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Effects of tree size and competition on biomass allocation of five major
afforestation tree species in Qingdao, Shandong Province of eastern China
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Abstract: [Objective] This paper explores the comprehensive effects of tree development stage and
competition on biomass allocation of trees, so as to provide a theoretical basis for the optimization of
functions of plantation ecosystem in the Laoshan area of eastern China. [Method] Taking five main

afforestation tree species in the Laoshan area of Qingdao, i.e. Pinus thunbergii, Pinus densiflora, Populus
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przewalskii, Robinia pseudoacacia, and Quercus acutissima as the research objects, we divided the sample
trees in plot into diameter classes at 5 cm intervals, quantify the competition intensity of sample trees using
Hegyi’s single tree competition index, and divide them into five competition levels. By harvesting and
measuring the biomass of various tree organs, this study investigated the characteristics of biomass
allocation and distribution among different tree species, as well as their responses to tree size and
competition. [Result] Leaf biomass was concentrated in the upper and middle layers of tree crown, while
the proportion of branch biomass was the highest in the middle and lower layers. The proportion of trunk
biomass was the largest (44.1%—69.9%), while the proportion of leaf biomass was the smallest
(0.8%—13.1%); Except for Pinus densiflora, the underground biomass of other tree species increased
with the increase of aboveground biomass, and the regression slope was Robinia pseudoacacia > Pinus
thunbergii > Quercus acutissima > Populus przewalskii. Under competitive pressure, the investment in trunk
and leaves of Robinia pseudoacacia increased significantly, while Pinus thunbergii preferentially increased
the investment in roots. The interaction among tree species, diameter class, and competition intensity
significantly affected the allocation patterns of various tree organs. [Conclusion] The biomass allocation
strategies of each organ during tree growth vary according to the physiological characteristics of tree species,
and the strategies of fast-growing tree species in the competitive response are also different from those of
other tree species. Tree biomass allocation is affected by synergistic effect of tree species characteristics,
developmental stages and environmental pressures. This study provides basic data and scientific basis for
further exploring the regulatory mechanisms of biotic and abiotic factors on the biomass allocation of trees
and the functional optimization of plantation ecosystems.

Key words: biomass allocation; competition; crown layer; diameter class; plantation
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Tab. 1 Basic characteristics of sample trees of five tree species (mean + SD)

R Fif 73 J#i4%/cm B #5i/m SEFORIE
JIME Robinia pseudoacacia 12 16.5+5.0 10.6+1.9 7.0+6.6
YA Pinus thunbergii 18 15.9+5.7 82+22 11.9+6.0
¥ Populus przewalskii 16 21.0+£5.0 14.7+1.7 27+15
FRKA Pinus densiflora 12 16.0+4.9 93+22 34+2.1
JREE Quercus acutissima 12 152+4.0 9.0+1.7 121+12.1
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Fig. 1 Branch biomass allocation in five tree species with different diameter classes and heights of crown layer
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36 b =

ok R R

47 %

22 SHRMAFZREEDARBZENENESE

5 Tt b o = A2 T o B A K (44.1% ~
69.9%), i A=W 1 5 1 EE A % /N (0.8% ~ 13.1%),
AT AR B LB KN AT > R > B > i
(B 3). BEERGIE I, fIFEIRTEP 8 E 7 L
ERN, WRAED R E o RN, AN AR
T 53 LBt A5 A2 40 T 5 2 e, W R AR R AR AR
W 4y LU BB AR 208 i 55 25 kb (B 3

BRARAA A1, HoAb A Fhh A& SN A R
ERFEIEMXKR, IH N EY s E A=
BEh RN, H 4 PR A RO N R > B
> FRER > B0 (BT 4) o IR W FRR R A= 4)
BT A EA KRR N 1.24, 0.69
072, 51 HREZR(p<005), 2REEKK
F BANHL FAEY R R AR A OGO R IRER
N112, 51 EREER, BEHFERAKKR; H,
SRR I 25 AU G ROR e, e 1) 45 SR 40L& 28R i
Z=(E 4,
23 FHIREXT S R4 Y E 53 BL A 22

