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Abstract: In order to explore the seasonal variations of carbon (C), nitrogen (N) and phosphorus (P)
stoichiometric features in leaves of different natural secondary forests and understand the strategies of plant
adaptation to the environment, we chose Piuns tabulae formis and Quercus wutaishania natural forests in
Ziwuling Forest district as study area, and subsequently investigated their C, N and P stoichiometric parameters in
leaves from April to October. The results showed: (1) Leaf C, N and P contents and stoichiometric ratios of
P. tabulaeformis were 48. 06%, 1.15%, 0.11% and 42. 58, 473. 22, 11. 02, respectively, and the same
parameters for Q. wutaishania were 43. 16%, 2.10%, 0.19% and 25. 47, 380. 18, 14. 49, respectively.

There were less seasonal dynamics in leaf C contents and more seasonal dynamics in leaf P contents than others
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through the whole growth season. (2) Leaf C content of P. tabulaeformis significantly decreased from April
to June, then remained stable, but it significantly increased from August to October, which was almost equal
to April; while leaf C content of Q. wutaishania was almost constant. Leaf N content of P. tabulaeformis
remained stable before June, then significantly decreased from June to August, then it significantly increased
from August and in October, it was almost equal to April. Leaf N content of Q. wutaishania significantly
decreased from April to June, then remained stable, but it significantly decreased again from August and
reached the lowest value in October. Leaf P content of P. tabulaeformis remained stable before August,
then significantly increased and reached the maximum value in October. Leaf P content of Q. wutaishania
significantly decreased from April to June, then remained stable. The changes of C ¢ N, C : P of two species
were averse to their N, P contents. Leaf N : P of P. tabulaeformis significantly decreased from April to
June, then significantly increased., and it significantly decreased from August to October. The N : P of Q.
wutaishania increased significantly and reached the maximum value before June and then significantly
decreased. (3) Factorial analysis showed that leaf C contents and C : N mainly determined by tree species.
For other parameters, they were mainly affected by the interaction between tree species and month. (4) Leaf
C contents of P. tabulae formis significantly higher than that of Q. wutaishania, however, leaf N content of
P. tabulae formis was significantly lower than that of Q. wutaishania, therefore, leaf C: N of P. tabulae-
formis was significantly higher than that of Q. wutaishania. However, leal N : P of Q. wutaishania was
significantly higher than that of P. tabulaeformis. There was no significant difference in leaf P content and
C : P between these two species. The coefficient of seasonal variation of leaf N, P contents and C : N, C : P,
N : P of P. tabulaeformis were smaller than those of Q. wutaishania. The results could enrich the study of
ecological stoichiometry in natural forests, and provide a theoretical basis for the forest restoration and
management in the hilly and gully region of Loess plateau.

Keywords: Ziwuling Forest; natural forests; stoichiometry; seasonal variations

HEREIT R EM R AES RZRE P2 E YT
ROV 5 Re i Vi i 2B R AR S RGP R AR
JLEK(C) VA (ND | (P) 25 /Y 5t 12 1 5 4E S ad 2

KR FE . AN R AR BT A B3R
E YT A A R SR I, HL AR B S Bl A K R R T
K HEAR AR HE S AR N CONLP AR 2E T R
Mg, C AW AR A B AL N A I B Rt AiET L0 Orgeas 20V B ST 2 8L 7E K e AR 2R K
FRILNPZHEYE AR MBI AR, 2R ), RAEEE R X C NP S b2 R R AR AT
WA AR EEILE, MYERAZ R C: NP W2, T E LD BE5T 22 0, 7 R 00 5F 0 78 i i
S ASMAERKRER MRS ESRER Wi NP & B s R R, Bk, v
S5 T RE S AR R B A — R MR CUNLP SR b R AT 1 2 AR AT 5T LU

