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3.1 RMAERERKERNEREROERSW
ZAI 33 N TEMER R MR R A RS 10
AR A T O (3 2) R B P19 6. 69 m; Jigfs
SEXAT.59 em, g/ IMEALKH 4.13 em, i R{EN 9. 44
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Table 2 Measured value of test clone traits

FRUAR 5 BB %

S -
PR SEH(E b2 Phenotype 22
. Standard . Range of
Traits Mean o variable 0
deviation .. Variation
coefficient
W H/m 6.69 0.90 13.45 3.8~8.71
4% DBH/ cm 7.59 1.10 14.47 4.13~9.44
BB V/m® 0.06 0.02 34.60 0.01 ~0.11
T g C/m 2.23  0.42 18.83 1.18 ~4.78
Sy BD 1.80 0.43 23.75 1.41~5.75
SR BA/(°) 41.51 10.31 24.84 20 ~ 65
B Rz JEBE BT/ cm 4.25 0.67 15.76 2.57~17.83
SIS PL 1.69 0.55 32.67 0.63 ~3.57
SERREIEE P2 1.40 0.34 24.27 0.24 ~2.37
SEIYSHIEE P3 1.50 0.27 18.08 0.23 ~2.33

3.2 BMEMRBZUERTESNREESN
23 M AR i3 A B RR A BRULE DG R 8] 22
SRR AR AE O AR A 25 5 A o R i R Bk
FRURAT i RS 7,358 0. 592, 1 g 42 B
SFEE S, 150,456 X R WIRAMCCIE F A4 K AR
B S B (IR R RS o e Bk
BCFREIZRHIEE P1 A P3 AEJCHE 2 8] 5 7% sl 2. 2%
S, HE RAT RS R/NKEIZ 7, 70501 0. 479
0.415, JeiE oM Afh o A BE T A K JE B AE TP &
)22 5 BN 35, LG R A RN . X R
HIRWCIE I B IR AR S8/, HL 380 47 il 7
JBEIE R, P 55 R IR B IR S T R T A
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Table 3 Analysis of variance and estimation of repeatability of Catalpa fargesii clone traits

AR SRR TR Clone V [X4] Block 22 Error
Variation of source H M df 47 MS F{H F value T J] Repeatability HHE df ¥y MS FA{H F value BHWE dif ¥y MS
H 32 1. 441 2.451** 0.592 3 0. 832 1.416 85 0. 588
DBH 32 1. 790 1.837* 0. 456 3 2. 085 2. 140 85 0.974
vV 32 0. 001 2.452 % 0.592 3 0. 000 1.337 85 0. 000
C 32 0. 184 1.031 0. 030 3 0.038 0.213 89 0.178
BD 32 0.182 1. 025 0. 024 3 0.274 1.538 65 0.178
BA 32 132. 826 1. 531 0.347 3 363. 068 4,185 75 86. 761
BT 32 0. 494 1. 147 0.128 3 0. 226 0.524 79 0.431
P1 32 0. 460 1.919 = 0.479 3 0. 555 2.318 85 0. 240
P2 32 0. 128 1. 148 0. 129 3 0.043 0. 381 84 0.112
P3 32 0.103 1.708 * 0.415 3 0.080 1.326 85 0. 060

Tox xR P<0.01, ERHMEE; « UK P<0.05,Z278%. T

Notes: * #* represents P <0.01, the difference is extremely significant, and #* represents P < 0.05, the difference is significant. The same below.
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Table 4 Correlation coefficients and the genetic correlation coefficients of Catalpa fargesii clone traits

H DBH 14 C BD BA BT P1 P2 P3

H 1 0.786 ™ 0.944 ™ 0. 111 0. 097 0. 087 0.321 ™ 0.203 " -0.259 * —-0.128
DBH 0.901 ™ 1 0.917 ™ 0.165" 0. 037 -0.035 0.220 " 0.309 ™ 0. 052 0.212*

