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Abstract: In order to select excellent family of Liquidambar formosana, the genetic variations among 24
provenances and 310 families at 9 years old were analyzed, and excellent families and individuals were selected
by multi-objective decision method. The results showed that there were significant differences in diameter at
breast height (DBH), height, volume, height under branch, crown width and straight index among provenances
and families (P<0.01), and the volume growth was better in provenances from Funing of Yunnan, Pingxiang of
Guangxi and Hucheng of Jiangxi. The family heritability of all traits was moderate genetic control, ranged from
0.24 to 0.44, and the individual heritability was from 0.20 to 0.50. There were 26 excellent families and 41
excellent individuals were selected. The average DBH, tree height, volume, crown width and straight index of
excellent families were larger than ensemble average for 19.63%, 18.56%, 52.16%, 5.11% and 4.03%,
respectively, and their genetic gain was similar for 6.67%, 8.24%, 20.28%, 1.82% and 1.75%. The average
volume of excellent individuals was larger than ensemble average for 150.25%. So, these would provide a
theoretical basis for the breeding strategy making and application in production of L. formosana.
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75 4 #4 (Betula alnoides)™!, T FE#4 (P. massoniana)™®!.
FHE(B. platyphylla)®. A< (Schima superba)™., -k
JERA(P. taeda) il X RROE LS, FFEUE T
— 5E IR - A (Liquidambar formosana){f A #g /7
HIEMFEM AL LR, T2 TRETSAE,
HFREHE, ERKEHR, HXHSEENEE, v
MG oy, FesilliEmR . TRASER I R AT, [H
I 2 TP AR I AR T SR A B EE R M, e
WA M S50 R K R EA HEZ .

Rl s A R AN R T A B AR P A 2
IR R R MR T IR, it
BRI T BRI LA 2P T TR
KA ARSI, WEARFRMERE RIS
FEMELR R, TR RFXREFRREAFERIEI.
AHFTLL 15 NE () /3 A H 9 FAMNE 24 AP
310 MR AR NMEL, B lait . B m A RS AR K
NPT s W TN oA YR S NN F IR E N
FARAEZR RS i, Hd AT O0 R X R bRk
P&, WA BRI ) AR = B SR RS AR -

1 MR

1.1 REeA e 5T

WG H S TG 0 T T R Ak g, T
2007 SEFEFIE W, £ ERFEFRKA . LR
HEREITIEN, 4 X, EE 3K, ek
MLIX H¥ i, #RATFE 2m>=<3m. M 346 Pz &5
BT EBX R R, R 310 ME R, KK R
K 15 N8 () 24 D FpPEEL,

1.2 HEk&E

2017 R FE MRS AT IR A, W42 (cm).
WEm). B8 FEm, LRGN R ). il
(m), 38 EESHFRAFAERRR). H Vertex IVl &4
=IO RE 0.1 m), & ZR-P5 [ g -db e, BCr
fi; BEES 5 AN @H, e 5 BUEH, 12
R4 —fE, Al 3 B, doh 2, il o 1.

1.3 BABG R4

W B R A A (mP) P 8. v=0.00008721
DBH1.7853886H0.93139237’ ,ﬁ%ﬁgmd\lzqzy)j1ao 75.;%
ﬁ*}ﬂ%ﬂ[uﬂy\j Yij=u+Bi+Fj+BFj+s;, Hrp Yij N
I NMRARE ] NEERWINE, o ASEE, BN

i NE RN, F N A EEIRNAE, BF;
N FANKRE ] ANEENAL AN, e N
BiANRARE j ANEEWIEMNR. KREE
Je R AL 1 SIS AR ik T o L, R
A % Z%( (phenotypic variation coefficient, PVC)®*:

PvC= m/ w0 AE AR 53 R 4 (genetic

variation coefficient, GVC)'": GVC= 52/, Hrh

NI, of NERRTENE, o NEREH
FENE, 0 NIRZETG R . AL 3 A5 i
SR BRI O, BARS IR gt ik
.

K% HAR RS P T I R R Rk, H
FHRAE AT hR A AR FE, B U=1-0.9 X(Lirmax—4ij)/
(Rimax—Aimin)» FeH, Ay AEE | ARG | MK R
WRAE S Aimax B Aimin 73 A5 T AN TEAR R B KABLH B
IME o A5 BRI RICFH B 3R LA REPER )L R AR
PEME, 5 B Ae B 2R G TENME.

2 R

2.1 AREMIERERZE RS

MEE LA, 9 AN IR W, M
B MR e R B E AR RS RN 7.71 em,
6.84 m. 0.0228 m*. 1.49 m. 3.63 m. 4.27 F/l 88.36%.
T ESNERR, BRI, HAMHRIEF IR
V) B AFAE B 35 22 5 (P <0.01), it BF K 11 ) 4 38 o
5 AR TR RH T 5 4 R AE AR (8] 77 A2 BH R 4y
1, NPT R R RIE PR T Al (RAF
AR PR ] 1 2 5 A B3 (P>0.05), DAVL I3 EERH
(92.42%) K #5155 o

M 2 o LA i, AN R R 09 B9 4%y 6.21~
8.38 cm, M=~ 5.84~7.74m. #F N 0.015 1~
0.027 7m®, AEFEE T | PO SEREAIVL U3 1) 5%
o WIERHEIRE, H—H FEh 1.18~1.85m, LA
= E TR E KRR s el M R R B A AT
ALK (4,51 m?), BRmER S A H A E .

