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Abstract Two tests of Pinus elliottii var. elliottii X P. caribaea var. hondurensis hybrids (EH hybrids)
which were planted in Hongling Seed Orchard, Taishan, Guangdong Province were used for measuring growth
traits at the ages from 2 to 21a. The genetic effect, juvenile-mature correlation, and the best age of early selection
on tree height, DBH, and individual volume were analyzed. The results were as follows: (D Parental effect,
maternal effect, and parental interaction effect all had a certain impact on tree height, DBH and individual volume

growth of hybrid progeny. To obtain excellent progenies, it was necessary to breed good crossing parents and
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carried out a wide range of mating and testing. (2) The range of individual narrow-sense heritabilities and family
mean heritabilities for tree height, DBH and individual volume at different ages were 0.157-0.762 and 0.609-
0.920, respectively. These indicated that it was effective to carry out family selection and individual selection
in EH hybrids. (3 There was a significant correlation between the early tree height, early DBH, early individual
volume and individual volume at 21a or 18 a, which showed that the early selection of growth traits is feasible.
Under the premise of considering the unit time benefit, the best ages of individual selection and family selection

were 5-6 a and 3-4 a, respectively. @ Since the survival rates of experimental stands in middle and late stages

were usually low, this study provided a discussion about the appropriate evaluation ages of genetic test.

Key words Pinus elliottii var. elliottiixP. caribaea var. hondurensis; growth trait; genetic parameters;

juvenile-mature correlation; early selection
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Tab. 1 The mating design for the first family testing trial

BEA A Male
Female H3 H4 H5 H6 H7 B02 B97 PEE (op)
B106 Vv
B9l \V vV Vv
BO1 \V VvV vV V V
B102 VvV V
B48 Vv Vv Vv V V
BI6 vV vV V
B02 vV V4 vV vV V
B02-2 vV VvV V
B02-4 A V
A0l \V vV V
A02 i VvV V
A03 vV
A04 Vv V
A05 vV V \V

TE: B AIRTOIE RO IR MR s ACATR, H3~HT AR R i LA, BO2, B97. PEE (op) JMIEHiAL. Note: All the
female parent clones are P. elliottii var. elliottii; H3-H7 are P. caribaea var. hondurensis; B02, B97, and PEE (op) as male par-
ents are P. elliottii var. elliottii.

R2MWEM (2) BRRAXZEIRIT
Tab. 2 The mating design for the second family testing trial

BEAR A Male
Female ZH3 HL17 HQO09 HQ27 HL09 PEE (op) PCH (op)
A06 Vv Vv vV \V v/

B118 vV VvV V vV V V

B20 4 V VvV vV Vv
SS05-2 V V V V V

HL17 vV
HQ09 vV
HQ27 Vv

TE: BEARR, MR A6, B118. B20. SS05-2 f& i s, HL17. HQ09. HQ27 Jy it ¥+ b7 i #h tun; A, PEE
(op) MRy, g kb #ER KL indh L #5 . Note: Among the females, A06, B118, B20. SS05-2 are P. elliottii var.
elliottii, HL17, HQO09., HQ27 are P. caribaea var. hondurensis;, PEE (op) as male parent is P. elliottii var. elliottii, while the
others are P. caribaea var. hondurensis.
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Tab. 3 The growth performance and survival rates at the 2 testing trials

