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Abstract: The relationship between leafl area and leaf biomass is important for understanding the trade-off between leaf
carbon investment and return. According to the “diminishing returns hypothesis” , the leaf area should scale allometrically
with leaf biomass, with the allometric scaling exponent <1.0. However, it is not clear whether such hypothesis holds true for
the leaves belonging to the different canopy height (upper and lower canopy) and different life types ( evergreen and
deciduous) of subtropical woody plants. The standardized major axis regression method was used to test the scaling
relationship between leaf area and leaf biomass of 69 woody plants in Yangjifeng Nature Reserve, Jiangxi. The results

showed that the leaf area differed significantly between evergreen and deciduous plants ( P<0.05) , whereas, no significant
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difference in the biomass of small branches and leaves were detected in the current year twigs in different life types and in
different canopy heights (P>0.05). The leaf mass per area (LMA) of evergreen and deciduous plants was significantly
different (P<0.05). At the same canopy height, the LMA of evergreen plants was significantly higher than that of deciduous
plants ( P<0.05). Furthermore, LMA of deciduous plants differed significantly in different canopy heights ( P<0.05). The
scaling exponents between leaf area and leaf biomass plants varied significantly among 69 subtropical woody species. 60.9%
of species showed isometric relationship between leaf area and leaf biomass. Furthermore, the scaling relationship between
leaf area and leaf biomass of different canopy heights and life types all shared the sometric exponent, but with different
scaling constants. These results indicated that canopy heights and life types did not change the isometric scaling relationship
between leaf area and biomass for such in 69 subtropical woody species, and did not support the “diminishing returns”

hypothesis.
Key Words: canopy; biomass; diminishing returns; evergreen broad-leaved forest
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B a<1.0 1] a> 1.0 HRAAS ML, SR, Li 451 %238 LA [l 4k o Ll b /IR iR A A 9T, 45 SR R
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285 R T AR S iA i YOG R0 e 2 R AR IS B e 1y BIFSR AT SRyt 2B T i e SR A R R A T A I TR
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B H AR R P L g A S R P L 45 0 AR SR, TR X ELAT LR ) Y I R I A B R
fit , AR KR R 1870—2191 mm, Hv 4—6 H 3 B IK & 72%—75% W ik, 4FF ¥ A0 11.4C—
18.5°C , Hbafy kR AR iR ki £
1.2 SR SRR

F2015 4 8 A, —4> 25 hm® (500 m x500 m) B FREEH , BE M RIS FEARAIE WL 1, XHAEH PN Jor
AR =1 em BFEARZ —HERL, ICRAW T2 e St (3R 2) o 78 2017 4F 8 J1 SR N (1 69 FhpL#49
AR FRHEATRAE , B PIFIEEL 3 BRARHEA | 0 S AE SR BR HEAR R 56 152 (172 52 D 1) 58 2 5 88 T K
FERRRIN B GEE T2 (172 @2 UUT ) 58 2B AL B0, BEALBE R R SR/ (B Bt i %A B8 T
TR 1 3—5 A2 4F 2 R /ML, I 57 BINE AK | U A S ARic s [l 25628
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Table 1 Basic forest characteristics of forest community of Yangjifeng

