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Abstract: [Objective] This study sought to identify the most suitable nonlinear growth model for
describing height and ground diameter growth in one-year-old Quercus mongolica seedlings, and to develop
a nonlinear mixed-effects model that partitions variation at provenance and individual levels, and to
characterise the seedling growth rhythm and growth differences among provenances of Q. mongolica.
[Method] We used 757 one-year-old seedlings from nine provenances across Liaoning, Jilin and
Heilongjiang provinces. Height and ground diameter were measured every 30 days during the growing
season (20 June to 20 November 2025), giving six repeated observations per seedling. Three growth
functions—Logistic, Gompertz and von Bertalanffy—were fitted to the data. The best basic model was
selected by minimising root mean square error (RMSE) and mean absolute error (MAE). We then
constructed a nonlinear mixed-effects model, treating the asymptotic parameter a as random and parameters
b and k as fixed. Parameters were estimated using restricted maximum likelihood (REML). Likelihood-ratio
tests were used to compare different random-effect structures, and model performance was evaluated using
the coefficient of determination (R?), RMSE and MAE. [Result] (1) The Logistic model achieved the lowest
RMSE across all provenances (3.152—7.965 cm), MAE of 2.459-6.077 cm; for ground diameter, RMSE was
0.549-0.977 mm and MAE was 0.439-0.731 mm. (2) The basic Logistic model, which ignored the
hierarchical data structure, exhibited poor fit: R? ranged from 0.312 to 0.510 for height and from 0.453 to
0.594 for diameter. After incorporating provenance and individual nested random effects, the mixed-effects
model performed substantially better: R* increased to 0.611-0.852 for height and 0.685-0.868 for diameter.
On average, R* rose by about 0.356 for height and 0.257 for diameter, RMSE decreased by about 34% for
height and 33% for diameter, and MAE decreased by about 39% for height and 36% for diameter.
(3) Variance component decomposition revealed that most of the variation in asymptotic height came from
individuals (variance component 22.09, 39.48% of total variation), followed by provenances (14.59,
26.07%). Similarly for ground diameter, individual variation contributed 0.55 (44.16%) and provenance
variation 0.34 (27.70%). (4) Growth potential differed significantly among provenances. The Fushun,
Jinzhou and Longjiang provenances had higher theoretical maximum height (a values: 30.779, 30.038 and
29.346 cm, respectively), while the Chaihe and Yehe provenances had lower values (20.359 and 19.786 cm).
For ground diameter, Longjiang had the highest theoretical maximum (5.037 mm) and Gaizhou the lowest
(3.245 mm). Seedling growth followed a “height-first, diameter-later” rhythm: all nine provenances reached
their peak height growth rate earlier than their peak diameter growth rate. [Conclusion] The Logistic model
is a broadly suitable choice for modelling height and ground diameter growth in one-year-old Q. mongolica
seedlings. By incorporating provenance and individual nested random effects, the nonlinear mixed-effects
model greatly improved fitting accuracy and effectively captured the hierarchical variation in seedling
growth traits. These findings provide a scientific basis and quantitative tools for cultivating high-quality
seedlings, optimising nursery management, and evaluating germplasm resources at an early stage.
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Tab. 1 Geographic characteristics of 9 provenances of Quercus mongolica

FRURCRIFRD FEA = G H4K/m FEXRE/C
PETRVT A PHT SR MR = (9D 90 44°45' ~ 44°46'N, 129°41" ~ 129°42'E 361 3.8
BTGV T (R VE) 60 45°03' ~ 45°05'N, 130°53' ~ 130°55'E 557 2.8
BV X L G D 60 46°08' ~ 46°10'N, 129°29' ~ 129°31'E 115 4.0
LY AW AIRE LY ST @A) 90 47°27" ~ 47°28'N, 122°51" ~ 122°52'E 222 4.4
MK B L B AR (LD 97 43°27' ~ 43°29'N, 126°28' ~ 126°30'E 310 5.4
=K Y Sk 45 (X RIS (D 90 43°56" ~ 42°58'N, 124°31" ~ 124°33'E 196 6.9
T T HR A 1K M3 CGRED 120 41°52' ~ 41°53'N, 124°02' ~ 124°03'E 88 8.2
JTE DR N CGEMD 90 40°07' ~ 40°08'N, 121°28' ~ 121°29'E 347 8.6
POl DN T D) 60 39°06" ~ 39°07'N, 120°47' ~ 121°48'E 299 9.4
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Tab.2 Expression of growth model

