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The sample data was based on 6 825 pairs of earlywood and latewood tracheid length samples of 9
trees from dahurian larch ( Larix gmelinii Rupr. ) plantations located in Qitaihe Forest Bureau in
Heilongjiang Province, northeastern China. Six functions were selected using nonlinear regression
analysis. The Richards model y =8, [1 — exp( = B,x) ]® + & was selected to model earlywood and
latewood tracheid length based on goodness-of-fit statistics. Nonlinear mixed-effects modeling approach
was used to build mixed-effects models of earlywood and latewood tracheid length based on Richards
model y, = (B, +b,,) {1 —exp[ = (B, +by)1] | Patba o &;. The results showed that Richards model with
parameters b,,,b,,, b;; as random effects showed the best performance for both earlywood and latewood
tracheid length. Time series correlation structures AR (1) describe error correlation within tree well.
Prediction precision of earlywood and latewood tracheid length mixed models could be improved through
considering both random effects and time series correlation structures.
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Tab.1 Summary statistics of sample trees and earlywood and latewood tracheid length

il (e FEAKL iFS/a W42/ cm B /m HiR/m  EMERKE/mm SRR E/mm
1 700 43 17.1 18.8 2.8 1.30 ~3.97 1.63 ~4.46
2 775 41 29.5 21.3 4.1 1.04 ~4.10 1.24 ~4.55
AR 4 775 39 29.9 22.5 4.6 0.85 ~4.10 1.04 ~4.46
6 775 41 22.5 20.5 3.8 1.27 ~3.97 1.40 ~4.26
7 775 43 26.9 21.8 4.2 1.01 ~4.49 1.63 ~4.62
8 750 39 24.3 19.5 4.2 1.08 ~4.10 1.32 ~4.50
3 775 39 22.5 21.3 3.5 1.24 ~4.15 1.42 ~4.50
o g H A 5 750 41 23.0 20.9 3.8 1.30 ~4.55 1.40 ~4.78
9 750 43 25.1 21.3 4.1 1.30 ~4.28 1.46 ~4.50
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Tab.2  Fitting results of basic models

o SR PE G
B B, Bs Bias RMSE R?
(1) 3.903 6 0.058 6 0.3852 0. 000 4 0.2187 0.8936
(2) 3.6547 1.5314 0.164 6 -0.0009 0.2242 0.8882
(3) 7.1190 1.7429 0.279 8 0. 000 6 0.2241 0.888 4
PR (4) 3. 687 4 1.0050 0.1339 -0.0005 0.2208 0.8916
(5) 5.2016 3.146 6 0.5832 0. 000 6 0.2222 0.8902
(6) 1.5675 0.1390 -0.0022 -0.0007 0.2427 0. 869 0
(1) 4.3671 0.0381 0.298 0 0.000 1 0.2536 0.8556
(2) 3.964 5 1.2170 0.1411 -0.000 4 0.256 1 0.8527
(3) 11.7813 1.9835 0.1716 0.000 1 0.2563 0.8525
WM A R (4) 4.0012 0.846 5 0.116 0 -0.0002 0.2543 0.8547
(5) 6. 866 0 3.2276 0.4242 0. 0002 0.2556 0.8532
(6) 1.889 8 0.1307 -0.0020 -0.0005 0.266 7 0.8402
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Tab.3 Mixed model simulation of earlywood tracheid length

(DR € REHLSEL S AIC BIC Log-likelihood LRT P
FEAAEAY 4 -1064.6740 -1038.3720 536.3369

ALl 1 b, 5 -1472.3890 —-1439.5120 741.194 4

i 2 b, 5 —1548.4440 —-1515.5660 779.2218

B4 3 by 5 -1685.2620 - 1652.3840 847.630 8 622. 5878 <0.000 1
AL 4 by ,b, 7 -2217.9420 -2171.9140 1115.9710

B4 5 by, by 7 -2323.1180 —-2277.090 0 1168.5590 641. 856 6 <0. 000 1
Hifl 6 by by 7 -2242.2580 -2196.2300 1128.1290

L7 by ,by, by 10 -2412.3720 -2346.6180 1216. 186 0 95.2542 <0.000 1

2.3 BHMERKERSEIENER SRR IR R AR RN 1 A B2 R[] (LRT =

52,2 (g MRl BEBIAE R WK 4, W]
DIE L BERSI SR TR AR 7 Fh, MBI A
BEHLS T, AIC I{ES5ET 502. 441 2, BIC O{ES5T
528.743 1, 4¥EH0 1 ANBEMLSE B 1 1Y AIC
1 BIC {HAR/h, 23 0m 2 ASFEHLS B0, B4 6 11
AIC 1 BIC fE &/, 7% 18 3 D REHLSET 1540l 7
(1) AIC 1 BIC {EAE T 1 F6 19 AIC A1 BIC {H, 12

