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Abstract: In order to select superior families of Castanopsis hystrix in southern China, the growth traits and
genetic parameters of C. hystrix families at ages from 2 to 11 years were studied. The results showed that the
average height, diameter at breast height (DBH) and wood volume among families had significant differences.
The average height, diameter and wood volume growth of families were genetic controlled at medium level or
above, which indicated high selection potential among or within families. Wood volume had large variation among
families, followed by DBH and height. Family heritability and individual heritability gradually decreased with
age increasing, and stabilized at 7- to 9-year-old. The genetic correlation coefficient of growth traits gradually
increased with age increasing, and reached maximum at 7 years old and then tended to stable. The genetic
correlation coefficients of plant height, DBH and wood volume were 0.9602, 0.9340 and 0.9849, respectively,
so that 7-year-old was suitable age for early selection of families. Combined with early selection and character
indexes, ten superior families of 11-year-old were selected, their average height, DBH and wood volume were
13.95 m, 14.34 cm and 0.1229 m’, respectively, and their genetic gains were 12.24%, 18.69% and 51.59%,
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respectively. Compared with contrast of the superior provenance, the 10 selected superior families showed certain

advantage on tree form qualities, such as stem straightness, fullness, branching angle, the biggest branch and
crown breadth, which increased from 7.71% to 12.94%.

Key words: Castanopsis hystrix; Family; Genetic variation; Selection
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Table 1 Basic information of families
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21 HE(Castanopsis hystrix)Z R RIARNAL TP
FEAE T AR 9 rh MO B2 i 53 6 B Mol 52 35
R S IR Pl BRI, B D 22°02' N
106°51" Eo A WAL, HFAR BE 550 m, JRALHVH
Z3 S, AR IR 19.5°C, 4EF& R & 1400 mm,
AR 83%. T HENIER A LB I LT,
KAZEIR 5 m Vb, HJ2E 1 m DL, ikl
L AN (Pinus massoniana) MRAKIT M, By FEHA ST H
FaECH 181,

1.2 85 HiEEit

I HER 2000 4F 11-12 H PG 2404 X
CTHER SR UCE MO TR I3 19 32 RRAEA
LSRR E TR AR Sk AP AL AT
FEFIT 45 5 ARIRIX 32 NFERGE 1), LLHERIR
UM AR BE R BRIy - A o i I RT3
B 15 1) 9% S A PRI 55 1) 17%, A

EEA e} 2y 2 AEHIE Annual AR T Bk
Family Locality Latitude (N)  Longitude (E)  average temperature (C)  Annual rainfall (mm) Number

P1,P2,P3,P4.P5,P6, IRk 21° 52 109° 13’ 21.4 1787.3 10

P7,P11,P12,P13 Pubei, Guangxi

B1,B2,B4,B5 ST 21° 38’ 109° 32’ 21.9 1743.2 4
Bobai, Guangxi

R1,R2,R3,R7,R8,R9, TP 22028 110° 15’ 21.3 1660.2 9

RI10,R12,R13 Rongxian, Guangxi

X1,X2,X4 JTPE SRR 21°51" 106° 41’ 21.3 1376.5 3
Pingxiang, Guangxi

D2,D3,D4,D5,D6,D7 SR A 24° 30/ 107° 05" 20.1 1577.1 6

Donglan, Guangxi
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Table 2 Variance analysis of growth traits of provenance and families
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22 A RKMEREESHEE

AR F AR5 26 70 B AEAL ) e 1
PR 5 52 188 % 1l 24 0 A B8, HE R/ IN L4 52 i 30
PERIOCR . MR 3 AL, &4 R R R gl 11

LpiC I 37} 175 Mean square

F AR 5 L H Proportion of variation

Age (a) Source Filii Provenance X% Family X4 Block #Li% Error 1l Provenance % Z& Family

