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Abstract: The maximum of net photosynthesis based on area ( Amax), specific leaf area
(SLA), and leaf nitrogen and phosphor concentration (N, P) of 5 main dominant species under 4
different degradation plots (removing trees, H>>8 m; removing trees, H<(8 m; removing all a~
bove-ground plant; removing all above-ground plant and 0-10 cm depth surface soil) were studied
in Tiantong National Forest Park, Zhejiang province, China, The main results as follows. (1)
Amax increased and SLA decreased along disturbance levels. (2) The low content of soil availa-
ble P in plot Il (removing all above-ground plant and 0-10 cm depth surface soil) caused the sig-
nificant declining of leaf P concentration., (3) Different main woody species owned different eco-
logical adaptation to disturbance. Deciduous Litsea cubeba grew fast and dominated at the early
stage of restoration with higher Amax, SLA, leaf N and P concentration. Schima superba had
low leaf N and P concentration, while its Amax was high and had significant positive relationship
with Amax. . Lithocarpus glaber had high leaf N concentration in degradation plots, which
maintained ;at higher degree and was related positive with Amax significantly, and had high abili-
ty of defending leaf against high light. Castanopsis carlesii had medium Amax, SLA, leaf N and
P concentration; its Amax and SLA had high plasticity, while leaf N concentration was steady.
Castanopsis fargesii had low Amax and ability of the utilization of high light.

Key words: evergreen broad-leaved forest; restoration; the maximum of net photosynthesis

based on area; specific leaf area; leaf nitrogen and phosphor concentration
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Fig. 1 The distribution of the experimental plots
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A, W ERFEIR (1 500 ymol » m™? « ™) FHEY M B K% & & % (Amax, net photo-
synthesis based on area). ) 52 B 56 {# A 4L ¥ Y6 I8 , % 500,700,1 000 pmol « m™* » s ' HIJEIRED
REXHEY M B BATES. WA BB R 30 C3 kK CO, BN 370~445 pmol » mol ™',

Hi W #L(SLA, specific leaf area) ilIE BRBMAM FBRAH OLPFELRE, K
M A REAS, ARBAEE, BIHEHA(mm?) , FHEE. FHH A B FHRA, 105 TR
F1OminEH,.ZEE 0 CRETHRTHA 2 DEER,RTE, BE, SR, REFUZE
HEN,PEE. KL EHRSLA GHEBRL MR TERAE.

B4 B (N, P, leaf nitrogen and phosphor concentration) Bl R AFHEDKE
AT, AR B S L (SKLAR, 2 4 ) MEM F N,P 5 &.
1.3.2 XEM:ERS

F| B Dual Radiation Meter(Model DRM-FQ Wi &6 1.5 m DI R IVAIV 8 m
REBERNAETF.

2008 4F 6 A, FE@ M REHL R 0~20 em B 345, 363K 15 M E R RBFRAHD
5,80 NELR .20 MEANENBESER. Bl RERS % CER16].
1.4 BERLHE

FF SAS 8.0 ﬁ#,XHLZ:rﬁ]#ﬂEIﬁ]*Wﬁ s DA T [ — B b o RS [ ) A 2 [ ) R
THEHW, 2 )5 R H Duncan B #HTHEKFEEAMENZERER. MAHREESDHAT
EFHRBUR AT Log #4, MIAR B &GN BRIBHTERERE TN IR &
18R Z Bl HEAT M M A 4.
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Fig.2 Light condition at different heights: (a) Light condition at 1.5 m; (b) Light condition at 8 m

