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Abstract; Taking 61 two-year-old grafted seedlings of free pollinated progenies of Malus spectabilis ‘ Vans
Eseltine’ as experimental materials, and grafted seedlings of the female parent M. spectabilis ‘ Vans
Eseltine’ grafted in the same year as the control, the growth, ornamental, and resistance indexes of the
half-sib families and female parent of M. spectabilis ‘ Vans Eseltine’ were observed during the seedling
stage, the annual growth process of the progenies was fitted by using Gompertz model, and the half-sib
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families of M. spectabilis ‘ Vans Eseltine’ were comprehensively evaluated by using analytic hierarchy

process ( AHP ) method, the aim was to formulate an appropriate seedling cultivation measures and

simultaneously select and breed progenies with rapid growth and excellent phenotypic traits. The results
show that the annual growth of seedling height and ground diameter of the half-sib families of M.
spectabilis ‘ Vans Eseltine’ both conform to a “S” -shaped curve, exhibiting a “slow—fast—slow” growth

rhythm, this reflects the growth process of “early growth stage (from mid-March to mid-May ) —fast-

growing stage (from early April to early September) — late growth stage ( from mid-May to mid-
November) ”, and different seedling cultivation measures should be implemented for each growth stage.
The fast-growing stage of the half-sib families of M. spectabilis * Vans Eseltine’ can be divided into early
fast-growing type (from early April to mid-April) , mid-term fast-growing type (from mid-April to early
May) , and late fast-growing type (from early May to mid-May). There are obvious differences in the
initial and terminal fast-growing stage of seedling height and ground diameter between different
individuals, showing an allometric growth phenomenon. Among them, 85% of the progenies belong to the
early and mid-term fast-growing types in seedling height, while 91% of the progenies belong to the mid-
term and late fast-growing types in ground diameter. The five progenies V39, V49, V21, V27, and V40
grow rapidly, and their seedling height (202.0-226.0 cm) and ground diameter ( 18.96-22.04 mm) are
both higher than those of the female parent ( seedling height and ground diameter are 197.9 cm and 16.14
mm, respectively) , while the number of branches (14-38) is larger than that of the female parent (9) ,
their young leaves are all fuchsia or brownish red, and their barks are smooth or relatively smooth. In

conclusion, the Gompertz model can predict the variation tendency of growth characteristics of the half-sib

families of M. spectabilis ‘ Vans Eseltine’ with time during seedling stage, and provide insights into the

annual growth rules of the progenies; the comprehensive evaluation scores of five progenies V39, V49,
V21, V27, and V40 are relatively high and are considered as excellent progeny individuals of M.
spectabilis ‘ Vans Eseltine’ , and their ornamental evaluation can be further strengthened in the future to

achieve the breeding goal of both excellent ornamental and growth characteristics.

Key words: Malus spectabilis
progeny optimization
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Table 1 Description and classification of phenotypic traits of half-sib families of Malus spectabilis

‘Vans Eseltine’ tested

Phenotypic trait

L% Level

1

2

3

4

5

T 5/ cm Seedling height (h)
4%/ mm Ground diameter (D)
S AL Branch number (ny)
BB Young leaf color
SR B2, Mature leaf color
W B2 G B Bark smoothness

HJE Leaf shape

LML Z Leaf surface
morphology

HIRTEAR Leaf tip shape
M #4: Heat resistance

73.0<h<104.0
7.50<D<10.40
ny<10

£k Green

% 2% 44, Dark green
FHKE Rough

GIIE M Ovate leaf

24 Crinkliness

24 Acute tip

bk 90% Lk b RN R
B, e et
More than 90% of the
leaves of a single plant
are curled or burned,
with severely deciduous