v 0.988 * 0.943 ™ 1 0.178 " 0. 046 0. 002 0.263 ™ 0.259 ™ -0.125 0. 025

c -0.039 -0.123 0. 245 1 -0.032 0.291 -0.025 -0.008 0. 001 0. 129
BD -0.129 -0.255 -0.235 -0. 698 1 0.39%4 0.216" 0.128 0.076 0. 062
BA -0.002 0. 003 -0.014 0. 137 0. 064 1 -0.395 -0.071 -0.360 0.200
BT 0.863* 0.847 0.793 0.615 0. 825 0.075 1 -0. 087 -0.200" -0.126
P1 0.778* 0.777*" 0.709 ™ -0.711 0. 630 —-0.085 0. 809 1 0.580 ™ 0.579 **
P2 -0.053 0.772 0. 035 -0.823 0. 662 -0. 054 0.713 0. 863 1 0.700 **
P3 0.118 0.611" 0.277 0.241 0.844 -0.015 0.993 0.771™ 0.940 ™ 1

T A BRI R B, 22T ARERRA RS

Notes: The upper right corner represents the genetic correlation coefficient, and the lower left corner represents the phenotypic correlation coefficient.
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25 R/ YL E N BA R R ok &
35.38% ,iZERGT W AR SRR B BRI 1
1B AR XHE 7 Fedpe R, BRI, 2 YT B/IN B i g
REERK IR R, 2 EM05 Y2 STk FE N
22.90% L SEXARH|BE PL P2 P33R, RIS
2 FHUT Y2 ARERBIAR B ISHEI B, Y2 80N, S H BE
WNo 553 FERST Y3 TTEREN 13.67% , sl o A
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11.91% , A BEAE R K, 3R T Y4 B, 3 A i {0
K T3 b
3.5 mWMMREEREESE
3.5.1 ERHy S EFNER  ERS TR
T Y1 FZARIA AR MR, Y2.Y3 Y4 18
PRI T R bR . AR R TR R A Y2
S, R BHESEBRAR A A2 77 op, Y2 5 i R B —
AR FE SR Y, (Y, = Y3 + Y4 - Y2)
YERTE BT, 46 Y1 (CAER ERUT) - TIER T
PERMIERE . 43 BEH Y1 Al Yz 3 B0 fEHE 44 1l
40% B TCVER . 1 e A RERTEAE K 7 S L
BT R ;28 B RRFBE BN R TR 28

x5 RWMEHERERER S
Table 5 Main component analysis of growth traits

of Catalpa fargesii clones

F 4> Main component Y1 Y2 Y3 Y4

H -0.453 -0.295 0.124

DBH -0.492 -0.177
14 -0.480 -0.228 -0.152
C -0.740 -0.166
BD -0.144 0.161 0.236 0. 745
BA -0.109 -0.554 0. 477
BT -0.290 -0.217 0.324
P1 -0.369 0.373 0.143

P2 -0.113  0.598 -0.138
P3 -0.226  0.527 -0.215

BEHEAR Characteristic root 1.881 1.514 1.169 1.091
Proportion of Variance/% 35.38  22.90 13.67 1191
R TR 35.38 58.27 71.94 83.87

Cumulative Proportion/%

# C R A TER RIFM TR , AMUAERKER,
i HIE B AR R o

3.5.2 B IFCKIFNLER NHRERE0ER
THERIATER GV 45 R (3R 6) KW .33 A4~ KT
PEZ R, JOE R H3-2-16 (1) 10 MERSE 35 35 8 %L
{E(0.667 ) fz =, Jotk & H3-2-15 1P 3558 & ph 5
(0.342) fe/No TCPER H3-1-18 A (B s 5
PR PER 1 57 25 5K i ol BB e s, iy 0. 945 3
AR IO & H3-2-16 fil H3-1-10, otk & H3-2-15
ARAF- 155 & R AUE (0. 041) fe /v, otk & H3-1-
19 T8 e ttR 1) 5722 55 eR 5 e =1 (0. 679) T A=
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Fig.1 Scatter plot of main component of Catalpa

KARRF- 50 8 R ERAK (0. 119) , Z545 TR
Y5t g pR B HE 44 Th 52 (0.511) o Jotk & H3-19 1)
TE TR 3555 J& eR B0 (il Je 1K (0. 132) , T A= K
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3.6 WARITHERERE

KR KB TCME R, 456 F R B
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1-10 \H3-1-3 , H3-2-16 Fil H3-1-17, M\ 7 A] LI F