FIFEAN B e SR EAYER LA
BEMMFKANE 52, b). R ESmES T
B i AR 5 L DL SR e L33 75 S AR 2Rt O R
(p <0.05). BART =, THMAY) & 5 L5 554
o5 FEE P 186 T 5 3 BN (p < 0.05), T kL AR A =
i b AN AR 5 EL Bl SE 4 5 L ) 3G 0T 2 2 e /b
(Bl 52). Bix REWRAEYE S AR S 55458

loo—f
N

80 -

KRR
X
X sl 57
X&) ¥
XX ”]]]]]]]]]]

60 -

AW 53 L%

40 -

2o—>>>

FERF MR R (p<0.01), HARAY&E 5 LA
LU 4 i 55 7 4 5 EE PO 388 o 7 42 5 4 m (B Sb) o T3
fih 3 PR RS R B8 B AR E L S gL
BB IR NTE N
24 W BERNESEENIBELEMWESLE
R 7 b B 20

ANTRI B bRt 452 B AR A0 B 1 ) L RS e A
(p <0.01), RNEMEH &4 B LD & E 7 b AR 7o
EE 9 B2 1 2 2 (p < 0.05), /N [ 3% 4 0 13 % & 2% B
AW E H 5 b AR ek B R 2 e Bl 2 2 (p < 0.001)
(2o WEFRIRIFR LR 1) 22 FAE F LA B B A 55 4 5
JE (28 FLAE XA 28 B AR 8 4 bl SR et L
GELIR I B 3 (p < 0.001); £ 0 35 4 58 T () &8
AR R A AR 4 8 By ERR: 2B i v 43 B i)
S 15 5 2 (p < 0.05), Tkt HAEM R 4 e RZE
YL E S LURIAR R LU RS2 M AN SB35 5 A, A2 4R 5
G [ = 1A FAE FHX AR A 28 B AE i i 43 T
J ARG EL 2 R 5525 (p < 0.01) (R 2D
3 9t g
3.1 WARKNER HEMEEESHHN

PR 58 T . 2 ] 3 A A 2 5 T R A A ko e R 1)
WAL, AT 5 e A 4 2 TR 1 AR et T 50 28 4 7k
K2, el EERK S EAESH FAENEER.
AN 7 5k J2 v B2 AR A I e FE D R K A MR SRR 4k 2
TG 2 A &5 07 T A7 AE 22 57 T AR AT B8 I 1) w3 28K

NN + 7 #

i ann [Iw

N >>>

[ o m
il

I T mwy
FRYIN

I miw
ZL)

I T m
OIS

I T 1
JRAR

35 PRI B A PR AR B ) O AIE

Fig. 3 Biomass allocation characteristics among different organs of five tree species



10 TS RN RISES ST BT 5 A0 2 EUE M A A 4 b 2y ) 37

HEE oL e ML e REE e i

p<0.001

1.0 L5 2.0 2.5 3.0
lgd
A S B B R AR

K4 5 FpiiAH BAEY AN N AWM AR R
Fig. 4 Correlations between aboveground biomass and belowground

biomass of five tree species

73 B ANA A7 AE AU 2 &, #5050 SR AN R B0 AR
WEFTe, 5 R R A 2 T T RE R B,
A R BN B PR T R, X5 H AT
TR EE R — P XA REAE PR O e b T RE S
AR E 2 BEI, A S RO SRR, B
SRR A Pk A e AU 170 0 A ' B 2% P 5 R A
i B R e MR AR A, R AR K A TR,
RO IR A, R R AR A AT R IR I I AR
S [R) RIS N B A BT, AR R R R O

AR R G KRR ENT T E, RS
AR, N EBEY =R — B R,
T A AR 75 /N2 G s A I 2 B4 A 38 20, (ERE A 1R 2%
wn, EEMAYESREZE N, XA RE R
N B B R R = 5K R S B 1R
AN, RERI R b B AR R A 4 B R D
FTE RiifEKBEHN LERERT FE, XAk
ST R IRRAR T J2 030 43 W A ot 7 1 S 3800
32 WAKXKNMEARBREEDENFME