A Provenance ZX A& Family

2 H 0.67 0.22 0.03 0.09 7.69” 254" 0.25 0.42
DBH 0.65 0.14 0.11 0.04 16.79” 3.54" 0.42 0.51

\Y% 1.89x10°* 477x10°  6.10x10™"° 1.15%x107 16.42" 41.53" 0.41 0.92

3 H 0.88 0.27 0.27 0.08 1117 337" 0.32 0.49
DBH 1.26 0.39 0.64 0.13 9.08" 2817 0.28 0.45

\Y% 3.74x107 0.93x107  1.20x107  3.01x10° 12.40" 3.107 0.35 0.47

4 H 1.07 0.24 0.74 1.00 10.76" 2.40" 0.32 0.41
DBH 2.29 0.62 2.66 0.30 7.56" 2.05" 0.25 0.37

\Y% 473%10° 9.52x107  2.00x10° 2.77x10” 17.10" 3.44" 0.42 0.50

5 H 1.51 0.48 4.47 0.19 7.99" 251" 0.26 0.42
DBH 3.88 1.09 9.48 0.50 7.83" 2217 0.25 0.39

\Y% 3.62x10° 7.75%<10°  6.90x10°  3.60x10° 10.05™ 2.15" 0.30 0.38
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23:34%(Continued)
Loipiiey Ko 475 Mean square F AR 53 L Proportion of variation
Age (a) Source Ffijii Provenance ZKZ Family [X4] Block #Li% Error Fi Provenance & Family  F{ Provenance % Family
6 H 222 0.98 14.93 0.40 559" 247" 0.19 0.42
DBH 451 1.83 14.64 0.74 6.09" 247" 0.21 0.42
\Y% 1.29%10°* 4.18x10°  4.86x10° 1.79x10° 7.20" 233" 0.24 0.40
7 H 3.38 0.80 20.53 0.50 6.79" 1.62" 0.22 0.32
DBH 6.57 1.78 21.88 0.83 787" 213" 0.25 0.38
\ 3.00x10™* 6.37%10° 1.16x10°  3.28x10°° 8.15" 1.73" 0.26 0.33
9 H 2.74 1.00 32.48 0.72 3.82 1.40° 0.14 0.29
DBH 7.14 2.06 57.26 1.47 4.87 141 0.17 0.29
v 1.01x10° 1.52x10%  527x10°%  1.30x10°° 474 1.147 0.17 0.25
11 H 3.44 1.42 99.02 1.40 2.46 1.01 0.10 0.23
DBH 11.41 3.24 125.41 2.18 5.24 1.48 0.18 0.30
\ 1.81x10° 5.08x10"  2.83x10°  4.70x10° 3.84 1.08 0.14 0.24
H: M1 ; DBH: Jgde; Vi BURBI B, **: P <1%; *: P <5%.
H: Tree height; DBH: Diameter at breast height; V: Wood volume of individual. **: P < 1%; *: P < 5%.
3 RERA KM 20 B RSES U
Table 3 Variance components and estimates of genetic parameters of family growth traits
Wi PEIR SEHA 772 Variance 1814 7 Heritability cv, v,
Age (a) Traits Mean R Z Family 345 Environment  ##! Phenotype % & Family 8.k Individual (%) (%)
2 H 1.76 0.04 0.22 0.27 0.84 0.65 1182 2939
DBH 0.76 0.034 0.19 0.23 0.83 0.65 2572 63.70
\Y 6.00x10° 2.57x107" 1.58x107" 1.84x107"° 0.80 0.56 10.76  28.71
3 H 2.90 0.08 0.44 0.52 0.79 0.62 9.77 24.90
DBH 2.08 0.11 0.69 0.80 0.77 0.55 1591 4291
A 5.60x10™ 2.05x10° 1.15x107 1.35x10°7 0.80 0.61 32.35  83.09
4 H 4,01 0.07 0.57 0.64 0.76 0.43 6.51 19.93
DBH 4.03 0.18 1.29 1.47 0.79 0.49 10.53  30.15
\Y 2.58x10° 2.90x107 1.84x10° 2.13x10° 0.81 0.54 26.59 72.10
5 H 6.04 0.12 1.04 1.16 0.75 0.40 566 17.83
DBH 6.30 0.30 227 2.57 0.78 0.46 8.65 25.42
\% 9.05x107° 2.50x10°° 1.75x10° 2.00x10° 0.79 0.50 2226 62.85
6 H 8.16 0.29 1.69 1.98 0.76 0.58 6.58 17.22
DBH 7.77 0.48 2.81 3.29 0.63 0.58 8.88 23.33
Y% 2.159x107°  1.19x10° 8.90%10°° 1.01x10™ 0.78 0.47 20.33  59.21
7 H 8.94 0.26 1.95 2.21 0.72 0.47 571 16.62
DBH 9.27 0.53 3.81 434 0.73 0.49 7.84 2246
A 2.84x10° 2.14x10° 15110 1.73x10™* 0.73 0.49 20.75  59.02
9 H 10.27 0.37 3.29 3.66 0.67 0.40 590 18.62
DBH 10.99 0.69 6.92 7.61 0.73 0.36 7.55  25.10
A 4.78x10° 5.62x107° 5.45%10* 6.01x10* 0.74 0.37 19.97 6531
11 H 12.69 0.22 5.79 6.01 0.35 0.15 371 19.32
DBH 13.28 0.51 9.41 9.92 0.52 0.21 537 23.71
Y 8.73x10° 5.23x10° 1.93x10° 1.99x10° 0.35 0.11 10.52  64.87

