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Abstract:In this paper, four species of Picea (P. meyeri, P. wilsonii, P. asperata ,and P. likiangensis)
were taken as the research objects. By consulting documents, the investigation information of tree growth
in the four tree species in the main distribution provinces (Shanxi,Gansu,Sichuan,and Yunnan) were col-
lected, the data of single tree growth process and bark thickness at DBH were summarized. Meanwhile, the
average growth of the tree height,DBH and volume as well as the regular pattern of annual growth were
analyzed for each tree species. Moreover, mathematical empirical equations were fitted about the total
growth of above three growth indexes and bark thickness, and their accuracies was tested. The results
showed that 1) the single tree growth process of four Picea species in different distribution areas was ac-
corded with the generally regular pattern of forest growth,and the annual growth rate of tree height and
DBH from 0 to 40 years was faster,while the annual growth rate of volume was faster after 40 years. There
was no significant difference in the total growth of other species in different provinces except for P. mey-
eri. 2) The model fitting accuracies of growth and bark thickness of single tree were all relatively high for

each tree species. The best fitting models of tree height and DBH were mostly quadratic curve models,
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while the best fitting models of volume were mostly Richard model types,and the best fitting models of

bark thickness were both Bouble logarithmic model and Binary linear model. This study can provide a theo-

retical reference for the construction and management of Picea plantation.
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Fig. 1 Growth curves of P.meyeri in different distribution areas
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Fig. 2 Growth curves of P. wilsonii in different distribution areas
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Fig. 3 Growth curves of P.asperata in different distribution areas
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Fig.4 Growth curves of P. likiangensis in different distribution areas
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Table 1  Growth fitting models and their precision testing of P. meyeri
WESH G4 B 76 56 48 A
B4 ARET RETR -
A B C D R*? AIC RMSE ME MAE
Holra e ik —0.578 0.103  0.005 — 0. 999 —42.77 2.769 1.917 2.292
Ty 4% IR % 39.215 8 368.000  0.055 — 0.998 —15.49 6.139 5. 144 5.158
A TR 0. 055 —0.008 0,001 — 0.966 —76.22 0.092 0.074 0.078
HiEs W e T Ay 27. 388 —0.277  0.026 —20 0. 999 —53.04 0.300  —0.214 0.219
g 4% & 50 81.136 106. 541 — — 0.999 —57.17 0.101 0.075 0.076
M 8 0.113 1 189.86 0.129 — 0.992  —129.79 0.003  —0.002 0.002
b= W e TR 0.201 0.012  0.002 — 0. 999 —54.4 0.290  —0.083 0.221
iy & ke 0.415 —0.115  0.006 — 0. 998 —34.16 0.451 0.374 0. 380
IEEA 5 i 0.153 1699.164  0.137 — 0.997  —136.85 0. 004 0.003 0.003
T2 BEHEKMNEEBESEERR
Table 2 Growth fitting models and their precision testing of P. wilsonii
MESH ARG A6 55 48 A
A4 ARAET  RETR
A B C D R? AIC RMSE ME MAE
g = B 0 12.203 31.498 0.085 — 0.997 —34.48 1.174 —1.021 1.021
fig 42 g —o0.443 0. 002 0. 004 — 0.993 —19.21 1. 440 —0.993 1.143
IR T Ay 0.319  —0.83 0.043 —19.09 0.999  —151.63 0.010 —0.007 0. 007
3 ZEEKNEEBESHEERE
Table 3 Growth fitting models and their precision testing of P. asperata
PESH 0545 Ky 565 48 A
Ay ERHETF RETR
A B C D R? AIC RMSE ME MAE
HlA B 1w TRk —2.966 0.312 —0.001 — 0.996 —11.07 3. 844 —3.216 3.331
Mg 4% &5, 63.679  62.829 — — 0.999 —26.72 1. 605 —0.549 1.286
oo I A 1.885 —0.056 0.026 —161.647  0.999 —89.92 0. 040 0.013 0.030
Pl Wi HAE 26.963 —0.008 0.029 —468.37 0. 997 —12.89 3.919 2. 489 2. 631
iy 4% Ay 39.457 —0.004 0.032 —1146.05 0.993 7.52 3.891 —2.577 3. 451
IERA #15h 5 7.537 197.963 — — 0. 987 —61.52 0.133 0.026 0. 085
I = ki —2.786 0.303 —0.001 — 0. 996 —11.86 1.549 —1.318 1.424
fig 42 F Ay 36.801 —0.003 0.039 —1636. 65 0.996 2.86 2.325 —1.234 2.012
M PRI 1.281 160. 221 0. 062 — 0. 996 —71.85 0.074 0.014 0. 054
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Table 4 Growth fitting models and their precision testing of P. likiangensis