AR 2 2R G800 LA S5 AL RN I B B T 5T CON
P A2t REAE X A TR 4 A K R M DL SAE ) X 3
B AR A 38 1 5 e o HLAT R X,

HHI s 0[] — DX ] A= 355 AR b i e i A2 25 4k
SRR O A —SEHFSY . 40 Sardans S5 X R R JE
M ARAMAE P A 5T R H SRR ORI R NP
BEMRTETTARC: NAC: PRER T I
A5 XGRS 7 TR B LA [R) A G LB R B g R
B, o g Aot e i NOP & i AR T 7 R R
N = Pl 3 T R, SR K A5 8 450 0 +
e JiR iz DX s R RSN AR B A 5 & B T A B
N i B AR F SRR L T P35 o v R s E s AR X
W 4 A LSRR R BF S R B g i R N
P Tog Ay mi g C: P 5 ARME R SC R IE
AN BT L 3K B 22 5 AT BB S R AS [RD A 9 DX ) B

183 7R AR A T N A% [ B Xk B0 358 22 A 1) o

o P B VA AR DOK R AR A IR BT S
e 3R R AL A SRR S A E X AR X
DX T R AR AN TR £ K R TR 97 5 K A A AR A
77 T 2 B W] 9 ROR L O HLis A= 35k it i s
VAR LR 306 P15 B 5 T AR T S R
DX B IS AR AR L P W IR 56 U SR T A B
F R B 5 A U b DX s A A 2D BB AR FITAL 2R AR R AR
UAEAR . 3 0 AR D9 0% X R bR 1 AR R i e o
8 I THUAN A 5 15 TR AR T, %o T R R &5 4 5 ) b 4
DA 15 DX A 7K A AR 35 A B i i A 251 A 25
A IR RS R E Tr ARE B . o
FHAE B AT R AR AR 28 A B T T %
DX PIE 38 Aol L A0 A 2 A 7 P 4% [ BT B 5 A A 4 ) 3
PE— 245 T AR B O 90 T8 B - R T B X AR AR



6 39

ZEPE A TP AR P R R AR YA AR Jr CUNLD Al A A i 22 3 28 4k

321

BRGESEITEFWR .

A SC LA AR DI AL 30 AR R R R Wk 2B Ky A
TG HAERBENAFH Mt CONLJP & & &
Hoit it #EAT 1 4007 B 18 DI I 5 X A [] K SR bk
BAp R CONLP & & & H i b py 28 b,
DA A B P g 3 R DX A 25 A AR AR B L [R] B o
w R O X S R RO B A S AR T = e T
FEARHEHLAL
1 MR 5Jjik
1.1 #HRE#EHR

WFSE DX AL T PR VT4 - W AR XA A L ARk 3% Js
T AT Bl PE A S AR P B0 9. 4 C W i e ey UL AN
AR 21,7 CHI—4.5 C., ZXAEF B[k

TN 596. 3 mm, 510 H A REAK & A7 424 K Y
8400,7.8 F Z2 B W . H K i 1 A AE K 11 4200,
AR H BN B 2 528, 4 h AR TR IO 172
do JHAS AR R HE R F 2 & F (Elaeagnus pun-
gens) s HLAR FF NP4 E ¥ (Carex lanceolata) 5 i1
ARHRART AR 32 20 B R B (Rosa wanthina ) , HA
FE R PE & B (Carex lanceolata)
1.2 g

TERIF ST X P 2 SO B 0 A 24 50 o XA 26 M Ao
0 R S T (31~ 38 4F) FIL AR AR (45~50 4F) KIRIK
AR REHL . PSRRI B 3 S E AR M B
FEHL B E — KR/ 20 mX 20 m FETT  ie kT TR
% M5 AR . FEHLEEARMESLANER 1 PR,

F1 HFHEARER

T E2Y5S & MR /m  YeE/C) em /() -2 H 4%/ cm SEXIBE R /m

1 109°00. 53’ 35°42. 65’ 1054. 20 18 105 15.31+3.29 12.8241.39

TS 2 109°00. 52" 35°42. 64 1050. 30 18 125 14.12+3.18 12.44+1.71
3 109°00. 52 35°42. 62’ 1048. 80 20 100 15.89+4. 44 12.85+1.70

1 108°59. 79’ 35°43. 94/ 1208. 20 24 157 10.80+7.43 7.58+1.47

1T A 2 108°59. 99’ 35°43. 94/ 1206. 03 24 155 16.73+6.07 6.35+1.92
3 108°59. 80" 35°43. 96’ 1206. 20 32 135 16.87+4. 83 7.48+2.17