2.2 RABMRK T Z 5T B ESH b

M. Bims ML KR E. kiR E B TR
KA MR 2 7 (P<0.01) (% 3), MR EE
Ab, HAMERAE X AR R % 2R (P<
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Table 1 Variance analysis of growth traits among provenances of 9-year-old Liquidambar formosana
&R FIhE B c I bRz
Source Degree of freedom Mean square Mean Standard error
Jf§4% Diameter at breast height (cm) ~ #J5 Provenance 23 31.43 6.78" 771 2.20
W Height (m) FhYE Provenance 23 4756 22.90” 6.84 1.55
BRI Volume (m®) FhYE Provenance 23 0.0019 10.97" 0.0228 0.0136
¥ R Height under branch (m) R Provenance 23 3.36 11.757 1.49 0.56
5 Crown width (m) FhJ Provenance 23 9.63 14.047 3.63 0.87
JEELY Straight index FhJ Provenance 23 9.33 13917 427 0.86
fRA7Z Survival FhiE Provenance 23 0.02 0.66 0.88 0.17
" P<0.01
29 FAEME IR ERIER
Table 2 Growth traits of 9-year-old Liquidambar formosana provenances
st Fig4% Diameter at W e GEA £ R Height 550 Crown BHEE
Provenance breast height (cm) Height (m) Volume (m®) under branch (m) width (m) Straight index
AHO 7.43abcd 6.41efgh 0.019 6fghi 1.32fgh 4.02bcd 4.14defg
CF 8.04abc 7.74a 0.026 4abcd 1.75ab 3.42¢ghi 4.63ab
FJ 8.12ab 7.20abc 0.025 5abcde 1.59bcd 4.19b 4.14defg
GC 8.17ab 7.22abc 0.026 8abc 1.31gh 3.77cdefg 3.75h
GK 7.82abc 7.05bcd 0.023 6abcdefg 1.40defgh 3.16i 4.62ab
GP 7.85abc 7.15abc 0.027 5a 1.66abc 3.94bcde 4.00efgh
GW 8.17ab 7.42ab 0.027 labc 1.59bcd 3.49ghi 4.13defg
HB 7.23bcd 5.8%h 0.018 5ghi 1.38defgh 3.62efgh 3.96fgh
HD 8.07ab 5.92h 0.020 8defgh 1.18h 4.51a 3.18i
HN 7.99abc 7.23abc 0.024 6abcdef 1.39defgh 3.66efgh 4.45abcd
HNS 7.91abc 7.03bcd 0.024 3abcdef 1.36defgh 3.42ghi 4.21cdef
HS 8.11ab 7.73a 0.027 3ab 1.57bcde 3.63efgh 4.30bcdef
HSZ 6.90de 6.35efgh 0.017 1hi 1.37defgh 3.40hi 4.72a
HX 6.21e 6.17gh 0.015 1i 1.35efgh 3.19i 4.44abcd
JH 8.38a 7.67a 0.027 6a 1.59bcd 4.09bc 4.39abcd
JL 7.90abc 6.52defg 0.022 labcdefgh 1.40defgh 4.03bcd 3.78h
JN 7.55abcd 6.26fgh 0.020 Oefghi 1.33fgh 3.93bcdef 3.86gh
JT 7.67abcd 6.88bcde 0.022 3abcdefgh 1.63bc 3.77cdefg 4.25cdef
JW 7.73abcd 6.81bcdef 0.022 4abcdefgh 1.37defgh 3.71defgh 4.36bcd
SG 7.11cd 6.30efgh 0.018 2ghi 1.35efgh 3.45ghi 4.52abc
YF 8.31a 7.23abc 0.027 7a 1.85a 3.71defgh 4.33bcde
ZK 7.64abcd 6.40efgh 0.021 7hcdefgh 1.55bcdef 3.58fgh 4.30bcdef
zz 7.33bcd 5.84h 0.018 1ghi 1.28gh 3.65efgh 4.22cdef

HB: R & £0%; SG: WU J6; HD: LKA, HX: A1l YR 2R & 75 GK: HNEEEL, IH: YLPUMINg; FO: AR i, ZK: Wik, JL: 1155
TRBA; GP: T PERERE; HS: WHALAAWE; IT: VLFE4EY; IW: LR ZEIR; GW: |7 AREUR, ZZ: WHLAHl; GC: J7Fa4NE; CF SEERF#E; AH: 0% 1L; HNS:
TG IN: YLIRRE AT HN: T REFERH; HSZ: TR 5548, AHO: ZHUE L. R ZIAHE 5 A F) 7 RER R 2 7 2.3 (P < 0.05).

HB: Bawangling, Hainan; SG: Guangyaun, Sichaun; HD: Dawu, Hubei; HX: Xingshan, Hubei; YF: Funing, Yunnan; GK: Kangxian, Gansu; JH: Hucheng,
Jiangxi; FJ: Jianou, Fujain; ZK: Kaihua, Zhejiang; JL: Liyang, Jiangsu; GP: Pingxiang, Guangxi; HS: Songzi, Hubei; JT: Tonggu, Jiangxi; JW: Wuyuan, Jiangxi;
GW: Wengyuan, Guangdong; ZZ: Zhoushan, Zhejiang; GC: Cenxi, Guangxi; CF: Fengdu, Chongging; AH: Huangshan, Anhui; HNS: Shangcheng, Henan; JN:
Nanjing, Jiangsu; HN: Nanyang, Henan; HSZ: Sangzhi, Hunan; AHO: Huoshan, Anhui. Data followed different letters within column indicate significant
differences at 0.05 level.