50 BB H3 A L, B8 HS B JC P R AR R AR
HRA AR EE A3 i, Horh , BRpRob BRI 38 25 B K
80% , t4 &1 1) 1§ #5425, 91% , M 4 1) 3 25 N
12.73% , 59 -1 AHLL, Bl R R BERCAIG, Bk F
TR 250 28.57% W En 25 R 17.16%

b= s A S o = WA N o NS 1155
AN R, DL 2 POy R R S A A JO I R O H3-1-
16 \H3-1-19 H3-2-12 fil H3-2-9, % 8 Hx: 5X%
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Table 6 Membership function values of different trait of Catalpa fargesii clones

ZE4 IR Comprehensive trait A KR Growth trait JE Bk Trunk shape
ok 2 Aq:ﬂji)ﬁ @bﬁ% e o 2 Aq:ﬂji)ﬁ @bﬁ% e o 5 Aq:ﬁjiﬁ @bﬁl% e
Clunes Vel"age 'mem (S ]p Order Clones VeI’age 'mem eI'S. ]p Order Clones Vel"age 'mem eI'S. ]p Order
function value function value function value
H3 -2 -16 0.667 1 H3 -1-18 0.945 1 H3 -1-19 0.679 1
H3 -1-18 0.663 2 H3 -2 -16 0.905 2 H3 -2 -8 0.661 2
H3 -1-17 0.637 3 H3 -1-10 0.904 3 H3-2-9 0.635 3
H3 -1-10 0.619 4 H3-1-9 0.870 4 H3 -2-3 0.623 4
H3-1-7 0.609 5 H3 -1-17 0.853 5 H3 -1-16 0.616 5
H3 -2 -4 0. 605 6 H3-1-3 0.729 6 H3 -2-12 0.599 6
H3 -1-20 0.592 7 H3 -1-7 0.688 7 H3 -2 -4 0.576 7
H3 -2 -23 0.583 8 H3 -2 -24 0.675 8 H3 -1-7 0.576 8
H3 -2-9 0.573 9 H3 -2 -4 0.672 9 H3 -1-20 0.573 9
H3 -1-15 0.554 10 H3 -2 -21 0.636 10 H3 -2-16 0.565 10
H3-1-16 0.541 11 H3 -1-20 0.635 11 H3 -2-23 0.561 11
H3 -2 -20 0.533 12 H3 -2 -23 0.635 12 H3 -1-15 0.554 12
H3 -2 -21 0.532 13 H3 -2 -22 0.623 13 H3 -1-17 0.545 13
H3 -2 -22 0.528 14 H3-1-2 0.563 14 H3 -1-18 0.542 14
H3-1-2 0.522 15 H3-1-15 0.554 15 H3 -2 -20 0.538 15
H3-2-6 0.520 16 H3 -2 -10 0.549 16 H3-2-6 0.508 16
H3 -2-12 0.520 17 H3 -1-8 0.548 17 H3-1-2 0.505 17
H3 -1-19 0.511 18 H3-2-6 0. 547 18 H3 -2-13 0.501 18
H3-1-3 0.502 19 H3 -2 -20 0.521 19 H3 -1-10 0.497 19
H3 -2-10 0.495 20 H3 -2 -17 0.473 20 H3 -1-21 0.495 20
H3 -2-13 0.486 21 H3 -1-21 0.459 21 H3 -2-19 0.493 21
H3 -1-21 0.484 22 H3 -2-13 0.451 22 H3 -2 -21 0.488 22
H3 -2 -24 0.481 23 H3 -2-2 0.444 23 H3 -2-22 0.488 23
H3 -1-8 0.480 24 H3 -2-9 0.430 24 H3 -2 -17 0.483 24
H3 -2 -17 0.480 25 H3-1-5 0.386 25 H3 -2 -10 0.472 25
H3 -2 -8 0.476 26 H3 -1-16 0.369 26 H3 -2-15 0.471 26
H3 -2 -3 0.474 27 H3 -2 -12 0.335 27 H3-1-5 0.459 27
H3-1-5 0.437 28 H3 -2 -11 0.300 28 H3 -1-8 0.451 28
H3 -2 -19 0.415 29 H3 -2-19 0.232 29 H3 -2 -11 0.429 29
H3 -2 -11 0.390 30 H3 -2 -3 0.125 30 H3-1-3 0.404 30
H3 -2-2 0.355 31 H3-1-19 0.119 31 H3 -2 -24 0.398 31
H3-1-9 0.353 32 H3 -2 -8 0.046 32 H3 -2-2 0.317 32
H3 -2 -15 0.342 33 H3 -2 -15 0.041 33 H3-1-9 0.132 33
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o ARMIREE AT AL R AR Wy i de |
BARRB A SZ A5 1 3 A5 P ) (0. 456 ~0.592) o B
WIWEFERI, S AR ROR To M AR 18] Y A A PR A A
BEFE R W2 B b bt il (0. 53 ~
0.78) % JEWIT 5 4R Tk R A K ik A
ﬁTﬁﬁ

