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Stoichiometric characteristics of C, N and P of five Fagaceae species in subtropical

evergreen broad-leaved forests
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Abstract; Fagaceae plants are one of the most important components of subtropical evergreen broad-leaved forests. To study
the carbon (C), nitrogen (N) and phosphorus (P) contents and metrological characteristics of different tree species and
organs is of great importance for understanding and predicting the ecological functions of trees. In this study, 5 species of
Fagaceae in the same forest community in Yinnashan Provincial Nature Reserve were studied to explore the content,

stoichiometry and correlation characteristics of C, N, P among different species and organs. The results showed that.

BEEWA . EK A RPEIA (41977287) 3 A48 T A SUEHTF & 11150 H (2020B1111530004) 57 MM AT RHE -1 550 B (2023B03)1264 )
Y75 B #5:2023-06-17; I £& H AR B #A : 2024- 05-07
# WIRAE# Corresponding author. E-mail ; wanglongyuan@ zhku.edu.cn

http ://www.ecologica.cn



12 4] BEAH] AF R LR A AR S Fhre SF R B AL ST EERAE 5319

(1) The organ and tree species had certain effects on C, N, P contents and stoichiometric ratio of plants, and the
interaction between the two was significant ( except C content) , and the limiting degree was organ>tree species. (2) In
terms of content, litter N was generally higher than that of stem and root, while litter P was generally lower than that of stem
and root, and the contents of N and P in the seedling leaves were lower than those in mature tree leaves. The root N and N:
P of Castanopsis fissa were higher than those of other species, while the root P was lower than that of other species. (3)
From the perspective of interspecific variation coefficient, the variation coefficient of root N, C:N, and N:P was
significantly higher than that of other organs; From the point of view of inter-organ variation coefficient, the variation
coefficient of N and C:N was significantly lower than that of other species. (4) From the perspective of nutrient correlation
between tree species and organs, the correlation between most of the organ elements of the five plants was not significant,
indicating that the nutrient metrological relationship of a single organ could not directly reflect the metrological relationship
of other organs or the whole tree level; The correlation between C and N, C and P varied with tree species, but the
relationship between N and P was highly consistent with each tree species. In summary, from the perspective of organs, the
root N content, C:N, and N:P had the largest interspecific coefficient of variation, which may be attributed to the
difference in N and P uptake by different tree species, which is conducive to species coexistence. From the point of view of
tree species, C. fissa has more rational nutrient distribution pattern, which is conducive to maintaining a dominant position

in community competition.
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Species

HEARJZ/ 41 )2 Shrubs/Seedling layer

HE{E Importance value

HIHHE Castanopsis fissa

¥ Castanopsis fargesii

JIFEALES Rhododendron championiae
REFIHE Castanopsis lamontii

B IFA Diospyros morrisiana
FEHE Castanopsis fordii

HBHA Pinus massoniana

AT Engelhardia roxburghiana
W3 Elaeocarpus sylvestris
Wil Lithocarpus oleifolius
TN Neolitsea chui

WV Machilus chekiangensis
BEW Altingia chinensis

FRRAE Choerospondias axillaris
AL Machilus chinensis
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1 Piper hancei

HANTRE T Embelia vestita
B Sarcandra glabra
WKL AR Helicia reticulata
HZH A 2% Antidesma japonicum
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Table 1 Species abundance and importance values in communities
T+ ARJZ Tree layer
Z % Abundance A Importance value Z % Abundance
48 15.98 140
21 9.45 60
35 6.18 -
18 5.45 23
23 5.16 -
13 5.12 22
4 4.46 -
18 4.43 -
13 3.96 -
6 2.86 18
10 2.82 94
6 2.56 40
7 2.42 -
3 2.25 -
7 1.98 -
- - 274
- - 21
- - 21
- - 50
- - 26
- - 24
- - 24
- - 15

10.5
7.15

2.89

2.23

2.7
9.6
2.73

14.61
4.6
4.15
3.38
3.2
2.95
2.56
2.45
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FEHBLPY £33 0—10 em 12 C &5 C:N . C:P B35 T 10—20 em £2(P<0.05,%2) , £ 0—10 ecm +
EN E P o NP 510—20 em HE LR EXEF(P>0.05),