1.3 HmX&E

X3 2 4 [ 5 R 7 N AROR #E 47 B AR R i s H:
Tt 24 0 2 LA v R iR A2 5 L TR R TR T S A
e R 38 B A8 B R AE AR EAR . T 2014 4R 4,
6,8,10 J (0 H A 43 0 SR FE SR AR I L A 1A FE b B
BLE I 5 BRARIEA B — R RS B ] 43 b b R
3 A5 JE BEMLAR I 3 A A B 8 5T o ) £l B i
IRA VI SE RS A7 T a04E .
1.4 HRLESNE

WA R B T 85 CHt T RE &, kS
i 100 Hifi & & LI C NP, #dh C.NP & &4
S0 FH B % R A R AR Ak T LRI TR AR AR B B L 8
P E
1.5 #HiEE

JH SAS 9. 2 AT 88 B GE 1430 A Horb, WA i ]
M CONLGP & f S H T b ) 22 S ek 560 FH SR R 37
224387 (One-Way ANOVA) AT, i 1 22 7oK P i &
i P=0. 05,3 SNK 75317 2 8 Wi A R oA
[ H A XA i CONLP & i B Ho i L 52 e 4y
#7H Repeated 1&4]#£47 ., H SigmaPlot 10. 0 /EA
2 gR50Mr
2.1 BB ITEEFEMHHF CNPESEREITERET

REH

PRI i C NP & i MH R R A A K
ZNR A SRR IE AR (2 2), i A CONLP & &
YIE 45 9 48.06% .1, 15%,0. 11 % , 25 5 ZZ 543 5

J94.38%,14.01%,31.62% ., L KB H C.N,P
SRR 43.16%,2.10%,0. 19% , 78 55 B2 %
A5k 1.11%,50. 24%,100. 51% , WA K C &
T 2 AT AR (P<<0. 05) N A it i 215 157 46
(P<<0.05),P &t 22 5 A W& liant i C & As 5

i B O IT R
B TILARPR NP & 8228 5 R EBUK T I ARTE,

2 MR IFREHECNPEERETELRNTRRAY
38 R bl W mAE BRAME ERRR/ Y
L, iy 48.06%1.21a 411 50.34 46.23 4. 38
C/% UHBE 43.16£0.28b 1,04 43.78 42,74 1.11
L, R 1.1540.093b  0.38  1.34  0.96 1401
N/% OHBE 2.10£0.66a 2,69  3.70 1.01  50.24
b/t RN 0.1140.028a  0.08  0.16  0.08  31.62
/% THEM  0.1910.11a 0.39  0.47  0.08 100,51
by 42.58+2.89a 1087 48,50 37.63 1175
CiN A 25.47£7.526 3114 42,91 177 5114
) B 473.22471.81a 270.15 588.68 318.53  26.28
Cip UHMBE 380.18£118.262151.48 573.00 421.52  53.88

W 11.02+1.07b 3,95 12,42 8.47  16.80
NePokie 1094302 1242 20036 7.4 36,12

U 2 PO R A IF/ING T 37 R 1] 22 Sk B 35 (P<<0. 05)

HFAH A C: NLC: P I N = PE{ES 5K 42. 58,
473.22 1 11. 02,78 5 Z 8053 9 R 11, 75%, 26. 28 % Fil
16. 800 s 1L BRI - C 2 N.C: PN = P 434k 25. 47,
380. 18 F0 14. 49,2 S5 Z 80 i &y 51. 14 % ,53. 88 % #0l
36.12%, WA C: N BEFEH TILAB(P<
0.05),N : P i 3% T AHR(P<<0.05),C: PR
AN A TRIR S e R B IMAME T I AR BR . WA
& bn Sk RN C T RESF ZE/N P &



322 K AR TR AR ERIE
A R ROK . F TP <<0.05) 9146 8 Ak i )n B & NIk
2.2 AEEFHMHB ITEEHEHE CN.PESERET (P<<0.05), HZE 10 AXAY 6 AR L REm A

