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Abstract; Ecosystem element balance has been a main focus of global change ecology and biogeochemical cycle research.
This paper first introduces progresses in ecological stoichiometry and carbon, nitrogen and phosphorus cycles. Then
application of C:N:P stoichiometry in nutrient limitation, biogeochemical cycle, forest succession and degraded land is
reviewed, especially in the fields of distribution characteristics, indication role, effect on carbon sequestration and human
activity influence on soil C: N:P ratio. We also discuss future research directions in ecological stoichiometry. The
development of ecological stoichiometry theory and research method can help us better understand nutrient controlling factors
of plant-litter-soil interaction. It is more important to reveal interaction among carbon, nitrogen and phosphorus in order to

provide insight and theoretial foundation for alleviation of greenhouse effects.

Key Words: ecological stoichiometry; soil C:N:P ratio; element cycle; energy balance

ABRERRPFFILR B RERE UM R RS —, T HRSR R AR NEN SRR E
BAH" BT, FAMER B BRI AR RE BB R R, A RERBER R TN

ESWE: BRX A AP EE EFBIH B (30670312) ; B2 973 711 (2002CB412501 ) FE By H

545 B #7:2007-03-24 ; {&iT B #4:2008-05-01

EEET:EFR972~), B L ESA B L, AIBIR R , TENELR B SS A YHIRLZEEIFS. E-mail :sqwang@ igsnrr. ac. cn
Foundation item ; The project was financially supported by National Natural Science Foundation of China ( No. 30670312) ; National Key Basic Research
and Development Program of China ( No.2002CB412501)

Received date.2007-03-24; Accepted date:2008-05-01

Biography : WANG Shao-Qiang, Ph. D. , Associate professor, mainly engaged in global change ecology, biogeochemical cycles. E-mail ; sqwang@ igsnrr.

ac. cn

http://www. ecologica. cn



3938 £ K5 % K 28 %

AMUSZ B R AP TR TR BEZ IR, e 23 A B R F TR TR, 7R X R E R
EMT  AERRABREER O RETEREAREXBRSTE (WA BES) fty & nY  Jim, Bt
R R BE P X AN TIARER RRBIC BN AES RGN RN AR RS FEEEEEEEEN,

HB2ETHR 22 (ecological stoichiometry) 258 T W% ALY 2SR AR R, G T ADENLE
THE2EHEARFE, ZR THRNFE R A YA B AREFREN S FAEY2EP.OR NS, 2R
EVRGEREBTVHMEZENETER (FERK. A B FER 2, DR TTR PENERL G m e —
ML, X — R SREREYER AR BER (2F A AV R AESREMESRRE ) MR HEE
BB AN —ER ", BB XML R BN S I S AT N AR B T
iR R, Bl AESMFTEEZORARAEYR TEURGFANEY KN ZR XEE2R5FENAES
ThEE R B AMEL R, BT, W R G B A PR B U R A Wik AIFR 3 2 Rl B B A R e st

EBHETBEMRER EBERAKEEDTRET BN, BEHEASERNMRILZEF N A THFEITE
22 R PIE S R RB R MERWBIREAE S0 ZEMFHE TN Ik TRBILREATM ST BELEE .
BEYEDFANTEERRE , AR BERERERGTNH —MESETRTR, RESESEYL
% AT SR B 1, R Y B A S AL BME R I B . BT, AT
W B¥EL) ENATHESIN AR EFRIS HMEYER FERERXR EYHAERR ETRE
KB FR A PEFS R BT B R AT R AR AR SRR A R T ERER 558 RERmAB LY
MIRALEIEFS IR E SIS ST, HBE T 2R RRE" . T HERAGPEWEE B2 4 ER
SEANERRNTE, MU AR MEH B2 E T ERSEFRSREEAARFHONAZR TEEZNY
%YE‘E[IZ ~15] o
1 BmEBESUFHEFHAROMEREX
1.1 Fopl 5t Es

AR ZEFF R 7R 0-& B BT 38R N FE 88 77 70 75 SR ) i sh 2% 748 , B AR S 7 40 L R
WS m — S A , XA R ST R oW R, 5ok R ER A S R G W R I Y, R
] [ RE 7% 43 A R B 25 SRR B X A A KRB BRI R TR E T A R LR R R E, X g3
B EBE T R R T RBAR, BT 2R B T IEAENM M AR, B, 7755 Al TR E2E) W
LARE R RGP RS TTEBBEIIER,

AT YN TR AR E B RRIE A S REN B B IR s B 2 A B LR &1
BRAETLEKE EG—EX, FEARRE AFREYHANMARRETBNEYERRERERT , THT
RSTE A B AR A e Ha A8 b Al 2 R B A6 , A T 1 ) PR 42 s A Tl o gk ) R i R B LI o B
LS EF AR BB A ERRASA S (EY) REY 138) 7547 tLFI R IR EEPLE, RS
7 HHIEAZRERTEMTIRE P /ER, T B, EIHASRERAPEENITRIAETE IER, N FER
TLEMEERSHAZAHE, THARKTRRNTREAARAEENRLE L,

1.2 ABTR ST ES

RBHE WY E K ORY REF GEMNESRE T WM RE LR, YR GTAETIE LB ER,
—EZ M EAREENMHEAER, BLRRE T RABRH SE Y ABERA R EEZ EAREN . BBk
SRR YRS SRR AES RERTEEN — N T EREY R T ER AR
LB AR S B AL SRR RS, BrL, Y T A MO R, A S RGP R Ak
FEAEZRRG ", HEAVRSMBEER AR RRREERGSRED . KPESIN5EKRn,
7 AR T 5 S TR AL A 2 K B3 43 PR VR R DA 39 280 Akt R S 80 5 S Bl 3 v PR 2, Y8485 2R bk
X — R ZRERH N, X FEEZRRRAA ™, Wardle £ 58 % B, 78 K 2 $0K 510 I B
i, FEE TR YA B3, BT EERVE A BT SR A N-P HRe3g i, B T AR BNE , RS R A

hitp : //www. ecologica. cn



8 HA FHE FASREBRABTENESAEITEZEFE 3939

SREMMUMFMRBURS, FET HIEBE RS, RE RPN RS BB R 5 B Y
ZRMEITHRE SRR, RIS R B A BT MISIE™ (BB A& Y N:P Ik vT DL ey 4 338
FAWARE . EAERE T ARESIRRZE N , X FMHITR MR 7EE B AR _ AR T 8l TR A B
B, R RINFER RS, Bk N:P 22 BEERMERNETRAET R LR R BBR N
wE",

