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Effect of Slash Pine Sampling Size on Estimation of Trait Heritability

ZHANG Shuai-nan, JIANG Jing-min, LUAN Qi-fu
(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding of Zhejiang Province,
Hangzhou 311400, Zhejiang, China)

Abstract ;[ Objective ] To determine the amount of slash trial samples for high precision and efficiency of heritability
estimation, which provide the optimal genetic parameters and selection strategies for tree breeding. | Method ] The
erowth traits ( diameter at breast height and tree height) and the wood properties ( basic wood density and modulus
of elasticity) of 1 023 sample trees from 61 half-sib families of 22-year-old slash pine ( Pinus elliottii) were investi-
gated as the experimental data. Then the heritability of each trait was estimated using Residual Maximum Likelihood
(REML) in the flexible mixed modeling program ASReml-R. And the critical or least sample size for heritability es-
timation of each trait was determined by comparing and analyzing the convergence of the estimated values of herita-
bility and their standard errors under different sample sizes. [ Result] (1) In this trial, the estimated values of her-
itability and their standard errors were extremely unstable when less than 39 families or 600 individuals were used.
And the accuracy of these values increased gradually by increasing sample size or family size. (2) The sample size
should increase correspondingly in the estimation of the genetic parameters of the traits with low heritability. [ Con-

clusion ] In this study, more than 39 families or 600 individuals should be used for the reliable heritability estima-

Wk H . 2016-12-06

HEATH . ER A RBRE ST (31570668) 5+ 7 EF AL AHE STl % 8 (2012BADO1B0203 )
TEHRIA: B (1993—) | 8 IR 2 A, B0L-F90 2 L 58 MR AC A 7 R 5

* EIFEH AR AR, BIOTFE G, W1, I SR i 1% R RIMOARE #2247 E-mail ; gifu. luan@ caf. ac. en



54

SR, 25 S AR AR B R/ N PEPR I AL T A 53 B 611

tion. The sample size for heritability estimation of wood properties could be less because of their high heritability.

This paper provides a case study for estimating heritability of timber tree species. The results and the methods for

determination of the critical sample size also have reference value for the corresponding study.

Keywords : slash pine ( Pinus elliottii) ; heritability ; sample size; growth traits; wood properties
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Table 1 The basic situations of growth and wood properties in different simple sizes
He KR Growth traits PR Wood properties
FEARZS DBH/ cm H/m Vol/m? Hb /m DENp/cm v/(km-s-1) MOE p/GPa
Saniple HfE ¥fE ¥fE ¥fE #E o ME o ME "
size (me) AR (Tﬂmx) AR (Tﬂmx) AR (Tﬂmx) AR (Friis) AU (b)) AU (Frikis) AR
CV/ % CV/ % CV/ % CV/ % CV/% CV/% CV/ %
Mean (SE) n (SE) n (SE) n (SE) an (SE) Mean (SE) Mean (SE)

S, =100 21.22 14.63 16.59 1.6 0.2912 1804 9.176 16.50 1.928 0.13 3.048 5.2 4.994 33,84
! (0.3119) 7 (0.1937) : (0.011 1) : (0.1522) : (0.0177) 7 (0.0469) : 0.1707) 7
21.52 17.04 0.307 3 9.736 1.933 3.136 5.264
S, =200 14.18 10.97 37.22 16.43 9.61 14.11 31.42

2 (0.2157) (0.132 1) (0.008 1) (0.113 1) (0.013 1) (0.031 4) (0.117 3)
S, =300 21.65 15.97 16.97 11.93 0.3131 41.60 9.707 17.86 1.935 9.95 3.126 13.60 5.218 30,38
: (0.1973) ’ (0.1155) ’ (0.007 4) ’ (0.099 0) ’ (0.0110) ' (0.024 3) ’ (0.090 6) ’

S, =400 21.72 17.14 16.81 B.43 0.299%4 4417 9.503 17.66 1.956 0.8 3.167 B.13 5.288 29,26
4 (0.178 2) : (0.110 8) (0,006 5) : (0.082 4) : (0.0094) - (0.020 4) : (0.076 0) ’
21.27 17.03 0.3063 9.807 1.960 3.130 5.165
S5 =500 17.46 13.17 44.27 18.16 10.07 13.28 30.38

5 (0.1659) (0.100 2) (0.006 1) (0.079 6) (0.008 8) (0.018 6) (0.070 1)
21.10 16.72 0.2944 9.565 1.945 3.103 4.960
Sg =600 17.36 12.84 44.25 17.47 9.86 13.98 32.82
(0.156 1) (0.095 4) (0.005 4) (0.064 4) (0.007 9) (0.017 7) (0.065 1)
s,=100 2078 18.73 16-54 13.27 0. 2864 47.48 9. 602 17.99 1949 10.19 3.0%9 14.19 4990 32.98
7 (0.148 2) : (0.083 6) : (0.005 2) : (0.065 8) : (0.007 5) : (0.016 6) : (0.0628)
20.68 16.48 0.2830 9.515 1.934 3.074 5.023
Sg =800 18.84 13.65 47.92 17.81 9.96 14.17 32.72
8 (0.137 8) (0.079 5) (0.004 8) (0.0599) (0.006 9) (0.015 5) (0.058 3)