ELRHETL C:NTE4—6 HWE FFH(P<0.05),6—8 H{f#4¥F

WA B CONLP & & & H G iy sh AR
A—F(E D lifartf C 46 HB#E T
(P<<0.05), MEfE fRFefaE.8 AZFEBE LIH(P<
0.05), % 10 HHA S 4 AV ML Kt i C &
WERARFEAZ ., MM A N &R 46 A4
FUERAS 68 H W3 TR (P<<0.05) B /5 % I
FH(P<<0.05), 2 10 JHALE 6 A+ il Akt A N
FRAEERKFBENEZE TR, BIRRI N 46
HBE TR (P<<0. 05, b J5 AR it e .8 H g ik i &
FRE(P<0.05), I74E 10 A AR AR, s A P&
B 8 AR .8 AR EE ETH(P<0.05)
R IHAE 10 AR i AL RART A P & e 4 A
. 4—6 A BE THP<0.05), Z il TRE.,

WA R C: N7E 6 HaiZfb R 3.6 HJG W

54

52 b —e— A
A N Aa
s0 L ? —o— ILKHE
§48 - }\1?_—_3./
&) L
46 b Aa
44 + Ab Ab
42
40 L L L L
4 6 8 10
A &
5 —
4k Aa ——
s
Z s L
1 -
0 1 1 1 1
4 6 8 10
R #
0.6
0.5
04
X L
30.3
02 F
0.1
0

H #
T« R R RS 5% A ] 22 574 2. 35 (P<0. 05) s AN RI/ING 7 ) 32 W i 1) 28 55 P 2 35 (P<C0. 05) 5 IR B R RFRAEIR 22 (n=3) .
B1 mR OFRFEHF CNPEERETELNETIE

2.3 BB IFRGFEHE CNPEERHITELNWT
SRBEHH
e 3 af LA, IRt i C & &2 W Fpig

FRORE.S AR 2B E LJH(P <<0.05) Wk #, i
10 HikBl e i, Wt C: P 7 8 A it
L8 A WA T FE(P<C0.05), 3F7F 10 H ik 8] T %
A I RfEmt R C: PAE 4—6 R W 3E LI
(P<C0.05), ZJ5 AL ANBH &, Jlidart i N = P 25
TREE LT BT T R B AH AR P A SR A B[] 22 [
25 S e 3 (P<0. 05) s ILARHRM i N = P 7E 4 H &I,
SR FEFTHP<0.05). % 6 ik mlE BE T
(P<<0.05),
hH C: NTEAKFENS A BIYA B E VR E
ER(P<0.05), M} C:PHE4 ALK N: P4
AR 6 H A W2 PR ) 22 7 (P<<0. 05), 53 4b, 1t
FC:NFAC: PHEARKRFENWELBESE DS H
N.P &R I .
60
50
40
4
630 B
20

10

0

750

600 |
o 450 |
300 |

150 |

H #

Wi d5 R o 3K B B . 2 7K F (P<<0. 01D . WA 55 1 43 52
HAEMM AR 2 H 6 B /. R N
P &g C: PN = P Y32 BBl 52w fe /s A 3 19



6 39

ZEPE A TP AR P R R AR YA AR Jr CUNLD Al A A i 22 3 28 4k 323

IR Z . E X HAEH M K, E AT C: P
RS2 AN I 2. %0 N ¢ P Ay 2 &g & (P<<0. 05), H
Sk B 1 E K (P<<0.01),

M C o NS Bl Y 52 e B KL A A 5 A i 52
AR Z . H 4y 19 82 w0 B/ 20k B A 35 K
(P<<0.0D),

R3 HRIFHFEH CNPEERETELERTRRIRESHN

i C N P
A 5ok U Al
df  BEEFHMSS F B2 SS F B 22 SS F
AR (S) 1 144. 45 127. 447" 5.05 130. 45" " 0. 04 26.19" "
A 3 (M) 3 16. 95 3.94" 5.46 65.38" " 0.14 71.24" "
AP X H A (SXM) 3 24.97 5.81" 6.65 79.52" " 0.19 98.60"
- A C: N C:P N:P
df  BEEFHFMSS F B 227 SS F B 2SS F
WA (S 1 1756. 06 96.83" " 51938. 03 7.03 72.07 19.52~
A i (M) 3 571.12 17.43*" 102455. 04 7.84"" 124. 60 47.19""
R X H £y (SX M) 3 1180. 99 36. 04" 414358.78 31.72%" 152. 68 57.83""
.o 2R P<<0.05; % x 3 P<0.01,
3 ﬁ w B S R R K, 2 B R SRR A A AN [R] A R By

