 cm) were higher than that in the soil layers (0—100 c¢m). The relationship between the trees and soil, and
between, leaf ‘and soil were inconsistent. In the tree layer, C was positively correlated with precipitation, and P was
positively correlated with elevation. Therefore, the main factor affecting plant growth was precipitation. In the soil, C, N
only affected by soil bulk density, and P has correlations with soil bulk density,temperature and precipitation. These results

provide a theoretical basis for the development and management of plantations in the hilly-gully area of the Loess Plateau.
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W (C) SEA A IR B B R A (N) A (P) SRR A S R R BRI O R, A K
()45 A BRI 2h b R 2 o B AR I, AR LA S i SR LR AR SRR RS — TR
FlAEYARNZR D 5 G T AV F S E YRR S 2R S R R A S R G M L E IR U LR E
ST — 1 TR B RE A AR S R G IR 4G A5 BR SRR A T L R T B AR Bl L 2
B B B NS R G, b g U5 M Y R AR AR 282 A A ) A - R A S R G i A~ 2
LSS, R AR Y LA A R SR SR B T SR 5 5K A3 TR ) S I A A R R 4R A B
gerp WIE B, HIL, BT A SET R R B B IR ARMAE S RE P Y S I C NPAES
A2 T R AE X 78 37 4 BRI D S e RG-S AL i HAA R X,

HAT, ENAMETHRMAES R Y M A S A TR AE M R 28 5% T 22K, i
U, Reich 1 Oleksyn £ 4BR IR BT T ZRMAES RGP B 5 300 L BALA R FRAE ; Han 2576 [H
WE IR AR R A TR E 127 AHE S 753 Fhfi A it 5 NP & i DL & NP B RR AR5 S R ¢
R T s X i [ 4 Fh SR ARSI G B R R YE B AT ST , B TR IR BRI 4 A s Ak 2
HRE 22 50T AT BAREE M TP E AT R URETT 654 FhAEIH A N A1 P S A G5 SRR B N P S b
43 B B B AR R AT 2 T T (5 PR AR 5 2R 0 55558 T A M iR A 58 T ERTL = A 3 Rt i) 2 bk 2 7
FRARM B A A RRAE S R nT UL, B AT AR S R G AR B AT 24 O 5 P 25 3 A 2 LU )
MR RFFET G, A R TRAZ BRI AN o i REFR AR — 8 R E A2 mtRS
RIZFEARTE G RTO, R 5T Z 8RN A S b2 P RE R A 2 A Rt — 2R 5T . P
BRG A HAATH R 2E ST, JESE VLTS T T PUHE R AR 3 P e B S B AN R B B 0—20 em 22
MR o O LB AR MR 5 A XU A I SR M X A A 9 T AS [ AR KR R AT 0—20 em
TS R R R R R S R RN R ZR MR R R A B C N P & A7 7 3 22
S H A C N P MR XA C NP SR AN, 3 e ] 9 A FH e 5% 2 224 R 7E 0—20
em )2 13 RIZ T IR Z BRI I RN PP R 2 IR A S A R R R S L
W+ R AKX+ 2R SRR 3 AR R4 7E 0—100 em JEE AN AUHTSE 0—20 em + A= 24k 2F
THERFEASRE S X — H XM SR G A 2R i, H AT Z R 2 3 (0—100 em) A= 854k 2
THERFEARTSE .

TP IR R A SR - BRI AR IX R E H bR, AU S AT 2 # R TR 5T R TR
PR RGeS IR F TR R AR o BT oA AR R g BRI T R R AE S R S
B2 T AE R R VA BT H/R C N P S0 R Z [ A8 B2 /R FH A A9 5 R R R 2 &
RSO 4 B A B R MRS RGN R JeARZ 13 C N P AR B E#E T, BAE T
FE A X AR S RGN 5 32 MBS0 IR 3R O 2R DA S B 0 i 5 7 R 2 3 R 1 AR 2 b 25 i F i R e 2
A — 2, DU A XN T AR5 A4S B A A 3