JRPEAR 38 1% i R AR AT R TR o i) 2 B ak

154 7NN A & R S/ 32 &
ToHEFRAR LG, 5 16 Hh 1) Jo i 2 E B AR R A A ) A ®7T ERKERIORRTIERFIERHL
BERIR B ,H ;F. 2] R o B A SR e Table 7 Growth-improved optimal clone characteristics
HEEHE AR AL RIEF A TR, DL 2 AR Clone H/m DBH/cm V/m?
ﬁﬁfiﬁtﬂﬂ’ﬂ/\ﬁ%f %j{l H3-1-17\H3—1—10\H3- H3-1-9 7.22 £0.46 8.82+0.31 0.09 £0.01
H3-1-18 7.64+0.26 8.75+0.66 0.09 £0.01
1-1 H3-2-1 5%} E H
8 Al H3-2-16 (32 9) o X HEAKA H3 AL, 5 bR iR H3 =110 7.71£0.41 8.46£0.47 0.09 +0.01
ﬂl
MRS 25 B K 77, T4% , HR &I I BE #B A A [ 7 Optimal M3-1-3  7.36+0.47 7.97+0.25 0.08 £0.01
J%FE/\JE&E L:jj(d‘ﬂﬁﬁ)(;f:}j‘g -1 7FBH$,J<%'JEE,’IE?§§% clone H3 -2 -16 8.01 £1.19 8.06+1.18 0.09 £0.03
H3 -1-17 7.54+0.62 8.39+0.22 0.09 £0.01
HIRE 26.96%
e, HUOR HpRR B )o 50 Mean S sg 5 a1 0.0
NS IRk H3 6.02+0.32 7.46+1.37 0.05+0.02
) Hﬂ
4 le ‘L/?} TC jﬁﬁl‘? 125 Gain/% 25.91 12.73 80. 00
ontro.
N WA 9 -1 6.47 £0.43 8.37+0.22 0.07 £0.01
AL AR S R R A, ST T AR AR 172 S clone T
R 125 Gain/% 17.16 0.48 28.57
A REHETHPE RS i R A A SRR . ARSI R 5 A
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Table 8 Shape-modified optimal clone characteristics
PR i B G & Optimal clone XTI & Control clone
Traits H3-1-16 H3-1-19 H3-2-12 H3 -2-9  #{f Mean KM H3 B35 Gain/% WA 9 -1 1425 Gain/%
C/m 2.02+0.24 1.83+0.30 2.12+0.34 2.25=%0.35 2.06 2.31 £0.26 -11.04 2.13 £0.49 -3.52
BD 1.91£0.15 2.00+0.00 1.65+0.16 1.82+0.15 1.85 1.73 £0.00 6.65 1.73 £0.00 6.65
BA/(°) 34.25+5.68 40.67 £16.77 40.00 £14.72 49.33 +1.15 41.06 43.75 +7.50 -6.14 39.50+9.33 3.96
BT/cm 4.36 £0.30 3.83+0.25 4.08+0.44 4.17 +0.32 4.11 4.00 £0.48 2.75 4.38 £0.35 -6.16
P1 1.57+0.42 1.60+0.54 1.49+0.48 1.03 +0.39 1.42 2.76 £1.83 -48.46 2.35+0.48 —-39.47
P2 1.29 £0.24 1.20 £0.20 1.29£0.13  0.98 £0.07 1.19 1.82 £0.31 -34.62 2.02 £0.30 -41.09
P3 1.50 £0.22 1.40 £0.15 1.31 £0.11 1.23 £0.20 1.36 1.58 £0.21 -13.92 1.87 £0.14 -27.27
x99 ZREFHMRITMERIFERL
Table 9 Comprehensive selection of optimal clone characteristics
LERIN i B G & Optimal clone X HEJGH: & Control clone
Traits H3-1-17 H3-1-10 H3-1-18 H3 -2-16 #J{f Mean Mk H3 1825 Gain/% W9 -1 B2 Gain/%
H/m 7.54+£0.62 7.71+0.41 7.64+0.26 8.01=+1.19 7.73 6.02 £0.32 28.33 6.47 £0.43 19.41
DBH/cm  8.39+0.22 8.46+0.47 8.75+0.66 8.06+1.18 8.42 7.46 £1.37 12.82 8.37 £0.22 0.55
V/m? 0.09 £0.01  0.09 £0.01 0.09 £0.01  0.09 £0.03 0.09 0.05 £0.02 77.74 0.07 £0.01 26.96
C/m 2.10£0.36  2.51 +£0.41 2.28 £0.14 2.28 £0.15 2.29 2.31 £0.26 -0.80 2.13 £0.49 7.59
BD 1.63£0.18 1.80+0.13 1.73+0.00 1.80+0.13 1.74 1.73 £0.00 0.52 1.73 £0.00 0.52
BA/(°) 35.75+6.50 47.75+15.71 28.75+6.50 40.50 +8.23 38.19 43.75+7.50 -12.71 39.50 £9.33 -3.32
BT/cm 4.45+0.68 4.80+0.58 4.62+1.03 3.82+0.89 4.42 4.00 £0.48 10. 56 4.38 £0.35 0.97
Pl 1.63£0.72  1.29+0.32 2.15+0.97 2.03+1.03 1.77 2.76 £1.83 -35.73 2.35+0.48 -24.52
P2 1.41 £0.41 1.09 £0.31 1.25 £0.26 1.23 £0.24 1.25 1.82 +0.31 -31.54 2.02 £0.30 -38.32
P3 1.46 £0.30 1.40 £0.13 1.45 +£0.14 1.34 £0.11 1.41 1.58 £0.21 -10.62 1.87 £0.14 -24.48
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Variation and Selection of Growth and Trunk Shape Traits of
Catalpa fargesii Clones