1.3 AXMFETTRE2ESHRER

YA L R R B2 B BE Y v g BT B Bk R TR ENRY, T BB AEY R
K2 BT DUEA SIS A B H 4 — N PR TR I X R B R AR R SRE Y
KRB RARRE R 0™ B B X HIEAREEY i 7o MEE RS ASRAG R 7% R HIAR
BEATHERE, EYEPRSRERI TR (R METEENZ FRRERENEZ AR RE PR
WFEREE AR, BRI AR R R EE TR, BT, W C:N:P {253+ 8 R AT A S R BRIE
B RABUR T SHAYRR,

B, 23K S5 EBITRERIER I HI/E R R 5 SR FERA LR 2R (1) i LA E
DEFTIRAET HIBET LIEAE VYN 2 EAERMERE? (2) R E 2 0HNO AT ) 2 b Rib %
MRS EANEEREENFA S ERN? BEdAERRE GNP L RRMT S, A FTEFTH
[ 225 it S P90 2 T B B3 M 30 ARt — AN 3L . T C:N:P 7R TR AN il A 7S R A R M
MAEYHERIE SR EOEENE, MR ATEEEP R (I FEES A KERER) , BT
A ETT R ISR ARG W, LRI ERER S TR PEEE- 58K, B, #dxd
AERRGMY) RS YA TP R BABETTR A I 47, IWIHES R TR T C:N:P L F1E , Fl 77
MERERGER) , FEEMEDNATTRE2NER N IREY-REY- L BHEEAERN RS AEE R, £
FEREBIEH NS, N FHRAREBIGRZ RIS EER L EEH LA XA BEESHETEFEIRH A
J& NI RE =R SRR B B IS KR, R EENREAREE X,

2 TEREBLESUEFTEERR

TIEERABE L (C:N:P ratio) BAVIRHHER AT HKRESAR BRXLRENILE, B IEAVRA
BAREEEN —NEEER, T GNP HEEZ XIEKRE R ERRER S, BTS00
Mg A R L ESYE LIS E FASSE I, L IERE R 2R, 8 1 GNP
23 [B) AR SR K, iR E TR IR T C:N FeRREAE 10:1 B 12:1 24, i B RGH H X i 41, 48
NP & 20:1, W — Bt E L IRR EF VR C:N H7E 8:1 B 15:1, 378 10:1 3 12:1 ZJ8], Ab FAEYFR K
FREY CN 2R, ARPISEEIEEZHAEM BT I 22 576 2 e TR PR C:N:P:S
FAr B 110:10:1. 4:1.3,194:10:1. 2:1. 6,113:10:1. 3:1. 3.147:10:2. 5:1. 4,140:10. 2:2. 1:2. 1.,
144:10:1.9:1. 8, FH3k 1, 1B F R A C:N:P:S P AT N 140:10:1. 3:1. 3, FE8eiE LT C:P [L 1 C:N Wi
SHRED CP L EA B RIIERE, REETHAEE BERAGERNEHAS , TIREEN, ARE
AR T C:N LB FEREMES, i, 138 CN AR 13 EARRAERE 17, AR RESH
BEBWABEIRLBEBAEEEMRE CN K™ X REEYE S EREMBRAR THE( LEMASR)
ERILEMTTE, ATiXE 138 C:N:P W=, TSRS AR AR HAXT C:N:P ™
A —ER T, BN B A R 2 B T IEA VLR B s B E 1, R C:P R B A IR — 1815,
2.1 TIEERE LERE

— Bk, LAV C:N L SHABEE R L RR, X2E A B AL mE IR, KT
EmEMERE, WREREZRMEECH S, MAEYEYER C:N AN 10:1, 78 40% A& KA EHF R
T, LB YRR 25 IR ERTFE 1 HERA A CH S, A YFEE C:N ek 25:1 EYIR
WREINWERRD . 7 CN BB, BE T AR RITI8 4K 78 C:N RN, B i

hitp : //www. ecologica. cn



3940 £ K5 % K 28 %

YR RSB SRREAE A LR, i, S C:N BRI R A, 5L R 1L
FE B HEAT , AR T R B R R & />, T TR 24k C:N B S RN A R . Br2L, AP C:N HfE
R, AR R RS | X B A A AR A B R 5 AR SR SR A, AT S L BT B

TIEAVZER C:N HBEERAANERABROGYER, TR LIBANENERA S B OER.
MNEVZBT W), FEE TR E R, C:N — SR, XA E IR B R 130 2 5 T 3 SR R
ERFNEL . B, b TREMEERETHIRE S CN LAG MY KI5, BT, Batjes ™ 74>
Bre®RE 4 C:N X AT, C:N HNF 2 fIRTF 70 RS BV R B EIFES TP, BB LA e
FRE1E C:N HTE B A% 1 3% ( Yermosols) 9 9. 9 3B Ml 1 13 (Histosols) [ 29. 8, 55 SMRHE H1BRKE
R, 2R HE C:N HOFHE Y 13.335 s E +3 C:N HOFHEZE 10:1 ~ 12:1 Z |7,

H A&k LB A EAE NS REHA BT P #R L8 C:N A — B3 3R R LAY
Bma UK CN A, E AT RS HIEMAE Y RNAEREY . fln, BERMETEET L%
C:NH Y 10 AL 135 C:N Hy 30( Histosols) , I Fi +3ERR¥IRE , i B 2R Ft R RAE B 2 8 240P> . B
24k, Schipper 5™ @5t B2 14 C:N HB/IME S 9,10 1 11 SRA5HHHTE 2 HRR M B RGFHEE . BT
T3 C:N LEEMY KN, FIAREE SEEN CN HRTEREES=EBRIAF M. Hit,
DA EEAS R + 2R A C:N ELBREE , IR A R AR A R G 2R BV A 45 C:N i 23 [ 28 v B ot
7 REBRASRIT 138 C:N HARRAE A2 [B) 4% S AR 3 B 2R, SE VAT A 38+ SR AR i 8 AR 1) L 3R AR 34
Uy
2.2 HEBREBEEIIERER