1 ARMRERHARTGE

1.1 WX

5T XA TP A4 E %2 T BT P (35°27'—38°2'N, 108°50'—110°27'E) |, J& F-HL AL (1 8 + s VA BRIX., 4k
500—1600 m , iR PHIb R, AR K, 48R 2R v 4+ | M A R B IR ( Robinia pseudoacacia) |
INH A1 ( Populus  simonii ) . M A5 ( Pinus tabulaeformis ) . Wl #4 ( Platycladus orientalis ) . 1L = £k ( Quercus
wutaishanica) Jﬁ(ﬁ%( Q. acutissima) Flﬁﬁ(Betula plaryphylla) \%if%ﬁﬂz(/lcer ginnala) & R IXE TR T
FRBR A AR R 8—9 °C AEHIFE R & 550—650 mm, HZHE7E 7.8 A |, IR MR B M A/ 24t
SRR E R B e 22 R B AP R S T A TR TR B 2 K B K
2 VU RV R HRHT o He A0 B BE VIR A S, S8 I HL 2 2%/
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100 em B t008, 48 5 2 (0—10,10—20 ,20—30 30—

B1 HZEMESREERERSHE

50.,50—100 em) A B, H T4 )2 18 C N P & i
BRI 5E 5 RIS 1> 100 em SR A 33850 1, R T 4%
5 J2(0—10,10—20,20—30,30—50,50—100 cm ) R4 T T AN LR A HANE (R0 , B Z A
52, U SRAERIRE ST IS0 5 5 A RE a4 B T DR, S T XU B 1 5 0 31 R FH M A - 5 6 1R
A BILECOE AU R IR - SR T B 4 B B L3 (GB 7852-87) Ml € N P & i,

Fig.1 Distribution of sampling sites

xRl PREFRESREHAER

Table 1 Tree species of forest ecosystem in the study area

AR Origins FPHEDL Tree species
A Tk Plantation HIME Robinia pseudoacaciaﬁ!']ﬂé] Platycladus orientalis N Populus simonii JH#S Pinus tabulaeformis s
H #XHK Natural forest 4R Quercus wutaishanica . FANE Betula platyphylla AR Q. acutissima \A555MW Acer ginnala 5§

1.3 Hdlekbs

FAETT TR 22 C N P HEARIES AR EAMN C N P & & T IACES, AT,
24, C; x
W=t

2

KW RTAIZTH C NP Sl (me/g) ;C.B 1 j B8 (j= 14, 5 BURZNT B, T AR X0 C NP &
it (me/g) BRI (g/m? ), W B FE A B R 7 TR P S — B B/ W R ST 2 F A X
A I S AR R SRASRE 7 Th B ARIZAS B AR (3R 2) 11 SRS BINAS BV RE T I S B A e 1
e LBy A T A5 A5 K2 S B B R

FHE(0—100 em) P-4 € NP S5 kR ATF L4

B;
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5
z Ci X Bi X Di
r="——r
Y B, xD,
i=1
Kb, T AR £33 (0—100 em) FH) C N P & (mg/g) ,C.BFI D /35 % i 2 4+3E C NP & (mg/g) .
HHE(g/em’) IR (em) , i=1—5, 5 38FE 0—10,10—20,20—30,30—50 ,50—100 cm + /)2,
[F]—#F & 3 DN EE A YHEVE IZFE S AR E S R C NP &,
*2 ERHHREEKARN

Table 2 Allometric relationships of different species

b Species S KR Allometric relationships

WK Platycladus orientalis Wy =0.2738( D*H) "2 ; W, =0.0061(D*H) **¥ ; W, =0.0042( D*H) "% ; W, =W +W,+W,

Ws=0.07363(D*H) 7% ; W, =0.1136+0.00603( D*H) ; W, =-1.5367+0.4316ln( D*H)’;
We=Ws+Wy+W,

Ws=0.009741( D*H) %06 . W, =0.01690D>57"* ; W, =0.00599D>™% . W, =0.010723( D*H) *8%% ,
Wy =Ws+Wy+ W, +W,

Ws=0.04930( D>H) 351, W, =0.004917D>%% ; W, =0.018504D>'™, W, =0.03355( D*H) "7,
Wy =W+ Wy +W, +W,

Ws=0.02275( D*H) **19% ; W, =0.002645D%3% ; W, =0.003813D>*""; W, =0.01388(D*H)*%1%2,
Wo=Ws+Wy+W, +W,

Ws=0.02583( D*H) “%*! ; W, =0.00464D*28! . W} =0.02340D"*"" ; W, =0.00763( D*H) 047,

Wy =W+ W+ W +Wp

D AN (em) sH B S (m) s W Wy We Wy Wi(kg) 43510 B T AR Y DL R & 4% B A Wi 2 f

/N5 Populus simonii
JMFA Pinus tabulaeformis
LA MR Quercus wutaishanica
FIHE Betula platyphylla