AT FE I AN [F) B P 28 B 2 TA) B AR ) 8 4 T
FAEREZS, S W& 2% & AL W& 1 53 i b 3l
KANRT >R > 4 > 0, X 5 —Lefff 7t 25 L — 5,
WM R E 4 Ee Y i (44.1% ~ 69.9%), [k T
P AR A 485 1) S 43 A Bt s A% O I AR S AR 2
eI, hAh, AR R /N0.8% ~ 13.1%), X
ATRe S e N A E ) R AR, AR
BN, R Z BACHIE B A S8, )RR i b TR
W & L BE AR G N B N, X5 RN AT 4
RS, i AR AR R s AN B A
2 DU 7 AR i LS R), R S R AR E IR
LAt 25 B DA 5 BEIR RSO R F R o B 2R AA b,
oAt 4 NP FR B AE P i o LR T I, TR R
BEAE & (AR 52 R0 23 I 22 52 B AR /N RE ), X

P EM AN EEXIR ., BIAFARRE FERAY) AT RE SRy 1 S R T 45 AL AT N 32 0 THT A
80 sk 80T b s 00T ¢ bt
L 60 _6of ¢ LTS
% E p=0.007 §
& X R &
1T 40 i 40 . m 50
i [ J
H# |28 p=0.003 Hol 2 e s H oo le . o .
| | : g [ ] 3 ..
0 10 20 30 0 20 30 0 > ! 6
TEr I pioe i Pioe i
100 80
d 7R e JiRAR
80 | ok -
S &
= oo} ° e I g B
\E ° .. 4 H]I 40F o o ° +
I 40 F s ¢ o0 il ©
] *® . ] > ¢ ° H
o ‘
< ok o g % ° eI o HUEH
P (] o o
| _J g N ¢
‘ . 0k .
0 2 4 6 8 0 10 20 30 40
TEFHOR pos i

5 S MRAESEEMRE D O SRS REHRRR

Fig. 5 Correlations between the percentage of each organ biomass and competition intensity of five tree species



38 b =

ok R R

47 %

R2 WM, RANEHEEXNEREEYMESLNRELLHTES T

Tab.2 Variance analysis of the effects of tree species, diameter class and competition intensity on biomass proportion of each

organ and root-shoot ratio

Eizpas FEMEF B e EH 4 A A5 L AR H 5 et Lt

R Fof 11.198%*%* 4.951%* 8.989%* 4.753%* 2.846%*
2% 44,697%** 741 %% 4.279% 18.578%#* 9.476%**
Se R 71.125%%% 2.487 11.419%%* 15.348% % 7.081%%%
R 422% 26.93%** 6.505%** 4.218%* 9.077*** 4.785%%x*
R x 459 20.211%%* 5.1k 7.489%** 9.293*** 4.978%+*
B < SEA IR 4,052%%* 2.661%* 1.702 1.501 0.937
T < 722 x i) 24.455%%% 4.569%%* 2.882%%* 6.594%%* 3.446%%*

E: *37Rp < 0.05, **35p < 0.01, *#+F75p < 0.001.

AT B AR A2 A ORI, R A= LR R
B2 T BE A HH T et R 0 ot e 22 288 99 P 3 82 41 e
NP0, TR AR A A3 b B AR 2 L R, o] R
SN T R 2 DABG s T R R

R b —Hb A2 05 T A 4 i R ERURN B R
SR ZR G AR BRARKA b, AR 4 SRR Hb
FEHF A RS R EE EASK R, X546
FUIR S5 RARF o (ER AN R A B AN ) ) o AR
KAREL, WA FIR A IR A B — SR E K
oW, WA eE MR RAEKCREA —EN
VPR R R FIRR I R A KRR R E KT 1, R
A 0K B 22 1 B U 20 R 4 B 3 40 DU o s 1
2], X A A oo i PR b bk DU 5 5
JI AR TN —E, T Aa fth B E ST
EMEEFEREKKLR, RPAEYEA FAEYE
AL AR R R R I T R RO B
PEFNRRAR I EAE S N AR E 2 R E A KRR
HREEKREREENT 1, RPHLKEEZ LY
B EL 25 IS LA WA SE 22 (1 L3 7 41,
33 EFEENARIDELEWERRE LR