0.01), UHIASEIIZE XV A 7 RFR . 1 @ >IEERE, RUYUNESVEIRE S R AR 1R

IR IR A B BN 19.79%~54.33%, LI >4
T > 4% > IR > A B > L B S R BN
5.28%~15.67%, VAFAFN >H% T > W > 4z > e
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0.44, i FEMIE/D, N 0.24; Hofz. BHEARENET)
FERWE NERARK, N 0.34~0.39, FUIHIE .
AL BN E. RS B IR 5E 34%.
44%. 39%. 24%. 35%F 43% ] fa 5 AL ] JE A

R 39 MR R MRIRITT 2230

BB B B, AR 8,
SR BN W 4 75 (050 1 851(0.33) i ELJEE
(0.29). 5iF(0.25). Hi 4% (0.24) R F5(0.20) 1
PR AR R AR 2% 7(F=091, P>0.05).

Table 3 Variance analysis of traits among families of 9-year-old Liquidambar formosana

Ay M HE oYL poV Gev FRMMET) ki)
Source Degree of Mean F 1% 1% F_aml_ly Ind_lVldu_aI
freedom square heritability heritability
4% X 41 Block (A) 2 866.94 267.36"
Diameter at % % Family (B) 309 8.98 277" 265 6.53 0.34 0.24
breast height -
AxB 618 5.94 1.83
W X4l Block (A) 2 474.14 469.74"
Height X% Family (B) 309 6.71 6.65" 20.4 7.22 0.44 0.50
A>B 618 3.79 3.75"
M X 41 Block (A) 2 0.04 375.77"
Volume %% Family (B) 309 0.0004 3.69” 54.33 15.67 0.39 0.33
AB 618 0.0002 226"
AN [X 41 Block (A) 2 54.64 348.37"
b"':;'r?:; under %% Family (B) 309 0.63 399" 336 7.47 0.24 0.20
AB 618 0.48 3.04”
et e [X 41 Block (A) 2 21.88 39.60"
Crown width %% Family (B) 309 1.55 281" 2327 5.86 0.35 0.25
AB 618 1.01 1.83"
piil=N: X 41 Block (A) 2 1.59 2.59
Straight index X% Family (B) 309 142 232" 19.79 5.28 0.43 0.29
AXB 618 0.81 1.32"

** P<0.01. PCV: RMUEF RE, GCV: AL R REL.

**: P<0.01. PCV: Phenotypic variation coefficient; GCV: Genetic variation coefficient.

2.3 MRMESHT

T 4 BT DAE Y, B e i A0 R R AR R A
N (ED G L /M BT & VNI B ST e Y EP S
(P<0.01). Fr, MafRAMARRBIAH e, FHOK
REUEF) 0.945, H NP 0.857. fETZ IR,
TR SRR SRR, AR RECN 0484, X
A e T e ) K/ sem 2 1 bk o SR
MM, i, PR T e e ER A
ROm A, ISR A& Bk, R

# 49 AL RKARIR AR

Table 4 Correlation among growth traits of 9-year-old Liquidambar formosana

[EIfFEE ML AR AR, Ik, B
PEIRAER AT, HA B,

2.4 RRFRIEHE

K Z BIrSREH T R X Rk HE, 2%
JEAERMER,  [FI HemUY BT AR AN R A7 26, BRI
Mafe. WEs MRRARKELE, FIREREEN, T
BOEH, HRMERRSMANRE R, HXNAE
S8 0.2, 020 0.4, -0.1. 0.1 #10.2, PAZATF

4% Diameter B = A ki F# Height T WHE
at breast height Height Volume under branch Crown width Straight index
[ 4% Diameter at breast height 1
B Height 0.797" 1
PAFRF R Volume 0.945™ 0.857"" 1
F{ R Height under branch 0.349" 0.454™ 0.379™ 1
st Crown width 0.597" 0.376" 0.484"™ 0.072" 1
WEEE Straight index 0.174™ 0.292™ 0.182" 0.234™ -0.026 1

**: P<0.01
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W = 0.80 Jbnift, LIEHMMEER 26 1>, Nik
% 8.39%. M 5 AT, ANIEM) 26 MR KR M
YR8 9.22 cm, KT @k {E 19.63%, “F3ist
fEXE 5N 6.67%; “FIIM RN 8.11 m, KT ki
fH 18.56%, 13518 1% 1 i 4 8.24%; “FIIM LN
0.034 6 m*, KT EAKKIME 52.16%, PRttt as
9 20.28%; “FHiE )y 3.81 m, KT Efk{E
5.11%, “FHIiifE18 25 1.82%; P TEEE N
444, KT BAKIE 4.03%, “F5H L35 A 1.75%:
SFRMRAF RN 91.99%, KT RASME 4.11%. Nik
PR R E R0k A 1L AFRE, KRS, 1T
VEAR S VLTG0 WL TF A6 AN B R PE R R % 1
MRR, WWEER. T THSEMNES 2 MR, =
A E TR 3 NK R, WACKAEFIR 4 NRR, T

