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Abstract: [Objective] To reveal the differences in growth rhythms and ecological strategies among three dominant Castanopsis species

in the subtropical broadleaved secondary forests of Chongyi County, Jiangxi Province, and to provide a theoretical basis for classified
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management, structural regulation, and sustainable management of this region and similar subtropical secondary forests, as well as
methodological references for multidimensional tree growth simulation under small-sample conditions. [ Method] Three dominant
Castanopsis species-C. fargesii, C. faberi, and C. carlesii-in the subtropical secondary forests of Chongyi County were selected for
analysis. Sample trees were subjected to stem analysis to obtain precise time-series data of annual radial growth. Five classic growth
functions (Logistic, Gompertz, Hossfeld 1V, Korf, and Richards) were applied to fit and compare the growth processes of DBH, height,
and volume for each species. The Richards model, identified as the best-fitting function in most cases, was used to construct a system of
nonlinear compatible growth equations. These equations were then estimated using the seemingly unrelated regression (SUR) method.
Additionally, logarithmic transformation was introduced to correct heteroscedasticity in allometric growth models, thereby improving
model stability. Based on the modeling results, growth rate and maturation patterns of the three species were further compared and
analyzed. [Result] Among the five tested models, the Richards function provided the best fit across multiple growth dimensions.
The SUR-based compatible model revealed significant residual correlations between DBH and volume (+=0.875 1), and between DBH
and height (7=0.682 0), validating the necessity of joint modeling. After logarithmic transformation, the allometric models exhibited
a substantial reduction in mean systematic error (18.7% to 56.7%), while maintaining high R* values and stable fitting performance.
Growth pattern analysis showed that C. faberi and C. carlesii had stronger early growth potential and faster maturation, making them
suitable for timber-oriented management. In contrast, C. fargesii exhibited a slower growth rate but demonstrated strong ecological
adaptability, making it ideal for deployment in ecological conservation forests. [ Conclusion] Under limited sample conditions, this
study successfully developed nonlinear compatible models for DBH, height, and volume of three dominant Castanopsis species, and
effectively identified interrelationships among growth dimensions using the SUR method. The introduction of logarithmic transformation
significantly improved the performance of the allometric models by reducing heteroscedasticity. Furthermore, through a comprehensive
analysis of current annual increment and mean annual increment, the study further reveals significant differences among the three
Castanopsis species in growth rates of diameter at breast height, tree height, and stem volume, as well as in maturation patterns. C.
faberi and C. carlesii exhibit a fast-growing strategy, whereas C. fargesii shows a stable and conservative strategy, reflecting interspecific

7

differences in resource utilization and environmental adaptation.

Keywords: subtropical broadleaf secondary forest; stem analysis; dominant trees; compatibility growth model
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Table 1 Overview of pre-felling data of stem analysis trees

17 % %44 DBH over bark /cm

B 75 Tree height /m

i F Wl + bRz

B+ iz

Species Mean i stfmdard %szlﬁ ﬁ:lj]\};rfﬁ Mean -_F stfmdard %szlﬁ E%]\;ﬂl\iﬁ
deviation deviation
225588 C. fargesii 38.3+4.5 455 29.1 22.1%1.6 25.4 20.0
WYEHE C. faberi 43.146.9 54.8 349 228424 27.1 20.1
Kt C. carlesii 36.1£5.6 46.3 29.1 234433 26.7 17.4
et Crown width /m 4 Tree age /a
W ; A . —
deviation deviation
LB C. fargesii 10.6+2.5 13.9 6.9 52.7415.1 68 24
BIRHE C. faberi 109422 14.1 8.5 440+83 51 29
Kk C. carlesii 89+1.5 112 6.8 39.949.1 50 24
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Fig. 1 Diameter class distribution of sample trees
12 HRFBZE

121 A [a] A A J3E AR R 2 e A A T8 g
AHEFTEEL T Logistics Gompertz. Hossfeld IV
Korf #1 Richards 5 Fift B i€ = KA A Oy {6k 126 e fil
B (3R 3) o IXREERIY I MR A KA 58 B
RN AR SR, RERS BT 2 ER R S
JEEIE S TEAKIA. thih, BT @B
A BAT —E EEOR, T EAS B H A B AR
MR, HAWTT 3 AwFrEE, EARKRRREA—E
FEALE,  BRLIGAE 23 056 3 /B e g A28 o R s
MARGEAT WD A R B0l b, 275 0T LU i ik Hh 40