R2 R IEREBLFITERE

Table 2 Soil C, N, and P concentrations and ratios of sample plots

R Bk RAR/(ghe) O BERE/ (ke B I e

Soil depth C concentrations P concentrations P concentrations C:N ratios C:P ratios N:P ratios
0—10 41.59(2.69)*° 2.64(0.11) 0.59(0.07) 15.90(2.83)* 72.18(8.09)* 4.63(0.64)
10—20 22.80(1.44)" 2.31(0.12) 0.58(0.05) 9.88(0.24)" 39.53(1.74)" 3.99(0.11)

ANFEINE FRAR R F — AR AN W] 1 JZ R 2 (B 9 25 57 8.3 ( P<0.05)

1.2 FEMiEE

2022 4 5—6 A FE ARA MM T AR LA 9 F ARG X SR IEIT AR5 B 8 INEZERY 20 mx20 m TR A2
BT M (DHB) =5 em, mE(H) = 5 m BEARMF 4 Mt @O, AR 20 mx20 m 750
PUFAPEE 515 m x 5 m WIREARZRETT 0 E 042 (DHB) <5 em, B (H) <5 m #EAR RIRARGEF4 5 bk
BTG, A IAE S MERZNIE 2 m x 2 m BAZRHS  ICHHEARNAL FE R mEE T,
1.3 FEACREE

TEREHLIY 8 AMFETT HBEHLREE 5 AR EE LT 3—6 bk, N4 W AR ZE /0 A T S5 ASTR] , A 55 A0 45
MR ZE 3 R AR ERALRAERA B EIRG N L MRS, TEREH N BEALR 5 3—6 PR T AR
TRAAL 1 ANEE S P85 i IR AERE 7 9 43 B D40 BUR 08 35 1 10—50 F (IR3E AR/ ) o BRI
25 RBE SRR TG K AR SRR TS DI EAR N 105°C R AT 2 h, SRJE7E 65°C T LT 2 E T, $iA[H]
PIFIAS [F) 2 B 43 T BRI 2 A AR, 0t 60 H WA, IO B8 TR RAF TR R 0 €

FEFEHLIY 8 AFETT TR BEALIE SR 3 RE T R AE 1B B e 88 4 AR ST R HURE | IURE T S 7%
B S Y, B AL (AR 3.8 em) 28 BIEGEL 0—10 em I 10—20 em T3 3% + 20 g kT4 5, OF
R R LB AR A, HIRFER TG, BB A RG22, WP 43 100 HIiff
1.4 ForEaEE ik

MM 25 AR TR AR RN YR ) | R4 C A ESR RIS b A BRI E Y 4 N
K HBE W5 Fe kg AT e, 4 P SR R EPT e kg p i e
1.5 $dEabr

R 2253 AN 22 B R F Micrisoft Excel 2010 1 SPSS 23.0 474387 , b v 3 5l (91 U5 43 A1 K F smatr
2.0 BRIFSE R, EIZRR H Origin 2021 #EAT43 0, SR HEL K 28 U7 22 53 91 ( One-way ANOVA ) 73 A A it % 1 22
55 R Z I Z T 22 (Multi-Way ANOVA) 73 AR RR &8 5 SO A BEAEFXTRE ) (4 25 R lgr R
B FIETE ) F2EIE (C NP &, C:N,C:P N:P) (U520, i MK B a=0.05, B2 PEERESE
ERIME bR HE TR, XA E CONP & K E TR Gt i, B R RE(CV) = bn i 22/°F 1
{Ex100% .
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RiFh 2 E MHASBEAEX NP C:N C:P N:P B4 W20 (R A C:P By 52 R4 ) (P<0.05,
K 3) ., BTN B N &b s s b A g 255 T B HE R RE M HE, o 44.00% ,37.58% ( P<0.05,
Bl 2), 7625 P S myit s g5 0 rh A dn 255 T B HE I RE M HE, N 24.70% .29.15% (P<0.05) . TEAR A A
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£3 HMMBENEY C NP EEREALZITE LB (XUH R T 22047)

Table 3 Effects of tree species and organs on the concentrations and ratios of C, N, P in plants (two-way ANOVA)