S = 20.61 19.56 16.47 13.78 0.2820 4957 9.487 17.39 1.956 10.13 3.085 14.17 5.055 .91
? (0.1345) ’ (0.0757) ’ (0.004 7) ’ (0.0550) ’ (0.006 6) ’ (0.014 6) ’ (0.0556) ’
$,0 =1 000 20.57 19.67 16.49 13.84 0.2816 47.92 9-353 17.43 1955 9.97 3. 110 14.09 5135 32.44

ol (0.126 5) : (0.071 4) : (0.004 4) : (0.052 1) : (0.0609) (0.013 7) : (0.052 1) ’
SERE 2111 16.71 0.2945 9.565 1.945 3.104 5.109
17.35 12.85 44.24 17.47 9.87 13.99 31.92
Mean  (0.177 2) (0.105 8) (0.006 4) (0.082 4) (0.015 0) (0.0220) (0.081 9)
S 0.1450 0.099 3 0.070 9 0.202 0 0.181 0 0.298 0 0.2550
Heritability (0.070 6) (0.0615) (0.068 5) (0.0799) (0.083 4) (0.0940) (0.087 1)
T R gE JIREA S 1 000 bR, KE AN 61 DI INAGTEE R
Note : The heritability was estimated based on simple size Sy and family size Fs.
x2 BUNREARRRFTE(S, =600) THEARFER
Table 2 The basic situations of growth and wood properties in different family sizes (S, =600)
H AR Growth traits FHEPEIR Wood properties
e DBH/cm H/m Vol/m3 Hb /m DEN p/cm v/(km-s~1) MOE p/GPa
AR
SRS ¥fE ¥fE ¥fE ¥fE #E #E o ME e
Pl ey R e ) EHAR K ) EHAR e )RR gy A A ERAR gy
R "o o ORISR T 0T GRS T 0 GRIERD o) 0T GRIERD T T GRS 0T R
Mean (SE) n (SE) n (SE) n (SE) Mean (SE) n (SE) ean (SE)
Pz 20.69 19.49 16.41 13.56 0.282 8 49,28 9.493 18.33 1.953 10.22 3.035 14 4.907 33.38
! 0.1827) (0.1008) (0.0063) (0.0788) 77 (0.0090) (0.019 6) (0.0744) 7"
20.79 16. 60 0.288 6 9.554 1.961 3.082 5.036
F,=30 19.40 13.52 48.24 17.41 10.38 14.18 32.88
2 (0.180 2) (0.100 3) (0.006 3) (0.074 4) (0.009 1) (0.019 5) (0.074 0)
N 20.10 16.27 0.265 1 9.454 1.957 3.167 5.312
Fy=39 19.14 13.75 48.96 16.64 9.57 14.02 31.46
(0.172 3) (0.100 4) (0.005 8) (0.070 6) (0.008 4) (0.0199) (0.0750)
£, =50 20.78 19.36 16. 65 13.70 0.290 2 49.98 9.603 17.59 1.968 10.28 3.121 14.19 5.143 1. 65
4 (0.1802) (0.1023) 7 (0.0065) (0.0758) (0.0090) (0.0199) (0.0753) 7
20.73 16. 61 0.289 2 9.516 1.956 3.123 5.171
F5=61 19.83 14.18 51.68 18.00 9.93 14.07 32.12
5 (0.183 9) (0.105 3) (0.006 7) (0.076 9) (0.008 7) (0.019 7) (0.074 5)
SER{E 20.62 16.51 0.283 2 9.524 1.959 3.106 5.114
19.44 13.74 49.63 17.59 10.08 14.13 32.50
Mean (0.1799) (0.101 8) (0.006 3) (0.075 3) (0.008 8) (0.0197) (0.074 6)
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B SRR B L TR DA S, P T 1Y
MEHIAA KRBV IZ KT 39 A sl R ML i Y bR
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i 2 2 AR A S Al AR X D — 2
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Table 3 The critical sample size for estimating the heritability under the three methods and the average value of the
estimating values of heritability and standard error after they become relatively stable of each trait

AR Growth traits

MR Wood properties

]\ﬁfd DBH /cm H/m Vol/m® Hb /m DEN p/cm o/(km+s™h) MOE ,/GPa
etho
WoSE S, W SE S, K SE woOSE S, W SE S, K® SE S, K S
l\?fi 400 0.1514 0.0952 600 0.11250.0753 400 0.1300 0.0934 600 0.2108 0.0939 700 0.1875 0.0865 500 0.2667 0.1055 400 0.21270.104 4
ethod

FET k=0.1 900 0.14100.0731 800 0.0838 0.0625 800 0.0799 0.0680 700 0.1970 0.0867 600 0.1924 0.0908 800 0.2773 0.0975 800 0.23770.091 1
Method 2 £=0.2 600 0.13820.0824 700 0.0976 0.0677 700 0.0872 0.0706 700 0.1970 0.0867 600 0.1924 0.0908 400 0.2737 0.1125 400 0.21270.104 4
Fik= k=0.1 900 0.14100.0731 1000 0.0993 0.0615 800 0.0799 0.068 0 1000 0.2020 0.0799 600 0.1924 0.0908 800 0.2773 0.0975 800 0.23770.091 1
Method 3 £=0.2 600 0.13820.0824 800 0.0838 0.0625 800 0.0799 0.0680 700 0.1970 0.0867 600 0.1924 0.0908 800 0.2773 0.0975 800 0.23770.091 1

VS, BRSNS, ST SE, RfEk
Note: S,,, Simple size; h?, Heritability; SE, Standard error.
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