104.0<h<135.0
10.40=<D<13.30
10<ny<20

TL50 Brilliant green
2%, Green

BOLM Relatively
smooth

WHIEJE I Elliptic leaf

FWAI Cuddle

iR Taper tip
Hkk 70% I Jr 2
s, e EmIE I 70%

of the leaves of a single

plant are curled or
burned, with severely
deciduous

135.0<h<167.0
13.30<D<16.20
20<ny<30

FELT 4 Brownish red
FE &4 Brownish green
6 Smooth

I A
Oval leaf and palmate

lobed leaf
S Flat

FER Caudal tip

Hibk 50% ri it g ih
s, H oI 50%
of the leaves of a single
plant
burned, with partially
deciduous

are curled or

167.0<h<198.0
16.20<D<19.20
30<ny<40

L4144 Fuchsia
Fe 4% (@ Brilliant green

o TR i 4 7 2
Elliptic leaf and palmate
lobed leaf

Hubk 30% rart A 2 h
B4 455 30% of the
leaves of a single plant
are curled or burned

198.0<h<229.0
19.20<D<22.10
ng =40

it 21 {6, Bright red

FEIg At
Palmate lobed leaf

AR R A 109% B I
R MBI No more
than 10% of the leaves
of a single plant are
curled or burned

®2 3MERBAREXRFESHEY

Table 2 Expressions and characteristic parameters of three growth models')

o T L BT t BT
Model Expression ! Inflection T 2 Inflection height
Bertalanffy y=K(1-ae™)? (1n % )/b (In 3a)/b (ln % )/b K/2
4+J7 4-J7
. 2a 2a
Gompertz y=Ke™ (ln 3+ﬁ)/b (Ina)/b (hl 3_5)/13 K/e
Logistic y=K/(1+ae™) (1n 2:;?) /b (In a)/b (ln z_aﬁ) /b 8K/27

Dy, o BRI Initial fast-growing stage; £, ; #AEHK Y Terminal fast-growing stage; y: REUVE KR Frequency of cumulative growth. K; ik 2L
KRR Frequency of maximum cumulative growth; a,b: S8 Parameter; e; %% KLY ICEL Base of the natural logarithm; ¢ SRR B %

Frequency of cumulative days.

135 A THRHEEAGAEKRY 2AMERXN SR
AKEHHE HAREREEH o, HR N 3

BH o, BERA KR, 0 2, R, JEAER
JEM . Geih i RN SR B A Y 2 AN AR B
KB, LLRE) 1/3 N9e2s , WS 1 AN A A I 1Y
TRy A BEAR 22 K YR R 43 A i e A 7 v B
Az R i e A A

i AR A K E TR AT A K E = B
AR R AR A KR, o BRUERK B H &

FRRBOIAR (FH B 173 18] B 7 K55 I i 8 R0 L
{8 1 A I RS AR AR B O i AR A ROR
W5 R R R EZ 2,
13.6 FRIREZLZEF4  LUER FAUFH &
HARJZE(A) AR BRI ESR b HENZ (C,)
DAV R AR BB B B B R B
B B MR IR HRIEAR S M i hr )2
(P ) MEEZ I oMt (AHP) BE PP,

IR LB FIPE 8 AR IO LA KA AR 23 2
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INF 0.1 BHAH — B 5038 1

RAEARX Y= v, W, Xt RIITLEA M, X
WY INBURAY Y, N | TERAR A PEAME, W, R
| THEAR AL, M4 bR AR > BFE K T 0.85
i, TR ARG E Y R A5
1.4 HELEFRMSH
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SPSS Statistics 26.0.0.2 B FHEFT R GRS Mt , 1
Origin 2023 %K 4 i# 17 # &, {fi | Adobe Photoshop
2021 BAFHAT AR IR
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XF  JUSCHTT VR R M 5 R A T A KA AL
G, SR E ERIT R LR 3, SR ER. &
Fb AR A AR ) P e REL(R?) R 2= /IMRIR R

Bertalanffy FEARY .Gompertz, i A . Logistic A SR fE
BHEN (AIC) AT iR 22 (MSE) th R 2 /MK
Logistic PR Gompertz i A Bertalanffy R AR R
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Table 3 Statistical indexes of fitting degree of three growth models of
half-sib families of Malus spectabilis * Vans Eseltine’ ")

