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Phenotypic Diversity Analysis and Evaluation of Main Timber Traits in 14
Families of Chinese Fir
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Abstract: To understand the variation characteristics of timber traits among Chinese fir (Cunninghamia
lanceolata) families, the phenotypic diversity analysis and comprehensive evaluation of 10 growth indexes of 14
families were studied by using methods of variance analysis, cluster analysis, principal component analysis. The
results showed that the phenotypic diversity indexes of 10 main timber traits in 14 families ranged from 1.438 to
2.008 with an average of 1.735, among which the highest was height, and the smallest was tracheid length. The
phenotypic diversity was rich, height, diameter at breast height, volume, length-width ratio and green density had
strong genetic variability, and there was a certain correlation among traits. The family heritability (/%) ranged
from 0.012 to 0.934, the largest was length-width ratio, and the smallest was green density. The phenotypic

variation coefficient varied from 3.81% to 39.90% with an average of 15.03%, the biggest and smallest were
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volume and tracheid cavity to width ratio, respectively, indicating that the genetic improvement potential was

great. The 14 Chinese fir families could be divided into three major groups, group III had the best comprehensive
traits, and group I had the best growth. The top 3 families for growth traits were JX3, JX10, JX2. Therefore, the

phenotypic diversity of the 10 main timber traits was rich, and the top 3 families could be used as excellent

materials for the conservation and efficient utilization of Chinese fir germplasm.

Key words: Cunninghamia lanceolata; Half-sib family; Timber trait; Phenotypic diversity; Comprehensive

evaluation

#% K (Cunninghamia lanceolata) & "+ [E F5 H 1
BRI M R AR, 2P
P AR, BAES R MAESN
B TR NE N R L X, EARERE
R fEA X NTAREE —fr; =T MR HE, 2K
N LA nix 5.3%10* hm?, KN4 ETE
XAV S T B TTRRD L 5 LA [ AR
MBS B A R R R, A LKA 7.34 X 10° hm?,
AR o5 4 60%, 73 s = 4= [E 26 1 ALANEE 3 AL
WE #5224k 1 H 2 A AN R AR 35 7K T 1 AS
P, XS ARMM B ER WA AW & . AR
TR AR ) B BRI, R R AR =
R, SRR BER T JE A Ro&1e, RN
W R I IR 2 2P T 5K, 0 ARG T 48 R N 5y
BEURORAP AR ] B B 2R S

RS HMRM PO EER T, TR
FREEE « BT ELE A SR KR R
XB, B, i 2 R S A (Pinus masso-
niana)®l, K2R ¥eB (Eucalyptus robusta)®ZE R Fh
BEAT MRS LIRSS, LA T LA R, N
Tl BT BV DR A7 5 R F SR A R A4 o R FH HER
{67 BRLFR) 5 58 FR AR A B ) VT 58 77925 0 AR AR i i £
AW BEAEER L WAELREOVSNT 12a 5K
KRS ANAERKARMEAR, R ARE KA 1) R R
ZREERUER, IRl 2RISR S IR BRI T 2
ANEA L BRI REF4E M ot & . F A0
BT EAREKNMYER 7, 85 7 8L 28 R,
13 PR B £ 2 2 RIEFRRCR AR TT L, XA BT
i B B R S R WIS T 21 a HEAS
RIEMERKTEZEAMIER, WATHEREAEES
Mt 2 BAFAERN 25 AR O, IRk S 1 MK
BB AR R R 43 5. ZEENENTT
JE& 17 65 MAZ A AR 1A PR 00 S 093 A S5 AH SR BIE 9T
ikt 4 MEGILEBFERER IR R, NS G
RIBHRI S

R 2 PR R R DR 2R R PR 3 ) 4 ) 45 2R,
R ZAEPE I IR, RERS RIER A
I A% 2R PR KT AR . AR AR AR
AR B P A B TC P A PR R A 22 o 1k EL 2K
WERbr, HEAS X T30 B AR RAEK SR,
FEFREE . )RR R SRR AR A 2 B 23 H B A
J % B£8R FU AT HRE . AT FUE I X
30 aEA KRR RHEATLEEWE NN, DUHHRZR I
RSP I, R BARIR ARG, R
W R PO I B A PRIR LS R s, it —
I FEAZ AT 5 B Ord R AT Ig AR 2 R AR,
T FEFFAZA it 5 3844 At 3R 0 R A4k, R
AP AR SR SR A BB AR S -

1 MRATT %

1.1 #¥

PRI LA 14 AN 755 12 R(Cunninghamia lan-
ceolata) - JZK Z A FEXT G, MOBIRIE T P fik
2 B MRS B KA R R H(21°20 N, 109°
20" E), #F4K 210~810 mo R 58 Hh AL T W7 Huis S
i, TR 20 'C, HEBIFEKER 1899.6 mm, AR
FEAK, KRDUKFE, HHEIEK, #EKMERELF, pH
fH 4.6~6.6, REAEEX. 14 MUK AL
P R K R W5 S bl BER SR RS B LR 1.