ﬁg};{:ﬁ)“ My Age/a B4 Height/m Jfi#%2 DBH/em B4k Volume/m®  fR4F% Survival rate/%
2.5 1.07 91.23
3 1.95 2.39 0.00056 90.45
4 3.73 5.84 0.00569 89.53
5 543 9.33 0.02063 89.66
6 7.10 11.94 0.04336 88.35
7 8.23 14.09 0.06990 89.01
: 9 10.39 16.67 0.12409 87.83
10 11.42 17.82 0.15653 87.57
11 12.24 18.56 0.18254 87.17
12 13.36 19.56 0.21941 83.64
16 16.33 22.86 0.36272 72.25
21 18.61 26.51 0.55190 61.52
2 1.70 1.81 0.00026 95.82
4 5.00 8.52 0.01871 94.71
5 6.32 11.56 0.03524 93.73
6 8.04 13.62 0.06294 92.62
7 9.17 14.95 0.08627 92.34
: 8 10.28 16.42 0.11650 91.09
10 11.97 18.05 0.16411 88.58
11 12.78 19.04 0.19385 82.45
15 14.74 22.21 0.30327 67.27
18 16.67 24.01 0.40166 60.45
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Tab.4 Ratios of variance components for the growth traits at different ages in the first trial

Ji 254 8 di e The ratios of variance components/%

ERIN Ml
Trait Agela AXA RpA A x BEAR AR x BEA x X0 W2
Male Female Male x Female Male x Female x block Error
3 23.98 17.28 0.00 11.49 47.25
4 25.89 21.12 2.59 10.54 39.86
5 24.02 16.75 5.14 11.72 42.38
6 2691 13.73 6.52 11.92 40.92
7 16.65 9.27 11.44 6.54 56.10
Iﬁit 9 14.95 6.89 13.57 5.63 58.96
10 19.56 7.86 8.90 7.04 56.63
11 18.34 8.13 7.08 7.98 58.45
12 19.46 13.29 3.38 5.65 58.22
16 20.10 11.82 10.94 6.01 51.14
21 10.69 6.19 13.51 0.00 69.60
3 11.50 2.39 2.09 11.07 72.95
19.49 15.85 3.51 11.67 49.48
5 18.27 15.39 421 8.72 53.41
6 18.41 8.61 16.13 7.87 48.98
7 14.02 4.87 16.24 4.67 60.21
g@éi 9 11.23 0.00 18.11 7.01 63.65
10 12.92 0.00 16.69 4.58 65.81
11 13.46 0.00 14.15 4.02 68.37
12 15.05 0.00 16.87 0.00 68.07
16 14.42 4.52 22.00 1.39 57.66
21 8.62 1.86 19.45 0.00 70.08
3 12.91 4.12 0.57 16.36 66.05
4 24.32 15.60 1.48 11.81 46.79
5 20.42 21.97 2.67 6.03 48.90
6 23.32 10.93 8.56 7.37 49.83
7 16.01 5.69 11.57 3.59 63.14
%ﬁ?ﬁiﬂ 9 12.03 0.00 16.89 3.99 67.09
10 13.17 0.00 14.57 3.21 69.05
11 13.52 0.00 12.78 1.89 71.80
12 16.33 6.25 9.54 0.00 67.89
16 13.41 10.01 10.84 0.00 65.75

21 7.57 14.67 5.18 0.00 72.58
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Tab.5 Ratios of variance components for the growth traits at different ages in the second trial

J72E57 8 it The ratios of variance components/%

%ﬂi zgzi LA A AR x B7R A x B x XA B2E
Male Female Male x Female Male x Female x Block Error

2 7.70 15.73 4.72 5.98 65.88

4 7.14 9.58 5.66 4.83 72.80

5 8.54 8.76 8.69 1.64 72.37

6 5.93 8.03 7.15 3.13 75.76

e 7 6.81 8.36 6.07 2.47 76.29
Height 8 7.11 6.81 6.98 0.30 78.80
10 438 7.45 7.88 0.00 80.29

11 6.35 6.16 5.76 0.00 81.73

15 2.55 9.46 4.55 0.58 82.85

18 4.64 17.24 0.85 1.95 75.33

2 2.09 4.68 3.57 11.68 77.99

4 0.76 12.02 0.54 2.73 83.95

5 2.86 12.21 2.29 0.71 81.93

6 3.55 12.44 2.18 0.00 81.82

Wiz 7 3.76 14.63 1.90 0.00 79.71
DBH 8 2.94 16.44 1.88 0.00 78.73
10 3.17 16.78 2.17 0.00 77.88