H48 Robinia pseudoacacia

1.4 it
XFAN [l U ] — RS YEAN [ B o 1 0 B A 28 2R G 2h A AL 2 R AE 1) 2 S A 0 R PR R T 22437
(one-way ANOVA) X T+ 500 i TR Z AR AL 24T RRIE 1A G 45 245 T R Z AW AH G DL R
SR AR5 R ORI AR R A A 2 T s R R ] A AR DGR W4T Pearson AHDCHE S0 AT . THIENFRARZC N,
C:P DAK N P {EY LT i BRI 3 RSl S P35 [ b, SCrp i S KPR B P=0.05, DL b
BG4 TE SPSS 17.0 H 4753 #1 4Sigmar Plot 10.0 k4743

2 FHRE5S

2.1 JRARZE C N P& mlfbeaitatt

PRt e 1 R I BRI AR RETAZ T C NP &350 441.22 4.41 0.40 mg/g, F-3 C:N,|
C:P N:P{H254 115.64 1145.74 10.61, MM FH C N P &840 5]°4 463.20 ,14.97 1.14 mg/g,C:N .C P
N :P {E57 5l 36.69 .438.78 13.30( £ 3) . HUILAIA, M 5T ARIZ RS TCR TR ZEREKR, BRI RTEA
JE R AT R KO (P<0.01) o AN TTAR B ERBRIEITR AJZ 3 C:N B (119.19,113.36) .C :P {H
(1129.64 .1156.10) 22 R AW P-4 C P &5 AN TR (447.10 ,0.41 mg/g) > F AR (437.44 .0.40 mg/g) , -
Y N Eim H AR (4.68 mg/g) > N THR(3.99 mg/g) (ZFARE), AFH NP {H(9.77.11.15) 5 B3
(P<0.05) (El2), NTAHH FeARZEF C &5t RK/AMRIR AT (466.83 mg/g) JRIFE (457.13 mg/g) A
(427.05 mg/g) , MM & TR # (P<0.05) , P N A8 fil# ks (4.13.3.74 mg/g) % T (2.48
mg/g) (P<0.05) ,F-34 P & EERIFE ALY (0.41.0.41 mg/g) 35 & TIAF (0.29 mg/g) (P<0.01) ,*F- C:N,
C:PAEAAG(187.98 .1632.37) i 2 7 TIHIAA (120.08 .1033.13) Ml ( 113.91 ,1137.02) ( P<0.01) ; [ #h ki,
8 C BRI (480.75 mg/g) 8.3 T AR KR (436.50 mg/g) (P<0.05) ,~F¥) N i FAME(12.44 mg/g) i
FE TILARNR(4.18 mg/g) JHAR(3.70 mg/g) (P<0.01) , "1 C :N {HiZ R4 B (129.93 .119.99) B & & T
FIHE(36.26) (P<0.05) ,“F-X P & M FIHE(0.61 mg/g) >ITAAR(0.40 mg/g) >FEFE(0.31 mg/g) , P44 C :P {4
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FRERR (1588.40) >iL A AR (1149.37) > [FAHE (734.06) , F-34 N P {H N FIKE(20.25) >FEHE (12.16) > 1L KR
(10.30) , W R BFAE B & 2257 (P & & P<0.01,C:P N:P{H P<0.05) (£ 4),

*3 FARECNPRERKZFITE
Table 3 Tree C, N, P contents and their ratios

C/(mg/g) N/(mg/g) P/(mg/g) C:N C:P N:P
T+ AKJZ Tree 441.22+5.49B 4.41+0.24B 0.40+0.01B 115.64+5.61A 1145.74+37.53A 10.61+0.32B
i F Leaf 463.20+5.60A 14.97+0.51A 1.14+£0.34A 36.69+2.91B 438.78+16.75B 13.30+0.36A