Hizl PiE Seedling height 4% Ground diameter

Model R? AIC MSE R AIC MSE
Bertalanffy 0.927 —1965.67 0.100 0.903 —1876.53 0.113

Gompertz  0.924 -1950.63 0.102  0.901 -1867.45 0.114
Logistic 0.913 -1894.49 0.108 0.891 -1 828.38 0.119

D R? . pesE 2% Determination coefficient; AIC: #RIB{Z BEN] Akaike
information criteria; MSE . HIH7 1R 2% Mean square error.

Bertalanffy Gompertz 60 Logistic
160 7
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i)/ Time Ffl/d - Time FffE)/d  Time
Bertalanfty Gompertz Logistic
160 53 1601 57 04
g 14.0 1401 o4l 02
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Fig. 1 Fit value scatter plots of three growth models of half-sib families of Malus spectabilis ‘ Vans Eseltine’
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22 ETF Gompertz HEHWFREKBEREKE
A 53
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ME R &K R AEAE K EHTEE, ek
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20

M Kt /om
Seedling height increment

(=}

200
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ff)/d - Time

4, R ER I HAR A ] A S 2 A Ky
Umikﬁuiﬁﬂﬁ 8.16 11 7.98 i, A K JE WY 2.17
F11.92 4% ; 1 s AT AR ) - 359 A 1 i R R A 1
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Fig. 2 Annual growth curves of seedling height increment and ground diameter increment of half-sib progeny V07 of
Malus spectabilis * Vans Eseltine’
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Table 4 Mean increment and duration, and their proportions during each growth stage of seedling height and ground diameter of half-sib

families of Malus spectabilis * Vans Eseltine’

i Seedling height

W4t Ground diameter

ERIS Y
Growth stage MIem P/ % 1/ d P,/% ML/ mm P/ % 1/ d P/%
(X+£SD) (X£SD)
K AT Early growth stage 5.5+2.1 7.74 35 16.2 0.52+0.20 7.61 39 18.1
HiA: ] Fast-growing stage 44.9+17.4 63.15 59 27.3 4.15+1.60 60.76 63 29.2
H K G Late growth stage 20.7+6.8 29.11 122 56.5 2.16+0.70 31.63 114 52.8
DML, S35 K5 Mean increment; Py SF352E 18 5 H Mean increment proportion; ty : “F-¥JHF4EHTA] Mean duration; P, . SF¥JRFEEHRS ] & Lo

Mean duration proportion.

2.3 ET Gompertz 2B FRIFEH LK S
G50 (FR5) WoR AEW T, YEICTT M
LR R A AR IR OK DAFAE 2 5, B I 0 oy
4HSHESH I8 H, BARMAES H 11 HESH
28 H, iEA A e R 19 A V32 5 5l i) 718
V59 [H]F% 44 d, LA 15 d A 92E 14 R A IR o
Shy B A e e A R R S A A H i
WA BIAT 21 TR, 1 BE 34.4% 5 A= B 31
AT, 50.8%; W AR 9 AR,

14.8% .,

SERL(FR5) R Won . FEMbAR 7 I, 4% FARAE B A
WK L frfE RS wARM N4 H1 HES H 14
H,#ERY NS H20 HE9 H 8 H, #EA A
B T8 VS 55X Vol [ g 44 d, LU
15 d AHEHATR 57, Hd BT AERA 5 A7
R, 7 8.2% ;s FHAH A FUA 32 NFAR, 15 52.5%; )5
B A A 24 A8, 15 39.3%,
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Table 5 Division of fast-growing stage types of seedling height and ground diameter of half-sib families of Malus spectabilis ‘ Vans Eseltine’

T Seedling height 4% Ground diameter
HRES HUL B HE AN HER S HEE ) AN
No. (,’f Initial Terminal FrgEital/d No. (?f Initial Terminal FrEint Al /d
material fast-growing stage fast-growing stage Duration material fast-growing stage fast-growing stage Duration
(MM-DD) (MM-DD) (MM-DD) (MM-DD)