AWFFH, JIRRA B ST A E S
AR RERR, RPUHEYSHER SMAE
VB Sy IO SR, LUIE LR B AR A AN S 4 IR BT
P AR B o LU RE e 4 o BE RS N2 38 B, A
MRA & 7 bl SRR et B 3 R B, X 5 e e AP
1128 3k M 22 ( Chenopodium acuminatum) [ 5% 5+ 14 Il
F oy L 2 A = s 32, T AR A K i
FAER— B WAk, R FEEPIRE R B, B
G380, ZLRA (Pinus koraiensis) IR A9 & & 2 2B
VIR A 7 LA R E S X JR W, Y
Fod e Tt EA A SRR T Py RN
XTGBT S, [ 92D Ak 285 A T AR A B R VA
Feo FIMLE AR EAYE SIS damnE 2 B E IR

A1t 5% B, R U L R 43 IO S I 6T 5 4 5 ) g
FELEBRER . T AN AR & o b AR e LU Bl 55 4
SR JEANESE N, SR SE G K ) T SR AR R AR TR
DAAERR 7K 53 A5 53 RS RE 77 R SR BE o« 2R 0K SR IR
B 5% 5+ 0 8, W VLA (Phoebe chekiangensis )< 38 1N
RV E LT L] . AR FTH, BRI R A R
Fabb, FAtR Fh 3 B 43 B 5 56 4+ 0 FE G 2 35 I AH 56
KHR, X5 Li FMHHE R — 8, XrRee N
P2 XA T HE A B ST v, IR RS L H g
B 3%, B AR AT DL o 5 X 78 A2 1R 5% 40 SR RLAT 58
Gk 7 WATRERR MW FRAA FRRERAE B VE o AR
ST, TR AR A AR AR A T DUASE AT B e )
5 70 2% R SR E A8 A (18 B 5 R 1)

X JE AR SEPR I, 4 P B R AR B 4y L)
W A% 2 1A B4 0 B4 0, T AE YR 4 LI RE AR 2
T4 0T 98 /b s B 9 (Castanopsis fissa) Tl H L HE(C.
chinensis) W WA= W) & H 3 LU BE A% 2038 i 14
1 4 M (Aleurites montana) 1 4 jii # (Machilus
chinensis) WIAH S ; 5238 o B AR A ) B A 43 LU B A2 2
S G, 5 A 3 R R B o AR T R I,
REF SR H R HAE AR & 28 B A E H It
AR T BV PR 5 e 240 A . 2, X 55 22 1T — SR AT
SRAHACAE, 28 B ot 458 2% A2 5 M A= ) 2 4 TG 1)
BRER, HEMNZEFEE R - . Miks
5 R B ()38 ELAE R R ARER 25 3 B AE M & A 40 B A
MR ek b ) 5 b0 5 2 o O e A R R R 3G I, R A
12 (Abies nephrolepis ) B+ E W) & & SR AEY) & ) HE
IR TN, A5 AR AR B O, AR AR A=)
B PR A CR R AR T LLAA T A B
R AR 1 LBk /N, AR AR PR ) EE
WG OR, TEAL. B ACHAR ARV B & S T 4
JE R 50 R AN 35 19, 3R TR b R 56 4 0 5 i A= ) B
S EER R B e A EE RN HAER .



10 TS RN RISES ST BT 5 A0 2 EUE M A A 4 b 2y ) 39

TR 56 5 R FE (A8 HAE I BER T A& E 4 b
Ak AW H o L e 5 B3, X 5 R AR 45
Xt H A TE - Fa (Larix kaempferi) WHE 58 F ], 10 5% H-
AW A LU SR AN B 2, I RT RE A R AR A
AR AR B[R] I I8 2 A S 2 Ve . AT T
N NN P e S 8 S R (S PO g i)
RESE AV E B SR L 2w 2 2, R
W A% GROR 5 5 98 B2 2 52 W) A= 49) B 4 T 110 = S [
7, HEATIEF 1 325 A 00 2R 4 o E SR