R Logistic

Gompertz von Bertalanffy
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Tab. 3 Evaluation metrics for three growth models fitted to seedling height data

across nine provenances cm
Logistic Gompertz von Bertalanffy
AP
RMSE MAE RMSE MAE RMSE MAE
AN 7.303 5.679 7.306 5.684 7.307 5.675
S 3.152 2.459 3.170 2.476 3.164 2.472
G 5.508 4226 5.543 4201 5.519 4257
X L 4.686 3.131 4.691 3.141 4.703 3.143
2L 3.963 3.132 3.971 3.150 3.972 3.131
eI 7.965 6.077 8.001 6.046 8.013 6.176
FET 5.169 3.803 5.173 3.793 5.174 3.826
FINERT) 5.875 4507 5.899 4.492 5.900 4562
-7 4.118 3.389 4.123 3.391 4.131 3.397
7 : RMSE N T IRIR 2, MAEA T 4% iR % . T .
F 4 ETF Logistic FEMNESEMER SH AT RGN
Tab.4 Parameter estimation and goodness-of-fit metrics for the basic Logistic model fitted to seedling height data
P alem b k R AIC BIC RMSE/cm MAE/cm
AN 29.346 4398 0.022 0.333 3687.76 3704.93 7.303 5.679
o) 20.359 3.230 0.018 0.510 1856.11 1871.66 3.152 2.459
M 30.038 2.460 0.011 0.314 2258.11 2273.66 5.508 4226
L 23.066 2.937 0.014 0.342 3208.49 3225.66 4.686 3.131
M 21.289 2.444 0.016 0.362 3262.44 3279.90 3.963 3.132
E7AL 30.779 8.099 0.023 0.403 3781.58 3798.74 7.965 6.077
Pl 24,921 2.406 0.016 0.312 4416.70 4435.02 5.169 3.803
L 26.836 3.604 0.019 0.358 3452.73 3 469.90 5.875 4.507
I 19.786 2.905 0.019 0.341 1 025.09 1036.75 4.118 3.389

T BT ZH B BINR K (P <0.001).

R AE K (em-d ™)
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Tab. 5 Parameter estimation and goodness-of-fit metrics for the nonlinear mixed-effects Logistic model fitted to

seedling height data

FhR alcm b k R RMSE/cm MAE/cm
it 28292 5.897 0.026 0.725 4.696 3.588
C<) 19.658 3.807 0.020 0.852 1.732 1.168
&M 25.306 2.880 0.017 0.713 3.567 2.627

an=ill| 20.391 4.404 0.022 0.634 3.496 2.051
M 20.348 2.995 0.020 0.816 2.133 1.487
TR 28.900 11.486 0.028 0.611 6.436 4.799
347G 23.788 2.694 0.019 0.678 3.537 2.499
T B 26.176 4.784 0.023 0.670 4218 3.075
Ly 19.227 3.567 0.022 0.778 2.395 1.730

i [ E RN S as by k52 PEPEY/NT0.001,

M 4.118 cm £ % 2.395 cm. M E] 8 w4 K8 )1 1E
TR 35 22 5, 5 5 AR A — 8, $RI0. &N, e
TLFPE AR AT % g, W SRR X A o

BE LS 7 22 41 5y o il 45 SR (3R 0K B, 1
AR KA PR A S 3 SRR T AN ], 7 % 4y &K
22.09, {54 39.48%; FhR A1 Rk, £
gy BN 1459, 7 BB T 26.07%, k2R 7
34.45% . ALSR LUAS 56 7 B, B At [ AT 2850 1. P A
A0 2 A T A S AR B AL 00N () 5 2 (L = 228.18,
df=1, P <0.001), WFESEAS [F]Fp il E) A2 A8 1A AE R
WIS WAL 5 2 oy i R, i (A] bR o 2
N 3.82, AMATHARAEZE R 4.70, HIIE BB E KT

F6 ETF Logistic FRRMEDIELER SRR
W7 Z 857
Tab. 6 Variance components of random effects for the
nonlinear mixed-effects Logistic model fitted to

seedling height data
B NG Ji RS E /%
Al 3.82 14.59 26.07
AN (] 4.70 22.09 39.48
Bz 439 19.27 34.45