H: #4i ; DBH: fgfs; V: SRR AL
H: Tree height; DBH: Diameter at breast height; V: Wood volume of individual.
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BT R, LT A5 AR KRz v A el rp 45
DL bt ALl , A AR 1 5 R R R N FRAR IR £
W1 B AR B A B 3 AR, AR
BE S R0 BRI AR, 3815 A8 5 R B(CV ) MR Y
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Table 4 Correlation coefficients of tree height, DBH and volume growth between 2012 and each year

orits Hy, Dy, Vi
Age (a) Ip Ig e Ip Is I p G Iy
2 0.2108 0.2437 0.2517 0.5777 0.7676 0.3245 0.0939 0.1178 0.2209
3 0.3968 0.7144 0.3228 0.4856 0.5739 0.3819 0.5357 0.7930 0.3955
4 0.4874 0.8774 0.3789 0.5741 0.6852 0.4436 0.5792 0.8873 0.3805
5 0.6027 0.9594 0.5463 0.7196 0.8506 0.5650 0.6976 0.9037 0.5109
6 0.7188 0.9758 0.7048 0.7311 0.8298 0.6212 0.7429 0.9367 0.6651
7 0.7664 0.9602 0.7828 0.8390 0.9340 0.7372 0.8412 0.9849 0.7616
9 0.7721 0.8917 0.7701 0.8713 0.9482 0.7362 0.8277 0.9735 0.7563

Hyp: 11 AEARIR G5 Dy 11 AR IR Vi 11 ARZE A BARRA B 5 rpr SRAIAEIC; rgr ARG 1o FRIEAROC

H,,: Tree height at 11 years old; D,;: DBH at 11 years old; V,;: Individual volume at 11 years old; rp: Relation of phenotype; r: Relation of genetic;

rg: Relation of environment.
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B RAMAFBEBALIE 25 3% 5, IR Rtk
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W SRR K MK T R R M AR 7T
WrAEPE. LA AR R A i 00 AR 52 19 I R P il A
R PRAE R 6 R BRI, T PR3 2 LG R - 3
(EAE e PR T A G a5 . 72 R EFRAE I
(7 4RI, ATER A 30% IR B 28 36 1t e b i 22
K, I ATERY 10 MK FR N X1, X4, P13, D3,
P7. X2. R7. B2, Bl Al P3, W & . Mg 45 Fl B kR 44
T3 AR A 5 A5 3 45 53 3R 6.77% . 10.91% F11
28.11%, H ¥ {H Fb XF B 43 51 4 55 0.84 m (8.62%)
1.37 cm (13.07%) 1 0.0083 m® (27.85%)., AEZ Ny
20% I, AER) 7K &R A X1, X4, P13, D3,
P7. X2 Fll R7, i {4 18 25 4 W K 7.29%. 11.65%
F130.31%, 3 DHEARIME LT B 4300 52 55 0.91 m