R FRFHMES 5 MR R I, MRK
RAEHIR LA 2. BT R X RIEFETEEFEE
iR, et e B AR 9-0.1, P, 2
M R 2R R B0 e MR R e L P B A 0 25 . T
WL /IN R D T AE DRAIE AR A B O [R] IR 2 i B0z T AR
IR R, DRGSR . 1 Tl BN
PRI 2 I R R, NIE I 2832 55 AR B X
H TR, BEEE S T REARESR

2.5 it BB BRI

FETT R R X RIEFERI A 1, BEAT O R bk
VEFE, B ek MM AR T SRS (E 100%01) Bbk, 45
EIXEAPRPTE R R, MR EE 28 = 20% 1018
REX AP Diikftk, BARNTEEE <3

# 59 FAEMEM R K RIVILTFF
Table 5 Excellent family selection of 9-year-old Liquidambar formosana
sz M Dameter  VFHME BN  WE WA #EER B VAT it
Family at breast height ~ Evaluate Genetic gain Height Evaluate Genetic gain Volusme Evaluate Genetic gain
(cm) value 1% (m) value 1% (m°) value 1%
GW27 9.14 0.17 6.32 8.71 0.20 12.10 0.037 3 0.37 2481
CF19 9.61 0.19 8.41 8.64 0.20 11.65 0.0390 0.39 27.70
GW19 10.00 0.20 10.13 8.34 0.18 9.72 0.039 8 0.40 29.16
Gw21 9.47 0.18 7.80 8.35 0.18 9.81 0.0352 0.35 21.16
GW9 9.58 0.18 8.27 8.57 0.19 11.2 0.0395 0.40 28.61
ZK12 9.53 0.18 8.05 8.09 0.17 8.11 0.0355 0.35 21.80
JH16 9.76 0.19 9.07 8.23 0.18 9.01 0.037 7 0.38 25.50
HS8 9.29 0.17 6.99 8.43 0.19 10.3 0.036 3 0.36 23.16
FJ9 9.00 0.16 5.71 8.25 0.18 9.17 0.0320 0.31 15.83
HS28 8.98 0.16 5.64 8.25 0.18 9.14 0.034 2 0.34 19.44
HS5 9.14 0.17 6.32 8.37 0.19 9.93 0.034 4 0.34 19.91
GC15 9.77 0.19 9.11 744 0.15 3.92 0.037 2 0.37 24.72
JT4 9.01 0.16 5.75 7.79 0.16 6.18 0.034 7 0.34 20.35
YF21 8.88 0.16 5.20 7.87 0.16 6.67 0.030 2 0.29 12.64
HS23 9.24 0.17 6.76 7.81 0.16 6.30 0.034 2 0.34 19.50
YF18 9.25 0.17 6.82 8.35 0.18 9.78 0.0358 0.35 22.30
CF6 8.85 0.16 5.05 8.04 0.17 7.79 0.0314 0.30 14.76
CF1 9.43 0.18 7.61 8.26 0.18 9.19 0.036 1 0.36 22.74
GW6 9.42 0.18 7.58 7.73 0.16 5.81 0.0329 0.32 17.26
GC16 9.32 0.18 7.13 8.26 0.18 9.21 0.0376 0.37 25.31
YF13 9.08 0.17 6.08 7.75 0.16 5.95 0.0351 0.35 21.10
CF11 8.44 0.14 3.24 8.16 0.18 8.56 0.030 1 0.29 1253
FJ12 9.53 0.18 8.05 7.87 0.16 6.69 0.0350 0.34 20.84
HN29 9.01 0.16 5.76 7.75 0.16 5.92 0.0321 0.31 15.88
CF3 8.58 0.15 3.86 8.05 0.17 7.85 0.029 6 0.28 11.68
GK1 8.33 0.14 2.77 7.50 0.15 431 0.027 8 0.26 8.57
EE 3L 9.22 6.67 8.11 8.24 0.034 6 20.28
Mean of
family
Skl 7.71 -438x10  6.84 -1.15x10%  0.0228 -1.62x10™
Ensemble