AR FHACEM B 5T A R 122 571

1000 10000 r
A A — H&M
A\ THE
A A
100 1000
b
e
£ 0
~ =]
] g A A
2 10 ; 100 + ]
3 A
@] A §
i
« A
It 10 - B
A A I
1 1 1 Inﬂ 1 ! ! L
C N P C:N C:P N:P
JLE 4/ Elementary component 2B b Stoichiometry
B2 FREEEHRMKTAE CIN, P FERKFITENR
Fig.2 Tree C, N, P contents and their ratios in different forest origins
ARJF) T B AN [ A P AR AR ] 14 22 S5 P
F4 TEWMBFEARFARE C.N.P EERNKFITEL
Table 4 Tree C, N, P contents and their ratios in different species
S af
K@@/ﬁ #Jﬂ{ c/ N/ P/ CiN cip NP
Origions Species (mg/g) (mg/g) (mg/g)
T il
A % Eﬂﬂ? . . 457.13£10.97A 4.13+ 0.21A 0.41£0.02A 113.91+8.43B 1137.02+66.52B 10.16£0.51A
Plantation Robinia pseudoacacia
A
LY 466.83+0.14A 2.48+0.04B 0.29+0.00B 187.98+3.37A 1632.37+21.42A 8.69+0.04A
Platycladus orientalis
St
{Hﬂ% _ 427.05+1.61B 3.74£0.36A 0.41£0.01A 120.08+12.09B 1033.13+24.64B 8.95£0.70A
Pinus tabulaeformis
SRS R
450.97+0.16AB 12.44£0.05A 0.61+0.01A 36.26+0.17B 734.06+10.49B 20.25+0.20A
Natural forest . Betula platyphylla
o 436.50+9.01B 4.18+0.24B 0.40+0.01B 119.99+10.37A 1149.37+56.28C 10.30+0.32C
Quercus wutaishanica
JHp 480.75+20.58A 3.70+0.08B 0.31£0.01C 129.93+5.28A 1588.40+114.87A 12.16+0.46B

Q. acutissima

AR TR A SRR eh Al 22 544

22 1+ C NP SEAMEITEL
Pt # 1+ b i AR IX AR AR S B S8 13 (0—100 em) P45 C NP & #5350 6.78 ,0.63 ,0.53 mg/g, *F-
C:N.C:P N:P{H4M14 10.65 .13.24 1.22, Hrf %213 (0—10 em) C N P & 43514 23.21 1.91.,0.57
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mg/g,C N C:P N:P{H55]4 12.04 41.08 3.38( % 5) , %213 C N P & L H W MEYE T HIEFE
(C.N&H C:P N:PEEFRE, P<0.01), R FFHRIZEEFRIE, N THR ARME LT C P
E(11.19 ,14.55) Z 573 W3 (P<0.05) , M) C:N{H(9.83.11.18) N:P {H(1.11,1.30) ¥ ZF R & 5/ K
JEARRE, £HEEY € N & H R (7.28.0.65 mg/g) > N T HK(6.00,0.60 mg/g), FH P & A TH
(0.54 mg/g) >HIM(0.52 mg/g) , Horp C FEZERFBE (P<0.05) N P FHEFADE(K3), ANTHH,
T C SRR (6.94 mg/g) SHIRE(5.36 mg/g) SMAA(2.53 mg/g) , MIHA 5 I WG TR A AE B 35 2%
5 (P<0.05) , ¥ P &gl AT (0.55 mg/g.0.55 mg/g) 35 5 THAA (0.50 mg/g) (P<0.01) , j~F4 N
F C:N L C P [ HIMA (0.64 mg/g . 11.00,14.00) HIH#(0.56 mg/g.9.48 9.64) i3 & T-MIAA (0.39 mg/
£.6.46 .4.55) (P<0.05) ; A M 34 C N AHIL AR Bk (12.07) 3 5 T FIHE(5.89) (P<0.05)5 F3 N :P {H
ILARBR JBRAR (1.31,1.59) .3 & T H#HE(0.74) (P<0.05) , V34 C N &5 C:P {HI 2L ARHR(7.87:0.67 mg/
g.15.62) JWER(7.77.0.74 mg/g . 16.76) ‘B 3& = T HAHE(2.36 .0.40 mg/g .4.36) (P<0:01) (52 6)

®5 TECNPEERULFITEL
Table 5 Soil C, N, P contents and their ratios

e >
wlen <mcg;g> <m§g> <m[g;g> 2 T N
0—10 23.21+1.05A 1.91+0.08A 0.57+0.01A 12.04+0.25A 41.08+1.78A 3.38+0.13A
10—20 12.03+0.54 1.10£0.04 0.55+0.01 10.79%0.21 22.07+£0.99 2.01+0.07
20—30 8.12+0.49 0.77+0.04 0.54+0.01 10.19+0.26 15.30+0.89 1.45+0.07
30—50 5.01+0.28 0.51+0.02 0.52+0.01 9.79+£0.53 9.86+0.65 1.00£0.05
50—100 3.75+0.27 0.37+0.01 0.52+0.01 10.01+0.76 7.81+0.76 0.75+0.04
BAA Total 6.78+0.30B 0.63+0.02B 0.53+0.01A 10.65+0.42A 13.24+0.71B 1.22+0.05B