o i R3] afe . .
" - o + RO RRCL T & :
wEECR R LA i e O L T T
. . o Soil Stand . Mean Mean crown
Species Soil carbon/  Soil nitrogen/ . diameter Mean crown
phosphorus/ density/ tree branch .
number (mg/g) (mg/g) N breast . . width/m
(mg/g) (#&/hm?) . height/m height/m
height/cm
69 72.41+3.90 5.70+0.13 0.58+0.7 703.52 11.77+0.10 8.54+0.06 2.85+0.02 3.18+0.02
F2 69 FARKEYMAR, FHHEMEHHE
Table 2 Names of 69 woody plants, mean diameter breast height and average tree height
Ttz . Tl .
. PIE PARE
arpil L7 Mean diameter L7 Mean diameter
. . Mean tree . Mean tree
Life types Species breast height / Species breast heicht /
height/cm et /m height /cm cent /m
H LR TH Syzygium busifolium 4.65+3.34 4.23+1.26  Kbf Castanopsis carlesii 20.8+0.44 12.75+0.19
Deciduous tree %7 Ilex chinensis 5.21+0.4 5.07+0.41 [E £ Phoebe bowrnei 6.66+0.23 5.3£0.17
species ¥ Rhododendron simsii 3.86+0.26 3.41£0.17 A Schima superba 8.59+0.42 7.03£0.24
2545 Eurya muricata 5.01£0.23 4.72+0.1 PEM Randia cochinchinensis 9.48+5.56 3.35+0.25
¥J¥% Castanopsis tibetana 12.32+2.55 8.48+1.84 HAFEHE Elacocarpus japonicus 10.21+0.31 7.94£0.19
LT Nlicium henryi 14.73+£5.26 6.13+1.56 S BN Machilus velutina 2.85+0.05 3.4+0.5
L1345 Machilus thunbergii 12£2.5 7.981.54  FLIRASE Manglietia yuyuanensis 6.78+0.54 5.75+0.34
WX Sloanea sinensis 8.16+0.5 6.81+0.32 1M Elaeocarpus sylvestris 8.85+0.46 7.13+0.34
JE R & Ternstroemia gymnanthera 5.12+1.18 4.4+0.91 LR Symplocos sumuntia 3.15+0.35 5.35£0.15
JEI-235 Tlex elmerrilliana 5.11+0.55 4.27+0.36 W EHF Chimonanthus nitens 3.59+0.09 3.8+0.16
HE ARG Machilus leptophylla 24.5+2.32  16.970.33  PMEHL Engelhardiia fenzlii 5.13+0.17 4.86+0.09
WA Adinandra millettii 4.45+0.23 4.25+0.14 VL Lithocarpus glaber 6.14+0.23 5.55+0.13
MK Loropetalum chinense 13.1+4.4 7.9+0.3 W2 Dendropanax dentiger 3.66+0.21 3.52+0.14
kA Daphniphyllum macropodum 6.64+0.19 6.23+0.17 ik Castanopsis eyrei 12.82+0.69 9.01+£0.45
FERL Castanopsis fargesii 21.43+0.37 11.98+0.2  EKFPIRIE Dendrobenthamia angustata 3.520.1 3.6+0.2
Ttk Castanopsis sclerophylla 20.3+1.17 12.39+£0.79  ZH{5EH Altingia gracilipes 16.08+3.66 10.57+2.26
AN Symplocos stellaris 3.91+0.21 3.95+0.19 i3 Myrica rubra 8.99+5.40 6.07+2.10
=M Chimonanthus praecox 3.48+0.7 4.38+0.24 WF5 55 Michelia skinneriana 7.87+0.66 5.85+0.36
B Diospyros morrisiana 4.9+0.19 5.71+0.19 BFHEHE Cinnamomum Jensenianum 5.81+0.37 5.43+0.28
AR AE Rhododendron ovatum 3.47+0.24 3.73+0.27 2% Camellia oletfera 2.23+0.09 3.87+0.68
M Cinnamomum camphora 7.91+£0.34 6.02+0.21 K[R8 BLH Ttea chinensis 7.91+0.34 6.02+0.21
M4t Phoebe faberi 4.5 2.8
TR R 2 Magnolia denudata 7.79+0.69 6.81+0.35 S Choerospondias axillaris 10.62+0.77 8.14+0.19
Evergreen tree WEE Castanea mollissima 8.35+0.58 6.69+0.4 Wk Alniphyllum fortunei 12.55+0.2 10.22+0.12
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2 AA A WA A
IR . IS T i S
Life types Species breast Mean tree o o cies breast Mean tree
height/cm height /m height /cm height /m
species YA Aralia chinensis 6.69+0.34 60.31 KM Celiis sinensis 9.24+3.6 8.68+1.92
K% BF Styrax macrocarpus 4.5£0.67 4.95+0.51  IIEF Litsea cubeba 6.75+0.21 6.910.2
SRR Quercus serrata 3.8+1.2 2.95¢1.65 A Albizia kalkora 5.810.9 5.2+0.44
WF Liquidambar formosana 14.62+0.83  10.760.61 /K& X Fagus longipetiolata 15.31+6.80 9.64+7.37
B ME Betula luminifera 8.36:0.92  8.02+0.42 KA Rhus chinensis 6.09+0.47 5.94x0.38
L Platycarya strobilacea 1513236 13.27+1.55  BFH Toxicodendron succedaneum 7.64+0.36 7.430.33
HiH Dalbergia hupeana 37.7 18.2 WEHli Diospyros kaki 10.97+0.66 8.79+0.38
0% Populus canadensis 6.55£0.3¢  6.48+0.26  WPHHE Euscaphis japonica 3.2 4.2
PR Melia azedarach 13.77£1.68  8.6+0.99  E# Populus xiaozhuanica 5.81x1.61 4.51+0.59
W Nyssa sinensis 10.09+0.62 8.99+0.42  WFHd Mallotus japonicus 3.6£0.44 5.73+0.35
H#EF Photinia davidsoniae 7.4+4.45 5.13+1.58  MWHEM Cerasus discoidea 6.13+0.68 6.11+0.24

