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1 590.9 mm, Horp ,4—6 H MM b 2 4E 1 45% ,
RN 1503 mm, JOFRI 252 do ARIX T i

LS T AL B2 HE B0 % U 2600 S K , B0
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Table 1 The information of 169 provenances in this study
FPUES No.  Fhifi44 provenance || FfES No.  FhJfi44 provenance || FES No.  FhJfi4 provenance || FfiJS No.  Fhfi4% provenance
1 pu I AT 43 Pu 1t A 85 P B 127 ]I
2 PO 44 K % 86 YA 128 i
3 T T A 45 FREERTT 87 W P 3 1 129 JUVE T
4 PN 46 R 88 W R 130 ] E D
5 JARINCIE 47 D B 89 WEE BT 131 I
6 AR 48 iz 90 WP V4R 132 I Ve
7 LT HE 49 e bt 91 WLk 133 IR
8 BRI 50 VU )1 538 92 WIFE AR 134 ]
9 RS E 51 PR 93 1 HEFH 135 JUPEAS IR
10 g (€25 52 VLG %A 94 WP AL 136 IV e
11 TR 53 TART 95 i Eap/ Ao 137 JUEER )
12 P R YL 54 )i 5z 96 iR 138 IR AKAR
13 TR E 55 PN 97 R 139 PRl PH R
14 AR 56 PANLEESY 98 WA A0 BH 140 JPERKE =S
15 P11 4B 7k 57 DUl S 99 W R AU 141 P
16 P35 58 YLPE4S L 100 IR TET 142 JPHREAR
17 Pu)1 P RH 59 YLPE R L 101 WiRE 221 143 T L 2
18 W% S 60 VAN TS 102 TRURT 144 LS
19 Py RUK 61 YLV 103 I 5E2% 145 I A
20 WL % 62 Pz B 104 e SRR 146 JVHE R
21 W2 63 YLV SR 105 W r XU 147 ML
22 WLz Al 64 TLPGIEIK 106 JARRE 148 SN
23 RN 65 PANIEE: 5 107 LS L (HIE2) 149 BNET
24 WLk 66 WHLEE 108 T~ AR 150 TN ERT
25 WL 67 Wit 109 JTREEW 151 B S
26 WL % 68 WAAEAT L 110 I ARIR 2 152 TN 4=
27 o IR 69 T 111 JAREL 153 SN I,
28 e RV 70 WHEF 112 R ST 154 FNZE)|
29 HE K E 71 T T 113 TR 155 B
30 i T 72 WAL H 114 JRIT 156 B 2K
31 bkl By 73 WAL 115 5] 157 TN T
32 bikEe5 s 74 AL RRIR 116 WL 2 (WIAZ) 158 T LA 1
33 HHOEE 75 -1 3 45k 117 I AREM 159 M RRIL
34 e 76 ~EE I (RAR2) 118 JPE =T 160 SN
35 Fiz¥esaali 71 WA E s 119 I+ 161 0y BN
36 pizyediy=1 78 WAL ok 120 IR 162 BHSTE2
37 e R 79 WALEE 121 TIPS . 163 TN =B
38 e A AR 80 AR K 122 JUPERR A 164 AR R
39 LR 81 1 i 7K I 123 JPH R 165 BN
40 iy eyNE| 82 WP T % 124 IREEAN 166 oL PANE|
41 = 83 P 1| IRk 125 IR EE 167 PREEEDS
42 ficyeeriia 84 WirE 2 [l 126 EAE 168 PN
169 mHaE
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Table 2 Variance analysis of growth of Chinese fir provenance

1 Height/m

Hg4% DBH/cm #F Volume/m?