AR FRRERE LIS B AR 22 51

18 r

P

10 ¢
| — = 77N
[ NN 16 b i
8r A
14 +
T
) B 12 A B
S 2 T
g 6 N=t A
I T 10}
z &
£ o
§ 2 8¢
e 4t <
&z 6|
2 4
0 ! .-l-l .-l_l 0 1 1 .IH
N P N

C CN C:P
JCE 4143 Elementary component Ak2:31 8 B Stoichiometry

B3 AREERHZMHLIEC N, P IERLFTER

Fig.3 Soil C, N, P contents and their ratios in different forest origins

23 FARZEMLEE C NP A AR SRR L Z R e &

XIFEARE Je LA IO & RO e U AT R R A W R 2P P 5 5 N:P H . C &
B CNELCPHENGES P FENMN:PHE C:NES C:PENEEFEMS CEESP &8 .C:PH
H5N:PHNGESC:NECPE.PEFESC:NRC:PH.C:NS N:PHYEBERMR(ET) ; 1
FCERES NEE.CHRES C:NMC:P LN:PENEES C:P LN:PE.C:PES C:NEN:P{H
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REFRIEMR, P &Y C:P L NP HERFENIMHKE(ES) , TAZECFRE L C:NE FFAZEC:P
(H5 L P & E KNP HEREFEAME, FAARZ S LR N P SR ARFE (R 9), YW NP
AIEER X TR ARZ NP
K, HARMR BRI CHERI A B2 (K 10) . 458REH], M FIARZE IR SE R AR,

P = N = VA
H T

x6 AEMFHRMKLECNPEIERLEITER

Table 6 Soil C, N, P contents and their ratios in different species

WAEE " A NSHENSE AP 5HC NSRS EEEMN

AR gt
Kﬁﬁ«ﬁ #Jﬂ c/ N/ P/ CiN cip (-
Origions Species (mg/g) (mg/g) (mg/g)

|
)\I)M(, IJ% . . 5.36+0.69B 0.56+0.06A 0.55+0.01A 9.48+0.62A 9.64+1.15A 1.00+0.10A
Plantation Robinia pseudoacacia
A
L 2.53+0.38B 0.39:0.04B 0.55£0.01A 6.46+0.41B 4.55+£0.57B 0.70£0.05A
Platycladus orientalis
T
. . 6.94+0.45A 0.64+0.05A 0.50+0.02B 11.00£0.26A 14.00+1.1TA 1.28+0.11A
Pinus tabulaeformis
EFAYIN FI#
2.36+0.37B 0.40+0.03B 0.54+0.01A 5.89+0.64B 4.36+0.58B 0.74+0.05A
Natral forest  Betula platyphylla
L 7.87+0.44A 0.67+0.03A 0.52+0.02A 12.07£0.82A 15:62+1.17A 1.31+0.08B
Quercus wutaishanica
JRRAR
. 7.77+0.71A 0.74+0.07A 0.47+0.01A 10.61£0.27AB 16.76+1.81A 1.59+0.19B
Q. acutissima
AFFEACRNTAR BRI 2% 5
®7 FARE CNP IERKFTEL Z HHMEXYE
Table 7 Relationships of tree C, N, P contents and their ratios
N P C:N C:P
N -0.09 1
p -0.28" 0.817" 1
C:N 0.42*" -0.75** -0.80"" 1
C:p 0.66"" -0.59 " -0.88"" 0.83°" 1
N:P 0.05 0.90*" 0.51*" -0.67"" -0.30"
# P<0.05; * % P<0.01
*8 LTIECNP SERAUFITELZENEXYE
Table 8 Relationships of soil C, N, P contents and their ratios
N P C:N C:P
N 1
P -0.04 0.02 1
C:N * 0.11 -0.05 1
C:p * 0.67" -0.50"" 0.57*" 1
N:P * 0.81"" -0.55"" 0.14 0.88""
24 FAARZH LAY C NP S i A LS A R R R