1.3 Febrille

TEREHL N BRI RR PR 3 MRFRUEA  TERMRAREAR 172 828 R R D 3 A M4E 4/, TR R
ANBE EARE 3—5 AN W T BB R A4 BT R O B R P i PRI (EPSONV39) P
J&i 38 H Image] I AL BAAE RO 1 BB . Bl )5 it R, 76 75°C R LT 48 h DL A K7
(KB 0.001 ) #EATRREE,, S ¥ 5 (ot 1 H 53 Lt 3 LMA =T 8/ [ AL ( mg/mm?)
1.4 FdEsrtr

T E# FH Excel 2016 FA4FEAT RG22 HOR A SPSS 19.0 X i i BRI iF - 55 5 9 S b v 22 R4 731
B IR ST AEAS T R B XT AN [R) A= 30 U PR 58 43 B Ak ¥ 68 2 R0 T Rt 2 i =z Tl R 0 25 5 A B RR
TCA ] PR 25 KO SRJE XA [FMOR R BUR [R) 568 )2 ) i T RURI 2R W e 7E RO 5 SR & (R3.4.4) HF
50T, M R F A« smatr” BEFPALS Hr T A MRR Z R R . A Z MBI RR AR S A K R L' =8
LM H i B SR, o A S AR AR EL, LA AN LM 3 B it AR AR e KR R A A R [T IR R
XPEAS R < logL” =logB+alogL” , =1 B fRERE A EM [ AR 2FRAK KR, a>1 8 a<l B, HHFRAH
SR ,ﬁﬁﬁ*ﬁ@ 11 F i Ak 3% ( standardized major axis estimation, SMA) [m1 53 M7 i 8 S AR KR
%Y R Origin 9.0 BAF#EHT2K

2 HRE5HM

2.1 R[Rl GRS A P vy A ] AR AR ) R

A= W e AN R 6 2L BN IO R Y JE i 3 22 57 (P>0.05, & 1) , W& L2 5 Tz
AW E (meanzs.e. ) 7354 (216.60+39.28) mg F1(214.25+47.14) mg( £ 3) , WA LaZE 5T
RN A Y43 )k (214.53+47.03) mg F1(182.41+£31.06) mg( 3 3) . BAKMF, L2 ATl 2R A4
Y1390k (215.82+30.00) mg H1(202.25+31.50) mg( £ 3),

T ARTE A [R)6E J2 /8 B T 3 22 5% (P>0.05, (&1 1) o (HAEA [ A 16 AL Z [RIAAAE 1 35 25 5% (P<0.05, 181 1)
W R RS R )2 M A SE B E ( meants.e.) 435 M - (2317.85+309.88) mm’ | (2334.29+327.74)
mm?’(F3) . EHWF FEE S T2 w0 R (3027.96+575.61) mm? . (3149.86+484.77) mm®
(£3), BIKME, LERES &R B 0 A5 . (2585.43+290.86) mm?> . (2641.27+276.04) mm>
(#%£3),

WD R L E (LMA) (0.0920.005) mg/mm” 5 F )2 (0.09+0.003) mg/mm’( 5 3) JC &M

http ; //www.ecologica.cn



214 W A AR A SR MRS TR E J2 /NS T AR A W S R E 7749

2 H(P>0.05,/8 1), JEMHMF R (0.07£0.003) mg/mm*( 3 3) 5 N2 i (0.06+£0.003) mg/mm’H
WEMZEF (P<0.05, 8 1), (H LR 52 s g A bt 8 34 10 255 T R D L (P<0.05, 1 1) .