11 3.93 14.26 2.66 0.00 79.15

15 3.25 14.02 1.45 0.00 81.28

18 3.18 17.34 3.86 0.00 75.62

2 7.04 6.59 0.00 10.07 76.31

4 0.00 13.57 0.93 4.80 80.70

5 0.00 15.74 3.10 0.00 81.16

6 0.85 16.11 2.36 0.00 80.68

PRk 7 1.51 17.88 1.67 0.00 78.94
Volume 8 0.89 19.00 2.12 0.00 77.99
10 1.11 18.54 2.47 0.00 77.87

11 1.72 15.32 2.14 0.00 80.82

15 1.95 15.19 1.82 0.00 81.04

18 2.20 20.42 2.65 0.00 74.72
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Tab.6 Estimates of heritability for the growth traits in the 2 trials
k=5 Height Jlif% DBH HAREAL L Volume
Mk A BMRRGERIE ) HKERBET + HMISGRE T RRBMET) . BHMGRIE ) RRBED +
Trial  Age/a + PR PR + PrifEiR PR + PrRifEiR PR
h? + SE h? +SE h? +SE h? + SE h? + SE h? + SE

2.5 0.529 £ 0.136 0.785 +0.061
3 0.644 + 0.150 0.789 £ 0.059 0.237 £ 0.093 0.656 +0.103 0.243 £ 0.096 0.668 +0.102
4 0.762 £ 0.156 0.832 £ 0.047 0.571 £ 0.146 0.763 £ 0.066 0.563 £ 0.144 0.790 + 0.060
5 0.696 + 0.155 0.800 + 0.056 0.56 +0.144 0.748 £ 0.069 0.546 £ 0.140 0.794 + 0.058
6 0.719 £ 0.153 0.842 + 0.045 0.727 £ 0.155 0.808 +0.053 0.657 +0.151 0.822 +0.050
7 0.604 +0.141 0.830 £ 0.048 0.602 + 0.145 0.784 £ 0.059 0.540 £ 0.139 0.800 + 0.057
: 9 0.586 +0.138 0.840 + 0.046 0.520 £ 0.137 0.769 + 0.064 0.514 £ 0.136 0.796 + 0.058
10 0.562 £ 0.138 0.813 £ 0.053 0.519 £0.135 0.773 £ 0.062 0.491 £0.134 0.781 £ 0.062
11 0.526 £ 0.135 0.802 + 0.056 0.472 £ 0.129 0.759 £ 0.066 0.459 £ 0.129 0.773 £ 0.064
12 0.536 +0.136 0.801 £ 0.056 0.566 + 0.140 0.779 = 0.060 0.533 +0.141 0.783 £ 0.061
16 0.687 £ 0.156 0.799 £ 0.057 0.752 £ 0.159 0.807 £ 0.053 0.589 £ 0.154 0.766 + 0.066
21 0.524 £ 0.155 0.659 +0.090 0.560 £ 0.157 0.689 + 0.083 0.458 £0.141 0.684 + 0.087
2 0.463 £ 0.146 0.881 +0.045 0.157 £ 0.086 0.609 +0.148 0.167 £ 0.087 0.646 +0.136
4 0.392 +0.134 0.871 £ 0.055 0.204 + 0.088 0.777 £ 0.089 0.222 + 0.094 0.785 +0.088
5 0.483 £0.148 0.920 £ 0.030 0.301 +0.111 0.861 +0.052 0.317+0.114 0.874 £ 0.047
6 0.381 £0.129 0.889 +0.044 0.314+£0.112 0.880 + 0.045 0.325+0.114 0.889 +0.041
7 0.384 £ 0.129 0.894 + 0.041 0.351+£0.12 0.894 +0.039 0.355+0.121 0.900 + 0.037
? 8 0.381 £ 0.127 0.904 + 0.036 0.358 £0.122 0.900 + 0.037 0.367 £0.124 0.905 +0.035
10 0.359 £ 0.123 0.883 £ 0.043 0.374 £ 0.126 0.899 +0.038 0.370 £ 0.125 0.900 + 0.037
11 0.329 £ 0.129 0.859 £ 0.057 0.358 +£0.233 0.889 +0.078 0.319+0.115 0.874 £ 0.047
15 0.274 £ 0.120 0.774 £ 0.089 0.326 £0.317 0.836 +0.159 0.320 £0.122 0.817 £ 0.068
18 0.363 £0.165 0.805 +0.086 0.425 £ 0.437 0.861 £ 0.156 0.426 £ 0.148 0.841 £ 0.059
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VAN X BB FR A IA] e P RERICR, 70 Bk
PERE AR R P THI R PR AR . AR TN a4
RORA 7 R B 75 B A] R 3% 14 bR e 4
R O, MERIEFRHCR Oy, 73— TTHIEHE T
i ) R 3R B BRI FR AR Oy 1 O, KRR RS
K Quyiv Onoo HMRIERER H YR IEHE T —RIE
MEA, TE—MeREOL T, FAMEIE RN 6 a L
b, WERSRASERAEE R, Al AGER R 3~4 2. K FR
Ve ry H A 22 AU, DAPFIE H ok 210 H]
RN 0~2 a RYIFTE]. SR TIXLEmf AN, It
BT 2 YUk 21 a A= 8k 18 a Az BUbRp BHAY 1] 4%

