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Allometric relationship between mean component biomass and density during the

course of self-thinning for Fagopyrum esculentum populations
LI Lei', ZHOU Daowei> ", SHENG Lianxi'

1 State Environmental Protection Key Laboratory of Wetland Ecology and Vegetation Restoration, College of Urban and Environmental Sciences, Northeast
Normal University, Changchun 130024, China

2 Northeast Institute of Geography and Agroecology, Chinese Academy of Science, Changchun 130012, China

Abstract; Body size (M) was specifically referred to above-ground biomass of individual plant for both power law of self-
thinning and energy equivalence law for plant populations in most studies. Little is known about the biomass-density
relationships with respect to below-ground part and other plant components, such as stem, leaf and reproductive part during
the course of self-thinning, although they were very important. The self-thinning law can also be defined as component
biomass, below-ground biomass and total biomass when all biomasses of all yield components are measured, such as leaf,
stem, reproductive biomass and below-ground biomass. Subsequently, the competition effects of total biomass or each plant
component can be observed during the course of self-thinning as required. Since growth in plants is a modular process, it is
rational ecologically to examine biomass-density relationships not only at population and individual levels, but also at plant
part level.

The growth patterns of plant components, such as stems, leaves and reproductive parts, as well as roots, in
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relationship with plant density were studied with Fagopyrum esculentum populations in a pot experiment. There were 3 plant
densities (8000, 24000 and 48000 plants/m’) with 4 replicates in a randomized complete design. There were 6 harvesting
times with 4 pots being destructively harvested at each harvesting time. Results showed that the values of self —thinning
exponents were —1.293 and —1.253 for mean above—ground biomass and total biomass, respectively, during the course of
population development. These values, which were not significantly different from -4/3, can be regarded as evidence in
favor of the —4/3 power law of self—thinning. The allometric exponents were —1.128, —1.263, —1.524 and -2.005 for
mean biomass of roots, stems, leaves and reproductive parts, respectively. There were no significant difference between
Yorand =1(P >0.05), vy, and =4/3(P > 0.05),y,,and =3/2(P > 0.05) ,but vy,

from =3/2, —=4/3 or —1. It is suggested that there is no universal biomass-density relationship associated with plant

eproductive W3S significantly different
components. Competition within the population affects plant development and alters the biomass allocation patterns of plants
and may lead to different biomass-density relationships for plant components in the population. Specific allometric
relationships between plant component biomass and above-ground biomass can also resulted in slopes of the self-thinning
lines which are different from —=3/2 or —4/3. Populations of Fagopyrum esculentum obeys the law of energy equivalence

during the course of self-thinning for above-ground biomass or total biomass, but for below-ground biomass.

Key Words: allometric exponent; biomass-density relationship; energy equivalence law; —3/2 power law of self—thinning;

—-4/3 power law of self-thinning
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(log-log) FIZE A=) i 43 B b A8 LA B B /)N () ik 0 255 2%
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2.3 SEER YR S A R R 5 R

SEEIRR 2K RN B AR ) ST A R R B FEOCR (P < 0.001)  MXTAERKRE A
53974 0. 873,0.977,1. 188 1 1. 612, 4L g 4391l -0. 881, -0. 359, -0. 480 F1-0.496 (Kl 4,35 1), H 95%
BEXIAT LA 1 (R 1) by P T hoguinee 3959 1 AR EMZESR A, /DT 1(P <0.001), T Ay,
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Table 1  Relative parameters of allometric relationships between component biomasses and above-ground biomass ( logM, -logM ) of

Fagopyrum esculentum

. EI IR e . .
[HIEPSFS Allometric 95% A% X 1] ES 95% E A5 X 1] 2 \
Regression relationship ) 95% CI Coefficient (g) 95% CI
exponent (h)
HF -Hb | Below-ground-above-ground 0.873 0.812, 0.937 -0.881 -0.954, -0.807 0.909 72
Z5-Hb I Stem-above-ground 0.977 0.959, 0.995 -0.359 -0.380, -0.338 0.994 72
i3 I Leaf-above-ground 1.188 1.155, 1.222 -0.480 —-0.513, -0.448 0.988 64
BhE - Reproductive-above-ground 1.612 1.546, 1.681 -0.496 -0.559, -0.433 0.975 60
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Fig.2 Dynamics of biomass accumulation pattern of different components of Fagopyrum esculentum under different initial densities
A1 R 5 A A AR TR | P DA S SR A B A b 2R ) e G S AR A K P B S E Y
A R R B R, R AR B
2.4 CPIEHL AP AP AR A YR SR R OC R

V2433 A RS- AR A W R ) S O R AR Ay 201,293 Fi-1.253 (&5, % 2) .
95% A XA LAE H (2 2) ¥ o T Y iaiden 395 -4/3 TTREMZEF (P > 0.05) X BLHF- ¥4 b 2E 4 it
FIF XA A Py 5 B A0 OC AR BB —4/3 Agivk I

£2 FEMEEDHLWESEEMEREDREL R (logy-logh) XS

Table 2 Relative parameters of allometric relationships between biomasses of plant parts and density (logy-logN) of Fagopyrum esculentum

y AR K Slope 95% A X [ Iffi Ept 95% {7 X [i] R N
y variable y 95% CI (log ) 95% CI

ML Above-ground biomass -1.293 -1.364, -1.226 3.718 3.469, 3.966 0.950 72
AR )4 Individual biomass -1.253 -1.325, -1.185 3.653 3.403, 3.903 0.946 7
T A9 Below-ground biomass -1.128 -1.239, -1.028 2.363 1.983, 2.744 0.845 72
229 Stem biomass -1.263 -1.337, -1.193 3.272 3.012, 3.531 0.943 7
=¥ B Leaf biomass -1.524 -1.645, -1.412 3.899 3.497, 4.302 0.910 64
B 1B Reproductive biomass -2.005 -2.202, -1.826 5.264 4.618, 5.910 0.873 60
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Fig.3 Dynamics of biomass alloction of Fagopyrum esculentum under different initial densities
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