1.2 R ®T

KHBEHLX A B, RGBS AXA, AN
X (KRN IR 8 #k, 1998 HE AR5 &/ NMX LR
B 4 ko /NX SOIREE L, &K% 2N 3 000 ind./hm?,
W 1~2 TP AT o IR 06 Hh (0 45 B 5 it A 7 Hh 2% 1
FA— ARIFZRETLAGEFEREZAR
FhIEHATI b7 [ B B2 R, RIEARE & T
1984 4, T 2014 FEATIE 5 0. AEH E
TEHMAIEAR 73 N AR BRI AR R M A 2R



876 Fs 7R R AR F 304
1 iR
Table 1 Information of Cunninghamia lanceolata
F5 ERmS B3P Sl ZPE (E)  HE N) 5 KEM T BEW Sfei ZF (B) 4F N)
No.  Family code  Origin of mother tree Longitude Latitude No. Family code  Origin of mother tree ~ Longitude Latitude
1 IX1 M 2 109°18’ 25012 8 JX8 SEREPN 3 107°11" 24°58
2 IX2 M 22 109°18’ 25012 9 JX9 SEREPN 3 107°11" 24°58
3 IX3 M Rl 22 109°18’ 25°12' 10 JX10 PER(EA=PR 107°55 24042
4 IX4 I Fil K 108°35' 24°49' 11 IX11 UG A 107°55' 24042
5 JX5 FEMRFA¥A 110°26' 24°45' 12 JX12 T 107°55' 24042
6 JX6 FEMT IR 110°45' 24022’ 13 JX13 T 107°55’ 24042
7 IX7 [EREXEES 106°43' 23928’ 14 IX14 ey 109°55' 24°13'

P, SxF 102 ANFARM 1 /N 2 e E A o ) 1
A KED T, AR ARENERINE 4 #, it 20
By JRIEH 14 DNEAERMRBRIR R LILAKERT 10
I PR, FEAHX 14 DR R BT AR
SERRIVEIT, T AR 10 BRACE, e Jailid 25
BVFIE R A KA TS IR R

1.3 FhrillE

EKERE W & (height, H, m)Flfi %
(diameter at breast, D, cm)Z3 i) Il = A1 R0 42 %
FEARFEATINE ; HARB A (volume, V, m®)#k 8 23 200131
5 V=0.65671x 1074 x D! 709412 x 1069769

fRFEIREME P4 K HEGH B Haglof, W12
5.1 mm)fERFRFEARRI AL T 7] 1.3 m AL REEARE, J
RN T, SRR B S8 = AT A P R
Do SR FH BUAE K/ VKT IR 35 BT V0 06 A RE SR AT S5 4T,
T ok B A AR R AT R G (H AR, JE R
Eclipse 80i )il #2 A & M B 85 0 5 P AR M XL
BEJE, RRIFEARIGE 60 Yk, RV HK 98 EL AT
=,

YIERREtE BB ORI e 7D
(GB/T 1933—2009) 1) 5 %l %€ % 2K & A HE A
B PR RA 35

TENIBEEBR  X,= X +F+B+FB;+ey,
X NERYME, FiARFNN, B NXERN, A
FBy FA S X AR EAERNL, e NBEHLIRZ

BESKNGE  TERE SRR
2
KR H = 9F PR It

(o2/mB)+(opp/B) +0f :

2
tehw=—29 ., Rob, o} NE AT AA R,

O, +O—FB +O'F
ol N Z i, opy AR RGXABAEN T %
R, n NXHEHRRE, B XA, R

FRHE PCV=([o2 / X)x100%; BEfEL5RH
GCV=(Jo? / X)x100%, X, o, RRMIjZ 5
B, op WD E R B AG=SH /X ,
SO, X NVERBEAE.