(9.22%). 1.47 cm (13.75%) F10.0102 m’ (32.59%).
AR 10% B, A4 R AN XL, X4,
P13 F1 D3, it & 34 25 7 9 & 8.34%. 12.90% #i
34.65%, 3 AR A H X BE 4 B 4R 5 1.05 m
(10.42%).1.66 cm (15.10%)#1 0.0108 m’ (32.24%).
B 2012 4F 3 A XA 64T T R AR, B AR
2012 A (11 AFEA )AL 25 AT rp | 48 PRIk 34
(B R H A AT 2011 42 59 5% BESE T3, 11 4F
HEBT, TE 30% AEFR T, AR 10 MR RN X1,
P13, X2, D3, X4, Bl., P3, P2, P7 #il R1, #
15 A I B A B 3 AR A 35 A 4 25 43 S
12.23%. 19.95% F1 53.11%, FLI(E 23 5] b xof iR 42
55 3.48 m (25.20%). 3.98 cm (27.37%)F1 0.0511 m’
(60.05%), ATEZ N 20% I, AXERY 7 NE RN
X1, P13, X2, D3, X4, Bl #l P3, {41435 53
9 12.43%. 20.10% F1 53.31%, 3 A4k 2918



533 RRARSE: HERRIBEA T S R AE R 275

X FRAY SR 3.69 m (26.26%). 4.09 cm (27.77%)
F110.0528 m® (60.14%). ABERA 10% B, ABERY
4NFEFE N XL, P13, X2 Hl D3, AL 2543 51 K
12.56% . 20.02% Fi1 54.59%, 3 MR II(E L i
AR T 3.75 m (26.46%), 4.14 cm (27.69 %)Fil
0.0553 m’ (60.70%)-

FO# 7 A A R0 11 AR AR BN 3 R R BLGER
ST LLFE H, 75 30% AR T, & A X1, X4,
P13, D3, P7. X2, Bl #il P3 3t 8 MR A M, itk
X} h 80%, i I 16 K (5 20%; 7F 20% ATER T,
WiEA X1, P13, X2. D3 1 X4 3 5 5% 2 A
TEXTEER 71%, TR IESE 5 29%; 7F 10% ATER T,
WIEA X1, P13 F1 D3 3t 3 MR AN, X 5N
75%, EIRIE R N 25%, 7 AEAERTLE 30% AR T
PEXT %05 151(80%) , iX e B 7 AR A A R A BE £ 1

# 5 AEFZME SR AERA TR B s e 1 15

R EE A 456 7 A FE R 30% Ak
AR EM AL HER RZ AT 10 4, 4000 X1,
P13, X2, D3, X4, Bl, P3, P2, P7 il R1,HF
Biwies SR FER A AR5 13.75 m, 14.54 cm
F10.1253 m*, 5 %+ BE(HE B R IR L, fib AT A9 a2t
& 3 35 o 9 K 8.84% ~ 13.54% (°F- 1 11.76%).
17.80% ~ 25.26% (*F-44 19.70%) . 45.57% ~ 67.33%
(5 53.11%), iIENE R R &R

MR AR R 2R B3 32 2 DA AR MR oy
F AW TIE Sk GRS BT bR ARG . BRI,
E—25 SRR AR AR W v ELRE TR B 43
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BHENRANGEEERE, 9 MHFraiicE
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Table 5 Expected genetic gain in tree height, DBH and volume of selected families

AJEH Selection rate % % Families (i Mean TS £ 35 Expected genetic gain (%)