M/ a AR AR

Al B

Stand age/a Source of variation DF s F 55 F 9y F
Mean square Mean square Mean square
5 F i provenance 168 1.49 2.79 7.30 4.63™ 5.78 x10 73 3.64™
H & Repeat 13 8.28 15.54 28.51 18.06 ™ 2.43x10°* 15.27 **
%% Error 2 184 0.53 1.58 1.59 x10 ~°
10 F i provenance 168 5.74 3.83™ 18.84 6.13™ 2.35x10 73 7.99
T Repeat 13 26.61 17.75* 45.35 14.75* 6.16 x10 3 20.95*
%% Error 2 184 1.50 3.07 2.94 x10*
31 Fhi provenance 168 20.77 5.90 ** 98. 12 6.27 " 7.96 x 10 2 6.81 "
H & Repeat 13 18.71 5.32 79.97 5.11™ 5.11 x10 2 4.37*
%22 Error 2 184 3.52 15.65 1.17 x10 2

o * FoR P<0.05 KV EZERBE, =+ Fm P<0.01 KV EEREFE, TR,

Note: * represents significances differences at P <0.05, * * represents extremely significances differences at P <0.01. Same as below.
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Table 3 Regression equation of binary quadratic trend surface analysis for Height and DBH

PR Trait E AT 8] ) 7 72 Regression equation of trend surface analysis 114 Z %X Fitting coefficient P {H P value
W97 DBH D =66.335 — 1. 894x +6. 645y +0. 012x> —0. 081y* — 0. 022xy 0.169 0.00
W55 Height H =27.775 - 0. 748x +3. 076y +0. 005x% — 0. 036y> —0. 011xy 0.168 0.00

NS o

T P Pt o e ek ket e ek etk ek e P P P Pt
i

B1 MESE4EEEEE
Fig. 1 Diagram of two powers contour-trend
surface of DBH

x4 ERKMERSHERETFA Pearson 1HX 51
Table 4 Pearson correlation analysis between growth

traits and geographic factors

OO DB NRO0 DRG0 DRG0

AR Trait 75 Height 42 DBH
2% Longitude 0.124 0.135
4 )& Latitude -0.249 1** -0.238

2.3 BAMEBEERMEREERETRSN
H12E S RN FEA [A) A A B B, A2 AR b 4% 1
AR EAL AL S AR [A], Jerr, SRR A AR 228 57 &R

2 WMEEREGEEREE

Fig.2 Diagram of two powers contour-trend

surface of Height

B K, 70370 KT A v R I A 1 A S R, &R S
AR > Wt > W o FEBL 107, A K
PEAR 38 1% J7 AR v, 4 i o 0. 750 ~ 0. 831, g 4
7 0.814 ~0.850,$1F14 0. 808 ~ 0. 875, i HH#2
RIS PR 52 B85 v 7K F- B9 33 A5 22 o FE A ]
MRS , B e gt A% 0 B b T A T A AR AR Y
WAL S RRERE A AR e B M A MbA B 25 5 52 41
FEARBER M o

RS EAMBELARMREREREEERSH

Table 5 Parameters of genetic variation of growth traits of Chinese fir provenance test at different ages

FRiE Stand age/a AR Trait SE-H4{EH Mean 5 KAH Max #%/]MHE Min A2 28 CV/ % i1 )] Heritability — #pifE2E S