MHARZEG HIEE ORISR S HEMA TR, FTAZ C ST RERKK P SR5E
REBETEML, C S 5FYMRE BEAHE, C:NESHER C:P SRS R ERHLE, C:N H5H
EERBEEME(EID), HECNESGEUKL C:P NPHS AT, P S5 HHEAT B K, C:N
SRR R AR 12) Ui 8 C N S22 P AT WN,P e FEZ AR E
FRE K 2
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®9 FAREMLIECNP SERUFITELZEEXYE
Table 9 Relationships between tree and soil C, N, P contents and their ratios
:’:% Sl)ll ﬁ* Tree
C N P C:N C:P N:P
C -0.22 -0.10 0.03 -0.23 -0.17 -0.05
N -0.06 -0.05 0.12 -0.22 -0.16 -0.03
P -0.23 -0.03 0.18 0.02 -0.25" -0.22
C:N -0.32"" -0.16 -0.12 -0.09 -0.08 -0.09
C:P -0.08 -0.06 -0.03 -0.21 -0.05 0.07
N:P 0.07 -0.01 0.01 -0.20 -0.01 0.11
F10 MAELIEECNPEERLFTELRZEHHEXE
Table 10 Relationships between leaf and soil C, N, P contents and their ratios
135 Soil T Leaf
C N P C:N C:P N:P
-0.08 0.19 0.26 " -0.15 -0.16 0.02
N 0.05 0.24" 0.28" -0.20 =0.13 0.08
P -0.13 -0.01 0.09 0.03 =0.17 -0.11
C:N -0.20 0.00 0.03 0.00 -0.07 -0.01
C:P -0.01 0.18 0.20 =0.14 -0.09 0.06
N:P 0.10 0.21 0.21 -0.18 -0.04 0.11
®11 FAECNP FERAUZHELSZEFZ EAIHEXE
Table 11 Relationships between factors and tree C, N, P contents and their ratios
ik L Hek R T4t T4
Tree Temperature Precipitation Elevation DBH Tree hight
C 0.23 0.44 " -0.04 -0.40"" -0.11
N -0.01 =0.02 0.22 0.12 0.00
P -0.05 0.08 0.26" 0.03 -0.17
C:N 0.23 0.15 -0.38"" -0.10 0.30"
C:P 0.12 0.14 -0.27" -0.14 0.21
N:P -0.06 -0.09 0.21 0.13 0.03
F12 tECNPARERUFITELESZREFZENEXYE
Table 12 Relationships between factors and soil C, N, P contents and their ratios
T35 RE L3273 AL K7k
Soil Bulk density Elevation Temperature Precipitation
(0 -0.62"" 0.01 -0.03 -0.04
N -0.63"" -0.00 -0.08 0.02
p -0.22"" -0.07 -0.14*" -0.30""
C:N -0.04 0.00 0.00 -0.18""
C:P -0.60"" 0.03 0.00 0.02
N:P -0.60"" 0.01 -0.04 0.08

3 om5itie

31 HMAERRZG C NP AETHERAE
AT A R VA IX MR RGN C S8 463.20 mg/g( 3K 3) , 548K 492 Tl LMY
I F-H4{H (464.00 mg/g) ML) N Bt 14.97 mg/g( 36 3) R T2 3k F14: [ 21 (20.60 mg/g 1 20.24
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mg/g) P FHEON 114 mg/g (£ 3) T REREKF(1.99 mg/g) '™, HAE4 [ (0.05—10.27 mg/g) >
WAL FEAKT , R+ IR X FMES RGN A N P S REHZ . 0—10 em 3 C N P &5
7 23.21,1.91.0.57 mg/g( % 5) AR TAEPIIL &3 AR b X £ (0—10 em) C N P FH 5 (92.00.,6.35.1.50
mg/g) " I R RX RS T REEZ  m T HNE RN R RX 0—10 cm 12 N P & &
(1.70.0.10 mg/g) ,C MK (25.30 mg/g) "7, X 0] BE AT 73 X h bl 7 5 28 B[R A 56 0T v 7%
AREIEA N R (2.47 mg/g) (HRSH P F8(0.51 mg/g) #™ ,X #8516 77 i X ZRAK - AR BN,
A 7 T AR R e P A OG0T 36500 T4 A2 PR) YT 30T 198 0—15 em 123 C NP £ (18.80.2.10.,0.80 mg/g) '/ ;
BT H A Y BOHLX 0—20 em 13 C N P &4(3.00,0.30.,0.30 mg/g) 2, X 0] BEZAHIFE X A T el s+
FrBe VAR X, - HEFE 53 B VOISR DX /3 A R

C RESHPEICR (e i 5 e HAR S/ B C N C P (Y FZ R R N P ARk R
BFFE it C N LGP {HH 36.69 438.78( 3 3) , i T RBRFHI /KT (22.50,232) 15 =253 B #% + L 14
XA N P AR, Wi, 8EH C N C P ARSI N P R RS2 A R 7=
BRI T B0 BA B AR R 3 3 R38N F5 0 B RS I = Fp A AR sk X AR B i 9T
XEHR ST EKEZ ML, T CNER 10.65(F£ 5) , b FREEW 1 C N HF¥1HE
(10.00—12.00) JE Bl , (AR T AR MAE S R 40 (13.00) BUEME BT o8+ Febi 8 A% X 357434 TRK
HERES