WESH PG M £ 565 48 A
Ay ARAET RETR
A B C D R? AIC RMSE ME MAE
PR W e —kiigk —1.654 0.31 —0.001 — 0. 999 —29.56 0. 368 0. 095 0. 329
ik 72 kg —3.187 0.474  —0.001 — 0. 999 —43.96 1.442  —0.904 1.022
A TR 0.015 —0.003 0.001 — 0. 999 —93.37 0.075  —0.050 0.051
IES) B e #1550 56.016  54.001 — — 0.984 7.1 0. 622 0. 290 0.451
fitg 2 Wik —2.784 0.653  —0.001 — 0.998 —5.43  12.875 —11.244 11. 244
A iy 14.679  155.555 — — 0.995 —49. 27 0.389  —0.314 0.314
L W e gk —1.697 0.319  —0.001 — 0. 999 —28.39 0.385 —0.278 0. 327
% Zwihge —3.162 0.486  —0.001 — 0. 999 —40.2 2.108  —1.549 1.549
M A S 3.155  —0.04 0.02  —181.471  0.999 —80.9 0.141  —0.102 0.102
x5 WEEEEIUPNESHEERE
Table 5 Fitting and precision testing of bark thickness model
WESH 05K B 0 50 48 bR

A By T e
A B R? AIC RMSE ME MAE
HAF g AR (T) 1.736 0.316 —0.291 0. 664 —23.19 0.89 —0.39 0.75
IS HERL () 0.264 0.048 0.332 0.502 38.93 1.07 —0.32 0.88
CEil g T (8) 0.334 0.502 0.162 12. 86 2.28 —0.01 1.68
=S R (8) 0.407 0.448 0.113 14. 23 2.31 0.33 1.54
Py HilE R (8) 0.741 0.268 0. 162 5.33 2. 69 0.58 2.63
DS BERI(7T)  —4.708 0.010 0.410 0.574 16. 07 3.85 0.76 3.25
IRy A R (7) 11. 807 0.539 —0.652 0.472 100. 01 3.18 —1.29 2. 85
IS BERI(8)  —0.048 0.715 0.352 109. 45 3. 64 —2.31 2.57

3.2 Wit

I X T IvE cH O U = B
XU 50 4EAE AT EAF S 100 £ E B2 T &
F2 359 0 IR FRGE AR A K i 5 57 3 A K a1 52 A
HH A 1) e RAE, R B 40 A0 XN = A2 T8 B b B K
BRI, 7E 50 a 8 100 a 475 K 35 B 4 BT 24 4=
etk fi e U DR G 9 0 O 5t LR . L B )
BB A R B, AT R A AR AR K
R EAE LT A KA RS A B M2
T eSS EEERES PHAKE
e B HER 20 a 2247, X AT RE S & A2 J@ M Bl 45 2E
KA b bt A i A5 Ak HL A By B e A e
R b i A B B £ O 2 3R T AR HE AROR R S
BEMA AR PRI P B R Kk

L0/ NAER QU ik et S N =N O E B
ML A D E RECR ) BEATE 0.9 DA B BLWI A4
FER AR XL A ROCR A il RE A R — 2
MR A Y2 R v A 6, TR MR A K 37 BRI &

PERYREMR o T3 ANPROR Az Kk 52 A [] 38 bR 5 RTRR o3
W5 0, H. Sterba er al™" WF 58406 L = 42 K
I3 R B AR B B B RN AR R L) | SE A
PR 7 b PR o A R A e S A T X AR
AERSHWB A EE, AR H T E AR, K
FIEFN T . T3 A MROKR AR A A 52 bR A 48 5
M o h 75 TR S 57 AR R It DX ) P VR 58 b o R A 1 2R
BEARLL A W7 2% B ol 1) A2 B R, At 5 AR 4 /)N
Wb B AR 2 L 5 SR AR KRB G

AN TF) Hi B 7 R LA 25 SRR X 5 T, Ma-
lone et al"* B A 5] Hi p5 (0 1 25 42 W) g JBE B 455 A0
WAL G 25 R, AW B FF R = A2 1 %
IR TR M 2 G WS B EH. X 5 1
I AR 2 R 22 00 3% 4 1A (9 J 12 ST 9% A A
TR J JE B AR B4 Y (8 25 1 A ] 5 55 — O ThI S B 2
JEE 8 /N A B A AR s i e 722 s DR O AT R v B Ak R
7 PR A X AR g B R A i S AR AT T AR 5
H T B8 D PR R 2% Ot 7 T
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5 W AR 00 A S AR R Ay il R A T M R
T DA Y Oy B A PSR 5 B B SR AU b T
F AR B — 0 — R MR R L5 ROR B . R AS
B FE AT A Jo BRAE L 491 A5 R 308 4% 7 1 22 S i A
WF5E S A v L5 B 10 28 S A YL T AU R P i
A 7% JE B Bl 22 5 3 R PG R 22 L T HL — S B R
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