1.4 BHEHIGTH5HT

K H Excel 2007 #4317 %2, KA SPSS
19.0 FAFXE S MHARBEAT T7 Z 00T MM T, R
RT3 Seit EAZ A T B MR
SFIME X RIFRHEZE S, ¥4 % F MR B AR 72 10 42,
M1 Z<(X -28)F] 10 Z=(x+2S), & 0.55 %N
1 %, ARYERE— 40 A AR R T 2 R 4R 4L
(H")B4,

2 SR

2.1 EATARREEERAMERER ST

ARKEREILTE 102 MERAM 1A, R
102 MR BRI a R HCHE 1T 14 R & MR
AR 4N EEEKERANER, 81
KK 10 BRACES, WA AT e 51 R 14 AN 7 3
REVE I E R0 AT . AR AR OK R B E 5 BLYE(GB/T
14071—1993), LA 30 a R AK R KT HET L
T FT HR 15% A HTHE, SR & AR
WEERLE AL 0.2, 0.4 A1 0.4, bk ok TxF
B 30%HIMRE R 141, HXRLSHN 13.7%, K~
B0 R Ak & SR O0 SR A R

2.2 BAREZERMIERBIEZ R0

X 14 MERFKFRIE 140 RSBk LR
FAVEARBEAT 75 22301 (3R 2). G5 RKH], 5 MFHIES
PESRARLE S AR R A7 AR AR 5 25 72 7 (P<0.01), B
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A% MR RN RE A B TE K R AIEAE B3 22 /e (P<
0.05), AEMEEER RIEZFAEEP>0.05),
XF 14 MEARFK BRI 140 BBk Bopk 2
PERIAT AL S BUS FA W1 (3R 3). NS R TTEH,
AR 10 NSRRI K RigfL 719 0.012~0.934,

2 ANARREATEMIERI T 234

3 A A e /ME 43 ) B i LU AN AR M B, R
FIREE IR R B D) TAE KRR B MK T L
) B AR IR A 77 B 1 (h2=0.848), AL 55 Be /N (WP =
0.018), UtEHAZA 3= BRI M AR I 22 S b st AR 458 1)
N RFHIEE SR AT BE

Table 2 Variation analysis of main timber traits of different Cunninghamia lanceolata families

. " bR o o £
E‘%ﬁi ﬁje{jin Sgﬁzﬁl Mpijifn%m Mﬁinjrfm %;i‘niﬁ‘y*) 'Xéi c(kB) AxB
K E W= Height (m) 26.58 5.12 30.89 22.79 2.080" 0.646 0.985
Growth ffi4% Diameter (cm) 18.50 2.56 20.50 16.45 2.134" 4.761* 1.290
B Volume (m?) 0.40 0.16 0.52 0.27 1.980" 2.385 0.821
B K Length (L, um) 2696.24 214.67 2993.20 2523.67 7.908™ 0.338 0.872
Tracheid g e Width (W, em) 32.97 3.11 36.41 27.82 7.889"  1.107 1.006
K9EH L/W 84.07 8.19 96.35 72.97 15.256™ 1.423 1.343
HUEEE Double wall thickness (um) 6.93 1.33 9.40 5.65 6.693" 1.494 1.654"
JEEA#LE Cavity to width ratio 0.78 0.03 0.80 0.72 7.261% 2.082 1.880™
b FAE Basic density (g/cm?) 0.33 0.04 0.37 0.31 1.831° 0.619 1.065
Physic HEMERE Green density (g/em?®) 0.69 0.1 0.76 0.61 1.012 3.619% 0.875

*: P<0.05; **: P<0.01. K[

*: P<0.05; **: P<0.01. The same below

3 NARREARTLZEAMIER LS H A T

Table 3 Genetic parameter estimation for main timber traits of different Cunninghamia lanceolata families

R RBFRE 1%  BEERRE % KREMLT) (H) BRI () ZREEERS (/)
Trait Phenotypic variance Genetic variance Family heritability ~ Heritability per plant Diversity index
EKE i  Height 19.25 19.22 0.519 0.208 2.008
Growth Jfi 4% Diameter 13.82 10.30 0.531 0.151 1.909
BPRF L Volume 39.90 40.06 0.495 0.229 1.810
¥J1H Meam 24.32 23.19
(=gl K Length (L) 7.96 16.18 0.874 0.499 1.438
Tracheid g e Wwidth (w) 9.43 17.81 0.873 0.484 1.668
K L/w 9.75 21.63 0.934 0.848 1.847
XUEEJE Double wall thickness 19.18 28.96 0.851 0.346 1.697
42t Cavity to width ratio 3.81 5.84 0.862 0.360 1.537
{8 Meam 10.03 18.08
Wy FEAELE Basic density 11.48 9.29 0.454 0.145 1.593
Physic 4K Green density 15.70 4.57 0.012 0.018 1.847
I Meam 13.59 6.93
JS{H Total mean 15.03 17.39