Fin HER S BEOEME/NCLE 3), &8 300 X 8 3F 2 5 (P>0.05). KAl (F



30 IR A 2223 (A REHE RO 2010 48
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Fig.3 Soil nutrient content of N, P
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B & 4 AL, AR R Amax, SLA,N, P 78 % HE [0 3 77 78 B % 2 57 (P<<0. 05) , B
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B3 PR FT R A FIFS I A Amax, N 508 [F] B2 BE & T %0 B, SLA NSt BA B T e, I BE T
WRERIEM, SxRERER. Hd Rl (R EREERT)H Amax, N 5 #&,SLA &K,
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O TERONTHEID(BEREERDD SHBNVGEFETARB ZE. o P S RESHH
6] 9 38 {b B R 01 B AL
2.3 R [RIAR Aep IE] B Y R
- BRX BRI Amax Sb, Bl — R, R W4 AR 2Z A ) Amax, SLA, N, P 3 8 #35 B )
BEKFP<0.01, LA 4). KAEHEH KA ILIGHE Amax, SLAFMI N Y BER FHE
B (P<<0.05). XgHRM P & BB (BREERIDOTPRES T H SR, E#H 1
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Fig. 4 Amax,SLA,N,P of five main dominant species under different disturbance
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BREREXINCV=35. 700, KERAFERF MR EIZ R LI T (R EX
(24.4%~55.6%);SLA IR I (B R ER IO ERB/N(CV=32.042),P ik II
(BHOERE/NCV=28.5%), Amax UHHN GEHRT AR EZRHE/NMCV=20%).

2.4 MR ZE B A

METARMME (WX 1), Amax 5§ SLA, N B B ZF EAMH X (P<T0.05), Y H K
SLABA.NESEHE, M Amax B K;SLA 5 N 2ZEAMEFEMRX(P<0.0D, 5P 2
6] 7 S8 2 IEAH G (P<<0.05) ;N 5 P Z [l FE 26 4% 8. 3 TEAH 36 (P<C0. 01)!

Xt &M E (LER O, KR Z R KX R A KRR, &#F Amax 5 SLA
WEA AL, P A KRB Amax 5 SLA Z [ ik B 2 fUH 26 (P<<0. 01), 1L HE
Amax 1 SLA 2 8 & A6 (P<<0. 05) , Ti AR FIHER Y Amax 5 SLA Z B XN B F
(P>0.05). BRIIXGH A Amax 5 N Rk 8 F fAHR (P<<0. 0D &b, AL R Y Amax 5 N
2 (8] 34 0 TE AR 3. Hoop R 7 F A AR A BB 3 K (P<0. 05) , R A& FIAE N R B3k B E K F (P
>0.05). ILXGHIFIKAE B Amax 5 P 2Z 6] B A & B3 A8 & (P<T0. 01), i 3 Al 4 # i
Amax 5 PHEBERBEE (P>0.05. BT F, SHMAHM SLA 5 N ZHMHEXERDE
(P>0.05). KHEFFKREE SLA 5 P @ iE 464 4 5135 8 B 2 (P<0. 05 MR B % KT
(P<<0.01), H A Fh G B EMEME(P>0.05). IIGMAMABFEH NS PZEFEREEE
FHR M (P<T0. 01) , B A48 F AH L R 8 3% (P>0. 05).

®1 EAMHHER2Z EHOEXHE
Tab.1 The relationship between leaf traits .
(DA (b) Ly 1B (IR

SLA N P SLA N P SLA N P
Amax 0.53*  0.45° -0.21  -0,70" -0.78" -0.74™ -0.29  0.69" 0.10
SLA - 0.8 o460 - 0.24 0.34 - 0.12 0.66*
N - - 0.71* - - 0.94% - - 0.54
(d) H OF 3 (O¥H
SLA N P SLA N P SLA N P
Amax -0.76*  0.60* 0.08 -(.8*  0.23 -0.66" -0.37  0.17 -0.47
SLA - -0.16  0.39 - -0.01  0.60" ~ -0.10  0.37
N - - 0.67" - - -0.16 - - 0.28

& P<<0.05,* P<C0.01
3 3 #w
3.1 ANIEFH XA B R B e

MM RESAEZRFEEEDNN LR AP LB L ER SR THEGHEKENE
B E T YT U B SR LGE NI, R KR R U R

ARRF, FHREBHEAFRBEENRG, FEHEROCRBERM ATREEAESHK
RRAYBRABEENGE EYEERRNEHERURAR FNANEE™. £FXRT,
0K o o KR40 40 B R T 4 B R T s G e R 4 B B DA B AR R K, Bk R
LA R R R KT m AR /N, BRI SLA AN B A SLA MRS Ak