AT, 8 4 BRI B X MR RETAZ T C P S8 THMS AR, N &R AR A
TARCIE 2) R AR R TAREZ LI ARE N £ IR P R 2 100 A SRR bR R o R 2 8
FEM AR AT 8 C N S HA VT M R HEOCR Y ) N TR £ 572 C N AR
AR G2 R A, 1 SRR DR IT R 1 3 5 T I ME(ER 6) , BERHARFZE X L TAR AT A 2R AR b e
S A PUT R, 1 N P (R IR 5 BRI R ) — AN R Um e AR N TR R34 N P (7
AN TR ] 25 S AN i 2 1T SRR R RST8] N PYE 5 0 AR FTRRAR 25 5 B 3 (3% 6) , BEIAARF 9 IX YN Tk
(7553 BRI AL — 300, 1T e S ILARR RRAR I % 43 BR il 2 AT
3.2 FRREM A C N P A R R R AR SO 5 &5 R G &R

AT, L N S RSN 28 F EMSC (K 10) , Gamier HFFERY] WERTEAEYIR N TR W EZ
5+ BRI 35 4 (0 RE 7 22 EARSS, il IR A ) 2k K 32 X Fpoe R BRI BRI, B 4 B Y AR X A )
FIEAZ N BRI, 3 5500 b DR A N 25182 — 01 .

AT ARIZ T C & SR A OCHR 3 SRR T i 0 A IEAEOG (3R 1), 31X 55 A0 I A5 X
B ML X IR —30  C R R AR TR T ORI C SRR C IR — R
THECAER R E C BRES) &Y 1 — L G dabn, B, C & i n] I — B T A ) 1)
AROIRAS B LAE I 7E 5 - P B 1 AR X RN R M R 4 A ROIR S 1 — A EZ R R WA 53 NP (5
FAERRT IR S TR AH e ME AR 3 (R 11) , 31X 5 Kerkhoff ZEE2ER I B FAFZE 5200 N =P (EREE 462 THi .
IR PRE R KA A ek 2 7 Y S 18 X — S5 R — 30 kT R TR AR T BRI AT X 5 AR R BE A L, BT Ak
PRER RERE SRR F ISR ZIR K, R C NP S &S HIEARYEREAMIC(E 12) X
— T FE G RS AR TR R A b L R T A S o ) VT 1A S5 R MR € NP i b S 3
BEH T 19 R IR 45 R — 300 R R O - 4 E R 3R M B S 1 — TR A R AR R AR K
T o f R E A VI G R A, A S 28 o R AE AR R B s AR 8 TS
FN, HHERHAS, WA A TEBE KD UKOCER BEL, 18 C N P SRR, BRATEK, BHES WAR
AR R A R 25 IS W o0 i, i — 0 S i A 5 3R ) ST 2580, 4 C NP & &
BAK,
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4 Lt

(1) B EERWEIXTEAR | TIEIR & R, TR, BAR XY 52 N ST R,

(2) MR STRARZBEESICR S ERRI N T AZ B L ZFRTH AR (P<0.01) 5T ARZH
AR e S IR R S R AR

(3) MIARZERMOKUL, C & HIEK R B FIEAMAR 5P ie R B F0AE, P RSk R ER
FHIEASE, N B i 54 SR DN 1 A7 A S B PR O AR PR e B e o 3 AR X R WA AR ) A AR AR B — A 22

(4) XFHHE(0—100 cm) Aeiid, IR HNSHL C N P SHEEJERE, IR P SRk,

£ 3 HR ( References)

[ 1] Biscfh, b, FISCE, MR, B4R, SMESRE AR REM &Mt aaR. AR, 2006, 26(7):12365-2372.
Han W X, Fang J Y, Guo D L, Zhang Y. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist,
2005, 168(2) :377-385.

[3] B, W a Attt AVEa RERA TR, MY ERYR, 2005, 29(6) : 10071019,
PR, w2 E. AT RRIARBIE S RS — e, YA % ,2010,.34(1) : 2-6.

[ 5] Sterner RW, Elser JJ, Vitousek P. Ecological Stoichiometry: The Biology of Elements from Molecules to the Biosphere. Princeton, USA :Princeton
University Press, 2002.

[ 6] Reich PB, Oleksyn J. 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, 2004, 101(30) ; 11001-11006.

[ 7] EhSE, Tgink, 2=, BERE, YWmls, S hEF SRR EERAEYII C: NP L2t a2k, MR, 2011,
35(6) ; 587-595.