LING Juan-juan' ,XIAO Yao', YANG Gui—ju(mI JMA Jian-wei” ,
ZHAO Qiu - ling” ,YUN Hui-ling® , WANG Jun-hui' ,MA Wen-jun’
(1. State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry, Chinese Academy Forestry, Key Laboratory of
Tree Breeding and Cultivation, National Forestry and Grassland Administration, Beijing 100091, China;

2. Xiaolongshan Research Institute of Forest Science and Technology, Tianshui 741022, Gansu, China)

Abstract: [ Objective ] To study the breeding and directional cultivation of high-quality Catalpa fargesii clones
by investigating the growth (tree height, DBH, individual volume) and trunk shape traits ( branch degree,
branch angle, crown, bark thickness, sharpness) of C. fargesii clones. [ Method | The analysis of genetic vari-
ation, variance and repeatability of several traits were carried out using 33 five-year-old C. fargesii clones. The
optimal clones were selected by principal component analysis and membership function method. | Result| The
height, diameter, and individual volume of C. fargesii were significantly or extremely significantly different a-
mong the clones, and the repeatability was between 0.456 and 0.592. There were significant or extremely signif-
icant differences among clones with average sharpness P1 and P3 which had moderate repeatability (0.479 and
0.415). In the genetic correlation analysis, there was a significant or extremely significant positive weak correla-
tion between individual volume and crown, bark thickness and average sharpness P1, the correlation was 0. 178-
0.263. According to different breeding objectives, the selection of clone was carried out by principal component
evaluation and membership function method. The optimal clones selected by the two methods were combined.
[ Conclusion | There was abundant genetic variation among the traits of the 5-year-old C. fargesii clones, and
the growth traits are controlled by the genetic control in the middle and have good genetic improvement potential.
The growth traits of C. fargesii clones are independent of the trunk shape traits and can be individually oriented.
6 C. fargesii clones are selected as fast-growing and high-yield varieties; 4 clones are selected as high-quality
timber clones; and 4 can be considered as the clones improved both in growth and trunk shape traits and is suit-
able to be extended locally.

Keywords: Catalpa fargesii; clone; variation; trunk shape trait; comprehensive evaluation
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