BRAETT PRI AP Y B O TR b A R EE R R AN 618 Amax BEFHE
RIFHERBAFRERE Mt N S B2 MR N T TR FEABMRMAEREE,
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RESLAEEAESRAAEC AR L GERRAD . T & MEREERD
B, TR AG I EGE . Y B SLA Bt BB V AR, T Amax #1 N 230, 1158
W OBMEEER SLA S5 Amax Z 8| B5 3 5 8 5 A 0.

FEREM IV (T AR MAEH V G BD MR EIRR T 8L & R T R ik
KB MY E B AT, Bt 5 SLA 8K, LU oL eEm SR m A, Eulk, &
N GEET AR SHHV Gt B M A Amax 845, 1 SLA &8, MV GEET
ABEOPEARZHER EBAGHNEDE —ESBELEETHH Amax. — i 5. BE
MY Amax 55 N S EFREMAXME, EHRFE P, MY N FBREK,
{EAEABZT L R MBI 25 SR 0 5 3 — W A R — 3, EL BB F T P A 40 7.

THEANSROUEEEYMEYT A RS SR A (RRRERD LEREN
ZBRBHIERSESETHR AHEREM PSR AKMB TR AL, FEF0T (B REAE
ZHOHRERFHA P EEEMK AEBI(EREERDOPLEL NABBEASETH
BERPN XRHTLE#RTNREFTERBETAANRATME, EREE, T LEXR
ENEBRRLE BUBEYREY N ETEAREAP . P SENRSTSFENGES
BANEARSEN TR, A\TIREEAER EMARZ ML, X EREER/N. Bk,
B I CE R R £ F ) Y Amax RS, KT E N RIFHCRAGSEETNEEH
FHARES , AEEANRFHEE Amax 5 P XML, XURATEHRESENT
e BRI R AR RS e . R T GBRRRMO M () Al s THRBIKE
B AP L EBERERLE, LERESEEAB VIR TR . BHYHHF P EEIH
KL AR MBEEEN. €M XHMARPREFEAYT PIETHBE 5+
BEBTHA—BHIAL™ S KA KFEFEESE S HPIER.

BET S METREERSEM, YRS BZRIME RO, Hm I CPHRRE
REFD)FRBENTEOCBEE, LEHS TR, SBHEREBEIZREKR FHBNVGE
BTFAR THREER/, HHER S BRAIZE RO/ i T EEERXRED R & 5O A
FHEZE.

3.2 AR R T30 A AR 2508 B R R .

HTHDEGESHNER, ARMBENIR THROmAERBRERIRERE BERS
SLA W, Kot A SRV BB/ ENSER . BREXEGHEPH N AR E,
KSR ERE-EABRNER B E ST SLA REMWHT . AR P, BELE %N
MR ILISHL I SLA,Amax IR N,P S BB EF TH W, XL RBAFEHERRE
F7 5 DA UE I 3 A K, 76 5 B R) Pl O T AR AN O B R A R W B DLBROR AR R I
B FEMBIKE B SRR