5 5 Height/m 4.028 6.375 0.933 17.2 0.750 0.692

k)42 DBH/ cm 5.726 9.600 1.100 24.1 0.814 1.377

L Volume//m? 0.008 0.022 1.76 x10~* 50.5 0. 808 0.004

10 = Height/m 9.412 13.300 3.000 13.7 0.798 1.292

k4% DBH/ cm 12.408 19.250 4.233 16. 1 0. 850 2.001

#7F2 Volume//m® 0.061 0. 159 0.008 33.0 0.875 0.020

31 = Height/m 14.450 21.270 7.290 15.2 0.831 2.197

H94% DBH/ cm 22.220 40.300 9. 800 21.0 0.841 4.675

A Volume//m? 0.258 0.949 0.027 50.2 0.853 0.129
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Y X 169 AR A R At R FIRA UL A ]
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(3 6) MW« Hds A% AR R E A PRl 18] (9 BRI
TS R B354 0. 442 ~ 0. 884 0. 426 ~ 0. 859,
0.451 ~ 0. 897, LRI & R B/ 5 M 0. 476 ~
0. 880.0.458 ~0.880.0.503 ~ 0. 889, &% MEIRTE 5.
10 31 A7 LE 25 BRI 18] F) 2 T AH 5C AR UCH 56 1 2k 2l
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HA B et
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TREF R IR AL 5 —/NERp, 5 4R 28 11 4,10 4R 2
18 4>, 31 4R T A, iy H 45 ARl A2 B P #8 A —
R HE— 2D UL 1 T Aol 0 56 R 7 400 e 9 1) o 2
P 5 [ S AR AR P A (AR FR 3 FRAE 10 4R4:
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Table 6 Juvenile-mature correlation coefficients of the

main growth traits

R Trait AR Stand age 5 10 31

J94% DBH 5 1 0.884 ™ 0.442 *
10 0.880 ** 1 0.630 **
31 0.476 "  0.675* 1

5 Height 5 1 0.859 ** 0.426 ™
10 0. 880 ** 1 0.576
31 0.458™  0.603* 1

MFR Volume 5 1 0.897 ** 0.451 "
10 0.889 ** 1 0.606 ™
31 0.503*  0.679™ 1

T B =B P EIRBR AT G R 2, T = A i Do PR A
Note: Data in upper triangular are rank correlation coefficient for
traits, and the lower triangular are phenotypic correlation coeffients of

traits.

HRIRA ARG, T F) 31 AFAAN 34 S Hh AN 44 5 Fl
PR A RORDL , RMITEAZ A R A B4, e gt
P A T IO 0 R 800 R A% 1K, e IR 6 % 77 1
(EPNIDL ST

RT EAMEZIWRRERBESN

Table 7 Clustering analysis of Chinese fir provenance test at different ages

5 No.

JHBE Clust
JeHf Cluster 5 AEH= R 5-year-old provenance

10 4FA=Fi 10-year-old provenance

31 4EH:=Fp i 31-year-old provenance

PR RR 33 34 41 44 118 119 32 33
Rapidest growth 139 147 148 149 164 4 44
type 126 139

34 35 36 40 36 34 39 35 47 44
47 48 84 118 32
147 148 149 163

12 31 32 35 36 37 12 28

40 47 48 50 54 56 39 42

66 68 71 78 83 84 56 60

I K TR 86 87 92 93 94 120 83 86
Second rapid 121 122 125 126 127 128 93 94
growth type 129 131 132 133 140 142 110 114

144 150 151 163 168 122 124
131 133
151 152

30 31 37 38 148 100 151 84 40 38
43 52 54 55 120 140 30 139 48 82
62 68 78 82 31 163 33 37 42 147
87 90 91 92 152 118 149 41

100 102 103 105

117 119 120 121

125 127 128 129

140 142 146 150

164

13 15 16 18 19 23 18 23
28 29 30 38 39 42 50 51
43 46 49 51 52 53 64 66
55 57 60 61 62 64 77 80
67 71 75 79 80 81 98 99
82 85 88 89 90 91 109 113
95 96 98 99 100 101 135 143
102 103 104 105 106 110 161 165
113 114 115 117 123 124
130 135 143 146 152 153
158 159 161 165 166 167

e
Medium-speed
growth type

3 9 15 16 93 87 119 45 28 61
24 27 29 49 95 116 70 123 104 90
53 57 61 63 153 24 142 103 56 27
67 71 73 75 166 127 105 94 124 113
88 95 96 97 111 138 110 162 83 150

101 104 106 108 108 92 52 12 96 63
115 123 130 132 23 164 49 136 43 128
144 153 158 159

166 167 168
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Table 8 Comparison of the best and worst provenances in different age

