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Effects of tree species mixing on stoichiometric characteristics and nutrient
resorption efficiency of Pinus tabuliformis plantations

Yang Hao' Jiang Jun®
(1. Beijing Municipal Administration Center of Parks, Beijing 100044, China;
2. School of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] This study aimed to explore the effects of tree species mixing on stoichiometric
characteristics, nutrient resorption efficiency, and homeostasis of leaves, litter, and soil in Pinus tabuliformis
plantations in mountainous areas of Beijing, northern China to provide a scientific basis for sustainable
management of P. tabuliformis plantations. [Method] Pure P. tabuliformis plantation, P. tabuliformis +
Tilia mandshurica mixed plantation (PT), P. tabuliformis + Quercus mongolica mixed plantation (PQ), and
P. tabuliformis + Prunus davidiana + Prunus sibirica mixed plantation (PR) were measured for C, N, and P
contents and stoichiometry in leaves, litter and soil. Nutrient resorption efficiency and homeostasis were

assessed using allometric growth and resorption efficiency models. [Result] The PQ plantation showed
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optimal nutrient status, with significantly higher leaf N content and N:P, as well as elevated soil C, N, C:P

and N:P. The PT plantation had the highest leaf C:N and C:P, indicating a conservative nutrient strategy.

Tree species mixing generally had higher litter C, N and N:IP than pure stands, suggesting enhanced

decomposition and nutrient release potential. PQ and PT exhibited the highest N and P resorption efficiency,

respectively, both exceeding pure P. tabuliformis stand. All four stands maintained strong P homeostasis,

with leaf P content unaffected by soil P variation. [Conclusion] Compared with pure stand, tree species

mixing, particularly the PQ plantations significantly enhance nutrient status, soil fertility and resorption

efficiency, providing an optimal model for transforming low-efficiency plantations in Beijing mountainous

areas. Prioritizing ecologically complementary species in mixing is recommended to improve nutrient

cycling and ecosystem stability.
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Fig. 1

Relationship between soil N and P contents as well as leaf N and P contents of different stand types



B WA AR AR N AR A2 T SRR AE K TR 23 F R ) B 137

2
30 [ N
—JP
251 a
S oot -
= C
= 15
[k lT° d
Kot
s
c c
SJ -
0 n n n
PP PT PQ PR
MgrZeAl

[Rl— MBI R NG AR AR R AR & 2257 (P<
0.05) . PP.iMARZIM; PT. AhAA—MEMBIRSSH PQ. MFA—5E Bk
TRACHR; PR.JIAA— LA AT LA TR AT AR

2 AFEMG IR N AP R
Fig. 2 Resorption efficiency of N and P for leaves of
different stand types

3 3t g

TEEAE MRAE F5 73918 A R0 3R 0 A 25 e 1 7 T
T 2ipk, X RIETH A, R CONL P&
BRI R SR A RGO .
30 ARAMRSEBEMNEFAEY.LECNPEE
RitEILHER

AN AR K R LE i L TSR 31 CL N,
PE&EAEMF TR T HAEREESR, XME
TR LT B MRS FEAIALE TR 5 F M FIIE IR RFAE |
IANE o W AT AR TR A7 1
AR, HAL AT ERFAE SR T R () 37 o R o
L U I TP 15 S (T 1 Vi)
PRIBAS MR LA B () N & R NCP, R iZ AR 42
TR PR A JEL A 080 v P 0 2 ) P 20 3 R P 4 )
B IRIRAS, W R 5N RE 08 SR A AR A IR 7R
IR o 58T ARAE R T - s AR, e A A R T
R RE N &K, & AR HRER, Y=
B AEE ) 5 E 2 E S N K2 5 A6
31, MR %k N @i, 5450 N & & 380 .
T3 R LR IO, VR A I 5 SR T AR Ao A R
B, (3 C N B S5F0E, mH v P& ELE A4l
PR g e, 1T E TR A AR A, X T e 2 R A 4l
RTEG AR o —, FETEI ROCRAR, B 5> fR1E,
Pt il e 7EAE W AR IE Y b, R EEE RGN 18
PEBEATHRIR, TiRAC A, FEl A% P &5 SR AN I
B, FRE T RS . VA —HRABR S MR R L
=) CIN A CiP, Ut B HR T A & i B AT o L
BEAE N P S5 OCHE IR 70 AN, T x5 Yt B ol P 455
(1038 B 5 A Pl X 5 R A 3R 4 I S e B A
o PHVEYENERMEY S LI 4y, HAks 1t