R A7 Early fast-growing type AT A7 Early fast-growing type
V32 04-05 06-16 73 V51 04-01 07-21 112
V43 04-09 06-22 75 V15 04-03 08-07 127
V45 04-11 06-30 81 V3l 04-15 06-20 67
Vo8 04-13 06-13 62 Vo2 04-16 05-29 44
V12 04-14 07-05 83 V28 04-16 06-21 67
Vil 04-15 06-22 69 rR 3 A= T Mid-term fast-growing type
V39 04-15 06-25 72 V34 04-17 07-15 90
V48 04-17 05-11 25 N 04-17 07-07 82
V09 04-18 05-13 26 V23 04-19 09-08 143
V13 04-18 06-06 50 V49 04-19 06-29 72
Vi1e 04-18 06-05 49 V18 04-20 06-28 70
V23 04-18 06—-13 57 V58 04-20 06-14 56
V33 04-18 05-30 43 Vie 04-22 08-05 106
V56 04-18 05-25 38 V27 04-22 07-26 96
V58 04-18 06-07 51 V37 04-22 06-28 68
V10 04-19 07-28 101 V04 04-23 07-19 88
V29 04-19 06-08 51 V26 04-23 08-08 108
V35 04-19 06-09 52 V10 04-24 06-19 57
V02 04-20 07-23 95 V1l 04-24 06-10 48
V22 04-20 07-09 81 V25 04-24 07-31 99
V53 04-20 07-04 76 Va7 04-24 06-19 57

rf ) A A Mid-term fast-growing type V09 04-25 06-09 46
V17 04-21 06-23 64 V19 04-25 06-23 60
V25 04-21 06-16 57 V30 04-25 07-22 89
V26 04-21 07-01 72 V33 04-26 06-27 63
V27 04-21 05-26 36 V56 04-26 07-04 70
V30 04-21 06-11 52 V43 04-27 06-29 64
V38 04-21 06-17 58 Vo5 04-28 07-26 90
V4o 04-21 07-07 78 V55 04-28 06-19 53
V55 04-21 05-30 40 V32 04-29 06-25 58
V57 04-21 05-17 27 V39 04-29 07-26 89
Vo4 04-22 07-02 72 Va4 04-29 07-01 64
V37 04-22 05-25 34 V46 04-29 06-30 63
V50 04-22 06-27 67 V59 04-29 06-21 54
V14 04-24 06-25 63 vi2 04-30 07-31 93
V19 04-24 05-21 28 Voo 04-30 06-19 51
V21 04-24 07-21 89 Vel 04-30 07-02 64
V51 04-24 07-04 72 V42 05-01 07-05 66
V49 04-25 08-28 126 Ja R AT Late fast-growing type
V24 04-26 07-10 76 Vo3 05-02 06-15 45
V4l 04-26 06-21 57 V13 05-02 06-06 36
V18 04-27 07-11 76 V36 05-02 06-17 47
V20 04-27 07-08 73 Vo7 05-03 06-12 41
Vo7 04-29 06-04 37 V40 05-03 07-30 89
V15 04-29 05-24 26 V50 05-03 06-25 54
V36 04-29 05-24 26 V54 05-03 06-27 56
Vo5 05-01 07-25 86 V35 05-04 06-18 46
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#4535 Table 5 ( Continued)