23.21% ~ 31.45% .15. 60% ~ 20. 19%

ﬁi‘,/\ﬂ’]4é\$ﬂm$n$%*/ﬁ 19 352 1% 3 43 50 9
.59.94% ~

89.97% , Ui Wi S b JEHA B g O i AL 4 4

M/ a NG eSO SR NG eSS
Stand age The best provenance for different ages The worst provenance for different ages
5 33 .34 41 44 118 119 139 (147 (148 .149 164 65.76 116 155 162 169
32 .33 34 35 36,40 .41 .44 47 48 84 118 126,139,
10 147 148 149 163 7.20 .21 .22 25 26 .59 .65 .76 107 \111 116 154 155 (157 162
2457111317 18 19 21 22 25 26 55 .66 .67 .69 .75 .77 .79 |
31 36,34,39.35.47 44,32 81 .86.89.101 \114 115 125 145 155 156,161
R EAMIERE G EE R
Table 9 Early selection risk of Chinese fir provenance test at different ages
oo AEEL EXTEL ERUE S . Liipinie Giiprin . {)ﬁ'ﬁﬁéﬂt ' flipri .
Stand age/a Numbe'r of Number of' correct  Correct selection  Number of wrong  Wrong selection  Number of' missed  Missed selection
selection selection rate/ % selection rate/ % selection rate/ %
5 11 2 18.18 9 81.82 5 71.43
10 18 6 33.33 12 66. 67 1 14.29
31 7 7 100. 00 0 0.00 0 0.00
R10 FZARMKRMFEEZFISRITMN
Table 10 Evaluation of the selection of superior provenance of Chinese fir
Hfg4% DBH 4 = Height #FH Volume
i MG e M s W B
No. A Realized Genetic Sl Realized Genetic L 3 Realized Genetic
Mean/cm i K Mean/m ) . Mean/m X .
gain/ % gain/% gain/% gain/% gain/% gain/%
32 30.53 37.40 31.45 17.96 24.30 20.19 0.53 105.47 89.97
39 30.14 35.64 29.97 17.87 23.69 19.69 0.51 96. 80 82.57
34 30.02 35.13 29.54 17.84 23.46 19.50 0.50 94.78 80.85
36 29.82 34.20 28.76 17.77 22.98 19.10 0.49 91.27 77.85
44 28.35 27.60 23.21 17.16 18.77 15. 60 0.44 71.99 61.41
35 28.54 28.47 23.94 17.30 19.77 16.43 0.44 71.58 61.06
47 28.41 27.89 23.46 17.24 19.34 16.07 0.44 70.27 59.94
149 27.74 24.83 20.88 16.79 16.26 13.51 0.44 69.21 59.04
41 27.74 24.85 20.90 16. 87 16. 81 13.97 0.43 65.51 55.88

il A
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Hq4% DBH 1 Height FFH Volume
TS i fﬂ@z%’i‘%fi iﬁﬂfi'éﬁ"%fi 1 iﬂ"ﬁéi‘“éfﬁfi iﬁf?igﬁfi i i)rrlifé'fm iﬁfgf’é'.ﬁfi