2 LI 15 ) o3 A 2 AN IR 2 BE TR OB R 7 AT
s ERHIE R B, RS BA R CVN &
i, 1M P F SR A SRR V& W) e, TEVR AR A
BEBRAC. XA B Z M P AL 2 f
T TE I8 V5 B 7= AR B v P& & JETE ), TRAS AR 77
Rl A —58 W BRIB S ARG B35 1) NP, SR
BAHERKIFE GRS, THF T IR0 B

AT, WSS PRIBASARAE 13 CON &
A CIP. NP TR m Al ZH A FRIGIA
BEUGE T A PIRGG, B 5R T B IR PR
HE /7o RN SEARTE BT A 40 40 v 10 38 IR H S R 1) 1 38
N &8 A NP, Rl 2 £ -3, NIP UM 1.36, %
B 52 217 8 1 N PR, X — 255 5 Vitousek 251
KT B —RFh 2 g T8 3R B 7T 458 — B
5 i BRAE N R A, R P 0 o B ey, o i
R, HRITFE 0 BIPERIEER, T AA R s A Fh,
IR EHREZ WD YT, 7 R RS,
O FEFE MR BRES 12 . 58—,
TR SE MRS T 43 1R 5 4 T LA B vy 1R 7% 43 DR B R B
TR GG . AW, A5 T BRARAE4E+F
T VA SEm TR R S BARARE, X oAb
L XA N TR S REUVE BRI 1 B R
32 AEAMSEBFIBRBUEES

TN IR TR, # AR ST
AT R A ar G sh R A s B S22 B iE T, 1
W& 2% Ny P 887740 AT BRI, DL ZE K57 40 1E
TEMRAZR N IR B A7 3 00 AR 9 8 B, dE Rt IX
THRAVRAS N TAREEVE 1, WA =52 T BRIB A AR AR —
BB AT AR Ly A Al bk B B NS PO R,
TR BA T IR P S Hodr, s
56 PRI S AR N IR P IR WA 8026 B vy » Y P —HEARLTR
AR P IR R R . AN, AN [FIVRAS AR
SEH A KR A SRR R AR — B, B NS P AR R
JIHRMH B ER, X— IR R &
FEPETRE, SET M AR5 BEAR IR 5% 20 BB USOK
WEFCR I, FEmE B WLV& R, &5 2R R Pod i 72 2 R HL
il B P A B HARES E, FBCLH AR P AR
AR TR AR, DT A5 5 % AR P B 3 ARG P IR ER o
BRI, 530 10 PR AN 2 A ) DR AF 57 23 1) B B 5
W, O A IR AR R B R R . AR AT,
5% 1 MR IR P& 40038 LA B 5 i, RE TR RCRE =
BB, X5 BRI g5 AR AN TR A
JR & o AR IS, WATHEN, VA —52 1 BRIB SR
TR — BB VR 52 ARV B v 1R 5% 40 PR W e 0 AT R
A BT AE 5 I — 5 I BLE ks e B AR R TE, (H
I TH RN T