BF 138 C:N:P 2 R BN IR ABEI N 2 B8R, £ A TASRA RN R, AN E, T
BA B e AR 2R B, BB € DB mRA B TR — A EES W AREY
A4 C:N:P 60 77 SO BREBED L Ve R E R AT i %

E MR A AT B R Y JAE YA L8 C:N:P L SR CEFR S 7 RE LAY
HIIRALEAE IR BMEER 5B S0, DR EERETSERFAERED S , Hep NP T RER M
RIS AR , S8R T0 2 R0 BRI BIE ™ . B0, B P NP 1 < 14 A ZER RS, N:P 1
> 16 BHFFEBERREI ™ . — BB &I, 13 C:N L 5BREYERS FEY C:N ., e mmLm
RAERGEBERMHEXXRDP S, THAYR CN AT 30 B/ T 30 2 BIRRBR LM RS K8k
BHBIE™ , Aitkenhead and McDowell ™ -t & H +3 C:N H T F TR 20k 1 S 7 8 HLAK ( DOC) ¥k BN
ERAERARG T DOC HEE 99. 2% 19738 5, BT, C: N oA ZRAK A ZEAK R 35 A BL R 43 4 i G T 0
I,

B RBEGTIE Y PR & A0 - SRR B B T AR D 2% 40 BR L B BR AR AN B 12 T A A T 4
FRCO Hd NeP R A 55 40 BRI BOBURR I B, T B R TR A S R fR R R B S T
BT 38 U YT R R SR 2 ) R BB R B BRI, BT LA, 3R 40 PR I K L BB TR IR 4k
R (R A B BES B NP )T . T RABREIKERTLE NP T hR S8
ARERWE 5 13 C:N:P WAEAERSREYI AR LR AERZE — M AR, K+ C:P.C:N.N:
P IR BT 4 B RS, R R TR R B 7 1IEBRAB LIS R ERIN A RGEER £ K7 X ER 2+ HER A B
B BB R R B AR,

2.3 TIEBREDE TR E R R

B RGHREF RSB TT N 3 N TR R ANEEFR 0 BN & AR REH 2 Z [k B
TR IR 5 B BT B2 e B, AR RABRIEF RSN T BN (1)
EBREF SR ; 2) ERREHDTE C:FAHIE; (3) FHMK C: FEA4HATE C. Fo b 5
ﬁﬁm[%, 39 ~42] o

hitp : //www. ecologica. cn



8 IR FASRABRAPTR WEBMETBERE 3941

S RABIEFRFREE € RBIR T R EA O TTEMA BT R E 8 F4, LR SHE RS,
B A L C: o ZRAB K, Fr DAk B e 408 FAH i f0 1 38 2 Rl i f s 20 9 43 B  BA B A Bk
B R R ), T YR VR N R A B T AL B A T B R S BN AR B EN
FEAL) LA BB BRI B, B R B B AR T A & S BUR BB (LB A 7= i 3t ) T 2B £
BAVRM SRR, B TAIREREYRE GEFE RSN C:N H) Xk Y3 38 (5 a0 5
VEFRFID LR BRREm ™ . B, TIEMEYE C:P ET/ENERMEYY L T IEE I FRRR
BRI FR B IR SR B R I — R AR . AR R AR C:P l—R7E 7 ~30 ARk,
C:PILE/N IR MITED™ 46 1 A DL P BB ¥ R, A Y 8 o3t 1A B A A e 1
F5C:P HfE = N6 BA T3t 3 38R A Rk g%, & H B Y SEY T F %Rk I8 A 2B
W4, BABSROEREH ", BE, FRIBREMERRE OB IMSAEU SR EE Y ES RO EYH
B R BB AL, TR B 4 B S R AR FR A AR 5, BT A AR b IR AL 253 B
2L B SR AHIFR B T A ARG KBRS B AR RS, 875 4 B R G T R TCRR &I v % Ui F
KK

KR CO, ¥R By _b T 7] B T34 il AR 4 B 56 5 B Bk [ 8 T R FN B8 (=9 C:N Lk, T i i Y5 1% C:N b
BRI o SR BE B B A M PR B AR AR T AT Y, X BR B A S ARG B L T RE
S — R R A Y AR T A PR A BV R A AT RR ) — S R B R, R F Rk
R BRSNS I ERE B LI Y- A -1 W E RS, T LB R 4 S R Gk 6 R ik
P BRLL, B ST BRI X 1A E B R E e A PR R R R ER Y,

N S 2R R BHE IF B T 0 IEAE B2 X Be 0 R B AN A 2t , NI SRR A S R G B A e
LIRS B R BN B T UGRAL A SRS BB A2 , L R BN S5 A
i s PR 7R A I A B . BRARAE b 2T B2 B0 £ H W7 X 1 B 2 3 0 i A B X AR Y
W R B HHLE XN SRR PLH — B B, AT AL T BEZEREHARBER", BT
BRI B (EER CNP) BEBOAERES A ™ B, FIA CN:P X R R SRBUH A S R
MAZRAEREB MBS, AU THBEESRAEWRILE S, eV A RAEFH RERE . A
AHo
2.4 AEXRRGUHSZIEREBELXR