BE BiFh Species #%H Organs <25 E SpeciesxOrgans
Parameters F P df F P df F P df
C 0.399 0.809 4/75 20.852 0.000 *** 4/75 1.279 0.248 16/75
N 29.417 0.000 *** 4/75 642.945 0.000 """ 4/175 9.182 0.000 *** 16/75
P 5.576 0.001 " 4/75 163.117 0.000 *** 4/75 4.856 0.000 *** 16/75
C:N 8.079 0.000 *** 4/75 155.198 0.000 """ 4/75 2.748 0.003 ** 16/75
C:P 1.388 0.252 4/75 219.616 0.000 *** 4/75 3.097 0.001 ** 16/75
N:P 9.278 0.000 *** 4/75 449.01 0.000 """ 4/75 6.48 0.000 *** 16/75

rati

2.

%, P<0.05; * %, P<0.01; #* % %, P<0.001; C:fk Carbon;N:%{ Nitrogen;P: % Phosphorus; C:N.B& b C:N ratios; C:P. kWit C:P
0s;N:P . &MWL N:P ratios
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Fig.2 Concentrations and ratios of carbon, nitrogen, and phosphorus in five species of Fagaceae plants
C. Fargesii ,#%; L. oleifolius MM ; C. fordii, BHE; C. fissa , EHHE; C. lamonuii , FEFHE ; A R/NE FEHUKR R — 38 PRA IR Fh 2 18] 79 22 53 12
#(P<0.05)

2 5 RSB C N P Ab2Ei T AR S RRIE
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Fig.3 Coefficient of inter-species variations (CV) of carbon, nitrogen, phosphorus concentrations and ratios in different organs

S leaf : 211 M- Seedling leaf; MT leaf BT AR Mature tree leaves; Litter, THyEY) ; Stem , 25 ; Root , /2

C BI# B | CV Yo [h 3.63%—14.15% , ik T N(41.67%—69.81% ) Fl P (26.03%—43.04%) , C:N,
C:PH1 N:P (Y23 BE 18] CV 43 5h 43.85%—66.24% 38.86%—49.90% F1 72.23%—95.61% ., TEA [RIF F[E] 45 B
AR S R B ST N SR E ] CV 3 = TR E W HE (P<0.05, 8 4) #5514 C:N 28 EH CV
FE T EHE(P<0.05) 500 N:P 2318 CV W35 0 T B4 B Wi 4E A M 4k (P<0.05) ,

2.3 5 AhFeRHE YA A B EEIA DGO R

AHFEEETE N 5 Fhrc S BHE 4 KB 4 B U R M PIAH C C R AR E (R 4) ,P 5 N ERME Y h 2 0 %
A (P<0.05) ,

REFAHE MR C 5 N A77E B3 IEAH G (P<0.05, 26 5) ;7% EEMAERRE ] C 5 P f77F 3 A G (P<
0.05) ;5 Mo lBHEY) P 5 N ¥ & 5 5k 56 (P<0.05)

3 it

3.1 SAhFERHEY C N P & AR R LA B Ak 2 R

ARG, 5 Fhae RS R C &l 422.54 g/kg N &1 4 10.67 g/kg P &N 1.06 g/kg, 5
B E AR AR R A S RGN RAR Y A C(374.1—646.5 g/kg) N(8.4—30.5 g/kg) Fl P(0.6—6.2 g/
k) SrEAL, BEHIEHIA Y YIS WRE ORGSR S E R B, C S E o B
XRRE XS PRk C b U ) A A B R 1 SRR S5 4 0 o, )t 2 AR B R AR L A K R 7 g A A B
16 3 T 5 (0 FE AR TR, DR e A AR A A P 1 A X o L 22 S /N0 ARG R S R S B P 4 i
F NP SR T AT AN R R AT AR 5 FPFE S BHE AL T4, bk Az 4 sl AR Sl
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Fig.4 Coefficient of inter-organ variations (CV) of carbon, nitrogen, phosphorus concentrations and ratios in five tree species

