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Changes of allometric relationships among leaf traits in different ontogenetic

stages of Acer mono from different types of forests in Donglingshan of Beijing
YAO Jing, LI Ying, WEI Liping, JIANG Sisi, YANG Song, HOU Jihua "

The Key Laboratory for Forest Resources & Ecosystem Processes of Beijing , Beijing Forestry University , Beijing 100083, China

Abstract; This study focused on the allometric relationships of the leaf traits of Acer mono at different life stages in various
forest types, to explore the resource utilization strategy of A. mono across various life stages and environmental conditions.
The lamina mass, lamina area, lamina volume and lamina water content of A. mono adults, saplings and seedlings at three
forests, Betula platyphylla forest, Juglans mandshurica forest and Quercus wutaishanica forest, were measured in
Donglingshan, Beijing. The standardized major axis estimation method was used to examine the scaling relationships among
leaf traits of A. mono. The increasing rate of lamina area was lower than that of lamina mass in adult trees, but they
maintained the same growth rate in saplings and seedlings. The lamina volume of the seedling grew faster than its lamina
mass. The increasing rate of lamina mass kept pace with that of lamina volume in both adult trees and saplings. An increase
in lamina water content was slower than that in lamina mass in adult trees. The similar increasing rates between lamina water
content and lamina mass were found for both saplings and seedlings. In the different forest types, the scaling relationship
between lamina water content and lamina mass was statistically different. The increasing rate of lamina water content was
less than that of lamina mass of A. mono in B. platyphylla forest. However, they were isometric in J. mandshurica and (.

wutaishanica forests. These results suggested the pattern of resource utilization shifted across various life stages of A. mono.
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With an increase in lamina mass, A. mono adult trees invested more leaf biomass in assimilation and supporting structure,
and saplings maintained steady investments of light-harvesting area and photosynthetic assimilating structure, while seedlings
mainly increased leaf area. The difference in allometric index of both lamina water content and mass among different forest

types to some extent reflected that leaf metabolic activity was strong plasticity in comparison to other leaf traits.

Key Words: allometry; forest types; leaf traits; ontogenetic stages; plasticity
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SEERE-10.1°C . 4FFK IR 612 mm,6—8 H R K2 5 24FRFK R R 78% 00, M P + e w1 A Ae
TR A (0, - FIAR AR L, — O BRI , 392 5B 3 7E 30 em DAL P2 AR HBIX 4K 1000—1900 m (1431
AT LR P R TR A T O R IR AR AR, R BRI ARARAR ( Quercus wutaishanica forest, 455 i QWF) Bk
MR ( Juglans mandshurica forest, 455 Ay JMF) i 2 MEMK ( Betula dahurica forest, 455 & BDF) | FIKMEMK ( Betula
platyphylla forest, 455} BPF) M 22 A MK (mixed forest, 465 N MF) ZEFRARIE R T K bR AR ARSI
H R AR — AR R R R R R 2, B iTs 5—13m, AR — B E 3em B SRR A B AR K
1.2 SEE ik
1.2.1 FHPHOE

AWFSET 2011 47 H—8 AR R INE T TR AT HEE iR TAE . IR R ILHIX 3 Fh 32 2R
ILZRBRAR  EHERRRTERRRARORR , LAAR A A0 3 DUAR A T F AR XS 52 (3R 1) BIFSE LA [m] A2 35 S B B (s
LR ) RIS TERERRAR A R RO TR S RO IR AR ROIR B R B 09 T A RS (A2
>Sem, B E>Sm) AIH (RS 0. 5—2m) RIS (B 0.3—0. 5m) 45 10—15 #, FHTAREE 20 (4 R4
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Table 1 Species composition and environmental condition in three forest types

ARPRAEA 527 TSR TR Fp HAX Z B/ % Tt
Forest type Altitude/m Soil moisture Main tree species Relative abundance Mean DBH/cm
SELTIN 1470 19.21% F1#E B. platyphylla 60.87 19.99
Betula platyphylla 11#% Populus davidiana 15.22 10.62
forest W HE B, dahurica 11.59 15.54
FLAHA. mono 5.80 7.78
AL EAEMK Sorbus discolor 4.35 7.41
HIBER AR 1138 30.25% B J. mandshurica 66.41 17.37
Juglans mandshurica AW A. mono 16.79 7.61
forest Kt Fraxinus americana 6.87 7.31
1% Pyrus ussuriensis 3.05 9.16
fZE Rhamnus parvifolia 3.05 5.80
ILARARAR 1380 10.12% ILARE Q. wutaishanica 66.29 18.63
Quercus wutaishanica W KE B dahurica 11.24 18.03
forest HAWA. mono 8.99 7.17
FI#E B. platyphylla 6.74 15.40
Kt F. americana 6.74 9.67