10% R7,X4,X1,R3 2.29 26.44
X1,X4,P13,D3 1.14 62.34

R7,X1,X4,D3 1.25x10° 102.31

X4,X1,P13,B1 3.41 16.91

X1,X4,P13,R7 2.9 27.31

X4,X1,P13,B1 1.05x10° 84.66

X4,X1,B1,P13 4.56 1223

X1,X4,R7,P7 493 20.34

X4,X1,R7,B1 3.77x10° 66.05

X1,X4,D3,P13 6.83 11.23

X4,X1,R7,P7 7.55 17.40

X4,X1,P13,R7 1.34x107 44.96

X1,P13,X4,D3 9.13 10.68

X1,X4,P7,P13 9.81 12.18

X1,X4,P13,P7 3.04x107 40.10

X1,X4,D3,R9 10.08 8.34

X1,X4,P7,P13 10.99 12.90

X1,X4,P13,D3 426x107 34.65

X1,D3,X4,P1 11.39 6.36

X1,X4,D3,P1 12.41 11.17

X1,X4,D3,P2 6.35x10° 29.55

X1,B1,P13,D3 14.17 12.56

X1,P13,X2,P7 14.95 20.02

X1,P13,X2,D3 0.12 54.59

20% R7,X4,X1,R3,B1,D3,P13 2.18 23.62
X1,X4,P13,D3,B1,R7,D7 1.03 54.69
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A Selection rate 5 % Families H4{H Mean TR AL 25 Expected genetic gain (%)
R7,X1,X4,D3,B1,P13,B2 1.08x10™ 94.35
X4,X1,P13,B1,D3,D4,P7 3.30 15.15
X1,X4,P13,R7,D3,B1,R3 2.74 23.44
X4,X1,P13,B1,D3,R7,D2 9.17x10™* 71.03
X4,X1,B1,P13,P7,R9,P5 4.40 9.78
X1,X4,R7,P7,B1,P13,R3 4.70 16.93
X4,X1,R7,B1,P7,P13,R9 3.31x10° 53.11
X1,X4,D3,P13,R9,P2,P7 6.62 9.29
X4,X1,R7,P7,P13,P2,D3 7.27 15.07
X4,X1,P13,R7,D3,P7,P2 1.25%107 40.25
X1,P13,X4,D3,R9,P2,D6 8.92 9.42
X1,X4,P7,P13,D3,R7,B2 9.51 10.86
X1,X4,P13,P7,D3,R7,B1 2.83%x107 35.28
X1,X4,D3,R9,P13,D2,X2 9.87 7.29
X1,X4,P7,P13,D3,R7,B2 10.69 11.65
X1,X4,P13,D3,P7,X2,R7 3.98x107 30.31
X1,D3,X4,P1,B1,P2,R9 11.20 5.63
X1,X4,D3,P1,P13,P7,X2 12.13 10.20
X1,X4,D3,P2,X2,P13,R8 6.05x107 27.72
X1,B1,P13,D3,X2,X4,P3 14.05 12.43
X1,P13,X2,P7,X4,D3,P2 14.73 20.10
X1,P13,X2,D3,X4,B1,P3 0.12 53.31

30% R7,X4,X1,R3,B1,D3,P13,D4,P7,X2 211 16.62
X1,X4,P13,D3,B1,R7,D7,D4,B2,P7 0.97 23.24
R7,X1,X4,D3,B1,P13,B2,D2,B5,D7 9.70x10°° 93.70
X4,X1,P13,B1,D3,D4,P7,R7,P5,R9 3.21 13.92
X1,X4,P13,R7,D3,B1,R3,D2,P7,P5 2.62 20.91
X4,X1,P13,B1,D3,R7,D2,P7,R3,D4 8.31x10™ 62.95
X4,X1,B1,P13,P7,R9,P5,R7,D4,R2 4.32 8.87
X1,X4,R7,P7,B1,P13,R3,R9,B2,D6 4.54 14.88
X4,X1,R7,B1,P7,P13,R9,R3,D6,P5 3.07x10° 48.25
X1,X4,D3,P13,R9,P2,P7,R2,D6,P5 6.49 8.20
X4,X1,R7,P7,P13,P2,D3,B1,B2,R3 7.07 13.57
X4,X1,P13,R7,D3,P7,P2,B1,X2,R9 1.77x107 36.49
X1,P13,X4,D3,R9,P2,D6,B5,P7,B1 8.77 8.73
X1,X4,P7,P13,D3,R7,B2,B1,R9,D6 9.31 10.20
X1,X4,P13,P7,D3,R7,B1,R9,D6,B2 2.70x107 33.07
X1,X4,D3,R9,P13,D2,X2,P7,P3,B5 9.74 6.77
X1,X4,P7,P13,D3,R7,B2,P2,B1,X2 10.48 10.91
X1,X4,P13,D3,P7,X2,R7,B2,B1,P3 3.79x10™ 28.11
X1,D3,X4,P1,B1,P2,R9,D2,X2,D6 11.08 5.27
X1,X4,D3,P1,P13,P7,X2,R1,B2,D6 11.91 9.54
X1,X4,D3,P2,X2,P13,R8,P7,D6,R1 5.79x107 25.76
X1,B1,P13,D3,X2,X4,P3,P2,P7,R1 13.75 11.76
X1,P13,X2,P7,X4,D3,P2,B1,P3,R1 14.54 19.95
X1,P13,X2,D3,X4,B1,P3,P2,P7,R1 0.13 53.11
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& ML A8 AR 10 MER K &R : X1,
P13, X2, X4, D3, Bl. P3, R3. D5 il D6 (5% 6),
X 10 ML R R F W0 4 AR b B4
4 13.95 m, 14.34 cm F10.1229 m’, 5% IR R
FRIEOAR LG, 23 942 T 8.41%. 11.03% F1 50.44%,
WAL R 11.21% ~ 13.54% (CF-14 12.24%) .
14.10% ~ 25.26% (*F-1 18.69%) . 38.40% ~ 67.33%
(P4 51.59%)332 S5 Z AR B F- S50 57 L i A2 A
PARRB A R 13.21 m. 13.35 cm H1 0.1088 m’,
X R AP IE)AE L, 2 g T 8.83% . 9.73%
F133.17% , He SVASHE3E 25535112 9.73% . 13.84%
F136.97%; LK Z X1 WISFEIR) 5 B2 Fn e ik