138 b mw # kK % R

548 4

33 FEMSEEMNHH NIREFFRS FIH KRS

GELY/ ISR SE Sy Y ik E e A 2 ST A ek X S LN DIV 3
WA AR E BT, R EAS Raufae EATE
VIR IE L RE ) [ B AR HRCS 0 R T, TR
W 4 Bk 2R 3 NL P SR AL, M P4
A LA S B, LR [l R AT e RECRD
BT 0, RN P o EARSRN RS A RE
P ENEPIEK K E AT S F LR, 7E2 5
Rt 2B S R g, 8 TIRGIEFR Y. T PEL
BB An 2 A RGS S AR, MEK LR
L RETEA T ) PR ST SR, i i T P
WSO AN A RS TR R M RIS P B = R EE 1) %
BIERHLE] . AHEZ R, A N & EX LI E R
Ty g R B SR UK, 3K 3 B RE DR R T R 4 SR
FHREN, XS NEAS RS H EE L5
PR R Chn [ 20 S A A/ s AR E A, BLR N AE
K B AN 43 3R E B R T ThRE A K

AW FREREHH A NP S ES NP &
AR R OC R, R T AL Al R R A ARAE
IOy FI s B R R, X R T AN )
MR RN 38 5% o3 7 PR 0 3 RIAL A o o A —H
HBVERAE AR 55 A — 5 T MRV AS A 1) 138 P 3R S, o
A NP S EIG N, RHLE P IRBIZME, WA
RS [R5 38 A0 2 P o e, DASCHRe AR A=
Koo SRTM, L8 N e, B0 R N S
P kb, XA R A e, B2 W
N BEIRAE, AR O R, 33 P IR A
Mk, 2 WVR A AR IRl 18] 75 73 A S A 404k 55 AN RE
AV ER KR UL 7 R IR0 SCHE, D “HE K
B a5l RMFESBEZ, DSl “EmEHEK” 5 9%
Iy P BIER A, X VR A MR AR AE A2 T FR
SEPEFN AT RS B A% O A FTLE o S Fa dli bRx £
BN P &3y m N oA B . R NP
B EbE IR PR TS A LT, (AR R RN, S
WL, P A REMRERICNRE, 2GRN NS
FRAE . IX— IR ER B, s ba alipkod i 4+ B & [
() A BRAR U RS R, DA A SRR IR AR AL . ARAFF 7L
G5 gt — P BRI 77 N AR AS I AR 1E 5 AN AR B ]
AlEt, mREY S E KIS, SHEVE AR A
AR BRI LR G AR A7 RIS . AR TR 0 RS
FEAMRARAAR 5 B 1 A4 BLR AT ALE], 8 A 7E
AR 4% 4 7 77 00 VR FE AR E 5 10 VG 28 PR I3 3ok A )
PR Th e 22 7 5 b ) AR OC &R, 7ERETR 2 T 52
TIROW T, AR R YRR
P2k B, 1M A2 BN FE V& 9P 8] B 5] B AN B 4 o]
WL FEVE R SR A I A FE 45 Tt N THREE

SE ik B A B B A, TR A0 S R AR
(I AN[R] 7 7 Wi 2R A ) R 22 7 A 228 SO o %0k
FAGIAR, RS AEREHESR /0 RS LI R, kA 4lipk
Xt NS P ARAL i R A R, JEH PR B
MINARAS, FEmE P AL ARG HE ] 5 8 VR 0 B VR
ST TR 73 A0 S MRS b Dy E 22 e 5 A B] LA, B
“FEORTLAN WA TEST AL, SRR R R LA
IR EIYESRF o — RS HE) HhA 52 AR IR AL
MRS, & 2L B SR AR I b S8k = 723
5% 6:4), WL FVE ) PROE 7 i s IR T $ETT
TR s —RMMATRAE AR I AT, I Se ik
AL T AN FE AR R T8 0 R A BT R S )
RERUVRATHI U R 3 =8 I s v 0 i B . ik
FAGUAK, W3 i N\ T2 Bl ¥ 70 e Cln st s 224
I3 R D AN B R AR PR BE IR AR, IR TR > BT
AR S ot 95 70 75 SRS AL, 72 U8 ¥ 0 00 o< B
WA 2R ADIEEANE N LU THIR 70 RCR
VU RERHIR AR B E AR et G FET B, 4k
SRR/ B NS /= PENE i< KL U e 1 g [ TEZ N
Se X, PRI TR LS -

4 % P

T DX 35k A 25 R 1 R, R AP E Tk B ] 1) B [
TER, REBRAT R FIH SRS YR8, A
FARGIRVS 7 AR A0 AL 5 DR N AR
s R S LA 2 BRI SR, JE b T
XFIE BRSO R LA RENFRSTER, Tt
50T .