[ 8] LB, THtsm, Mk, T4, hEARMEILFEN 654 iy it F A M B 0946 2 1T B2 R AERE . R R, 2007, 28(12):

2665-2673.

[9] Jaist, B, MU, WBEZE, RE, JTLAE. SRIT =M 3 BRI TR ik B A S Ak T B, M A 244, 2010, 34
(1): 58-63.

[10] #mMH, ¥4, o . BiUg S LS RGN E A R IE. FIPES 24, 2015, 39(12) ; 1146-1155.

[11]  PERir, sk, BUR, iR, XPmid, i EAK, PR AEVIOR R AR + 884 S b2 A H e RRiE. dEAR 2=, 2015, 31(1) .
17-23.

[12] ArHR, SIEE, RENG, SR8, £ 5obk, SCI, JESRHEN W TR A AR R RS R Y R 38 C N P L2 R e, T A= 252
ik, 2014, 25(4) :947-954.

[13] B, M8, 99T TR AU g I S BOEAR f AR R A FRAE R BT ST, A 352741, 2000, 11(1) ; 37-39.

[14] [AEZE, Eate, 0, M, JHR. WL R RS bR RS AR S T R AR Co NP ST HRAREAE. M SR, 2010, 34
(1) 48-57.

[15] Elser JJ, Fagan WF, Denno RE; Dobberfuhl DR, Folarin A, Huberty A, Interlandi S, Kilham SS, McCauley E, Schulz KL, Siemann EH,
Sterner RW. Nutritional constraints in terrestrial and freshwater food webs. Nature, 2000, 408(6812) ; 578-580.

[16] MR, Eyobk, KSR BERGILms TR AR 4 -0 7 400 - 1 33 25 AR 24 T AR AE. AR 2524, 2015, 39(7) : 682-693.

[17] RS, BAAAL, B0, B0, XVBhE, XINF. gl s gl B sUR Rl A2 808 B Bo 0 97 4n Ak 2 h 2. AR 252440, 2010, 34
(1):39-47.

(18] i, tRESy, RENE, MEY, ZME, R I IRAREIE IR0 TR, A%, 2014, 34(18) : 5292-5299.

[19]  XUX6iA, J ik, sRAEE, XY, #EA, FRA. B B R B Bl Y 5 L3 N P s i R ik, A A 252440,
2010, 34(1):64-71.

[20]  Efeap, &), W5 MEE. [ BT i i - Sgease R v ek B R AERR A RARAE. Hh EIERIRRLSE, 2010, 30(10) :1369-1374.

[21] #3E, &0, L405%, BEk, KRR, ERL AR i Rbse B fer i AR A L. T EVPEE, 2011, 31(5) : 1156-1161.

[22]Vitousek P. Nutrient cycling and nutrient use efficiency. TheAmerican Naturalist, 1982, 119(4) ; 553-572.

[23]" Bowman W D. Accumulation and use of nitrogen and phosphorus following fertilization in two alpine tundra communities.Oikos, 1994, 70(2) : 261-
270.

[24] E4H, THE. EERERAPITRESMATHEPARE. 485401, 2008, 28(8) : 3937-3947.

[25] Garnier E. Interspecific variation in plasticity of grasses in response to nitrogen supplypopulation biology of grasses// Cheplick G P, ed. Population
Biology of Grasses. Cambridge: Cambridge University Press, 1998, 155-181.

[26] AER, LB 24w s DO Y 3R A LAY 23 ) A A% Jm. B SRR #E I, 2006, 16(8) : 965-973.

[27] Jellbi, sfif, B0, S, BOLT, B0, 40EE. SRR 67 MLy Bk & B e 5 BB R SE R OPSE. Flk"#4it, 2013, 22
(1) 112-119.

[28] Kerkhoff AJ, Enquist BJ, Else JJ, FaganW F.Plantallometry, stoichiometry and the temperature-dependenceof Primaryproductivity.Global Ecology
and Biogeography, 2005, 14(6) : 585-598.

[29] ZRarsk, oid, SRIEFY, XINGLE, fRHE, WRL BRI S L3R ReE. B3R, 2015, 52(6) : 1345-1355.

[30] FEdear, Tal, w8, )00 VIR F AR B =5 it 1 3 AUl A b TR SR E . A 25453, 2012, 32(13) ; 4087-4093.

[31]  Tilk, skifpd, BOoH, FARM. 3 UKL B g RS AN TR VR AR FRAR 3B REPEO. 42282k, 2011, 31(14) : 4136-4143.

http ; //www.ecologica.cn



