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Growth variation and selection effect of Cunninghamia lanceolata
clones at different stand ages

ZHAOQO Linfeng, GAO Jianliang

(Landscape Architecture College s Hunan Polytechnic of Environment and Biology . Hengyang,Hunan 421005 ,China)

Abstract: [Objective] This study investigated the genetic variation of growth traits (DBH,height and
volume) of Cunninghamia lanceolata clones at different stand ages and explored suitable age for early se-
lection to provide basis for rebreeding of fine varieties. [Method) A total of 56 samples from 131 C. lanceo-
lata clones were randomly selected from the survey data of individual trees. Based on the data of DBH,
height and volume measured at ages of 5,10,15,20 and 30 years, the variation analysis, variance analysis
and reduplication estimation of traits were carried out to analyze the genetic variation rule of each clone at

different stand ages. Early and late correlation analysis and cluster analysis were also used to determine
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suitable stand age for early selection. Clustering analysis and Bregkin multi-trait evaluation method were
used to select fast growing clones and the selection effect was evaluated by calculating genetic gain and re-
alistic gain. [Result] There were rich variations in DBH, height and volume of C. lanceolata clones, with
ranges of 11.82% —24.41%,10.56% —21.28% and 30. 83% —66. 73 % ,respectively. They were in the or-
der of volume >DBH>height. The results of variance analysis showed that DBH, height and volume of C.
lanceolata were significantly different among clones with repetitions of 0. 919—0. 947. Correlation analysis
showed that morning and evening correlations of growth traits were extremely significant and positive with
correlation coefficients of 0. 432 —0. 999. The correlation between each growth character was related to
stand age interval, and shorter interval led to closer correlation. The results of cluster analysis showed that
the positive selection rate was 85. 71% , the wrong selection rate was 14. 29% ,and the omission rate was
0% . compared with the fast growing clones selected at the age of 30 years. At the age of 30 years, the over-
all genetic gain of DBH, height and volume of 6 fast growing clones were 21. 86% ,18. 32% and 61.19%,
while those of actual gain were 29. 86 % ,24. 93% and 92. 92% ,respectively. Based on comprehensive evalu-
ation using Bregin’s multiple traits,79172 (1. 705) was the best,followed by 7911 (1. 698),8213 (1. 688),
8237 (1.672),79173 (1.666) and 8219 (1. 664). [Conclusion) The growth traits of C. lanceolata clones
had rich genetic variation and were controlled by high genetic control, showing good potential for genetic
improvement. The age of 15 years was the earliest suitable age for selection of fast growing clones of C.
lanceolata to improve efficiency of genetic improvement. The 30-year-old clones of 79172 and 7911 were se-
lected according to the selection rate of less than 5% for popularization in Yongzhou forest area, Hunan.
Key words: Cunninghamia lanceolata ; clone; forest tree genetics and breeding; genetic variation;early
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Table 1 Variation of growth traits of Cunninghamia lanceolata clones at different stand ages
Bl /o Jfg#% DBH
Age i{t /em FRHEZE/cm fe/ME /em IRAE/em W 2% /cm AR E %
Mean SD Min Max Range CV
5 4. 38 1.069 9 2.70 7.60 4. 90 24.41
10 8.61 1.323 6 5. 80 12.90 7.10 15.37
15 13.24 1.564 5 7.80 17. 80 10. 00 11.82
20 17.16 2.097 4 13.00 23.50 10. 50 12.22
30 20. 30 2.632 9 14. 60 27. 30 12.70 12.97
s/ _ B i Height
Age ¥ fE/m b 22 /m Fe/ME/m e KAEH/m e 22 /m 55 RE %
Mean SD Min Max Range CV
) 3.78 0.803 4 2.50 6. 20 3.70 21.28
10 6. 89 0.948 6 5.10 9. 90 4. 80 13.76
15 10. 15 1.074 4 6. 30 13. 20 6.90 10. 58
20 12.79 1.350 9 10. 00 16. 80 6. 80 10. 56
30 14.78 1.638 9 11.10 19. 00 7.90 11.09
¥ FL Volume
i/ a ———
Age ¥ {E /m? b 2% /m? /ME/m? R KAH/m? e 22 /m? E SR H Y
Mean SD Min Max Range ()%
5 0.004 8 0.003 2 0.001 3 0.017 2 0.0159 66.73
10 0.024 8 0.010 5 0.009 8 0. 066 6 0.056 8 42.39
15 0.073 1 0.022 5 0.018 4 0.151 2 0.132 8 30. 83
20 0.141 8 0.045 3 0.068 0 0.304 4 0.236 4 31. 94
30 0.217 3 0.072 1 0.091 4 0.442 3 0.350 9 33.15
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Table 2 Variance analysis of growth traits and repeat of Cunninghamia lanceolata clones at different ages