COMRA 52 AR ARAE SR T AR 7 e it
TR EA B R, A N &5 NP L3 C.
N & &S a i & T A, A RS £ bRz
IR, 2 2 E IR A AR B AR s AR R AR
TRIZAR LA F B CING CiP SRS IR 57 8 35 43 )
HATE RSP Y) CON &8 & NP H i, flT5%
I REIR . AR SEAR -4 5) N 5 i, NP A, /717E
N BRI, W&o g, 750 E3R 32 ..

(O FE XSk N, A AE KW 0 52 N R, AS[F]
MAT 550 FE SO R P 22 R, A5 AR
TRAS PRI N PRS0 3E B v, MRS —BRAB VR 5 AR )
P IR B, FLIX 2 FRIRAS AR NL P R I
Ry a T liaaibk . 58 BRIMVE Y BAT 5 73 i (1)
Rk, BEAEOGE R ER 45 M, SORT ok 13 N g
INHERE, IR ARG IR A5 AR E « D Re bR fr
IR T E IR

(OIEFR 7 WARA S5 H F SRmE b, 4 Flobk s xf P
B H A WOR MRS WEERE T WA S AR A -



2 ¥

T8 BRI ARl RA N AL 22 THERSAE B 77 23 IR OB A S 139

WA A PRTE P RIBIZRERS, M NG P & &35,

+iE

N &0, et Fr P g -l B AT LD A TR AL

PR -39 P S AR B il AR SRR 3 N P AR
P A R 4% S B — o I DA RA -5 AR TR
AEMR AL ST XS TR AR B AR 2K, AR R 7
SR R S0 TR BRI A “RE SR AN N SR
I, NERE TR E R AR S

(1]

(21

[31]

(4]

(5]

L6l

(71

(8]

(91

[10]

[11]

& £ x #
Forrester D 1, Plaga B N E, Jiirgen B. The effects of tree size,
stand density, and tree-species mixing on stand level and tree level
light absorption and light-use efficiency: a review[J]. Current
Forestry Reports, 2025(1): 11.
Guo J, Kneeshaw D, Peng C, et al. Positive effects of species
mixing on biodiversity of understory plant communities and soil
health in forest plantations [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2025,
122(11): e2418090122.
Bnisch E, Blagodatskaya E, Dirzo R, et al. Mycorrhizal type and
tree diversity affect foliar elemental pools and stoichiometry [J].
New Phytologist, 2024, 242(4): 16.
Gong C, Tan Q, Liu G, et al. Impacts of tree mixtures on
understory plant diversity in China[J]. Forest Ecology and
Management, 2021, 498: 119545.
Li Q, Liu Z, Jin G. Mixed forests provide higher levels of growth
and yield than monocultures across a broad range of conditions
[J]. Forest Ecology and Management, 2024, 566: 122083.
de Gonzalez A E, Blanco J A, Imbert J, et al. ENSO and NAO
affect long-term leaf litter dynamics and stoichiometry of Scots
pine and European beech mixedwoods [J]. Global Change
Biology, 2019, 25(9): 3070—3090.
i, AL, ARIRAR, S AL RS RIAR N B R LR A
2 [J]. ML REERETT, 2024, 37(5): 23-32.
Gao C, FuR X, Mu W J, et al. Effects of mixed forests of Chinese
fir and broad-leaved trees and understory planting on soil nitrogen
mineralization [J]. Forest Research, 2024, 37(5): 23-32.
FE o, Toth. ARG AR TR KNI R
{iE [J]. A 244, 2008, 28(8): 3937-3947.
Wang S Q, Yu G R. Ecological stoichiometry characteristics of
ecosystem carbon, nitrogen and phosphorus elements [J]. Acta
Ecologica Sinica, 2008, 28(8): 3937-3947.
LR, BRI, BRUUDL, 45 bRy BEX AL 50 BT s ik A T
B U AL 2 T BN TR 2 B R FEma [0, JEstpRol k2222
i, 2024, 46(10): 33-41.
Jiang J, Chen C Q, Chen B B, et al. Effects of stand density on
carbon, nitrogen, and phosphorus stoichiometry and nutrient
resorption of Platycladus orientalis plantations in rocky
mountainous area of Beijing [J]. Journal of Beijing Forestry
University, 2024, 46(10): 33—41.
WRHAE, 22—, ERYE, & 5N B E HE YR T R -
F LI AT B SRR R AL AR AL (] AR, 2022,
42(8): 3356—3365.
YuY H, Li Y T, Wang J X, et al. Leaf-litter-soil stoichiometry
and carbon and nitrogen isotopes of plant communities in
dolomite district in Guizhou Province [J]. Acta Ecologica Sinica,
2022, 42(8): 3356—3365.
TR, SOUERE, FART, 55, WKL IO ME B R A bk L 34l