R RGEHNTRBBEN MY SR TR BT R, B RN C:N:P thEM R E MG
EmE RS AR, RIS RSB BAT A Y AT, SR S ) R A T R 4
BB R KRE R C:N L5 EAYEN X R FEY N:P AR ME S NP haim = H 5
TRHE R %R VR C:N H5 13 C:N HEAE &™) A T4 % C:N:P H7EIX 3 N Z IR 22 Hef
MHEAEA. B, ASaMEITE T 2RI KB REEY N AEDA LB mER TR WE, i,
McGroddy ™7 2T KB AR BRBVPR I F1 8 V& 4 (IR NA bR L S5 41 AR FD 3 200K ) B R B SCIR B4R 2%
B, FEANSMEMAEDIRERUL, M C:N:P ok 1212:28:1, %Y C:N:P o8 3007:45:1, e iRk A8
A F IR TP AR TR A Redfield FhAR, SRTI, X BB 5T MR MRS C:N:P % RS 138 C:N:P HLAgR
RB AR, REEYASTHERS TR HEEREBIR® , T ER2E R B &5 F 2R Y-
L3-S BPRE A RN T R (R MRS, B -8 36 407 380 — A 52 8 14 2R 45 I LA
R, BT ABIGRAETE WEBN RAP AR A HEAEEAERNREBENDAASL , ZHZORTEHR
— R, 7 e EIE 1R/~ B R BT i P ZEDL I

BT, S B2 T E XA BT R LR X R, By R YIS S tha N-P HANHE & R
YIFEHIRR A R EE LR BT L, WA B S NP WO A SIS ( B R B4 W) b2t
B S5HETMANESRERERHEEXR" B THEYMH B NP His B8 T RUE 2 W R X

hitp : //www. ecologica. cn



3942 £ K5 % K 28 %

AR IFRAMERDIR TS FR 1, BN N:P {h28 3 B2 i R BA 5 ik, A BB B R W B S5 2 i n sz
B, RFRA R B2 5 R EERE S, — TS A K 3540 R R 5 PR B 1 O 2 (R o B A 2%
B9 T LR SE IR C:N:P Lo JRI G 22 55 B T I SEV8 S L 55 20 B T I CRER , 3 SR8 R 2L T A BR B 3
B R H R B — PRI BRI MR R . Megroddy ™)t % BRBTA A= M BE R IRV 9 F- 3489 C:N A1 C:P
LR AR R L R, R WIRE R C:N L ER KZ R, BRERFEY C:N LhEiE— M,
B THYMFE S BREESBENRBRXREGE EHEN, RAF T ERBE 2R EZNH, R
AR, H— BB N AT 138 C:N:P AR X 55 0 BRI CR I I 29 7B

et JRIEY BRI C:N:P LR R/D, BT REY S AR AES FEEIEE R
KIFERS, KPS 55 ERN TIEE VRS C:N HARRR BLRER 138 C:N e, B LIFEE I AR
i AL AR AL , SR T B BT W SRR AL RS R B ™, 28k C:N:P B i i 1 3% - IR AR - W
RENNFESLBBEEZRASY . Daufresne and Loreau™ BF5T 45 S0, WIB AL 7= 5 FI 0 R 5 BOBR 3543
WEAS RGN/ Rt L RIES N REEMIER, TR YRR 2IRREN GNP R ZHiE
E/TEENAEWMT T IEE RN SRR, R R Y FH S BB R RERY . REARRE
YRR NANZ Y- T -5 AR S X RBE TR B RX M I EH AR — PR AE SRR
R, DA AHMBE N, i EHRER SRS REYRBSES 2. LB YHELERE. MY %
YR LA C:N:P LR EWRE BAERKMBEETRPNEL, X2 REABBRESRESHE—1 72
LR, HERABEDSMATEFNHREE B TFAR T E-AY-HEYHEERNFE I RERR, 7
FHER 1743 sh S BUE , DL R RIS AR I FR 40 Z I 3 BAE A o

MEYIER M ERE, T B S5 YHA EPERIT AN RKREASRGESBRA E BFHER
R, B BT R BN Tt Yy ke U D EER AR MR T R TR R A ML BN S
B FHES B RERT , £, uR LR EARBHIFES RIIE (B MEZ R ) , BEE BRI EER E b
R CKRREABMFZEEmMEN, £=, A PERESARTRAPEN—E HER W R FIBREOTE, N
mxHEARR R F T B2ERIEREER, RARENE PR F T B AFEE RN RBRR, BHE %
FRKIBHTE, TR AL R A RERVEL LWL, BT 254 5 MEFRAILHR, Stenter Al Elser!"" i3 3R T 4k
I BFHP RS AESENENNTE . ST B 50 B8 LI 58 H A EAE A B9 A i i 9 o A SR AR
RN E U RRABRBEREYUFANESFEZRBER, AT MBI AESREN S BB
2 U0 R A S RSN A (Y AT 13 2 M EB L ST B E RN LR RIIRES A
G TENEENE,

3 AEBEDBREBESKBTTRPHENTMR

EYEPRESFSIENZFRBEEEAESRE DA VLY R ZEL, 22 A Py B J ik i THFE S E 2
& BB E T YR P R4L 2 2R, T A 283 sl o] LA B A SRR 44 4, G T AR A Y5 e 48 |, LR ANBR M I RIS
It (R BAEXHER ) SRGEPGE AR R — A H) T X e & S BFEAME KA, TiFR A E
B TR DU AR S R G RIE R AR S A I A EAE A .

B AT, AZE XA Y BRAL 2= TE A B AW B, B A Tk b IOk, 23R E SR R ER Kk
T R I RS E N 140 x10° ta™  BERINE A ARE AT BE 300 x10°t &~ 1% MIXE T4
BR CO UKL, TE PRI X I R B R (Hln, R - RKEEWRRE) , FHE LM IIEEERE AR
WEABRBEAD , BT AKE ST RSB TR B in, 7T RE S RIS A A K TR KK CO, 1
BT, B LA R R TR ST BRI E VR BT SRR i ¢ . A CHTE SR T 2IRBYETR , BER
B AR TV L2 BiTHG 9 x 10° a ™ B B ATAY 55 x 10°t a™'®’, Falkowski &Y Broy &8, A253% 30 C.N.P
EEA BT 13% ,108% 1 400% , B RTREKLTR C:N:P 18 L2k 20333:43:1, A7 Bk BLi C:N:P
HE K 667:12:1, B TFHRAMMA LKL, FRLSRES MRS ENERBREZ R,

hitp : //www. ecologica. cn



8 IR FASRABRAPTR WEBMETBERE 3943

BT C:N:P HH R B 23 1B 288 Sl T AR IR A2505 B AR Wi BRI IB SRR R i R 22 52, AR R BEBR AL
FBEEI BN AT TR R B 2 T BRAL S G R B R , VR T 104k 3 B2 LR AE N 2 R e R R E
A S, DA RS A A RBEM ™ . AKTE S 2R ABHE IR B 5 R RS T RIE TR
FEANE, HL, U T GRS P R BB A XA, D EE I AR TN KRR R R MY
BrEm , RN, ZHTREEZE LR R, TR EFRIARA NS s ER RS R
RS AR TR,