average
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#:2% (Continued)
= Tl VTE  @fEWE BEE WA e fRAr % W AR
Family Crown width Evaluate Genetic gain S_tralght Evaluate Genetic gain Survial Evaluate Comprehgnswe
(m) value 1% index value 1% 1% value evaluation
GW27 3.09 -0.04 -5.18 4.82 0.10 5.55 100.00 0.20 0.99
CF19 3.77 -0.07 1.42 4.70 0.09 4.36 91.67 0.16 0.96
GW19 4.01 -0.08 3.74 4.60 0.09 3.35 91.67 0.16 0.96
Gwz21 3.44 -0.05 -1.76 4.45 0.08 1.89 100.00 0.20 0.94
GW9 3.67 -0.06 0.46 3.80 0.05 -4.71 91.67 0.16 0.92
ZK12 3.97 -0.07 331 4.90 0.10 6.38 91.67 0.16 0.90
JH16 4.37 -0.09 7.22 4.30 0.07 0.33 91.67 0.16 0.89
HS8 3.72 -0.06 0.89 4.20 0.07 -0.68 91.67 0.16 0.89
FJ9 3.95 -0.07 321 4.73 0.09 4.64 100.00 0.20 0.87
HS28 4.15 -0.08 5.05 4.17 0.07 -1.01 100.00 0.20 0.86
HS5 4.05 -0.08 413 4.55 0.08 2.80 91.67 0.16 0.86
GC15 4.01 -0.08 3.69 3.70 0.04 -5.72 91.67 0.16 0.84
JT4 3.86 -0.07 2.33 4.36 0.07 0.97 91.67 0.16 0.83
YF21 3.91 -0.07 2.76 4.75 0.09 4.87 100.00 0.20 0.83
HS23 4.01 -0.08 3.78 4.36 0.07 0.97 91.67 0.16 0.83
YF18 3.73 -0.07 0.99 4.75 0.09 4.87 75.00 0.09 0.83
CF6 3.39 -0.05 -2.30 4.60 0.09 3.35 91.67 0.16 0.83
CF1 3.73 -0.07 1.02 4.57 0.08 3.07 75.00 0.09 0.83
GW6 3.83 -0.07 2.04 4.33 0.07 0.67 91.67 0.16 0.83
GC16 4.32 -0.09 6.69 3.90 0.05 -3.70 83.33 0.13 0.82
YF13 4.09 -0.08 452 4.18 0.07 -0.86 91.67 0.16 0.82
CF11 3.24 -0.05 -3.70 4.70 0.09 4.36 91.67 0.16 0.82
FJ12 4.57 -0.10 9.10 4.00 0.06 -2.69 91.67 0.16 0.82
HN29 3.76 -0.07 1.33 4.50 0.08 2.35 91.67 0.16 0.81
CF3 3.33 -0.05 -2.88 4.70 0.09 4.36 91.67 0.16 0.81
GK1 3.16 -0.04 -4.49 4.83 0.10 5.70 100.00 0.20 0.80
KA 381 1.82 4.44 1.75 91.99 0.86
Mean of
family
SR 3.63 35610 4.27 -223x10* 8836 0.57
Ensemble
average

PR, ffadtik it R bk 41 BR(ER 6). R R R
BRr SISk E YF13, JH16. ZK12. HS8 %5 16 5K
&, PR, B MRS RO S e iEAE B
43 %124 11.66 cm. 9.47 m. 0.0570 m®, 1.83 m.
4.10 m #1 4.59, 73 7 KT SR I{E ] 51.28%.38.37%-
150.25%. 22.95%. 13.14%F1 7.41%, ¥EHHIER
BRI Bl 7 8 . 0 R e R A S5
HEIEE L.

3 g

LS ST TR TP RO B R AR S an 222
K I i 1 B S 9 A T s AR A R 5, R
P B AR, X AR S A T R )
25 1P foy o P P R [ B AR S PR
WAEE B2 5. AT R S HARR, YRS
P ] LR B B, EEEERR. MREK

RIR BB FIRE Z 88T ) PR 76 )
Y, RHCRE, kARG X AR AR A KA
S 25), (ke 1 2 P ARG M X 138 e 8 E M B £ A
RBLE — M, 31X 5508 B 25 PO ik a6 45 AR L
BT A K PR AN R MR ) K R @ T o
WAL, ERKYPIRE RiL 118 0.34~0.44, 577
I 4 2OV E AR T P BT S 45 SR, (TR
TR 4R BUK P Fe S R, X AT RS
FRRIH & SR RS A 525 B DR R
A A2 2905t 41 HE(Castanopsis hystrix) 5 2 IR 5T
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Table 6 Excellent individual selectionof 9-year-old Liquidambar formosana
s 35 Mz Diameter at B = M Volume KT Height i (m) W
No. Individual No. breast height (cm) Height (m) (m% under branch (m) Crown width Straight index
1 YF13-1 12.6 10.2 0.069 9 3.6 4.00 5
2 YF13-2 12.0 9.5 0.060 0 2.6 4.50 4
5 YF18-1 12.2 9.8 0.063 6 2.7 4.50 5
6 YF18-2 11.5 10.8 0.062 6 21 3.40 4
7 JH16-1 11.7 9.4 0.056 8 15 5.90 4
8 JH16-2 10.9 9.6 0.0510 13 3.40 5
9 JH16-3 10.9 9.3 0.049 5 1.7 4.00 4
10 JH16-4 10.2 9.8 0.046 2 15 4.00 4
11 FJ12-1 11.6 9.9 0.058 7 1.6 4.50 5
15 FJ12-2 118 9.5 0.058 2 2.0 4.35 5
16 FJ13-1 11.2 9.1 0.050 9 2.0 5.00 5
17 ZK12-1 115 9.5 0.055 6 4.4 4.00 5
18 ZK12-2 116 8.3 0.0498 1.2 3.60 5
19 ZK12-3 10.8 8.7 0.0458 14 3.55 5
21 HS8-1 12.0 85 0.054 1 1.9 3.50 5
22 HS8-2 11.0 9.5 0.0513 1.8 4.75 4
23 JT4-1 14.0 9.2 0.076 7 15 3.25 4
24 JT4-2 12.7 10.8 0.0748 1.8 5.90 4
25 JT4-3 10.6 9.8 0.049 5 25 3.75 5
26 GW19-1 122 10.6 0.068 4 1.6 4.50 5
27 GW19-2 12.2 8.4 0.055 1 1.6 4.00 4
28 GW19-3 11.8 8.1 0.0502 13 5.00 4
29 GW19-4 10.9 9.4 0.0500 1.8 4.25 4
30 GW27-1 133 10.0 0.0756 2.2 3.75 4
31 GW27-2 12.3 10.0 0.065 7 1.6 3.00 5
32 GW27-3 10.5 9.5 0.047 3 1.6 3.90 5
33 GW27-4 10.5 9.4 0.046 8 15 3.00 5
34 GW6-1 12.0 75 0.048 1 2.0 5.00 5
38 GW6-2 11.0 84 0.0458 0.7 3.35 4
39 GW8-1 10.5 10.0 0.049 6 1.8 3.30 5
40 GW9-1 12.0 94 0.059 4 1.7 4.25 5
41 GW9-2 111 10.3 0.056 3 1.8 4.00 5