3.1 HB . ITERHFEME CN.PLEITEHE
ARG FM AT R C &R TR & h i
(51. 49 %) BT AR AR - (44.83%) NP &l C :
N 43 5 FBevE 44 s (1. 06 % ,0. 10 % F1 49. 96) Fil
ARMEM A (1. 72%,0. 13% Fl 26. 21) , B A HF 5%
XA TH A I 2R MR R AR IR A Mkt i NP & & & N
FIRRC R B R . RN TS H B &L
B 22 S H A AN [E B AR B AR cE T AR AR AR
Hgh A R C f iR T 28 il il S 4 08 MR X
AN T AR B BF ST (52, 62%) , NP & 5 T iz 5
(1.06%,0.09%) . SRl XS 48 % X% K s A T
M RIRMRA T 55 = B, i bs RER MR C & & &
TANTAHM B NP &&EIKT AT, SRR A—
0, JE R AT AR R AT 5T o AR K 2R N 2 R A BT 2 45
S LR B — R R A (7 D) A B AR
PE o AEDRIERE B0k CONLP A ik, s
T A X 1L P A SRR RIS (P il i KSR AR
F C.NLP &40 50 43.16%,2. 10%,0. 19 YO M 1L - A<
gt R C e, m NP &8k, AR
A N S8 LT 2080400 0 48 7 10 X AL ZR Bk KAk
WA MR 45 5% 1 P & & & Tz 58 (NLP & i
SR 2.33% ~2.54%,0.13%),

THN AR i C E i E EE S TR
B - B AN B A 55 1) L i R O A HURAG, AR K
XA FIERBE B35 B fE S5 . I RARI A N iy
B 58 35 5 T Ih DR PR AT BB SR A 1 N E IR CRAIG
FIEMRLY A N SRR AL R R R 1T AR BRI
RO R IR IS R . B AR S
T AR S T B C & TR Y
N & ELFH Y, &t i sy C & & & T e A
W oN AT R A A e — 2.

KGR AT RECK/NG 445 TR 1 5 45
R—F A CHERLR 2N NTHRZ,P

B R CHELERE; MMEYAE KR MHEITER
N 1 P, % 9 4 K 85 A4 K Wy BE 28 1k, 77 1
BERAR S L B — WM SR BE I AR AR R A W i A Sk
SRR, R HE P oOon R, BAN R A C F i
Gh A A TR S MO L AR R R AR
FALZRAR 0T g R T A 9 AR B C ok B 4 4E AR e g
N R PRI AR A Y A PR A
3.2 ARAETHHB.IEZHETHF CN.PEEREIT
ELMHIET

WY R C NP & EKHI R M sh By
HARKAT#E YIRS . it B e 5 A A Kl
WL ZES H.5 H Ak 6 A LAt k4
K HM R C &AL 4—6 J] BERK(E 1A), 1] fE
A AR EARKRTERER CREAtgE R, B
RTm2n ComibE LB EE, ik i C &5k
B RSE R T 810 H . it 4 C & & B3
T R R AT RE R L B B A 2 i VR — AR AR A
7P T SE Y C AR 2t AL A KR R C i i
MERFENRREE., WA A NSEE6 HE 8 A
B FHEE 1B JE N AT RS 6 H 5 3. 35 7 ik
JIE 5 ) A A L 25 A 35 40 v 5 AR XHIE 2 B AT 25 4R
FEAR N IR PE N AE R & B R A SR Y R
ROy G MR B 10 A L BB A 2 AR A0k R B E
AR A I A — AR AR S R RS R
REHEY b NSRS, LRGN &%
4 HE 6 HRETREHETREE S5 A NaeEm
J& » B 22 I 37 o B AL 25 T SR B s v RIS T L A0 R
BREE N T — 44 K A& A7 58 1 A7 7% 20 S, R Itk
810 H N &R EHETFREY . Wi P Si7ES
Huig e (| 10, 7 8—10 A 8% LI+, )4 10
H Ik B f i A 5 R A] RE SR L By BERL W i B B R Y
GIEE T TR A £ rRNAL T rRNA £
MY — A FE AL RARM A P S AE 46 A