4 BEABESELBTIEEMREESH

AR, E A W B AE S RAERBILH MR LBE L, WHEYED BN LERERETRT KBE
WO AT R B S AR R BUR A (LS BRI MY BRI, BRANER XS
W BT+ BRI S, St B P EHRMMEAE A EXE"", &, kmEs™
O FAAL 2T B2 B SRR ik BFAE T  52 o S B B SR R R SR W B A NoP b5 B A
5o Han & RF o E 753 MRS EEERET T o E R E S RS B R AL B I &, BRI E
Rl AR 2 B A B A NP W4} 510 18.6.1.21 mg g ™' 1 14. 4, IR FER 0, B 45 5 3 I (43
R RAR) MR BES B, B R NP WA R BN B B4k, T Bk N:P I LB ERS
B MREHTHEIENSE LA R EimEst" . XEMEREEPENAESLETEERER
S FTHEI NP HAIAE Sk 8 CoP Lo, R A - R 8- 1B N — N SR R AR E I8, FITHRE
B P B S TS R R AR B IR SRR, T B S R AR ABS TR Sk BB B B I X R, W
R B R B B BARIRRE B

ZAENIMNE RS RRFRMERM IR UPIRIER, KK 5 MBS REBRBESET B2
H9 & BT I (A8 R T

(1) FFRLR LR EIRLE, U AESRE C:N:P Wb B34 BT LH

A TETEE T O HSNETEE" ONE EHEN L A SRR RE R I — TR R
B R R T (B R BN T — BB R EPIIR B2 B EA R . &5
YRR BEE—NEENLETR E? RRAVRKETEREARETHEEM? £k ik —
EREHR L BECHARTCERE ERR, BASREH AR N TASZEYRNESRE, S
REMALBR’Y, BR CNP EELE—TESRENRE W TR, BEHTEYE CN:P ¥t
BNV AERZE Y . Megroddy &t 3 MEARE: (1) Bt 2BRM: C:N:P L RIFERH
BRI, BB BE SHHRLT Redfield B HAE? (2) EWRRAREH C:N:P X R RBTEN T4 B N
B EREZ R 3) ERRAFSRANBR (CPHHBRALEHT B2 R) EREEES AR EYER
HE R B T R 4k 7

et ERBI2E AR, S T8 C:N:P A BY T TR Ak A 25 R G Wy 24 RN AR 28 R A Sh RBIE 25 I [6] T BB 2%
HE AL, B ER A S Rb A AR BRI, TR SR , R AR R 0 R WA IR S AT AL TR
RSN BREERRL C:NP WME , AEASRGALBRARS B MRER IR R H e AR 1L
Ve R IS IR R . BRI FE A BRI M — AR P oh A R AR B AR PR, SR s
H A AR KT 55 F A AR B , SRR 5540 Sk 3 2 B3k, T BIRA AR B R 4 C:N:P Mkt
B E R IR

(2) BT ZTRIER RIS RGO

HE LA B 2 BRI AL R 2R A2 R BT RS, BE 35 A P2 R TT 28 F LA R B R L ki 3%
ST WARE LE AT REE R . TR, TUESY TR BN e SRR 5A4%
AR SRR LSRR SR M RE A SR A BRI RN — M A 7 R RE B VR R MR I R FME
L UL RS BT AR S I B R AR . R B (1) BRFAER BB RIE R, 3T

hitp : //www. ecologica. cn



3944 £ &5 % # 28 %

R R TR A 2% R SR MR S S WA 8- MRS RE RGN (2) T ES B Mt =% -
BB R0 X T R R G

(3) 3R R BEUTRE X B AL 25 R GEBR R B A4 £ R

RUELSFH LAY C:N WL, TIREY C:N LRk fesUE s e A" B
Y C:N HEZAS L v YR R R AR B AT AR o LIS E 22 M T98 0347 2% ke
B TAG I FREIE A, X b7 X B S M R (IR ) B BTF s A™ BT LL, BN Jb 0y e K R R
BRI IR R SRR RO, B EREEEN TLAH X, dR BRI R ~E
B —", E, RATBHE AR KRB B R B EAE R AR RAT 0, IS RIS R E 2Rk
ESRGEREB P TR RIL) LR, S BB T B S8, S B R BT XT
B C:N:P LI

[, B v S M TR B S AR AN L SR B LL B S R, R A A 3E AR W B B xR AT
R REIREILH, Y RS BB B R BRI B A Bl R, T AE S R %
C:N:P H2% REXT AR B 4k B FRE 2 5

(4) IBRAE SRR AP TE 5 R OB R X AW BI%

TER AR RS AL M S B R AR A1, T FLIC R SRR B (374 L)) e sl 55 418 36
MR EES , HESRRETHH (BE) XA ERANER, BESILTE XSHAERAEERIE
b, SIS R/ AR RO T GNP L E A PAAES REN AR (B I SR S G B
WER. HBTESETREEPMRESAAERTEILETR(FERR. A FREERENES
ZEAE R — AR T E AN TR AR B A X R AAURAR R, B L, Rk WA IR
B E BRI K B AR BB B, B T R LR AR B WA AR, TITES AL CN:P [L5HEE B
BRZEMNRER, B SR LE GNP LS5 BB BN ECEER PR T ESAE T BT
AFRABTTE FENRER FENEER,

(5) 7S ARG SBRRBE LI 2 R M A4 E

Bl AN R BIE T B C:N:P WA S A IE R S SBEE RN AR, RS R EE
I, AE PR A K K R, AR EUB A BREME TN C:N 1L, C:P LA N:P &30, i C:N.C:P I N
‘P P MRS R R B A B T AR A A B | SR IR AL B A VR 4 R G AL IR B B T
HLAEE MRV W 4375 ) AP FE IR 30 ) , B MK