V= ABUER LUASL 36 FH T 36 T0E b IR Bl LSO F 06 B2, L = 228.18, df = 1,
P<0.001, &% Z 7P <0.001)FRB T I NFIEFEILLSN . N

EH & 2 AT, P e R A ) bR AR A PR 2 A0 AT
BB, AR — T A I 22 5 TR A S AR Y
(R A A Bk 22 B e B AL 350 &) 23 A1, TG RH 2 3 S
72, HHSCRA B R 27 RMSE Al MAE & 3%
e AER 110 B A &5 SR — B IF SR A RUOR AR B 6 1 s
K HRE 0L 5 RO AR
24 AEMIEMEERERENINGHEEILR

X 1A A R [ LA T Logistic, Gompertz

H1 von Bertalanffy 3 i, & 7 45 LW, 3 Fhfi
A1) RMSE 1 MAE % 7355/, R BRI
IR R AR K a3 . R 2 78U, {H Logistic
B AE 9 AN PR b 35 B A o MK (BRI 21 KO 1Y
RMSE #1 MAE, H 245w U, Btk
¥ Logistic B E AR A K A FE R Y
2.5 ETF Logistic 72 HHEERMER S HE 1T

% AR T Logistic 5 A #l & 19 45 R &R
(K 8), JelTFrEH IR K HIAE o 515 (5.037 mm),
T A AR (4,812 mm) A4 FPJE (4.348 mm)DIKZ,
MR (3.245 mmD) g AK. EKEFRSH kLA E
AR A K (0.026), AR FRIE B /N(0.012) . PL5E R
B R AT 0453 ~ 0.594, ¥ )5 i 2 RMSE /T
0.549 ~ 0.977 mm, “FH 4 %1% %= MAE /T 0.439 ~
0.731 mm, f5& 8% A2 (R RE ms = T s . T
SR E (P <0.001). HE 3 A5, 9 AN
i A% i R AR R 2R H B[R] T 56 88.1 ~ 110.8 K,
BT A et v v 1 38 i KA K T e F B () 48 L T A
I8 B g R AR KT Z (IR [A), R B v o T Hb AR g N
AR, B RGP
2.6 E-T Logistic FRRHMZEIEL MRS MM IRE
SHEhIT

SR FH 5 1 v A [ 225 40 1) A 2 1 A R A 28 1),
AR . £ 9 45 R, IRA A KR
BT A R, SRR R B AR AL Y 0.453 ~
0.594 2T+ % 0.685 ~ 0.868, RMSE 1 MAE &3 [#{1%
CUnEE M FHJE A RMSE i 0.628 mm [£% 0.324 mm).
PR i s A KT DA R 2 T, 45 5 HE Rl
RUREAR — 3, Horp ey, BT, S Ry A K8 g
B, AR AR A, ST B MR IR .

BN 7 22 20 53 oy il 45 AR B (3R 10), Higz
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Fig. 2 Residual diagnostics between the basic Logistic model and the mixed-effects model for height

AR KA PR AR S 2 BRI T AN (R CF 22 47 & 0.55,
AR ST 44.16%), FRUR AR SRk 2 O 2257 & 0.34,
AR 27.70%), B 7L R 28.14% . LR LA
56 [ IR S 5] NPl BE AT 280, ) 6 ZE 1 (L = 284.82,
df=1, P<0.001). BENLELR T 2 5 & B, Fpikifa)
FRUEZEN 0.59, MAEAREZ N 0.74, 51153 22K
e, HE— 0 R H AR AR K AR AS TR B R 18] 47 76 A
BEER.