4 % P

AHETCIRTE T 5 Pl e A= 0 85 23 WA A S HLxet
PR /INFISE S (1 5 o A 70 3 L 1 52 8 2 ST ARG
MR AR, A ORI SR L
JZ, TURUAE R T 2 o b e e, Sk 1R HHAE
e A ] 1 PR R AR SRS AN A o 5 b ol 25 25
AR o BE B R/ T > AR > B> . Tk
RGN, R AR T ARV R S HOR S
B IRIVEE R AMa2, R TAER AL KRR A [ 3%
B B A= ) C SRS & N TR B . RUBRAE S I
T3ROS T BT, BEARE AR R
AL SR TR AW BRI 5 B R SRICRE /7, AR E)L
I A o g A AR R E S 4 R A S 34
PERRFIE A H B B IS ) A EAE R 2 5
WA A AL By FOAS =, R AR AR B o2 %
T AR ILRVE R S R . ATt — PR RN
AR A=W PR 3R 0 kAR A 20 T ) TR P AL B 3 T
AR, KRR AT T S5 KM EE, o
IRZ MBI B AR A A W) 580 BE A T P AL A o

& % X

[1] Zhao D, Kane M, Markewitz D, et al. Additive tree biomass
equations for midrotation loblolly pine plantations[J]. Forest
Science, 2015, 61(4): 613—-623.

[2] Poorter H, Niklas K J, Reich P B, et al. Biomass allocation to
leaves, stems and roots: meta-analyses of interspecific variation
and environmental control[J]. New Phytologist, 2012, 193(1):
30-50.

(3] Wy, ZEW, e, & =MIse AR H LY R 7 i
KL SAMAMM 70K R 0] £F¥EE, 2022, 41(11):
2090-2097.

Chang Y N, Li B'Y, Zhong Q L, et al. Biomass allocation of three

functional types of forest tree seedlings and their relationships

with nutrients in fine roots and leaves[J]. Chinese Journal of

Ecology, 2022, 41(11): 2090-2097.

[4] Deng C, Ma F, Xu X, et al. Allocation patterns and temporal
dynamics of Chinese fir biomass in Hunan Province, China[J].

Forests, 2023, 14(2): 286.

[5] Anten N P, Schieving F. The role of wood mass density and
mechanical constraints in the economy of tree architecture[J]. The
American Naturalist, 2010, 175(2): 250—260.

[6] Aguirre O, Hui G Y, von Gadow K, et al. An analysis of spatial
forest structure using neighbourhood-based variables[J]. Forest
Ecology and Management, 2003, 183(1-3): 137-145.

[ 7] Valladares F, Niinemets U. Shade tolerance, a key plant feature of
complex nature and consequences[J]. Annual Review of Ecology,
Evolution, and Systematics, 2008, 39(1): 237-257.

[ 8] Coomes D A, Allen R B. Effects of size, competition and altitude
on tree growth[J]. Journal of Ecology, 2007, 95(5): 1084—1097.

[9] He L, Zhang X, Wang X, et al. Tree crown affects biomass
allocation and its response to site conditions and the density of
Platycladus orientalis Linnaeus plantation[J]. Forests, 2023,
14(12): 2433.

[10] Rehling F, Sandner T M, Matthies D. Biomass partitioning in
response to intraspecific competition depends on nutrients and
species characteristics: a study of 43 plant species[J]. Journal of
Ecology, 2021, 109(5): 2219-2233.

[11] Ai X, Yang X, Zhang Z, et al. Biomass allocation, carbon content
change and carbon stock distribution of Scots pine (Pinus
sylvestris var. mongholica) plantation forests at different stand
ages and densities in the sandy area of western Liaoning Province,
China[J]. Peer J, 2025, 13: €19232.

[12] Zhang X S, Zhou C N, Lu J. Influence of topography, soil
properties and plant community on the biomass of Abies georgei
var. smithii seedlings in southeast Tibet[J]. Journal of Mountain
Science, 2022, 19(9): 2664—2677.

[13] Gong H D, Song W C, Wang ] F, et al. Climate factors affect
forest biomass allocation by altering soil nutrient availability and
leaf traits[J]. Journal of Integrative Plant Biology, 2023, 65(10):
2292-2303.

[14] Laird R A, Aarssen L W. Size inequality and the tragedy of the
commons phenomenon in plant competition[J]. Plant Ecology,
2005, 179: 127-131.

[15] Wang C K. Biomass allometric equations for 10 co-occurring tree
species in Chinese temperate forests[J]. Forest Ecology and
Management, 2006, 222(1-3): 9—-16.