BT RBE S B R T TR AR AR S B IR REEE R ANRES LT B 21
BRI A A2y A 4T ™2, B, Reich and Oleksyn'"* it 82 T 423k 452 /31 &5 1280 At 47159 5087
AR , 559 T 2R M AR S B I0M R NP L 53 BEMBASBEEEN ERE LTS
HHER, PIRERENTRE: (1) B 50 SR YA T A2 B 2 A S R AR IR ) A
BRAEEE AR AL, MR A B A BT 5 0 o 46 DX T 5 T 8 2 S O YR A IR AL A i B, BT
DA o T v 4 X SRR B0 s (2) N:P HRE 35 - 340 3 R 8 1 1R TR , 2 R S e B B A3
RN FERHTE, TAEEERNES TE D B T ERREHE TR . W R Y B B i R
T U5 B T L XA A T S IR AL B R, 0D S AR IR B TR R , T S e R T
Bt — S PR R S R SR M R R SR M BT

SIRRE - E R S DR BRI IR G AR AT R , JE— S BT B B iR TR A
3 C:N:P HLREE 7K 3 B R ALARAE , SXREA B B It R AR I CxN:=P L2 G SR B8 AL B 5 943 bR
HIBE B, KB R3S TN B RIS R AT AR89 4 W B R B RS R % B K I Je & 3R R B9
BRI TAREEEEYL,

hitp : //www. ecologica. cn



8

IR FASRABRAPTR WEBMETBERE 3945

References:

(1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]
[22]

[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]

[35]

Lal R. Soil carbon sequestration impacts on global climate change and food security. Science, 2004. 304.

Stevenson F J, Cole M A. Cycles of soil carbon, nitrogen, phosphorus, sulfur, micronutrients. USA: John Wiley & Sons Inc, 1999.

Schipper L A, Percival H J, Sparling G P. An approach for estimating when soils will reach maximum nitrogen storage. Soil Use and Management,
2004, 20. 281 —286.

Han X G, Li L H, Huang J H. An introduction to biogeochemistry. Beijing: Higher Education Press, 1999.

Chapin S F II, Matson P, Mooney H A. Principles of terrestrial ecosystem ecology. Springer-Verlag, New York. , Inc, 2002.

Hessen D O, Agren G I, Anderson T R, et al. Carbon sequestration in ecosystems: the role of stoichiometry. Ecology, 2004, 85(5): 1179
—1192.

Giardina C P, Ryan M G. Biogeochemistry-soil warming and organic carbon content-reply. Nature, 2000, 408. 790.

Grace J, Rayment M. Respiration in the balance. Nature, 2000, 404,819 — 820.

Hobbie S E, Nadelhoffer K J, H gberg P. A synthesis; The role of nutrients as constraints on carbon balances in boreal and arctic regions. Plant
and Soil, 2002, 242 . 163 —170.

Sterner R W, Elser J J. Ecological stoichiometry; the biology of elements from molecules to the biosphere. Princeton: Princeton University Press,
2002.

Zhang L. X, Bai Y F, Han X G. Application of N; P Stoichiometry to Ecology Studies. Acta Botanica Sinica, 2003, 45 (9) ;: 1009 —1018.
Zeng D H, Chen G S. Ecological stoichiometry: a science to explore the complexity of living systems. Acta Phytoecologica Sinica, 2005, 29(6) .
1007 —1019.

Else J J, Fagan W, Denno R F, et al. Nutritional constraints in terrestrial and freshwater food webs. Nature, 2000, 408 578 —580.

Michaels A F. The ratios of life. Science, 2003, 300, 906 —907.

Schindler D W. Balancing planets and molecules. Nature, 2003, 423, 225 —226.

Reich P B and Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. PNAS, 2004, 101(30) ; 11001 —11006.
Giisewell S, Freeman C. Enzyme activity during N- and P-limited decomposition of wetland plant litter. Bulletin of the Geobotanical Institute ETH,
2003, 69 95 —106.

Cordell S, Goldstein G, Meinzer F C, et al. Morphological and physiological adjustment to N and P fertilization in nutrient-limited Metrosideros
polymorpha canopy trees in Hawaii. Tree Physiology, 2001, 21.43 —50.

Cordell S, Goldstein G, Meinzer F C, ez al. Regulation of life-span and nutrient-use efficiency of Metrosideros polymorpha trees at two extremes of
a long chronosequence. Oecologia, 2001, 127.198 —206.

Harrington R A, Fownes J H, Vitousek P M. Production and resource use efficiencies in N- and P-limited tropical forests; a comparison of
responses to long-term fertilization. Ecosystems, 2001, 4. 646 —657.

Hobbie S E and Vitousek P M. Nutrient limitation of decomposition of Hawaiian forests. Ecology, 2000, 81, 1867 —1877.

Vitousek P M and Farrington H. Nutrient limitation and soil development: experimental tests of a biogeochemical theory. Biogeochemistry, 1997,
37.63 —75.

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 abandonmentv. Biogeochemistry, 2003, 65 121 —150.

Wardle D A, Walker L R, Bardgett R D. Ecosystem Properties and Forest Decline in Contrasting Long-Term Chronosequences. Science, 2004,
305 509 —513.

Kitayama K. Comment on “Ecosystem Properties and Forest Decline in Contrasting Long-Term Chronosequences”. Science, 2005, 308 ; 633b.
Lerman A, Mackenzie F T, Ver LMB. Nitrogen and phosphorus controls of the carbon cycle. Journal of Conference Abstracts, 2000, 5. 638.
Huang C Y. Pedology. Beijing: Chinese Agricultural Press, 2000.

de Camargo P B, Trumbore S, Martinelli L, et al. Soil carbon dynamics in regrowing forest of eastern Amazonia. Global Change Biology, 1999, 5.
693 —702.

Batjes N H. Total carbon and nitrogen in the soils of the world. Europe Journal of Soils Science, 1996, 47. 151 —163.

Post W M, Pastor J, Zinke P J, ez al. Global patterns of soil nitrogen storage. Nature, 1985, 317, 613 —616.