A4 5k 1434 m. 15.66 cm i1 0.1258 m®, 43
S L X BROOE R R D3R ' T 18.12% . 28.68% Fil
53.94%, .35t 1% 3 15 43 9l o8 13.54% . 25.26% il
67.33%,

MIEFFa bR A, 31X 10 MR R & 03 B
16 oA A B e R oA et e BT R T3
A3 56 BRI R BRI A 22 53k i 27K F, 43 ) 4
7 10.93%., 12.94%. 8.35%. 9.27%. 7.71% £l
11.75%332 A~ K F 45 16 br 19 S AR 7 25 5318 5 %)
PR R FP R Y 22 St ik B 35 /K, 4 Bl e 1
9.32%. 12.78%. 7.54%. 6.16%. 6.98% F1 10.36%,
MR KR X1 & 1655 071 0 50 L R

6 MR E R
Table 6 Selection of superior families
P bR Wtz s JFEI 2 Genetic gain (%)

Family Volume (m) DBH (cm) Height (m) kA FH Volume of individual ~ Hg4% DBH 7 Height
X1 0.1258 15.66 14.34 67.33 25.26 13.54
P13 0.1179 14.85 14.12 60.86 21.25 12.80
X2 0.1109 14.70 13.96 55.17 20.49 12.26
X4 0.1081 14.54 13.83 5291 19.70 11.83
D3 0.1395 14.39 14.00 54.20 18.96 12.39
Bl 0.1356 14.15 14.25 51.61 17.79 13.24
P7 0.1274 14.61 13.17 46.36 20.03 9.61
P3 0.1324 14.20 13.80 49.55 18.03 11.71
P2 0.1290 14.39 12.95 47.41 18.95 8.84
B2 0.1225 14.38 12.72 43.27 18.89 8.08
R3 0.1196 13.90 13.65 41.41 16.55 11.21
R1 0.1261 13.93 13.09 45.57 16.68 9.32
D5 0.1245 13.54 13.88 44.49 14.77 11.98
D6 0.1149 13.41 13.73 38.40 14.10 11.47
R13 0.1152 13.32 13.57 38.58 13.68 10.93
P5 0.1126 13.03 13.22 36.86 12.25 9.77
BS 0.1027 12.90 13.33 30.56 11.57 10.13
Pl 0.1061 12.90 13.17 32.72 11.58 9.59
P4 0.0953 12.84 13.02 25.74 11.31 9.08
B4 0.1057 12.74 13.11 32.48 10.82 9.40
R9 0.0948 12.62 13.21 25.47 10.20 9.73
P11 0.0982 13.05 12.27 27.62 12.34 6.56
D2 0.0979 12.65 13.05 27.39 10.34 9.20
R7 0.1045 13.12 12.05 31.73 12.66 5.81
P12 0.0956 12.60 12.96 25.95 10.09 8.89
D4 0.0916 12.81 12.50 23.41 11.16 7.33
R2 0.0932 12.59 13.03 24.38 10.03 9.12
R8 0.0904 12.36 12.67 22.71 8.90 7.92
D7 0.0942 12.37 12.39 25.03 8.94 6.95
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25 3%(Continued)
EEA 72 upA g4z L AL 25 Genetic gain (%)
Family Volume (m) DBH (cm) Height (m) kA Volume of individual ~ Hg4% DBH 7 Height
P6 0.0861 11.87 13.48 19.86 6.51 10.66
R10 0.0914 12.03 12.49 23.33 7.29 7.28
RI12 0.0720 10.90 11.76 10.83 1.71 4.83
JMASE-14 Mean in total 0.1088 13.35 13.21 36.97 13.84 9.73
X HRF3 0.0817 12.17 12.14 30.33 11.63 8.59