747.9172,P <0.000 1) , Bl 1 ML 6 A o E A
(LRT =451.2235,P <0.000 1) ,#4l 6 A 7 4

BEAIE (LRT =49.2149,P <0.000 1) ., X747
VB3N BEAL S EA BB % W 10 B8 e A B 0L B A

JE o LA VA b JURBLL 7 RIS AR 55 A7 i
BLSHL b, by by RIS | 5 S 5 T B RIS A G A
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Tab.4 Mixed model simulation of latewood tracheid length

[EN/ €4 BEHLSHL SR AIC BIC Log-likelihood LRT P
FEAAEAY 4 502. 4412 528.743 1 —247.2206

(EDS by 5 -243.476 0 -210.598 7 126.738 0 747.917 2 <0.000 1
B 2 by 5 -177.9780 - 145.1007 93.989 0

AL 3 by 5 52.0524 84.929 7 -21.0262

FEAH 4 by b, 7 -545.649 6 -499.6214 279.824 8

AL 5 by ,bs 7 -669.792 5 -623.764 3 341.896 2

B 6 by by 7 -690. 699 5 -644. 6713 352.3497 451.2235 <0.000 1
AL 7 by by by 10 ~733.9145 ~668.159 8 376.9572 49.2149 <0.000 1
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Fig. 1

Residual plots of earlywood and latewood tracheid length based on mixed model
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Tab.5 Parameter estimates of earlywood and latewood mixed models

FAHR G5 WA TR 5 A 28
Ap
ST P SHAHTHE P

B 3.907 9(0.0796) <0.0001  4.4173(0.1112) <0.000 1
B, 0.0619 (0.0069) <0.0001  0.0405(0.0054) <0.000 1
Bs 0.3923 (0.0257) <0.0001  0.3038(0.0222) <0.000 1

0.0419 -0.0028 0.0023 0.0827 -0.0032 —0.0009
FEHLRON 7 2872 D=| -0.0028 0.0003 0.000 4} D= [ -0.0032  0.0002  0.0005

0.0023  0.0004 0.0044 —0.0009  0.0005  0.0034
Fisf [ J 271 A e e p=0.1479 p=0.1706
RRITy 92 o2 =0.0364 % =0.0502

2.5 HEEER
TR A TR 1A ARG B 5 S X7 0000 G 56 AR 4 S )

3.28) (30, 3.41) K FHEE, HAEIGT €, R HZ, %
JaRIFHAR(8) ITEBENLSE b, .

S o eI BT Vi i R R R s WO E | S5 e R e 2.287 [2.32385327 [ -0.0438532]
B E S AU B A8 I BE AT AT B AT A 2.57 | |2.884067 4 -0.314 067 4
HB A PR PN A 5 5 22 A AL, S8, B HLAK .~ [3.15| [3.2071391 ~0.057 139 1
REEBAEF B O ARAOR S, sk @ T |3.54| [ 3.4155566 | | 0.1244434
BEATLF A 0% R LB 4 R B Y 6 Ul F A (5, 3.28 | |3.5568602 ~0.276 860 2
2.28) (10, 2.57) (15, 3.15) (20, 3.54) (25, 13.41] [3.6553125] [ -0.2453125
[1.0000000 0.0218801 0.0032365 0.0004787 0.0000708 0.0000105]
0.0218801 1.0000000 0.0218801 0.0032365 0.0004787 0.000070 8
~ 0.0032365 0.0218801 1.0000000 0.0218801 0.0032365 0.0004787
R =c>T'.(p) =0.03643
0.0004787 0.0032365 0.0218801 1.0000000 0.0218801 0.0032365
0.0000708 0.0004787 0.0032365 0.0218801 1.0000000 0.021 8801
10.0000105 0.0000708 0.0004787 0.0032365 0.0218801 1.000 0000 |
[0.594 6552 12.5896490 —3.078 963 DI, SR BEHL SO b, R & 2500
0.7380095 13.2296680 —2.233 432 —EBAAZL(9), THAAT R A A B A $5 DU AE
; 0.8206810 12.3598140 —1.615594 }(2.26,2.81, 3.13, 3.34, 3.48, 3.58) , ‘F-Hi%
©10.8740133 10.9747940 -1.172413 ZEMPITHIRZE R ( -0.065 1,0. 169 2) , 11 % JH [#
0.9101718  9.4588327 -0.853374 FESEAGTHE T B A5 0 B A8 I B Y T B Ry
10.9353649  7.9882819 —0.622592 (2.32,2.88,3.21, 3.41, 3.56, 3.65) , ViR
-0.049 5250 IR IRZE R ( -0.1355,0.2066) ,
b, =| —0.0026850 BT AR AR T R KO 43 5 %)
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