3 2 A AT A A KRS B B o W RUEE AR 2 X B SR AR 4R 25 1) 1 73 2Rk | i 7 2 AR R A
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Table 4 Standardized major axis regressions among carbon, nitrogen, phosphorus concentrations by organs

g Y=C; X=N Y=C; X=P Y=P; X=N
Organs ! b(95%CT) R? P b(95%CI) R? P b(95%CI) R? P
?E?f 2 ?()69359751 ,1.2251) 0009 0739 ;?17233285 04352) 0 0578 ;?191511624 05404y OB 0076
0 oo 0% 0 G0y o 09 DG gy 0 ooe
ﬁfr% 20 20231221 ~0.1465) o0 0892 (()64.62573)2,0.8029) 0.089 0280 ;?5.5759177,—0.3862) 0617 0001
sﬁim 20 (().01.298;9,02474) 0223 0.075 (_(3.02.111556,—041404) 0.0%  0.261 2%78‘;9,—03503) 0006 0785
Iiol 20 ?0]?)97156 ,0.2204) 0123 0.200 (()0]?)5728 ,0.2343) 0087 0.286 ?()955?1125 ,1.6640) 0030 0.538

n FEACE number; b B slope;95%CI;95% B A7 X 0] 95% Confidence interval; * , P<0.05; * #, P<0.01; # * % P<0.001

TERRAR TR 35255 I AR T B T U8 25 0 00 23 A, T 08 75 00 1 - e UL T S 0 A L, SR P
H NP S T I, S R ot 2 TR DA TR A R TR R R, YRR 3R A
FEAURE S R AT AE — 22 0 B, 7R TE 24 N IKT 40, C:P T 600 A, Hod (i N =k P il ad i
AR FTFR IR, TR A SR ARBIRSE 3 MFERL TR TE Y CoN MM 28.08 KT C:N BRI ALE,
1M C:P YJME 766.82 , 7 KT C:P BEllG S, 7T WAEHL ' N ST 2 & AR 78 2 R TR, 0 P JT R AR =
2550 T 22 B A W R, T S B3R P R AR R

http ; //www.ecologica.cn



12 4] BEAH] AF R LR A AR S Fhre SF R B AL ST EERAE 5325
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Table 5 Standardized major axis regressions among carbon, nitrogen, phosphorus concentrations by species

il Y=C; X=N Y=C; X=p Y=P; X=N

Species " b(95%CI) R? P b(95%CI) R? P b(95%Cl) R? P
ffrdii 2 38.31;3,0.2661) 0084 029 2&2)512,—0.1336) 00700339 (_?66.6953720,—0.4756) 0673 0.0007"
s ooz 0¥ 090 SOl sy 00 008" T oy 088 oo
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iyﬂtj‘s’t}{)hm 20 (().01.:)17756,0‘1650) 0554 00017 (_?Olif)io, -0.1137) 0270 0.0477 (_?.06.(;(;33,—0‘4222) 0640 0.0007"

%, P<0.05; * %, P<0.01; * % % P<0.001

3.2 MW ESRRE AR 5 FpFE L RHE Y C N P b2 AR SRR

T B 5 S5 INEE AR, H ¢ N P S A7 AE I 22 2 s Fhae s R g B 2 1H)
N:P AR S REUAAE D E 25 57, ULFHOR A48 B 32 5 43 BT 2R BEAS [R], X Al 29 A5 AR 38 v N P B R Ak 25
RBUA K FR WS B AR B SRS AR S FR RO R A P Hak, EAYE R C
FhlE] 22 /N CFPE] CV<12%) 5N AP FERD IR 22 580K, AT RS2 TR RS B 75 B R ik A R 4 R HE w45
FRIA A5 30, N F P 2R R RIS B IhRER e K Y L WFgT & B, 5 Fhoe S BHEYI A N C:N N:P 7E %%
B IR 25 58K R, XA 5 43 43 BC A H SR A BORE B 5% 43 it kA 55 45 Oy TR A 5T, RS RS PR T
—WE YRS FIEARRE TR S RAZEST Y TR R R R SRy e R AR K
HO R HE BT IR) 4353 1T RS B AR ) 32 4 A e e 422 ARHFgE 2 B0, S50 AR N & (C:N N:P [l a) 28
SERBOH L AR AR 57 R BURK, PTRESR A RIS R N P RSO 7E 225 5, TS BOR R P I ny - 752K 7 2
[ TE , TN SRR RE S B o A A R A 2507, A R TR A7)
3.3 YR ABL IR RERE R