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

P E LRI [J]. B AEAS A4, 2024, 35(8): 2091-2098.
Feng L X, Huang Z Q, Wang Z Y, et al. Effects of restoration
years on soil stoichiometric ratios in subtropical secondary forests
[J]. Chinese Journal of Applied Ecology, 2024, 35(8): 2091-2098.
BRI, KD SRR, & RIS IS X 22 T R 57 43 43 B AN P
WS BRI [J]. MOk, 2010, 46(5): 14-19.

Zhao Q, Liu X Y, Hu Y L, et al. Effects of nitrogen addition on
nutrient allocation and nutrient resorption efficiency in Larix
gmelinii [J]. Scientia Silvae Sinicae, 2010, 46(5): 14-19.

Cardon G Z G. Decomposition dynamics in mixed-species leaf
litter [J]. Oikos, 2004, 104(2): 230-246.

Hittenschwiler S, Tiunov A V, Scheu S. Biodiversity and litter
decomposition in terrestrial ecosystems [J]. Annual Review of
Ecology Evolution & Systematics, 2005, 36(1): 191-218.
Mooshammer M, Wanek W, Zechmeister-Boltenstern S, et al.
Stoichiometric imbalances between terrestrial decomposer
communities and their resources: mechanisms and implications of
microbial adaptations to their resources [J]. Frontiers in
Microbiology, 2014, 5(22): 22.

Herve J, Jurgen B, Johanna B, et al. Tree diversity drives forest
stand resistance to atural disturbances [J]. Current Forestry
Reports, 2017, 3(3): 223—243.

Agren G 1. Stoichiometry and nutrition of plant growth in natural
communities [J]. Annual Review of Ecology Evolution and
Systematics, 2008, 39: 153—170.

FS U, X, TRt M, & AR B R RA M A HERR bR 5
AR MR B - 498 B A= P B VR PR R O B2 A (0], AR A A A, 2024,
44(23): 10770-10781.

Bai Y X, Liu R H, SuJ H, et al. Effects of tree species mixing on
bulk and rhizosphere soil microbial resource limitation in stands
of Pinus massoniana and Castanopsis hystrix [J]. Acta Ecologica
Sinica, 2024, 44(23): 10770-10781.

Forrester D 1, Jirgen B, Cowie A L, et al. Mixed-species
plantations of eucalyptus with nitrogen-fixing trees: a review[J].
Forest Ecology & Management, 2006, 233: 211-230.

Cardinale B J, Wright J P, Cadotte M W, et al. Impacts of plant
diversity on biomass production increase through time because of
species complementarity [J]. Proceedings of the National
Academy of Sciences of the United States of America, 2007,
104(46): 18123—18128.

CIERCRMO B2 R 2. AR (M. Jb5t: dhE MO H s,
2024.

Editorial Committee of Forests in Beijing. Forests in Beijing[M].
Beijing: China Forestry Publishing House, 2024.