F Pl 4 BT, AR R Atk A Y Bk 72 By A7 A K R

B, (BT A SR P8 1 R A SN AA k  BE
WU Ji, AR TR B RONIARE R B 22 o0 A B2 5 i
WAL= T B 22, 2t — D IRAE TR & RN
R BT RERTH AR R K A LA L, 58U
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Tab. 7 Evaluation metrics of three growth models fitted to ground diameter growth
of nine provenances mm
. Logistic Gompertz von Bertalanffy
P
RMSE MAE RMSE MAE RMSE MAE
JeiT 0.952 0.719 0.957 0.726 0.958 0.726
S 0.640 0.508 0.644 0.512 0.646 0.512
o 0.771 0.603 0.778 0.608 0.781 0.611
pap=ill 0.798 0.580 0.800 0.580 0.805 0.594
=M 0.628 0.494 0.631 0.496 0.634 0.502
I 0.736 0.595 0.741 0.596 0.743 0.598
NI 0.815 0.565 0.819 0.575 0.821 0.567
i HL] 0.977 0.731 0.988 0.739 0.996 0.754
i 0.549 0.439 0.551 0.439 0.558 0.454
% 8 ET Logistic FREAMEEMIER SEEITRIUGIER
Tab. 8 Parameter estimation and goodness-of-fit metrics for the basic Logistic model fitted to ground diameter data
e a/mm b k )'s AIC BIC RMSE/mm MAE/mm
Tl 5.037 9.328 0.022 0.575 1 487.06 1504.23 0.952 0.719
L] 3.496 6.020 0.020 0.532 707.83 723.38 0.640 0.508
GM 4.348 8.662 0.022 0.594 842.39 857.93 0.771 0.603
XL 3.569 7.018 0.020 0.453 1296.08 1313.25 0.798 0.580
M 3.245 5.823 0.020 0.500 1118.77 1136.24 0.628 0.494
eI 3.492 11.178 0.024 0.543 1208.70 1225.86 0.736 0.595
X 4.094 6.097 0.020 0.493 1756.61 1774.93 0.815 0.565
EOLINT) 4.812 14.552 0.026 0.587 1514.80 1531.97 0.977 0.731
L 3.509 3.778 0.012 0.472 598.35 613.89 0.549 0.439
W T S HEIE B K (P < 0.001),
UM (25 60 KX )
0.035
o — Jeit
Jlaoy
0.030 | ST
— &
L 0025}
g
g
= 0.020}
-
b
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Fig. 3 Changes in instantaneous growth rate of ground diameter of Quercus mongolica among different provenances over time
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®9 ET Logistic FRRAIFL MR S M EBME SHMA T RIUGTER

Tab.9 Parameter estimation and goodness-of-fit metrics for the nonlinear mixed-effects Logistic model

fitted to ground diameter data

FhR a/mm b k R RMSE/mm MAE/mm
et 4.791 11.895 0.025 0.832 0.599 0.456
S 3.377 7.408 0.023 0.842 0.373 0.283
&M 4.161 10.908 0.025 0.797 0.546 0.418
XL 3.442 11.387 0.025 0.703 0.588 0.401
M 3.130 7.098 0.023 0.868 0.324 0.225
eI 3.347 13.853 0.027 0.685 0.611 0.490
PO 3.896 7.403 0.023 0.724 0.602 0.402
L 4.749 18.063 0.028 0.814 0.655 0.483
I 3.070 4.129 0.017 0.799 0.340 0.248

VE: B E RN S Bas b kI P < 0.001.

F 10 ETF Logistic FEMMRIELMER S MEE
AR 77 2= 4R 53
Tab. 10 Variance components of random effects for the
nonlinear mixed-effects Logistic model fitted
to ground diameter data

BRI PR Wi iy S AR L%
o ] 0.59 0.34 27.70
AT 0.74 0.55 44.16

Wz 0.59 0.35 28.14

VE: L =284.82,df=1, P<0.001.

FI A . A5 R H Logistics Gompertz A1 von
Bertalanffy 3 MAEZePERRAL, LG 1 9 NP S HR
e A AR ) AR A R s R I 25 8 B B0 v AR AE 1)
PR AN A JZ IR G5, 5] NSRS BEHLRUR K Ak
PR A (] A S, M T AR MR TR A RN
AL, DUR 3 TR A B8ORS iR A KU T
[ ESiRAN7w
31 AKERNENRSEEMMETMERE
AH T FE AL 3 M ARG AR KA AL K UL S8
%, B Logistic BB E S H bR 1 4R AE B R 1 i &
HAe A KA & rp sy R B s L 2 v AR K T I,
Logistic fA47E 9 ANFRIE 377 MR 2 IS, 13
7 %} ik 22 5 Gompertz. von Bertalanffy £ 71 22 53 4t
No FEHIARAE K E I, 2B A AR 2 — B 5
X — 25 5 P 55 55U BRI (Acacia mearnsii)0.5
SR ) E HIRIE ST A — B [FIRE R I Logistic £k
B3 A A Y A AR B AR R . L ST IR
FA 2 A2 T M &R (Larix kaempferi x L. gmelinii) I 5%
1, Logistic BRI & REIA T 0.943, REHS AT R
WA K e . T & REEPO B 14 B 45 ks (Euscaphis
konishii) %1 i W S K B, Logistic 15 Y 14L& &