£3 69 MIEREARXEYNAREREMLEMEFRM R

Table 3  Different canopy positions and living form leaf traits of 69 subtropical woody plants

Tk JZ L B Bt L )i Leaf B AR ot R
Canopy positions mass/mg Leaf AR/mm? LMA/( mg/mm?) N
[ 56 /2 H 4% Upper canopy of evergreen tree species 216.60+39.28 2317.85+309.88 0.09+0.005 326
-5 J29%H Upper canopy of deciduous tree species 214.53+47.03 3027.96+575.61 0.07+0.003 192
T2 H 4k Lower canopyof evergreen tree species 214.25+47.14 2334.29+327.74 0.09+0.003 326
TIREJZ TN Lower canopy of deciduous tree species 182.41+31.06 3149.86+484.77 0.06+0.003 192
|- 5)2 Upper canopy 215.82+30.00 2585.43+290.86 0.08+0.004 518
T3 )2 Lower canopy 202.25+31.50 2641.27+276.04 0.07+0.003 518

LMA . M E Leaf mass per area
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1 AREEAMEMAE R EIREE
Fig.1 Leaf traits in different canopy heights and living form
Fhfa Ml b FoR FE)E S T2 Z M RE RS, « TR T AR Z A7 1E .35 22 57 (P<0.05)