E, BIARER, ARk, 5. ST OAR. ihia AR hRe R E
TR EAFAESR TR R (9], B H44k, 2022(4): 58-60.
Wang H, Hu D Y, Zhang Y, et al. Exploring the implementation
of multi-functional management of Platycladus orientalis and
Pinus  tabuliformis artificial forests to promote precise
improvement of forest quality [J]. Land Greening, 2022(4):
58-60.

T, B A, B, . AR L X R A ARG B A
ABGE AR [7]. ZRALMRL K22 2E4], 2009, 37(7): 42—-44.
Ning J K, Lu Y C, Zhao HY, et al. Assessment of close-to-nature
transformation of Pinus tabuliformis plantations in the Xishan
Region [J]. Journal of Northeast Foresrty University, 2009, 37(7):
42-44.

FhoC &, 5P, AR, 4. AN AR B AR SOE 10 BB SR


https://doi.org/10.1073/pnas.2418090122
https://doi.org/10.1073/pnas.2418090122
https://doi.org/10.1111/nph.19732
https://doi.org/10.1016/j.foreco.2024.122083
https://doi.org/10.1111/gcb.14672
https://doi.org/10.1111/gcb.14672
https://doi.org/10.3321/j.issn:1000-0933.2008.08.054
https://doi.org/10.3321/j.issn:1000-0933.2008.08.054
https://doi.org/10.3321/j.issn:1000-0933.2008.08.054
https://doi.org/10.13287/j.1001-9332.202408.007
https://doi.org/10.13287/j.1001-9332.202408.007
https://doi.org/10.1146/annurev.ecolsys.36.112904.151932
https://doi.org/10.1146/annurev.ecolsys.36.112904.151932
https://doi.org/10.3389/fmicb.2014.00022
https://doi.org/10.3389/fmicb.2014.00022
https://doi.org/10.1007/s40725-017-0064-1
https://doi.org/10.1007/s40725-017-0064-1
https://doi.org/10.1146/annurev.ecolsys.39.110707.173515
https://doi.org/10.1146/annurev.ecolsys.39.110707.173515
https://doi.org/10.20103/j.stxb.202310312359
https://doi.org/10.20103/j.stxb.202310312359
https://doi.org/10.20103/j.stxb.202310312359
https://doi.org/10.3410/f.1098894.555053
https://doi.org/10.3410/f.1098894.555053

140

Sl Ay

L SNAEPN

548 4

[25]

[26]

[27]

28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

371

RISZHEH A (7). (- F AT, 2009, 22(1): 20-27.

Lu Y C, Zhang S G, Lei X D, et al. Theoretical basis and
implementation techniques on close-to-nature transformation of
plantations [J]. World Forestry Research, 2009, 22(1): 20—27.
FUEF, FNEI, TREH, & AR BN TR S
YRR 2 B & DGR (1], PEALARE B4R, 2022, 37(5): 1-8.
Wu H P, Sun Q L, Zhang Y J, et al. Coupling relationship
between community characteristics and species diversity of Pinus
tabuliformis plantations with different densities[J]. Journal of
Northwest Forestry University, 2022, 37(5): 1-8.

T, ML, B, L B K LA A K IR IR A
WTEHEMZ NS LB AR (7], B A 224K, 2022,
33(9): 2305-2313.

Gao J, Yang J Y, Shi C Q, et al. Understory plant diversity and
soil physicochemical properties of Pinus tabuliformis artificial
water conservation forests in the upper reaches of Miyun
Reservoir, China [J]. Chinese Journal of Applied Ecology, 2022,
33(9): 2305-2313.

SECCE M v N NEIEE g WO | E AN W 8 3
BRI [J]. AR R, 2022, 31(11): 2134-2142.

Xiao J, Lei L, Zeng L X, et al. Effects of different management
regimes on carbon stock of Pinus tabuliformis plantations in
northern China [J]. Ecology and Environment, 2022, 31(11):
2134-2142.