FENBBEFOFMRN ERTAR F,ILSHH N SBEAERAREREAFRIFHH
b F I RE T, ST B E T . DY SRR 3 Fh Mg ot g, DA R TR X
PR B AREBAG THA A BEEMRPRERA, RAERFRETEDH RS E
BETHEEBEARE. MEETLBHEYE NSEEBNERTERAUT=ZHE: (D HERE
BT EERTERERKCEYRBEL MR EPETE NTUSAMTYRITEN
N & EBROWIN; (2) MWETE Y N B MR T . 57 % W4 B 55 78 1 1 o i 38 5 AR A
Z=EERAERESREN (In NADPH f1 NADH) Mg & itk (0 ATP) KRB &HT
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AR EER RS, FEHRENE RS THRNSREARSAES ;3
RERFPERR THEHAERAK, SBERYREALBAR R ARE P ESWFHA
RER TR B BEEM HHBNFHTARBEIPHMA NEBHF RS THM TR, KW,
EREHMNEETARB P ILgHH N FEFAE 8 Amax FH AT H AT FE. BHEF
Bt NEES Amax AR IEMRENFERTELE. (D BERAG T, EWBH TH N
AETHEEMBRE, REAEOHER BB FRENE FEBREENE TR, R
THEERHEE Q) BNMHARENFFEAESNETR, TENEELH
B B R B N A BB b, (B3R B A Y A6 A R AR A AR B
55[21,223.

FEMA I H SLA, Amax DL K& N,P & 88 EMRAIL, A KRS8, AR E SR
it 0 o R SR BE AT AR LG £ 5.

AREFEAM NP FEBMEEERFEFHT Amax FE FHMEFZWH, 55 N4
BXRAESEEMXELE O.KRALAEFRENRE AR KR, KB EE N R
BOAMESHEEMBEHEPHRALEEN AT RAEAERRED FERARKHA
PO AT IR B S B SR EE AL R A T IR b, AR BT 403 3 LB 4
WA TE R, TAEMBRERZE TREEA ARG EHHTFRERLD, RRBEMEFE
AHRER BAEMOEEEREM, TRHEMEREAKNTE, M A HRIKEFRAE .
HEAREERENBRTHRE  VESREAKRBBIERNFESCT. RSV CHRH . K
WMEULESE O RNIFE MRZHH, XERAATEE KB EE BB HE, &
K#EF 1@, 7] KB jF) 2 WKk R 0.

AW TIRF R R TTEME, LHE N £ T (RO D G Fhm P
AR R EE RN, R KT, BT R E SR, AR, B
BRAWAESE, LEAMEEAFHED N UERFLTE T RFRRENEK. &
AHFE S, AHE Amax HFEKF, A5 N S REESE EMXNE. AHAO0E N #%
FTHREREUEREFER BB RRIMARTT A B HREWE,TE RE R 550
BRZ, A R M HEHR R AR A AR BARE XBRWT B KAy 2R, B ARk eE . X
AR S E S PR IR BRI A B RAR T LE] AT AR E Y H 8 T R A R0,
HAM  SLA X R T SRR, £ TP ,SLA BEF T, FHlt, A5aEE L
WA RS R E D HEE, SRR SR AMILE, AR REFD.

KHEEH Amax,SLA Fint B N,P S EHHHEKY, HE Amax fl SLA MR R EF K
SRAGFTEME. TR A N S RESH P EIRE HIK, K Amax 5 N ZMHXERE
% B TFTHEETR, RN ARER, #HBEEGETE IR NTEEEN
HERER, A& TP EE RS

BT R s R E R E TR . AT HAG T, SLA funt N 87
AN, 50 KR Amax /N, BB A K, HR AR LRMEE S 2, bR N 7R R
Ho I A Amax T H X BR8N 37, 100, A AR FOKBS L X BB 40 B4R 89. 5% 1 76. 1%. B&
B A0, BRI FARE T Z LR T F, B FA KBRS, 25 TR A HRAEK
ZHABEZ T, HAKRERME, B Amax KIEE TH, BEETFRMEN. EREER
B G A R T oRAET, AR BB K AT R BB R B W R N, A
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BTHER, S NNR, W T HEEEMALEERT, WA IV 53 BAE A, 5 R
Amax 5H KEEEZER  XEEHMEMEEEE S ZRAME. TEEMR
KBEPHAN R E R SEAMANEESBPE - PXEEM, BEERNHRE, HELE
BRI, RSN T EHRSARSNERT  UBUE RIS S 15 5 B B 4 X A8 #kh
HA BB R X T L AL

BB R K b5 B 48 LA T B ¥, b 4E 25 %8 {5 #F (Equivalent species) , B3 & 7E /N R &
(25 m*) L 3RFUHESF . o b oRb R It X 43 A st B 02 38 L I ) 5 A T AR A R
BRI A 3R, KBS 1A LW B, R BT AT B E TR A s AL A BT X8R, 7T
BEph TRt iess, T 2 £ W28 T, b £ Z 40 £ 50, 4% 4 5 A7 e 00,
AEBA A EATRRBRAR PR RS B MIRE.