[

PR it/ a 5 A ih ¥o7 F1iH wEN
Traits Age Sum of squares DF Mean square F value Repeat
5 174. 282 55 3. 169 14. 919"~ 0.933
10 265.992 55 4. 836 14. 589"~ 0.931
Ha it 15 369. 026 55 6.710 13.790" * 0.928
DBH . . . .
20 666. 953 55 12.126 14,419~ 0.931
30 1 033.675 55 18. 794 12.701" 0.921
5 97.719 55 1.777 14. 266" * 0.929
N 10 136. 329 55 2.479 14,346~ 0. 930
)M.ﬁ 15 174.502 55 3.173 14. 085" * 0. 929
Height
20 274. 886 55 4.998 13.706 "~ 0.927
30 399. 327 55 7.260 12,438~ 0.919
5 0.002 55 0. 000 16. 649" * 0. 939
10 0.017 55 0. 000 18.991* 0.947
gl
P 15 0.079 55 0.001 17.205 " 0.942
Volume
20 0.315 55 0.005 16. 062" * 0.938
30 0. 784 55 0.014 14. 015"~ 0.929

TE: x x RIRTE P<<0. 01 KF EEFWMEBE, K3 W,

Note: * * represents extremely significant differences at P<C0. 01. The same for Table 3.
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Table 3 Early-late correlation analysis of growth traits of Cunninghamia lanceolata clones at different ages
PR &j* g% DBH 1 #5 Height BB Volume
Trait 00 5 10 15 20 30 5 10 15 20 30 5 10 15 20 30
5 1
10 0,787 s 1
l”’fﬂ[;f[ 15 0.506% * 0.771% * 1
20 0.477% % %0.762% % 0.956% » 1
30 0.438% x 0.720% * 0.887% * 0.938% * 1
5 0.997% % 0.788% * 0.508% * 0.473% * 0.435% * 1
10 0.787% % 0.993% % 0.770% % 0.768% % 0.732% % 0.781% x 1
Iffi':;n 15 0.502% % 0.763%* 0.995% % 0.954% % 0.890% * 0.502% * 0.769% » 1
20 0.476% % 0.759% x 0.953% ¥ 0.995% * 0.939% % 0.475% % 0.764% * 0,955 % 1
30 0.430% x 0.722% * 0.886% * 0.937% * 0.999% * 0.437% * 0.733% * 0.889% * 0.936% * 1
5 0.982% % 0.808% * 0.530% * 0.503% * 0.451% * 0.980% * 0.806% * 0.525% * 0.502% * 0.450% * 1
10 0.801* * 0,986* * 0.752* * 0,742% * 0.690* * 0,800* * 0,983% * 0,747 * 0.739* * 0,690* * 0,836* 1
v?]f’ﬁw 15 0.504% % 0.771%* 0.991% % 0.959% * 0.887% * 0.505% * 0.771% * 0.988% * 0.955% * 0.884% * 0.538* * 0.763% * 1
20 0.472% % 0.755% % 0.951% * 0.993% * 0.928* % 0.469% * 0.760% * 0.949% * 0.989% ¥ 0.924% * 0.505% % 0.745% ¥ 0,967 % * 1
30 0.432% % 0.716% * 0.889% * 0.938% * 0.993% * 0.430% * 0.725% * 0.891% * 0.936% * 0.991% * 0.450% * 0.693% * 0.900% * 0.938% * 1
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Table 4 Cluster results of growth traits of Cunninghamia lanceolata clones at different stand ages