Dise N B, Matzner E, Forsius M. Evaluation of organic horizon C:N ratio as an indicator of nitrate leaching in conifer forests across Europe.
Environmental Pollution, 1998, 102(Sl) ; 453 —456.

Gundersen P, Callesen I, de Vries W. Nitrate leaching in forest ecosystems is controlled by forest floor C/N ratio. Environmental Pollution, 1998,
102 403 —407.

Ptacnik R, Jenerette G D, Verschoor A M, ez al. Applications of ecological stoichiometry for sustainable acquisition of ecosystem services. OIKOS,
2005, 109 52 —62.

Giisewell S, Koerselman W, Verhoeven J T A. Biomass N:P ratios as indicators of nutrient limitation for plant populations in Wetlands. Ecological
Applications, 2003, 13(2) : 372 —384.

Tessier ] T, Raynal D J. Use of nitrogen to phosphorus ratios in plant tissue as an indicator of nutrient limitation and nitrogen saturation. Journal of

hitp : //www. ecologica. cn



3946 £ K5 % K 28 %

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]
[57]

[58]
[59]
[60]
[61]
[62]
[63]

[64]

[65]

Applied Ecology, 2003, 40, 523 —534.

Ollinger S V, Smith M L, Martin M E, et al. Regional variation in foliar chemistry and n cycling among forests of diverse history and composition.
Ecology, 2002, 83(2) : 339 —355.

Aitkenhead J A, McDowell W H. Soil C:N ratio as a predictor of annual riverine DOC flux at local and global scales. Global Biogeochemical
Cycles, 2000, 14(1) . 127 —138.

Gathumbi S M, Bohlen P J, Graetz D A. Nutrient Enrichment of Wetland Vegetation and Sediments in Subtropical Pastures. Soil Sci. Soc. Am.
J. 2005, 69:539 —548.

Schimel D S. Biogeochemical feedbacks in the earth system. In: Leggett J. ed. Global warming: the greenhouse report. Oxford University Press,
Oxford, England, 1990, 68 —82,.

Shaver G R, Billings W D, Chapin F S I, et al. Global change and the carbon balance of arctic ecosystems. BioScience, 1992, 42 . 433 —441.
Rastetter E B and Shaver G R. A model of multiple-element limitation for acclimating vegetation. Ecology, 1992, 73. 1157 —1174.

McKane R B, Rastetter E B, Melillo J] M, ez al. Effects of Global change on carbon storage in tropical forests of South America. Global
Biogeochemical Cycle, 1995, 9. 329 —350.

Townsend A R, Braswell B H, Holland E A, et al. Spatial and temporal patterns in terrestrial carbon storage due to deposition of fossil fuel
nitrogen. Ecological Applications, 1996, 6.806 —814.

Sinsabaugh R L, Antibus R K, Linkins A E, et al. Wood decomposition; nitrogen and phosphorus dynamics in relation to extracellular enzyme
activity. Ecology, 1993, 74. 1586 —1593.

Sinsabaugh R L, Moorhead D L. Resource allocation to extracellular enzyme production: a model for nitrogen and phosphorus control of litter
decomposition. Soil Biology and Biochemistry, 1994, 26 . 1305 —1311.

Olander L P, Vitousek P M. Regulation of soil phosphatase and chitinase activity by N and P availability. Biogeochemistry, 2000, 49. 175 —190.
Mcgroddy M E, Daufresne T, Hedin L O. Scaling of C:N:P stoichiometry in forests worldwide; Implications of terrestrial redfield-type ratios.
Ecology, 2004, 85(9) : 2390 —2401.

Peng P Q, Zhang W J, Tong C L, et al. Soil C, N and P contents and their relationships with soil physical properties in wetlands of Dongting Lake
flood plain. Chinese Journal of Applied Ecology, 2005, 16 (10) ; 1872 —1878.

Aber J D, Melillo J M. Litter decomposition; measuring relative contributions of organic matter and nitrogen to forest soils. Canadian Journal of
Botany, 1980, 58. 416 —421

McClaugherty C A, Pastor J, Aber J D. Forest litter decomposition in relation to soil nitrogen dynamics and litter quality. Ecology, 1985, 66 . 266
—275.

Bosatta E, Agren G I. Dynamics of carbon and nitrogen in the organic mater of the soil; A generic theory. The American Naturalist, 1991, 138
227 245.

Griffiths B S, Ritz K, Bardgett R D, e al. Ecosystem response of pasture soil communities to fumigationinduced microbial diversity reductions; an
examination of the biodiversity ecosystem function relationship. Oikos, 2000, 90.279 —294.

Vitousek P M, Aber J D, Howarth R W, ez al. Human alterations of the global nitrogen cycle: sources and consequences. Ecological Applications,
1997, 7. 737 —750.

Falkowski, P, Scholes R J, Boyle E, et al. The global carbon cycle: a test of our knowledge of Earth as a system. Science, 2000, 290,291
—296.

Jobbagy E G and Jackson R B. The distribution of soil nutrients with depth ; global patterns and the imprint of plants. Biogeochemistry, 2001, 53
51—1717.

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

Zhang L X, Bai Y F, Han X G. Differential Responses of N ;P Stoichiometry of Leymus chinensis and Carexkorshinskyi to N Additions in a Steppe
Ecosystem in Nei Mongol. Acta Botanica Sinica, 2004, 46(3) ; 259 —270.

Campo J, Véazquez-Yanes C. Effects of Nutrient Limitation on Aboveground Carbon Dynamics during Tropical Dry Forest Regeneration in Yucatén,
Mexico. Ecosystems, 2004, 7. 311 —319.

Hobbie S E, Gough L. Foliar and soil nutrients in tundra on glacial landscapes of contrasting ages in northern Alaska. Oecologia, 2002, 131 453
—462.

Daufresne T and Loreau M. Ecological Stoichiometry, Primary Producer Decomposer Interactions, and Ecosystem Persistence. Ecology, 2001, 82
(11) : 3069 —3082.

Schimel D S. All life is chemical. BioScience, 2003, 53(5) ; 521 —524.

Galloway ] N, Cowling E B, Seitzinger S P, et al. Reactive nitrogen: too much of a good thing? AMBIO, 2002, 31. 60 —63.

