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Abstract

Aims Biomass is the most fundamental quantitative character of an ecosystem. Biomass allocation patterns
reflect the strategies of plants to adapt various habitat conditions and play a vital role in evolution, biodiversity
conservation and global carbon cycle. Loropetalum chinense shrub is one of the most dominant shrub types in
subtropical China. The objectives of this study were to quantify the allometric relationships and the biomass
allocation pattern among organs, and to investigate the effects of body size, shrub regeneration origin and site
factors on allometry and biomass allocation.

Methods Individual samples of L. chinense were harvested from shrublands in subtropical China and were
further divided into leaves, stems and roots. The allometric relationships between different organs were modeled
with standard major axis (SMA) regression and the biomass allocation to different organs was quantified. The
effects of body size, shrub regeneration origin and other habitat factors on allometry and allocation were examined
using Pearson’s correlation analysis and multiple linear regressions.

Important findings The isometric scaling relationships between shoot and root changed to allometric relationships
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with increasing basal diameter. The scaling relationships between leaf and stem and between leaf and root were
isometric for smaller diameter classes, while for larger diameter classes they were allometric. These
relationships were significantly different among shrub regeneration origin types. The scaling relationships
between different organs were not affected by habitat factors; while the coverage of shrub layer and slope
affected biomass allocation due to their influences on the allometric relationships between different organs at
the initial stage of growth. The mean dry mass ratios of leaf, stem, root and the mean root to shoot ratio were
0.11, 0.55, 0.34 and 0.65, respectively. With the increase of basal diameter class, stem mass ratio (0.50-0.64)
increased, while leaf mass ratio (0.12-0.08) and root mass ratio (0.38-0.28) decreased, and consequently root to
shoot ratio (0.91-0.43) also decreased. In secondary shrublands, the leaf mass ratio was 0.12 and the root mass
ratio was 0.33, while these values were 0.07 and 0.36 respectively in natural shrublands. The ratio of
aboveground allocation was significantly correlated to shrub layer coverage (r = 0.44, p < 0.05). Leaf mass
ratio was significantly correlated to slope (r = -0.36, p < 0.05) and root mass ratio was significantly correlated
to mean annual temperature (r = 0.34, p < 0.05). Results showed that with the increase of body size, the scaling
relationships between different organs of L. chinense changed from isometric to allometric, and more biomass
was allocated to aboveground part, and concretely, to stems. Human disturbance affected biomass allocation by
its influences on the allometric relationships between different organs, and by increasing biomass allocation to
leaves and decreasing allocation to roots. Reduced light resource promoted the biomass allocation to aboveground
part, and higher slope resulted in decreased biomass allocation to leaves, while higher mean annual temperature
promoted biomass allocation to roots. The variation in annual precipitation had no significant influences on
biomass allocation. The biomass allocation strategies of L. chinense partially support the optimal partitioning
theory.

Key words allometry; shrublands; subtropicalm zone; habitat factor; root/shoot ratio
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B RYG W Fh kb (McCarthy & Enquist, 2007). £ £
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JRIZHER ), TR 5/ T A4 BHL T 0 B3 502 i 1)
(McCarthy & Enquist, 2007). & T A K, £
Wy el T AR T T A [R] 2 T TAD AR A K (|-

www.plant-ecology.com

T 2R MR B REE R RGEAT T T AT, F
2 W 050 o 43 P AR 100 P L5 2 4 ) i 5 (Sack et
al., 2002; Coomes, 2006), A A5 /3 BB i A2 %
T2 AW AME RS T A KR 2 BE Y
SR TR (Robinson, 2004) . 54l 23 B A i Al
SR> BB 2 [ H AN A ELHE R, TR TE AR R
| HA—# 4 (McCarthy & Enquist, 2007). T4
VIR E R Z R, MREEA I, fEAFFR
(P IhRE, SR [ e MY 1 /E H)(Weiner, 2004) £
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RO T R A B 1) S A AN AR ) B 4y TE A AL
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KT HERAEY)E A R ISR 1 2 7] 96 &
IBIEFL B8 MR = (Luken, 1988; Nie et al., 2016).
I, A FUE AR TS R G R iR RS R AR A =
3 ECEFE (Enquist & Niklas, 2001), Xl IR 4 BR< %
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Table 2 Allometric relationships between organs of Loropetalum chinense in four basal diameter classes (in log-log scale)