PERROR, 4Rk 8, 9.
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P AR A AR e % 21 a A= PARRA AR, TSR
BRI Z, DL 16 a EVERESCRER, HUngE
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BCRAEIR R 3.19 F12.76, ARYEA = E HAEXT 21 a
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R B EERARR 55 3 a 9 a, L HbRERE
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Tab. 7 Estimates of genetic (r,) and phenotypic (r,) correlations between early growth and volume at mature stage

R - BRI

PR - R AR

JAz - BpRAE AR

7E bR il Volume-Volume Height-Volume DBH-Volume
Trial Age/a
r,+ SE r, = SE 7.+ SE r, = SE r,+ SE 7, = SE
3 0.725+0.145  0.318+0.054  0.863 +0.075 0.498 + 0.056 0.776 £ 0.130 0.339 +0.053
4 0.847+£0.084  0.509+0.050  0.908 +0.056 0.569 + 0.049 0.843 +0.083 0.527 £ 0.051
5 0.851£0.086  0.546+0.045  0.880+0.071 0.585 = 0.046 0.815+0.100 0.540 + 0.047
6 0919+0.048  0.733+0.028  0.931 £0.046 0.695 + 0.034 0.916 + 0.046 0.749 £ 0.030
7 0.961 £0.027  0.810+0.020  0.957 £ 0.035 0.753 £0.026 0.936 +0.037 0.799 +0.023
1 9 0.972+£0.020  0.882+0.012  0.938 £0.042 0.791 £ 0.022 0.964 +0.023 0.875+0.013
10 0.975+0.016  0.919+0.008  0.934 +0.041 0.832+0.018 0.960 + 0.022 0.910+£0.010
11 0.972+£0.016  0.933+0.007  0.899 +0.057 0.819 +0.02 0.960 + 0.022 0.926 + 0.008
12 0.983+0.010  0.951+0.005  0.829 +0.082 0.801 +0.024 0.977 £0.014 0.936 + 0.007
16 1.000 £ 0.002  0.966+0.004  0.857 +0.070 0.765 + 0.031 0.996 + 0.003 0.958 + 0.006
21 1 1 0.833 +0.086 0.797 £ 0.026 0.991 £ 0.005 0.979 +0.003
2 -0.154+0.307 0.219 +0.063 -0.03 + 0.285 0.224 + 0.075 -0.093 + 0.308 0.224 +0.063
4 0.670 £0.175  0.561 £0.042  0.239 £ 0.269 0.432 +0.063 0.817+0.120 0.610 +£0.038
5 0.799 +0.116  0.676 +0.034  0.298 +0.257 0.492 + 0.062 0.880 +0.081 0.688 +0.033
6 0.835+0.098  0.742+0.027  0.457 £0.228 0.606 = 0.046 0.854 £ 0.091 0.734 £ 0.028
7 0.849 +0.088  0.794+0.023  0.502+0.215 0.601 + 0.046 0.848 + 0.090 0.785 £ 0.024
: 8 0.849 £0.083  0.856+0.018  0.508 £0.212 0.672 + 0.041 0.848 + 0.085 0.841+0.019
10 0.895+0.059  0.895+0.013  0.644 £0.168 0.715 +0.035 0.845 +0.083 0.880 +0.016
11 0.901 £0.057  0.901 +£0.012  0.549 £0.204 0.712 £ 0.035 0.828 £ 0.092 0.865 +0.018
15 0.982+0.012  0.950+0.006  0.659 +0.175 0.684 +0.034 0.933 +0.040 0.927 + 0.009
18 1 1 0.714 £ 0.146 0.732 £ 0.033 0.962 £ 0.022 0.962 + 0.005