TP TR 5 e AN FR 43 Be SR s S5 A AR B A PR RN R EE 18 1 SR s o R ), TRl — ZR MR VE N T A2
Tl Xof 3543 14 T o 20 A AR T AR R FHBR S oC R B RE ARt e T e BE VR R P A s BF T
RIS FAEYE) N P #5200 5, A KA S B 306 4 I P AZ AR 9 22 20 B 2R 11 vk B i i A
FEP A B ACHIE shArsm ZU , A0 PR RE 2 B DI Re e i & L e M 25 A o & sl s, o TR A A il 218
HI37 T, 25 A M AL JE 02 110 BB 1 A A 5 AH 07 A8 B AR AT B, AR TR s AE IR ATP S804 B % | it DAAE
B N 5 P AR B A TR ARWFST R RE A A MERT AT € 5 N P 1A B AN OG, B
FEFHHER C 5 N P XRBARE 5 C 5 NAHSHARE,C5 P WG, R P2 AT 552 1w
AARFEEE C EE N P B HR, BHERE SN TR B RO TR T S AR 1 R, 7
ROy BER SR B it NP A HL [R]RS ] BE 20 Bc B8 22 (R 2R He DAZESRE — 2 19 i AR KGR R TR, 5
HIH C 5 NP EREMERRDY,

4 g

Zi b BERIRE C NP i FIor FCMS RSB, N S8 0 5 I8 B I RE M M RR T g 22 5 . BB B,
A N S (C:N N:P B Rh ] AR 53 R 8RR, AT REJE AN R BRO N P W W77 7 22 53, I 5 [ AS [R] 4 b
PER TR Z B AR IE , AR R BESS B o5 A A M BRSO, AR T R —BEvs i by . R L
B HHEAR N NP THABARR ML C:N R T AR A [RTEE NGNS 28 500G T LA AR Ao, e 00 G
T2 N BRI LA PEE 1A R T B b o5 2R P AR Bl 37 0 IRV 52 4 P R 30 o

http ; //www.ecologica.cn



5326 JAE = 44 %

2% 3L Hf ( References)

(1]

[4]
[5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]
[24]

[25]

[26]

[27]

Elser J J, Fagan W I, Kerkhoff A J, Swenson N G, Enquist B J. Biological stoichiometry of plant production: metabolism, scaling and ecological
response to global change. New Phytologist, 2010, 186(3) : 593-608.

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

Cao Y, Chen Y M. Coupling of plant and soil C: N: P stoichiometry in black locust ( Robinia pseudoacacia) plantations on the Loess Plateau,
China. Trees, 2017, 31(5) : 1559-1570.

XD, R, 225, EMIAE, 228 0. =0 DO YR M A - IR B A AP T R AE. AR 2SR, 2020, 40(9) : 3072-3084.
Reich P B, Tjoelker M G, Machado J L, Oleksyn J. Universal scaling of respiratory metabolism, size and nitrogen in plants. Nature, 2006, 439
(7075) . 457-461.

Agren G 1. Stoichiometry and nutrition of plant growth in natural communities. Annual Review of Ecology, Evolution, and Systematics, 2008, 39
153-170.

WAHE, AR, WER, TR, Tl AS SRR RO R BTSRRI, 2013, 33(18) ; 5484-5492.

i, Wi, BRaW, S BRPYA 3 B BRI R ISR R N P AL RARAE. A 3SR, 2017, 37(2) « 443-454.

N0, WENPE, R, R, R, AR, ZECEE ) X3 5. IR R AR R SR AR 4 R R A ORI U (b T R AR AR 1
M. AR, 2021, 41(15) ; 6146-6158.

kN4, RATLL, Dieter Murach. S ARZANAR A ;™ 5 R $E 058 7 PR, A= 45244, 2000, (5): 875-883.