324 KPR R

%31 &

BE TR S AT e 4 7 il RER M 2R K A
i B ZE AR SR CE PR EHEY
AR SR AR Pk B2 23 B G TR T AR R AR
6—10 Hit 7 P @A R E Alge S iy P&
WIS AR A OG, AR RIRE i N A A K
WA A B FE2ZES LI FE Y R N ik
F I e P A

Y C: N AL C = PARER T B0 55 43 B
A AR A L BRIV 00 68 3% 4 1 AR 2080 23 0 T e 300 %
1M N = PACERARY) 35 53 BRAR OO 0 H 2 2 iy £ 3%
Feortt . AR AR C s N AT C s P AE 8
10 A B2 T (END K LE) , R UIE A KRB h i
XF NLP F2 50 1 A RCR 2 BEAR IR AR - C = NAI
C: PTE 4—6 H 3 LI, RUHAR A R BE I X 7= 00
MABCET m . PIMEY R C: N AL C : P g7z
e ¥ 5 NP AR Ak #3558 4 A B o 3 55 ) 57 55 X
JEEHHT 3 R i TR R BTSSR — B Y
MR C B & &g T NUPL I HAE R8N AR Sl
PR A K, Rt A C 2 NLC s P oaf
REFZ ity NP & . AN b it
N+ P7E 4 YOCRFEH BN 148 1F) K Z N R
w5 R R E TR N P, 1Y
M BIF 5 DX 3 A A R 18 R 4 0 2R R B 2R R F 1 AR Ak
MeAs . ML AR N P 4 AM 10 H/WNF
T4, A K32 NFR 72 6 A 8 A KT 16,5 PR
il AT RE S B T 6—8 1% Hb X [ R A 04 3 0 B+
Bk R 5 P IR MR .
3.3 MR IFXHEMAECNPEERHITEHRNT

SRR 5

AR AR CONLP DG & & i R sz
WIFA B FIERRE R 7 B2 I AN R] (R 3) . MR C & il
C: N A FEORIE TR AP KB 1A A0 & o1 id
TR 0 3R WMSOR 8 R S RO R 5 A 0y
M AN a2 H Ay . iR NP & &1 C: PN
¢ P3RS H 0 B9 5 HAE S W R oK 52 A 5y 952 1R
RZ AR HSE MR/, He S5 BF 58 2600 e L 7 B
Ho 171 ASAEPIRI R NP & R SR L WA aE
fif R AR S 11 27 060 IR D RE A8 ik R A8 S 1 2904
28 HAR G 48 5 5 K iR 3] 3800 AR5 45 1
B2, Ay XY TR AL T i R AE B 52 0 Rk 5
TP — YA K R E o B b 3 S ae Qi
(B s o5 — 5 J & 1 0 B IR BE L R A ORI R A 2 Pk
JR (5, A Sardans 25 B 5% WL KON
FAE BN L) KK g RS 5w A W AR ) NP Ak
IRERIERNH T AERFREZH BN TS
L BRI X 4B ) O B AR S i R AR A ) A AR 08
e LR T

4w
SO B S 1T 5B 6 9 0

BRI H C N U % H B 9754525 P 17915 4

Br 5 EEEE .

(Dfkart /e C & &4 4 A 10 &, NP
L 10 Hiw, C: NAN:PALE4 I8 A
e .C:PAE 10 ARk, ARBE R C & Bk
AR BNALAREE NP SEYE 4 AR, 10
HAfefi,m C: NAC: P HZAMR. H1E 10 H i
a4 AR N POy 6 H .4 H k.