HEGBERINERE )1, REBUE IR ER
i B AR AR R U E FMAON
THE), EAHEEMBRSERMIR, FRNZERTE
W, HelEEN, RN T IR SLhRA = REAR
PR NGB, (A AR P R K. AR
I R F R 204, PR T Mk
E 1 52.36%, “F¥istfe i aiif £ 20.36%, KRk
RRCREAT o WSCAS Nt 6 4R 2R At LLR R
NEEZEMRET TR X RIERE, Hik 49
MERF R AUGEMRERERW, 9 AR NILM
KA 6 AR T 234, HAf GK1. GC15.
CF3 fl CF6 % 4 MR ZNIE, RPAIEIRIIK
REEEMEK ERAAEERS, MHNERZR RIE
WRDH AL, ARKRE, XU 2
X i A AR R, AR R B R R R B
HEME, LR K RS PE AT DU 6 55 2K 7 2k

BRI AR AT I, T AT ik /™,
IR L R X R 5 F A A] . A
M0 R A0 T8 RORAEIE . P78 g IS
HAEEILRE .

S 3R

[1] XIN N N, ZHANG R, FAN H H, et al. Family variation and selection
of growth and quality characteristics of 5-year-old Schima superba
seedlings [J]. For Res, 2014, 27(3): 316—-322. doi: 10.13275/j.cnki.lyk
Xyj.2014.03.004.

SEYRGE, TKEE, JOREE, .5 ARG AE KRR R IDIRI K R R
MR [J]. MRALBHERIE, 2014, 27(3): 316-322. doi: 10.13275/).cnki.
lykxyj.2014.03.004.

[2] ZHU L, SHANG XY, ZHU X M, et al. Selection of elite provenances
and families of Pinus bungeana in Beijing [J]. J NW Agric For Univ
(Nat Sci), 2016, 44(9): 121-127. doi: 10.13207/j.cnki.jnwafu.2016.09.016.



%5

BSOS O SR A (B AL AR A I R R BRI 513

PR, MIERE, Ametl, 55 dbathX a R RFES K R 1k
Q] PEACRMBHEOR 2R (H AR BLARR), 2016, 44(9): 121-127.
doi: 10.13207/j.cnki.jnwafu.2016.09.016.

[3] GUO W F, ZENG J, LI M. Provenance and family trials for Betula
alnoides in Pingxiang, Guangxi: I. Early variation of growth traits [J].
For Res, 2008, 21(5): 652-656. doi: 10.3321/j.issn:1001-1498.2008.
05.011.

BoCAR, WA, B TR R A IR R R R, 1. Ak
ARMIRIAE R 0] MolkRHE0F 5L, 2008, 21(5): 652-656. doi: 10.
3321/j.issn:1001-1498.2008.05.011.

[4] YANG Z W, ZHENG R H, FU Z H, et al. Study on selection of
excellent families for industrial wood of Pinus massoniana [J]. Sci Silv
Sin, 2003, 39(S1): 74-80. doi: 10.11707/j.1001-7488.2003S114.
Brssk, AT, A, S DR TV AM I KR REH T
7t [ Molk&RYE, 2003, 39(S1): 74-80. doi: 10.11707/j.1001-7488.
2003S114.

[5] ZHU Z B, LIU G F, JIANG J, et al. Preliminary selection of Betula
platyphylla superior family for pulpwood production [J]. J NE For Univ,
2009, 37(11): 1-3,10. doi: 10.3969/j.issn.1000-5382.2009.11.001.
BUBESE, XEETE, 2H, 5. D RIGHX ALK ML R X Rik
O[] ARAbMol k22247, 2009, 37(11): 1-3,10. doi: 10.3969/j.issn.
1000-5382.2009.11.001.

[6] LEPOITTEVIN C, ROUSSEAU J P, GUILLEMIN A, et al. Genetic
parameters of growth, straightness and wood chemistry traits in Pinus
pinaster [J]. Ann For Sci, 2011, 68(4): 873-884. doi: 10.1007/s13595-
011-0084-0.

[71 WANG H Y, ZHUGE Q, HE Z X, et al. In vitro Culture and plantlet
regeneration of hypocotyl of Liquidambar formosana [J]. Plant Physiol
Commun, 2001, 37(2): 136-137.