M, B, BT, S UG T DOAS R R A N AR
RE LIEIREVHAN [J]. KL ARFEEHR, 2022, 36(2): 189-196.
Lan D Y, Bi H X, Zhao D Y, et al. Evaluation on soil
conservation function of Pinus tabuliformis plantation with
different densities in the loess area of western Shanxi Province [J].
Journal of Soil and Water Conservation, 2022, 36(2): 189—196.
Norby R J, Long T M, Hartz-Rubin J S, et al. Nitrogen resorption
in senescing tree leaves in a warmer, CO2-enriched atmosphere
[J]. Plant and Soil, 2000, 224: 15-29.

F [ R 2 Bt i o R FT BT, IEER AT [(M]. g IR
B RAt, 1978.

Institute of Soil Science, Chinese Academy of Sciences. The
analysis of soil physical-chemical properties[M].
Shanghai Scientific & Technical Publishers, 1978.
Milla R, Castro-Diez P, Maestro-Martinez M, et al. Does the

gradualness of leaf shedding govern nutrient resorption from

Shanghai:

senescing leaves in Mediterranean woody plants?[J]. Plant and
Soil, 2005, 278: 303-313.

Koojiman S A L M. The stoichiometry of animal energetics [J].
Journal of Theoretical Biology, 1995, 177(2): 139—149.

Yu Q, Wilcox K, Pierre K L. Stoichiometric homeostasis predicts
plant species dominance, temporal stability, and responses to
global change [J]. Ecology, 2015, 96(2): 2328-2335.

Elser J J, Sterner R W, Gorokhova E, et al. Biological
stoichiometry from genes to ecosystems [J]. Ecology Letters,
2000, 3(6): 540-550.

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

Reich P B, Walters M B, Ellsworth D S. From tropics to tundra:
global convergence in plant functioning [J]. Proceedings of the
National Academy of Sciences, 1997, 94(25): 13730—13734.

R, R, B, 5. 3 b IR X YR AR B PR
LR BEL A BARAE [7]. K LORFFAER, 2021, 35(4): 8.

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Wu X, Niu Y B, Chen Y M, et al. Carbon, nitrogen and
phosphorus stoichiometry characteristics in leaf, litter and soil at
mixed forests of Hippophae rhamnoides in the loess hilly region
of China [J]. Journal of Soil and Water Conservation, 2021, 35(4):
8.

Aerts R, Chapin F S. The mineral nutrition of wild plants
revisited: a reevaluation of processes and patterns [J]. Advances in
Ecological Research, 2000, 30: 1-67.

BRSO, VR, S DAL X R S R R AR 0 o
R MR AT 9 Pk I T P R T (9], AL AR 2 24, 2018, 42(5):
573-584.

Shen A, Zhu J J, Yan T, et al. Effects of leaf nutrient
concentration and resorption on leaf falling time of dominant
broadleaved species in a montane region of eastern Liaoning
Province, China [J]. Chinese Journal of Plant Ecology, 2018,
42(5): 573-584.

Vergutz L, Manzoni S, Porporato A, et al. Global resorption
efficiencies and concentrations of carbon and nutrients in leaves
of terrestrial plants [J]. Ecological Monographs, 2012, 82(2):
205-220.

Berg B , Mcclaugherty C . Plant litter, decomposition, humus
formation, carbon sequestration[M]. Berlin: Springer Berlin
Heidelberg, 2008.

Vitousek P M, Porder S, Houlton B Z, et al. Terrestrial
phosphorus limitation: mechanisms, implications, and nitrogen-
phosphorus interactions[J]. Ecological Applications, 2010, 20(1):
5-15.

Hedin L O. Global organization of terrestrial plant nutrient
interactions [J]. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101: 10849—10850.
FESE, £, B2, S op [ PYR AR ARSI 3 AR )
B9 CINIP AL B 224 AE [J]. R A &S24, 2011, 35(6): 9.
Wang J Y, Wang S Q, Li R L, et al. CIN:P stoichiometric
characteristics of four forest types’ dominant tree species in China
[J]. Chinese Journal of Plant Ecology, 2011, 35(6): 9.