TE: RPERIE (2) 2285 18 a AR MBHERCR BRI C R EAT BB R EAKCTAh, HEARCREUIB R B E KT
Note:The correlations between 2 a and 18 a growth in trial(2) were not significant( 2>0.05), while the others were significant (P<0.01).
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i1 8 a AL K R AL A (845 1 = pnifE
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Tab.8 The indirect selection efficiency on 21-year—old individual volume in the first trial

FER AN FARRIEPE Individual selection R ZEFE Family selection
Trait Age/a O, 0, O, O O O
3 0.80 2.87 2.41 0.79 5.55 3.65
4 1.02 3.19 2.76 0.95 4.99 3.65
5 0.98 2.72 2.41 0.94 3.94 3.08
6 1.08 2.69 2.42 1.04 3.63 2.99
7 1.03 2.35 2.14 1.08 3.24 2.76
%ﬁjﬁtﬂ 9 1.03 1.98 1.85 1.10 2.56 2.30
10 1.01 1.80 1.70 1.08 2.27 2.07
11 0.97 1.62 1.55 1.07 2.05 1.90
12 0.99 1.55 1.49 1.08 1.90 1.78
16 1.14 1.43 1.40 1.10 1.44 1.41
21 1.00 1.00 1.00 1.00 1.00 1.00
3 0.58 2.07 1.74 0.86 6.03 3.96
4 0.95 2.96 2.56 0.98 5.13 3.75
5 0.91 2.53 2.23 0.94 3.94 3.08
6 1.10 2.74 2.47 1.03 3.61 2.96
N 7 1.03 2.33 2.13 1.04 3.13 2.67
Ife\jlilt 9 0.93 1.80 1.68 1.01 2.36 2.12
10 0.93 1.66 1.57 1.01 2.12 1.94
11 0.85 1.42 1.35 0.96 1.84 1.71
12 0.86 1.35 1.29 0.90 1.58 1.48
16 1.03 1.28 1.26 0.95 1.24 1.21
21 0.86 0.86 0.86 0.85 0.85 0.85
3 0.53 1.89 1.58 0.78 5.47 3.59
4 0.87 2.73 2.36 0.92 4.85 3.54
5 0.83 2.31 2.04 0.89 3.76 2.94
6 1.03 2.56 2.31 1.02 3.58 2.94
7 0.95 2.16 1.97 1.03 3.09 2.64
E@Bﬁﬁ 9 0.95 1.84 1.72 1.06 2.47 2.21
10 0.93 1.66 1.57 1.05 2.19 2.00
11 0.90 1.50 1.43 1.04 1.98 1.84
12 0.98 1.54 1.48 1.06 1.86 1.75
16 1.06 1.32 1.30 1.07 1.41 1.37
21 0.93 0.93 0.93 1.01 1.01 1.01