Tang Z Y, Xu WT, Zhou G Y, Bai Y F, Li ] X, Tang X L, Chen D M, Liu Q, Ma W H, Xiong G M, He HL, He N P, Guo Y P, Guo Q, Zhu
JL, Hin WX, Hu HF, FangJ Y, Xie Z Q. Patterns of plant carbon, nitrogen, and phosphorus concentration in relation to productivity in China’
s terrestrial ecosystems. Proceedings of the National Academy of Sciences of the United States of America, 2018, 115(16) : 4033-4038.

Zhao N, Yu G R, He NP, Xia F C, Wang Q F, Wang R L, Xu Z W, Jia Y L. Invariant allometric scaling of nitrogen and phosphorus in leaves,
stems, and fine roots of woody plants along an altitudinal gradient. Journal of Plant Research, 2016, 129(4) . 647-657.

THL, Fir, BB, B, KT, TREHE /XY ILAIE C N P R LA 2 T i AR, MOl BHABF5T, 2019, 32(4) :
47-56.

E, T 5th LB RGAPTTR ES AT, 452441, 2008, (8) @ 3937-3947.

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
Applied Ecology, 2003, 40(3) : 523-534.

Townsend A R, Cleveland C C, Asner G P, Bustamante M M C. Controls over foliar N: P ratios in tropical rain forests. Ecology, 2007, 88(1) :
107-118.

B, EETE, A5td, FE. B TUA iR LR R RN R S E A AR AT RHE. Mol B 2021, 57(2) ¢ 1-11.

Augusto L, Dupouey J L, Ranger J. Effects of tree species on understory vegetation and environmental conditions in temperate forests. Annals of
Forest Science, 2003, 60(8) : 823-831.

Su X P, Wang M H, Huang Z Q, Fu S L, Chen H. Forest understorey vegetation; colonization and the availability and heterogeneity of resources.
Forests, 2019, 10(11) : 944.

Arivin Rivaie A. The effects of understory vegetation on P availability in Pinus radiata forest stands: A review. Journal of Forestry Research, 2014,
25(3) : 489-500.

XN NP, BRI, BEORAE, RZRA:. B =AU A SRR RS 0 C N P ARSI AL, P EAE S RO AR, 2018, 26
(11): 1720-1729.

Pan F J, Zhang W, Liu S J, Li D J, Wang K L. Leaf N; P stoichiometry across plant functional groups in the karst region of southwestern China.
Trees, 2015, 29. 883-892.

B EAE. WK 32 Fhig ki R 98 78 SR, ARRIBE R4 ( B SRR |, 2003, (1) : 92-97.

BRG], NG GBR, PRAR, RA, E. B P ORARUCE AR RSB A T A A S AL E T R R AE. AR IRIE A, 2016, 25(5)
801-807.

IRAEHa 8 SCsE JE— 8, AR, DT P E OREE A BB s XRERE 78 S R Rl 2 e R A W s AR R S T (0] A A R,
2018,38(24) :8676-8687.

Wyk B E V, Albrecht C. A review of the taxonomy, ethnobotany, chemistry and pharmacology of Sutherlandia frutescens ( Fabaceae). Journal of
Ethnopharmacology, 2008, 119(3) : 620-629.

ERARAR, B, WAL, ROEE. o TE S R 23 [0 SRR BT S, AR, 2017, 35(2) « 234-242.

http ; //www.ecologica.cn



12 4] BEAA) A5 AW H SRR S R L BHE YR AR L T R AR 5327

[28]

[29]

[30]

[31]
[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]