B TF 7 R st 1 5 2 85 i 25 BT SR LI 5 B AR [R] DA B AR [ T 0 7 B BT 3 AR F) B VB 3R 85
BRI 7] o 15 & F Stb o Ay i R i 22 Rt S ).

PRSI (BREERD THREERENE, T EAHTFENERULIEFIHT
M S EOESIKE R B, e P RERR R BN X IR T A/, AR R o T P & AR R
HRZEHZEFBED BT (BROBTFRET LERE  AHKE RN EREE
ATFREH T AR R RN TR BT A KRB REE TN Amax, £ KEHN
ZRTATAE T EHEE Amax 8K, SLA B K, XSHER A EHEREFRRER.
B ] (BAKR B TFEARNRE, FERPHABAARANZ SN, MLTTE
IR AE K ZFME, R AR &R ERBE K. BV OFRT AR AT EEKE
BER/N, CBEASHH—, HFR A Amax F1 SLA @EZRE/N B N,PEEEFEK, ¥
EREEEZLGHT NP FEBH.

4 % w

FHREBFSEFET OB L IEOUE X A NETHREHEKE W EEZEE
F. & FHABEBRAGBRRANEE, REEY R E £ — R F) A LLIE N3R5, 2
MEAR I e SLA,JE B/ B A, LLB 1EK £ 8 5%, H 3 00 Amax M1 N & & WiAE s I
(BEEERDDOFPHERINAB AHE T RFHROARHERL, FBHEYTA P E
BETE.EXHACAERZRE/N. BV OGER T AR fikt V G ) ot s,
WY AR TR, BRI B SLA, R K TE A A, Y KIbsEm R m . AT
AW RS, Amax 5 SLA,N BB F EAHX(P<0.05);SLA 5§ N Z RN R 8 F EMKP
<0.01),5 P Z AR BFEEME(P<0.05);N 5 P Z AIFFAER B F IE A% (P<C0.01).

T [ B o i R g 2 T 4 B SR BB A S N X SRt S A R, 1§ Amax, SLA, BL R RF
N, P & 8 By 7% v Ff LU XS AR A 1R 58 i BT U5 SR BRURE 0 s i AR 7= 1, BIMEE7E B IR RO R
IV o, RTINS B DR IER S 0 Amax, A\TIEHBEKE B HEER RS
i # A% P B Amax, SLA, KL B N, P & B8 K. R [E 89 % G0 R i R 3 T 9 1 e B 3R
AR R A NP BB BAERRATRT Amax ZH FHMFZRF, 50 N
SEZAFEEEEEEAXE, AARAEMESEAMAZE. AR ERTEER, TH
B N S BEXHREERN, HEFEREKE, 5 Amax F£7£ B F EMH XM HHM
KM h ERRE SR, BB T SLA BE TR KA4H Amax,SLA, i 5 N,P &
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BN %A, B Amax F1 SLA X3R5 LA SR a0 WM (HI N S e SR Ry
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(& % x &I

[1] 3k, BRE. HEYHFGRAMEAHEROESEHRARI]. MYESEMR, 2004, 28(6): 844-852.
ZHANG L, LUO T X. Advances in ecological studies on leaf lifespan and associated leaf traits[J]. Acta Phytoeco-
logica Sinica, 2004, 28(6): 844-852,

[ 2] VENDRAMINIF, DIAZS, GURVICH DE, et al. Leaf traits as indicators of resource-use strategy in floras with
succulent species{J]. New Phytologist, 2002, 154(1); 147-157.