[16] ARFRE, #hLA, SRAME. [ ZLRA M Rl ] 55 40 2R S E AR

B[] AR, 2001, 20(4): 35-38.
Zou CJ, Han S J, Zhang J H. Competition relationship among tree
Species in broad-leaved Korean pine mixed forest and its
significance for managing the forest[J]. Chinese Journal of
Ecology, 2001, 20(4): 35-38.

(17] JET, R AL, $2, &6, BT PR RS AR K Hegyl 1R8N = 1%
12 R AR MR B R i A AR AR AR (0], B 5 ARk R 2 22 4, 2023,
45(10): 59-69.

Zhou Z Y, Zhou C F, Hu X G, et al. Single tree DBH growth

model of spruce-fir natural forest based on distance related Hegyi


https://doi.org/10.5849/forsci.14-193
https://doi.org/10.5849/forsci.14-193
https://doi.org/10.1111/j.1469-8137.2011.03952.x
https://doi.org/10.3390/f14020286
https://doi.org/10.1086/649581
https://doi.org/10.1086/649581
https://doi.org/10.1146/annurev.ecolsys.39.110707.173506
https://doi.org/10.1146/annurev.ecolsys.39.110707.173506
https://doi.org/10.1111/j.1365-2745.2007.01280.x
https://doi.org/10.3390/f14122433
https://doi.org/10.1111/1365-2745.13635
https://doi.org/10.1111/1365-2745.13635
https://doi.org/10.7717/peerj.19232
https://doi.org/10.1007/s11629-022-7408-4
https://doi.org/10.1007/s11629-022-7408-4
https://doi.org/10.1111/jipb.13545
https://doi.org/10.1007/s11258-004-6737-4