RN 2 A A B T OREA P Ay . SRR N, W M R db il i, Bt g, 5y
TR AR R AR 9 20 Aot 4 A REERA TR 5 A OR/MAML, SRIFRX S TR KR 7
0] & ST B i, E RIS EE D 0. 01 mm AR JF bR R AERE T 32 M kORI R R g it Jok iy it ¥ 0 BE AL e i 3 4>
MPEATH R EER I . IR TR (RS 0. 01g) FREX 20 i1, i sk fif 5, )W H] HP Scanjet G3110 94
A B — R M Z S TE 80°C TR N LT 48h ZfHH  FRTH , W] Image) BAFHHELM iy TR, 1
PRBU i AR I JRE R AR AR I K DAy o ff o T A 2E 0
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BRI R PR A AR I B AR iz AR RS, SR 5 4 A MR A R AT X (LA 10 S Fedfe il
FL R AE SR G ST HRIR A S 3R K CR T, FHAER TN y=af | X B 5 335 0 logy =
loga+Blogx, Hip x5 y RREARF IR, B W FEARRR, RIS A KIS, 45 B 5 1.0 2255 835, W45
R HA KR, R FARME 35l B9 ( Standardized Major Axis, SMA) B S A KT R RER B,i#
AR AL A RER Z B A R I R 5 1.0 i 22 5, MR IE Pitman ™ 1907 33 BRI B 5 X
6], JFiE i Warton 1l Weber ™ 42 Hi (1 ( ELRRFIRRIE 1E ) ISR LA 56 (14 7 VR AG B0 b i S bk . 25 RV AE A
SE ST T RPRE Y post-hoc 22T R ; A RPR ] 0 i35 22 5, W45 AL R RE3 IR0 Wald A6 5046 56 4%
MRS AU [F] TR BE R ol 7oA BE B O P AN A i SRR (B P R bR VA ) A
MR TS TR ERIER 225 . UL 4R A R 304 (2.9.2) 19 smatr 317, BT A Geitta i
) d KR @=0.05,
2 BEREHH
2.1 MRS TERAERER

HAWAFR LB B RR R BEWHE LR (F2), BHEEHEM RS TER
RERAEA R A ARAY (B 24 T0 2 25 S L rP i I 2R [ AE 380 0. 65 (95% B AR X ] C1=0.47—0.86) , 5 1.0
22503 (P<0.001) , RICH FHAK IR, IR AILFERERFA 1.02(95% EIF X[ . C1=0.80—1.28) , 41
FIFEERRR N 1.00(95% EAFIX ] . C1=0.83—1.20) (1,5 3) ,¥15 1.0 TR EZES, AHEHRAE TR
ROV ] 3 A ) 157 B8 R BRSO L ARAR AR T MR AR . I v e ] = il 4 137 8 3R A SHBROMROR
F MM ARARAR, 2hHFE 3 ASPRAL ] TJC A S v L 6] =3 B (&1 1, 3% 4) o UEBH T A ARSI 14 i T
FEUR I FE AR AR AR LT ZR AR P T OB, A ARSI AR I T SRR v ZE SR 2 Ao
ILZRBRAR, LA ARSI I T AR T B 7R 3 AR e 2

R2 TRKETHRANRERRE MR EREREEH(SMA) MIEFSHSH

Table 2 The parameters for leaf traits of different developmental stage of A. mono in different forest types analyzed by Standard Main Axis

(SMA ) regression
LA-LM LV-LM LWC-LM
25| Group
FHR Slope R? #HE Slope R? EHR Slope R?
Ja) HHepk BPF 0.83(0.46,1.48) 0.31 1.05(0.67,1.65) 0.65 1.01(0.64,1.60) 0.63
Adults FABEAORR TMF 0.51(0.33,0.79) 0.34 0.75(0.52,1.08) 0.57 0.77(0.56,1.06) 0.68
LR QWF 0.70(0.38,1.28) 0.66 0.71(0.48,1.04) 0.88 0.79(0.60,1.03) 0.94
L) HHepk BPF 1.06(0.74,1.52) 0.58 1.12(0.84,1.49) 0.75 1.08(0.79,1.50) 0.67
Saplings  BHkMAR IMF 0.96(0.64,1.44) 0.50 1.14(0.82,1.59) 0.68 1.08(0.79,1.46) 0.74
LR QWF 1.02(0.58,1.77) 0.39 1.32(0.78,2.22) 0.49 1.20(0.71,2.02) 0.48
AN FIHEM BPF 0.96(0.69,1.34) 0.65 1.15(0.87,1.52) 0.77 0.96(0.72,1.29) 0.74
Seedlings BB IMF 1.07(0.82,1.40) 0.79 1.42(1.10,1.84) 0.80 1.18(0.92,1.50) 0.83
LR QWF 0.87(0.56,1.38) 0.64 1.06(0.62,1.81) 0.44 1.05(0.74,1.50) 0.79
4F8 Al HMEMK BPF 0.69(0.56,0.85) 0.51 0.96(0.84,1.09) 0.84 0.87(0.76,1.00) 0.82
AR JIMEF 0.83(0.72,0.95) 0.78 1.07(0.94,1.21) 0.83 1.05(0.95,1.17) 0.89
ILARAFAR QWF 0.83(0.71,0.97) 0.85 0.99(0.85,1.16) 0.85 1.05(0.93,1.17) 0.92