[3] LAVOREL S,MCINTYRE S,LANDSBERG ], et al. Plant functional classifications: from general groups to spe-
cific groups based on response to disturbance[J]. Trends in Ecology & Evolution, 1997, 12(12); 474-478.

[4] HF%, g, THE AVIEERESFERESREDREI] EHEEBFER, 2007, 31(1): 150-165.
MENG T T, NIJ, WANG G H. Plant functional traits, environments and ecosystem functioning[ 1. Journal of
Plant Ecology (Chinese Version), 2007, 31(1): 150-165.

[53 DIAZS, MCINTYRE S, LAVOREL S, et al. Does hairiness matter in Harare? Resolving controversy in global
comparisons of plant trait responses to ecosystem disturbance[ J]. New Phytologist, 2002, 154(1); 7-9.

[6] WILSON P J, THOMPSON K, HODGSON ] G. Specific leaf area and leaf dry matter content as alternative pre-
dictors of plant strategies[J]. New Phytologist, 1999, 143(1): 155-162.

[ 7] PUJOL B, SALAGER J L, BELTRAN M, et al. Photosynthesis and leaf structure in domesticated cassava (Eu-
phorbiaceae) and a close wild relative; Have leaf photosynthetic parameters evolved under domestication[]J]. Bio-
tropica, 2008, 40(3) . 305-312,

[8] HAN WX, FANGJY, GUODL, etal. , Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant
species in China[J]. New Phytologist, 2005, 168(2); 377-385.

(9] ®Kk&, BF/hE. PEARERKATHESREEMNH SESKEIML JtE. B LK, 2007; 34,
SONG Y C, CHEN X Y. Degradation Mechanism and Ecological Restoration of Evergreen Broad-Leaved Forest E-
cosystem in East China[ M]. Beijing: Science Press, 2007, 3-4.

{10] YAN ER, WANG X H, HUANG ] J. Shifts in plant nutrient use strategies under secondary forest succession
[J]. Plant and Soil, 2006, 289(1-2); 187-197.

[11] HRE, EFf%E FEAWKEEIBPIESHYARGSWHEELERIMI/RKE, BB, FERTESEHT
HRESAREBRAONHSESKE. Lt B2l R, 2007, 196-231,

YAN E R, WANG X H. Nutritional interaction between plant and soil under evergreen broad-leaved forest degra-
dation{M] // SONG Y C, CHEN X Y. Degradation Mechanism and Ecological Restoration of Evergreen Broad-
Leaved Forest Ecosystem in East China. Beijing: Science Press, 2007, 196-231,

[12] AY4. FRATRERTEKREMAKEIERSHIEHRESEBETHERRID]. BM . AEXE, 2006.
35-36.

LU X L. Comparing ecophysiological characteristics of dominate species seedlings and saplings under different dis-
turbance regimes: A case study of Tiantong evergreen broad-leaved forest, Zhejiang province[ D]. Zhengzho;x:
Henan University, 2006 35-36.

[13] B, ER®, B, RERB-AHHELIENHNERRSEBRIT]. £5¥H], 2006, 26(9): 2927
2938.

YANG Y C, DA L J, CHEN B. Population structure and spatial patterns for the main tree species in Castanopsis
" carlesii-Schima superba community in Tiantong, Zhejiang Province, China[]J]. Acta Ecologica Sinica, 2006,
26(9); 2927-2938. |

(14] BRE, ZRE, RKE, ¥ WIXEERZFALEESFATHEYRTR (1) . BESHATZEARMFE

YWERRIEL]]. #ILAREREIR, 2005, 22(4): 363-369.



%38 R, % . AR T THBIKE 0 EZRE MR R A TEN 37

[15]

(16]

(17]

{18]

[19]

[20]

[21]
{22]

[23]

[24]

[2s]

[26]

[27]

[28]

YANG T H, DALJ, SONG Y C, et al. Biomass of evergreen broad-leaved forest in Tiantong National Forest
Park, Zhejiang Province( ] ) : Community structure and fresh weight biomass of main tree species[J]. Journal of
Zhejiang Forest College, 2005, 22(4) ; 363-369. .