T Seedling height

kR

R ER e

W4 Ground diameter

. AR A AR . HAE IR A AR
No. ? Initial Terminal Fraemtial/d No. 0 Initial Terminal FrLemta/d
material . . . material . . .
fast-growing stage fast-growing stage Duration fast-growing stage fast-growing stage Duration
(MM-DD) (MM-DD) (MM-DD) (MM-DD)
V28 05-01 06-14 45 V41 05-04 06-29 57
Vo6l 05-01 05-29 29 V45 05-04 06-24 52
V03 05-03 05-27 25 V52 05-05 06-05 32
V31 05-03 05-28 26 Vo8 05-06 07-11 67
Vo6 05-05 07-28 85 Vo6 05-07 07-25 80
V47 05-05 06-12 39 V17 05-07 06-02 27
JE 3 E R Late fast-growing type V38 05-07 06-06 31
V42 05-06 07-12 68 vi4 05-08 06-10 34
V54 05-06 06-22 48 V24 05-08 06-14 38
V34 05-07 07-31 86 V20 05-09 06-05 28
V44 05-08 06-20 44 V53 05-10 06-03 25
V60 05-11 06-17 38 V57 05-10 06-04 26
V40 05-12 07-31 81 V22 05-11 06-15 36
Vol 05-13 08-12 92 V29 05-11 06-14 35
V52 05-14 06-20 38 V21 05-12 06-15 35
V59 05-18 06-11 25 Vo1 05-14 06-16 34
N Do 2. N 3 ~ N e N A S
AR R G, U IR SR G R A B ER (K 3-B), Hirb, IR dE 20 AR EK

BT EAERKRE
24 FREKSHRESW

FTEIIT W ECE R R R FIEERKER
Hi R AR T R GRS (B 3-A)  FERR IR IR ] 45
WK F 5T 3 K & KA = | AR AR AE

Euclidean distance

BEEP SE R E N 199.5 em, SEH AR 17.50
mm; 02005 33 AR, A K & P21

151.0 cm, F-¥H7% K 13.33 mm; 125405 8 D71t
AR EE, P &N 9.5 em, F ¥ LR
“510.44 mm,

B 240, 124.0
a
201 3 {220
200} - . {200 .
£ 2
5 180} s {180 é
z o
S 160} 1160 5
3 R G
140 ¢ Juso
E 0l < 1120 @
3 u E\]
100 - {100
8ol {80
60 ' ' 6.0

23] Category

O. 5 Seedling height; @ #1742 Ground diameter. B [ [a] —35hriR 224k F A E/ING R R R AR 25 I‘M%EE%(PRQOS) Different lowercases

on error bars of the same index in figure B indicate the significant difference (P<0.05) between different categories.

B3 EXHNT SEFEBRRARLE(A)REENES. ME(B)
Fig. 3 Cluster graph (A) and seedling height and ground diameter of each type (B) of half-sib families of Malus spectabilis ‘ Vans Eseltine’
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2.5 FRI;AE

FEEART YU SCHT YT i 324 () M 2 A 0 AR VY-t
i, DA RS R A 7100 32, [R] i 75 2 e i
WLEANERPIVESS R, J2 R A (AHP ) iL AR HEAT 2 3%
BIPIRZE G VAT I, rTEE XS H A6 bR AT JEA T I 2,
USCHRTT g 3 R M 5 2R AR DA BRI R S
BEEILR 6, 45 2R s B AR o0 BB B v 2t
TR PAPE RIS 73 R ITER 0.854 6, 2 fT
IUPLE R ZE AR bR . M I A8 4 A W 4 ) AL —
FHELLR(CR) BI/NTF 0.1, B — G 5638 i, 45

®6 EXHNT BREIEERRRKINGERRNE"

BFRAE A

XA R  Ju 3T ik R R 1
2520 NFARFRMAR AT AL, 5 R (R T) B . T
8 V39.,V49 V21 V27 V40 L5 5PN 15 43 (AL
)V AN 4.41 4.16 .4.07 4.06 F13.91, N1k
P, X 5 ML HAR AR B
FREAR B I SO, B A iAo,
TFREA (B B HERE , BTt se gk () s ARk 118 V49 I
EIEE L 18 V21, V27 V39 V40 it AP AL
FHEA,

Table 6 Evaluation system and its weight of superior strains of half-sib families of Malus spectabilis * Vans Eseltine’ )