=% FEAEL [l )% %1 Regression constant JRJE % Scaling coefficient p R?
Diameter class " a HETR  ERELR B HETHR B LW
Lower CI Upper CI Lower CI Upper CI
-4 Ma-Mg
A 96 0.125 -0.090 0.341 0.945 0.846 1.057 <0.001 0.704
B 136 0.272 0.136 0.407 0.979 0.879 1.090 <0.001 0.601
o] 63 0.355 0.186 0.524 0.927 0.750 1.147 <0.001 0.300
D 32 0.429 0.311 0.546 0.975 0.724 1.313 <0.001 0.343
it-2X ML-Mg
A 96 -0.601 -0.774 -0.429 1.029 0.943 1.124 <0.001 0.815
B 136 -0.690 -0.826 -0.554 1.089 0.970 1.221 <0.001 0.546
C 63 -0.733 -0.876 -0.589 1.268 1.031 1.559 <0.001 0.339
D 32 -1.047 -1.168 -0.926 1.681 1.311 2.157 <0.001 0.545
H-1R ML-Mg
A 96 —-0.556 -0.802 -0.311 0.983 0.870 1.110 <0.001 0.644
B 136 -0.446 -0.629 -0.262 1.096 0.963 1.247 <0.001 0.422
c 63 -0.332 -0.582 -0.082 1.226 0.969 1.551 0.002 0.141
D 32 -0.429 -0.657 -0.201 1.586 1.129 2.227 0.036 0.138
a, regression constant; 3, scaling coefficient. Lower Cl, 2.5% confidence interval; Upper CI, 97.5% confidence interval. A, 0.1-1 cm; B, 1-2 cm; C, 2-3 ¢cm; D,
3-6 cm. M, Mg, Mg are the dry mass of leaf, root and stem respectively; Ma = M+ Ms.
R3O [FIRC YR A M A 5 T T S A G R (RO R
Table 3  Allometric relationships between organs of Loropetalum chinense in primary and secondary shrublands (in log-log scale)
YR FEAEY [ )% %1 Regression constant R % Scaling coefficient p R?
Origin n @ BETHR  EEER B BETR  BRELR
Lower CI Upper CI Lower CI Upper CI
Hh E-f Ma-Mg
K4 Secondary 209 0.376 0.296 0.455 1.032 0.977 1.090 <0.001 0.840
JR A4 Primary 118 0.396 0.269 0.522 1.097 1.015 1.185 <0.001 0.822
M2 M-Ms
KA Secondary 209 -0.745 -0.809 -0.681 0.949 0.898 1.002 <0.001 0.840
J5ZE Primary 118 -1.049 -1.129 -0.970 0.876 0.819 0.937 <0.001 0.867
AR ML-Mg
A Secondary 209 -0.449 -0.549 -0.349 1.002 0.934 1.075 <0.001 0.735
JR A4 Primary 118 -0.726 -0.853 -0.600 0.983 0.902 1.072 <0.001 0.779

a, regression constant; S, scaling coefficient. Lower Cl, 2.5% confidence interval; Upper Cl, 97.5% confidence interval. Ma, M, Mg, Ms see Table 2.
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%% Diameter class: O A, 0.1-1 cm; [0 B, 1-2 cm; A C, 2-3 cm;
@® D,3-6cm.

E2 AEFEEMEARERFHEKKLER. M. MgfIMg
AT E. ZTREMRTHE, Ma = ML+ Ms.
Fig. 2 Allometric relationships between different organs of
Loropetalum chinense in four basal diameter classes. M, Mg
and Mg are the dry mass of leaf, stem and root, respectively;
MA = ML + Ms)
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5 4 3 =2 I 0 1 2
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O KAEHYF Secondary origin - @ JEAEHZYE Primary origin

3 AR A P HEA SR B AR AR R R Mas
M v Mg. Ms[RIE2.

Fig. 3 Allometric relationships between different organs of
Loropetalum chinense in primary and secondary shrublands.
Ma, M, Mg, Mg see Flg 2.
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