(DEENMERFN. MR CEHERESC: N FH
B R p A R R (= e e AR R Ui DR K R
FHHY S

(3 A iy C 3% i s T AL AR BR . N & i A
C: NBHEMTULAMKE.PEEMC: PERARE.E
R MR X 305 555 14 977 40 BE 0 s o (ELX) N R R
I 5380 s e N o= PUNT 14, A4 K32 NOFR L T
AR A A A BRI P02 Bt A A Z= 5 A8 T U

AW BT T A A TR A K B B B R AR
T RIS B 35 78 A 14 3 V7 SR W X A i 0k A2 R AT —
S E MK
(1] R, BOKE, 3k 30, 8. A S it 2 o ik e

(1. A= 4242 ,2010,30(6) : 1628-1637.

[2] Wright 1], Reich P B, Westoby M, et al. The world-
wide leaf economics spectrum [ J]. Nature, 2004, 428
(6985) :821-827.

[3] Giisewell S. N : P ratios in terrestrial plants: Variation
and functional significance[ J]. New Phytologist, 2004,
164(2) :243-266.

[4] Manzoni S, Jackson R B, Troymow ] A, et al. The
global stoichiometry of litter nitrogen mineralization[ ] ].
Science,2008,321(5889) :684-686.

(5] s, v [ A o b 3 2 G 4 0 A 2 il 2 DML b st
B AL, 1982,

[6] Sardans J, Rivas-Ubach A, Penuelas J. Factors affect-
ing nutrient concentration and stoichiometry of forest
trees in Catalonia (NE Spain) [J]. Forest Ecology and
Management,2011,262(11) :2024-2034.

[7] Rk, R 5 2% v RE SRRt i NLP fb2F i it 2
KA BLARAEDF SR (D], 1 . A2 R D9 K2, 2014,

(8] k&%, LEET. #+ kX FZEM AW K8 5+
TR VPRI RFAELT ] A 824 . 2005,25(3) :527-537.

(9] FEdwust, FAwM. 2292, 4. = 0 Fh 2R RSSO 2 24
PAHPIR C 2 N = P AL R AR [T ], A8 9 A 5 2
#2,2011,35(6) :587-595.

[10] Rivasubach A, Sardans J, Réreztrujiuo M, et al. Strong re-
lationship between elemental stoichiometry and metabolome
in plants[ ] ]. Proceedings of the National Acaderny of
Sciences of the United States of America, 2012, 109



6 39

P AF TR IR P RP R AR R AR i C NP AL 2 i R fiF 19 2245 48 1k 325

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(11).:4181-4186.

Orgeas J, Ourcival J, Bonin G. Seasonal and spatial
patterns of foliar nutrients in cork oak (Quercus suber
L.) growing on siliceous soils in Provence (France)
[J]. Plant Ecology,2002,164(2) :201-211.

E D A E ARl AL T AR ZE I R A B S T B
SAAMFED]. BRPI% % « PUILRARRH 2 . 2013,
ZARA. B Fe B XS R TR B A S Ek LA B R 3D
SRELD]. BV R % P AL AR ARBH 22, 2014,

Ze 5 Ak, FIME N TAR CONLP 3 Be A% Joy B oAb 2 1 B 4
AERTFELD]. BRVE#7 4 « P6 AL A AR B4 2%, 2015.
Zivli. A RMAES REFT R R 5RED C.
N.P fb2 it & HAE LD PR VE A% % . 74 Jb R AR R
#,2016.

FENM . R s B SR A AR A (Pinustabu-
lae formis) N TP %Y 5 3 C.NP L2131
TRFAELT]. A A2 4, 2016,36(19) :6188-6197.
AU L E JH L A e AR XN DR R A bk (Pi-
nustabulae formis) 3¢ 53 g FBK PR AR LT ], A2 255 4
2009,29(6) :3231-3240.

ET AR E W H LS L TUE AR S R Gk A
fef it RAELT L K R AR FRIIFSE . 2015,22(1) . 72-79.

R Wh T AN S AR R T A AE A ) B R
TR RE MR BE T L) ], dE B AR K 224, 2014, 36
(1).72-77.

Poorter L, Bongers F. Leaf traits are good predictiors
of plant performance across 53 rain forest species[]J].
Ecology.2006,87(7) :1733-1743.

