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Biomass models for shrubs under evergreen
broad-leaved forest in north subtropics

XU Chonghua,FAN Wei,CUI Jun, LI Jing,ZHU Yongyi, XU Xiaoniu

(School of Forestry & Landscape Architecture ,Anhui Agricultural University , He fei s Anhui 230036 ,China)

Abstract; [Objective] The shrub layer is an important part of stand productivity in forest ecosystems.
This study investigated allometric models for biomass estimation of shrubs to provide basis for accurate es-
timation of forest biomass and related carbon stock. [Method) Four common shrub trees (Symplocos stel-
laris,Lindera aggregate , Ardisia crenata ,and Cinnamomum subavenium ) at Zhawan Natural Reserve in
southern Anhui were selected and descriptive parameters of D (basal diameter), H (total plant height),
D?*H (square of basal diameter X height) ,CH (mean of crown diameter X H),A;(means crown area),V
(means plant crown volume) ,and Ac X H were obtained through filed investigation to fit biomass models.
Models were also validated based on independent test data. [Result] The biomass models of both single or-
gan and whole plant with D* H and CH as independent variables had higher goodness of fit (0. 815—0. 983)
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and lower standard error of estimation (SEE). The biomass equations differed between different organs and

different shrub species,and the optimal models mostly followed power function and binomial with high ex-
amination precision of RS<(30% and RMA<(20%. The universality analysis of the models for these four

shrubs indicated that the optimal universal biomass model for leaf, branch and root was W=a+b6X+cX*

with superior fitting effect, while the best model for entire plant biomass was binomial (W =1, 423 2 X

(D*H)**3* ,FI=0. 960). The universal model can apply to biomass estimation of leaf, branch, root and

whole plant for the four shrub trees,but the estimate accuracy of universal model was lower for root bio-

mass than for leaf, branch and whole biomass. [Conclusion) The allometric equations obtained is a valid

and nondestructive method to accurate estimation of shrub biomass in subtropical forest ecosystems.

Key words: shrub; biomass model; universal model;subtropical forest
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Table 1 Basic parameters of 4 shrub species
(D) /cm W& (H) /cm TEME (C) /m SEYE WD /g
) REA R Basal diameter Height Crown Total biomass
Species Samples R/AME HRMHE e/ ME I KAH He/ME SN R/AME HRME
Min Max Min Max Min Max Min Max

ERx . 48 0. 45 1.57 30 180 0.25 1.08 7.8 235.1
Symplocos. stellaris
A I\
*W/.*E 53 0. 54 2.01 32 229 0.25 1. 40 15.7 411.9
Ardisia. crenata
E;?i 56 0.14 1.49 13 180 0.08 1.39 2.0 246.0
Lindera. aggregata
iR
Cinnamomum. 53 0.53 2.02 30 229 0.25 1.50 15.8 381.9

subavenium
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Table 2 Correlation coefficients between independent and dependent variables in shrub biomass models

R [ 5 "

A ; CH D*H Ac Ve
Species Biomass
W, 0.883" 0.839" * 0.935" 0.944° 0. 906 * * 0.916" *
ZRR Wi 0.875" 0.853" * 0.917" * 0.974" 0.851" * 0.891" *
Symplocos ) .. . . . -
T Wr 0. 836 0.814 0.895 0.923 " 0.851% * 0. 883
W 0.884 " * 0.855" * 0.934" " 0.970" 0.882" * 0.912" *
W, 0.916 " 0.892" 0.970" ° 0.970 0.928" * 0.962" *
R W 0.912" " 0. 909" * 0,972 " 0.986" 0.896" * 0.955 *
Ardisia
O W 0.827" 0.850% * 0.890" * 0.912* 0.792" 0.873% >
W 0.916 " 0.913" 0.976" 0.988" 0.902" * 0.961" *
Wi, 0.850" 0.921" - 0.959 0.901+ * 0.9377 * 0.912" *
52 Wi 0.813" 0.875% * 0.945" 0.945" 0.908" 0.942%
Il?ndera * - * * % * * *
wggregata W 0. 836" 0. 887 0.891 0.905 0. 828" 0. 846
W 0. 864 * 0.925" * 0.963" 0.956 " * 0.916" * 0.933"
Wy 0.931" 0.901" * 0.976" 0.980" 0.9407 0.971
. We 0.925" 0.916" * 0.975" 0.989" - 0.908" * 0.959" *
(/77177617"0/"14”1 - . . s - C
O Wy 0. 890" 0.872" " 0. 900" 0.899 " * 0.817" 0.845" °
Wy 0.938" * 0.922% * 0. 980" 0.989 0.917% * 0.959" *