No. Mean/em Realized Genetic Mean/m Realized Genetic Mean/m? Realized Genetic

gain/ % gain/ % gain/ % gain/ % gain/ % gain/ %

118 27.58 24.14 20.30 16. 84 16.59 13.79 0.42 61.80 52.72

48 26.92 21.15 17.79 16. 46 13.92 11.57 0.41 58.35 49.77

33 27.21 22.49 18.91 16.72 15.73 13.07 0.40 55.71 47.52

31 27.04 21.68 18.23 16.70 15.61 12.97 0.39 50.57 43.14

139 26.84 20.82 17.51 16.58 14.79 12.29 0.39 49.90 42.56

151 26.36 18.63 15.67 16.30 12.83 10. 66 0.38 47.40 40.43

140 26.74 20.35 17.11 16.57 14.71 12.22 0.38 47.01 40.10

40 26.50 19.27 16.21 16.44 13.77 11.44 0.38 45.59 38.89

148 26.29 18.32 15.41 16.31 12.90 10.72 0.37 44.71 38.14

100 25.97 16.89 14.20 16.20 12.11 10. 06 0.36 39.66 33.83

38 25.63 15.37 12.93 16.02 10.91 9.07 0.35 36.89 31.47

84 25.81 16.18 13.61 16. 16 11.89 9.88 0.35 35.98 30.69

120 25.61 15.26 12.83 16.06 11.14 9.26 0.35 34.42 29.36

30 25.53 14.90 12.53 16.02 10. 89 9.05 0.34 33.50 28.58

163 25.23 13.55 11.40 15.87 9.89 8.22 0.34 30. 60 26.10

82 25.32 13.97 11.75 15.94 10.33 8.58 0.34 30.59 26.09

37 24.95 12.28 10.33 15.77 9.13 7.59 0.33 26.51 22.61

147 24.77 11.49 9.66 15.68 8.57 7.12 0.32 24.67 21.04

42 24.83 11.76 9.89 15.73 8.89 7.39 0.32 24.35 20.77

152 24.73 11.28 9.49 15.68 8.51 7.07 0.32 23.51 20.05

121 (ck) 21.91 14.36 0.24
3tk e
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3.1 HAMBEKERBETRON
AR BRI AT 12, B AP R AR AR, A
R EEPRRCR I 3 45 K. Xk B 2 E 169 M2
B IEAEA TR AR IR 56 AR A 4 MR 9 R B, A
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Effect of Long-term Selection of Chinese fir ( Cunninghamia
lanceolata( Lamb. ) Hook ) Provenances

WU Han-bin' ,DUAN Ai-guo' ,ZHANG Jian-guo'* ,SUN Jian-jun’
(1. Research Institute of Forestry, Chinese Academy of Forestry; Key Laboratory of Tree Breeding and Cultivation, National Forestry and
Grassland Administration; State Key Laboratory of Tree Genetics and Breeding, Beijing 100091 , China; 2. The Southern Modern Forestry
Collaborative Innovation Center, Nanjing Forestry University ,Nanjing 210037, Jiangsu, China;

3. Experimental Center of Subtropical Forestry, Chinese Academy of Forestry,Fenyi 336600, Jiangxi,China)

Abstract . [ Objective | To study the differences in the geographical provenance of Chinese fir ( Cunninghamia lan-
ceolata(Lamb. ) Hook ) in different-aged forest and to screen provenances in the experimental area for the purpose
of promoting the long-term genetic improvement of Chinese fir provenance. [ Method] A provenance test forest of
Chinese fir was established in 1981, and the major growth parameters were measured at the Sth, 10th and 31st
years to detect the genetic variation in DBH, tree height and volume index among provenances. The study evalua-
ted the long-term selection effect of good provenance by using juvenile-mature correlation and cluster analysis.
[ Result ] The result showed that there were great significant genetic variation in tree height, DBH and volume.
The variation coefficients at the 31th year were 75.86% , 48.55% and 263.76% for DBH, tree height and vol-
ume. The variance of traits followed an obvious geographic variation pattern, and latitude played the major role.
From the south to north, the increment of Chinese fir increased at first and then decreased, and the provenances
from southwestern and southeastern China grew better. The heritabilities of provenance for DBH, tree height and
volume varied between 0.75 and 0. 85, indicating the three growth traits had high genetic control level. The trait
value and the rank based on major traits were correlated significantly and positively among different selection ages.
This study showed that the appropriate selection age for Chinese fir provenance test should be about 10 years.
Twenty-nine provenances of Chinese fir were selected from 169 provenances, most of which originated from Fujian
Province and the others originated from Guizhou, Guangxi and Hu’ nan province. Among them the provenances
grew the best came from Chong’ an, Shunchang, and Youxi of northern Fujian Province. The genetic gains of
DBH, tree height and volume were 23.21% —-31.45% ,15.60% —20.19% ,and 59.94% —89.97% , respectively.
[ Conclusion | The early selection age has a significant effect on shortening the breeding cycle of Chinese fir. Se-
lection at the 10th year is more conducive to improve the efficiency of Chinese fir genetic improvement. The 29 ex-
cellent provenances selected from the 31-year-old mature Chinese fir forests have a larger increase than the local
provenances, and are suitable for expanding in the Jiangxi Province and the surrounding areas.

Keywords : Cunninghamia lanceolata( Lamb. ) Hook ; provenance test; long-term selection; genetic gain
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