40 b M ok Ko ¥ R 476
index[J]. Journal of Beijing Forestry University, 2023, 45(10): Technology, 2022, 42(12): 112—-121.
59-69. (28] BAEA, Fuas, 250k, S5, 1 LA SRR AR 4 AN IR
[18] Warton D I, Weber N C. Common slope tests for bivariate errors- Bl A ) B 4 FO KRR 5 e AR AR AL (], MOl R, 2022,
in-variables models[J]. Biometrical Journal, 2002, 44(2): 58(2): 23-31.
161-174. Zhao H B, Zhou G Y, Li Z J, et al. Biomass allocation and
[19] Schmid I. The influence of soil type and interspecific competition allometric growth models of four common tree species in southern
on the fine root system of Norway spruce and European beech[J]. subtropical evergreen broad-leaved forest[J]. Scientia Silvae
Basic and Applied Ecology, 2002, 3(4): 339-346. Sinicae, 2022, 58(2): 23-31.
[20] HHREE, BETNEE, TS, &5 W5 A Al R TR S AR A PR IR B A & [29] Liu R, Yang X J, Gao R R, et al. Allometry rather than abiotic
I B B ARG [9]. RS 253, 2018, 38(23): 8383-8391. drivers explains biomass allocation among leaves, stems and roots
Tian J X, Wei L P, He N P, et al. Vertical variation of leaf of Artemisia across a large environmental gradient in Chinal[J].
functional traits in temperate forest canopies in China[J]. Acta Journal of Ecology, 2021, 109(2): 1026—1040.
Ecologica Sinica, 2018, 38(23): 8383-8391. [(30] vk, HKAE, BSCHE, & IR Pk RARIRAE A BR + K + 42
(211 #HFIR, Z2RH, BUGED. PRARTE G 2008 N TARSLAR A &5 ARFEVE AR S L AU [T]. Mol B R 22254, 2011,
Wi R ABHURIE AT (1], b st bRl K32 243R,, 2013, 35(6): 15-22. 31(5): 44-51.
Dong L H, Li F R, Jia W W. Effects of tree competition on Shen Y, Tian D L, Yan W D, et al. Biomass and its distribution of
biomass and biomass models of Pinus koraiensis plantation[J]. natural secondary Quercus fabri + Sassafras tsumu +
Journal of Beijing Forestry University, 2013, 35(6): 15-22. Cunninghamia lanceolata community in Yuanling County, Hunan
[22] Valladares F. Light heterogeneity and plants: from ecophysiology Province[J]. Journal of Central South University of Forestry &
to species coexistence and biodiversity biodiversity[M]//Esser K, Technology, 2011, 31(5): 44-51.
Liittge U, Beyschlag W, et al. Progress in botany. Berlin [31] Wang W F, Shang J Z, Rabild A, et al. Effects of nitrate
Heidelber: Springer, 2003, 64: 439—471. assimilation in leaves and roots on biomass allocation and drought
[23] Ackerly D, Knight C, Weiss S, et al. Leaf size, specific leaf area stress responses in poplar seedlings[J]. Forests, 2024, 15(5): 779.
and microhabitat distribution of chaparral woody plants: [32] Martin-Guay M O, Paquette A, Reich P B, et al. Implications of
contrasting patterns in species level and community level contrasted above-and below-ground biomass responses in a
analyses[J]. Oecologia, 2002, 130: 449—457. diversity experiment with trees[J]. Journal of Ecology, 2020,
[24] Xiao C W, Ceulemans R. Allometric relationships for below-and 108(2): 405—414.
aboveground biomass of young Scots pines[J]. Forest Ecology (331 kb, &bk, VE 5, 5. BA AR BoAk m S ol A K
and Management, 2004, 203(1-3): 177-186. B[] dbs %ika#%bi, 2017, 39(4): 12-20.
[25] R4, FER, SO, 55 ANREYT A HE N DA K& Liu K, Cao L, Wang G B, et al. Biomass allocation patterns and
SYBCHFAE [J]. R AR K 22223, 2019, 53(3): 343-348. allometric models of Ginkgo biloba[J]. Journal of Beijing Forestry
Peng Y H, Zheng W, Shen W H, et al. Diameter scaling biomass University, 2017, 39(4): 12-20.
distribution patterns of Castanopsis hystrix plantation in [34] B, #43E, 5, & BE PR m— A2 Rl A KOG R
Guangxi[J]. Journal of Henan Agricultural University, 2019, MIsEIE [J]. AR E, 2018, 37(2): 391-398.
53(3): 343-348. Zhao G, Han X Q, Wang X M, et al. Effects of pruning on
[26] FHERI, 7+ R45, FHLE, 5. R BN N TR EEYE allometric relationship between height and basal diameter of
SrBC IR [J/OL). 4 FAE 4 & Fh, 2023: 1-10[2025-01-23]. Moringa oleifera[J]. Chinese Journal of Ecology 2018, 37(2):
https://link.cnki.net/urlid/46.1068.S.20231007.1317.006. 391-398.
Fu D G, Qiao X J, Wang X Y, et al. Effect of forest age on [35] Krause C, Plourde P Y, Marty C. Biomass allocation and growth
biomass allocation of the vegetation layer of Pinus thunbergii of young black spruce (Picea mariana (Mill.) BSP) trees[J].
Parlatore artificial forest[J/JOL]. Molecular Plant Breeding, Canadian Journal of Forest Research, 2025, 55: 1-15.
2023: 1-10[2025-01-23]. https://link.cnki.net/urlid/46.1068.S. [36] Enquist B J, Niklas K J. Global allocation rules for patterns of
20231007.1317.006. biomass partitioning in seed plants[J]. Science, 2002, 295:
(27] WEW, B%F, RYER, 5. A FEMD A2 N TR A L 1517-1520.
ooy e R[], o R AROL B R A s i, 2022, 42(12): (37] B, E2IY, & 5h o, &5 MERE Sk v R ) e cons o ) 5%

112-121.
Feng Y M, Wang L, Zhao W J, et al. Carbon storage and
distribution of Picea asperata plantations with different stand

densities[J]. Journal of Central South University of Forestry &

S C I R VA N R e R Sl
1623-1636.