KRR, K HTIREZHREKEATHRERESEHR(D: ABKEXRESKRHEMI] ERMRERESF
#CARBIERD , 2008(4) . 1-11.

DA L J, SONG K. Experimental ecology research on destroyed evergreen broad-leaved forests in TNFP, Zhejiang -
( 1): Ecological restoration experiments and long-term ecological study[J]. Journal of East China Normal Univer-
sity(Natural Science), 2008(4); 1-11.

PEAERE N RN, REASFIM]. L. SRR R, 1978,

Institute of Soil Science, Chinese Academy of Sciences. Analysis of Soil Physical and Chemical Properties[ M].
Shanghai: Shanghai Scientific & Technical Publishers, 1978.

ELLSWORTH D S, REICH P B. Photosynthesis and leaf nitrogen in five Amazonian tree species during early sec-
ondary succession[]J]. Ecology, 1996, 77(2) . 581-594,

BEH, B, FEX, & BAMBRATALEYESMEETBEwR )] NASHRED ¥R, 2005,
11(2) . 238-245.

DUANBL, LU Y W, YIN CY, et al. Morphological and physiological plasticity of woody plant in response to
high light and low light[J]. Chinese Journal of Applied & Environmental Biology, 2005, 11(2): 238-245.
NIINEMETS U, PORTSMUTH A, TENA D, et al. Do we underestimate the importance of leaf size in plant eco-
nomics? Disproportional scaling of support costs within the spectrum of leaf physiognomy[J]. Annals of Botany,
2007, 100(2) : 283-303.

GONZALEZ-REAL M M, BAILLE A, Changes in leaf photosynthetic parameters with leaf position and nitrogen
content within a rose plant canopy (Rosa hybrida) [J]. Plant Cell and Environment, 2000, 23(4): 351-363,
EVANS J R. Photosynthesis and nitrogen relationships in leaves of Cs plants[]]. Oecologia, 1989, 78: 9-19,
¥, KRIEBITZSCH W, K&, ERM 3 HERFAGBEEFHAFRTH A WSATH HEETBAER
HFEIJ]. #FERAFEYER, 1999, 7(2): 133-139,

ZHAO P, KRIEBITZSCH W, ZHANG Z Q. Gas exchange, chlorophyll and nitrogen contents in leaves of three
common trees in Middle Europe under two contrasting light regimes[J]. Journal of Tropical and Subtropical Bota-
ny, 1999, 7(2); 133-139.

POORTER H, PEPIN S, RIJKERS T, et al. Construction costs, chemical composition and payback time of high-
and low-irradiance leaves[J]. Journal of Experimental Botany, 2006, 57(2);: 355-371.

EIBE ¥R HRAIBRPLENFSIFEHASREYHFIFAKRID]. LF. ERIPFE K, 2006.
98-115,

YAN E R. Dynan;ics of soil nutrient pools, nutrient use strategies of dominant trees in the typical and degraded
evergreen broad-leaved forests[ D]. Shanghai: East China Normal University, 2006 98-115.

LIMA J D, MOSQUIM P R, DA MATTA F M. Leaf gas exchange and chlorophyll fluorescence parameters in

. Phaseolus vulgaris as affected by nitrogen and phosphorus deficiency[J]. Photosynthetica, 1999, 37(1), 113-121.

B=F, ZR¥, 8K, & REFSAYHAARRENETE BATA N PAEITR¥SE] £5%M,
2007, 27(3): 947-952.

GAOSP, LI1] X, XUMC, etal. Leaf N and P stoichiometry of common species in successional stages of the ev-
ergreen broad-leaved forest in Tiantong National Forest Park, Zhejiang Province, China[J]. Acta Ecologica Sini-
ca, 2007, 27(3): 947-952.

I, BEL, BEH, 5 ARAARMEREGTRHAAREGAF SEHNTLARE]] RIVEYERR.
2008, 26(2): 134-141.