Mean of control
EREZRVH 0.1229 14.34 13.95 51.59 18.69 12.24
Mean of superior family
%% Family @EJ}% [53]its Fi Sy vﬁjﬁﬁj\ﬁ SEEMR KN i Height é:%%éf'agﬁz
Straightness Roundness Branch angle  Biggest branch Crown under branch  Complex index
X1 2.1297 23134 0.4741 0.2110 2.3474 2.2630 5.1011
P13 2.1086 22188 0.4760 0.2102 2.3244 2.2476 4.9024
X2 2.0921 23177 0.4661 0.2202 23182 2.2848 4.8592
X4 2.0891 22916 0.4464 0.2073 23471 22942 48108
D3 2.1908 2.2544 0.4531 0.2046 2.2109 2.3087 4.8128
B1 2.1308 2.2461 0.3748 0.2117 2.3155 2.3072 47825
P7 2.0114 22339 0.5564 0.2062 2.4326 22520 47636
P3 2.0099 2.1764 0.4822 0.2054 2.2530 2.1987 47323
P2 2.1042 2.3054 0.4361 0.1829 2.2929 22114 4.6973
B2 2.0607 2.1921 0.5107 0.2144 2.3620 2.0976 4.6634
R3 2.0207 2.1493 0.4822 0.1996 2.2025 2.2511 4.6512
R1 2.0718 2.2999 0.3935 0.2224 2.3076 2.3336 4.6192
D5 2.0785 2.1745 0.4850 0.2022 2.1628 2.2958 4.6107
D6 2.0769 2.2825 0.3860 0.2115 22151 2.4188 45730
R13 2.0833 2.3552 0.4696 0.2033 2.2734 2.4166 4.5494
P5 2.1045 22792 0.4706 0.2152 2.2907 23774 44525
B5 1.9612 2.1511 0.4571 0.1931 2.1931 2.3887 4.4100
P1 1.9867 22520 0.4786 0.1789 2.2059 22321 43995
P4 2.1134 22305 0.4562 0.1986 22423 2.3370 43811
B4 2.0380 22393 0.4555 0.1923 22144 22622 43653
R9 2.0723 22512 0.4288 0.1976 22218 2.3694 43528
P11 1.9649 22519 0.5171 0.2060 23509 2.2119 43416
D2 2.0367 2.2688 0.3892 0.1898 2.2424 2.2479 43369
R7 1.9940 2.14359 0.4176 0.1938 2.2083 2.2501 43234
P12 2.1153 22255 0.4285 0.2015 2.2798 2.1706 43220
D4 2.0883 2.2835 0.4117 0.1987 2.2150 2.2100 43160
R2 2.0313 2.1995 0.4194 0.2069 2.1786 22155 43159
RS 2.1757 2.2344 0.4273 0.2098 2.3329 22371 4.2522
D7 2.0972 2.2481 0.4221 0.1948 2.1435 22671 42165
P6 2.0361 2.1698 0.4496 0.1866 2.0548 22132 42093
R10 1.9290 2.2402 0.4195 0.2188 2.2616 2.1597 4.1448
RI2 1.9920 2.1742 0.4336 0.1815 2.1367 2.1602 3.8343
JASEL Mean in total 2.0623 22393 0.4492 0.2024 2.2543 2.2654 4.4877
XJHESF-J4) Mean of 1.8865 1.9856 0.4177 0.1907 2.1073 2.0555 4.3605
control
RZEFRT 2.0927 2.2425 0.4526 0.2084 22697 2.2870 4.7676

Mean of superior family
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