FUz, HEE, FIURE, S5, AU TR s IR AR bR 1 AL
[9]. YA FE @I, 2001, 37(2): 136-137.
[8] CHENG T L, SHI J S. Soft cutting propagation technique of Liqui-

dambar formosana [J]. China For Sci Technol, 2003, 17(1): 36— 37. doi:

10.3969/j.issn.1000-8101.2003.01.013.
R, R PENEREST AR [0 LREITA,
2003, 17(1): 36-37. doi: 10.3969/j.issn.1000-8101.2003.01.013.

[9] SHIJS, ZHU S L, MAR X, et al. Study on multi-objective breeding of
Liquidambar formosana in China: I. Selection of excellent trees [J].
For Sci Technol, 1997(10): 15-16.
TR, KRR, S, 5 hERELZ B E R, 1 E
WAL [3]. MokRHGER, 1997(10): 15-16.

[10] FANG L J, SHI J S, LI L, et al. Analysis of genetic variation of

progeny traits in Liquidambar formosana [J]. Sci Silv Sin, 2003, 39(3):

148-152. doi: 10.11707/j.1001-7488.20030324.
Ti A, R, B0, L METARIERAES AR R0 [0 #
MR}, 2003, 39(3): 148-152. doi: 10.11707/j.1001-7488.20030324.

[11] CHENG T L, SHI J S. Genetic variation of the half-sib progeny of
Liquidambar formosana Hance [J]. J Nanjing For Univ (Nat Sci), 2005,
29(1): 29-32. doi: 10.3969/j.issn.1000-2006.2005.01.007.

Btk e, iR AR TR E A R AT (3] R ALK
SR (ERBIEAR), 2005, 29(1): 29-32. doi: 10.3969/j.issn.1000~
2006.2005.01.007.

[12] YE D Q. Open pollination progeny test and excellent family selection
of Liquidambar formosana [J]. J CS Univ For Technol, 2011, 31(8):
79-82. doi: 10.3969/j.issn.1673-923X.2011.08.014.

A4 MBI B B R TR0 E Sl A R R X Rk D] P
FMOE R A 24 9R, 2011, 31(8): 79-82. doi: 10.3969/j.issn.1673—
923X.2011.08.014.

[13] JIA C, GU Y J, XIA C, et al. The half-sib family progeny test and
excellent family selection of Liquidambar formosana [J]. J W China
For Sci, 2014, 43(5): 122-128. doi: 10.16473/j.cnki.xblykx1972.2014.
05.026.

PR, BuA, B, & WELFRBRK R TRIE LR X Rk
$ [9]. PuBHRLAELEE, 2014, 43(5): 122-128. doi: 10.16473/j.cnki.
xblykx1972.2014.05.026.

[14] CHEN X C. Genetic variation and selection of 14-year-old Liqui-
dambar formosana progeny [J]. For Res, 2015, 28(2): 183-187. doi: 10.
13275/j.cnki.lykxyj.2015.02.007.

MR . WAL 14 /8 T ARIE AR Bl i [3]. MROlBHERT R,
2015, 28(2): 183-187. doi: 10.13275/j.cnki.lykxyj.2015.02.007.

[15] HU W J, WANG X R, HU XY, et al. Early selection of fine families
and individuals of Liquidambar formosana [J]. J NE For Univ, 2017,
45(6): 5-11. doi: 10.13759/j.cnki.dIxb.2017.06.002.

BSOS, EBRZR, WIME, S WMER RAE R X REEE ]
AAbRRAL K224, 2017, 45(6): 5-11. doi: 10.13759/j.cnki.dIxb.2017.
06.002.

[16] JI K'S, FAN M L, XU L A. Variation analysis and plus family selection
on half-sib progenies from clonal seed orchard of Pinus massoniana [J].
Sci Silv Sin, 2005, 41(6): 43-49. doi: 10.11707/j.1001-7488.20050607.
TR, BRGE, ROL%. DR R AT o R AR )
IR RiEFE [0 #RolbRlE, 2005, 41(6): 43-49. doi: 10.11707/j.
1001-7488.20050607.

[17] WANG J Z, XIONG T, ZHANG L, et al. Genetic variation and selection
on growth and stem form quality traits of 25-year-old Eucalyptus
cloeziana provenance [J]. For Res, 2016, 29(5): 705-713. doi: 10.3969/

j.issn.1001-1498.2016.05.012.



514 s A R R

06 4

Fab, BV, sk, S 25 R AR RAL T MR AR K S T IR
WAL Rk % [9]. MOLRFERT ST, 2016, 29(5): 705-713. doi: 10.
3969/j.issn.1001-1498.2016.05.012.

[18] QIN M, YIN G T, YANG J C, et al. Growth traits variation and early
selection of Mytilaria laosensis provenances and families [J]. Bull Bot
Res, 2017, 37(1): 139-146. doi: 10.7525/j.issn.1673-5102.2017.01.018.
B, JORKR, ME, & OKREHRER R L KRR R L
Rk (9] BT, 2017, 37(1): 139-146. doi: 10.7525/j.issn.
1673-5102.2017.01.018.

[19] OU J D, WU Z Z. Excellent families and plus trees of Taxus walli-
chiana var. mairei for landscaping [J]. J Zhejiang Agric For Univ, 2016,
33(1): 102-108. doi: 10.11833/j.issn.2095-0756.2016.01.014.