S TR I AN M E —HPEREES  Consistency test
Judgment matrix Weight Total weight X CR
A-C; A C, C, Cs
C, 1 2 7 0.590 7 3.014 0 0.013 0
C, 172 1 5 0.333 8
Cy 1/7 1/5 1 0.075 5
C,-P; C, P, P,
P, 1 1 0.500 0 0.295 4 2.000 0 0.000 0
P, 1 1 0.500 0 0.295 4
C,-P,; C, P, P, Ps Py P, Py Py
P, 1 2 3 4 5 6 7 0.328 8 0.109 8 7.5570 0.069 0
P, 1/2 1 2 5 6 7 0.2352 0.078 5
Ps 1/3 172 1 3 5 6 7 0.188 7 0.063 0
Py 1/4 1/3 1/3 1 3 5 6 0.116 4 0.038 9
P, 1/5 /5 1/5 1/3 1 3 4 0.065 2 0.021 8
Py 1/6 1/6 1/6 /5 1/3 1 3 0.040 5 0.013 5
Py /7 1/7 1/7 1/6 1/4 1/3 1 0.025 2 0.008 4
Cs-P; Gy Py
Py 1 1.000 0 0.075 5 1.000 0 0.000 0

DA HARJZ Target layer; C,: HENIZ Criterion layer; P, $543)2 Index layer; C,: LK 3545 Growth index; C,: ME{FEHR Ornamental index; Cy: $T
PEFEHR Resistance index; P, : i Seedling height; P,: #1£& Ground diameter; P;: 744X Branch number; P, : HHEi{% Young leaf color; Ps:
SR B, Mature leaf color; Py : Wz YGHE BE Bark smoothness; P, : HTE Leaf shape; Py R IEZS Leaf surface morphology; Py TSN

Leaf tip shape; P, M #: Heat resistance; A

max *

B RAFAEAR Maximum characteristic root; CR: FEHL—2E: 2% Random consistency ratio.

FRT7 CENHIT BRFEBRKXRE | EFARBEKIER
Table 7 Comparison on phenotypic traits of class I progeny of half-sib families of Malus spectabilis ‘ Vans Eseltine’
# . p " B ety ys , DS} N p
Zﬁ{ﬁ WE/em HifR/mm AR HifaD i) v pEd) g A 4RO it EE" Ao
Seedling Ground Branch o . Leaf ’ . Heat Weighted
No. of heicht Jiameter number Young Mature Bark hape?) Leaf surface  Leaf tip . 7 coore
material e o " leaf color” leaf color” smoothness®  °'P° morphology®  shape® resistance o
P 71X Excellent progeny
V39 220.0 21.75 38 4 2 3 1 3 3 5 4.41
V49 202.0 19.27 35 3 1 2 2 3 1 4 4.16
V21 219.0 21.28 19 3 2 2 1 3 2 5 4.07
V27 226.0 22.04 14 3 2 2 1 3 1 5 4.06
V40 220.0 18.96 20 4 1 3 1 1 2 5 3.91
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£E3R7 Table 7 ( Continued)

R it SR

T 1 L] 2R

Gy @ﬁﬁ?}/.cm HifE/mm B i e i a2 SeiE D Dﬂ%f) A RS i A7 ﬁ[l*ﬂﬁ%“ﬁ’
No. of Sﬁefll;]ng (3r0und Branch Young Mature Bark Leaf@ Leaf surface  Leaf tip .Heat 7 Welhghted
material eight diameter number leaf color” leaf color? smoothness™ shape morphology®  shape® resistance seore
HAF4X Other progenies
\ESN 189.0 20.26 23 4 1 1 1 2 2 5 3.85
V35 195.0 19.41 10 4 1 1 1 1 3 5 3.62
V23 184.0 17.48 13 1 3 3 2 3 1 5 3.44
V10 185.0 16.61 9 3 3 2 1 3 2 5 3.43
V12 190.0 16.50 14 3 1 1 2 1 2 5 3.37
V42 209.0 13.96 5 4 1 1 1 3 3 5 3.35
Vo5 228.5 17.79 5 1 1 1 1 3 2 4 3.33
Vo3 180.5 18.71 18 3 1 3 1 3 2 3 3.30
V02 192.0 17.63 14 1 1 2 1 3 2 5 3.26
V22 196.0 13.96 11 3 2 3 1 3 1 5 3.21
V34 181.0 15.85 15 4 1 1 1 1 2 5 3.13
V58 185.2 16.89 10 1 1 2 1 2 1 5 3.13
Vo6 198.0 15.32 12 1 2 2 3 3 3 4 3.00
V50 195.0 14.80 6 1 3 2 2 3 3 4 2.93
V18 194.5 11.63 8 1 2 1 1 3 3 4 2.81
CK® 197.9 16.14 9 2 2 1 1 3 1 4 2.87