%, 2024, 48(12):

Liao D, Wang Y T, Lei J J, et al. Gender-specific responses to

interspecific competition in the dioecious clonal plant Acer


https://doi.org/10.1002/1521-4036(200203)44:2<161::AID-BIMJ161>3.0.CO;2-N
https://doi.org/10.1078/1439-1791-00116
https://doi.org/10.1007/s004420100805
https://link.cnki.net/urlid/46.1068.S.20231007.1317.006
https://link.cnki.net/urlid/46.1068.S.20231007.1317.006
https://link.cnki.net/urlid/46.1068.S.20231007.1317.006
https://doi.org/10.1111/1365-2745.13532
https://doi.org/10.3390/f15050779
https://doi.org/10.1111/1365-2745.13265
https://doi.org/10.1126/science.1066360
https://doi.org/10.17521/cjpe.2024.0071

10 4 ¥

PESE: IR KNI SE SRS 75 BT 5 2 S o ol 2 42t BE FO S 41

[38]

[39]

[40]

[41]

[42]

barbinerve[J]. Chinese Journal of Plant Ecology, 2024, 48(12):
1623-1636.

e, RN, TR, S ROk AL W ) AR R K
SEHER AR [J]. ZEA R, 2017, 37(15): 5080-5090.

Fan G H, Cui Z, Zhang J W, et al. Effects of population density on
the biomass allocation and allometric growth of Chenopodium
acuminatum[J]. Acta Ecologica Sinica, 2017, 37(15): 5080—5090.
UK, BARIE, M, 5. AR5 8 BEXT B AT AR T i I v 4l v A A&
ANA BRI B2 [T]. ARAEMO RS54, 2022, 50(8): 1-4.

Li B, Yang Z Y, Tang H, et al. Effects of stand density on growth
and physiological characteristics of Phoebe chekiangensis
seedling under moso bamboo forest[J]. Journal of Northeast
Forestry University, 2022, 50(8): 1-4.

LiQC, Liu Z L, Jin G Z. Impacts of stand density on tree crown
structure and biomass: a global meta-analysis[J]. Agricultural and
Forest Meteorology, 2022, 326: 109181.

Fargione J, Tilman D. Plant species traits and capacity for
resource reduction predict yield and abundance under competition
in nitrogen-limited grassland[J]. Functional Ecology, 2006, 20:
533-540.

Shan L P, Oduor A M O, Huang W, et al. Nutrient enrichment

promotes invasion success of alien plants via increased growth

[43]

[44]

[45]

and suppression of chemical defenses[J]. Ecological Applications,
2024, 34(1): e2791.

ESR, TR, TEIH, 55, MORTE S X LA AL E YR 2 IE I 52
i [J]. Aok R, 2012, 48(4): 14-20.

Wang J S, Fan X H, Fan J, et al. Effects of tree competition on the
biomass partitioning of Abies nephrolepis[J]. Scientia Silvae
Sinicae, 2012, 48(4): 14-20.

A, WA, YIH, 55 Hh LSRR R AR A2 & A I
Fom [J]. AR, 2012, 32(8): 2447-2457.

Wang J S, Fan X H, Fan J, et al. Effect of aboveground
competition on biomass partitioning of understory Korean pine
(Pinus koraiensis)[J]. Acta Ecologica Sinica, 2012, 32(8):
2447-2457.

WRARTT, PhIGet, S3eid, S8 MR RISE 4508 H AR A %21 20
AR R R R [1]. 235244, 2020, 40(3): 843-853.
Chen D S, Sun X M, Jin Y B, et al. Effects of stand age and
competition on allometric relationships for biomass partitioning in
Larix kaempferi plantation[J]. Acta Ecologica Sinica, 2020, 40(3):
843—853.

(FiERE # %
THESE O BER)


https://doi.org/10.17521/cjpe.2024.0071
https://doi.org/10.1016/j.agrformet.2022.109181
https://doi.org/10.1016/j.agrformet.2022.109181
https://doi.org/10.1111/j.1365-2435.2006.01116.x
https://doi.org/10.1002/eap.2791
https://doi.org/10.5846/stxb201103140312
https://doi.org/10.5846/stxb201103140312

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 数据采集
	1.3 数据处理
	1.3.1 竞争强度
	1.3.2 数据分析


	2 结果与分析
	2.1 5种树种不同径级间枝、叶生物量分配
	2.2 5种树种不同径级间不同器官的生物量分配
	2.3 竞争强度对5种树种生物量分配的影响
	2.4 树种、径级和竞争强度对各器官生物量占比及根冠比的影响

	3 讨　　论
	3.1 树木大小对枝、叶生物量垂直分布的影响
	3.2 树木大小对不同器官生物量的影响
	3.3 竞争强度对不同器官生物量及根冠比的影响

	4 结　　论
	参考文献