22 YFKE AR Y EOCR

YK oF- i AR5 AR ) i R) 5 AR K AR B E Y 0.90£0.04 (n=69) . 43 i L&A Fl b A 39 Fil
(90.7%) MR S AR Wi HAT B 1 0E R (P<0.05, 181 2) ,2 Bl (4.7% ) MoK i 57 A RAS B E R T 1.0
(P<0.05) ,11 Fl1(25.6% ) MK S AE K A8 8 B 2/ T 1.0,27 F(60.5% ) MoK i A KH8 505 1.0 6 i M
ZE5(E2), 26 Fdg R 17 Fi(65.4% ) ML S AR YR HA B C R (P<0.05, 18 2) , 26 Fifk it
REFR TR S AR O R 2 T (7.7% ) BROR ) S 3l A K AR U 2 KT 1.0(P<0.05) ,6 Fl(23.1% ) PRy
SEEA KA E /N T 1.0(P<0.05) ,15 Fl(57.7% ) MR A K 48505 1.0 To i #2257 (P>0.05,K2) ,
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P Species FF(95%CI) Pii Yy Species FF(95%CI) PiE
1
FrmH i1 0.77(0.62,0.96)  <0.001 |
KB R et 0.63(0.39,1.03)  <0.05 0 [ 1.36(0.79.2.34)  >0.05
R | et 0.85(0.47,1.55)  >0.05 S D ’
PSS ) ns = Ha 0.87(0.69,1.10) <0.001
Py B Ak —— 0.63(0.44,0.90)  <0.001 I
WA —te— 0.68(0.45,1.04)  <0.01 B he | 0.60(0.43,0.83)  <0.001
¥ty e 1.02(0.82,1.28)  <0.001 |
o 5 A e 0.91(0.73,1.15)  <0.001 gl H&:_| 0.79(040,1.58) - <0.05
R AU sl 0.79(0.67.0.93)  <0.001 (327 I - | 1.92(1.053.50) >0.05
Hiks i 0.77(0.55,1.06)  <0.001 !
LS ! ns HEW e 0.74(0.42,1.31)  <0.05
Ak e 0.50(0.34,0.74)  <0.001 24 | 0.42(0,26,0.67
pubgk e 0.740.49,1.12)  <0.01 AR 42(0.26,067)  >0.05
1171712 V ns s
LI —Le— 1.06(0.82,1.36)  <0.001 AN I‘*{ 1.17(0.99,1.40) - <0.001
iAt5€ ot 0.94(0.72,1.21)  <0.001 WEREE 0.29(0.22,0.39)  <0.001
FLIEAE '—.ae—{ 0.85(0.73,0.99)  <0.001 |
BB = ; 0.41(0.26,0.64) <(()).(())3l B =S : f f e 12.61(1.65,4.13)  >0.05
H ACH: 3 p e 1.25(1.09,1.44) <0 |
i e 0.85(0.59,1.23) <0.001 ) I—.aal-i 0.77(0.53,1.13)  <0.01
[}
AAi e 0.99(0.85,1.15)  <0.001 BFEBG = 0.72(0.51,1.02)  <0.001
|
i —te— 0.99(0.79,1.24) <0001 P
& 0.50(0.33,0.75 )
Kok e 0.79(0.63,1.00) <0001 WA bt ( ) <ot
TR —e— | 0.49(0.27,0.87)  >0.05 L 0.73(0.51,1.04)  <0.001
|
B A —r =  1100.77,1.57)  <0.001
d 83(0.59,1. <0.001
S0y 7 S ——— 086060123 gon AW 0.83(0.59,1.17)
EATRS H— 1.14(0.93,1.40)  <0.001 E | ns
1
BEN | |
Rl ! ns m e 0.62(0.39,0.98)  >0.05
7] E 0.84(0.80,0.89)  <0.001 N |
2LikA e 1.08(0.91,1.29)  <0.001 L — 1.18(0.63,2.22) >0.05
A et 0.59(0.46,0.77)  <0.001 W | ns
ﬁﬁ“‘ "uae“: 0.88(0.78,0.99)  <0.001 I
;ﬂ;ﬁﬁiﬁ '_T&’_:" 0.78(0.59,1.03) <0.001 b2 3 & : 0.65(0.54,0.80)  <0.001
&% <0.001 |
i 0.99(0.75,1.31) WE e 0.74(0.45,1.22)  <0.05
R e 0.64(0.45,0.93)  <0.001 B I
T —— e 1.02(0.70,1.47)  <0.01 IR e 1.16(0.68,1.98)  <0.05
ARTEL o 093(0.83,1.04) <0001 KL B 0.93(0.70,1.25)  <0.001
o | <0.001
NG ECS — e 0.79(0.61,1.03) |
LAl »—,ae-i—| 0.88(0.59,1.33) igg; reA ! s
2 ———t— .71(0.38,1. :
iiEaT s : . 0.71(0.38,1.34) R i 0.91(0.69,1.22)  <0.001
LaniL e 1.01(0.77,1.33)  <0.001 — | | 000.68.1.46
A% 1= 1.33(1.05,1.69) <0.001 = '_‘:*_' 00(0.68,1.46)  <0.01
A et 0.89(0.76,1.05)  <0.001 |
L | | | J | | | | | |
0 0.5 1.0 1.5 2.0 -1 0 1 2 3 4

A A Ay 2 A R AR R R

Allometric relationship between leaf area and leaf

biomass of evergreen tree species

Y AR R - A 2 T S AR K R R
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Fig.2

Leaf area and leaf biomass allometric growth index of different living species
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AR R 0.91(P=0.81,95%Cls:0.83—1.01) , %8R KOG 5 (3 4, 16 3)  (ER1E 7 2
(P=0.01,95%Cls:1.22—1.59 5] 3) ,
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Table 4 The relationship between leaf Area and biomass of different canopy and living form

eIty Al FEES 95% A7 IX.[H] I e P N

Index y vs x Type Slope 95%¢Cls Interc

ILA vs. ILM R 0.94 0.82,1.08 1.18 0.81 < 0.001 43
=S/ 0.92 0.82,1.04 1.35 0.92 < 0.001 26
TREHE S 0.90 0.81,1.00 1.30 0.88 < 0.001 43
TR 0.90 0.76,1.07 1.48 0.83 < 0.001 26
LRt 0.92 0.88,1.04 1.28 0.83 < 0.001 69
TEEM 0.94 0.84,1.05 1.32 0.79 < 0.001 69

1ILA, BAMH-TE Y Individual leaf area; ILM, BAH-AE 5 Individual leaf mass

2
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Fig.3 The scaling relationships between the Individual leaf area and Individual leaf mass
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