Wrgk s, RERE. FOWRE T4 G K RARRERE [J]. WK
MR A543k, 2016, 33(1): 102-108. doi: 10.11833/j.issn.2095-0756.
2016.01.014.

[20] LIU Y, XU H W, TENG W H, et al. Full-sib progeny test and early
selection in superior families of Betula platyphylla [J]. J Beijing For
Univ, 2017, 39(2): 1-8. doi: 10.13332/j.1000-1522.20160138.

X, ARMesr, BEcHe, S aMEa AR E A R KRR
W [3]. AbEthRk KRR, 2017, 39(2): 1-8. doi: 10.13332/).1000~
1522.20160138.

[21] DENG B, FANG S Z, YANG W X, et al. Provenance variation in
growth and wood properties of juvenile Cyclocarya paliurus [J]. New
For, 2014, 45(5): 625-639. doi: 10.1007/s11056-014-9424-x.

[22] SEYED M S. Estimation of genetic parameters related to morpho-
logical traits in poplar clones [J]. Amer J Sci Res, 2011, 27: 105-110.

[23] ZHENG J, HU Z H, ZHENG Y Q, et al. Analysis on geographic variation
of phenotypic traits of Sorbus pohuashanensis among different
provenances [J]. J Plant Resour Environ, 2012, 21(3): 50-56. doi: 10.
3969/j.issn.1674-7895.2012.03.008.

Mk, WIMERE, B E, S5 TEAR R ) B R A B AR 57 )
M [0]. W IE S IRE 2R, 2012, 21(3): 50-56. doi: 10.3969/j.issn.
1674-7895.2012.03.008.

[24] YE X X, XU Z Y, WANG B S, et al. Genetic variations of growth traits
in different Liquidambar formosana provenances and selection [J]. J
Zhejiang For Sci Technol, 2013, 33(2): 71-74. doi: 10.3969/j.issn.1001~
3776.2013.02.017.

MR, A, EWIN, S5 A FRE RS RS & R AR
R[] WHCAOLER:, 2013, 33(2): 71-74. doi: 10.3969/j.issn.
1001-3776.2013.02.017.

[25] HE G P, CHEN Y T, TANG XY, et al. A study on variations of young
forest growing traits in Liquidambar formosana geographic provenances
[J]. Acta Agric Univ Jiangxi, 2005, 27(4): 585-589. doi: 10.3969/j.issn.
1000-2286.2005.04.024.

537, BRande, FEEHI0, 5. PUOE R IR 2 AR A K AoIR AR 5 T
R[] TR RS2 3R, 2005, 27(4): 585-589. doi: 10.3969/j.issn.
1000-2286.2005.04.024.

[26] LIU M X, GU Y J, XIA C, et al. A study of variations and selections of
Liquidambar formosana geographic provenance [J]. J Sichuan For Sci
Technol, 2014, 35(5): 13-16. doi: 10.3969/j.issn.1003-5508.2014.05.004.
XHE, A, BN, & WEHBER A R SR [0]. 1Y)k
MERHE, 2014, 35(5): 13-16. doi: 10.3969/j.issn.1003-5508.2014.05.004.

[27] WANG J Q, ZHAO T Y, GU F P, et al. Study on the genetic variations
of half-sib progeny testing and excellent family selection of Liqui-
dambar formosana [J]. J SW For Univ, 2015, 35(4): 33-38. doi: 10.
11929/j.issn.2095-1914.2015.04.006.

FRE, BRT, R, & WELRABE R TRIEEER S50
RAERILEFEHTL [J]. PHrE MoK 22224), 2015, 35(4): 33-38. doi:
10.11929/j.issn.2095-1914.2015.04.006.

[28] ZHANG H Y, LI Z L, DING W E, et al. Plus-trees progeny testing and
family selection of Liquidambar formosana [J]. Guangdong For Sci
Technol, 2015, 31(3): 20-23. doi: 10.3969/j.issn.1006-4427.2015.03.005.
KOUK, ZFER, TR, & WERKTRINE KK REHE ).
I ZRMOL R, 2015, 31(3): 20-23. doi: 10.3969/j.issn.1006-4427.
2015.03.005.

[29] ZHU J Y, SHEN W H, JIANG Y, et al. Genetic variation and superior
family selection of Castanopsis hystrix families [J]. J Trop Subtrop Bot,
2014, 22(3): 270-280. doi: 10.3969/j.issn.1005-3395.2014.03.009.
RIR, HISOHE, ¥5%, & AR R EE R 5 RA RiEE ]
Pl AHAE 2 AAR, 2014, 22(3): 270-280. doi: 10.3969/j.issn.1005-
3395.2014.03.009.

[30] FANG L J, SHI J S. Genetic variation of Liquidambar formosana
progeny testing at year 3 and 9 and family selection [J]. China For Sci
Technol, 2010, 24(1): 50-52. doi: 10.3969/j.issn.1000-8101.2010.01.013.
Ti A&, MR AFEMRERE AR R 5 X REE D] #
MR TIF &, 2010, 24(1): 50-52. doi: 10.3969/j.issn.1000-8101.2010.
01.013.

[31] ZOBEL B J, van BUIJTENEN J P. Wood Variation: Its Causes and
Control [M]. Berlin Heidelberg: Springer, 1989: 7-421. doi: 10.1007/
978-3-642-74069-5.