2R 10 > T2 MR B R B A 7t R Hh

3.81%~39.90%, =MEMIMEN 15.03%; Hr, 4K
R REIRRIE . R ) R AR S R AUSE
3R 24.32%- 10.03%F1 13.59%, BARRM R A
BRRBIRA, EHEAEN. AR R
A S AN AL A S R B FAE 5 )2 39.90% AN
40.06%, Kk H AR 57 B /IMEL 947.2%F1 776.6%, 2%

WIMAE R R ] 2 57 EEOR A TR . 2K
TR A AR, WS K R IR AR 5
WK, XA, RS TRAR A KR

=R

2.3 EAREEMMERS ST
XA Sl R BRI R AT 22 52 0 A,
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guit 710 MRS, IEFIH T 10 AN
BRM MR R I Z B E(H) (R 3). 10 M3
PEIRT H N 1.438~2.008, ¥ME N 1.735. W& H'
5 K(2.008), MK H'Ee/N1.438). Hip, £
FEMEFREOR T 2.0 BIPRIR 5 SR 1) 10%, 28
PEFRHON 1.8~2.0 BITHIR 5 2 IR 40%. 10 4
SRR Z R B KT 1.4, REE AKX R
FEAMMEREA £ E RSN

2.4 EARFEERMERBEER DT

KRB Z VI AL, DARK IR B i e gy, X
EARZEZ 10 DEZEAIMIEIRIATRIE, ERGUERE
5.0 4k, 14 MEARTERFK RIS 3 DIFREEE 1) K
H, SR T RIS 8 MR, HBRE AN 572%; &

PRFIERN: REW S BE. MBS m TR I
FISRHE I, R R B A R B, BT
AR SRR RS B R ISR 125
DA i B MK P S R e R B bR, LA B
B E . B TEES 3 NE RIXS. IX9 Al TX6),
HSIRK RN 21.4%; SARFHEN: R RV R
DURAE, fRSIRRELr, ARKERMEREER B
FAKEMWIRUAEE. GEs R L RI2RRE; %
RBENE EIR M . A KBRS . 2K
BE I AL35 3 MR RUX10. X3 M1IX2), HBRF AR
[1721.4%, fESIFFERARE, &SRR FEE
m, HARKERR R & T A 2 AN, BT
AR AR AR DL S Y 123
B EIRE BN B E Fr.

IX7  —

JX11 —

IX8

IX14 —

IX12

X1 —

JIX4

IX13 —

IX5

K& 45 Family No.

X9

X6 —

JX10

IX3

X2 —

| - - - - e e ()

k5 Euclidean distance

B 1 BARAZRRLEAMIERIEIE . IX1~IX14 & 1. FH

Fig. 1 Cluster analysis of main timber traits of different Cunninghamia lanceolata families. JX1-JX14 see Table 1. The same below

2.5 EARFEERMERER DT

W BAe . BRI RS T R R AR
ARG, HEMAKTE L ARG DA G, XU
JEE AN OG . B M T P OURE )T A B
PR, SEEAE S 28 IEHRER 4). S ldE
PRIEAAAE—EAORNE, R A BRI

TR A W BRSO R Z 2 T RERY

2.6 EAREEMMERKERE TN

14 MR F 10 A EERMEIR I 7 Hr
SURELTR, AT 5 A E RS I Bt TR EIE 89.569%,
BE T ARAX RS HUIER LR EE .
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R 4 AZARVEIRTE AR RN

Table 4 Correlations among traits of Cunninghamia lanceolata

AR Trait 1 2 3 4 5 6 7 8 9 10
1 1
2 0.613* 1
3 0.873* 0.888" 1
4 0.044 0.034 0.042 1
5 0.261" 0.256" 0.283" 0.414™ 1
6 0223 —0234™  —0.247" 0.429"  —0.627" 1
7 0.169" 0.172" 0.167" 0.306™ 0.554™  —0.310™ 1
8 -0.034 ~0.046 -0.019 -0.120 -0.022 -0.055 -0.827" 1
9 -0.121 -0.051 -0.079 -0.109 -0.270** 0.191 ~0.043 -0.138 1
10 -0.101 -0.003 -0.052 -0.108 —0.142 0.046 -0.167 0.136 0.288" 1

1 W 20 BAR; 30 BMRMAR; 40 B, 5. &

TEPE; 6: BB TELL; 7: B MUOUBEJE; 8 EHIE R 9 AR 10: EMERE.