D1, 80 Green; 2; F54% (0 Brilliant green; 3: F#ZL {7 Brownish red; 4; 541 {4 Fuchsia.

D1 W50 Dark green; 2: 4% Green; 3: Fi%%{% Brownish green.
31, HLAE Rough; 2: BGH Relatively smooth; 3; Y6# Smooth.

D1 BIEH Ovate leaf; 2 WM Elliptic leaf; 3; BIEMFIZEIEZH Oval leaf and palmate lobed leaf.

51, 24 Crinkliness; 2; #f1 Cuddle; 3; & Flat.
01, 223 Acute tip; 2 ¥4 Taper tip; 3; F&4R Caudal tip.

3. Bk 50% R R B S5, 353751 50% of the leaves of a single plant are curled or burned, with partially deciduous; 4: B8k 30% [ F
i 58X K1455 30% of the leaves of a single plant are curled or burned; 5: BARER R T 10% 89 28 it 58577455 No more than 10% of the leaves of a single

plant are curled or burned.
8 CK. XFM84H The control group.

3 i Aesib

A5, Bertalanffy . Gompertz F1 Logistic 45 7!
PJREXT YOS T v 22 ) i 58 2% 002 R Al 40
& BRERRAAEY .22 57 . 3 FBERY 5 A B
5] F1IT 7 25 BEASTA] , Gompertz A=Y 453 55 M1 B AR (] B
Bertalanffy %1 {H45 s kb BRRA K FEALT Logistic 15
R, ARBFFE T, Bertalanffy B8 B 7E D E REL(R?) |
SRUAF S EN (AIC) X7 R 22 (MSE) 3 ML iHE IR
ERIEAE  HAR AR B e AR TE AL S0 46 (E
LR, RPN G, 455 5 I8 Gompertz £
R i B DL A I VT v R W) I K &R
At

T AR DA A B A T AR AR X
HBEFRA T T AR ERRE, EEUEE R,
SEICITT AR 3 H iRk AR IS

AFFE R B, HE 11 A Ay gk Ay R,
Gompertz BRI A 25 B s . o KT i 22 1A
MO 2 1 s AR A A K 2 18— p—18 " 1 1y A
EA U W wy By Bk, ATkl A AERKET (3 A &
5 A #AM(4 AviE 9 Ay fAERKEM (S A
hE 1L A, &R HARTEEAE IR AR
B 2SS K R MEFE R &5, HE A
AV, A SRR S s ] L IRk o S A K 4
A RE S R A P A L AS [R) st 09 AR ) g A A s 27
FRAE A TR 2E A A 309 1 B[R], S 43 Sy iy 0 3ok A= 7Y
(A AWz 4 Arp) AR (4 HhZ 5 A)) il
JaWEAR (S AR S Ad) . W& E,85%1F
RUE TR AR MR TR, 91% i T HUR T
FR R AR R TR 4 AR E S A VIR
FEE W OCEERT A 4 H i 5 ] R AR B R G ¢
BRI, X SIS AR RS 45 SRR TR, EE R A
TET R F PR 22 5 BLAh, i Hb AR Y 2 AR W 4y
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St i) ke, H AR K, S5 XA ( Salix
spp.) LA & Magnussen 2% X} 2 4% ( Populus nigra
Linn.) (RFFE 45 5 — 50, 34 AR o 1 R Y
R RE RIARIE A K 22 S R, H
HA A e 5 R LR AR AR AR S i A T
VE RPN A KRB A F AR HR Y