WANG H, CAIZQ, CAICT, et al. A comparative study of two tropical pioneer species with different lifespan
under different light and nutrient conditions{J]. Journal of Wuhan Botanical Research, 2008, 26(2); 134-141.
REICH P B, WALTERS M B, ELLSWORTH D S, et al. Relationships of leaf dark respiration to leaf nitrogen,



38

HERMBRFZZFRERBFHO 2010 4

[29]

[30]

specific leaf area and leaf life-span: a test across biomes and functional groups[J]. Oecologia, 1998, 114(4) .
471-482,

TEE, ¥KB HIXEFTSGAMHKEERIKEMEEEBATHREII] £FFR, 1999, 19(3):
318-323.

DING S Y, SONG Y C. The comparation of photosynthesis physic-ecology of evergreen broad-leaved forest of
Tiantong National Forest Park in Zhejiang Province, Chiné[]]. Acta Ecologica Sinica, 1999, 19(3): 318-323.
TXE. HioREFEANTKESRIIERAATRIMEHKWERD] "R X¥EREABER, 2001,
31(1); 79-83.

DING S Y. The causes of Castanopsis fargesii and Schima superba being dominant species of series of evergreen

" broad-leaved forest in Zhejiang Tiantong[J]. Journal of Henan University (Natural Science) , 2001, 31(1) . 79-83.

{31]

[32]

[33]

[34]

[35]

Kb, Bk, BES, % HAXEESREGATARZIRESEHR(D . TEHFSRANERBRI] €K
URVE KM OARBLERD , 2008(4): 12-24,

SONG K, YANG X F, KANG M M, et al. Experimental ecoldgy research on destroyed evergreen broad-leaved
forests in TNFP, Zhejiang( [l ); The growth patterns of dominant evergreen trees determined by tree ring analysis
[I7. Journal of East China Norma! University(Natural Science), 2008(4) . 12-24,

BELLINGHAM P ]. Resprouting as a life history strategy in woody plant communities[J]. Oikos, 2000, 89(2):
409-416.

TEE, B4, 2RR. #8FHHGELSRPRHERTBESRAMEHESHUEMI/RKE, BB, &
EABEZATHESREBANAR SEAKE. L5 B WK, 2007 111-113

DING SY, LUX L, LI H M. Light environment and eco-physiological characteristics of dominant species in a de-
graded evergreen broad-leaved forestftM] /SONG Y C, CHEN X Y. Degradation Mechanism and Ecological Res-
toration of Evergreen Broad-leaved Forest Ecosystem in East China. Beijing: Science Press, 2007 111-113.
BE, BN, RS, . AR EASTFERFHRRI] STl AE, 1999, 19(2). 30-35.

GE Y, CHANG J, CHEN Z H, et al. Relations between net photosynthesis rate of Lithocarpus glaber and envi-
ronmental factors{J]. Journal of Zhejiang Science & Technology, 1999, 19(2): 30-35.

BHE REERHFALEARZHREEFSATHAKREMBME AYRHESEREIED). bR ARMEX
%, 2007 38-39.

YANG X F. Study on early community and habitat dynamics of differently damaged evergreen broad-leaved forests
in Tiantong National Forests Park{ D]. Shanghai: East China Normal University, 2007 38-39.

% F“Global convergence of a new conjugate gradient
method for modified Liu-Storey formula”

TS ETMNEE
' Ya 5B

TieHE R, AP AkET 2010 £58 1 HE 4451 T LAY L “Global convergence of a new conjugate

gradient method for modified Liu-Storey formula” &3, B7 3 B #“ Liu-Storey” B £k 78 X 7k HH # 2 #1 Storey #
BEel, A, XESEXRMI7ITPE—FENEXHAELNZE LIUYM, AR LIUY L EESEHS

XN T.
[7] LIUY M, STOREY C S. Efficient generalized conjugate gradient algorithms Part 1: Theory[J]. ]
Optim Theory Appl, 1991, 69: 129-137. '