Prescott C E, Grayston S J. Tree species influence on microbial
communities in litter and soil: current knowledge and research
needs [J]. Forest Ecology and Management, 2023, 309: 110-119.
Yu Q, Elser J J, He N, et al. Stoichiometric homeostasis of
vascular plants in the Inner Mongolia grassland [J]. Oecologia,
2011, 166(1): 1-10.

Elser J J, Bracken M E S, Cleland E E, et al. Global analysis of
nitrogen and phosphorus limitation of primary producers in
freshwater, marine and terrestrial ecosystems[J]. Ecology Letters,
2007, 10(12): 1135-1142.

Veneklaas E J, Lambers H, Bragg J, et al. Opportunities for
improving phosphorus-use efficiency in crop plants [J]. New
Phytologist, 2012, 195(2): 306—320.

Harpole W S, Ngai J T, Cleland E E, et al. Nutrient co-limitation
of primary producer communities [J]. Ecology Letters, 2011,
14(9): 852—-862.

Wright I J, Reich P B, Westoby M, et al. The worldwide leaf
economics spectrum [J]. Nature, 2004, 428: 821.

( HAE% 4
FiEmE

R

JIE E )


https://doi.org/10.13348/j.cnki.sjlyyj.2009.01.002
https://doi.org/10.13348/j.cnki.sjlyyj.2009.01.002
https://doi.org/10.13287/j.1001-9332.202209.001
https://doi.org/10.13287/j.1001-9332.202209.001
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.004
https://doi.org/10.16258/j.cnki.1674-5906.2022.11.004
https://doi.org/10.13870/j.cnki.stbcxb.2022.02.025
https://doi.org/10.13870/j.cnki.stbcxb.2022.02.025
https://doi.org/10.1023/A:1004629231766
https://doi.org/10.1006/jtbi.1995.0232
https://doi.org/10.1890/14-1897.1
https://doi.org/10.1111/j.1461-0248.2000.00185.x
https://doi.org/10.1111/j.1469-8137.2004.01192.x
https://doi.org/10.1073/pnas.94.25.13730
https://doi.org/10.1073/pnas.94.25.13730
https://doi.org/10.13870/j.cnki.stbcxb.2021.04.050
https://doi.org/10.13870/j.cnki.stbcxb.2021.04.050
https://doi.org/10.1016/s0065-2504(08)60016-1
https://doi.org/10.1016/s0065-2504(08)60016-1
https://doi.org/10.17521/cjpe.2018.0041
https://doi.org/10.17521/cjpe.2018.0041
https://doi.org/10.1890/11-0416.1
https://doi.org/10.1073/pnas.0404222101
https://doi.org/10.1073/pnas.0404222101
https://doi.org/10.3724/SP.J.1258.2011.00587
https://doi.org/10.3724/SP.J.1258.2011.00587
https://doi.org/10.1016/j.foreco.2013.02.034
https://doi.org/10.1007/s00442-010-1902-z
https://doi.org/10.1111/j.1469-8137.2012.04190.x
https://doi.org/10.1111/j.1469-8137.2012.04190.x
https://doi.org/10.1111/j.1461-0248.2011.01651.x
https://doi.org/10.1038/nature02403

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 样地设置和调查
	1.3 样品采集
	1.4 样品处理与测定
	1.5 数据处理

	2 结果与分析
	2.1 不同林分类型叶片−凋落物−土壤C、N、P含量
	2.2 不同林分类型叶片−凋落物−土壤C、N、P计量比
	2.3 不同林分类型土壤 N、P含量与植物生长的关系
	2.4 不同林分类型叶片N、P的再吸收效率

	3 讨　　论
	3.1 不同林分类型叶片、凋落物、土壤C、N、P含量及计量比的差异
	3.2 不同林分类型养分再吸收效率差异
	3.3 不同林分类型的叶片内稳态和养分利用策略

	4 结　　论
	参考文献