IA: WA Lamina area; LM : M1 8 Lamina mass;LV; "4&FH Lamina volume; LWC: " 7K Lamina water content; R : 058 280 55 W K
B 95% BB AT X [H) , T W AR 2 22 (] 359 4 35 A 56 ( P<0. 05)

TEAX 7 R T BB o0 T, i i AR - E R R A S B R B /N T 1.0(P<0.05)  (RBH 235 19
SR RGBS AN TRIAR R ) T A AR S O IE 2 3% 25 57, LRI AR 0..80 (95% E A5 X [A]: C1=0. 73—
0.88) (1#12,23) , Wb T AT [F] 0 59 A8 T FIRERR 150 B T A AR e AR ARV v ) - T AR
MTERTHEEM(E4)
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Fig.1 Allometric relationships between lamina area and lamina mass of A. mono adult trees,saplings and seedlings varied with forest types

BPF: Betula platyphylla forest; JMF: Juglans mandshurica forest; QWF : Quercus wutaishanica forest
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Table 3 Test for heterogeneity of the slope of leaf trait relationships and the common slope for each developmental stage among different forest types

LA-LM LV-IM LWC-LM

3] 22 G R 3| 52 L P :
B Crowp LA FLES R SRR PSR S P REE
Heterogeneity . Heterogeneity Heterogeneity

Common slope Common slope Common slope

of slopes of slopes of slopes

R 0.65(0.47,0.86) p=0.356 0.79(0.63,1.01) p=0.322 0.81(0.68,0.98) p=0.552

LR 1.02(0.80,1.28) p=0.929 1.16(0.95,1.40) p=0.835 1.10(0.90,1.34) p=0.927

sl 1.00(0.83,1.20) p=0.675 1.26(1.05,1.51) p=0.387 1.08(0.91,1.27) p=0.548

278 All - 0.80(0.73,0.88) p=0.319 1.00(0.93,1.09) p=0.454 — p=0.048

SN R 95% 1 B4 IX )

x4 TRRBETRAWARREMNRMERGEREHMMACE

Table 4 Shift of leaf traits along a common axis for each developmental stage in different forest types

LA-LM LV-LM LWC-LM

UM Group —pyfiehh  WIBRMGH  GTAUWRAR  PIMERR BIBGMGRR  IDRERRR EIRERR WIEEGRR DA
BPF JMF QWF BPF JMF QWF BPF JMF QWF

) 0.79° 0.96" 0.96" -1.23¢ -1.02" -1.07" ~1.49° -1.28" —1.34%
A 0.34° 0.46" 0.35° -1.73* -1.54" -1.72¢ -1.92¢ -1.73" -1.91%
Far 0.14 0.21 0.14 -2.17 -1.98 -2.13 -2.17 -2.04 -2.19
e 0.52¢ 0.64" 0.56% -1.65° —1.44" -1.59® — -1.73® -1.89"

AR > 2 LR A AR ] Y 22 5 AR R PR R 22 R AN B

2.2 MHAREHFEREAERKER

T AN KT B B R B e A AL SR AEAS [] A AR IR () 24 0 I 25 22 S5 R A 3R [RL AR R 0. 79
(95% EA5X[H] :C1=0.63—1.01) ,2IH K 1.16(95% E A5 X [H]: CI=0.95—1.40) , 4I1H 4 1. 26 (95% E A5 X
] :CI=1.05—1.51) (K& 3,%3), HPHEES 1.0 25 8% (P<0.05) , AF#ARK LR, AR
T AR T ) T 8 057 B 2 A S BB RT L R BR AR T UMK . 2RtV 2 ) 3 2k 1 7 B 2 300 R
MR T A MEAMRFIL AR BRAR . 2 7E 3 S ARAL [R] T B B AT L R 38 (&1 3, 3% 4) . R H AL
RS 1 P A R S B ABOMRRT S AR AbR P R AR, ARt ) A2 FRLZE A AR TP 22 K 1 MR AR ORI R BR A, %)

T ARBUE 3 A PREY A TG 3% 22 57

TEANX o BT BB oL T AR T AR S i E A sl 45 805 1. 0 B 25 5, JL I
BRI 1.00(95% EAFIXE :C1=0.93-1.09) , ARSI S AR R SC R . A SIBRAROMR I 3 [] 3 b 4 (02 7% 22
KT EHERFLARBEAR (B 2,2 4) o B TLARTESIBRABAA b A AR BROR T L MERR R ZR AR
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