Mackenzie F T, Vera L M, Lerman A. Centuryscale nitrogen and phosphorus controls of the carbon cycle. Chemical Geology, 2002, 190. 13
—32.

Nadelhoffer K J, Emmett A, Gundersen P, et al. Nitrogen deposition makes a minor contribution to carbon sequestration in temperate forests.
Nature, 1999, 398 .145 — 148.

Schlesinger W H, Lichter J H. Limited carbon storage in soil and litter of experimental forest plots under increased atmospheric CO,. Nature 2001,

hitp : //www. ecologica. cn



8 IR FASRABRAPTR WEBMETBERE 3947

411.466.

[66] Oren R, Ellsworth D S, Johnsen K H, et al. Soil fertility limits carbon sequestration by forest ecosystems in a CO,-enriched atmosphere. Nature,
2001, 411 . 469 —472.

[67] Altab M A, Higginson M J, Murray D W. The effect of millennial-scale changes in Arabian Sea denitrification on atmospheric CO,. Nature, 2002,
415. 159 —162.

[68] Ganeshram R S, Pedersen T F, Calvert S E, et al. Reduced nitrogen fixation in the glacial ocean inferred from changes in marine nitrogen and
phosphorus inventories. Nature, 2002, 415 156 — 159.

[69] FangJY, Liu G H, Xu, S L. Carbon reservoir of terrestrial ecosystem in China. In; Wang G C, Wen Y P, eds. Monitoring and relevant process
of greenhouse gas concentration and emission. Beijing: Chinese environment sciences Press, 1996. 109 —128.

[70] WuZM, ZengQ B, Li YD, et al. A preliminary research on the carbon storage and CO, release of the tropical forest soils in Jianfengling, Hainan
island, China. Acta Phytoecologica Sinica, 1997, 21(5) ;: 416 —423.

[71] Fang JY, Chen A, Peng C H, et al. Changes in forest biomass carbon storage in China between 1949 and 1998. Science, 2001, 292(5525) .
2320 —2322.

[72] FangY, Mo J, Peng S, et al. Role of forest succession on carbon sequestration of forest ecosystems in lower subtropical China. Acta Ecologica
Sinica, 2003, 23(9), 1686 — 1694.

[73] NiuZ, Chen Y H, Sui H Z, ez al. Mechanism analysis of leaf biochemical concentration by high spectral remote sensing. Journal of Remote
Sensing, 2000, 4(2) . 125 —130.

[74] ShiR H, Niu Z, Zhuang D F. Feasibility of Estimating Leaf C/N Ratio with Hyperspectral Remote Sensing Data. Remote Sensing Technology and
Application, 2003, 18(2) ;: 76 —80.

[75] YanCY, Jiang GM, Wang C, et al. Theoretical Simulation of Single Leafs Optical Characteristics. Journal of Remote Sensing, 2003, 7(2) ; 81
—85.

[76] ShenY, Niu Z, Yan C Y. Estimation models for vegetation water content at both leaf and canopy levels. Chinese Journal of Applied Ecology,
2005, 16(7) : 1218 —1223.

[77] Han W, FangJ Y, Guo D, et al. Leaf nitrogen and phosphorus stoichiometry across 753 terrestrial plant species in China. New Phytologist, 2005,
168 377 —385.

[78] Schimel D S. Terrestrial ecosystems and the carbon cycle. Global Change Biology, 1995, 1. 77 —91.

[79] Larssen T, Seip H, Semb A, et al. Acid deposition and its e. ects in China; an overview. Environmental Science & Policy, 1999, 2: 9 —24.

[80] Arain M A, Black T A, Barr A G, et al. Effects of seasonal and interannual climate variability on net ecosystem productivity of boreal deciduous
and conifer forests. Canadian Journal of Forest Research, 2002, 32, 878 —891.

[81] Vitousek P M, Tumer D R, Kitayama K. Foliar nutrients during long-term soil development. in Hawaiian montane rain forest. Ecology, 1995, 76,
712 —720.

[82] Moorcroft P R, Hurt G C, Pacala S W. A Method for Scaling Vegetation Dynamics; The Ecosystem Demography Model. Ecological Monograph,
2001, 71(4), 557 —585.

[83] Brown J H. Macroecology: progress and prospect. Oikos, 1999, 87, 3 —14.

SE 3k :

[4] XE, R, A28 SWHhREge. b REHF R, 1999.

[11] FKWE AkE HXE. NP A BEEESEFNEPHNEA. HEYW2IR, 2003, 45(9) : 1009 ~1018.

[12] EHER, F £ ESMETEE FREFRAERNRR. EWESER, 2005, 29(6) : 1007 ~1019.

[27] RHEH. . Jbat. PERIL R, 2000.

(48] WK, o0, ER, % AEMEMN 50K R RS D RYEBIERER. MAESER, 2005, 16 (10) : 1872 ~1878.

[57] HmE, k%, BXE. ARTREEFRESRST N RPN EENREEE NP L2 B2EHER . HY2E3R, 2004, 46
(3) : 259 ~270.

[69] F¥z, XE%, K& PEEMESRERBRE. L. TRR, BEEIER. BEERENHTRENRARSE. LR PEFE
Bl AL, 1996, 109 ~128.

[70] RMPR, BRE, ZRE, 5. RERIRFHRNLIR C HEMN CO, BN AS IR, HWESER, 1997, 21(5) : 416 ~423.

(73] &, Bk, FE, % Wi Ao REeous B REuyE . BERER, 2000, 4(2) : 125 ~130.

[74] MEdEF, 48, EXF. ARRGERERMANEH ARE LR AT, BREARSMA, 2003, 18(2) : 76 ~80.

[75] BE#, BEH, £8,% AREHURRERERISED. BREER, 2003, 7(2): 81 ~85.

[76] ki, 46, BER. ERHFIERER S KEMHREMET. NRAESER, 2005, 16(7) : 1218 ~1223.

hitp : //www. ecologica. cn



	08D40.pdf
	08D41.pdf
	08D42.pdf
	08D43.pdf
	08D44.pdf
	08D45.pdf
	08D46.pdf
	08D47.pdf
	08D48.pdf
	08D49.pdf
	08d50.pdf