5 Gompertz B8 B &, &y R THELA B 0 il
ik F] 0.988. 0.985. & <= hil & PNt /N i 4 (Populus
simonii) %) i I 5T K I, Logistic #%¢ 5 Gompertz
15540 35) R LI PO Ak v AR R, (HOAS [ XRE AR
() e LS B B A7 AE 22 S, FE LRI BRI AL &
AR — 25 5 & 7 TRIKS B2, 356 W] Logistic
R B RTE A M. BRI FT 3 E EIAE T
Logistic A5 Y 7E [ -4t b i 301 A SR b 0o A 12

SR, HEAilh Logistic A5 84 LA KI5 8] 9 B A8
&2, KA R R — Ak, ToiE BRI AR A
PR 72 T B 2 IR 5 K o A F R B At Logistic 5
R R AT 0.312 ~ 0.510 2 J8], i T34 250 72,
1X 32 B RO O A7 AE B 2 AR A AN 2 IR S5
T 2RISR R BE A PR Fh 5 1, PBUK S 7 AR
fife ke AL R, B ICSEPIIAA (Pinus tabuliformis)
AR PR S, SR LRSS
Logistic 77 & I AH K REEHAE 0.9 DL L, (HHAHF T XS
ROPOREE T IS s, MR S DAk
YEEAFAE R IR GG R I, B — 7K1 () SRRl AR 2R 0 SR
TIERI AL

iR R 0] R, AR SRR T AR LIRS R
NEAR Y, R 26 S a WONBENLAN, b F kRN
[i] 7 AU, A BB L 2K R 2 TR Y o i S5 A T
AR IKF BENL N R T TR]— kB R = A
PRI )5 B A O FRZE I (B 2. D EIR, IRE
RRNE AL TR ) A A A B 22 A LR AR Y B O 1 5,
G B B 1 i 22, 3R B AR B 45 4 e S Ak B AL
P E IR R 5 O o 5] A FRIE AN R i BE L
RONLJE S B A RN AR R 52T 2 0.61 ~ 0.85,
RMSE Hl MAE {3 [ 4% . iX— 4@ THiE & 5 A Ol 8
DI AR (Quercus acutissima) N TR F8 B %
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Fig. 4 Residual diagnostics between the basic Logistic model and the mixed-effects model for ground diameter
AT 7E 45 AR AL, LRI R AN 0.657 5, T 5] BEATLRKNE 7 22 4 53 o3 i RSB, 1 AR AR

B R KT BE AL RS, R E 2 YRR & RSB A R 42
T2 0.979 2. &=k 3 5P KR (Pinus koraiensis)
P I AE o0 FR AT 7T R B, BEAASEAL 5] N 7 Bl
BLARR 5 006 0 B2 42 3 3 o VR 45 PI%) = 7
(Pinus yunnanensis) ¥R 51 i 28 10 78 [F A 2K FH 3E
TR G RSB, R R A B AL O R R T
TG HEE .. EARUES, HHIRAFER R
SERIT, FERISY 5 VR & RN AR (A5 10 B AR AE
BEE.

PR ) 78 S op IR 0D 7 22 40 ' 26.07%, ANk (R]
39.48%; M4 A KA S v AR 1] 15 27.70%, AN A (A]
17 44.16%. X —&5 R R, b AR A KPR
A S FBORYE T AR K, BRI 2 7 IR . R
Bl 36 1t — 5 UF S 51 N T 05t e L R0 ) 0 M i
B : L =228.18, P <0.001; #f%F: L =284.82, P <
0.001), B IF 1 BENLRSN S5 84915058 & BV o (7067
LRIk H A Y8 M (Larix kaempferi) — A% 2 BU&
P FE B U R I, 25 BERE AR K P IR A 28R Y
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A] DA Rckh B AR 7 7 22 1 R0 3 AE O, 005 ORI
TAE G AL . X b AR A P K R (Larix
olgensis) j& K Z2 I 98 R A UE S, AR 2 PEIR & 208
BRI AE AR KA B B AR A o f R 1 A5 )
Xt 42 AR (Cunninghamia lanceolata)fit % K i 12 4 K
B Tk — A5 R U, [N 25 S7 b RN < fige R 7 1 B
BLBURIASE R A 28 S B AR T B — SR Y B AL A%
LRSS RL o ASBIF 5T R FH IR 02 IR i 2 B AT R0 485 )
B RUSEAT T HE B2 IR G, RS T i v S
ARSI T AT ST
32 RuFEBERKNBESHEESR