1: Height; 2: Diameter; 3: Volume; 4: Tracheid length; 5: Tracheid width; 6: Length-width ratio; 7: Tracheid double wall thickness; 8: Tracheid cavity to

width ratio; 9: Basic density; 10: Green density.

BSRKRM 10 NFEERHMERRN 5 A FE
By, AIARRIEANR R S AERSES . ST
43 BT o e DT R 2 LU R A EE 2 %1(0.353 0.220,
0.166. 0.148. 0.113), HARGENFKREEHM

5 MAANFZ RS MR S P

PRI ER D FAEAEAGE 5). 14 MEARK R
KI2E 4350 3.460 4~4.082 2, H1H N 3.691 9; 1%
20% M N R %k H g A HEF AT 3 R RN IX3.
JX10. JX2, ik R REGEE 1 HE N 4.036 7.

Table 5 Comprehensive evaluation of timber traits of different Cunninghamia lanceolata families

e FE 4> Main component LEEARY (F) He4
No. F, F, F; F, F's Synthesis score Ranking
IX1 2.970 8 —9.022 6 5.399 1 16.499 9 10.639 8 3.604 2 7
X2 3.209 3 -10.087 3 6.009 5 18.386 3 11.844 9 3.9709 3
IX3 33161 -10.332 8 6.164 3 18.847 7 12.142 6 4.0822 1
IX4 2.8699 -8.7712 5.2330 16.010 4 10.328 5 3.488 8 13
IX5 3.0520 -9.4849 5.653 6 17.305 4 11.154 5 3.750 8 4
IX6 3.0141 -9.3952 5.624 8 17.1515 11.040 9 3.716 8 6
X7 29394 -8.9239 53410 16.326 5 10.524 4 3.566 6 9
IX8 29355 -8.974 8 5.368 6 163754 10.555 6 3.569 3 8
IX9 3.063 7 —9.4500 5.634 8 17.2425 11.1209 3.746 4 5
JX10 3.302 5 -10.226 8 6.1218 18.6859 12.0312 4.057 1 2
IX11 29595 -8.9477 53126 16.3209 10.552 0 3.566 0 10
IX12 2.8639 -8.9530 54227 16.4157 10.5259 3.560 4 11
IX13 2.7899 -8.701 5 52637 15.947 4 10.229 4 3.460 4 14
IX14 2.8184 -8.9479 5.448 6 16.416 6 10.497 4 3.546 7 12

3 it

3.1 BEARANAZRRFEZRMIERRE ST
F2ARM R ERE VR e 2 H AR HE A, 42
KERERERMZ D iR B TR, HA,
P A AT B R B AR 2 A K DR R R A R
IBERAE DL FRARIT o MR 1 5 4RI R BT 5% &
W), RO ML B L 90% L B, B

DU B B M D 58 5 A ) R A A2 T T A
AP REPE R B ZARARTST . W BLRE 1 2 FH M AR PRAN
F B R 1, AR SR N A AR A Y T T R A
B o
ERAEVHGE, PN RE R SCE R
KR MK 98 L) 58 M SR B LA 552
EWRF LMK, Hd, BRI TR 5
Wi fe K, 5 AR GK AT AR RE AN 37 B I BE, AT A
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NARMEARF Y S5 8« L&A S AR I TR A
HEF T, 1937 4, EERAM G2 A0
AR EMAKE >1 600 um, J& TR LF4Er, &
F i 40 Tk 27 4 in TR U, 35 M 58 L2
BUMPRLE) B B 4R, — A TE LA 60~100 B,
KPEARERTER R, AREERKERKE. K
55 L ISE 23 B2 2 696.24 um H1 84.07, FI1E L4
PR BIAEAR . AR A = L R A AL 20,

A 5 B 55 AR R R R BT i R 2 W 3 I AH
Ky HARMTAES — @AM, ATERNH A
M EE R bRz — P ARIG AN I A B 55

BiPE . KT LM R B A, H5AKE
R 2R AAHIE, BR— A AR PRI A O R T
FLEE AR R, 3 ij BH JE A 2% g A A= PR )
FHEAST, FIT ML EIES .

MRIER R (A 22 57 2, 75 X A8 % 51
=, RRBEIIME, (HRREE JEC, T
PRM RN TR B AR A G, X
EBEGOEMI I I 25 R — 8 B HTE X
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