[42]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

ik, VLB, BU, RS, TOTT, AR, SROKOK, XU, WEIHTRER AL R BT B B B B 5T SR 10 D e MR AR, B AR S IR,
2021, 32(7): 2301-2308.
T, BRETR, 350, X275, Fo%, 20, REBREELIHE AN T TR R 2R shAs. B S5 E2EdR, 2021, 27(4) .
930-937.
Ye XM, BuW S, Hu X F, Liu B, Liang K, Chen F S. Species divergence in seedling leaf traits and tree growth response to nitrogen and
phosphorus additions in an evergreen broadleaved forest of subtropical China. Journal of Forestry Research, 2023, 34(1); 137-150.
i+ H. R, 3 M. JEa . ERL R, 2000.
Liu J X, Huang W J, Zhou G Y, Zhang D Q, Liu S Z, Li Y Y. Nitrogen to phosphorus ratios of tree species in response to elevated carbon dioxide
and nitrogen addition in subtropical forests. Global Change Biology, 2013, 19(1) : 208-216.
BETCHR, RERETE, BN, XUTE. SRMNIE AR A AL X R 2 AR R R . 2R A, 2015, 35(2) : 434-448.
R, T;%Im HEW, FEE, MR T EARBE IR RS RS 102 AMEHF BB E B T R R GO, B A
4R, 2012, 23(3) : 581-586.
Zhang J H, Zhao N, Liu C C, Yang H, Li M L, Yu G R, Wilcox K, Yu Q, He N P. C: N: P stoichiometry in China’s forests: from organs to
ecosystems. Functional Ecology, 2018, 32(1) ; 50-60.
EHRIE, KX, e, TR, KiES, LR, KA, Rl Aedba BN TR C N P AR B S RE M A8k, RS
i, 2019, 39(5) ; 1572-1582.
B, W, BRaW], ST B4 R EX RS R G A S AR RRAE. ZEAS 2R, 2017, 37(16) : 5451-5460.
HERTT , Fhapk, BMREE skhdl, X240, WAAHE 4 FMORSET M0 Bk U0 & i S Ak 2% 1T R EUARRIE. N 5 R B 2R 2k 4, 2017, 23
(2): 379-383.
IEUIF, b ERE, MOtK, RIS, T ARARIETEY U B, Mol 2006, (4) : 93-100.
Rl , T 5%, BhEME. AN TR RE T B R AA IRV M2 Bt A2 A S 5 0 MR I G R AR 2R, 2017, 37(7) : 2325-2333.
A, mE, AR, SR, A, AR AR N TR - 0T -+ C N P AT R E R AR SC R, 28240, 2018,
38(21) ; 7772-7781.
Parton W, Silver W L, Burke I C, Grassens L, Harmon M E, Currie W S, King J Y, Adair E C, Brandt L A, Hart S C, Fasth B. Global-scale
similarities in nitrogen release patterns during long-term decomposition. Science, 2007, 315(5810) ; 361-364.
WA, mfh, WO, MRBE, BTV, URE T, AGEN. 4R = ARk N O B A AR R R AE. AR AR, 2021, 41(5)
1991-2000.
Sardans J, Grau O, Chen H, Janssens I A, Ciais P, Piao S L, Pefiuelas J. Changes in nutrient concentrations of leaves and roots in response to
global change factors. Global Change Biology, 2017, 23(9) : 3849-3856.
JRErH, B2, BRIA, B, W, SRR, BRI L SRR R 2 R A B AE T R AR, AR A, 2017, 41(4)
461-470.
NI, KW, WM, K, A&, B4 m VR AT M AR E S R A T AR, K AR R R, 2017, 31(3)
202-208.
Sardans J, Pefivelas J. Trees increase their P: N ratio with size. Global Ecology and Biogeography, 2015, 24(2) ; 147-156.
BB REE, SR, AT, SRR BORH I B - 0RVE - MR AR AL T RRRE. AEASAEIR, 2016, 36(7) : 1898-1906.
Kerkhoff A J, Enquist B J, Elser J J, Fagan W F. Plant allometry, stoichiometry and the temperature-dependence of primary productivity. Global
Ecology and Biogeography, 2005, 14(6) ; 585-598.
Zhao N, Liu H M, Wang Q F, Wang R L, Xu Z W, Jiao C C, Zhu J X, Yu G R, He N P. Root elemental composition in Chinese forests:
implications for biogeochemical niche differentiation. Functional Ecology, 2018, 32( 1) ; 40-49.
Zhang J H, He NP, Liu C C, Xu L, Chen Z, Li Y, Wang R M, Yu G R, Sun W, Xiao C W, Chen H, Reich P B. Variation and evolution of C:
N ratio among different organs enable plants to adapt to N-limited environments. Global Change Biology, 2020, 26(4) ; 2534-2543.
Zhang K R, Song C H, Zhang Y L, Dang H S, Cheng X L, Zhang  F. Global-scale patterns of nutrient density and partitioning in forests in
relation to climate. Global Change Biology, 2018, 24(1) ; 536-551.

http ; //www.ecologica.cn