Aerts R, Tii F S. The mineral nutrition of wild plants

(B35 295 )

(6]

7]

(8]

[9]

(10]

[11]

[12]

[13]

S ST G T A AR R TR D7 O A g
JO AR ). AR Ml K 2241 . 2008, 31(5) :57-59.
SIS 8 LT, 32 8, 25 R R K 43 45 146 T B I 55 5
(Alhagispari folia) & FMR F 4 B A BUAFAE LT . [
Y, 2013,33(3):717-723.
2 S it PR o A AL T K IR S R X A B R RE
TRAFAE K 7= 8 0 52w [ . 9 W HE 7K 2% 41 . 2007, 26 (6) -
106-109.
WL R ER RS K R E AR EE M
ARSI BR R L] ]. [ 2 2 35, 2008, 33(1)
19-22.
ERAGHZ G 4 b N R I E 25 1 (—FO[S]. 4k
I BE 2R AL, 2010 20-21.
T IR, T R XU il 2. T IR B R R A A B
FetERsZ L) ] K B AR R4, 2006,20(3) :182-186.
L4 PR L L BRIU e L B K A IR T X A /N AR AR S
F sz [J]. Al TR 2446, 2006,22(8) : 68-72.
U A== & IS ER O b VA= A & Yo

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

revisited;: A re-evaluation of processes and patterns
[J]. Advances in Ecological Research,1999,30:1-67.
A5 R AR VLA R L A BRI X 6 Ab 2 B HE K
Pt C: N+ P ARt i & 224k [ ). 9
A 5 2F 4%, 2013,37(4) :317-325.

KT RIE S XUE S AT AR 5 MOt G T RE
[T, Aol BHEE . 2014,39(6) : 10-14.

Oliveira G, Martins-Loucao M A, Correia O, et al.
Nutrient dynamics in crown tissues of corkoak(Quercus
suber L.)[J]. Trees,1996,10(4) ;247-254.

Elser J J, Bracken M E S, Cleland E E, et al. Global
analysis of nitrogen and phosphorus limitation ofprima-
ry producers in {reshwater, marine and terrestrial eco-
systems[ ] ]. Ecology Letters,2007,10(12) :1135-1142.
Chapin F S III, Kedrowski R A. Seasonal changes in
nitrogen and phosphorous fractions and autumn re-
translocation in evergreen and deciduous Taiga tree[ ] ].
Ecology.2008,64(2) :376-391.

Herbert D A, Williams M, Rastetter E B. A model analysis
of N and P limitation on carbon accumulation in Amazonian
secondary forest after alternate land-use abandonment
[J]. Biogeochemistry,2003,65(1) :121-150.
CEIVAR 7R EERPS . S | A A - R o NS e 2
K P Bk AL A S R AR R AR LT ). L
R ,2014,45(5):1170-1174.

He ] S, Wang X P, Schmid B, et al. Taxonomic iden-
tity, phylogeny, climate and soil fertility as drivers of
leaf traits across Chinese grassland biomes[ ] ]. Journal

of Plant Research,2010,123(4):551-561.

SALEE RN ], TR ,2011,19(2) :216-221.

FEF IR XM 52, 2Rk AR, MK A% BR X oK 43 38 R
i ot A VE FH Bt B R BT A R e [ . R A
#,2013,21(1):127-134.

T PR B, AR, AR TT AR R K 43 W38 6 4 /N 22 i
A AR 47 Wi P s ma [T K B AR R 2 4
2013,27(4) :201-206.

TGS AT L 4. K 4 X A A7 0 A 1
MSPLE R ) ] A5, 2017,37(2) : 432-442.
AR R T T R TR A A R MR KR
BRI E[D]. )1 .7 B K%, 2014,

FE W0, SR AT A E L S AR AR AR G R R e
W ] PEAEAR2E BE 4k - 2005, 20(3) : 150-155.
BEE A, R b, AR 3 5 W aE RS I S i R AT
s ML 5 X AL BT 5 2006,24(3) :111-114.

J SCSC S TR IR AT G S Bl b2 T 5 XK R
PR 25 kF 7 B B R s )], E 2 2, 2011,
36(8):955-958,