TSN 0T PR R AR R, (A AR R A
SEILHIT W EAE S EIE AL A 2 — WA
5, (A ALGIR RS S oA R AT,
SHUERSE LIS BRI RRE 155 W HLRE Y
Bl I 2 T AR W 8 S5 4
A SRANCE D AR B 05 S A A LB T
FALCI B IO 5 2, FARAE ] 4328 2 Flig il .
D= R VAL L =34 W e 5 S - A N VAL WS S S
B, A6t — M AE 7S H B AL P B s (5 2) 2
(AL AR SR S VAL > S N N R R % A B
IR AR, AL By A R IE O, I
Wi T MR AR R b o R S R (L
F AL B a0 R ) HAR (737 I AR AE 1 1
S, AR A TR V39 AT V40 H I (AR
Yl ar o, 748 V49 V21 F1 V27 it AL
5 ASTFARHY BRI (R ) R SR AR HEN T
V39 F1 V40 (4L EFETE 1 5220 (A B0 (0 B AE
WIAR o 10 V49 V21 F V27 AEEAERE I AL
P tEk e, VMR EFAEAE A BT REsi L T
BEAPER . WM B S fE R I EER DY,
SRAERA I, L8 V39 A1 V49 3 BUEE R
(BB 9 38 F1035) , A6 Al RE Y PR B 4,
P TR V21, V27 F1 V40 (S B 8053 51k 1914 Al
20) FE R T REN B B AR B T R e B RIUR
AT FHREA R B RS | A 5 AN e T AR e e g
S, W RCR A, 28 BT SRk 5 TR
V39 V49 V21 V27 Fil VA0 AAY AR Ktk | H B2
R LT EAEAT (A, SR REAR B s a1 Jm R
IIAE(14~38) ZFREA (9) , HHA B2 6 sidol
HE Yy SN TR I 3 S AW 8 v SO =T i
— g 5 A BRI 8T SRS bR A
SIS R FEENFFER

AASCRIFFE 4G J 1 2 01, it FH N8 T 42 2k 4 ke
HAEH, BE WY 0 A K e AR, AR IR
B P R AR K i P B A RE A I AR R AT AR,
Xof Hiu A R A5 L A 2 At mT e, 3 43 1 A

5 it FH B A ] AR A A fEH: ZEFHRLAE BBk,
PEEPIIE PrR SO A VUL RE IR & RN
SPERIBTAARE 48 R ) e IR R L
AAFFE 1T Gompertz F5ERY AT TN ¢ Y5 SLHTTT g5
A2 2R AT I A KR PR RE IR R] A A8 ka4, T i 4%
TR AE KA, IF i R A A B S
Jti, AR ETI AR R e bl , T FEASEE R
FEREIN 1~2 WARA = B0 2 A0, S s A K IE
SRAE BRSO AS A I R S </ 2 YK
YR XT3 A R OR 4G T N [F R A
FE T TR A Y R MG R b AR R A X
M AT A A 5 R0 2 ~ 3 St 1 W R
AL, JTRE B 1 R R S A A A
IR R RGO TR AR R AR R P 7R
HEFTIE B 5, S BRISBCRREL i E TR AR
HEA A 5 RERR 2~ 3 I 1 U R 1) e e
AN, ITREH BT 1 R R IR, ek AR
V27 Fl VA9 J T AR Y R 14 H A 1 R 2 A
XN AR T ZE A TG BT AR SE I, B AR
AR AR 1 RS A SR E S
B, W E X VA0 ; HoAt 1 ey | AR A [ 3 A= B an i
Ve V21 F V39 AR DL & M i GBS T
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