TE: O IR BRI R A MR 010 Oy ZIJE BTG 4 a F1 6 a BIRRRIEFERCR; Q) NARTE I ] N
MR RIEEERCE, Opiv O ST ETIFIIEI Y 0 2 A1 2 a AR EHERE.

Note: O, indicates the individual selection efficiency regardless of the time factor; Q. and Q,, indicates the individual selection ef-
ficiency when the number of years to breed is 4 a and 6 a respectively; O, indicates the family selection efficiency regardless of
the time factor; Oy, and Oy, indicates the family selection efficiency when the number of years for seed production is 0 a and 2
a respectively.
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Tab.9 The indirect selection efficiency on 18-year—old indivi jual volume in the second trial

RN i FAREVESE Individual selection K Z1EHE Family selection

Trait Age/a O, O 0, o8 O O
2 -0.10 -0.35 -0.29 -0.14 -1.22 -0.68

4 0.48 133 1.16 0.65 291 2.16

5 0.69 1.69 1.50 0.81 2.93 233

6 0.73 1.60 1.46 0.86 2.57 2.15

bR 7 0.78 1.55 1.43 0.88 2.26 1.95
Volume 8 0.79 1.45 135 0.88 1.98 1.76
10 0.83 131 1.25 0.93 1.67 1.54

11 0.78 1.14 1.10 0.92 1.50 1.41

15 0.85 0.99 0.97 0.97 1.16 1.14

18 1.00 1.00 1.00 1.00 1.00 1.00
2 -0.03 -0.11 -0.09 -0.03 -0.27 -0.15

4 0.23 0.63 0.55 0.24 1.09 0.81

5 0.32 0.78 0.69 0.31 1.12 0.89

6 0.43 0.95 0.86 0.47 1.41 1.17

e 7 0.48 0.95 0.88 0.52 1.33 1.15
Height 8 0.48 0.88 0.82 0.53 1.19 1.05
10 0.59 0.93 0.89 0.66 1.19 1.10

11 0.48 0.71 0.68 0.55 0.91 0.85

15 0.53 0.61 0.60 0.63 0.76 0.74

18 0.66 0.66 0.66 0.70 0.70 0.70
2 -0.06 -0.21 -0.17 -0.08 -0.72 -0.40

4 0.56 1.55 1.36 0.78 3.53 2.62

5 0.74 1.81 1.61 0.89 3.20 2.54

6 0.73 1.61 1.47 0.87 2.62 2.18

Wiz 7 0.77 1.54 1.42 0.87 225 1.94
DBH 8 0.78 1.43 1.33 0.88 1.97 1.75
10 0.79 1.24 1.19 0.87 1.57 1.46

11 0.76 1.11 1.07 0.85 1.39 1.31

15 0.82 0.95 0.93 0.93 1.12 1.09

18 0.96 0.96 0.96 0.97 0.97 0.97

TE: O ARF TN N ZR A PRIERERCR ;s 01y Oy 7L T FHINITEICY 4 a 71 6 a B PRRIEREECR; O AARFTEIN ] N Z
IR REFERCR, O Opo ST HIZBIFNIRITEI 0 a F1 2 a I RIEFERCE

Note: O, indicates the individual selection efficiency regardless of the time factor; O, and Q,, indicates the individual selection ef-
ficiency when the number of years to breed is 4 a and 6 a respectively; O, indicates the family selection efficiency regardless of
the time factor; Oy, . and Oy, indicates the family selection efficiency when the number of years for seed production is 0 a and 2
a respectively.
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