WG, 5. TTP4AE 5% SCR AT A - AR RS T 0 55 0 Pl 2B AR AR g 2 %7

bt

16

B ROR B R I SE AR AR o RV AN R AR ol A R 42
FERSL I A I R AR R A A 22 7, (HON T ORAEJS
S A LB R g ARt — Bk, R AR
AR HT R G AR RAEZE . Ak, FESRST
LA B2t b, AT TR A5 (o B A AR A D e At

R2 BRAREREIERR

Table 2 Overview of the sample tree data
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% % li#% DBH inside bark /cm 1 Tree height /m

R Fil —— o
Specics PIfE & bR BRI M BE & bR BAE A
Mean £ standard deviation Max Min Mean £ standard deviation Max Min
Y TN C. fargesii 18.4+11.1 42.1 0.4 13.6+6.2 25.4 1.4
WEAE C. faberi 21.5+14.2 56.0 0.4 15.0+6.4 27.1 1.5
Kt C. carlesii 19.3%£11.3 42.5 0.5 15.4+6.6 26.7 1.6
o % Bz F Volume inside bark /m’ B4 Tree age /a
Species Yl £ brifEzE IEONE| w/ME Yl £ bRz ISON( w/ME
Mean =+ standard deviation Max Min Mean = standard deviation Max Min
22358 C. fargesii 0.343 83940.352 751 1.487 059 0.000 041 30+17 68 1
BEAE C. faberi 0.519 438+0.627 328 2.761 195 0.000 056 23+14 51 1
Kbt C. carlesii 0.374 89440.361 035 1.392 198 0.000 083 22412 50 2
#F3 ERRE
Table 3 Basic models
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Table 4 Screening results of individual tree DBH, height, and volume growth models

AR 8 oS Jpa i
Depenei fériable Sfijis Eifsﬁ?ﬁ Eo. a b ¢ 3 RMSE
A S E5 44.950 1 0.026 0 1.291 4 0.757 4 53740

D B E3 83.2179 1.300 6 161.727 7 0.699 6 7.700 7

KA E4 60.028 4 0.8755 16.145 2 0.888 0 3.706 2

223Nk E4 61.986 5 0.395 6 54706 0.798 6 2.9247

H Bt ES 31.1229 0.026 3 0.833 5 0.902 6 2.0142

Kb E4 70.781 4 0.446 9 5.749 7 0.951 0 1.5811

22 55K ES 1.6120 0.029 6 3.180 7 0.7132 0.187 8

v B E2 2.6439 0.050 1 6.134 8 0.546 5 0.394 5

Kh# ES 1.1652 0.080 0 6.791 4 0.851 8 0.1373

*5 E. #WE. MREBEEEIESMHRNAGER
Table 5 Fitting results of the general average compatible models for DBH, tree height, and volume

[X45 & Dependent variable a b b, b, R RMSE
D 52.068 9 0.021 2 13220 0.013 0 0.009 6 0.764 2 5.498 3
H 30.604 4 0.0183 0.860 9 0.010 1 0.0124 0.842 1 2.5059
14 3.106 0 0.0169 2.640 1 0.0117 0.007 5 0.686 5 0.220 9
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Table 6 Fitting results of allometric growth equations
Wl Species a b c F, R RMSE MSE

o0 T 1.026 7 0.989 7 02301 -0.073 6
= .. 99.673 5 1.742 6 0.964 7

C. fargesii 1.000 0 0.989 8 0.2277 0.170 1

. 1.024 8 0.990 5 0.2203 -0.078 7
%ﬂﬁ. 57.048 4 1.754 5 1.1525

C. faberi 1.000 0 0.990 6 0.218 6 0.141 8

Kokt 1.024 4 0.990 7 0.210 8 -0.098 0
.. 90.495 5 1.836 1 0.873 5

C. carlesii 1.000 0 0.990 9 0.208 5 0.120 6

T2 F=1.000 0 i, RRAEAZIERBIR ., When F=1.000 0, it indicates the uncorrected model.
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