5T f L Logistic BB 73 Hr R BH, bk 1
FEAWANT R SHAEKEI SR i
FRAE, HAME AR DA R EZR . MRS
BOE, PR &, DR B e R RAEKE
vy, TSR] AR AR Mo AR KT T, e v
PRER R B KA A vy i PN PR R M1, X M 22 S S Ik
TR R B AR T R S IR AR B AR R EAE A . 1 b
Uit 1) A 8 0 3 Ak, 2 S R AR b P
SRS HIE R Z5 3 o 2 P AR Y R T A
CAFE35J3 4.0 °CO ]I 22 I HA 5 v 1A i v 5 AR 3L 18
OKAE, X5 HRJE A 73 A b G AR AR K 2 AR 9K
1 i a) T RO R AR B DAIE B R B A R — 2
XI) 4 g S OO AN [) 26 B A% 52 Kk ( Queercus variabilis)
4l BB IR I, a4 BE R AN b A RN
THREE R, g R S EMEA S BT
Bnmsghn, AL 7 A SR R AR A A P E 2 B
PETFIE RLVE R RFAE o IS5 BE v i 1Y) 25 M A IR (A 35
i 9.5 COMARAE KA 5 (a fH 3.245 mm), A REVE T
LI T L RS PR S A B K SRR AR
A, BAREFE AT REM ) TR 5 2 B T
m K PLSE o IR, m AR AR IR ER RIS,
FLaB AL 4 1) B oy FO R A5 DA AE 2, S Bt ie A
KA G o TR M o L VAT S5 IR 1) s 2E K3
73, ERIE 7 5 b fRFf Y5 ] e a5 5 43 TG 5 IS O 8 IR
FERRFE I Z5 18, 25 S0 P00 52 o BRI R 22 S 1R AT
RO, HRAMR SRR IE B . F K E
5D R S A DG SRR IR R R = (579 mD),
FESIRAY 3.2 €, ARSI T L AR Gig 4k
242 m, FHIR 4.0 °CO. PIH BIFEDGRIA S, H4
BEAN ] AL T 4 P R, SR AL T s g4k L
Mo A2 SEPUNT K LS BRI B TR I, Bl
EEHTE R LA RE A KB R TR (A
YT 1% 64%, BrA Rk M E T 59%), X 55€
TR AR A 32 BRI RIE 70 45 RAHAT o X Bl 70 A0 A
A B R SR, 2RO T R AA SSR A

B FCUE S, S ARFR N B L ZFEE R E G
Shannon-Wiener 8% H' = 1.93), A KMIRA F 52 b
PRIABE A, HAN Y A 2R M 0 REUE 55.24%,
1A% B 5 PR G B 5 ARG (R = 012, P < 0.001),
55 AR T 52 2 (1 AR (8] A2 A8 7770 A AH ELEHIE
FEAERK AT, 9 AN MIE s B R KA K
TH R T IR R) 38 BT AR, L TR B AR K R
R T AR . Qi ZEUHXT 18 NHR A & B B 7 K
I, ASTR] it B R AR TR AR AR B 3 2 e, AR K
AT RN 3 AR R IR 25 DX 1 (Betula
platyphylla) o 1 Z W 5T 3 81, Jit A8 32 35 e i3k s A=
K B ML 2 R 1 T AR B A A= KB TA] S 30 7 s AR
RAC AR TR, HASR) o1t 22005 it JE B ool 87 A7 £ 2
T o RET A ARKIE J B A E, AT AR A o
SR AEZKE B 0T AR KT BRI AR, AT A4 A5
TR0 P AR KA PR, ST 22 e A T 8 R A

4 % P

AHFFEKH Logistics Gompertz 1 von Bertalanffy
3 FPARLR M A KA, X 9 ANFRIESE AR 1 SEA T
KW AR AE KBS TG, it — P
AR IR GBS, LR AT PR 5 AN 2 R A
SRR . 45 R FR W, Logistic 157 7E 1 = Al A2 A K
PG R BRIEAM, vIERAZE R | FAEEAEK
B P 5 PE AR . BT Logistic 578 R 4 2% FE %5
P JZ R EER, LA LR A (R? = 0.312 ~ 0.510) 5]
N TR 5 A i B B AL RN J5 , TR A RO A5 B 1
PLA LB B PR T A MR RSP3R4 Bl
£ 0.356 i1 0.257, RMSE *F- % & 1K 21 34% 1 33%,
MAE “F 34 BEAK 2 39% 1 36% . BEHLRN JT 2 43 fift
TR, S AR AR K AR S R BRI TR E] (433l
5 39.48% F1 44.16%), Fi il (6] 22 5 Ik 2 (o ) i
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