TEWo W Wr Fl W 2050 R AR B R DL R R AW+ % FOR P<<0. 01, F AL & o A5G R B R AE

Note: W ,Wg,Wg,and Wt represent the biomass of leaf,branch,root and total, respectively. * % . P<C0. 01. Bold indicates the maximum

correlation coefficient.
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HGHF DPH, WA 58 FIEH & w2 0. 815 CR b
) ~0. 980 (FHAD) AR 1R (SEE) 8 /N . F 6 36 2%
BRI B APE B (P<<0. 01, RAVARM .13
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Table 3 Optimal single and universal models of each organ and total biomasses of 4 shrubs
3 im
R T a b ¢ R? FI SEE P
Species Equation
Wi —aD? H+bAc 0.0944  43.1075 0.971  0.971  4.393  <0.01
ERE Wy=a(D* H) 0.163 5 1.077 4 0.954  0.951  6.178  <C0.01
Symplocos , _
e Wi=a(D*H)" 0.183 7 0.931 0 0.855  0.846  5.338  <00.01
Wi =a+bD? H+c(D* H)? 10. 230 0 0.417 9 0.0003  0.946  0.946  6.715  <0.01
Wi —a+bD? H+c(D? H)? 2.183 0 0.1531  —0.0001  0.947  0.947  9.330  <0.01
j&gﬂﬁ Wy=a(D? H) 0.310 3 0.963 1 0.972  0.972  6.330  <0.01
rdisia
T Wr=a(D?H)" 0.566 9 0.754 5 0.830  0.815  10.890  <0.01
Wi =a+bD? H+c(D* H)? 10. 850 0 0.5156  —0.0001  0.978  0.978  16.120 <0.01
Wi =a+bCH+c(CH)? —0.809 8 0.2642  —0.0003 0.931  0.931  3.297 <0.01
155’5 Wy=aD? H+b(D? H)? +c(D2 H)? 0.4057  —0.0015 0.0001  0.947  0.947  7.154  <00.01
inaera
cogregata  Wr=a(DHD? 2.012 2 0.642 5 0.841  0.834  9.917  <0.01
Wr=a(D!H)" 2.975 5 0.729 8 0.926  0.923  15.880 <0.01
Wi =a(D*H)" 0.319 3 0.846 2 0.960  0.960  4.370  <0.01
| Wi=a(D? H)" 0.289 8 0.973 2 0.980  0.980  5.150  <0.01
(lnn(l/n(}”lu?n o . . 3 - -
e Wr=aCH+b(CH)* 0.2762  —0.000 1 0.925  0.925  8.823  <0.0l
Wr=a+bD? H+c(D H)? 5.172 0 0.5554  —0.0001  0.983  0.983  10.050  <0.01
Wi =a+b6D? H+c(D? H)? 3.195 0 0.1495  —0.0001  0.941  0.941  5.800  <0.01
Eﬂ’jﬂ’fﬁﬂl Wy =aD? H+b(D? H)? 0.2581  —0.000 1 0.982  0.982  7.880  <0.01
Diverss
el Wx=aCH+b(CH)? 0.3246  —0.000 2 0.876  0.876 11.480 <0.01
Wr=a(D?H)" 1.423 2 0.832 4 0.961  0.960 17.580  <0.01
2.2.3 AHmEEAGLE RK3ER.4FELR FEARAE Y R ) TS PR R 25 R L 3. R 3 W

BRI AR R AR R A R BCCFD 4 i
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Fig.1 Residual distribution of biomass in leaves, branches, roots and whole-plant of Symplocos stellaris
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