i/ a R wh AR
Age Fast-growing type Middle-growing type Slow-growing type
7901, 7907, 7912, 7913, 7914, 7915, 7916, 7919, 7922,
7910, 7911, 7927, 7903,7945, 7948, 7962, 7973, 79159,
7924, 7926, 7929, 7976, 79114, 79118, 79126, 79163,
5 7967, 8008, 8213, 79160, 79161, 79172, 79173, 79186,
79165,79166,79167,79168,79171,79174,79177,79179.,
8237 8002,8012.,8029.8104.,8204 )
79182.8007.,8009.,8027.8206,8208.8219.8231
7901, 7903, 7907, 7912, 7913, 7914, 7915, 7916, 7919,
7922.,7924, 7926, 7929, 7945, 7948, 7962, 7973, 7976,
1o 7011 7927 8213 7910,7967,79172,79173,8008,8104, 79114,79118.79126,79159,79160,79161.,79163,79165,
: A 8219.8237 79166,79167,79168,79171,79174,79177,79179,79182,
79186,8002, 8007, 8009, 8012, 8027, 8029, 8204, 8206,
8208.,8231
7901, 7903, 7907, 7912, 7913, 7914, 7915, 7916, 7919,
7911, 7927, 79172, 7910, 7922, 7948, 7962, 7967, 7973,
7924.7926.7929.7945.,7976,79114,79118.79126,79159,
15 79173, 8213, 8219, 79160, 79165, 79167, 79174, 79177, . o
79161, 79163, 79166, 79168, 79171, 79186, 8002, 8007,
8237 79179.79182.,8008.,8104
8009.,8012.,8027,8029.,8204.8206.8208.,8231
7901, 7903, 7907, 7912, 7913, 7914, 7915, 7916, 7919,
7911, 7927, 79172, 7910, 7922, 7948, 7962, 7967, 7973,
_ 7924.7926.7929.7945.7976.,79114,79118,79126.,79159.
20 79173, 8213, 8219, 79160, 79165, 79167, 79174, 79177, .
79161,79163, 79166, 79168, 79171, 79186, 8002, 8007,
8237 79179.79182.,8008.,8104
8009,8012.,8027,8029.,8204.8206.,8208,8231
_ _ 7901, 7903, 7907, 7912, 7913, 7914, 7915, 7916, 7919,
7910, 7922, 7927, 7948, 7962, 7967,
i 7911,79172,79173, i _ 7924.7926.7929.,7945.7976.79114.,79118.79126.,79159
30 . . 7973, 79160, 79165, 79167, 79174, .
8213.8219.8237 _ 79161.,79163, 79166, 79169, 79171, 79186, 8002, 8007,
79177.79179.,79182.,8008.,8104

8009,8012,8027,8029,8204.,8206,8208,8231
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Table 5  Selection risk of Cunninghamia lanceolata clones at different stand ages
. B R /% A I %% g W %
Age Numb?r of Number of' correct Lolrrect Number OI.r wrong Wrong selection 'Number of Mllssed
selection selection selection rate selection rate missed selection selection rate

5 7 3 42. 86 4 57.14 3 50.00
10 3 2 66.67 1 33.33 4 66.67
15 7 6 85.71 1 14. 29 0 0
20 7 6 85.71 1 14. 29 0 0
30 6 6 100. 00 0 0 0 0
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Table 6 Comprehensive evaluation of growth traits of

Cunninghamia lanceolata clones

TR LA H Hey
Clone Evaluating value Ranking
8219 1. 664 6

79173 1. 666 5
8237 1.672 4
8213 1. 688 3
7911 1. 698 2

79172 1.705 1

6 MNERAEEREFHRITEN

Table 7 Evaluation on selection effect of 6 Cunninghamia lanceolata clones

Mg 42 DBH & Height # L Volume

R T R T LR e LR
Clone F{H/cm Wi/ % Wi/ % HfH/m Wi/ % g5/ % Il /m? Wi/ % B35/ %
Mean Genetic Realized Mean Genetic Realized Mean Genetic Realized

gain gain gain gain gain gain
8219 24.0 16. 78 24.14 17.07 14. 24 20. 32 0.321 3 44, 46 71.88
79173 24.8 20.42 28.10 17.53 17.09 23.55 0.347 1 55.49 85.69
8237 24.8 20. 42 28. 45 17.57 17. 34 23.80 0.350 3 56. 86 87.43
8213 25.2 22.23 30. 17 17.76 18.53 25.19 0.362 2 61.95 93.79
7911 25.2 22.23 30. 17 17.77 18.59 25. 20 0.362 9 62.25 94. 64
79172 26.7 29.09 38. 10 18. 66 24.13 31.51 0.418 8 86. 15 124.08
#{H Mean 25.1 21. 86 29. 86 17.73 18. 32 24.93 0. 360 4 61.19 92.92

s Wi WAL S TR MR F R RS 0 TN ED .
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66. 730, HAT Bifi 45 AR (0 38 1 s /N i fa AL X
2RO R AR = ST I 5T A R — B0 RITE K
Ttk R B E RS S, HAT B i B
1.

J7 2253 AT PEA AR SRR R I — AN kY

ARHFTEH 56 NAZATCVE F 7EAS TR I 109 45 A b
AR 25 5338 B B K (P<0. 01, ix 85 R 5
RO A 22 Yo G 450 R S R A B 5 4 S —
ES QN N RN Y W N R - B
0.921~0. 933, K = T E J1J& 0. 919~0. 930, #4
FUWE A S0 0. 929~0. 947, 3% 5 5 1 45 | 1
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